PERSORPTION*

By Awmos E. Ligur
The Wellcome Research Laboratories, Tuckahoe 7, N. Y.

As pEFINED IN the dictionary, skin is ‘‘the membranous external
Ys

" investment of an animal.” Actually it has turned out to be an “invest-
- ment” of inestimable value for the human animal and the study of ways
; and means of keeping the skin in good condition has become a very profit-

able investment for the drug and cosmetic industries.

A human being weighing 70 kg. has approximately 1.83 square meters of
skin. This average value is obtained by raising one-tenth of the value
of the weight to the two-thirds power (1). The skin weighs about 16
per cent of the body weight. In burns during mass casualties, the area of
skin damage is most important in planning for the care of the patient
especially in regard to fluid administration. Normally the skin prevents a
large loss of moisture except in times of increased body heat during fever
or activity at which times the sweat glands are called into action. It may

 be of value to remember the Rule of Nine where the area of each arm

and head is 9 per cent of the total and the surface of each leg and each
side of the trunk is 18 per cent of the total (2). The thickness of the skin
usually measures between 2.5 mm. and 8 mm. and the different layers also

* vary in a similar manner (3). It has been recorded that an average strip of

skin one inch square contains some 3,000,000 tissue cells, one yard of blood

- vessels, four yards of nerves with 25 sensory ends, some 400 or more sweat

glands, and from 15 to 30 hair follicles with like numbers of sebaceous
glands (4). The skin is an organ and uses all of the above structures to
protect the body. The production of keratin is considered one of the
skin’s greatest achievements (5).

Usually it is extremely unwise to introduce a new term to describe old
events; however, after careful perusal of the literature it became apparent

- that no single word yet used could describe the act of substances passing
- through various layers of the skin. After considering many combinations

of prefixes and suffixes the word “Persorption” evolved to amply describe
this action. The cosmetic chemist is probably more interested in absorp-
tion, an example of which would be the stratum corneum swelling following

* Presented at the September 26, 1956, Meeting, New York Chapter, New York City.
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the application of water, whereas the pharmaceutical chemist is concerned
with persorption which indicates passage of material into the deeper
sections of the dermis and possibly into the lymph or blood systems.
In fact the cosmetic chemist may not desire to have the lower layers of the
skin affected. Penetration of the stratum corneum by detergents to the
area of living cells may be a major factor in the severity of some eczemas.
Protective creams have been devised to prevent such penetration (6).

Penetration of the skin may be by solid matter causing trauma, or by
energy such as heat and x-radiation. With the administration of heat the
temperature of the skin rises, the rapidity of this rise depending on the
thickness of the tissue; it is less rapid when the superficial tissue is thinner
allowing deeper penetration and faster dissipation of the heat by the blood
(7). The study of the passage of chemicals through the skin, persorption,
offers a great challenge to research workers in the field of dermatology.
Much information has been gained in the past few years but much more
is needed to treat the various skin disorders prevalent today (8).

It would be out of place here to present all published data on skin struc-
ture and physiology (9) and the literature on percutaneous absorption
(10). These subjects have been reviewed before as listed in the bibli-
ography. In general it has been found that a substance with water and
lipoid solubility has a much better chance of passing through the skin than
other types. The rate of penetration is related to the ether-water partition
coefficient, and the barrier to be passed appears to be an aqueous phase
separating two lipoidal layers. There are many exceptions to this so that
each individual compound should be tested for persorption. Water itself '
has been studied for its persorption properties, but it has been found that
the most important property of this substance is to keep the stratum
corneum hydrated with resultant improvement in dry skin (11). The
surface layer of epidermis usually contains only 10 per cent of moisture in
the keratin as compared with 40 per cent in the deeper layers and 70 per cent
below the stratum granulosum (12). The skin as a whole becomes a depot
of water for the rest of the body in certain cases of electrolyte imbalance
(13). It is possible that a trace of water may go through the membrane
at the stratum lucidum boundary but the eccrine sweat glands and hair
follicles are probably the main pathways for any slight passage of moisture
through the skin. It is interesting to observe that the diameter of the
eccrine sweat gland opening is only about 30 microns or less. This small
opening will undoubtedly prevent particles having a large diameter from
entering this gland. The much narrower tube spirals down into the skin
with only a double layer of cells along its lining; this would facilitate
persorption (14). The much larger hair follicle has a lining whose cells
become more and more undifferentiated as it penetrates into the skin
allowing easier passage of material. The sebaceous gland openings into the
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hair follicle likewise are points of entry especially for fat soluble substances.
In certain regions such as in the armpits the apocrine glands also open into
the hair follicles and offer additional pathways (15).

It is essential for good persorption to assure prolonged contact with the.
substance in an easily spread ointment base or lotion (16). Rubbing and
pressure would certainly force more material into the skin openings.
Washing the skin to remove sebum and other matter, including the “acid
mantle” (17) that might interfere with the application, usually affords
more rapid persorption. For deep fungal infection it is useful at times to
remove the upper layers by abrasion (18) or with scotch tape (19) before
administering the topical drug; or it may be necessary to soften the keratin
layer with alkaline solutions, or with organic solvents. Breaking the
sulfide linkages in the keratin layer with reducing agents may also prove
useful (8). Low concentration of salicylic acid softens the outer structures
while higher strengths damage the tissue (20), Damaged epidermal tissue
increases passage by permitting material to enter the blood and lymph
vessels of the dermis directly (21). During persorption tests on intact
skin, therefore, the investigator must exercise utmost care in preventing
skin damage during cleaning or shaving the skin. Damage also changes
the negative charge on the outside of the skin which usually repels anions.

The methods of determining persorption merit consideration for by
these means it is possible to compare drugs and drug vehicles, and obtain
other pertinent data necessary to establish good therapeutic action. It is
well to remember that experiments on laboratory animals do not always
give the same results as are obtained with humans (22). Known amounts
of ointments or solutions in enclosed containers or compresses (23) have
been applied to the skin for various periods of time; the difference between
the original and final amounts represents the amount going into the skin.
However, this quantity may remain in the epidermis without exhibiting
persorption, or a part will go into the skin orifices with immediate persorp-
tion, or produce a depot effect by liberating material gradually into the
dermis. This difference may also be determined by extraction, but again
this need not indicate persorption. Excretion of inuncted material or its
derivatives in feces, urine, or breath or identification in tissues or organs
proves persorption. The depth of percutaneous penetration has recently
been investigated by means of radioactive (24) and fluorescent (25) ma-
terials. By the former method autoradiograms give pictures of the tissues
contalning the test material at different depths, at various time intervals.
Hydrocortisone appears to pass generally through the epidermis, and not
preferentially through the hair follicles. However, radioactive chemicals
with short wave emission may indicate a deeper penetration than actually
obtained. The fluorescent method shows that oleic acid is very easily
persorbed; it indicates that linoleates and oleates may be especially valu-
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able for persorptive purposes. In vifro tests with isolated skin tissue may
prove useful in certain instances (26).

The prevention of cutaneous disturbances has also been used to estimate
percutaneous penetration. Thus, histamine solutions applied to the skin
either directly or by iontophoresis, produce the usual response; however,
antihistamine preparations when applied to the skin may interfere with or
prevent this action (27). Incidentally, iontophoresis is an excellent method
for enabling certain ions to pass the epidermal barrier. Usually it is more
applicable with cations applied at the anode; it was used over fifty years
ago for introducing the iodide ion into the neck for the successful treatment
of deficiency goiter. :

Histamine, because of its biological importance, has been widely tested
for percutaneous absorption. The base will penetrate from most solutions
and ointments, but it is such a potent drug that only very:small quantities
are needed to elicit vascular responses. The salts of histamine are less
easily persorbed. An attempt was made to inunct ““48-80" (28), a potent
histamine liberator, into the skin of several species of animals. A water
washable ointment containing 1 per cent of “48-80"" was rubbed vigorously
into the skin of the backs of a rabbit, rat, guinea pig and dog from which
the hair had been removed with an electric clipper. No cutaneous effects
or temperature changes were observed in any of the animals, and no drop
in blood pressure was found in the dog. Later a 1 per cent aqueous
solution was applied on the same regions with still no effects except for a
slight blister on the dog, possibly due only to the rubbing. Administered
intravenously, 25 to 50 micrograms of ““48-80"" will produce a 50 per cent
reduction in the dog’s blood pressure. Thus the above data indicate that a
polymer (formaldehyde with N-methylhomoanisylamine) of large molec-
ular weight (about 471 or more), will not rapidly pass the epidermal mem-
brane barrier and reach the mast cells where much of the skin histamine is
located.

In order to determine the persorption of chlorocyclizine hydrochloride
from a water washable ointment* the amount of drug actually found in the
blood was biologically measured (29). This was accomplished by taking
blood samples from the inuncted dog at various time intervals and deter-
mining the inhibition of histamine induced contractions of the isolated
guinea pig ileum following the addition of plasma samples to the tissue
bath. During this procedure it was discovered that an appreciable amount
of chlorocyclizine became bound in the plasma and did not exhibit full
activity in this type of assay. Control samples of standards in plasma were
thus made necessary in order to evaluate the actual amount passing through
the skin and found in the blood.

* Supplied as “Perazil”’ brand Chlorcyclizine Hydrochloride Cream, Burroughs Wellcome
& Co. (U.S.A.), Inc., Tuckahoe, N. Y
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Boric acid powders, solutions and ointments have been investigated but
no persorption could be detected through normal skin, as determined by an
increase of boron content in blood by chemical assay (30). The passage of
cortisone through the skin of adrenalectomized mice has been measured by
the eosinopenic response (31). Most vitamins have been found to pene-
trate the skin enough to relieve the various deficiency symptoms in rats
when vigorous application and special ointments are used (32). With
human skin, similar activities (33) have been reported and in one instance
actual recovery of vitamin B-6 in the urine has been recorded (34). Nico-
tinic acid derivatives, used for peripheral vasodilation when applied locally,
have been found to raise the blood level of the vitamin (35). Tetraethyl-
pyrophosphate certainly passed through the skin when it almost caused
the death of a child by its blocking action on the heart (36). In a high con-
centration, DDT exhibits toxicity when placed in contact with the skin
especially when chlorinated solvents are present (37). Of the war gases,
the mustard type at low concentration appears to penetrate uniformly
through the epidermal barrier, whereas lewisite has been found more in the
cellular lining of the hair follicles. Both have much less effect in cold
weather (38). Local anesthetic action is also a unique but valuable way of
observing the passage of compounds through the skin (39). A polyethylene
glycol ointment base permits the dye, phenolsulfonphthalein, to pass
through the skin much better than a petrolatum base (40).

Radioactive tracers are now being used to determine the amounts and
the pathways of persorption. Mercuric chloride with radioactive mercury
has been found to have no penetrative ability (41). On the other hand C1
hydrocortisone was easily followed through the skin and into the blood
system by autoradiography (42). Sodium retention has also been meas-
ured following the application of fluorochydrocortisone lotion (43). Hair
growth has been inhibited in rats by application of both cortisone and es-
trogens (44) but this does not necessarily indicate that persorption has
taken place. However, in other tests, it was found that the sex hormones
exhibited their respective actions on the rat, estradiol being catabolic and
methyl testosterone anabolic (45). With humans, it has been reported
that an estrogen lotion applied to male scalps has reduced the amount of
falling hair (46). These examples could possibly involve persorption.

When the applied material has passed through the epidermal barrier its
continued movement largely depends on the vascularity and circulation in
the underlying tissues (47). This has been increased by the use of periph-
eral vascular dilators such as salicylic acid, nicotinic acid, benzedrine
and their derivatives (48). Some of these may be administered orally or by
inunction. Benzyl nicotinate has been shown to incréase the rapidity with
which S* may be excreted in the urine following inunction (49). Besides
blood flow, the size of the molecule may affect the passage of the material.
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The pore size of the membranes in the blood vessel walls as well as in the
epidermis (50) may be smaller than the molecular volume of the sub-
stances. -Fof instance, a pore diameter of 55 A. will retain egg albumin (51).
Hydrostatic pressure may also affect the passage (52).

In other aspects of persorption it has been found recently that the skin
color may be controlled by topical application of certain chemicals. The
monobenzyl ether of hydroquinone inhibits the oxidation of tyrosine so that
melanin formation may be prevented (53). On the other hand, white skin
patches of vitiligo may be made darker by using 8-methoxypsoralen along
with sunlight. This chemical stimulates tyrosinase activity in the cells of
the lower layers of the epidermis (54). This suggests the study of enzymes
in the skin which may possibly influence persorption. Acid phosphatase
has been found in regions of keratin transition (55). Esterases have been
reported in high concentration near the surface (56). Succinic dehydrogen-
ase (57) and cytochrome oxidase have also been observed (58). Mon-
amine oxidase may be responsible for the ammonia from sweat glands (59).
Various aspects of this phase offer a wide field for future research work.

Age offers many problems in persorption (60). For instance, estrogenic
ointments have been recorded to have a beneficial effect (61) on senile skin
though a visible improvement has been questioned in one instance (62).
There is some question as to whether the collagenous and elastic tissues
change markedly with older age thus affecting persorption (63). Aging of
protein, ground substance, hyaluronic acid, hyaluronidase, glycogen and
other constituents must be further investigated (64). Observation of cir-
culatory changes of both blood and lymph in the dermis along with oxida-
tion studies will be of value in considering persorptive measures (65). The
scalp (66) should be considered specifically, for it has peculiarities not found
in other parts of the skin. ,

Since aging of skin does not necessarily correspond to chronological aging
other factors such as skin exposure, nutrition (67), sensitivity and possibly
stress (68) should be investigated. Poison ivy (69) and other similar skin
reactions are only partly understood with respect to skin penetration and
present many research problems. The action of lysergic acid diethylamide
(70) on capillary resistance introduces serotonin inhibition for study. Cor-
tisone and its derivatives may suppress vascularization through action on
the ground substance and hyaluronic acid (71). Temperature, humidity,
season and sex also probably contribute to differences in persorption (72).
Skin-fold thickness measurements (73) may prove useful to predict persorp-
tion values.

SUMMARY

Due to considerable discussion of terminology for the passage of materials
through the skin, a new term “Persorption’ has been proposed. Different
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degrees of persorption have been discussed, and various methods of deter-
mining persorption have been reviewed. Many factors such as fat and
water solubility, contact with the skin, environmental conditions, intact-
ness, thickness and age of skin, and circulation of blood and lymph all need
much additional research work to evaluate their effect on “Persorption.”
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