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THE PIGMENT MELANIN OF THE SKIN AND HAIR* 

By S2•4uv,•, M. PF, CK, M.D. 
New York, N.Y. 

IN THE higher vertebrates, 
especially in man, most of the mela- 
notic pigment is to be found in the 
ectordermal elements of the skin, 
where it plays a much more impor- 
tant role than the mesodermal pig- 
ment. The pigment building cells 
(melanoblasts) of the epidermis are 
the ordinary basal cells, sometimes 
cells lying directly above them, and 
cells living at about the basal cell 
level but showing dendritic proc- 
esses. Melanoblasts are also found 

in the hair matrix cells of the bulb, in 
the epidermal hair sheets, the epi- 
dermal parts of the sebaceous 
glands, the excretory. ducts of the 
sweat and sebaceous glands and in 
certain mucous membranes. 

With the paper of Kolliker in 
1860 there began a controversy that 
lasted for many years as to whether 
the epidermis built its own pigment 
or whether it obtained this pigment 
from the curls. According to Kol- 
liker, Aebi, Halpern, Riehl and 
Karg (1860 to 1891), cells from the 
cutis (connective tissue cells or 
leukocytes) filled with pigment 
wandered up to the epidermis and 
gave up their melanin to it (1). 
Ehrmann (2), in his comprehensive 

* Presented at the December 6, 1946, 
Meeting, New York City. 

monograph on pigment in 1896, con- 
cluded that melanin was formed in 

special cells, "melanoblasts," which 
were not identical with leukocytes, 
connective tissue cells or epidermal 
elements. These melanoblasts were 

of mesodermal origin, and they were 
capable of wandering into the epi- 
dermis and functioning there. By 
means of their dendrites they trans- 
ferred their pigment to the other 
epidermal cells. 

I•oeb, Mertsching, Garcia, 
Schwalbe and Post (3), in a series 
of papers (all published before 
1900) based on experimental and 
embryologic studies, disagreed with 
the authors mentioned, and main- 
rained that the epidermis was 
capable of building its own pigment 
without any help from roesoder- 
really derived elements. 

Investigation of the embryology 
of formation of pigment in the skin 
of the higher vertebrates, including 
man, by Meirowsky (4), Wietipg 
and Hamdi (5), Adachi (6), 
Bloch (7), Miescher (8), Steiner- 
Wourlisch (9), Dawson (10) and 
others during the last thirty years 
has shown that this formation was 

autochthonous in the epidermis. 
They all agreed that from the earli- 
est embryohal life the ectodermal 
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melanoblasts were seen only at the 
beginning of pigment formation in 
the area where pigment was found 
in postuterine life (7). 

The mesodermal melanoblasts of 

the skin in man are but rudimen- 

tarily developed, as in the blue 
nevus and mongolian spot; but in 
certain animals, such as the mon- 
keys, guinea pigs, the gray house 
mouse and the negro fowl, they form 
an important system of cells. 
These cells, however, never com- 
municate with the ectodermal 
melanoblasts, and they have an 
origin and period of development 
different from those of the ecto- 

dermal cells. They are perhaps 
akin to those cells that play such an 
important role in the coldblooded 
animals. The independence of the 
development of these two types was 
especially brought out by Bjoch (7) ' 
and Steiner-Wourlisch (9). 

It seems probable from the in- 
vestigations of Schmidt (11) on 
reptiles, and especially from those of 
Kornfeld (12) (Anuren) that in 
coldblooded animals, pigment cells 
of mesodermal origin can wander 
into the epidermis and function 
there. 

CHEMISTRY OF PIGMENT 

(MELANIN) FORMATION 

Modern investigators of pigment 
agree that the formation of pigment 
in the melanoblasts of ectodermal 

and mesodermal origin is due to the 
oxidation of a colorless propigment 
by an enzyme. Fuerth has shown 
that this melanogen is most prob- 
ably a cyclic protein component. 

Fuerth, Przibram, Onslow and 
others first proposed tyrosine as the 
melanogen. Free tyrosine has been 
demonstrated in the circulation of 

the higher vertebrates, but tyro- 
sinase has been found in insects and 

coldblooded animals only. There 
is no positive evidence that tyrosine 
is the mother substance of melanin 

in animals, especially in man. In 
recent years, a number of Italian 
arithors (Augeli, Saccardi, Rondoni, 
Gallerani, Quattrini and Introzzi) 
have maintained that pyrrole and its 
derivatives, such as methylindole and 
scatole, are also propigments. The 
fallacy of their conclusions has been 
brought out by the work of Bloch 
and Schaaf (7) and of Peck (13). 

Bloch (7) has shown that another 
aromatic amino acid, namely, B-3-4 
dioxyphenylalanine, is the probable 
propigment in warmblooded ani- 
mals. The' main support for this 
assumption is his discovery of the 
reaction to dioxyphenylalanine in 
the melanoblasts. This reaction 

consists in the change of dioxy- 
phenylalanine into a melanin. 
Since the reactions take place in 

.sections of skin, Bloch was able to 
study microscopically the process of 
the formation of pigment (dopa 
reaction). He and his school 
demonstrated that the reaction to 

dioxyphenylalanine is specific and 
enzymatic. It is positive only 
with B-3-4 dioxyphenylalanine and 
cannot be elicited with tyrosine, 
epinephrine or other related dioxy- 
phenyl derivatives. 

There is a strict parallelism be- 
tween the reaction to dioxyphenyl- 
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alanine and the normal formation of 

pigment. There is no reaction to 
dioxyphenylalanine in albinotic skin 
and vitiligo, while an increase re- 
action is a necessary accompani- 
ment and the first evidence of all 

processes of pigment formation 
Bloch (7), Peck (14), Miescher (8). 
Further pigment is the demonstra- 
tion of pyrocatechol, the natural 
deaminization product of dioxy- 
phenylalanine, in the urine of pa- 
tients with generalized melano 
carcinoma. 

One cannot refute the assumption 
of th.e propigment function of di- 

.oxyphenylalanine on the ground 
that its presence has not been 
demonstrated in the animal body. 
The deeper understanding of inter- 
locking chemical processes, such as 
alcoholic fermentation, has shown 
that an intermediary substance 
could easily escape analytic detec- 
tion and yet form a pivotal phase in 
the course of the enzymatic process. 

A great many other criticisms 
have been raised against Bloch's 
assumption of a specific dioxy- 
phenylalanine oxidase. They have 
been based mainly on the fact that 
there are other catalytic systems of 
wider distribution that convert di- 

oxyphenylalanine into melanin. 
Polyphenolase, an enzyme of almost 
ubiquitous occurrence in living mat- 
ter, acts on polyphenol derivatives, 
especially orthodiphenol (pyrocate- 
chol) and its derivatives, such as 
epinephrine, dioxyphenylalanine, 
etc., an oxidation that in the pres- 
ence of amind groups leads to the 
formation of melanin. 

The effects of this enzyme are 
often overshadowed by a concomi- 
tant heat-stable and therefore non- 

enzymatic mechanism of oxidation, 
which is attributed to the iron sys- 
tem of the cell. The differentiation 

between these two catalysts has to 
be based on careful quantitative 
studies before one is entitled to re- 

fute the enzymatic character of such 
reactions. 

Tyrosinase is another enzyme that 
can convert dioxyphenylalanine into 
a melanin. It is found in insects, 
fungi and higher plants such as po- 
tatoes. The mechanism, of the 
formation of melanin from tyrosine 
by this enzyme has recently been 
elucidated by Raper (15). He 
showed that the first step in the oxi- 
dation of tyrosine is the introduction 
of a second hydroxy group into the 
benzene ring yielding ,3-4 dioxy- 
phenylalanine. The later stages of 
formation of melanin are due to a 

less specific mechanism the enzy- 
matic nature of which is doubtful. 

Tyrosinase also acts on other mono- 
phenol derivatives such as para- 
cresol, tyramine, etc. Unless the 
enzyme is purified, it also oxidizes 
the substances mentioned because of 

contamination with polyphenolase. 
There is no evidence of the identity 
of either tyrosinase or polyphen.olase 
with dioxyphenylalanine oxidase. 
The oxidation of dioxyphenylalanine 
by tyrosinase can certainly riot be 
used as evidence for the identifica- 

tion of this enzyme with the pigment 
oxidase, since the outstanding fact 
remains that the dioxyphenylalanine 
oxidase acts only on dioxyphenyl- 
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alanine and not on tyrosine (Bloch 
and Schaaf (7) and our own experi- 

.ments). 
The polyphenol oxidase of the 

myelogenic cells acts on many poly- 
phenol derivatives and easily oxi- 
dizable substances such as epi- 
nephrine, pyrogallol and phenylene 
diamine (Bloch and Peck (1{5)) as 
well as on dioxyphenylalanine. In 
view of the higher specificity of the 
dioxyphenylalanine oxidase of the 
melanoblasts, any theory attempt- 
ing to identify dioxyphenylalanine 
oxidase with polyphenolase (Oppen- 
heimer (17)) is just as untenable as 
that of the identity of dioxyphenyl- 
alanine oxidase with tyrosinase. 

There are a number of proofs for 
the existence of an individual di- 

oxyphenylalanine enzyme: (1) The 
dioxyphenylalanine oxidase is ex- 
tremely labile against the destruc- 
tive influences of heat and especially 
of certain poisons as compared to the 
less specific, more rugged poly- 
phenolase and the nonenzymatic 
oxidizing catalysts of the cell. 
(2) Its action is confined to a much 
narrower hydrogen ion concentra- 
tion than that of either polypheno- 
lase or tyrosinase. (3) As demon- 
strated by Bloch and Schaaf (7), the 
dioxyphenylalanine oxidase is so 
specific as to be inac'tive against a 
substrate showing the slightest 
change in the chemical constitution. 
Recently Mulzer and Schmalfuss 
(18) cast doubt on the specificity of 
the reaction to dioxyphenylalanine 
because in their hands 3-4 dioxy- 
phenylethylamine (oxytramine) also 
gave a positive product of dioxy- 

phenylalanine, it seems that this 
finding rather corroborates Bloch's 
theory of the formation of pigment. 
In the following series of experi- 
ments new evidence is presented for 
the specificity of the reaction to 
dioxyphenylalanine. 

The optical specificity of the 
action of enzymes has been studied 
thoroughly in several groups of 
hydrolyzingenzymes. The problem 
of optical specificity in oxidizing 
enzymes has been investigated 
with tyrosinase. According to 
Abderhalden and Guggenheim (19), 
this enzyme is optically selective to 
a limited degree only, showing some 
preference for the leveroratory natu- 
ral substrate. 

We (Peck, Sobotka and Kahn 
(20)) investigated the optical speci- 
ficity of the dioxyphenylalanine 
oxidase, and we found that it was 
strictly specific for the levorotatory 
natural form of dioxyphenylalanine 
(21). The dextrorotatory antipode 
was left untouched by the enzyme 
(22). Bloch and Schaaf (7) have 
independently made the same ob- 
servation. 

The formation of melanin from 

dioxyphenylalanine by crude potato 
tyrosinase (prepared according to 
Lichtman and Sobotka (23)) is 
rapid. It takes place to a con- 
siderable degree even when the true 
tyrosinase is destroyed by heat. 
The potato preparation acts equally 
on dextrorotatory and on levo- 
rotatory dioxyphenylalanine, as is 
to be expected in a material rich in 
polyphenol-oxidizi.ne catalysts. 

The enzymes responsible for the 
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formation of melanin may be sum- 
marized as shown in Figure I. 

T•iE MEL^NOBL^STS 

(])IGMENT-FORMING CELLS) 

Pigment (melanin') is found in the 
human epidermis in the basal and 
overlying cells as well as in a more 
bizarre appearing cell with dendritic 

processes such as condylomas, lichen 
ruber, moll uscum contagiosun 
psoriasis and penphigus vegetans, as 
well as in the early stages of melano- 
carcinomas. In hyperpigmented 
and acanthotic process they may be 
found in the layers above the basal 
cells. 

While as a rule it is true that 

TYRC•IN[.] 

I DIOXYPHENYLALANINE 10XYTY 

DIOXYPHENYLALANINE OXIDASE 

HICHLY OPTICALLY•SPECIFIC • 

pH 7.3-7.5 • . .• 
J MELANIN 

TYRAMINE MONOPHENOLS '] e.g.,/:>-CRESOL 

TYROSINASE - i,•ON 0 ?H ENOLASE 

OPTICALLY SPECIFIC: 

pH 6-8 

RAMINE__ j DIPliENOLS '- I EPINEPHRINE J 
•"x-- e.g., CATECHOL POLYPHENOLASE / • NONSPECIFIC; 

- I) [1__• • 
Figure 1.---Enzymes responsible for the formation of melanin 

processes. Such dendritic cells are 
aisc) found in the matrix of pig- 
mented hairs, epidermal hair sheets, 
sometimes in the epidermal parts of 
sebaceous glands and in pigmented 
mucous membranes. They are in- 
creased in hyperpigmented proc- 
esses at the time of pigment for- 
mation, especially after exposure to 
light, x-rays, radium and thorium X. 
They are well seen in acanthotic 

dendritic cells are' increased at 
number and therefore better seen in 

hyperpigmented skins, for reasons 
not yet clear they are better visual- 
ized in acanthoses and in pigmented 
mucous membranes, even though 
there is little pigmentation. This 
may be due to some extent to the 
fact that the dendritic processes may 
be obscured by adjoining pigmented 
cells, and in the relatively pigment- 
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poor mucous membrane this .factor 
is obviated; or that, as in acanthotic 
processes, there is a looser type of 
tissue so that the processes are 
better seen or better developed. 
If one examines a skin showing a 
fairly strong dopa reaction or one 
that is fairly well pigmented, one is 
struck by the clarity and the number 
of dendritic cells, seen in arete peg 
cut on a bias. It is possible that in 
many cases dendrites are given off 
in a plane which runs parallel to the 
body surface, so that in the usual 
section which cuts this plane at 
right angles the dendrites are poorly 
visualized. Above all, the state 
of pigment activity as well as the 
method employed for its demon- 
stration are of prime importance in 
the demonstration of dendritic cells. 

Many workers (Bloch [7]) have 
investigated the • problem of the 
nature, origin, anatomy, distribu- 
tion and biologic significance of the 
dendritic cell in the human skin, 
since the original demonstration of 
them in syphilitic leukoderma and 
in the normal hair matrix by Riehl 
(24) (1884). The first thorough 
investigation of their distribution in 
the normal white skin was made by 
Adachi (2'5) (1903). Recently 
Becker (26), in a detailed and thor- 
ough piece of work, undertook a 
systematic investigation of the pig- 
ment (melanin) of the upper mucous 
membranes and the skin, with 
special consideration of the den- 
dritic cells. His investigations 
showed that dendritic cells were 

much more frequent in the normal 
skin and mucous membranes than 

OF COSMETIC CHEMISTS 

has been supposed; that they were 
found in all regions examined-- 
nipple, abdomen, axilla, toe, pre- 
puce, mouth, pharynx and esopha- 
gous--and that they varied in size, 
shape, nature of branching and 
numerical relation to nondendritic 

cells in different regions of the skin 
and mucous membranes and even in 

the same location in different per- 
sons. The dendritic cell in its 

appearance and variable form may 
appear very different from the ordi- 
nary basal cell. However, all tran- 
sitions between the most bizarre 

shapes with long, gnarled branches 
to basal cells with short stubby proc- 
esses can be seen (transition forms). 
The cell body is tisually larger than 
that of a basal cell and may be 
globular, irregularly oval, club- 
shaped or polyhedral. The proto- ß 
plasm is spongy, lacks fibrillation 
and contains pigment in its cell 
body as well as in the processes. 
The processes may be fine and whip- 
like, or thicker and irregularly 
formed, extending in the inter- 
cellular .spaces ahnost up to the 
stratum corneum (27). They may 
run along just below the basal cells, 
extending under three or four cells, 
and often curving upward at the end 
to go up between the basal cells 
again. From such a long process 
branches may be given off at right 
angles, also extending upward. 
The branches of a dendritic process 
often end in a Y-form or show at 

their terminations a button-like 

swelling. This knoblike or button- 
like swelling at the end of a process 
can be seen especially well in dopa 
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sections. It is perhaps a cross-sec- 
tion of a dendrite which is running 
at right angles to the section. 

According to Masson (28), each 
dendrite ends in the supranuclear 
region of a malpighian cell. The 
dendrites never dip below the epi- 
dermiscuds line. Sections in which 

they seem to do so can sometimes be 
seen,' but serial sections will show 
that these are artefacts. The proc- 
esses may spring from any point on 
the surface of the cells and may be 
three or more in number and show 

repeated branching. Often the 
longest branches spring from the 
poles of the cell at its longest di- 
ameter. Since the dendrites are 

not all in the same plane and often 
change their direction, it is unusual 
to get all the processes in the same 
section or to be able to follow the 
dendrites to their final termination. 

The dendrites often seem to com- 

municate with one another, espe- 
cially in the dopa sections and some- 
times form a swelling at their point 
of junction. 

The nucleus is large, round and/or 
oval, contains several nucleoli and 
is often eccentric. Mitotic figures 
have not been seen in dendritic 

cells (Bloch (7), Mieschre (29) and 
Becker (26), except by Masson 
(28)). The cell lies between the 
basal cells, usually at the basal cell 
level, but sometimes it is seen at a 
slightly higher level, or almost half 
of the cell body .may be below the 
basal line in the cutis. The whole 

cell, however, has never been seen 
below the epidermis. 

The dendrites are ordinarily made 

visible by their impregnation with 
melanin, although Miescher has 
seen cells with dendrites in mela- 

nomas, when they did not contain 
any pigment (29). It is a curious 
fact t.hat the cytoplasm of the den- 
dritic processes does not take the 
ordinary stains. This is true of the 
dendritic cytoplasm in lower animals 
also (Biedermann (130), Ballowitz 
(al)). In sections treated with 
silver nitrate the dendrites are still 

better seen because their pigment 
content is brought more to the fore 
by the reduction of the •ilver (form- 
ation of silver melanin) which 
makes visible the fine pale pig- 
ment granules and perhaps propig- 
ments. 

By far the clearest and truest pic- 
ture is obtained with Bloch's dopa 
method which demonstrates the 

pigment-forming oxydase. With 
the dopa reaction the dendrites are 
seen either through the content of 
granular dopa melanin or, better 
still and as is usually the ease, by the 
diffuse protoplasmic reaction. This 
is the only method that clearly 
demonstrates the cytoplasm, i.e., 
protoplasm-containing oxidase. 
In the native as well as in the silver 
sections the dendrites are demon- 

strated through their content of 
pigment granules, which give a pic- 
ture that is often only outlined by 
scattered dots, so that it is difficult 
to trace component parts of the cells 
(132). With the dopa reaction, how- 
ever, especially in the diffuse re- 
action, one obtains a more solid 
and complete picture. Further- 
more, in a strong dopa reaction 
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nearly every dopa-positive cell may 
show dendrites, whiie in the native 
and silver section very few may be 
seen. 

The striking and often bizarre 
forms of fully developed dendritic 
cells, as they are seen between the 
other pigmented and nonpigmented 
epidermal cells, may lead them to 
appear different from the other epi- 
dermal cells. They remind one 
very much of the melanophores of 
coldblooded animals. Especially in 
dopa preparations 'they have a 
striking resemblance to certain cells 
of the central nervous system. The 
peculiar morphologic characteristics 
of the dendritic cells have led many 
investigators to occupy 'themselves 
with the problem of their origin and 
function. In the course of time, 
various theories have arisen about 

their genesis and function. 
It is not necessary in the present 

state of the problem to discuss the 
views of the older authors (Schwalbe 
(7), Rabl (7) and Adachi (25)) who 
maintained that they are not cells 
at all but artefacts due to the pig- 
ment in the intercellular spaces. 
That the view was false was clearly 
indicated by the regularity of the 
demonstration of the nuclei of the 
cells. 

There are three main theories 

which still remain for discussion. 

Most of the investigators who have 
occupied themselves with this prob- 
lem support the view that the den- 
dritic cells are closely connected 
with melanin production. This 
point of view is supported chiefly by 
the fact that dendritic cells usually 

contain pigment and are especially 
numerous during active pigment 
production. 

Among the supporters of the 
theory of the pigment function of 
the dendritic cells there are di- 

vergences of opinion about their 
genesis. Especially the older 
authors, in analogy to the melano- 
phores of coldblooded animals, con- 
sidered the dendritic cells as pig- 
ment cells of mesodermal origin 
which had wandered up into the 
epi•termis in embyonal life, and had 
remained there to function a 

melanoblasts (Ranvier (7), Kol- 
liker (7), Ehrmann (2) and Del Rio 
Hortega <aa)). Still others (Bloch 
(7), Miescher (29), Kreibich (34)) 
considered them as cells of ecto- 

dermal nature which are nothing 
more than special functional phases 
of ordinary pigment-building basal 
cells. According to S. W. Becker 
the melanoblasts of the epidermis 
do not rise from the ordinary basal 
cells (2.6). 

The French authors (Masson (28), 
Pautrier, Levy and Diss (35) and 
,Caudiere (86)) went still further. 
They separated the dendritic cells 
completely from the rest of the epi- 
dermal cells. The older theory of 
Masson (19), which was accepted 
by Pautrier, Levy and Diss, ascribed 
a metabolic function to the den- 

dritic cells. As "cellules embo- 

ceptrices" they have the property of 
takif•g propig•.nents and various 
other substances from the reticulo- 

endothelial cells of the curls into the 

epidermis and of carrying away 
again from the epidermis into the 
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cutis waste elements or formed prod- 
ucts. This function, however, has 
not been proved. In the more 
recent papers of Masson (37), the 
dendritic cells have been classified 

as nerve cells and have been 

made identical with the Langerhans 
cells. 

A great deal of confusion has 
arisen because of the nomenclature 

used by various authors in writing 
about dendridc cells. In compari- 
son with the pigment-forming cells 
of the lower animals they have been 
called chromatophores or melano- 
phores. Still greater misunder- 
standing has been caused by their 
being called Langerhans cells 
(Masson (28 and 37), Pautrier, 
I,evy and Diss (35), Caudiere (36)), 
which are epidermal nerve elements 
and are not melanoblasts. As was 

shown by Bloch (7), quite apart 
from the question whether the den- 
dritic cells are closely allied or have 
their origin from nervous elements, 
they cannot be identified with the 
I•angerhans cells. This point will 
be taken up later. The terms in the 
following studies are those used by 
the Bloch school; i.e., melanoblasts, 
pigment-building cells of the epi- 
dermis of dendritic or nondendritic 

forin and chromatophores, cells 
found in the cutis which phago- 
cytose pigment and are not pigment 
builders. The last-n, amed cells 

never show a positive dopa reaction, 
in contradistinction to the melano- 

blasts of mesodermal origin, which 
may also be found in the cutis in 
such conditions as blue nevus and 

mongolian spots. 

[)EI'IGMENrFATION BY •PECIFIC 

AN•I IOXIDANTS 

It was observed by Oettel (3S) in 
1936 that the peroral actnfinistration 
of hydroquinone to black-haired 
cats turned the hair gray. Discon- 
tinuation of the drug resulted in 
repigmentation of the hair. In an 
investigation of occupational leuko- 
derma by Oliver, Schwartz and 
Warren (39 and 40), Schwartz 
found that the monobenzyl ether of 
hydroquinone, contained as an anti- 
oxidant in the rubber gloves of the 
workers, was responsible for the 
depigmentation. Their experi- 
ments as well as our own demon- 

strated that the alepigmentation was 
due to the action of.monobenzyl 
hydroquinone on the system 
"dopa"-oxidase dihydroxyphenyl- 
alanine ("dopa") (4l). 

Extensive experiments to study 
the mechanism of this depigmen- 
tation were carried out by Peck and 
Sobotka. (41). In a number of 
human subjects, both white and 
colored, the monobenzyl compound 
was applied in the form of a 50 per 
cent ointmentor as a 50 per cent 
ethereal suspension. In a few 
instances the concentrated powder 
was used. Leukoderma was pro- 
duced after incubation periods w•ry- 
ing from weeks. to months. 

Histologic examination of the 
areas of alepigmentation revealed a 
negative "dopa" reaction and an 
almost complete disappearance of 
the melanin. The microscopic pic- 
ture could not be differentiated from 

a vitiligo in many instances since 
the depigmentation was seen to 
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occur without preceding inflamma- 
tory reaction. 

A number of guinea pigs were fed 
approximately 12 grams of mono- 
benzyl ether of hydroquinone over 
a period of 5 months. This was well 
tolerated but no pigmentary changes 
were observed. Local application 
over a period of months, just as in 
the human subjects, caused de- 
pigmentation. The disappearance 
of the pigment was accompanied by 
a negative "dopa" reaction in the 
affected areas. This observation 

only applied to the previously pig- 
mented epidermis whereas the hair 
bulbs were not affected. This was 

probably due to a lack ofp4netration 
of the monobenzyl compound to the 
melanoblasts in the hair matrix. 

CAN PIGMENT ENZYME 
ACTIVITY BE STIMULATED IN 

UNPIGMENTED SKIN .• (42) 

The results of our experiments 
(42) have confirmed the observa- 
tions of Saxton, S•hmekebier and 
Kelley (43), as well as the earlier 
work of Loeb (44), Carnot and 
Deftandre (45) that the transplanta- 
tion of a black graft into a white skin 
resulted in the "extension" of the 

pigment into the surrounding un- 
pigmented host area while a white 
graft transplanted in a black skin 
ß was "invaded" by pigment from the 

ß host area. It was perfectly obvious 
from our histologic studies that the 
pigment formation in the white 
host area as well as in the non- 

pigmented grafts in no way differed 
from the ordinary mechanism of pig- 
ment formation. The. concept of 

the older authors of actual invasion 

by melanoblasts or other pigment- 
bearing cells from the surrounding 
pigmented areas into non-pigmented 
areas was no more true than when it 

was proposed years ago for melanin 
formation in general. Nor was 
there any support for the concep- 
tion of Rand (4t3) that the epidermis 
of the graft was replaced by the host 
with its own epidermis so that na- 
turally it finally assumes the same 
color as the host skin. 

It was clearly seen both macro 
and microscopically that the grafts 
always remained recognizable. It 
remained as a definite entity out- 
lined by a scar. 

One of us (47), in previous experi- 
ments was able to show that the un- 

pigmented epidermis in gray rabbits 
had the latent power to form mela- 
nin. Under proper conditions, such 
as wound healing and radiant 
energy, the ordinary basal cells of 
the epidermis readily assumed 
melanoblastic function. It was also 

shown that the relatively unpig- 
mented human epidermis (48), even 
in total darkness was able to assume 

v. ery active melanoblastic function 
under certain inflammatory stimuli 
which resulted in epidermal re- 
generation. 

We believed that a mechanism 

similar to the last mentioned would 

not serve adequately to explain the 
pigmentary changes noted in our 
experiments. However, with such 
an explanation for the pigment fc•r- 
marion, in the unpigmented or rela- 
tively unpigmented skin of either 
the host or the graft, an assumption 
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had to be made that the epidermis 
of the white skin of the guinea pigs 
was able to assume pigment for- 
mation under stimuli such as radiant 

energy or as a part of the process of 
epidermal regeneration such as 
wound healing. 

We exposed the shaved white skin 
of guinea pigs to ultra-violet light 
from 3 to 6 minutes at a distance of 

about 13 inches. The same type 
and area of skin from which white 

transplants were made was u. sed. 
A marked inflammatory reaction 
with redness and desquamation re- 
sulted but no temporary or perma- 
nent pigmentation could be demon- 
strated clinically or histologically. 

To study the effect of wound heal- 
ing as a stimulus to latent pigment 
formation a white graft was trans- 
planted into a defect in the white 
skin but again pigment could not be 
demonstrated. We also allowed 

wounds to heal spontaneously but 
no pigment formation could be 
noted. That such a procedure was 
capable of stimulating pigment for- 
mation in an already pigmented 
skin could readily be demonstrated 
in similar experiments on black skin. 

Apparently we are at a loss to 
explain the initiating stimulus which 
caused the pigmentation to occur. 
Contact of an unpigmented skin 
with an already pigmented epi- 
dermis was necessary since pig- 
mentation first occurred at points of 
junction and then slowly extended 
outward or in the case of a white 

graft, inward, like ripples in a pond. 
It is interesting to speculate on 

the possible mechanism of the pig- 

ment formation. In the modern 

theory of pigment formation we have 
a melanoblast which contains an 

enzyme. This enzyme converts the 
colorless propigment "dopa" or a 
closely allied chemical substance 
through various stages into melanin. 
The propigment reaches the cell 
from the circulation. The enzyme 
is apparently found only in melano- 
blasts and has never been demon- 

strated to be transported through 
the cell membrane and thus convert 
other cells into melanoblasts. 

We would demonstrate by means 
of the dopa reaction that the ordi- 
nary mechanism of pigment for- 
mation took place in the newly pig- 
mented areas. We must be led to 

the conclusion, therefore, that in 
some way, because of close proxim- 
ity to pigmented skin, enzymatic 
action, as far as pigment formation 
is concerned, is suddenly assumed 
by the unpigmented epidermis. It 
is curious that if this enzyme were 
present in the unpigmented skin it 
could not be stimulated into activity 
by radiant energy. Unless our 
failure to stimulate pigment for- 
mation by the use of radiant energy 
was based on an experimental error 
or on an error of interpretation, it 
would seem to prove that the pig- 
ment enzyme as we ordinarily find 
it was not previously present in 
unpigmented guinea pig skin. 

The above experiments are re- 
ported because it is of interest to the 
cosmetic chemist to have an insight 
into possible avenues of investi- 
gation which would lead to formu- 
lation of chemical or biologic prod- 
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ucts to stimulate pigment formation 
in cosmetic defects resulting from 
poor pigment formation. The 
problem is more than academic 
when hyperpigmentation re.sults in 
the vicinity of skin grafts by just 
such mechanisms as have been de- 

scribed. The rim of hyperpigmen- 
tation around such grafts often 
causes serious cosmetic defects. 
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