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Effect of soaking and natural moisturizing factor on stratum
corneum water-handling properties

MARTY O. VISSCHER, GAURAV T. TOLIA,

R. RANDALL WICKETT, and STEVEN B. HOATH, The S&in
Sciences Institute (M.O.V., 8.B.H.), Cincinnati Childven’s Hospital
Medical Center (M.O.V., §.B.H.), and College of Pharmacy (G.T.T.,
R.R.W.), University of Cincinnati, Cincinnati, OH 45267.

Accepted for publication June 18, 2002. Presented as a poster at the
Annual Scientific Seminar of the Society of Cosmetic Chemists,
New Orleans, May 2001,

Synopsis

Stratum corneum (SC) hydration is partially regulated by water-soluble molecules, natural moisturizing
factor (NMF) that is associated with the corneocytes. Routine water exposure, e.g., bathing, may deplete
NMF and alter the SC water-handling properties. We determined the effects of bathing and solvent
extraction on the volar forearm skin of eleven healthy volunteers, Acetone/ether (A/E) was used to remove
surface and upper SC lipids. Adjacent sites were soaked for ten minutes or treated with the A/E—plus—soak
combination. Subsequently, an NMF formulation was applied to the treated sites, and transepidermal warer
loss (TEWL), hydration, and moisture accumulation rate (MAT) were measured. A/E extraction increased
TEWTL, but did not effect MAT. Soaking produced a short-term increase in TEWL, followed by a decrease,
and substantially reduced MAT, an effect that was maintained for five hours. NMF application significantly
decreased TEWL and significantly increased MAT for all sites. The replacement experiment suggests that
the MAT reduction occurred as a result of extraction of hygroscopic NMF components. The effects of
soaking and NMF application are more readily detected by the MAT technique, whereas TEWL is more
sensitive to A/E extraction. The results support the use of multiple assessments of barrier function and raise
questions about the effects of cumulative repeated water exposure on SC function.
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Skin & UV Rays

. Solar UV radiation is
UV ( glng) 95% UVA & 5% UVB.
UVA causes tanning,
aging & skin cancer.

UVB causes burning &

skin cancer.
EPIDERMIS— Tanning beds emit
2-3 times more UVA
than the sun.
DERMIS —
UVA does not produce
L vitamin D.
SUBCUTIS —

NN




Suntans & Sunburns

A suntan tells you that your skin is trying to protect
Itself from damaging UV rays.

Suntans may give some protection from sunburn, but
the skin gets damage while getting the tan, including
aging from UVA rays.

Cumulative sun exposure (including tanning) can lead
to skin cancer.

Sunburns increase risk for developing melanoma.



Skin Cancer Formation

UVA and UVB rays hit the epidermis
DNA in skin cells begins to break down

To fend off damage, skin produces melanin, proof of
DNA damage

The immune system kicks into gear and tries to repair
damaged cells

More sun exposure hampers the repair
Damaged cells can mutate into skin cancer



Skin Cancer

Basal Cell Squamous Cell
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Effects of 1 on mRNA expression of serine
palmitoyltransferase and ceramidase in

8
S 6r T T
v
o T
& i
L0
()]
= 4} .
®
O i T
- Il I
©
D n _
O 2
0
@ o N N
Q O =
S ‘boe: ,3\ rﬁ\"

3
Q Bioorganic & Medicinal Chemistry
Volume 20, Issue 12, 15 June 2012, Pages 3837-3842
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Pigmentation Process

*Much like the manufacturing of a product in
a factory, melanin* (skin pigment) is produced

In melanin-producing skin cells called
melanocytes.**

* Melanin is a photoprotective pigment that functions in the skin to absorb UV light,
helping prevent against the damaging effects of UV exposure.

** Melanocytes are specialized cells within the epidermis (top layer of skin).



Pigmentation Process

Epidermis

« These melanocytes or “melanin factories” are
located just below a layer of surface skin cells

called keratinocytes.

« In the initial phase (activation) of the

pigmentation process, a hormone initiates melanin
production within the melanocyte. Other factors L\
such as stress, hormones, and UV damage can

also initiate melanin production.



Pigmentation Process

In the production phase (synthesis), melanocytes produce melanin inside an
even smaller factory called a melanosome. After a series of complex chemical
reactions, the melanosomes are full of melanin and ready for delivery.

In a final distribution phase (expression), melanosomes are transported to the
keratinocytes and, finally, to the surface of the skin where the melanin is visible

to the naked eye.



Pigmentation Process

Skin pigmentation occurs through a series of three phases:

In the activation phase, melanocytes are activated to begin producing
melanin.

In the synthesis phase, melanin is synthesized or “produced” through a
series of reactions inside melanosomes within the melanocyte.

In the expression phase, the melanin-filled melanosomes are transferred
to keratinocytes which migrate to the surface of the skin where melanin
becomes visible.



Activation Phase




Activation Phase

Under normal

circumstances:

The melanocyte stimulating hormone
(MSH) activates melanin production.

MSH binds to a Aormone receptor on
the melanocyte.

This binding activates the melanocyte
to turn on the synthesis of melanin.




Synthesis Phase




Synthesis Phase

Epidermis

Following the activation phase, the
Layers of
keratinocytes
(skin cells)

melanocyte begins the synthesis of
melanin. Three main chemical reactions

exist within the synthesis phase.

Melanocyte

formed inside
the melanocyte.




Synthesis of Melanin

1. Tyrosinase, an enzyme essential to melanin synthesis, functions to convert tyrosine, an

amino acid, to a chemical compound called dopa. (Note: dopa is not an amino acid.)

Tyrosinase

Tyrosine Dopa



Synthesis of Melanin

2. Tyrosinase then converts dopa into dopaquinone, a
secondary chemical.

Tyrosinase

Tyrosine  Dopa Dopaquinone




Synthesis of Melanin

3. Dopaquinone, in a final reaction, is converted into
one of two types of melanin.

Tyrosinase Tyrosinase

Phaeo-melanin

Tyrosine  Dopa @




Synthesis of Melanin

Light melanin (phaeo-melanin) is produced when the
environment is abundant in certain amino acids. Dark
melanin (eu-melanin) is produced in the absence of these
amino acids.

d .
0 & Phaeo-melanin
X

D

Dopaquinone




Synthesis of Melanin

Epidermis
*All three reactions occur inside the
melanosome, which is located within the
melanocyte.
«Efficiently “packaged” within a melanosome, :
the melanin is now ready for delivery to the :

skin in the expression phase.



Review

The synthesis phase occurs after the activation phase.

In the synthesis phase:

— Tyrosinase, an enzyme essential to melanin synthesis, functions to convert tyrosine, an amino acid, to

another amino acid called dopa.
— Tyrosinase then converts dopa into dopaquinone, a secondary chemical.

— Dopaquinone, in a final reaction, is converted into one of two types of melanin: light melanin (phaeo-

melanin) or dark melanin (eu-melanin).

All three reactions occur inside the melanosome located within the melanocyte.



Expression Phase




Expression Phase

*Expression is the process /‘
through which “packaged”

melanin is brought to the B
) yers of

surface of the skin and made keratinocytes
visible to the eye. Melanin-filed melanos (skin cell)

omes move up dendrit g

e-like arms of the mela )

nocyte and are deposit

ed inside the keratinoc

ytes.

Melanocyte




Expression Phase

« Once melanin has been produced and packaged into melanosomes, the
melanocyte initiates a delivery process and pushes the melanosomes
out to the ends of its numerous dendrite-like arms.

« As melanosomes reach the ends of these dendrite-like arms, they are
transferred from the melanocyte to the adjacent layer of keratinocytes.*

« These melanin-filled keratinocytes then make their way to the surface
of the skin and melanin becomes visible. The result: skin color!

 *This distribution is so efficient that a single melanocyte can deliver
melanosomes to over 30 keratinocytes.



Review

*Expression is the process through which “packaged” melanin is
brought to the surface of the skin and made visible to the naked eye.

— Once melanin has been produced within the melanosome, the melanosomes
are transferred from the melanocyte to the adjacent layer of keratinocytes.

— These melanin-filled keratinocytes then make their way to the surface of the
skin and melanin becomes visible, resulting in skin color.



The Discoloration Process



The Discoloration Process

In addition to the normal pigmentation process, where the
hormone MSH initiates the activation of melanin synthesis,
other factors can also cause melanin production.

Irritants

Hormones (Pollution) (US\SnL)lght

(Pregnancy) Stress



Hormones

*Other factors, including UV exposure, can stimulate an increased
release of MSH. MSH binds to the hormone receptor on a
melanocyte, causing an increase in melanin production.

} . — Skin
discolorations
MSH /

Activated receptor




Stress

*When the skin is stressed, it releases certain stress initiators that bind to the
stress receptor on a melanocyte, causing an increase in melanin production.

—SKkin
discolorations

Stress

initiator Activated receptor



Irritation

*When the skin is aggravated by pollutants, allergens,
bacteria, or other irritants, certain irritation initiators are
produced that bind to the irritation receptor on a
melanocyte, causing an increase in melanin production.

‘ﬁ

Irritation
Initiator Activated receptor

_ . Skin
discolorations




UV Light

*The free radical chain reaction caused by UV light can
stimulate the body to release irritation, stress, and
hormone initiators that bind to receptors on the

melanocyte, causing an increase | production of
melanin.

Stress .

—» Hormones

|rritation ‘

— >

Skin

discolorations



Review

« In addition to the normal pigmentation process,
other initiators and receptors bind together and
cause the activation, synthesis, and expression of
melanin.

« These other factors that can initiate melanin
production include: stress, irritants, and UV light.

« This additional melanin production results in skin
discoloration.



Test Your Knowledge
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