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The relation of the various components of the vitamin B com-
plex to the cure and prevention of skin lesions in experimental
animals has been studied extensively (1, 2).

The first carefully studied experimental nutritional dermatosis associated
with deficiency of the Vitamin B complex was that formerly called rat pellagra.
This was described in 1926 by Goldberger and Lillie (3) who fed rats a diet similar
to the diets of pellagrins. The lesion they produced consisted chiefly of a bi-
laterally symmetric, erythematous, scaly dermatitis (pellagra-like) involving the
peripheral portions of the body. Occasionally this was accompanied by derma-
titis and alopecia of the head and trunk. These skin changes were prevented
and cured by feeding autoclavcd yeast; thus it appeared that yeast contained the
pellagra preventing vitamin. In 1928 Chick and Roscoc (4) suspected that there
was more than one dermatitis preventing factor. However, the multiple nature
of the heat stable fraction of the vitamin B complex was not appreciated until
riboflavin was isolated in 1933 (5). Gyorgy was the first to demonstrate that
riboflavin failed to cure the socallcd pellagra-likc lesion in the rat which re-
sponded, however, to a vitamin which he named B6 (6, 7). He suggested the term
"rat ncrodynia" in place of rat pellagra because of the gross resemblance to
human acrodynia (Pink disease, Swift-Feer disease, Erythredcma). On the other
hand the skin symptoms which he found to be associated with riboflavin defi-
ciency appeared irregularly, were often mild, and consisted chiefly of a gen-
eralized scaling and symmetric patches of nlopccia on the trunk and the head.

Subsequent work on the components of the B complex has resulted in the iso-
lation and synthesis of several other vitamins and the preparation of various
biologically active concentrates. The filtrate factor components and nicotinic
acid are now recognized members of the vitamin B complex. Oleson, et al. (8)
have attributed spectacle alopecia to the deficiency of n component of the filtrate,
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and Morgan and Simms (9) have demonstrated that a deficiency of the filtrate
factor causes greying of the hair in rats and other experimental animals. Panto-
thenic acid, an important constituent of the filtrate fraction, has been found to
cure chick dermatitis and its role in rat nutrition is being investigated (10).
Although nicotinic acid has a prompt effect on the dermatitis of human pellagra,
it is apparently unnecessary, or at least unimportant in the normal skin metab-
olism of the rat, and in the prevention and cure of dermatoses in the rat (11, 14).

In reviewing the numerous early reports of the skin diseases
associated with deficiency of the vitamin B complex, it is apparent
that many of the skin diseases described were the result of mul-
tiple deficiencies. By utilizing the various knowil components
of the vitamin B complex which are now available; it is possible
to produce in rats single deficiencies of the vitamin B complex
which are probably uncomplicated by other dermatosis producing
deficiencies.

Vitamin B6 deficiency disease may be produced by feeding
young rats a purified diet deficient in this vitamin. For our
studies* we have found the following basal diet to be satisfactory:

per cent

Casein (acid washed) 18
Sucrose 66
MeCollum salts 51 6
Cod liver oil 2
Butter fat (washed) 8

This basal vitamin B free diet was supplemented with thiamin (Merck's synthetic
B1 hydrochloride), riboflavin (Winthrop Laetoflavin concentrate), nicotinie
acid (Eastman) and filtrate factor prepared according to the method described
by Lepkovsky, Popper and Evans (12) and by Jukes and Lepkovsky (13). The
crystalline materials were dissolved in appropriate amounts of alcohol and/or
water and were added in solution to the casein and allowed to evaporate. Spe-
cial precautions were taken to protect the riboflavin from destruction by light.
The vitamin supplements were incorporated at the following levels per kilo-
gram of diet.

mgm.

Thiamin 2.0
Riboflavin 1.5
Nicotinic acid 1.5
Filtrate factor equivalent to 100 grams of liver.

It has been our experience that this diet will cause a much higher incidence of
severe dermatitis than the diets used by early workers which contained only

* The descriptions in this article are based on a study of three groups of rats
totalling thirty animals.
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riboflavin and thiamin as supplements (7). This diet may not contain adequate
factor "W" and may lack other undefined components of the vitamin B complex
(14). Perhaps the inclusion of these other factors would have caused further
increase in the severity of the specific B6 deficiency signs. However gross and
microscopic studies of a group of ten control rats fed this diet supplemented
with crystalline vitamin B6 (Merck's synthetic B, fed at the level of 2 mgm. per
kgm. of diet) showed no skin changes in a comparable period.

When recently weaned stock rats weighing from 45 to 55 grams
and approximately 26 days of age were restricted to the above
diet the following signs and symptoms were observed:

During the first week after the diet was started there was
usually a normal gain in weight. In the following two to four
weeks the weight either remained stationary or there was a slight
weekly gain of from two to three grams. As a result the rats

FIG. 1. Showing scaling of the dorsum of the hind paws

were smaller than normal rats of comparable age. The stunting
and absence of subcutaneous fat distorted the shape of the
animals. The illproportioned appearance was all the more
apparent when the rats were compared with younger, eutrophic
rats of the same weight. Frequently during the early stage the
animals were irritable. The appetite gradually diminished, in
the third of fourth week priapism frequently was observed in the
males. It preceded the onset of skin manifestations. In many
animals priapism persisted throughout the course of the disease.

The hair, the skin and the visible mucous membranes showed
no gross changes before four to six weeks. The earliest cutaneous
manifestation was a mild erythema on the dorsa of the paws.
Usually the hind paw dorsa were first implicated. After the
initial mild erythematous stage, hyperkeratosis or scaling was
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noted. The scales were small and thin and appeared first on the
digits. They then spread over the entire dorsum and were
usually more abundant on the proximal portion just below the
ankle or wrist (fig. 1). Hyperkeratosis or scaling is a difficult
symptom to evaluate in the early stage. It may be confused
with the presence of food particles which have adhered to the
skin. Careful observation with a hand lens and gentle curette-
ment are useful procedures for recognizing true scales. Some-
times this symptom is a non-specific one. Transient episodes are
occasionally seen in apparently normal rats and in rats suffering
from other deficiencies. In the absence of accompanying or
preceding signs of inflammation such as erythema, edema and
vesiculation, scaling on the paws is not of itself diagnostically
significant. The appreciation of this fact is important, otherwise
the diagnosis of vitamin B6 deficiency may be mad[e erroneously.
The initial scaly stage was of variable duration. It was usually
present for approximately two weeks hut in some animals it per-
sisted much longer. There was no appreciable hair loss during
the early erythematous and scaly stage. Close examination at
that time showed dilatation of the superficial blood vessels. This
was most marked in the interphalangeal webs and on the inter-
digital surfaces.

The next sign was swelling of the digits particularly those of
the forepaws. In contrast to the marked scaling noted on the
hind paws in the early stage, there was very little scaling on the
dorsa of the fore paws. On the other hand, erythema and edema
occurred earlier on the forepaws. A day or two later the hind
paws also became swollen. Almost without exception this was
the sequence of symptomatology which characterized the specific
signs of the disease. In the erythematous, edematous stage the
paws were exquisitely painful and tender. When the weight was
borne on the paws in the act of walking it was apparent from the
hesitant gait that the animal was suffering.

One of several changes were observed from this point on: 1) The
erythema and edema increased in intensity to such a stage that
the skin appeared to he distended almost to a point of bursting
(fig. 2A, 2B). 2) The erythema and edema persisted in about the
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same degree of severity for several days or perhaps a week and was
associated with a certain amount of hyperkeratosis. In this case
the scales were small and of slow evolution. 3) Either with the
subsidence of the erythema and edema or simultaneously with an
increase of the erythema, there was a massive type of desqua-
mation (fig. 3). In this circumstance the scales were large, they
formed rapidly, and they became detached in plaques leaving be-

A B

FIG. 2, A (left) and B (right). Showing erythema and edema of the dorsal and
palmar aspects of the forepaw.

FIG. 3. Later stage showing desquamation in plaques

hind large areas of erythematous and shiny skin. This state has
been referred to repeatedly in the literature as "denuding." With
the final desquamation the newly epithelialized dorsal surfaces of
the paws presented a glazed appearance which persisted for
variable periods. Sometimes it remained unchanged for two or
three weeks or until the animal succumbed. In other instances
the shiny, pink appearance was altered due to the new formation
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of a stratum corneum, the subsidence or remission of erythema
and the regrowth of hair.

Involvement of the nose is regarded as a specific symptom. In
some of the animals the noses became sore before the onset of the
eruption on the paws while in others it occurred concurrently or
later. It should be emphasized however, that there is often a
serous and sometimes a sanguinous exudate from the nares in
various deficiency states of the rat and therefore it is not proper
to regard the early erythematous and edematous stages as a diag-
nostic sign of vitamin B6 deficiency. As the disease progressed

Fin. 4. Typical dermatitis of the nose, side of nose and hps. Eyelids are also
involved.

there were certain characteristics about the manner in which
the nose was involved which served to differentiate the lesion from
lesions of the nose in other rat diseases. Originating on the periph-
ery of the swollen red nose there was an edema which extended
to involve the superior and lateral aspects of the snout. It was
difficult to observe erythema in this area but very likely it pre-
ceded the edematous stage. Next the upper and lower lips
became swollen and sore (fig. 4). Not infrequently fissures were
observed in the lateral commissures of the mouth. The dermatitis
of the lips was symmetric, progressive and very characteristic. If
the rat survived beyond this point the peribuccal dermatitis
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spread peripherally and downward to the submental region, over
the anterior aspect of the neck and onto the upper chest (fig. 5).
Rarely the dermatitis extended upward on the sides of the face
and merged with a dermatitis of the eyelids. The character of
the dermatitis in this region strikingly resembled that of the paws.
The dermatitis was acute; there was first an erythema, then a
marked edema, and sometimes gross vesiculation could be ob-
served. There was also a later desquamative state following

FIG. 5. Dermatitis of the submental region and the anterior neck. Note
apparently normal fur on either side and below the area of dermatitis.

which the involved sites appeared glazed. The hairs in the pen-
buccal region, on the chin, neck and upper chest fell out rapidly.
This was the only instance in which alopecia of the trunk was
seen in the vitamin B6 deficiency disease. The alopecia was the
result of an intense inflammation or dermatitis and we believe is
due to a different mechanism than that which causes the diffuse
hair loss in the riboflavin deficient rat.

It should be emphasized that the comparatively normal fur on
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the trunk of the vitamin B6 deficient rat is a diagnostic sign of the
disease (fig. 6). Often the erythematous forepaws became stained
with blood when the animal scratched its swollen inflamed nose.
Except for the bloody stains on the forepaws, the general cleanli-
ness of the body was always remarked and contrasted with the
filthiness of a riboflavin deficient rat under identical conditions.
We believe that this observation is of importance. Save for the
late terminal stage, the vitamin B6 deficient rat groomed its fur.
Even when the specific symptoms of the paws, nose and lips were
in their most agrious state, the fur of the trunk appeared clean and
relatively normal. It should be pointed out that our technic en-
tails observations of rats in single cages and the use of small

FIG. 6. Showing apparently normal appearance of the fur on the body and the
head. The paws and nose show typical dermatitis.

mouthed individual food cups designed to prevent the food from
coming in contact with the fur. In our early experiments we
used large metal food cups calculated to provide food for several
rats in a cage. Often these rats sought the dark recess of such a
cup and remained therein for hours. The rat's skin and fur came
into contact with food contaminated by urine and feces. Under
such conditions even the fur of vitamin B6 deficient rats appeared
matted and ill kept.

Involvement of the ears is generally considered to be a specific
sign, and it has been frequently reported in descriptions of the
disease. Dermatitis of the ears was observed by us only when
other factors of the vitamin B complex in addition to vitamin B6
were also omitted from the diet.
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There is a secondary sign which is helpful in diagnosing the
vitamin B6 deficiency disease. In the swollen inflamed areas of
specific dermatitis fairly characteristic ulcerations often occurred.
These were painful, deep and necrotic and had clear cut craters
with no undermining (fig. 7A, 7B). They were seen most fre-
quently in the peribuccal region, on the nose, the lips and the
jaws, and the proximal portion of the tail. They also occurred in
the sublingual region but were difficult to detect grossly. Other
workers have described a redness of the tip of the tongue. This
we have not observed and microscopic examinations of the tongue

A B

FIG. 7, A (left) and B (right). Showing abscesses on the side of the jaw and
the proximal portion of the tail.

failed to show inflammation of the tip. However microscopic
abscesses were encountered at the base of the tongue.

In the late stages in some of the males there was dermatitis of
the scrotum (fig. 8). This was inconsistent and of variable degree
in contrast to the priapism which persisted throughout the course
of the disease in the majority of the male animals. There was no
discoverable dermatitis of the penis except perhaps at the base
when the scrotum was also involved. In the early stage of the
disease the priapism apparently was not painful but later it caused
much discomfort and the rats engaged in biting and licking their

S
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genitals. At times ulcerations were seen which were obviously
traumatic.

FIG. 8. Showing priapism. This symptom persists throughout the duration
of the disease.

FIG. 9. Showing the mild persistent desquamative stage of the hind paw

The degree to which the symptoms described develop in an
individual was variable. Many rats succumbed soon after the

44
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height of the inflammation of the paws was observed. Others
survived for a length of time sufficient for the development and
appearance of the peribuccal, submental and upper chest involve-
ment. In some death ensued soon after a large abscess compli-
cated the specifically involved sites. The longest duration and
persistance of severe symptoms was four to six weeks. In some
mild symptoms persisted for five months (fig. 9). An interest-
ing phenomenon was the apparent spontaneous involution of the
dermatitis which was observed from time to time in a small per-
cent of the animals. In some rats desquamation followed rapidly
after erythema and edema, and after a variable period in which
the symptoms were slight there was another recurrence of the
specific syndrome. These fluctuations occurred in the experi-
ments with sufficient frequency to be regarded as expressions of
the disease. During the course of the experiment there was only
a slight gain in weight and the rats remained small throughout
life. Death was usually preceded by a loss of weight when the
symptoms became overwhelming.

HISTOPATHOLOGY

There are few detailed reports of the histopathology of the skin changes of this
disease. Findlay (15), Gurin and Eddy (16), Thatcher, Sure and Walker (17),
Gyorgy, Sullivan and Karsner (18), Antopol and Unna (19), Nelson (20) and
others have described the microscopic changes in the skins of rats which were
deficient in other factors of the B complex as well as vitamin B6. The confusion
of the early workers concerning the complexity of vitamin B reflected itself in
the early histologic studies. Dealing with a multiple deficiency it is not sur-
prising that Gurin and Eddy (16) found two types of skin lesions in their studies.
Even the more recent contributions (18, 19) have dealt with animals deficient
in the filtrate factor as well as vitamin B6.

MICROSCOPIC FINDINGS

The paws are the most typically and constantly implicated
sites. Sections of the dorsal and the plantar surfaces of the paws
provide the most characteristic changes. Sections from the nose,
the sides of the nose, from the chin, the submental region, the
anterior portion of the neck, the upper portion of the chest, and
the scrotum, when involved, showed the same type of histologic
alteration.

In the early stage there was a hyperkeratosis of variable degree.
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The lamellae were fairly loose, expecially in the layers of the
corneum immediately superior to the stratum granulosum. This

A D

E
B

C F

FIG. 10, A (upper left), B (left center) and C (lower left). Sections of the
dorsa of the paws showing loose hyperkeratosis. In some areas the keratohyalin
granules have been extruded into the corneum.

D (upper right), E (right center) and F (lower right). Sections of the planta
showing marked hyperkeratosis. Just above the stratum granulosum the hyper-
keratotic layers are extremely loose and are about to be detached. There is an
apparent increase in the stratum lucidum.

looseness gave the appearance of an apparent increase in the
stratum lucidum. Parakeratosis was seldom observed. Occa-
sionally in severe dermatitis some of the keratohyaline granules
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were extruded from the granular layer into the corneum. In
the late and severe stages, there was often a secondary crust
formation and numerous polymorphonuclear leukocytes were
observed in the corneum and on the surface (fig. 10). The in-
creased thickness of the stratum corneum of the planta must be
taken into consideration in evaluating hyperkeratosis.

The epidermis in the early stage showed a fairly characteristic
type of acanthosis. Some of the epidermal cells increased in
size and assumed different shapes. The thickening of the epi-
dermis was produced mainly by an increase in cells of the basal
layer type resulting in an uneven and patchy hypertrophy of the
epidermis. In some stages there was a slight amount of inter-
and intra-cellular edema, but in the majority of the sections
examined this was not found. In the early stage no exudative
cells were seen in the epidermis, but later there was sometimes
migration of such cells from the corium to the epidermis. In
evaluating acanthosis of the planta it is important to appreciate
that in this location the epidermis is thicker than elsewhere on the
body. The junction with the corium is in a flat plane except in
the region of the heel and the paw pads where there are elongated
rete pegs. These may be confused with acanthotic epidermis
but a careful study will always disclose the normal appearance
of the epidermal cells, particularly in the basal cell layer which
show no evidence of excessive proliferation (fig. 11).

The corium showed uniformly characteristic changes. There
was in the early stage a mild but definite dilatation of the blood
vessels and hyperemia which was not accompanied by perivas-
cular infiltration. Edema with dissociation of the connective
tissue fibres was observed in variable degree, depending on the
stage of the disease at which the biopsy was made. In the early
stage there was a diffuse cellular infiltrate composed mainly of
lymphocytes and larger mononuclear cells. In the later stage
the presence of an abundant polymorphonuclear leukocytic in-
filtration usually occurred even when there was no obvious com-
plicating superficial ulceration. The infiltrate was diffuse but
sometimes there was a perifollicular localization (fig. 12).

The sebaceous glands were of great interest. In the early
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stage when there was hyperkeratosis, acanthosis, hyperemia,
edema of the corium and a diffuse cellular infiltrate, the sebaceous
glands and hair follicles were undisturbed. Only in the late stage
when the infiltrate was very dense and perifollicular was there
any hair loss and in many instances there was actual abscess f or-
mation adjacent to normal intact sebaceous glands. The hair
loss in the areas of specific dermatitis was post-inflammatory

A C

B D

FIG. 11, A (upper left), B (lower left) and C (upper right). Showing the typical
aeanthosis in which there appears to be a proliferation in, and just above the
basal cell layer. As a result of the acanthosis some of the cells have assumed
abnormal shapes. There is very little vesiculation in these sections. The
acanthosis is patchy.

D (lower right). Showing marked acanthosis of the dorsa.

therefore, and was not due to atrophy of the hair follicles or the
sebaceous glands. The disease was so often complicated by nec-
rotic ulcerations that the presence of polymorphonuclear leuko-
cytes in the infiltrate was almost invariably observed in the late
stage. This indicates that the ulcerations which occur at the
sites of the specific dermatitis, which we described as an important
secondary sign, may indeed be a primary lesion of the disease. Of
this we cannot be sure.
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The hair follicles and the sebaceous glands of the skin of the
trunk remained intact until the late stages of the disease when
some of the hair follicles showed dilatation and some of the seba-

A D

B E

C F

FIG. 12, A (upper left). Showing edema, a few hyperemie blood vessels and:a
slight diffuse infiltrate in a section of skin from the dorsum of the paw.

B (left center). Showing slightly more advanced stage than 12 A in which
there is an increase in the infiltrate. In addition to the lymphocytes and fixed
connective tissue cells there are numerous polymorphonuclear leukocytes.

C (lower left). Showing edema in the upper corium and a deep abscess without
evidence of surface ulceration.

D (upper right). Showing a diffuse infiltrate in the corium of a section from
the side of the nose. Note the intact hair follicles and sebaceous glands in the
presence of a dense infiltrate.

E (right center) and F (lower right). Showing a marked infiltrate of poly-
morphonuclear leukocytes into the corium. Note the presence of these cells in
the hair follicles and the epidermis also, and the crust formation.
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ceous glands became atrophic. The atrophy of the sebaceous
glands was always much less marked than that observed in ribo-
flavin deficient rats and in rats deprived of the entire vitamin B
complex other than thiamin. In the vitamin B6 deficiency dis-

A

B

FIG. 13, A (upper). Normal dorsum of the paw. B (lower). Normal planta

ease this is most likely a secondary effect resulting from prolonged
inanition. One of the aims of these investigations is the demon-
stration of the primary effects of deficiency. It is sometimes
impossible in the late stages of a deficiency disease to differentiate.
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primary from secondary effects. We believe that it is possible
to show that certain specific deficiencies result in atrophy or
inflammation of definite parts and appendages of certain areas
of the skin in the early stage of several rat diseases, and these
occur with sufficient regularity to ascribe primary effects to
separate members of the vitamin B complex.

SUMMARY AND CONCLUSIONS

1. In rats fed a basal vitamin B free diet supplemented with
thiamin, riboflavin, nicotinic acid and filtrate factor, but com-
pletely devoid of vitamin B6, there developed a symmetric der-
matitis. The sites involved were the dorsa and the plantae of the
paws, the nose, the lips, the chin, the submental region, the upper
chest and occasionally the sides of the face. The ears were not
involved. Other investigators have usually reported dermatitis
of the ears as a specific sign.

2. The apparently normal gross and microscopic appearance
of the skin and fur in areas other than those sites of specific der-
matitis was characteristic of the disease. This insufficiently
emphasized feature is of value in the differential diagnosis of the
vitamin B6 deficiency disease from other skin diseases due to de-
ficiency of other components of the vitamin B complex.

3. An important secondary sign which occurred frequently in
the rats was the formation of abscesses in and adjacent to the
areas of specific dermatitis. Other investigators have observed
similarly located abscesses.

4. The microscopic changes consisted of hyperkeratosis,
acanthosis, edema of the corium with hyperemia, and a diffuse
infiltrate composed of lymphocytes and larger mononuclear cells
in the early stage with the addition of polymorphonuclear leuko-
cytes later. Some of these microscopic findings have been de-
scribed by others in vitamin B6 deficiency disease even when it
was complicated by deficiency of other factors in the complex.

5. The sebaceous glands and hair follicles in the areas of specific
dermatitis remained intact in the early stages of the disease in the
presence of a diffuse infiltrate, edema and hyperemia. Even
when there was an adjacent abscess these appendages were not
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affected. In the later stage often there was an infiltration of
polymorphonuclear leukocytes into and around the hair follicles
and sebaceous glands. This resulted in an alopecia of inflamma-
tory origin. By contrast in the areas of the skin which were
unaffected by the specific dermatitis the sebaceous glands and
hair follicles remained intact until the very late stage when there
was a partial atrophy which was probably due to prolonged
inanition.
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