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Vitamin A, or retinol, is one of the most effective and
versatile treacment modalities available to the skin care
profcssional. It canbe usedasa powerful service for aging,
photo-damage, acne, pigmentation problems and rosacea.
The kcy to using vitamin A is undcrstanding how it works
on—and in—the skin. Having well-rounded knowledge
about vitamin A requires comprchcnsion of the basic
chemistry of retinoids, the chemical forms of vitamin A
and how to use them, and the cellular effects of vicamin A
Afer all, it is used to have a fundamentally cellular effect
on the skin. In this article, the chemistry of vitamin A will
be covered, along with the different forms available to the
skin care professional, and the various uses of vitamin A for
multiple skin conditions. The term “vitamin A” will refer

w0 all forms of vitamin A. The retinol shall be used for one
spcciﬁc form of vitamin A—the alcohol.

The chemistry

Vitamin A is most commonly foundin nature asan
alcohol form, but only in animals. Carotenoids that conrain
vitamin A, such as beta-carotene, are found in plants
such as dark or yellow vegetables, and carrots. These are
precursors of vitamin A. If anyone tries to sell youa “natural
plant vitamin A, there is no such chemical. In some plants,
such as carrots, carotenoids make up a large group of
compounds. As you can see in Figurc 1, beta-carotene is the
precursor in the plant of vitamin A.

There are four major forms of carotenes based on the
ring structures at the ends of the molecule. Beta-carotene
has betarings at both ends; epsilon-carotene has an epsilon
ring at both ends; alpha-carotene has one betaring and one
epsilon ring at cach end; gamma-carotenc has only one beta
ring; and delta-carotene has only one epsilon ring.

More importantly, notice in Figure 1 how vitamin A is
produced from beta-carotene by animals. The pointis that
vitamin A comes in many forms, all of which must be made
chemically, cither in animals or manufactured otherwise.
For example, retinol is converted to retinyl palmitate and
stored in the liver. You can buy retinyl palmitate from
several manufacturers as an ingredient, or you can buy itas
afinished skin care product.

Chemical forms of vitamin A

The common, rcadily available forms of vitamin A
include retinol, retinyl palmitate, retinyl acetate and retinoic
acid. Retinol and the other two compounds known as
esters—the palmitate and the acetate—will be discussed.

A fourth form—the aldehyde form, retinal—is available and

o The term retinoids is a general chemical clossification that refers to all
forms of vitamin A: retinol; retinal; retinoic acid; all the esters, such as retinyl
palmitate; and all the synthetic prescription forms.

will be touched on briefly since itis new and not fully evaluated

at this time.

Retinol, Retinol is the most common form
of vitamin A. Itis the alcohol form, havingan OH on the last
carbon. The OH stands for oxygen and hydrogen, and is called
ahydroxyl group. Allalcohols must have one or more hydroxyl
groups. You can see the structure in Figure 1.

Retinyl palmitate. This is an ester, whichisaspecial
chemical formed when an alcohol is combined with an organic
acid. Most perfumes are based on the use of esters. Retinyl
pa]mitatc is formed when retinol, an alcohol, is combined with
palmitic acid, a 16-carbon fatty acid. When combined and
heated, the alcohol group on the vitamin A combines wich the
acid group on the fatry acid. This is diagrammcd in Figure 2.

Figure 1
beta beta
ring P GGG PN ring

Beta carotene
1 Splits into two 20 carbon molecules

SQr e
7\
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Figure2
Formation of an ester from palmitic acid and retinal
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This is retinyl palmitate, an ester. (Note the-yl in retinyl
denotes an  ester)
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Retinyl acetate. The two most common esters of retinol are
palmitic and acetic. Retinyl acetate is formed by combining retinol

with acetic acid.

Retinoic acid. The acid form of vitamin A is called retinoic
acid, and is available by prcscription only. It is the form of vitamin
A used by the body atthe cellular level.

See Figure 3 to see the forms of vitamin A.

Vitamin A and the body

Treatment ingredients are used because the normal body level
is low and you are replacing what is missing, or you are addinga
substance to modify or change an existing condition that is not
desirable. If the body had everything it needed and every system
was running perfectly normal, each person would be great,
beautiful and pcrfectly healthy. Sadly, this is not the case; people

need help,and one of the substances that can help is vitamin A.
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To understand what vitamin A actually does in the skinin
order to be able to use it advantageously, examine the pathway
from food intake to the cellular use of vitamin A.

Vitamin A intake. Most of the vitamin A in the body
is from food, and is mainly from beta-carotenes, which are
converted to vitamin A in the intestine and liver, although a
portion is absorbed as beta-carotene from the intestines into
the lymphatics, passing from there into the circulatory system.
The beta-carotenc is split into two molecules of retinol, which
is then cnzymatically changed into two other compounds.

First, retinol is oxidized to form retinal, which is used
to make rhodopsin for the eyes. Then retinal is oxidized to
generate retinoic, which binds to certain proteins in the
cytoplasm of the cells—a step necessary to allow it to enter
the nucleus and bind wich DNA. It is the action of retinoic
acid on the DNA that accounts for all the biological effects
on the skin. Figure 4 outlines this pathway ina simple form.

Isomerization of the retinoids produccs two major
chemical forms". One type, known as 11-cis-retinal, is the
chromophorc thatis part of the visual pigment in the eye.
The other one makes up the hormonal retinoids, which are
known as all-trans and 9-cis retinoic acid. It s this form of
retinoic acid that rcgulatcs the expression of cellular genes
via the activation of the two classes of nuclear retinoid
receprors‘. These receptors are known as retinoic acid
receptors (RARs) and the other s cal led the retinoid X
receptors (RXRs). Ultimately, these forms of retinoids carry
out many physiological processes, such as reproduction,
embryonic development, postnatal growth, differentiation
and maintenance of various epithelia, certain functions of the
immune response, and, of course, vision. At this time, little is
known about what regulates the uptake of retinoids by cells.

Vitamin A and the skin

Do retinoids actually get into the skin, and, if so, how
much? The answer: yes, they getinto the skin—although
not much—and they enter through several routes. This is yet
another mystery because the mechanism of transcutaneous
absorption of topical retinoids is not well understood, justas
the cellular uptake is not fully explained. Retinoic acid will

b [somerization is a chemical process in which a molecule changes its shape,
but has the same number of atoms. In other words, the molecule weight and
number of atoms is exactly the same.

< The designation -cis and -trans in the formula denotes the presence of
chemical entities on the long chain that are on the same side of the chain,
that is -cis. When they occur on the opposite side, the designation -trans is
used, which means across.



be the model examined because it is the most studied of the
retinoids.

When applied to the skin, all-trans retinoic acid first
undergoes isomerization, but this happens to only part of the
applied amount. It goes from 9-cis to 13-cis. See Figure 3.
Only about 20% will penetrate the skin, wich 80% remaining
on the surface. How much additional retinoid goes into
the skin depends on a number of factors; mainly, how the
productis formulated and the amount of hairy surface to
whichitis applied. Less than 5% of a cream-based retinoic
acid will penetrate the skin in 30 minutes. This is odd because
when retinoids are tested in an i vitro model on excised skin,
penetration is fairly rapid.

Itis known that after a retinoid—such as retinol—is in the
skin, it binds first to retinol-binding protein, then to specific
cellularbinding proteins within the cell, known as CRBP-I
and -II. Retinol binds to CR ABP-] and retinoic acid binds to
CRABP-II, respectively. These proteins actas both storage and
as shuttle proteins within the cytoplasm, and, at the same time,
serve to regulate the concentration of the retinoids within the
cell. They both bind and release retinoids according the needs
of the cells. Keep in mind that the ultimate goal of retinoids
is to react with the nuclear DNA and program it for
aspecific action.2 One note: 13-cis retinoic acid is not bound by
CRABP-I/-II or any other binding proteins in the cytoplasm.
Asaresult, itis free to enter the nucleus once it is in the cell. This
may cxplain why this form of retinoic acid is so irritating and
teratogenic if taken orally or even applied topicall)ld.3

Figure 6
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Retinol and retinol esters. Ask yoursclf, " Why am T using
vitamin A? Does the skin need this vicamin—does it have
cnough or too much vitamin A. Whatam I trying to do
with this ingrcdicnt?” These are fundamental questions that
all too few skin care professionals ever raise, even if theyare
conscientious about treating their clients. Understand that
vitamin A is an essential vicamin—people do not and cannot
make it—yet the body needs it. The amount the body requires is
tightly regulated, so when it is applied, how much is getting into
the skin?

Penetration is dependant on many things, including how
the product is formulated. You buy vitamin preparations by
the percent of vitamin they contain, but the body uses it in
terms of international units, or [U, which are measured in terms
of biological activity. One IU of vitamin A is equal to
0.3 micrograms of vitamin A. So, 1 gram of vitamin A would
equal 1 million micrograms/0.3 = 3.33 million units of
vitamin A. Just for fun, let’s sce how many [U are ina
1% vitamin A preparation. A 1% solution contains 1 gram ofa
substance, consisting of 1 million micrograms. Our 1% vitamin
A product, assuming it is retinol, contains 3.3 million units of
vitamin A. This is an enormous amount.

The major biological activities of retinol are the control
of cellular morphogenesis, epithelial cell proliferation and
differentiation, immune modulation, stimulation of the creation
of new blood vessels, and production of collagen. Some other
functions include inhibition of carcinogenesis; absorption of
UV light; antioxidant functions; pigment control; and, because
retinoids contain several conjugated double bonds, thcy can
trap free radicals; and while absorbing UV radiations from the
sun, they protect DNA, lipid membranes and proteins from
UV-induced oxidative stress. However, vitamin A in all forms is
destroyed by UV light—both in the UVB (290-320 nm) spectra
and UVA (320-400) spectra.

Applying various concentrations of retinol on skin produces
adose-response effect; thatis, the higher the dose applied to the
skin, the greater the effect on the skin. In Figures 5,6 and 7,you
can see the effects. Figure 5 is the control, or normal, untreated
skin. Figure 6 s the effect of 0.1% retinol applied daily for seven
days. Notice that the epidermis is thicker and the stratum
corneum is less prominent. In Figure 7, you sce the effect of
0.5% retinol, again applied daily for five days. There isa great
deal of cellular activity with a marked increased in the size of

the epidermis. This is called epidermal hyperplasia. Notice that

d Teratogenic, from the Greek teras, meaning “monster.” Teratogenic
substances cause great malformation in an embryo or fetus.
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to sell youa “natural

plant vitamin A, there is no such chemical.

the stratum corneum is also completely
gone, duc to exfoliation. Sometimes the
stratum corneum will be compacted and
appear thin. These histological examples
illustrate the need to know not only the
effect of retinol, but also to appreciate the
importance of being familiar with the
dosage you are applying,

There is a feedback relationship
between the epidcrmis and the dermis.
As the epidermis grows, the dermis
must increase the support elements of
collagen and elastin—most likely, this is
direct action on the fibroblast by retinol
and/or retinoic acid. Fibroblasts seem
to control the rate of proliferation in the
cpidermis. The final answer remains to
be discovered, but what is known is that
certain retinoids will impcdc col]agen
synthesis, while others will stimulate
collagen formation. It remains a very
complex question.

Even less is understood about the
effect of retinoids on the production
of melanin pigment. It is known that
hydrocortisone steroids plus retinoic acid
and hydroquinone will reduce pigmented
spots after 3—6 months of treatment.
Retinoids inhibit the growth, but
enhance the differentiation of melanoma
cellsin tissue culture. Yet, they inhibit
pharmacologically, as well as hormonally
induced melanogenesis in these cells. This
data was developed 14 years ago, butno
definitive data is available to explain the
effect of retinoic acid on normal human
mclanocytcs. It appears that retinoic acid
has liccle effect on normal melanogenesis
when studied in normal human
melanocytes in tissue culture 7 zitro. One

study suggested that the changes in the
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shapc of the melanocytcs may indicate that retinoic acid targets

the cytoskeleton proteins.*

Clinical applications of retinoids

Vitamin A can be used to treat several clinical conditions,
including acne, aging skin and hypcrpigmcntation. Eachof
the forms of vitamin A—retinol, retinyl acetate and retinyl
palmitate—has specific reasons why it would be selected for

a particular treatment.

Acne vulgaris. This is a disorder of the sebaceous follicles
that is the scourge of teenagers and young adults, both female
and male. Most skin care professionals understand that the
major pathogenic include hyperkeratinization, which blocks
sebum excretion and normal exfoliation due to infundibular
obstruction; androgenic stimulation of sebaceous gland

~can be used to
treat several clinical conditions,
including acne, aging skin and
hyperpigmcntation.

secretion; Propionibacterium acnes in the hair follicle, which
produce fatty acids and cause inflammation; and a genetic
component. Although the full story about how acne is
transmitted is not known, a family history of acne is associated
with an early onset of acne, more severe acne and often
treatment-resistant acne.5

One of the problems associated with hyperkeratosis
is the increase in desmosomes and tonofilaments seen in
keratinocytes in comedones. Recently, substance P,
ancuropeptide, was found to stimulate sebaceous gland cells,
increasing the size of these cells. As you may know, substance P
can be clicited with stress and, perhaps this could explain “the
giant date pimple.” The social problems of the acne patient only
serve to add to the severity of the condition.

Treatment. Although no one has demonstrated the
conversion rate of vitamin A to retinoic acid, I believe it is
about one-tenth the strength of retinoic acid, based on my
observations of comparative studies of retinol and retinoic
acid on mouse skin using the degree of proliferation of the

www. Skinlnc.com
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Guidelines for Treating Acne

Thisisa worki)zg [/as:iﬁmtiwz fb?‘ ,zddmxz’ﬂg acne that fé/[ozw the
American Academy of Dermatology recommendations.

Mild acne—only comedones. Use asalicylic acid 2-5%
cleanser twice daily and follow in the evening with retinol or
rctinyl acetate, 0.5%, at night. Reduce fatty and sugar—]adcn
foods, and make sure green and yellow vegetables are
consumed. Lesions should clear in 3-6 weeks. Follow up
with bi-monthly visits for at least six months, then,

at six-month intervals.

Mild acne with comedones, macules and papules.
Follow the same regimen as mild acne with only comedones,
butadd 2.5-5% benzoyl pcroxidc. Atthis stage, infection
has started and the Propionibacterium acnes needs to be
stopped from making a pustule. Follow weekly with oxygen
treatments—a proven topical oxygen or a water-based acrosol
of oxygen is ideal. Dry oxygen is notas effective. Gct[ing into
the follicle with molecular oxygen is the goal because . acres
is anaerobic and does notlike oxygen. You should sce this
client every week until the lesions are clear.

Papules and pustules. Puscular acne means that
the infection has goteen worse. Physicians generally use
oral antibiotics at this stage, but you could use all of the
aforementioned agents plus 5% niacinamide cream, which
is available from some supplicrs. Niacinamide at 5% has
been shown to be as effective as clindomycin when applied
topically.* If you are not gerting a response in a week, the
client should be referred to a physician.

epidermis as an endpoint. The final goal of any acne treatment
program should be to heal the acne and restore normal skin,
prevent scarring and attempt to reduce the psychological stress
associated with acne. Obviously, a good treatment program that
clears the acne lesion can reduce social stress a great deal.

Skin care professionals should feel comfortable and
competent when treating acne that consists of comedones and
pustules without cysts. A cyst, which can produce scars, is most
often asign of trouble and should be referred to a physician. See
Guidelines for Treating Acne for reccommendations on how
to treat the issue.

I prcfcr rctinyl acetate for the vitamin A form in acne as it
penctrates faster and is less irritating than retinol; however, they
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Guidelines for Treating Aging Skin

Startwith a 0.3% solution—that is abour the middle of the
road in strcngth. Apply at nighttimc after c]cansing the skin.
For 40+ women, I prefer an oil-based cleanser rather than a
soap of dctcrgcnt base. The oil base will not damagc the skin's
barrier, bur will leave a nice microthin lipid layer tha will
expedite the entry of the vitamin A preparation. Here again, |
prcfcr the vitamin A ester, rctinyl acetate. Fo“owing arc other
preparations available for comparison. The literature provides
the fol lowing information®.

In the nighttimc treatment program, which should be
mandatory before 11 PM, add vicamin C topically—itis an
antioxidant and collagen booster. Bioflavanoids such as
oligomeric proanthocyanidins (OPC) are powerful inhibitors
of collagenase, or matrix metalloproteases. These enzymes
break down the collagen throughout the body and are
responsible for most of the lax skin seen in women. There are
many types, but MMP 1 is the worst of the lot. In addition,
add carnitine to assist the formation of ATP, the critical
encrgy molecule that supplies the power to run the body".
Of course, vitamins Dand E should be included. More is being
learned abour vitamin D as an essential vicamin and hormone
for the skin. Make surc a day cream with an SPF of at least 15
is used.

It will take many wecks to show improvement, except in
the mildest cases. If there is no satisfactory improvement in
4-6weceks, increase the retinyl acerate to 0.5% and add a facial
peel once amonth. Do not use trichloroacetic acid; rather,
usc a milder acid such as salicylic, lactic or malic. Remember
that the turnover rate for skin increases wich age; becausc of
this, frcqucnt chemical pccls arc not beneficial at intervals of
less than four weeks. You may have to treat your client for life.
Aging can be slowed, but not stopped at this stage. You can
repair, correctand prevent aging changes, but the process,
as of now, is relentless. This is not to say there isno hopc for
advances that are being made. Even today, women of 30 or 40
years of age can hope to look the same, or even better, in their

70s and 80s.

© The literature refers to the scientific literature, namely periodic journals
from which all scientists quote and refer. It is not a specific journal; it is the
whole scientific world thousands of journals.

Y ATP is adenosine triphosphate, is made in the mitochondria and is
essential fo most biological reactions.
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allwork well. Recently, retinaldehyde has become available
and will probably be the retinoid of choice for treating acne
since it has all the other actions of retinol, but it is an effective
germicide, as well. This is most likely due to the carbonyl

group (the aldehyde group) at the end of the molecule.

Aging skin. Unfortunately, there are many treatments
for aging. Without question, the greatest boon to aging
treatment methods was the introduction of retinoic acid
by Albert M. K]igman, MD, PhD, in 1986. Since then,
the world of vitamin A has exploded and many, many new
compounds have been developed to treat a host of skin
diseases. Aging skinstill ranks as the No. 1 problem for most
women.

No one really knows the whole story about aging Itis
known that some genetic components are at work, as well as
many environmental factors, some internal factors, such as
wear and tear, and a lot of metabolic and dictary factors. It
is interesting that individuals are not programmed to dic at
a spcciﬁc set point, even though maximum life span is now
thought to be 122-125 years. Quite a bit s being learned,
however, because people are living longer and are healchier
than ever. What is considered middle age has jumped 15-20
years during the past 50 years, and will continue to rise. One
reason that vitamin A is so importantasa factorin agingis
the critical role it plays in skin healch, but vitamin A is rapidly
depleted by UV light—both UVA and UVB—so most who
are exposed to UV light even indoors, such as fluorescent
lighting, will have quite alot of the vitamin A in their skin
destroyed daily. For some reason, this factor in aging is not
mentioned very often by aging experts.



When examining all these factors, no one ingredicnt
is going to solve all the aging skin problems. A composite
approachiis needed and should include several ingredients in
a comprchcnsivc treatment program. Vitamin A is needed,
but it requires other active ingredients, as well.

Treatment. There is no need to ever to getawrinkle and
wrinkles are mainly sun induced. The second cause of wrinkles
is smoking. The first goal in the treatment of skin agingis
prevention.

Photograph the client sitting up—geta good
high-resolution camera that will allow for great definition

Guidelines for Treating
Hyperpigmentation

A search of the literature reveals a rather standardized
treatment in the medical profession for these conditions.
Essentially, the products contain hydroquinone from
2-4%, retinoic acid at 0.1% and a high—potcncy cortisone
preparation. Treatment is continued twice daily for 12 or
more weeks.

There are many preparations for skin lightening and
depigmentation, but following are the combinations of
ingrcdicnts you should seek.

A form of vitamin A, such as retinol, retinal,
retinyl palmitate, or retinyl acetate, which may vary in
concentration from 0.1% to as high as 10%.* An alpha
hydroxy acid. such as lactic, glycolic or malic, or mandelic
acid, ascorbic acid (vitamin C) at 2-7%, and a sunscreen
with an SPF of atleast 15. To this group you can add
mulberry extract, arbutin. lemon extract, glucosamine
and a host of other ingredients. Remember two things:

As you increase retinoid concentration, you will increase
irritation; and as you increase the number of ingrcdicnts
you have, the potential for sensitization and interaction
increases. Treatment should be continued for 3-12 months,
sometimes longer. Let the client know that these pigmented
lesions are produced throughouta long period of time, and
will not go away quickly. It is important that the skin care
professional has a good understanding of melanogenesis

and is able to appreciate the complexity of pigmentation.
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close up. Photograph front and both side views. Next, have
client lie flat for 20 minutes. Photograph the client with the
camera perpendicular to her face; that is, immediately above
her face, and then photograph both sides again with the
camera at a right angle to her face. See Figure 8. Compare
the lines in the face, around the eye, the cheek areas, the
nasolabial fold and the labiomental fold. If the wrinkles
are cffaced by 50% or more, you can geta good result. If
there is no change, the wrinkles are deep and refractory to
treatment, and it will take no less than a very deep peel plus
aface lift to improve this condition. See Guidelines for
Treating Aging Skin.

Keep in mind that the amount of product placed on the

skin will not all penetrate into the skin. In fact, only asmall

IER] is no need to ever to
geta wrinkle and wrinkles are

mainly sun induced.

amount will penetrate and that will need to be converted to
retinoic acid, which is further reduced. Although there is no
hard and fast rule and little data to back it up, I use the rule of
one-tenth. That s, about one-tenth of the amount of vitamin
A, as retinol or retinyl acetate placed on the skin will become
retinoic acid. [t may be even less than this, but my studies
have shown that a 1% vitamin A will give about the same
hypcrprolifcrativc effect onthe cpidcrmis as 0.1% retinoic
acid. Itis possible to use 1% and 2% vitamin A product on the

Figure 8
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skin after you have had training in the use of lower doses, but
do not use these higher levels without additional training.
Remember that vitamin A is a hormone and, at high levels, can
be systemically toxic, even when used topically”

Hyperpigmentatimz. Hypcrpigmcntation disorders of
the skin are quite common. The most frequent forms include

melasma, lentigines and postinflammatory hyperpigmentation.

Pigmention problems are often difficult and require a lengthy
treatment program. Melasma, for example, is not fully
understood—although it is associated with hormonesand UV
exposure—but there appear to be more factors associated with
this condition.

When retinol is used in high concentrations, that is above
0.5%, irritation will occur, manifested by flaking and erythema.

Retinol does not seem to be effective at low concentrations
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for pigmented lesion. See Guidelines for Treating
Hyperpigmentation.

Getting familiar with retinoids

Vitamin A is one of the best therapeutic agents available
to a skin care profcssional. Knowing the chemistry and the
physiology of retinoids is extremely helpful when applying them
for the treatment of acne, aging skin and hyperpigmentation.
Vitamin A comes in several forms lumped under the term
retinoids. This includes retinol, the natural alcohol form; retinal,
the aldehyde form used in the biochemistry of vision; and
retinoic acid, the acid form that binds to the nuclear receptor
and programs the biological effects via DNA. The alcohol can
be units with fatty acid to make both an acetate ester, known as
retinyl acetate and palmitate ester—retinyl palmitate. The most
irritating form is retinoic acid and the least irritating form is
retinyl palmitate.

All the retinoids have csscntially the same effect, which
includes cellular differentiation, proliferation, morphogenesis
and immune stimulation. In addition, retinal is germicidal, as
well as being essential for vision. In the treatment ofaging skin,
retinyi acetate is very effective and less irritating than retinoic
acid. The retinoids are both powerful and effective in treating
acne and hyperpigmentation. The skin care professional needs
to be familiar with the chemistry and biological actions to use

retinoids both effectively and safely. )
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