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Abstract. Atopic dermatitis (AD) is a multifactorial inflammatory skin disease that affects both children and
adults in an increasing manner. The treatment of AD often reduces subjective skin parameters, such as itching,
dryness, and tension, but the inflammation cannot be cured. Laser scanning microscopy was used to investigate
the skin surface, epidermal, and dermal characteristics of dry and atopic skin before and after treatment with an
ointment rich in hyperforin, which is known for its anti-inflammatory effects. The results were compared to sub-
jective parameters and transepidermal water loss, stratum corneummoisture, and stratum corneum lipids. Using
biophysical methods, in particular laser scanning microscopy, it was found that atopic skin has distinct features
compared to healthy skin. Treatment with a hyperforin-rich ointment resulted in an improvement of the stratum
corneum moisture, skin surface dryness, skin lipids, and the subjective skin parameters, indicating that the
barrier is stabilized and improved by the ointment. But in contrast to the improved skin surface, the inflammation
in the deeper epidermis/dermis often continues to exist. This could be clearly shown by the reflectance confocal
microscopy (RCM) measurements. Therefore, RCM measurements could be used to investigate the progress in
treatment of atopic dermatitis. © 2015 Society of Photo-Optical Instrumentation Engineers (SPIE) [DOI: 10.1117/1.JBO.20.5.051013]
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1 Introduction
Atopic dermatitis (AD) is a chronic inflammatory skin disease
with an increasing prevalence in industrialized countries.1 AD is
characterized by pruritus and eczematous lesions, which are
accompanied by excessive infiltration of inflammatory cells.2,3

Although the pathogenesis of AD has not yet been fully under-
stood, genetic, environmental, pharmacological, psychological,
immunological, and skin barrier dysfunction factors are believed
to contribute to the underlying pathogenic mechanisms.4–6

Topical glucocorticoids or calcineurin inhibitors are com-
monly used to treat moderate to severe AD, but the long-term
use of steroids at high concentrations is associated with a num-
ber of side effects.7 In addition, various natural sources, i.e.,
plant extracts, are widely used in the treatment of AD, as certain
plants have anti-inflammatory properties that may reduce the
symptoms of AD or can extend the interval between acute
inflammatory phases.8 A lipophilic extract from St. John’s wort
(Hypericum perforatum) is used as an active ingredient for the
treatment of atopic skin. A major constituent of the lipophilic
extract is hyperforin, a phloroglucinol derivative, which is
known to provide anti-inflammatory, antitumor, and antibac-
terial properties.9,10

Laser scanning microscopy (LSM), commonly implemented
in the diagnosis of skin tumors,11,12 can be used to investigate
inflammatory skin diseases.13–16 The cellular structures of the
epidermis and the capillaries yield information regarding the

skin status, even if the skin surface does not show any distinct
pathological features.

In this study, volunteers with dry to atopic skin who did not
use any therapeutic cream or drugs were investigated before and
after treatment with the hyperforin-containing ointment, and
skin parameters were analyzed with several techniques. Typical
skin parameters, including the barrier function, moisture content
of the stratum corneum (SC), and the composition of skin lipids
were measured using bioengineering techniques. Furthermore,
subjective parameters, such as itching, skin dryness, and
tension, were evaluated. The structure of the skin surface and
the epidermis were analyzed using LSM.

2 Method and Materials

2.1 Investigational Ointment

The investigational cosmetic ointment provided by Klosterfrau
Healthcare Group, Cologne, Germany, contains a hypericum
perforatum extract (1.5% w/w) that is rich in hyperforin. The
extract also includes the following ingredients (International
Nomenclature of Cosmetic Ingredients): aqua, petrolatum, pro-
pylene gycol, caprylic/capric triglyceride, PEG-20 glyceryl stea-
rate, cetyl alcohol, glyceryl stearate, panthenol, phenoxyethanol,
tocopherol, tocopheryl acetate, and allantoin. On average,
29.2� 14.5 g of the ointment were applied by the volunteers
on their forearms.
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2.2 Subjects

Fourteen volunteers with dry or atopic skin were investigated
before and after the application of the cream. Seven subjects
were recruited at the Department of Dermatology of the
Charité-Universitätsmedizin Berlin and seven subjects at the
Department of Dermatology of University Medical Center
Freiburg. The treatment period was 14 days in Freiburg and
28 days, with an intermediate visit on day 14, at the Charité.

The study design was evaluated and approved by the Ethics
Committees of the Charité-Universitätsmedizin Berlin and the
University Medical Center Freiburg. All volunteers had given
their written informed consent for participation in the study.

2.3 Study Procedure

For each volunteer, a mask of the inner forearm was prepared on
an overhead foil using natural markers (i.e., naevi) to later find
the same areas at all measurement time points.

First, the evaluation of the subjective parameters was per-
formed and the transepidermal water loss (TEWL) and SC
moisture were measured. Subsequently, the LSM investigations
were performed. The SC lipids were extracted in proximity to
the investigated area to avoid contaminations with marker and
immersion oil in the extraction fluid.

2.4 Parameters of the LSM Investigations

For laser scanning microscopy, seven volunteers were investi-
gated at day zero and after 28 days using a commercially
available LSM system (VivaScope® 1500 Multilaser, MAVIG,
Munich, Germany) with the reflectance and fluorescent modes.
The system is equipped with three low-power diode lasers emit-
ting at 488, 658, and 785 nm (max. 15 mW, laser class 1M) and a
lens with a numerical aperture of 0.9. In this study, the wave-
length of 488 nm was used for the investigation in the fluores-
cence mode and 658 nm for the reflectance confocal microscopy
(RCM). The device provides a lateral resolution of 0.5 to 1.0 μm
and an axial resolution of 3 to 5 μm with a maximum imaging
depth of 200 to 250 μm. A drop of fluorescein was applied, and
after a 5-min penetration time, it was removed to enable the fluo-
rescent measurements. A drop of immersion oil was applied to
the surface of the skin in order to minimize spherical aberration.
Then, an objective steel ring with an adhesive plastic ring was
applied to the skin. First, a dermatoscopic image was obtained
by using an integrated dermatoscopic camera. Subsequently,
ultrasound gel was applied between the objective ring and the
objective, and the LSM imaging process was started. Horizontal
composite images of 8 × 8 mm (confocal mosaics) were
obtained on the surface in the fluorescence and reflectance
modes to present the SC structure. Four representative images
of the SC were taken in the fluorescent mode. Furthermore,
sequential horizontal images of 500 × 500 μm2 were obtained
in reflectance mode on the areas of special interest, starting at
the SC and continuing through the stratum granulosum (SG),
stratum spinosum (SS), and the dermal-epidermal junction
(DEJ) to the superficial dermis. The frame rate was nine frames
per second.

From the mosaic of the surface, the uniform arrangement of
the furrows was determined. Zero was related to a normal uni-
form arrangement, 1 to slight derangement, and 2 to strong
derangement.

The skin surface dryness was determined using the fluores-
cent images of the SC. A score from 1 to 3 was developed;
1 = well-tended skin, 2 = slightly dry, 3 = strongly dry and
disturbed corneocyte structure.

The quality of the honeycomb structure of the SS was deter-
mined by a score, taking the first images of the SS; 0 = regular
structure, 1 = slightly irregular, 2 = strongly irregular.

The spongiosis is mainly an intercellular edema that is char-
acterized by dark areas; 1 = no spongiosis, 2 = small spongiosis,
3 = strong spongiosis.

Other criteria for inflamed skin are the visibility of the epi-
dermal papillae or the elongated papilla. As most of the papillae
were hardly visible, the size of the papillae was not estimated.
The score used for the recognition of the papilla was 1 = clear
visibility, 2 = difficult to recognize, 3 = no demarcation.

2.5 Subjective Parameters

The subjective parameters, like skin dryness, itching, and ten-
sion, were determined at the time points T0 (n ¼ 14), T14
(n ¼ 14), and T28 (n ¼ 7); the volunteers were asked to esti-
mate the parameters on a scale from 0 to 10, whereby 0 was
related to no dryness, no itching, and no tension and 10 to
the strongest effects of the parameters.

2.6 Biophysical Skin Parameters

To characterize the skin barrier function, the TEWL (Tewameter
TM 300, Courage + Khazaka electronic GmbH, Cologne,
Germany) was measured at the time points T0 (n ¼ 14), T14
(n ¼ 14), and T28 (n ¼ 7). The corneocyte moisture was mea-
sured using the corneometer CM 825 (Courage + Khazaka elec-
tronic GmbH, Cologne, Germany) at the same time points.

2.7 Skin Lipid Determination

It is well known that skin lipids are strongly modified in the skin
of atopic dermatitis patients.17 To determine the skin lipid pro-
file, lipids were directly extracted from the upper skin using
ethanol as described previously.18,19 Skin lipid analysis was per-
formed at T0 and T28 in seven volunteers. From each skin area
(diameter: ∼1.77 cm2), the skin lipids were extracted. The fol-
lowing procedure was repeated in triplicate in order to obtain
9 mL of skin lipid extract. A centrifugation tube filled with
3 mL solvent was placed on the skin and the extraction was per-
formed by shaking the arm with the tube for 1 min. This was
repeated three times on the same measuring area. Extracts were
dried under a continuous stream of nitrogen and reconstituted in
300 μL n-hexane/methanol, 2∶3 (v:v). Samples were stored at
−20°C until the analysis with high-performance thin-layer chro-
matography (HPTLC) was conducted.

The chromatographic analysis of the lipid profile was per-
formed according to the procedures of Farwanah et al. as
well as Schellenberg and Kabrodt20,21 with slight modifications.
For the analysis of the skin lipid profile, 10 μL of the skin
extracts and the standard solutions were applied as 6 mm
bands under a flow of nitrogen on silica gel plates (HPTLC,
Silica Gel 60, Merck, Darmstadt, Germany, 10 × 20 cm, pre-
washed with methanol/chloroform (v:v, 1∶2) using an HPTLC
autosampler (ATS4, CAMAG, Muttenz, Switzerland). For the
analysis of the cream lipid profile, the cream was dissolved
in n-hexane/methanol, 2∶3 (v:v). Chromatographic separation
was completed with a nine-step gradient using an automated

Journal of Biomedical Optics 051013-2 May 2015 • Vol. 20(5)

Meinke et al.: Characterization of atopic skin and the effect of a hyperforin-rich cream. . .



development chamber (AMD 2, CAMAG). Elution solvents
were methanol (Roth, Karlsruhe, Germany), chloroform
(Grüssing, Filsum, Germany), toluene (Th. Geyer, Renningen,
Germany), and n-hexane (Merck). 4 M acetic acid (Roth) was
used as a preconditioning agent to improve the band sharpness
of oleic acid. Lipids were quantified after staining with 10%
CuSO4 (Roth), 8% H3PO4 (Merck), aqueous solution, and
charring at 180°C for exactly 8 min using a TLC Wavelength-
Scanner 3 (CAMAG) equipped with WinCATS software
(version 1.4.4.6337) at a wavelength of 600 nm. For this pur-
pose, L-α-phosphatidylcholine (PC), cholesterol (Chol), oleic
acid, glyceryl trioleate, cholesteryl oleate, sodium cholesteryl
sulfate, squalene (SQ), sphingomyeline (SM) (all Sigma
Aldrich), ceramide [NS] (Sederma, Nettetal, Germany), ceram-
ide [NP] (Cer [NP]), and ceramide [AP] (Cer [AP]) (Evonik,
Essen, Germany) were used. All standards were dissolved in
methanol/chloroform (v:v, 1∶1). For the determination of single
compounds in SC extracts, the standard ceramides Cer [NP] and
Cer [AP] were used for the quantification of two substances,
each described as Cer [NP1] and Cer [NP2], and Cer [AP1]
and Cer [AP2]. The amounts of L-α-phosphatidylcholine and
sphingomyeline were determined as a sum (sum PC+SM).
Calibration was conducted three times using 10 calibration sol-
utions of the standard mixture.22

2.8 Data Analysis and Statistical Evaluation

The statistical results were calculated using Microsoft® Office
Excel for determining the mean values, balances, and standard
errors as well as SPSS® 19 for Windows. The descriptive
exploratory data analysis of the related variables was subjected
to the Friedman test and the Wilcoxon test. A significant differ-
ence was found in the case of p ≤ 0.05.

3 Results

3.1 Laser Scanning Microscopy

The SC structure representing the dryness was determined using
the fluorescent images of the SC, which were measured at
488 nm (Fig. 1). A honeycomb pattern of the corneocytes, as
shown in Fig. 1(b), represents well-tended skin. Most of the vol-
unteers started with a dry and disturbed SC structure, visible by
highly reflecting corneocytes, which are desquamated cells
[Fig. 1(a)]. Partial depressions of the surfaces were also visible
at the beginning of the study.

Using the reflectance mode at 658 nm, mosaics of the skin at
the depth of the SS could be obtained (Fig. 2). The healthy skin
showed a uniform arrangement of a polygon mesh of the

Fig. 1 Selected laser scanning microscopy (LSM) images of the stratum corneum (SC) of two volunteers
in the fluorescence mode. An example of (a) a dry and disturbed corneocyte structure and (b) an almost
well-tended skin.

Fig. 2 Mosaics of the skin surface making the furrows on the surface visible. (a) An almost uniform
arrangement of a polygon mesh of the furrows is visible. (b) Strongly atopic skin lost the uniform arrange-
ment and mainly parallel furrows are visible.
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furrows [Fig. 2(a)], which disappeared in atopic skin with mod-
erate lesions [Fig. 2(b)]. In parts of the images of the lesions,
disrupted skin was visible.

To obtain semiquantitative data, a score was developed for
the skin surface dryness and the arrangement of furrows. The
results of the evaluation are shown in Fig. 3.

For most of the volunteers, a trend of reduction in the dryness
was obtained from 2.4 to 2.0 after 28 days of application (Fig. 3,
left). The uniform arrangement of the furrows did not change
over the investigated time period (Fig. 3, right).

After taking the mosaic images, z-scans in the reflectance
mode were performed to investigate the epidermis until the
DEJ zone. In Fig. 4, images of a healthy but dry skin and atopic
skin with a moderate erythema are shown.

Healthy skin starts with an intact SC and SG with regularly
formed cells in the SG. The atopic skin at this depth showed a
disrupted skin barrier where parts of the cells of the SG lost their
regular form. In healthy skin, the honeycomb structure in the
SG and SS was visible, whereas in the atopic skin, spongiosis
in terms of dark areas relative to the surrounding epithelium
appeared. The intercellular spaces between the keratinocytes
were larger than normal.

In atopic skin, the SS was extended and, thus, the epidermis
thickness was increased. In healthy skin, the top of the basal cell
layer at 15 μmwas characterized by pigmented skin cells, which
appeared brighter and surrounded the blood capillaries (arrow).
The pigmented cells provided a higher reflective index and,
therefore, appeared brighter. They were absent in inflamed
atopic skin.

Furthermore, the papillae consisting of basal cells were vis-
ible in intact skin at the DEJ zone. These may not be visible in
inflamed atopic skin. The blood vessels appeared directly and
were partially elongated, and a high throughput of erythrocytes
could be observed during the z-scan measurement. The images
seemed to be blurred. This continues in the dermis (D) down to a
depth of 150 μm, where elastic fibers and collagen should be
visible as presented in intact skin at 90 μm. Because of the miss-
ing structure of the papillae and the blurry images of the DEJ
zone, the diameter of the papillae and epidermis thickness could
not be estimated for inflamed atopic skin.

To present this loss in structure at the DEJ in more detail,
images before and after treatment of one volunteer starting
with a superficial moderate eczema are presented in Fig. 5. The
eczema was reduced after two weeks of treatment, and this was
reflected clearly in the RCM images.

To get some statistical data for the honeycomb pattern and
spongiosis of the SS, scores were developed. The mean values
of these scores are shown in Fig. 6.

Most of the volunteers started with a relatively high irregular
structure and a moderate spongiosis. After application of the
investigational ointment, the spongiosis was significantly
reduced and the quality of the honeycomb pattern was also
improved (not significant).

Going deeper into the skin, the bright papillae rimed at the
DEJ in intact skin. In atopic skin, the bright papillary could be
absent. The score values at the beginning at T0 were ∼2.2,

(a) (b)

Fig. 3 (a) score of SC dryness after analysis of the LSM images in the
fluorescence mode: 1 corresponds to a well-tended skin, 2 to slightly
dry, and 3 to strongly dry and disturbed corneocyte structure. (b) score
of uniform arrangement of the furrows after analysis of the LSM
images in the reflectance mode: 0 corresponds to a normal uniform
arrangement, 1 to a slight derangement, and 2 to a strong derange-
ment (n ¼ 7).

Fig. 4 Reflectance confocal microscopy (RCM) measurement of dry (upper panel) and moderately
inflamed atopic skin (lower panel).
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which indicates that they are difficult to recognize and partly
that there was no demarcation. At T28, the score improved
to ∼1.8, which means that the papillae were still difficult to
recognize but partly clearly visible. The changes were not
significant.

3.2 Biophysical Skin Parameters

The skin parameters, TEWL and corneocytes moisture, relative
to the initial values are shown in Fig. 7. The corneocyte moisture
significantly increased between T0 and T14. From T14 to T28,
the values were enhanced slightly (not significant).

The TEWL values showed no significant changes over the
study time. The values showed high variations, which was,
inter alia, due to the genesis of new erythema at T28.

The 15 SC lipids were analyzed before (T0) and after the
application of the hyperforin-containing ointment at 28 days
(T28). Several lipids increased after the application of the oint-
ment, but only for Cer [NS], a trend (p < 0.1) and for Chol,
could a significant increase be observed. In Fig. 8, the lipid con-
centrations relative to the initial values (V2/V1) are shown.

3.3 Subjective Skin Parameters

In Fig. 9, the subjective parameters are shown. All parameters
decreased significantly from T0 to T14 and improved further to
T28, but not significantly.

4 Discussion
The microscopic investigations with the LSM could demon-
strate strong differences between healthy and inflamed atopic
skin. The LSM images in the fluorescence mode showed
distanced changes in the corneocytes pattern, which are partly
in agreement with observations of Suihko and Serup who
induced erythema by irritants.16 The increased roughness in
atopic skin lesions was already observed using profilometry
by Linde et al.23 The RCM measurements, in particular, can
be used to characterize the status of the inflamed atopic lesion.
The drastic changes in the polygon mesh of the furrows were
clearly visible and have not been described in the literature
thus far. The appearance of spongiosis, the loss of the honey-
comb structure, acanthosis, and the absence of the bright pap-
illary rims are described for other inflammatory skin disorders,

Fig. 5 RCM images of stratum papillae at T0 (a) and T28 (b) of one patient. The supposed blurring of
the image is clearly visible in the left image. The bright papillae rims are almost lost and the cellular
borders have vanished. The left image is taken at 84 μm and the right one at 65 μm, indicating the
epidermal thickening.

Fig. 6 Spongiosis and honeycomb structure of the stratum spinosum
imaged by RCM of the inner forearm before and after the application
of the ointment. Score spongiosis: 1 = no spongiosis, 2 = weak spon-
giosis, 3 = strong spongiosis. Score honeycomb structure: 0 = regular
structure, 1 = slightly irregular, 2 = strongly irregular (n ¼ 7).

Fig. 7 SCmoisture and transepidermal water loss relative to the initial
values (mean� SE) at three visits (*p < 0.05) [nðT0;T14Þ ¼ 14,
nðT28Þ ¼ 7].
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such as acute allergic and irritant contact dermatitis, discoid
lupus erythematosus, vitiligo, and psoriasis.13–15,24–27 Other
well-known patterns, such as hyperkeratosis and dermal inflam-
mation, were not detected in atopic skin lesions. The RCM
results are in agreement with histological findings for AD.4

Besides the investigation of changes in the microstructure
of the epidermis and dermis, the present study was aimed at
correlating these parameters with classical skin parameters
and the subjective parameters. Interestingly, the subjective
parameters improved considerably after two weeks, and also
a slight improvement at T28 was obtained. Such strong effects
could not be found in any of the objective parameters. Only the
SC moisture improved significantly after two weeks and the
skin surface dryness and the spongiosis showed small but sig-
nificant improvements after four weeks. The SC moisture and
the skin surface dryness were expected to improve rapidly as
the volunteers were not to use any cream three days prior to
the initial visit. The measurements at visit 1 at T0, therefore,
showed dry skin with a low SC moisture, and the subjective

skin dryness, itching, and tenderness exhibited comparably
high values.

Spongiosis, the most important histological feature of acute
eczema, clearly improved during treatment. This could be due to
the improved barrier function of the SC subsequent to the appli-
cation of the cream. In contrast, the results of the TEWL values
did not show significant changes. This may be due to the small
sample size and high error bars of the TEWL measurements.
Also, although the volunteers did not apply the cream on the
days of measurements, a barrier film could have been destroyed
by putting the sensor on the skin.

The LSM pattern in the deeper epidermis showed no or mod-
erate improvement over the time of cream application. This
illustrates that the inflammation was only slightly reduced in
the upper layer of the epidermis but not in the deeper layer
in the region of the DEJ. The nonrimmed and irregular or absent
papillae combined with elongated capillaries gives strong evi-
dence that the inflammation was still in progress. The complete
reversion of inflammation may need more time. Comparable
results were observed in the treatment of psoriasis where the
surface of the skin looked macroscopically intact, while the
inflammation was still visible in the DEJ using the RCM.13

This is of importance when therapeutic agents are used instead
of daily skin care. In psoriatic patients, in whom the RCM mea-
surements showed that no inflammation was visible anymore,
no recurrence had been observed within the next six months
until the end of the study. In other patients, the normal recur-
rence time was three months.

The skin lipids improved for the subjects with dry to atopic
skin with significant changes for Chol and Cer [NS]. However,
this is in agreement with a study on healthy volunteers who
applied the ointment for four weeks.22 Similarly, after four
weeks, the Cer [NS] and Chol and cholesterol-oleate increased.
In contrast to the study on healthy volunteers, in the present
study, the phosphatidylcholine and sphinogmyelines (sum PC
+ SM), and Cer [AP2] increased after treatment of atopic
skin, too, even if that increase was not significant. An increase
in Chol and cholesterol-oleate was detected, whereas SQ, a pre-
cursor of cholesterol biosynthesis, also did not change. Hence,
a four-week application of cream influenced the Chol and

Fig. 8 SC lipids at T28 relative to the initial values at T0 are shown. *p < 0.5. (*) p < 0.1 (n ¼ 7).

Fig. 9 Mean values� SE of the subjective skin parameters, where 0
is related to no dryness, no tenderness, and no itching and 10 reflects
a strong effect of the parameters (n ¼ 7).
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cholesterol fatty acid ester biosynthesis. This indicates a contri-
bution toward an optimized skin barrier function. Studies with
model SC lipid membranes showed that the sphingomyelin/
ceramide ratio is an especially important aspect during skin
barrier development. Sphingomyeline are enzymatically con-
verted to Cer [NS] and Cer [AS] and phosphocholine by sphin-
gomyelinases.28 In patients suffering from atopic dermatitis,
a reduced activity of these enzymes has been reported, and a
decreased amount of Cer in the SC lipids has been detected.29

While healthy membranes consisting of ceramides, cholesterol,
free fatty acids, and cholesterol sulfate form a good natural
barrier toward water, membranes with higher proportions of
SM control the water loss less efficiently. This means that
the importance of the natural release of Cer from SM is prevent-
ing desiccation.28 Therefore, the results of the improved skin
lipids are also in agreement with the decreased SC dryness,
the improved SC arrangement resulting from the fluorescent
LSM investigations, and the increase in SC moisture.

Because the study was not placebo controlled, it cannot
be ascertained if the extract was the active compound or the
vehicle.

5 Conclusion
In summary, our data obtained by biophysical methods, in par-
ticular LSM, have shown that atopic skin has distinct features
compared to normal skin. Treatment with a hyperforin-rich oint-
ment resulted in a reduction of the skin surface dryness and in an
improvement of the SC moisture. The skin lipids and the sub-
jective skin parameters indicate that the barrier is stabilized and
improved by the ointment. But in contrast to the skin surface, the
inflammation in the deeper epidermis/dermis still exists in most
of the cases, which could be clearly shown by the RCM mea-
surements. Therefore, RCM measurements could be useful for
investigating the progress in the treatment of atopic dermatitis.
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