Dandruff has an altered stratum corneum
ultrastructure that is improved with zinc
pyrithione shampoo
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Transmission electron microscopy of scalp tape strips indicates that dandruff scalp possesses abnormal
stratum corneum (SC) ultrastructure that is normalized by treatment with small-particle zinc pyrithione
(ZPT). Similar abnormalities occur throughout the scalp of those with dandruff, even where no flaking is
present. SC abnormalities are consistent with hyperproliferation, including parakeratosis, lipid droplets within
corneocytes, few desmosomes, corneocyte membrane interdigitation, and excessive disorganized
intercellular lipid. Reversal of SC abnormalities would require treatment of the cause(s) of dandruff, not
merely flake removal. A protocol was developed to quantify scalp structural abnormalities by scoring cells
from scalp tape strips for yeast number, amount of intercellular lipid, normal intercellular lipid structures,
prevalence of intracellular lipid droplets, parakeratotic corneocytes, and corneocyte interdigitation. This
protocol was used to compare dandruff and normal SC to dandruff SC treated with either commercial ZPT-
containing shampoo or a placebo. Treatment with commercial ZPT shampoo significantly returned SC
ultrastructure to normal, suggesting control of the cause of dandruff. (J Am Acad Dermatol 2001;45:897-903.)

andruff and seborrheic dermatitis are

chronic clinical scalp conditions affecting

approximately 50% of the population, the
primary symptom of which is visibly excessive scalp
scaling. Seborrheic dermatitis is a more severe disor-
der that can include increased desquamation of
facial areas other than the scalp and visible inflam-
mation. We refer to these conditions collectively as
“dandruft.” Although dandruff is not a life-threatening
disease, its presence can lead to loss of self-esteem
and a negative social image.! More than 100 years
ago, Malassez? implicated the yeast Pityrosporum as
the cause of dandruff. Although there has been
much debate regarding whether the yeast is actually
a causative agent in dandruff;34 there is now general
agreement to that effect.3-57 The yeast Pityrosporum
has now been reclassified into 7 species of Malassezia
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on the basis of both molecular and biochemical tech-
niques.812  Although there are likely multiple
causative factors in the pathogenesis of dandruff,
Malassezia has been shown to induce dandruff or
dandrufflike desquamation under the proper experi-
mental conditions.13-17

To date, there have been few investigations of
scalp ultrastructure associated with dandruff or seb-
orrheic dermatitis. As noted 3 decades ago, “It is sur-
prising that a condition as common as dandruff has
not been thoroughly studied in respect to its...
histopathology.”18 In spite of this admonition, to
our knowledge there have been no subsequent
morpholgic studies at the transmission electron
microscope (TEM) level. Dandruff and seborrheic
dermatitis have been characterized as a hyperprolif-
eration of the scalp epidermis, as judged by cell
turnover studies and the presence of parakeratotic
nuclei in the shed flakes and the attached stratum
corneum (SC).1® A previous TEM study identified
several pathologic alterations in the SC of dandruff
scalp.20 This study found frequent bacteria and fungi,
a large number of electron-transparent corneocyte
lipid inclusions, parakeratotic nuclei, a decrease in
desmosome number, and frequent separations
between corneocytes. The viable epidermis was visu-
ally unaffected.

A novel technique for noninvasively sampling the
SC for TEM was recently developed.2! The lipid orga-
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nization of the SC on the lower leg was investigated
with new RuOy4 procedures for visualizing SC
lipids,22:23 and it was found that the lipid structure of
the outer SC varies with age, skin grade, and product
use.24 Definition of “normal” SC now allows investi-
gation of pathologic abnormalities. In this study we
determined ultrastructural alterations in the scalp SC
that accompany dandruff. We confirmed the pres-
ence of fungi, parakeratotic nuclei, frequent corneo-
cyte lipid inclusions, and a decrease in desmosomes.
We also describe additional abnormalities associated
with dandruff, including highly convoluted corneo-
cyte cell membranes and dramatically excessive
intercellular lipids. Not all these abnormalities are
present in the same individual, suggesting a diversi-
ty of responses. We evaluated the effect of dandruff
treatment with zinc pyrithione (ZPT) on SC ultra-
structure. Dandruff treatment with a commercial
small-particle ZPT shampoo resulted in clinically sig-
nificant visual flaking reduction. We also observed an
improvement in SC structure and, by inference,
treatment of the cause of dandruff generating subse-
quent improvement in the health of the living cell
layers that produce it.

MATERIAL AND METHODS
Studies were performed on male and female vol-
unteers giving informed consent.

Microscopy of tape strips

To obtain a tape strip, the hair was parted to expose
the scalp, and a piece of Scotch Magic Tape #810 (3M,
St Paul, Minn) was applied to the skin surface with
gentle pressure and carefully removed after 30 sec-
onds. Under stereomicroscope observation, regions of
the tape having skin flakes were cut out and placed in
0.25% RuQOy in 0.1 mmol/L cacodylate buffer, pH 7.2 to
7.4, for 1 hour at 4°C in darkness, rinsed briefly in 0.1
mmol/L cacodylate buffer, and then dehydrated
through a graded acetone series before Epon embed-
ding and overnight polymerization at 65°C. Well-
stained regions were selected by light microscopy, and
thin sections were obtained on an ultramicrotome,
counterstained with uranyl acetate and lead citrate,
and analyzed in a Philips CM12 TEM at 100 KeV.

Clinical protocol

This was a single-center, double-blinded, random-
ized, parallel group comparison study in 12 healthy
adult male and female moderate to severe dandruff
and seborrheic dermatitis sufferers, aged 18 years and
older. The study was conducted at Hill Top Research
in Winnipeg, Manitoba, Canada. Panelists were
assessed for dandruff severity with the adherent scalp
flaking scale (ASFS).25 In this assay, a numerical grade
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between 0 and 10 (with 10 representing the most
severe dandruff condition)was assessed by a qualified,
expert grader at 8 sites on the scalp to obtain a com-
posite dandruff score ranging from 0 to 80. All pan-
elists used a nondandruff shampoo (Prell, Proctor &
Gamble) for 3 weeks before baseline ASFS assess-
ment. At the baseline visit, those possessing ASES of
at least 28 were randomly assigned 1 of 2 treatments:
a commercial small-particle ZPT shampoo (Head and
Shoulders, Proctor & Gamble), or a placebo shampoo
with the same composition as the commercial anti-
dandruff shampoo but containing no ZPT. The treat-
ments were packed in the same 16-oz white bottle
and placed in an opaque bag. This was done because
the investigator, grader, and subjects were blinded to
the identity of treatment assignments. Once a subject
was enrolled in the study he or she was stratified by
initial scalp flaking grade (28-34 and >34) and sex.
Within each strata the subject was randomly assigned
to 1 of the 6 treatments. This was done so that the dif-
ferent strata groups had approximately the same
treatment distribution ratio. From this randomization
6 subjects were randomly selected from both the
treatment and placebo leg. The randomization of
these 12 subjects was provided in a numerically
ordered list for sampling at the site to ensure blind-
ness of the 2 treatment groups. Also at baseline, a sin-
gle tape strip was obtained from the site on the scalp
with the highest individual flaking grade. Panelists
were instructed to shampoo their hair every other day
during the course of the 3-week study (no other hair
treatment was allowed during this period). At the
completion of the study, dandruff severity and a tape
strip were collected, as at baseline.

Assessments of ASFS and skin morphologic char-
acteristics were ordinal variables and analyzed statis-
tically as continuous variables. Significance of the
continuous end points was examined by analysis of
variance (ANOVA). Nonparametric methods were
applied when appropriate to help satisfy underlying
assumptions for valid analysis and inference. An
analysis of covariance, with baseline values as the
covariate, was applied where appropriate. The col-
lection of ASFS and scalp tape strips was by individ-
uals blinded to treatment groups. The blinding was
carried forward for the subsequent grading of tape
strips as well.

Product efficacy

Product efficacy from a visual (clinical) standpoint
was determined by subtraction of the initial ASFS
score from the final score. A more positive number
indicates a greater improvement in the dandruff con-
dition (less dandruff, greater product efficacy). A
negative number means dandruff worsened.
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Fig 1. Normal-appearing scalp. A, Corneocytes are closely apposed with generally normal
morphologic characteristics (large separations between some corneocytes is presumably arti-
fact from tape stripping). B, Intercellular lipid ultrastructure is normal for this individual’s age
(small arrows). Some regions have excess unstructured lipid (large arrow).

Product efficacy from a skin health standpoint was
evaluated by observing the change in SC morpholog-
ic features from the initial and final tape strips. These
changes were subjectively obvious, but to quantify the
morphologic results, numerical values were assigned
to the degree of improvement toward normal of 6
morphologic parameters: the number of yeast
observed per microscopic field, the amount of lipid in
the intercellular space relative to baseline, the preva-
lence of lipid inclusions within corneocytes, the
amount of normal lipid structure (Landmann units26)
in the intercellular space, the number of corneocytes
containing visible nuclei, and the prevalence of abnor-
mal corneocyte interdigitation (“scared” cells).

These 6 parameters were chosen before data col-
lection. The numeric grading scale was —10 to +10;
the scale used was -2 to +8. As with the clinical
score, a greater improvement in skin morphologic
features toward a normal SC structure is indicated by
a more positive number. A negative number indi-
cates a worsening of SC structure.

As before, the microscopists were blinded to
treatment identity during data collection and sample
analysis.

Statistical difference between groups was deter-
mined by single-factor ANOVA. Results were consid-
ered different for P < .05.

RESULTS
Normal scalp (no dandruff) has a relatively
normal outer SC ultrastructure

The sampled site from the individual shown in Fig
1, A had a dandruff grade of 0. The outer SC has an
appearance similar to that of other regions of the
body. Many of the corneocytes are closely apposed
and have normal morphologic characteristics. The

large separations between corneocytes are likely arti-
facts of the tape-stripping process, and the intercel-
lular spaces are in general filled with the embedding
plastic, not SC material. At higher magnification (Fig
1, B), small regions of excess lipid can occasionally
be found in the intercellular space (large arrow),
but in general the intercellular space has a lipid ultra-
structure that is normal for this individual’s age
(small arrows). Desmosomes are normal. Also
shown in the upper left and lower right corners of
Fig 1, B are lightly staining ovoid bodies within cor-
neocytes. These structures have previously been
identified as lipid inclusions, are typically not found
in normal SC at other body sites, and are only occa-
sionally seen in this individual.

SC from a flaking area of scalp with dandruff
has an abnormal (pathologic) ultrastructure

A diversity of ultrastructure was seen in the SC of
dandruff-involved scalp tissue, with no one person
having expression of all attributes simultaneously.
The sampled sites in Fig 2 had dandruff grades of 8.
Many of the corneocytes are not tightly apposed but
are separated by a thick mass of intercellular lipid
(Fig 2, A and B). Desmosomes are reduced in num-
ber and usually completely absent. There is infiltra-
tion by Malassezia (Fig 2, A, arrows). The intercel-
lular lipids have at least 2 separate morphologic
characteristics, a uniform, darkly staining material
divided into linear, flowing structures similar to that
previously described for sebum,2” and structures
that more closely resemble the “ground substance”
of subepithelial compartments.28 Some corneocytes
curl upon themselves, and others have highly inter-
digitated membranes, presenting a “scared” struc-
ture (Fig 2, €). In the “scared” phenotype there was
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Fig 2. Microscopic physiology of dandruff. A, Outer SC shows corneocytes widely separated
by excessive intercellular lipid. Malassezia are frequent and show a gradient into SC.
Desmosomes are rare. B, Massive amount of nonlamellar intercellular lipids, few desmosomes,
and curling corneocytes. C, Parakeratosis (arrows) and intracellular lipid droplets are perva-
sive. Desmosomes are rare. D, “Scared” corneocytes, exhibiting highly convoluted fingerlike
membrane projections.

less intercellular sebumlike material. In the site sam-
pled for Fig 2, D, the primary pathologic structures
are the immense number of lipid droplets within
corneocytes as well as the frequent presence of
parakeratotic nuclei (arrows). At higher magnifica-
tion there are virtually no intercellular lamellar struc-
tures of any kind and very unusual poorly staining
spherical structures similar to, but generally smaller
than, the lipid droplets within corneocytes.
Surprisingly, areas of dandruff scalp without obvi-
ous flakes (grade 0 or 1) had an ultrastructure simi-
lar to the pathologic findings of flaking areas. Skin
samples were also collected from the lower leg of a
subject with severe dandruff. These samples
revealed an SC structure normal for the individual’s
age, with tightly packed corneocytes containing few
lipids drops and having normal lamellar structures
and frequent desmosomes, indicating that the dan-
druff pathologic condition is confined to the scalp.
Sites were sampled from areas with a dandruff
grade of 5 to 6. The structural alterations of the outer

SC were intermediate between the control and indi-
viduals with severe dandruff. Particularly noticeable
was the intermediate level of excess intercellular
material. Similar to the severe dandruff case, the
uninvolved area of scalp had an ultrastructure that
was very similar to the involved area.

Visual grading shows ZPT shampoo improves
dandruff

For the treatment group, the average combined
ASFS change was +9.8 = 3.2. For the placebo group,
the average change in combined ASFS was —-1.5 = 7.1.
These results are statistically different by single-factor
ANOVA (P = .005), and we can conclude that the 3-
week treatment with a commercial ZPT shampoo
resulted in improvement in visual dandruff grade.

Microscopy evaluation shows a ZPT shampoo
improves scalp structure as it improves dandruff

Using the microscopy numeric grading for ultra-
structural changes, the average change for the treat-
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Fig 3. Posttreatment normalization of dandruff phenotype. A, Posttreatment morphologic fea-
tures showing improved corneocyte structure (curling of the topmost corneocytes is a
common artifact of tape stripping, when surface corneocytes directly contact tape).
B, Posttreatment morphologic features, with a very normal SC of tightly apposed corneocytes,
frequent desmosomes, and lamellar intercellular lipids.

ment group was +14.5 = 8.1. For the placebo group,
the average change was +3.7 = 6.0. These results
are also statistically different by single-factor ANOVA
(P = .025) and also show that a commercial ZPT
shampoo improves the scalp physiologic characteris-
tics disrupted in dandruff.

After treatment there was considerable normaliza-
tion of the SC structure toward that seen in the no-
dandruff control (Fig 3). Very few lipid inclusions were
present within corneocytes and no parakeratotic
nuclei were found, implying a significant decrease in
hyperproliferation (Fig 3, A). The commercial antidan-
druff shampoo convincingly normalized most of the
intercellular space (Fig 3, B), and a normal lipid struc-
ture with Landmann units was common, as shown in
the inset. It should also be noted that there were very
few, if any, corneocytes with “scared” membrane inter-
digitations after small particle ZPT treatment. Control
shampoo without ZPT had minor effects on the SC
ultrastructure of dandruff. Incremental improvement
in ASFS is common in clinical studies, most probably
because of increased shampoo use mandated by the
study protocol.

DISCUSSION

There have been few ultrastructural studies of dan-
druff. Light and electron microscopic studies of scalp
biopsy specimens have described the presence of
microorganisms and an apparent hyperproliferation
of the scalp epidermis with parakeratotic nuclei, lipid
droplets within corneocytes, a decrease in desmo-
somes, and frequent separations between corneo-
cytes with corneocytes often curling upon them-
selves.18-20 Using a newer fixation technology that is
superior for visualizing SC lipids,22%3 and investigat-

ing only the outer SC, we confirmed these structural
abnormalities. We found that individuals with dan-
druff also have excess intercellular lipids with several
different structural presentations. These structures
include a darkly staining amorphous or rivulet struc-
ture that we believe resembles that described for
sebum,?’ and a “ground substance”-like structure28
containing numerous darkly staining particulate
deposits. Corneocyte separations and corneocytes
curling upon themselves are likely caused by the mas-
sive sea of intercellular lipids that was not detectable
by earlier fixation protocols. We further describe cor-
neocytes with very abnormal, highly convoluted
membranes, giving the corneocytes a very spiny or
“scared” appearance.

Dandruff was previously characterized as a dis-
ease of the SC induced primarily by an interference
with the normal keratinization process of the epithe-
lial cells.18 Others have implicated disturbances of
sebaceous secretions.?? One manifestation of dan-
druff is the presence of lipid droplets within corneo-
cytes. The excessive accumulation of lipid droplets
within corneocytes is a typical consequence of
pathologic keratinization30 and is seen in a variety of
skin disorders, including psoriasis, acne, and fungal
infection.31-33 However, the excess intercellular
lipids that we observed in most individuals with dan-
druff has ultrastructural similarities more in com-
mon with the central chamber of the acne come-
done.34 Our observations therefore support both
altered keratinization and altered sebaceous secre-
tion in the cause of dandruff.

A diversity of ultrastructural responses was seen
in different individuals with dandruff. This may be
related to the previously observed focal nature of
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Fig 4. Correlation of microscopic phenotype with ASFS grades. There was good correlation
between changes in visual (clinical ASFS) grade and changes in morphologic assessment.
Placebo (circles) and ZPT treatments (black squares). Correlation of total population (solid
line, R? = 0.47), correlation after ZPT treatment (dashed line, R* = 0.81).

parakeratosis in this disease. Reasons for such focal
diversity are unknown, but we surmise they may be
related to microbial populations. Although there is
structural diversity in dandruff between individuals,
structural alterations are always present. Areas of a
dandruff-affected scalp have an abnormal SC struc-
ture, regardless of variations in visual grade. The
diversity of SC alterations may be the result of com-
peting disturbances of epidermal keratinization and
sebaceous lipid secretion.

To quantitatively evaluate the total picture of dan-
druff, including all morphologic observations in an
unbiased, nonweighted manner, we developed a
grading system based on SC morphology. There was
good correlation between changes in visual grade
(clinical ASFS) and changes in morphologic assess-
ment (Fig 4). Fig 4 includes placebo (circles) and
ZPT treatments (black squares). Although a correla-
tion is present (solid line, R* = 0.47), it is confound-
ed by wide variation in the placebo group. If these 2
groups are evaluated independently, there is a very
strong correlation between the visual and morpho-
logic changes after ZPT treatment (dashed line, R* =
0.81). There is no statistical correlation (R2 = 0.04)
between visual and morphologic changes for the
placebo group. This result is not surprising given the
limitations of the morphologic approach. As noted
previously, the tape-stripping procedure has prob-
lems of representative sampling, such as limited
sample size and unevenness with RuOy staining. As

such, the technique is very good at visualizing large
changes in morphologic characteristics, but as the
changes become more subtle they are difficult to
differentiate.

Whatever the presentation of ultrastructural abnor-
malities in dandruff, they were dramatically reduced
by use of a ZPT shampoo: Malassezia numbers fell,
excessive intercellular lipid level was decreased, parak-
eratosis was eliminated, corneocyte lipid inclusions
were diminished, and “scared” cell morphologic char-
acteristics were eliminated. Although the visual patho-
logic features of dandruff are located in the SC, this
layer reflects fundamental changes occurring in the
viable dermal cells that produce it. Consequently, the
normalization of the SC ultrastructure by ZPT must be
caused by the correction of pathology occurring in the
living epidermal layers. We consequently conclude
that use of a ZPT shampoo has, directly or indirectly,
treated the cause of dandruff and hereby normalized
epithelial keratinization and/or sebum production and
improved scalp health.
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