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Background/purpose: To develop a modification of the strip-

ping method allowing quick automated processing of corneocyte

samples to study human skin conditions. Although the previous

scrubbing technique and stripping method can provide sufficient

information about human corneocytes, they are either subject to

artifacts or involve time-consuming data processing.

Methods and Materials: In the first stage, an adhesive tape

is used to collect corneocytes as in the regular stripping

method. Then, a D-squame skin indicator is used to divide

the collected corneocytes into a lesser populated sample, in

which more individual corneocytes can be observed with the

help of fluorescent microscopy after dye staining. The

method was applied to study the change of corneocytes

after moisturizer (glycerin) treatment.

Results: The modified stripping method described allows

the automated processing of the geometrical characteristics

of corneocytes. Data for several hundreds of corneocytes

can easily be collected. The analysis of glycerin treatment

demonstrated a high sensitivity for the method. An average

increase of the corneocyte area of 5.1% was found after 9

days of treatment (the accuracy of the method was 0.5%).

Conclusion: The method described is suitable for the auto-

mated data processing. It allows for the reliable detection of

the expansion of the average area of corneocytes after 9

days of daily glycerin treatment.
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THE STRATUM corneum of human skin is formed
by several layers of corneocytes, protein

complexes of keratin fibers organized in a matrix.
Microscopic studies of corneocytes (1) allow re-
searchers to reveal the age and health condition
of human skin (2). Study of skin at the level of
corneocytes may be used for observation of early
stages of some diseases or abnormalities, such as
damage from sun exposure, environmental da-
mage, excessive drying, etc. (3–4).

Corneocytes can be studied with the help of
scanning electron microscopy (SEM) (5–7) and
atomic force microscopy (AFM) (8, 9). SEM allows
obtaining precise geometrical information of cor-
neocytes. However, the requirement of imaging in
vacuum leads to excessive shrinkage of corneo-
cytes. AFM allows with the study of corneocytes
without any sample preparation. Moreover, it can
provide information about the elasticity of corneo-
cytes, friction and topography at the nanoscale (9).

However, the AFM method is rather time consum-
ing for the collection of in-depth statistics.

Optical methods to image corneocytes are fast
and relatively simple. These methods are presently
based on scrubbing (10, 11) or stripping ap-
proaches (12, 13). Although scrubbing methods
allow for imaging of individual corneocytes, which
are easy to process automatically with existing
software [e.g., Image J (Wayne Rasband), Image
Tool, Pixcavator, Image Metrology], however, the
corneocytes collected may be damaged during
scrubbing. A typical sample collected consists of
70% individual corneocytes, 10% cell debris, 20%
corneocyte aggregates, and about 1% artifacts) (11).
More importantly, the original size of the corneo-
cytes may change in the soap solution and during
subsequent drying required for this method.

The stripping method is less prone to treatment
artifacts (14). In the stripping method, one
collects corneocytes directly from the skin by
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placing an adhesive tape on the skin. The strip-
ping method is popular in the cosmetic industry,
where it helps to evaluate the efficiency of var-
ious skin creams (13, 14). Fluorescence staining of
the skin sample suggested in Leeson et al. (15)
simplifies the imaging with the help of fluores-
cent microscopy. A further development of fluor-
escent staining of corneocytes after collecting in
vitro, which was proposed in Guz et al. (16),
simplifies imaging. The disadvantage of the strip-
ping methods is that the sample usually contains
many huge clusters of corneocytes, skin flakes,
rather than individual corneocytes. To process
images of corneocytes with the help of software,
one needs a sufficient quantity of individual
corneocytes, which is difficult to obtain in the
regular stripping method.

Here, we describe a modified version of the
stripping method, which allows an automated
software-based processing of the imaged corneo-
cytes. In this method, the corneocyte clusters are
further divided on application of sticky tape,
with subsequent fluorescence staining in vitro,
similar to that described in Leeson et al. (15).
Consequently, more individual corneocytes can
be imaged using this method. An example study
of the effect of moisturizer (glycerin) treatment
on the average size of corneocytes is carried out
here to demonstrate the method developed.

Materials and Method

Materials
A regular general-use adhesive tape (Scotch 3 M
Matte finish Magic Tape, 3M Inc., St Paul, MN,
USA) was used to collect samples of the top layers
of corneocytes. Adhesive tape strips (D-squame
skin indicator D200, CuDerm Corp, Dallas, TX,
USA) were used to split corneocyte samples from
the adhesive tapes. Fluorescein Green fluorescent
dye (Sigma Aldrich Inc., St. Louis, MO, USA) was
used to stain the samples. Glass slides (Crystal
Line Premier Brand, 8105), cover slips (Hamilton
Thorne Research, Beverly, MA, USA), and glycerin
(New Directions Aromatic Inc., Brampton, ON,
Canada) were used moisturizers.

Subjects
Five healthy 23–25-year-old human subjects parti-
cipated in this study after giving informed consent.
None of them had any visual abnormalities on the

test areas that could affect the measured skin. The
flakes were collected from the forearm.

Sample preparation
The sample of corneocytes was prepared for
imaging using the following steps. Step 1: a piece
of sticky tape was placed on the skin of a human
volunteer (subject) to collect corneocytes. Step 2:
the sticky tape was placed on a D-squame adhe-
sive strip, which picks a sufficient amount of
individual corneocytes and helps to split the cor-
neocyte clusters collected on the sticky tape. Step 3:
the corneocytes on the D-square adhesive strip
were stained with Fluorescein Green for conse-
quent imaging with fluorescent microscopy. As an
example used here, a 5 cm piece of adhesive tape
was first applied to skin in the middle of forearm
(step 1). The sample was then prepared by placing
a D-squame adhesive tape strip on the collected
corneocytes (Step 2). The sample was then stained
with fluorescein green dye (0.1 mM aqueous solu-
tion) for about 5 min, washed with water, and then
dried under ambient conditions (Step 3).

It should be noted that the corneocytes may still
remain in clusters even if we apply the method
described above. In this case, one can place a
new adhesive strip either on the same area of the
adhesive tape or the D-squame adhesive strip
again to collect another sample. This will provide
more individual corneocytes. Secondly, one can in
principle use the sticky tape for the subsequent
staining and imaging. The use of the D-square
adhesive strips rather than the sticky tape is
justified only by the convenience of handling.

Fluorescent imaging
A C1 Eclipse Nikon confocal microscope placed on
the base of a Nikon TE2000U inverted microscope
(Melville, NY, USA) base was used to collect the
images of corneocytes. The use of a confocal
microscope is not mandatory here. In principle,
any fluorescent microscope with a sufficient reso-
lution can be used. The strip of the sample was
stuck to a cover glass so that all the corneocytes
were located on the same plane. � 10 (NA 0.15)
CFI APO objective was used. A blue argon ion
laser with a wavelength of 488 nm was used as a
light source. The recorded resolution of each image
was set to 1024� 1024 pixels (scan size 1� 1 mm).
Brightness (sensitivity of the photomultiplier) was
set visually. The resulting brightness and contract
were later adjusted during the process of data
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analysis. The recorded images were converted to
bmp-format for processing with Image J software.

Calculation of the corneocyte area
The area of individual corneocytes can be calcu-
lated automatically by means of Image J software.
Using this software, one can calculate the area,
mean, standard deviation, perimeter, circularity,
etc. of user-defined shapes in a graphical image.
Before analyzing the images, the image should be
converted in either an 8- or a 16-bit grayscale.
This can be done using the menu command
Image! Type of the image, and then switching
to ‘8- or 16-bit grayscale.’ The lateral size of the
image has to be input manually to obtain mea-
surements in mm2. This can be done by using the
menu command Analyze! Set scale. To analyze
the geometry of the corneocytes, one should then
manually choose a threshold to define the edges
of the corneocytes. This is done by choosing
Image! Adjust Threshold, and moving a sliding
bar to visually find the appropriate threshold.
The error of such a visual definition of the edge
does not exceed 0.5%. The error was found by
calculating the area of corneocytes while choos-
ing the appropriate threshold three times by two
independent operators.

It is worth noting that in the case of some simple
clusters of corneocytes, it is still possible to obtain
useful geometry information. This can be done
using the watershed function, which automatically
separates the adjacent corneocytes. This can be done
by clicking on Process Binary!Watershed. The para-
meters of interest calculated by the software can be
set in the dialog Analyze! Set measurements! Set
parameters. After setting the range of the size and

circularity within the range expected for the cor-
neocytes, the compilation is carried out by choosing
the menu command Analyze! Analyze particles.
(This does not change the size of the defined
corneocytes.) To eliminate inevitable artifacts, one
can delete visually damaged corneocytes or ‘junk’
manually in the ‘ROI Manager’ window.

The method and the associated errors are de-
monstrated in Fig. 1 and Table 1. Figure 1 shows
the counters of the processed corneocytes. Table 1
shows an example of several parameters of the
corneocytes highlighted with circles in Fig. 1.

Example study. Moisturizer treatment: short-term
effect
There is a known short-term (several hours) action
of moisturizers on human skin. Here, we define
the exact time of the short-term action of glycerin
to avoid the confusion with the long-term effect,
which typically requires many days or weeks.
Glycerin was applied on a large area of the left
forearm of a volunteer. Samples were collected
from three different sites on the left forearm.
Similarly located sites on the right forearm were
used as a control. The samples were taken before
the treatment and every 4–5 h after the treatment.

Example study. Moisturizer treatment: long-term
effect
Five volunteers participated in this study. Sam-
ples were initially taken from the center of both
the left and the right forearms before the moist-
urizer treatment. All volunteers were asked to
use the moisturizer over that area of the right
forearm for 9 days, once a day in the evening. The
samples collected from the left arm were used as

Fig. 1. An example of the collected corneocytes processed using Image J software. (a) The original image of collected corneocytes, (b) the processed

image showing the perimeters of the detected corneocytes of (a).
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a control. Another group of samples was taken
from both arms of each volunteer on the 10th day.
This was done 22 h after the last moisturizer
treatment to eliminate the interference of the
short-term effects.

Results

Figure 2 shows the comparison of the images of
corneocytes prepared using our new (Fig. 2a) and
traditional (Fig. 2b) stripping methods (5). One
can see a substantially higher number of indivi-
dual corneocytes prepared using our new
method. The images of corneocytes collected
using the traditional method show a huge num-
ber of clusters, which are not suitable for auto-
matic processing described in Materials and
method. The method described in this work
will now be applied to the study of the treatment
of human skin with a glycerin moisturizer.

Estimation of the sample size
It is important to estimate the number of corneo-
cytes to obtain statistically sound numbers. To do
this, we determined the difference between the
ongoing average (the average for a given number
of measurements) and the final average (calcu-

lated for all measurements). The difference is
given in percentage with respect to the final
average. Figure 3 shows such differences for
several examples used in this study. One can
see the o0.5% deviation/error in the definition
of the average when the number of corneocytes is
about 350–400. Thus, we used about 400 corneo-
cytes for each sample in the present study.

Short-term glycerin treatment
Table 2 shows the short-term relative expansion
of the average size of corneocytes resulting from
the short-term glycerin treatment. The area
change of the corneocytes collected from left
(treated) vs. right (control, untreated) hands is
presented. The average area was calculated using
around 400 corneocytes. The area change is equal
to the relative change of the corneocyte area with

Fig. 2. The images of corneocytes prepared using our new (a) and traditional (b) stripping methods. The bar size is 100 mm.

TABLE 1. An example of parameters obtained for each corneocyte high-
lighted by circles in Fig. 1

# Area (mm2) Perimeter (mm) Circularity

1 1070 � 0.0 134 � 0.0 0.75 � 0.0

2 1070 � 2.0 133 � 1.0 0.76 � 0.02

3 790 � 1.0 121 � 0.5 0.68 � 0.04

4 1210 � 1.0 139 � 1.0 0.79 � 0.01

5 1170 � 3.0 133 � 1.0 0.83 � 0.1

6 1150 � 3.0 138 � 1.0 0.76 � 0.01

Fig. 3. Percentage difference between the ongoing average (the average

for the given number of measurements) and the final average (calculated

for all measurements of the series) given with respect to the final average.
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respect to the area at time zero (before the treat-
ment). The ‘area change of left vs. right’ is equal
to the difference of the area changes between the
left and the right forearms. This is the major
parameter showing the change of the average
area of corneocytes after the treatment. This
experiment was repeated four times.

Long-term moisturizer treatment
Table 3 presents the treatment data for five volun-
teers. The average areas of corneocytes were cal-
culated before and after the 9-day glycerin
treatment (right forearm). As a control experiment,
similar data were collected for the left (untreated)
forearm. The expansion ratios are shown for each
forehand. ‘Left vs. right area change’ is equal to the
difference of the area changes between the right
and the left forearms. This is the major parameter
showing the change of the average area of corneo-
cytes after the treatment.

One can see that the average corneocyte area
increased noticeably after the 9-day glycerin treat-
ment for most volunteers. It is interesting to com-
pare the observed change with the type of skin. The
skin type of the subjects, shown in Table 4, was
found using the questionnaire method described in
Leslie (13). One can see that the left vs. the right
area change varies from 1.0% for oily, sensitive/
resistant, non-pigmented, wrinkled skin to 9.8% for
dry, resistant, non-pigmented, wrinkled skin.

Discussion

The modified stripping method presented allows
the imaging of corneocyte samples with a larger
number of individual corneocytes and lesser
number of corneocyte clusters, Fig. 2. These
images are well suited for automated processing
to analyze the geometry of the collected corneo-
cytes. As an additional positive result, when
using our modified stripping method, one needs
to take a smaller number of images to obtain
sufficient number of individual corneocytes. We
demonstrated how Image J software could be
used for such a processing; see Fig. 1 and Table
1. Usually, about 10 fluorescent images allow
collecting 400–500 corneocytes for each sample.
This amount is sufficient to provide a small error
of the statistical calculation of the average area of

TABLE 2. The average areas of corneocytes of the treated and control groups, and the changes of the areas

Left/right forearm Site 1 (mm2) Site 2 (mm2) Site 3 (mm2) Area change (%)

Left vs. right area

change (%)

Before treatment, 0 h 950/1010 960/980 980/1010

3 h 1050/970 10.5/�4.0 14.5

7 h 950/1000 �1.0/2.0 �3.0

11.5 h 990/1030 1.0/2.0 �1.0

TABLE 3. The average areas of corneocytes, and the changes of the areas for 5 human volunteers. The number of studied corneocytes is shown in parenthesis

Volunteer #

Initial area

right (mm2)

Treated area

right (mm2)

Right area

change (%)

Left before

(control) (mm2)

Left after

(control) (mm2)

Left area

change (%)

Left vs. right

area change (%)

1 970 (435) 1040 (468) 6.5 920 (404) 960 (468) 4.4 2.1

2 1030 (403) 1050 (414) 2.0 1050 (435) 1060 (450) 1.0 1.0

3 980 (455) 1030 (431) 5.1 990 (417) 970 (413) � 2.0 7.1

4 1000 (424) 1060 (468) 6.0 1060 (422) 1020 (411) � 3.8 9.8

5 940 (410) 1030 (394) 9.6 950 (402) 990 (409) 4.2 5.4

TABLE 4. Skin types of the human volunteers

Subject # Race Gender Age Type of the skin

1 Asian Male 25 Oily, sensitive, non-pigmented,

wrinkled

2 Asian Male 25 Oily, sensitive/resistant,

Non-pigmented, wrinkled

3 Asian Female 23 Oily, resistant, non-pigmented,

wrinkled

4 Caucasian Female 25 Dry, resistant, non-pigmented,

wrinkled

5 Asian Male 24 Oily, resistant,

non-pigmented, tight
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corneocytes, lesser than � 0.5%; see Fig. 3. Thus,
an effect can be considered if the average size of
corneocytes changes 41%.

We demonstrated the developed method for
the example of glycerin (moisturizer) treatment.
We observe the change in the average size of
corneocytes due to the treatment on one of the
hands (forearm) while measuring the corneocyte
sizes on the other hand (untreated) as a control.
This is necessary to exclude all other factors
except moisturizing (the size of corneocytes can
change due to natural processes). Our assump-
tion here is that the change in the corneocyte size
due to the natural processes would be the same
on both hands.

First, the short-time action of glycerin treat-
ment was determined, Table 2. The samples were
collected at three different sites. Three sites on
one forearm were treated with glycerin, while the
other three sites on the other hand were used as
controls. The reason for choosing three different
sites on each hand was as follows: if the samples
are taken from the same site several times, the
moisturizer may be removed with the sticky tape.
This would alter the experiment. Therefore, the
samples were taken from different sites to ensure
that the moisturizer was still on the skin. One can
see from Table 2 that the short-term effect of
glycerin application disappears after about 12 h.
Therefore, when measuring the long-term effect,
one needs to collect corneocytes at least 12 h after
the last application of the moisturizer. Interest-
ingly enough, after a large increase in the size of

corneocytes ( � 15%) in three hours after the
treatment, there was a decrease in the corneocyte
size observed after seven hours. This was repea-
table over several tests. This is an expected effect
of glycerin, which helps to bring moisture to skin
surface from deeper layers of skin. This helps
with the initial moisturizing of the skin. How-
ever, after the absorbance of the glycerin, and the
evaporation of this excessive moisture, the skin
could slightly be dried because of the lack of
moisture in the deeper layers of the skin.

This increased average area of corneocytes was
observed after 9 days of treatment. To avoid the
short-term effect discussed above, the final sam-
ples were taken 22 h after the last moisturizer
treatment. It was found that different types of
skin might have different sensitivities to the moist-
urizer treatment. For instance, dry skin is much
more sensitive to glycerin treatment than oily skin;
the relative expansion ratio of the dry skin is up to
9.8% while that of oily skin was observed to be as
small as 1%. While more statistics are definitely
required to arrive at more accurate conclusions
about the moisturizer treatment, the study de-
scribed demonstrates the sensitivity, speed, and
accuracy of the proposed method.
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