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It is important to take care of both the follicle and the shaft for healthy and good looking
manageable hair. Coconut based hair oils penetrate both into the hair strand as well as the
hair follicle. In fact coconut oil is one of the very few oils that penetrate up to the medulla
which is the innermost layer of the hair strand.

5.2 HAIR GROWTH CYCLE

Hair grow from the follicle, or root, underneath the skin. The hair is ‘fed’ by blood vessels
at the base of the follicle, which give it the nourishment it needs to grow. Between starting to
grow and falling out years later, each hair passes through four stages: anagen, catagen,
telogen and exogen (Fig. 5.3). Another stage kenogen, has been recently realised. Every hair
is at a different stage of the growth cycle. Over time, the length of the anagen stage
decreases. Therefore, the hair may become weaker and thinner after each cycle. That is why it
is important to ensure diet rich in specific nutrients to maintain normal, healthy hair growth.
If hairs enter the resting phase too early, excess shedding and noticeable thinning of the hair
can occur.

1. Anagen phase

The first stage is called the anagen stage and lasts approximately 1,000 days. The anagen
phase is known as the growth phase. It begins in the papilla and can last from two to six
years. Eighty to ninety percent of all human hair is in the anagen stage. This is the period of
active growth when the cells around the follicle are rapidly dividing and depositing materials
within the hair. The anagen phase is generally longer in Asians, and can last as much as
7 years with hair being able to grow to 1 metre. The span at which the hair remains in this
stage of growth is determined by genetics. The longer the hair stays in the anagen phase, the
longer it will grow. During this phase, the cells in the papilla divide to produce new hair
fibres, and the follicle buries itself into the dermal layer of the skin to nourish the strand.

About 85% of the hairs on one's head are in the anagen phase at any given time.

1. Anagen 2. Catagen
(Growing phase) (Regression phase)

4. Exogen

(shedding phase)
Fig. 5.3: Diagram for hair growth cycle

3. Telogen
(Resting phase)
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2. Catagen phase

At the end of the anagen phase, hair enters the catagen phase. It is a short transitional
phase that lasts approximately 10 days. The first sign of catagen is the cessation of melanin
production in the hair bulb and apoptosis of follicular melanocytes. The catagen phase, also
known as the transitional phase, allows the follicle to renew itself. During this time, which
lasts about two weeks, the hair follicle shrinks due to disintegration and the papilla detaches
and "rests,” cutting the hair strand off from its nourishing blood supply. Ultimately, the
follicle is 1/6 its original length, causing the hair shaft to be pushed upward. While hair is not
growing during this phase, the length of the terminal fibers increases when the follicle
pushes them upward. The catagen stage follows as the hair grows and changes (perhaps
turning gray). The catagen stage accounts for about 2% of all hair growth and development.

3. Telogen phase

This is the final stage of hair growth. During this stage the hair follicle is dormant or
resting and hairs are easily lost. About 10 to 18% of all hairs are in the telogen stage. The
follicle then remains inactive for 3 months and the whole process is repeated. During the
telogen or resting phase the follicle remains dormant for one to four months. 10 to 15% of
the hairs on one's head are in this phase of growth at any given time. In this phase the
epidermal cells lining the follicle channel continue to grow as normal and may accumulate
around the base of the hair, temporarily anchoring it in place and preserving the hair for its
natural purpose without taxing the body's resources needed during the growth phase. At
some point, the follicle will begin to grow again, softening the anchor point of the shaft
initially. The hair base will break free from the root and the hair will be shed. Within two
weeks the new hair shaft will begin to emerge once the telogen phase is complete. The
process results in normal hair loss known as shedding.

4. Exogen phase

For the long hair shedding function has been assumed to be part of the telogen phase,
but now it has been established that shedding actually occurs as a distinct phase termed as
exogen phase. Current research views the shedding of the hair fibre as a highly controlled,
active process. Accordingly, the process differs from the quiescence normally found during
the telogen phase. As such, the term “exogen” is used to describe this event as a specific
process of its own during hair follicle cycling. The former studies in this regard assumed that
the newly formed hair fiber pushes the resting shaft outward to affect hair shedding. The
morphology of the hair root suggests that the exogen process involves a proteolytic event
which occurs between the moving cells of the telogen shaft base. What makes this shedding
process possible is still unknown. A possible role of desmoglein and proteolytic events has
been suggested. Another theory is that the process of exogen has at least two steps: After a
variable time in telogen the follicle base cells receive a signal, or series of signals, that initiate
exogen. The latter turns on the effectors of shedding.
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5. Kenogen phase

Scientists observed a novel phenomenon in hair cycling when they used
phototrichograms to study hair growth - the empty hair follicles were noticed even after
shedding of the hair fibre. Thus the term “kenogen” was coined to describe the interval of the
hair cycle in which the hair follicle remains empty after the telogen hair has been extruded
and before a new anagen hair reappears. It is normal to observe Kenogen in healthy skin; but
in men and women with androgenetic alopecia, the frequency and duration of kenogen have
been reported to be greater.

Each hair follicle is independent and goes through the growth cycle at different times;
otherwise all the hair would fall out at once. There is no pattern as to which hairs on the head
are in a particular stage at any time. Instead, certain number of hairs is shed each day — up to
80 hairs on a healthy head of hair. Hair loss, hair thinning and problems with hair growth
occur when the growth cycle is disrupted. This can be triggered by conditions such as
metabolic imbalances, illness or improper nutrition.

5.3 HAIR CARE PRODUCTS

Hair care has witnessed a surge in activity in recent years. A clear trend is using actives
that enable cosmetic companies to make stronger claims and provide top-end benefits to
consumers. Some of these actives are derivatives of drugs, especially for benefits like
reduction in hair loss. Peptides and amino acids are also being used for their health benefits
to hair. Another trend is to use plant-derived stem cells in formulations, which is more for
biological benefits like the prevention of hair loss or improvement in hair density. Currently,
oils are finding their way into formulations in a big way, particularly in the South Asian
subcontinent including India, where oils such as argan, olive, almond and coconut are being
used. For physical modifications, silicones continue to rule the roost, and formulations that
provide instant benefits such as shine or softness are being used extensively.

Pigmentation and prevention of hair loss tops the list for research in hair care. Besides
these, safer and longer-lasting hair styling technologies such as colours, technologies for hair
straightening and perming are also used. There is also a lot of research being conducted on
understanding hair as a fibre and the correlation of the fibre properties of hair and their
relevance to the consumer. New technologies like micro and nano emulsions are currently
being investigated. However, there are some controversies on the safety aspects of these
technologies. Also, new technologies that can modify the appearance of hair—such as hair
colour, hair straighteners and perming agents—have changed the way consumers look at
hair, and have given the consumer an opportunity to experiment.

The main challenge is the sensory appeal of the product. Most natural products have a
strong inherent colour or odour. At levels that show efficacy, the colour or odour may be
difficult to hide. Hair treatments are usually relatively difficult to formulate since the pH,
colour shade and viscosity of the formulations can greatly affect the performance and
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sensorial attributes of the product. Also, formulations with natural actives are difficult to
formulate since it involves masking the colour and odour of the actives while still maintaining
their activity. Regulation and safety are critical for hair care formulations. As claims on hair
care formulations have become stronger, regulators have begun challenging the claims
being made by cosmetic companies.

A formulator needs to first understand how a consumer uses the product. Then they
should identify the key indicators of the benefit desired by the consumers. For example, in
shampoos, the amount of foam can be an indicator of the cleansing efficiency or the
rinseability of the formulation. Long-lasting fragrances could also denote long-lasting effect.
These need to be understood, and the formulation needs to be designed to deliver those key
attributes.

5.4 CONDITIONING SHAMPOO

Two-in-one shampoo-and-conditioner products became popular in the '80s because the
consumers were using shampoo regularly but not conditioning enough - so brands began to
incorporate conditioning ingredients into their shampoo formulas. But while those products
were closer to true shampoos, these days, conditioning-shampoos are closer in nature to
true conditioners. Previously, it was believed that it was impossible to have a shampoo and
conditioner all in one product. But Procter and Gamble, made a breakthrough in the
shampoo category, because they were able to prove that there was something left behind on
the hair that conditioned it and reduce the friction between hair strands. They used an
ingredient called Polyquaternium-10, and that was one of the first ingredients used for 2-in-1
shampoo and it's still the main ingredient used today. Procter and Gamble now uses
dimethicone that softens the hair. The technology, patented by Procter and Gamble; wherein
dimethicone and a special suspension system are used. Because dimethicone does not attach
to hair, it also does not interfere with the shampoo's cleaning ability or cause build-up. The
shampoo first cleans the hair as it normally would, while the suspension system holds the
conditioning agent in place until the hair is rinsed. Then, the force of the water releases the
conditioners, allowing them to work. In addition to silicone, Aveeno Nourish + Dandruff
2-in-1 formula contains oat peptide and extract for extra moisturizing benefits and zinc
pyrithione, an antibacterial and antifungal ingredient. This combination works together to
cleanse, moisturize and treat dandruff without over drying hair.

The critical aspect of 2-in-1 shampoo is compatibility of ingredients. Most of the
conditioners are cationic (have a positive charge), but most of the surfactants [detergents] in
shampoos are anionic (have negative charge). Hence the primary challenge is to develop a
stable product by maximizing conditioning. Besides changing the fragrances and cleansing
agents (detergents), the formulations have not advanced much since introduced in market.
Table below exemplifies some of the 2-in-1 shampoo plus conditioner products available
commercially.
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Table 5.1

Brand

Description

Palmer's Coconut oil formula
Conditioning Shampoo

Contains Coconut Oil and Tahitian Monoj, infused with
Tiaré flower petals. These raw, natural ingredients
deeply hydrate, repair damage and give hair incredible
shine. It is a rich, creamy shampoo, free of sulphates
and harsh detergents that cleanse gently and removes
build up without stripping hair or interrupting its
delicate moisture balance.

Pantene Pro V
Repair and protect 2-in-1
shampoo + conditioner

Cleanse, moisturize, and repair damage all in one go
with this Pro-V® formula that locks moisture around
each strand, without weighing hair down.

OptiDerma® 2-in-1  Shampoo
and Conditioner

Formulated with natural wheat extracts to provide a
combination of moisture balancing and protective
properties to leave hair feeling soft and luxurious. Ideal
for scalps that suffer from dry, sensitive skin conditions.
Cosmetic active ingredients include zinc pyrithione
10 mg/g, OPAL A 100 mg/g, wheat peptides 5 mg/g,
panthenol 5 mg/g.

Pert Plus 2-in-1 Shampoo and
Conditioner

Enriched with Bamboo Extract. Helps to increase hair
strength, prevents hair breakage and improves overall
hair health with a clean and bold scent.

Aussie Moist 2-in-1 Shampoo
and Conditioner

Enriched with jojoba oils and Australian aloe. Apart
from cleansing dirt and impurities from roots to ends, it
hydrates hair while providing added softness.

The biggest disadvantage of using 2-in-1 shampoos is product build-up on hairs. As the
conditioners are deposited onto the hair, they tend to build up. If used every day, then the
hair starts to look dull and weighed down. A clarifying shampoo would be needed to clean

the hair.

Shampooing everyday is not good or necessary for most hair types. But for those that
feel the need to shampoo their hair more often, brands have been developing specialized
2-in-1 products called co-poos (conditioner-shampoos) OR co-washes. The difference
between these 2-in-1 products versus those from the 1980s is that these are closer in nature
to true conditioners whereas the 1980s products were closer to true shampoos. For co-poos,
the advantage is that they can minimize the damage that daily shampooing can cause. The
disadvantage is that they might be too heavy for oily hair types.
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5.4.1 CO-WASHES/CO-POOS

Traditional shampoos rely on detergents that are chemically attracted to the dirt in hair.
They are distributed by rubbing, scrubbing and lathering, and when rinsed, the hair feels
clean. If it tends to be dry or damaged conditioner is used to add back moisture. Co-washing
is an alternative wherein cleansing conditioners are used. Co-washing is short for conditioner
washing or cleansing hair with conditioner instead of shampoo. Cleansing conditioners are
gentle, detergent-free, all-in-one formulas that clean, hydrate and condition hair in one step.
They contain little-to-no sulphates (sodium lauryl sulphate), and they generally don't lather.
They leave hair soft and frizz free without stripping or drying. They feature “slip” which
eliminates the need for the rubbing and scrubbing that causes hair-damaging friction. Most
of these no-shampoo method formulas can be used daily. Ideally, cleansing conditioners
should be “free from"- free from sulphates and soaps that remove impurities harshly; free
from parabens, and free from silicones that can lodge on the surface of the hair and cause
build-ups. Some cleansing conditioners combine the “no-shampoo” cleansing agent with a
heavy conditioner that sits on the hair and then gradually penetrates. These formulas must
then be rinsed thoroughly, and over time, they might cause an undesirable build-up.
More modern co-wash formulas feature a unique, tandem approach of cleansing and
conditioning - they melt into the hair and quickly draw out impurities without causing
weighty build-ups. They're also targeted for specific hair types. Healthful additives like anti-
oxidant fruit complexes protect hair from damage. Co-washing is becoming so popular that
hair product companies are offering co-washing cleansing conditioners along with gentle
sulphate-free shampoos.

However, complete cleansing may not be achieved with Co-wash products. There are
certain properties that shampoos or cleansers have, but are absent from some co-washing
conditioners. Many shampoos are formulated with a low pH. The acidity of shampoo raises
the hair cuticle, making it easier to remove dirt and product build up. Shampoos also have
detergents that clean the hair and scalp. These may not be seen or may be limited with
co-washing conditioners. Table 5.2 below exemplifies some of the commercially available
brands of co-wash along with the descriptive features of the product.

Table 5.2
Brand Description

Palmer's Olive Oil Formula [Is a unique, all-in-one cleansing cream that replaces
Co-Wash Cleansing Conditioner | shampoo, conditioner, deep conditioner and
detangler. This gentle, no-lather cleanser contains an
exclusive blend of natural Extra Virgin Olive Oil,
Vitamin E, Keratin Protein and natural herbal extracts
to moisturize, soften and detangle hair for the gentlest
daily cleansing possible.  Non-lathering shampoo
alternative formulated without Sulphates, Detergents,
Lather, Phthalates, Petrolatum, Mineral Oil.

contd. ...
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Shea Moisture Coconut and

Hibiscus Co-Wash Conditioning
Cleanser

For thick, curly hair removes impurities without
stripping hair of natural oils. Light weight moisturizers
soften and control frizz in one easy step.

e Coconut oil hydrates and protects hair while
reducing breakage.

¢ Silk Protein smoothes hair for a soft, silky feel.
¢ Neem oil controls frizz while adding brilliant shine.

Coconut  Co-wash

Conditioner

Cleansing | Key Ingredients: Tangerine, Coconut Oil, Castor Oil,
Saw Palmetto and Phytosterols. The blend of natural
ingredients promote healthy hair growth from the
follicular level. Gently cleanses hair and scalp;

maintains moisture, rinses easily from hair.

With sweet almond oil and Pro-Vitamins

Gentle low-lather formula cleans like a shampoo and
is recommended for all hair types — even colour-
treated.

Pantene Pro-V Colour Preserve
Cleansing Conditioner

5.5 HAIR CONDITIONERS

While shampoos represent the most common type of hair product, conditioners are a
close second. They are designed to improve the look and feel of hair. Hair conditioner is a
hair care product that changes the texture and appearance of hair. Hair conditioner is often a
viscous liquid that is applied and massaged into the hair. Hair conditioner is usually used
after washing the hair with shampoo. They are allowed to stay in the hair for a short time
(usually 30 seconds to a couple of minutes) and then rinsed. After being rinsed thoroughly,
they make the hair easier to comb, frizz-free, soft feeling, reduce static charges, improve
shine, and protect hair from future damage. Conditioners contain a variety of conditioning
and moisturizing ingredients that are left behind on the hair after rinsing and affect the hair
characteristics. The primary conditioning agents include quaternized surfactants (quats),
cationic polymers, silicones, emollients, and humectants. Hair conditioners may contain
moisturizers, oils and sunscreen, among other ingredients. Conditioners are frequently acidic,
as low pH protonates the keratin's amino acids. The hydrogen ions give the hair a positive
charge and creates more hydrogen bonds among the keratin scales, giving the hair a more
compact structure. Organic acids such as citric acid are usually used to maintain acidity.

Using oils for hair conditioning purposes is not a new concept. The late Victorian era saw
the use of Macassar oil as hair conditioner. From almond oil, castor oil, olive oil, mustard oil
to coconut oil and many others; oiling as a precursor to shampooing has been a traditional
practice across many countries, including India. Contemporary cosmetic conditioners
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combine the nourishing properties of these essential oils with ingredients like silicon,
humectants and acidity regulators to nourish the hair from inside out, to reconstruct
damaged areas and maintain the pH level. Oils are also combined with other herbal agents to
make hair nourishing packs and masks.

Mechanism of conditioning

Quats (also known as cationic surfactants) and cationic polymers remain on the hair via
electrostatic interactions. These ingredients are positively charged when placed in a solution
of water. They are attracted to the negatively charged, damaged protein sites on the hair.
This positive/negative interaction prevents them from being removed. On hair they coat the
fibers and counteract the problem characteristics.

There are some conditioning ingredients which are not cationic. These do not offer the
best results, but they have benefits of their own. Some anionic surfactants, which carry no
electric charge, will stick to the hair in useful quantities. Unlike cationic surfactants, they can
be mixed with anionic surfactants to produce conditioning shampoos. Other ingredients, like
esters, oils, and polymers, are added to improve lustre, add comb-ability, and assure that the
conditioning ingredients stay mixed in the bottle.

Silicones and emollients rely on their hydrophobic nature to plate out on the hair.
Conditioners can be emulsions composed of water and these hydrophobic materials. They
also contain emulsifiers which keep the oily materials suspended in solution. However, as the
product becomes more dilute when applied on hair and rinsed, the oily materials separate
out and remain on the hair where they can counteract hair problems.

5.5.1 Types of Conditioners

1. Pack conditioners are heavy and thick, with a high content of fatty surfactants that
are able to bind to the hair structure and "glue” the hair surface scales together.
These are usually applied to the hair for a longer time. The surfactants are based on
long, straight aliphatic fatty acid chains similar to saturated fatty acids. Their
molecules have a tendency to crystallize easily, giving the conditioner higher
viscosity, and they tend to form thicker layers on the hair surface.

2. Leave-in conditioners are thinner and have different surfactants, which add only a
little material to the hair. They are based on unsaturated fatty acid chains, which are
bent, not straight. This shape makes them less prone to crystallizing, making a lighter,
less viscous mixture and providing a significantly thinner layer on the hair. The
difference between pack and leave-in conditioners is similar to the difference
between fats and oils, the latter being less viscous. Leave-in conditioner is designed
to be used in a similar way to hair oil, preventing the tangling of hair and keeping it
smooth. Its use is particularly prevalent by those with naturally curly or kinky hair.
There are many variants available in the market, from the rich creamy ones to the
silicon-based varieties that are light and velvety in texture.
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3. Ordinary conditioners combine some aspects of pack and leave-in conditioners.
Ordinary conditioners are generally applied directly after using shampoo, and
manufacturers usually produce a conditioner counterpart for different types of
shampoo for this purpose.

4. Hold conditioners, based on cationic polyelectrolyte polymers, hold the hair in a
desired shape. These have a function and composition similar to diluted hair gels.

Ingredients

There are several types of hair conditioner ingredients, differing in composition and
functionality:

Moisturizers that hold the moisture in the hair. Usually these contain high
proportions of humectants. These could also be provided by natural oils such as
almond oil.

Reconstructors, usually containing hydrolyzed protein. Their role is supposedly to
penetrate the hair and strengthen its structure through polymer crosslinking.
Acidifiers, acidity regulators which maintain the conditioner's pH at about 3.5. In
contact with acidic environment, the hair's somewhat scaly surface tightens up, as the
hydrogen bonds between the keratin molecules are strengthened.

Detanglers, which modify the hair surface by pH as acidifiers, or by coating it with
polymers, as glossers.

Thermal protectors, usually heat-absorbing polymers, shielding the hair against
excessive heat, caused by, e.g., blow-drying, curling irons or hot rollers.

Glossers, light-reflecting chemicals which bind to the hair surface. Usually polymers,
silicones, e.g., dimethicone or cyclomethicone.

Oils (EFAs - essential fatty acids), which can help dry/porous hair become more
soft and pliable. The scalp produces sebum and EFAs are the closest thing to natural
sebum.

Surfactants - Approximately 97% of hair consists of a protein called keratin. The
surface of keratin contains negatively charged amino acids. Hair conditioners,
therefore, usually contain cationic surfactants, which do not wash out completely,
because their hydrophilic ends strongly bind to keratin. The hydrophobic ends of the
surfactant molecules then act as the new hair surface.

Lubricants, such as fatty alcohols, panthenol, dimethicone, etc.

Sequestrants, for better function in hard water.

Antistatic agents

Preservatives

Sunscreen, for protection against protein degradation and colour loss. Currently
benzophenone-4 and ethylhexyl methoxycinnamate are the two sunscreens most
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commonly used in hair products. Cinnamidopyltrimonium chloride and a few others
are used to a much lesser degree. The common sunscreens used on skin are rarely
used for hair products due to their texture and weight effects. Table 5.3 gives a
prototype formula for conditioning preparation with suggested ingredients.

Table 5.3
Must Use Ingredients Typical Use Level Example Ingredients
Distilled water 60-80% Water mixed with botanical
extracts
Surfactants 2-5% Sulphosuccinate, Coco Betaine
Conditioning surfactants (Quats) 5-10% Polyquaternium-10,
Behentrimonium
Thickeners 0.1-5% Xanthan gum, Acrylate copolymer
Optional Ingredients
Pearlizers 1-3% Glycol stearate IP
Hair protective ingredients 1-8% Proteins, Provitamin B5
Fragrance 0.1-1.0%
Preservatives 0.1-1.0%
5.6 ANTIDANDRUFF SHAMPOO

Dandruff is characterized as a hyperproliferation of the scalp epidermis accompanied
with scalp itching and redness. Dandruff mechanism is thought to be the result of the activity
of enzyme called lipase. The Malassezia fungus (causes dandruff) uses this enzyme to break
down sebum to oleic acid (pro-inflammatory free fatty acids). Also, this fatty acid penetrates
into the top layer of scalp and causes inflammation and increased skin cell flaking, in
susceptible people. Now-a-days many chemical treatments are available for reducing and
removing highly resistant dandruff against therapeutic cure, on the other hand, there are
many antidandruff products with poor clinical efficacy in market. Due to these concerns,
tendency to use medicinal plant extracts treat dandruff is in vogue.

Antidandruff shampoos are probably the most widely used hair products today to get rid
of dandruff. These antidandruff shampoo formulations include antidandruff agents that are
classified into three groups according to their mechanism of action.

(i) Fungicidial substances: Zinc pyrithione, ketoconazole, flutrimazole, econazole,

bifonazole, clotrimazole etc.

(ii) Cytostatic substances: Selenium sulphide, tar, piroktolamine, octopirox,
cyclopiroxolamine etc.

(iii) Keratolytic substances: Salicylic acid, urea and sulphur derivatives.
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Most shampoos contain only one active ingredient, although there is a definite trend in
combining two or more active ingredients in a shampoo to combat a particular type of
dandruff. Some of the antidandruff agents are detailed below.

Coal Tar

Coal tar, a by product of coal, is formed when the coal is converted to coke or gas. It is
still a recommended treatment for dandruff caused by mild/moderate psoriasis as it helps to
slow down the regeneration of cells. It has been linked to cancer causing potential in the
past, but the FDA and National Psoriasis Foundation have stated that “coal tar is a valuable,
safe and inexpensive treatment option for millions of people with psoriasis and other scalp or
skin conditions”. However it can cause increased sensitivity to sunlight and is very pungent.
The later presents a challenge for its incorporation in a cosmetic product.

Salicylic Acid

Salicylic acid is one of the most common and oldest active ingredients found in a
dandruff shampoo. It exfoliates the skin by softening and stripping the flakes on the scalp
(keratolytic therapy). As it softens and strips the flakes from the scalp, is can be used to get
rid of the dry crust of scalp associated with psoriasis. It is a recommended product by the
FDA for psoriasis and often used in combination with e.g. coal tar for sufferers of this
condition. There are a number of combination shampoos on the market now for psoriasis
sufferers. It can also be used to get rid of the crust of flakes associated with seborrheic
dermatitis but there are far more sophisticated anti-fungal ingredients to actually treat the
condition.

Zinc Pyrithione

Zinc pyrithione has been used for decades as an anti-fungal treatment in anti-dandruff
shampoos. It works by inhibiting the growth of the yeast Malassezia that is thought to cause
seborrheic dermatitis. As such, it regulates the yeast and oiliness thought to be responsible
for seborrheic dermatitis. This is a mainstay therapy as it is used in many shampoos.
Selenium Sulphide

Selenium sulphide controls dandruff in two ways. First, like zinc pyrithione, it is an anti-
fungal agent effective at killing and controlling the Malassezia yeast. In addition, like coal tar,
it inhibits skin cell regeneration. As such, it can be effective in fighting both seborrheic
dermatitis and psoriasis induced dandruff. The ingredient can also relieve the itching
associated with both of these conditions. However, excessive use of this ingredient results in
oily scalp and hair.

Ketoconazole

Ketoconazole is probably the most powerful antifungal treatment in shampoo over the
counter. It is also effective at relieving the itch associated with dandruff. In many countries
this is still only available by prescription, but in the US and UK it is possible to buy a 1%
strength shampoo over the counter in pharmacies. It is a powerful ingredient. It can be used
for quite severe outbreaks of serborrheic dermatitis.
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Sulphur

Sulphur is a mineral with many medicinal purposes, but for dandruff control is relieves
the skin of itching while inhibiting the reservation of skin cells. Sulphur is rarely seen as the
sole active ingredient in shampoos, but is often seen in combination with salicylic acid to
exfoliate the skin, soothe the skin and slow down the regeneration of skin cells.

Climbazole

Climbazole is a mild antifungal ingredient, but is rarely used in shampoos. It is sometimes
paired with zinc pyrithione to provide extra antifungal medications.

Ciclopiroxolamine

Ciclopiroxolamine works by preventing bacterial build up on the scalp. It is a very
effective treatment, but is causes itching and redness after prolonged usage.

Anti-dandruff products containing these agents work only symptomatically and often
recurrence of dandruff after stopping treatment is observed, which is the most common
problem. Moreover, side effects associated with them cannot be neglected. Such
complications have prompted the search for noble and effective antifungal agents of natural
origin. Natural remedies have been used for centuries for treating skin and hair.

Continuous use of these shampoos makes hair brittle and causes dryness of the scalp. So,
use of good conditioner after application of anti-dandruff shampoo is recommended. It is
also reported that on continuous use of one product, its effectiveness is lost over time. Coal
tar based shampoos which are used to control dandruff not only stain coloured or grey hair
and make the scalp more sun-sensitive but are also carcinogenic. There is also an evidence
that coal tar itself is mutagenic, carcinogenic in animals and phototoxic as reviewed by the
WHO's International Agency for research on cancer conditions and a wide variety of
dermatological disorders including inflammation, phototoxicity, psoriasis, atopic dermatitis,
dandruff and alopecia areata.

In the management of dandruff plant derived drugs and their formulations are viable
alternative to synthetic drugs. In traditional Indian System of Medicine many plants and
herbal formulations are reported to possess anti-dandruff property. Some of the plants which
possess antidandruff property are Tridax procumbens, Azadirachta indica, Trigonella foneum
graecum, Melaleuca alternifolia, Lawsonia inermis, Quillaja saponaria, Rosemarinus officinalis,
Citrus limon and Sapindus indica.

5.7 HAIR OILS

Human beings have different hair types, from silver blonde, flaming red to jet black.
Physical properties of hair are also important as it imparts beauty to the hair. The texture and
sensories of hair, i.e. the way hair appears and feels, is dependent on the health of hair and
its physical properties. Regular application of oil is known to increase the strength of hair and
prevent its breakage. Coconut based hair oils also help in aligning the cuticles of hair.
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Aligned hair cuticles make hair look healthy and add to hair shine. While combing force is
applied to detangle hair. This often leads to hair breakage. Application of oil lubricates hair
and reduces the force required to comb thereby preventing its breakage.

Hair behaves differently in different seasons. In summer the heat saps out vital moisture
from the hair making it dry and brittle. Application of oil prevents loss of moisture and keeps
hair soft and supple. In monsoons, hair tends to absorb a lot of moisture from the
atmosphere due to high humidity. Hair may also frequently get wet when it rains. When hair
is wet, water enters into the hair shaft and when hair dries the water is released out. If this
cycle of absorption and release of water is repeated very frequently, it leads to hygral fatigue
which makes hair weak. Application of oil forms a protective covering on hair and prevents
this absorption and loss of water and reduces hygral fatigue, thereby maintaining the
strength of hair.

Different hair styling techniques such as colouring, straightening and perming are
commonly used. The chemicals, blow dryers or hot irons used for these treatments may
cause severe damage to the hair shaft. But regular oiling of hair can prevent the further
enhancement of this damage. It has been proved that regular hair oiling prevents the loss of
protein from the chemically treated hair and also helps in maintaining the strength of hair
after even after chemical treatment. Massage with oil is also believed to increase blood
circulation in the scalp ensuring hair gets all the vital nourishment. Using coconut based hair

oils also helps in hair growth and prevents hair fall.
5.7.1 Classification of Hair OQils

Hair oils come under the category of hair tonics used for hair disorders such as dandruff,
hair fall and dryness of hair. Regular application of hair oil provides resistant to breakage with
no split ends, provides luster and shine to hair and moisturizes the scalp. Hair oils also act as
a medium to supply essential nutrients to the root of hair for their proper growth. The base
oils has to be a non-sticky oil and the choice may be one of the following. Usually three types
of hair oils are manufactured and marketed by small-scale industries. These include:

Type 1: Contains vegetable oil or oils as base oil.

Type 2: Contains only mineral oil as base oil

Type 3: Contains a mixture of vegetable oil and mineral oil.

1. Vegetable Hair Oils:

(i) Castor Hair Oil: Castor oil is rich in vitamin E, proteins, minerals. It is very viscous oil
and is hard to wash it off the hair. Castor oil has antimicrobial properties that help
to get rid of dandruff and other scalp issues. Castor oil contains ricinoleic acid which
treats scalp inflammations and diseases. Castor oil moisturizes and softens hair,
maintaining the moisture level in the hair. Castor oil aids in blood circulation and
therefore results in faster hair growth. Since it is moisturizing in nature, it can be
used to treat dry scalp. To use, apply it well on scalp and run through the hair, leave
overnight, and wash it with a mild shampoo the next day. Regular use of castor oil
gives healthy, thick, shiny, and moisturized hair.
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(ii)

(i)

(iv)

v)

(vi)

Olive Oil: Olive oil is highly moisturizing hair oil, rich in vitamin E which is very
important for hair growth. Olive oil has a high concentration of antioxidants which is
good for both hair and skin. Olive oil is lightweight and contains oleic acid which
easily penetrates the hair shaft and locks in the moisture. Olive oil is the best natural
conditioner available and gives touchably soft and smooth hair with regular use.
Since this oil has anti-inflammatory properties, it helps in treating dandruff thereby
reducing hair fall and aiding in subsequent hair growth.

Sesame Oil: Sesame oil is used as base oil in many ayurvedic preparations for hair
growth, for example, bhringraj oil. Since sesame oil is antimicrobial, it treats a lot of
scalp infections and fungal infections. Sesame is best when used as a hot oil
treatment. It conditions hair, nourishes scalp, and gets rid of dandruff and the
vitamin E in the oil boosts hair growth.

Argan Oil: 1t is excellent oil for healthy hair. It hydrates and moisturizes hair, it
penetrates hair shafts and nourishes deeply. Argan oil is rich in anti-oxidants and
repairs damaged hair. The high vitamin E and vitamin F content repairs damaged
hair and make the hair lustrous. Argan oil also treats split ends. It is known as “liquid
gold” for its wonderful properties on hair and is absolutely great for hair damaged
from heat styling.

Jojoba Oil: Jojoba oil is highly beneficial for both hair and skin because of its
moisturizing and healing properties. Regular use of the oil makes hair lustrous and
frizz free. Jojoba oil aids in hair growth by helping in the growth of new hair cells. It
acts against dandruff and thus reduces hair fall.

Coconut Oil: It is the best hair oil that gives healthy, soft, and lustrous hair. Coconut
oil is a natural conditioner rich in vitamin E and antioxidants which repairs damaged
hair. Coconut oil is known to penetrate into hair follicles and stimulating hair growth
and moisturizes dry hair. Coconut oil makes hair softer and prevents hair breakage
and split ends. Also, when herbs like bhringa, brahmi, curry leaves, and other
ayurvedic ingredients are added to coconut oil, it becomes miracle oil that cures all
hair issues and makes hair grow faster in a short period of time.

2. Mineral Oil

Mineral oil is an industrially produced derivative of crude oil. The crude oil undergoes a
process of purification, until it is refined into a slippery fluid, used in a variety of cosmetics.
The problem with this process is that crude oil contains many toxins and carcinogenic
materials. If properly distilled, these should be removed from mineral oil. However, poorly
manufactured mineral oil can retain some of these toxins. Thus mineral oil cannot be claimed
as natural product as it is a processed product that goes through a series of industrial steps
to reach the supermarket shelf. The benefits of using mineral oils on hair are extremely

limited
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Benefits of Using Mineral Oil

1

Ability to hold moisture: This is because it creates barriers over the cuticles, thus
preventing the moisture from evaporating. Mineral oils also prevent any moisture
from penetrating to the hair strand. Thus the hair should be well hydrated before
applying mineral oils. Mineral oil is better in moisturizing hair when compared to
other vegetable oils.

Scalp condition: Mineral oil loosens dry scales on the scalp and generally reduces
the overall inflammation. It may be useful in case of dandruff, scalp psoriasis and
cradle cap.

Curl formation: It enhances the curl formation. This is because mineral oil enhances
the clamping of adjacent hair strands. For instance African American hair is more
fragile compared to that of other hair types. This is because it has less moisture.
When mineral oil is used on such hair, it increases curl formation.

Non-stickiness: When compared to other hair care products, mineral oil is less
greasy when applied and does not lead to the hair looking stringy. This is because
mineral oil is light and non-greasy. However, it should be used sparingly for when
overused it might leave the hair oily.

It works with both conditioned and unconditioned hair: Mineral oil effectively
works on both types of hair. Care must be observed not to use mineral oil on hair
with a lot conditioner for it might reduce its effectiveness.

Affordability: When compared to other plant based-oils, which serve the same
purpose, it is inexpensive.

Mineral oil has been linked to carcinogenecity. While it is true that some petroleum
derivatives include carcinogenic components (like some poly-cyclic aromatic compounds) the
mineral oil found in the cosmetic and pharmaceutical industry is highly refined and purified.
It is controlled by the US FDA and other global regulatory agencies. There is simply no proof
that cosmetic grade mineral oil causes cancer. Although mineral oil is unlikely to stop hair
growth completely, some studies suggest that its disruptive effect on the skin could impact
healthy hair growth.

5.7.2 Indian Standards for Oil
Under Schedule S (Rule 150-A) of the Drugs and Cosmetics Rules, 1945, hair oils must
conform to the specifications laid down by the Bureau of Indian Standards (BIS). The hair oils

are tested as per 157123:1993 (Iind revision) specifications for their properties as hair oil. A
cross section of tests has been detailed in the Table 5.4.
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Table 5.4
Test Description Limit
Acid value Acid value of a packaged product | As per Indian Standards (IS), it

is related to the shelf life of that
product. If acid value does not
meet the requirement, it allows
contamination of the product
and reduces the shelf life.

should not be more than 1.0.

Peroxide value

It is used as a measurement of
the extent to which rancidity
(deterioration of end product is
judged) reactions have occurred
during storage.

As per the IS, it should not
exceed 10.0 milliequivalent per
1000 gm of oil.

Specific gravity Materials which are lighter than | Less than 1

water (specific gravity less than

1.0) will float. It is expected to be

low in case of hair oils.
Unsaponifiable Unsaponifiable matter includes | As permitted in the national
material those  substances frequently | standards, but there is no

found dissolved in fatty acids and
drying oils which cannot be
saponified by caustic treatment,
but which are soluble in the
normal fat solvents. Included are
the higher aliphatic alcohols,
sterols, pigments, and
hydrocarbons. It is expected to
be lower in  hair oils.
Unsaponifiable matter is the
direct indicator of presence of
mineral oil.

(Liquid Light Paraffin Oil or LLP).

maximum permissible limit.

Microbiological
and Heavy
Metals Tests

Standard procedures used

As per the IS, in hair oil micro-
organisms should not be more
than 1000 per gram of oil.

As per the IS, Heavy metals, Lead
(Pb) and Arsenic (As;03) should
not exceed 10 and 1 ppm
respectively in hair oil.

Sensory/
Application Tests

Physical properties like colour,
appearance, fragrance, and
greasiness and after application
impacts like ‘'feel on application’,
ease to comb and overall quality
and acceptability of oils.

Panel testing

Fatty acid profile

To confirm the presence of
mineral oil.
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Packing

As per the Indian Standard, the hair oil should be packed in eco-friendly suitable well-
closed containers, not exceeding pack size of 1 kg or 1 litre, and container should not have
deleterious effect on the product.

5.8 HAIR DYE

Hair dye has been used since ancient Egyptian times when Rameses II reinforced red hair
colour using henna. In ancient Greece, the hair was bleached with a rinse of potassium
solution and rubbed with a type of ointment made of yellow flower petals and pollen. Some
of the most well known are henna (Lawsonia inermis), indigo, Cassia obovata, senna, turmeric
and amla. Others include katam, black walnut hulls, red ochre and leeks. The development of
synthetic dyes for hair is traced to the 1860s discovery of the reactivity of
para-phenylenediamine (PPD) with air. Since Second World War, great progress in
discoveries and applications of new synthetic dyes has taken place.

Dye Composition

The preparation (dye precursors) is in the leuco (colourless) form. Oxidizing agents are
usually hydrogen peroxide, and the alkaline environment is usually provided by ammonia.
The combination of hydrogen peroxide and ammonia causes the natural hair to be lightened,
providing a "blank canvas” for the dye. The developer in a mixture of hair colour does exactly
what the name implies. It provides the chemical reaction that allows the hair colour
molecules to penetrate and be deposited into the shaft of the hair by causing the chemical
colour to "develop". Depending on the strength of the peroxide of the developer, the
developer also may lighten the base colour of the hair in order to create a lighter shade of
colour. The formulation and balance between hair colour and developer is designed to use
equal parts of each separate mixture of components. Therefore two ounces of hair colour
(which contains ammonia and oxidative tints (usually aniline derivatives) is meant to be
combined with two ounces of developer (hydrogen peroxide). This results in the oxidation of
the aniline derivatives which creates the colour to be deposited into the hair. (The aniline
derivatives combine with peroxide to form larger colour molecules.) When you use less
developer than is called for, you will not get as much reaction from the chemicals combined,
which can result in duller colour results and less penetration of the colour. Using more,
however, can dilute the colours and result in paler results that intended. Peroxide developer
volumes indicate the developers oxidizing potential. Peroxide breaks down melanin in the
hair as it oxidizes. The higher the volume, the more lift in colour it provides. Low volume
provides no lift and simply opens the cuticle so that the dye can be deposited in the cortex.
5.8.1 Classification of Hair Dyes

The hair dyeing systems can be classified as follows:

(i) According to mechanism:

(a) oxidative (containing hydrogen peroxide), and
(b) non-oxidative.
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(ii) According to the colour durability after the application on hair strands:
(a) temporary,
(b) demi-permanent (sometimes called deposit only),
(c) semi permanent, and
(d) permanent.

Many studies have established the diffusion path of the dye molecule to the inner hair
fiber. It involves the permeation of the molecules into intercuticular regions, passing through
non-keratinized regions of the endocuticle and the intracellular cement. In later stages, it
migrates to keratinized regions and, eventually, reaches the macrofibrils, before being
incorporated into the matrix. The temporary and semi-permanent non-oxidative dyes are
based on colourful molecules, named dye deposition, because the dye molecule only
interacts with the hair cuticles. When there is a small penetration of the molecules into the
hair cortex, they are named semi permanent products and can be resistant up to six washes.
The demi-permanent and permanent oxidatives are based on precursors, named oxidation
dyes, whose colour characteristics are developed by means of the interaction with an
oxidizing agent, and present longer lasting colour.

1. Permanent Hair Dyes:

Permanent oxidative hair dyes are commonly used because this category provides
greater efficacy of permanent dyeing, resistance to shampoo washes and other external
factors, such as drying, friction, light, and others. This category represents about 80% of the
sold hair dyes and gets any shade, covering up to 100% of white hair strands. Also, it is
possible to have dark and light natural hair colour due to the combination of the oxidizing
agents with the ammonia hydroxide. The principal difference between the semi-permanent
hair dye in comparison with a permanent one is the alkalizing agent used because, in the
first, monoethanolamine with low colour lightening power is used. Colour formation happens
upon mixture and involves complex reactions between precursors in the presence of an
oxidizing agent. The precursors can be classified into two categories: oxidation basis or
primary intermediaries, and the couplers or reaction modifiers. The reaction occurs in an
alkaline medium that promotes the opening of the cuticles that allows the penetration of the
dyes’ molecules into the cortex. The oxidizing agent permits the beginning of the reaction
that occurs in the cortex and results in a colourful complex with high molar mass, which
avoids the exit of molecules formed in the hair. Part of the reaction also happens on the
cuticles and the molecules are removed in the first wash. The ammonia hydroxide and
ethanolamines are the most alkalizing agents used. A mixture of surfactants and solvents is
used to disperse the dye molecules and ensure the hair wetting. A small amount of reducing

agent is added to prevent auto-oxidation of the dyes during storage of the finished product,
which may be formulated as an emulsion, gel, solution and powder. The reactions involved in
the formation of permanent dyes are redox types and require four major components: the
aromatic amine with substitutions at positions ortho or para (hydroxy or amino) as the
coupling bases; the reaction modifiers; an alkalizing compound; and an oxidizing agent.
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Permanent hair colour generally contains ammonia and must be mixed with a developer
or oxidizing agent in order to permanently change hair colour. Ammonia is used to open the
cuticle layer so that the developer and colourants together penetrate into the cortex. The
developer (oxidizing agent) comes in various volumes. The higher the developer volume, the
higher the lift will be of a person's natural hair pigment. Someone with dark hair wishing to
achieve two or three shades lighter may need a higher developer, whereas someone with
lighter hair wishing to achieve darker hair will not need a high developer. The application
time with permanent hair colouring is typically 30 minutes or 45 minutes for those wishing to
achieve maximum gray coverage.

2. Demi-permanent Hair Dyes:

Demi-permanent hair colour is the hair colour that contains an alkaline agent other than
ammonia (e.g. ethanolamine, sodium carbonate) and, while always employed with a
developer, the concentration of hydrogen peroxide in that developer may be lower than used
with a permanent hair colour. Since the alkaline agents employed in demi-permanent colours
are less effective in removing the natural pigment of hair than ammonia, these products
provide no lightening of hair's colour during dyeing. As the result, they cannot colour hair to
a lighter shade than it was before dyeing and are less damaging to hair than their permanent
counterpart. Demi-permanents are much more effective at covering gray hair than semi-
permanents, but less so than permanents.

Demi-permanents have several advantages as compared with permanent colour. Because
there is essentially no lifting (i.e, removal) of natural hair colour, the final colour is less
uniform/homogeneous than a permanent and therefore more natural looking; they are
gentler on hair and therefore safer, especially for damaged hair; and they wash out over time
(typically 20 to 28 shampoos), so root re-growth is less noticeable and if a change of colour is
desired, it is easier to achieve. Demi-permanent hair colours are not permanent, but the
darker shades in particular may persist longer than indicated on the packet.

3. Semi-permanent Hair Dyes:

Semi-permanent hair colouring involves little or no developer, hydrogen peroxide or
ammonia, and is thus less damaging to hair strands. The reduced amount of developer,
whether peroxide or ammonia, means that hair previously damaged by applying permanent
colour or permanent reshaping is less likely to be damaged during the colour application
process. Semi-permanent hair colour uses compounds of low molecular weight than are
found in temporary hair colour dyes. These dyes penetrate the hair shaft only partially,
because of the reduced amount of developer used. For this reason, the colour will survive
repeated washing, typically 4-5 shampoos or a few weeks, before undergoing significant
fading or washing out entirely.

The final colour of each strand of hair will depend on its original colour and porosity.
Because hair's colour and porosity across the head and along the length of a hair strand,
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there will be subtle variations in shade across the entire head. This gives a more natural-
looking result than the solid, all over colour of a permanent colour. Because gray or white
hairs have a different starting colour than other hair, they will not appear as the same shade
as the rest of the hair when treated with semi-permanent colour. If there are only a few
grey/white hairs, the effect will usually be enough for them to blend in, but as the gray
spreads, there will come a point where it will not be disguised as well. In this case, the move
to permanent colour can sometimes be delayed by using the semi-permanent as a base and
adding highlights. Semi-permanent colour cannot lighten the hair.

Semi-permanent non-oxidative hair dyeing formulations contain basic or cationic dyes
with low molar mass, which have a high affinity for hair keratin and resists from three to six
washes. The hair dyeing process does not involve oxidation reaction; the application is simple
and lasts from 10 to 40 min, followed by rinsing. Several products are available in the market:
lotions, shampoos, mousses and emulsions. These cosmetic forms must have the ideal
viscosity so that they do not flow during the application. Dyes with low molar mass penetrate
slightly in the cortex, especially because of the high pH value of the product that promotes
the cuticles opening. Semi-permanent hair products promote major hair colour durability
(resistance up to 20 washes) because they consist of a mix of semi-permanent molecules with
oxidation dye precursors, applied with hydrogen peroxide (H,O,). Another option of
formulation involves mixing nitro aniline dyes with basic or acid dyes which aim for a better
colour result and a bigger resistance to washes, considering the high affinity of the two
families of dyes. The nitro anilines are molecules comprised of a neutral aromatic amine or
anthraquinone derivatives and all are classified as highly polar and present mono, di, or tri
nuclear rings. These dyes are diffused through the hair fiber and are retained by weak
Van der Waals bonds. Under similar conditions, the larger molecules with tri-aromatic rings
are removed more slowly from hair than the smaller, mononuclear ones. Examples of semi-
permanent hair dyeing are: 4-hydroxypropylamino-3-nitrophenol, N, N'-bis-(2-hydroxyethyl)-
2-nitrophenylenediamine, HC Yellow No. 2 and HC Red No. 2.

Semi-permanents may contain the suspected carcinogen p-phenylenediamine (PPD) or
other related colourants. The U.S. Environmental Protection Agency reported that in rats and
mice chronically exposed to PPD in their diet, the PPD appeared to depress body weight of
the animals, with no other clinical signs of toxicity observed in several studies.

4. Temporary Colour Hair dyes

Temporary hair colour is available in various forms including rinses, shampoos, gels,
sprays, and foams. Temporary hair colour is typically brighter and more vibrant than semi-
permanent and permanent hair colour. The pigments in temporary hair colour are high
molecular weight and cannot penetrate the cuticle layer. The colour particles remain
adsorbed to the surface of the hair shaft and are easily removed with a single shampooing
because dye presents high molecular weight and deposits on the hair surface without the
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capacity of penetrating the cortex. This type of dye does not have the power of whitening the
hair strand and, therefore, it is indicated only to add new nuance and not to change its
colour. Temporary hair colour can persist on hair that is excessively dry or damaged in a way
that allows for migration of the pigment to the interior of the hair shaft. The temporary dye
can be used for specific purposes such as adding colourful reflections, removing the
yellowish effects of the white hair, and covering a small quantity of white hair. These dyes,
that present acid characteristics usually have high molar mass. They contain anionic
characteristics and are selected to allow the maximum solubility in water and the minimum
penetration in hair so it is removed in the first washing. They are presented as shampoo, gel,
emulsion and solution (liquid) with two different forms of application: continuous application
(progressive) or single application, with one wash at the end of the application process to
remove the unabsorbed dye excess on the hair strand. Examples of these dyes are acid
yellow 1, acid yellow 23, acid orange 7, acid red 33, acid red 92 and acid blue 9.

5. Alternative Colour Hair Dyes

Alternative hair colouring products are designed to create hair colours not typically found
in nature. The available colours are diverse, such as the colours green and fuchsia. Permanent
alternatives in some colours are available. Some colour shades are blacklight-reactive, and
thus show up under certain nightclub lighting, for instance. The chemical formulae of
alternative colour dyes typically contain only tint and have no developer. This means that
they will only create the bright colour of the packet if they are applied to light blond hair.
People with darker hair (medium brown to black) need to use a bleaching kit before tint
application. Some people with fair hair may benefit from prior bleaching as well. Gold, yellow
and orange undertones in hair that has not been lightened enough can adversely affect
results, especially with pinks, blues and greens. Although some alternative colours are semi-
permanent, such as blue and purple, it could take several months to fully wash the colour
from bleached or pre-lightened hair.

Thus, among the various options of hair dyes, it is interesting to know the application
features and their affinity for the hair fibres in order to select the best option for each hair
type and to provide a satisfactory effect, as a good covering power of gray/white hair, good
colour resistance to shampoo washes, and high durability of colour. The challenge is to find
options that provide security in the application and allow these benefits to occur without
generating very aggressive damage to the hair strands.

5.8.2 Chemistry of Permanent Hair Colouring

Permanent hair dyes are widely used with over 80% of market share in the United States.
In 1980's, some hair dye chemicals were banned from use due to their mutagenic and
carcinogenic effects as evidenced by laboratory animal studies. However, hair dye ingredients
such as para-phenylenediamine (PPD) and para-toluenediamine (PTD) are still being used to
date. For the past 50 years, PPD has been used commonly as a primary intermediate in the
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formulation of permanent hair dyes and still remains unchanged. Today, the European Union
cosmetic directive regulation allows maximum PPD concentration of up to 6% in hair dyes.
PPD is an aromatic amine (Fig. 5.4) with a chemical formula CgHgN,. Present in the form of
white crystals, PPD oxidizes in the air turning from red to brown and finally black. PPD has
the ability to penetrate hair shaft and follicle and has a strong protein binding capacity,
thereby making it an effective hair dye chemical. Additionally, it is also used in fur and textile
industries and as vulcanizing agent in the rubber industry. Given its widespread use in the
United States, Europe, and East Asia, safety assessment of hair dye ingredients remains a
growing concern. The possible association between permanent hair dye use and cancer risk
has been examined in several cohort studies.

/©/ h
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Fig. 5.4: Structure of para-phenylenediamine

According to the Scientific Committee on Consumer Products (SCCP), PPD is a potent
contact allergen. Skin contact during hair dyeing or tattooing process is the main route of
human exposure to PPD. Occupational exposure is seen among industrial workers and
regular hairdressers handling this chemical. Due to the popularity of hair dye use and its
ability in penetrating human skin, concerns on the hair dye toxicity, mutagenicity and/or
carcinogenic potential on human body need to be adequately considered. The PPD is
especially oxidized in a reactive intermediate, the quinoamine that, in the presence of the
reaction modifier, will generate a colourful polymer.

Permanent hair colouring requires three components: (1) 1, 4-diaminobenzene
(historically) or 2,5-diaminotoluene (currently), (2) a coupling agent, and (3) an oxidant. The
process is typically accomplished under basic conditions. The mechanism of oxidation dyes
involves three steps: (1) Oxidation of 1, 4-diaminobenzene derivative to the quinone state.
(2) Reaction of this diimine with a coupler compound, and (3) Oxidation of the resulting
compound to give the final dye.

The combination of hydrogen peroxide and ammonia causes the natural hair to be
lightened, providing a "blank canvas" for the dye. Ammonia opens the hair shaft pores so
that the dye can actually diffuse inside the fibre. The dye intermediates and coupler
compounds can undergo oxidation and coupling reaction (shown in the scheme) to form
high molecular weight products, which are trapped in the hair matrix and cannot be readily
removed through washing.
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Various combinations of primary intermediates and coupler compounds provide a
spectrum of shades of hair colours. The primary intermediates are aromatic para compounds,
such as 1,4-diaminobenzene or 4-aminophenol. The coupler compounds (couplers) are
meta-substituted derivatives of aniline. They come in three major classes based on the colour
that they produce when they react with the primary intermediate.

(i) Blue couplers include 1,3-diaminobenzene and its derivatives.

(i) Red couplers include phenols and naphthols, such as 3-aminophenol, 5-amino-
2-methylphenol and 1-naphthol. The combination of 2,5-diaminotoluene with the
coupler 3-aminophenol gives a magenta-brown dye, while the combination of 2,5-
diaminotoluene with the coupler 1-naphthol gives a purple dye.

(iii) Yellow-green couplers include resorcinol, 4-chlororesorcinol, and benzodioxoles.
These compounds produce broad-band absorption when they react to form dyes,
allowing for more natural-looking hair colours. The combination of 2, 5-diamino-
toluene with the coupler resorcinol gives a greenish brown dye.

The first step shows the oxidation of p-phenylenediamine to the quinonediimine

(CeHa(NH),):

This species exists in equilibrium with the monoprotonated form (CsHa(NH)(NH,)*) (not
shown). The second step involves the attack of this quinonediimine on the coupler
electrophlllc aromatlc substitution)

@Q BeacH

In the thll’d and final step, the product from the quinonediimine-coupler reaction oxidizes
to the final hair dye.

BoncteNoach

It was once believed that the dye forms in the above reaction bonds to hair permanently.
It was later shown that the main reason that this reaction imparts a permanent colour on hair
by producing larger dye molecules, which is locked inside the hair.




image26.jpeg
Cosmetic Science (Sem. Vill) 5-26 Hair and Hair Care Products

5.8.3 Plant based dyes

Henna is the most widely used vegetable dye for hair, promoting reddish orange colour
shades. In some commercial products, it is mixed with other dyes to increase the range of
colour. It consists of the dried leaves of the Lawsonia alba plant, growing in North Africa, in
the Midwest, and in India. Its colouring properties are due to the presence of the substance
2-hydroxy-1,4-naphthoquinone, soluble in hot water and substantive to hair keratin in
pH 5.5. It is therefore considered semi-permanent to permanent, depending on a person's
hair type. Most people will achieve a permanent colour from henna, especially after the
second dye. With repeated use the orange colour builds up into red and then auburn. While
"natural" henna is generally a red colour, variations exist. These variations usually contain
ingredients from other plants and even synthetic dyes. Using a plant-based colour such as
henna can cause problems later when trying to do a perm or permanent hair colour. Some
commercial formulations contain metallic salts which react to hydrogen peroxide that is used
in hair lightening. This may lead to unpredictable results, such as green or blue tones in the
hair. Henna is a healthy way to colour hair, as long as no metallic salts are used.

Indigo is natural dye from a plant (Indigofera tinctoria, suffructicosa, or arrecta) that can
be added to henna or layered on top of it to create brown to black colours in the hair. Henna
is orange, and indigo is blue, so as complementaries on a standard colour wheel, the two
colours' combined effect is to create brown tones. Like henna, indigo may fade after one
application, but it becomes permanent on the hair with repeated use.

Another vegetable dye commonly used to obtain yellow shades is chamomile that
promotes greater light reflection. Of all the species of chamomile, only Anthemis nobilis
(Roman Chamomile) and Matricaria chamomillae (German chamomile) have
cosmetic applications, and both are substantive to hair. The active ingredient of the flowers is
1,3 4-trihydroxyflavone, also known as apigenin.
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HAIR AND HAIR CARE PRODUCTS

+ LEARNING OBJECTIVES «
This chapter would enable the students to learn about:
®  Structure of Hair and Hair Growth Cycle
® Introduction, Types and Ingredients of Hair Care Products i.e. Conditioning Shampoo,
Hair Conditioners, Antidandruff Shampoo, Hair Oils and Hair Dye
e Principles of Co-washing
¢ Indian Standards for Hair Oil

5.1 HAIR STRUCTURE

Hair is simple in structure made of the root and shaft. The root is enclosed in the hair
follicle, submerges into the skin in inclination and ends down to the bulb; while hair shaft is
the part of the hair seen above the skin. Hair is made up of tough protein called keratin that
decides the strength of hair. Hair structure is made up of different layers and structures.
Usually hair consists of two parts: (a) Follicle; (b) Shaft. The hair follicle is the centre of the
biological activity like hair growth, pigmentation; whereas the hair shaft is considered to be
dead and is mainly made of protein (Fig. 5.1).

Medulla
Cortex
Cuticle

Sebaceous
gland

Inner root
sheath

pili \ Outer root
muscle < sheath

Hair matrix
Hair
papilla
Fig. 5.1: Structure of Hair

(5.1)
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The hair follicle is the point from which the hair grows. It is a club-shaped structure in the
skin. At the end of the follicle is a network of blood vessels that supply nutrients to feed the
hair and help it grow. This is called the papilla. Surrounding the papilla is a bulb. The hair
bulb forms the base of the hair follicle. In the hair bulb living cells divide and grow to build
the hair shaft. Blood vessels nourish the cells in the hair bulb and deliver hormones that
modify hair growth and structure at different times of life. Adjacent to the hair follicles are
glands. The most important one of these glands is the sebaceous gland, which secretes oil
that helps to keep the hair conditioned, is associated with the bulb. The hair bulb has special
cells known as melanocytes which produce the pigment called melanin. This melanin gives
hair its colour. Within the skin, internal and external root sheaths cover the hair follicles. The
outer rooting of a hair follicle has a continuous growth cycle along with the epidermis.

The part of the hair seen above the skin is called the hair shaft. The hair shaft is made up
of dead cells that turn into protein called keratin and binding material, together with small
amounts of water. Keratin makes hair both strong and flexible. Like all proteins, keratin is
made up of a chain of amino acids that forms a helical, or spiral, shape. These helices are
connected by strong bonds between amino acids. These bonds make hair strong.

Fig. 5.2: Hair Shaft Diagram

The hair shaft is formed of three layers (Fig. 5.2):

(i) The medulla: It is the deepest layer of the hair shaft, only seen in large and thick
hairs. It is a honeycomb like keratin structure with air spaces inside.

(ii) The cortex: It is the middle layer of the hair shaft which provides the strength,
colour and texture of a hair fibre. The cortex is made from tiny fibers of keratin
running parallel to each other along the length of the hair shaft. The hair cortex also
contains melanin which is made by specialised cells named melanocytes.
Melanocytes, which are situated near the hair bulb, inject melanin into keratinocytes
of the new hair shaft. The colour lasts during the hair cycle, from the genesis to the
end, when the hair falls.

(iii) The cuticle: It is the outer layer of the hair shaft which is thin and colourless. It
serves as protection to the cortex. It is made up of 6 to 11 layers of overlapping
semi-transparent keratin scales (which make the hair waterproof and allow it to be
stretched). Thick, coarse hair have more overlapping layers of cuticles than fine hair.




