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Background: Confocal laser scanning microscopic imaging is

well established as a helpful diagnostic tool in dermatology.

With a new generation of multi-wave laser confocal micro-

scopes now, in addition to the reflection mode, examinations

with fluorescent agents are possible in vivo and ex vivo. Gath-

ering details on the physical, chemical and kinetic features of

different fluorophores in different vehicles in healthy skin

in vivo will be of interest for therapeutic as well as cosmetic

dermatology.

Objectives: Objective of this study was to determine the kinet-

ics of the protective function of a topically applied, fluorescent-

containing lotion in a 24 h everyday setting in healthy volunteers

using fluorescence confocal laser scanning microscopy imaging.

Material and methods: Fifteen volunteers received a stan-

dardized application of a sodium fluoresceine containing lotion.

At several time points of a 24 h interval confocal laser imaging

in the multi-wave mode was performed. Fluorescence was

measured by a semiquantitative score and by one based on

the intensity of light.

Results: CLSM images in the depths of the stratum corneum

and of the upper epidermis of all 15 panelists showed a detect-

able fluorescence after 30 min and 4 h and after 24 h, a partial

fluorescence was still visible in 10 of 15 persons. Similar

results were achieved using a semiquantitative score and by

measuring the intensity of light.

Conclusion: Sodium fluoresceine as a safe and efficient fluo-

rophore for in vivo fluorescence CLSM was able to visualize

the kinetics of a topically applied protective lotion and was able

to be detected for up to 4 h in all panelists and even up to

24 h in two-thirds of the healthy volunteers showing the long

duration of the fluorescence on the skin surface, even in an

everyday setting.
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Background

C ONFOCAL LASER scanning microscopy
(CLSM) offers a non-invasive diagnostic

view into the upper layers of the skin in almost
a histopathologic resolution in vivo in real time.
Nowadays, two different imaging modes are
available for application in dermatology: the
reflectance mode and the fluorescence mode. In
the reflectance mode, contrast is achieved by
utilizing the inherent refractive index properties
of the various cellular microstructures. It is well
established as a clinical diagnostic tool for the
diagnosis of melanoma and non-melanoma skin

cancers (1–11), but also for a wide range of
other skin diseases (12–16).
The fluorescence mode relies on the differen-

tial distribution of a previously applied exo-
genous fluorophore to produce contrast. With
the new generation of multi-wave confocal laser
scanning microscopes a whole variety of options
has opened up. In vivo as well as ex vivo devices
are available to offer non-invasive real-time
images of the skin directly at the patient as well
as to scan tissue samples at different laser wave
lengths: 445, 658, 785, and 830 nm. The main
advantage is that in addition to the reflection
mode images, which are possible in wave
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length ranges around these stated laser wave
lengths, filter systems offer the possibility to let
only the light pass through that is emitted back
from a certain fluorescent dye which was
excited by that correlating wave length. For the
445 nm laser, a fitting fluorophore is sodium
fluoresceine, whereas for the 658 nm laser for
example methylene blue or for another 785 nm
laser, which can be chosen for CLSM respec-
tively, indocyanin green would be a valid
option for fluorescent dyes. Although the use of
fluorescence is widely spread among medical
diagnostic tools like in fluorescence in situ
hybridization (FISH), fluorescent activated cell
sorter (FACS), fluorescence microscopy or spec-
troscopy to name just a few, fluorescence in
CLSM was primarily used in the field of scien-
tific dermatologic research, but is finding more
and more use in clinical approaches (17). One
study compared the advantages and disadvan-
tages of the reflection mode with the fluores-
cence mode in human skin and showed the
benefit of the combination of both imaging
modes in vivo (17).
Ex vivo fluorescence CLSM has been shown

to be a helpful tool in the evaluation of skin
specimens, especially in speeding up and deter-
mining tumor margins in Moh’s micrographic
surgery for basal cell carcinoma(18–21). In vivo
fluorescence CLSM was already used for stud-
ies on skin surface cellular morphology (22), a
pilot study on wound healing (23) and in
research concerning penetration into the skin
and hair follicles and the barrier function of
different dermatologic agents (24–29). Know-
ledge about the in vivo characteristics of certain
fluorophores and their vehicles in healthy skin
is needed for the evaluation of their behavior in
and on diseased skin in the future.

Material and Methods

In this prospective experimental study, 24 h
kinetics of the protective function of a sodium
fluorescein containing lotion applied topically
on the skin surface in an everyday setting were
to be examined by CLSM. The test product ‘se-
bamed Lotion’ is an oil-in-water lotion with a
pH value of 5.5, containing glycerole, allantoin
and chamomille extract as active ingredients
(INCI: Aqua, Cetearyl Alcohol, Glycerin, Sorbi-
tol, Paraffinum liquidum, Sodium Lactate,
Decyl Oleate, Chamomilla recutita, Lecithin,

Ascorbyl Palmitate, Allantoin, Caprylic/Capric
Triglyceride, Sodium Cetearyl Sulfate, Dimethi-
cone, Sodium Citrate, Parfum, Alcohol denat.,
Methylparaben, Phenoxyethanol, Propylpara-
ben). Fifteen healthy volunteers were recruited
after receiving written information on the aim
and design of the study and giving consent.
Included in the study were only healthy adults
between the age of 18 and 60 years with no
ongoing skin disease and no known contact
sensitization to the ingredients of the applied
lotion (including an allergy to fragrances). The
lotion was recommended for daily skin care
after sporting activities. Therefore, only panel-
ists performing regular sporting were included.
After written informed consent, all panelists

received a standardized topical application of
the lotion containing sodium fluorescein on the
left forearm, which was only allowed to be
washed with water before and was otherwise
untreated. For this a test field of 3 9 5 cm was
determined. In this area, 0.02 ml of the fluorece-
in containing lotion was applied and spread.
The concentration of sodium fluoresceine added
to the initial 4 g of lotion equaled 4%. The
amount applied was therefore 1.5 mg/cm2 skin.
The patterns of fluorescence and its duration
were examined by CLSM with a multi-wave-
laser at 445 nm for 30 min, 4 h, and 24 h after
application of the lotion. During this time, the
panelists were allowed to wash their skin and/
or take a shower as usual without using other
skin care or cleansing products. They were also
allowed to work and go in for sports.
The study was conducted between April and

May 2010 in the Department of Dermatology
and Allergology, General Hospital Augsburg.

Initial examination
Prior to the application of the lotion and the mea-
surements with CLSM, baseline data concerning
medical history and skin status were gathered.
Documented were: Day of examination, age, gen-
der, status of skin: dry – normal – fatty – mixed
skin, known allergies or sensibilizations, atopy
yes – no, frequency, kind and duration of sport-
ing activity.

Confocal laser scanning mircroscopy (CLSM)
Imaging of the stratum corneum (z = 5 lm)
and the upper epidermis (z = 40 lm) was
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performed using the confocal laser microscope
Vivascope 1500 Multiwave (Fa. Mavig, Munich,
Germany). Horizontal layers of the skin surface
were captured in the fluorescence mode with a
laser with a wave length of 445 nm. Fluores-
cence excitation of the sodium fluoresceine
incorporated in the lotion could be selectively
imaged with the help of special filters that
shut out the reflected light. This way fluores-
cence gives a bright image, whereas missing
fluorescence shows a complete black picture.
Single spots of 500 9 500 lm were combined
to mosaics (formerly called blocks) of
4 9 4 mm.
Semiquantitive evaluation of fluorescence was

undertaken according to the following score:

Score 3: strong, consistent fluorescence of the
entire skin surface
Score 2: strong, but discontinuous fluorescence
of the entire skin surface
Score 1: weak fluorescence in the wrinkles
Score 0, 5: punctuated fluorescence
Score 0: no fluorescence.

Images of the CLSM were electronically
saved and evaluated morphologically. Exem-
plary pictures are presented under results.
As the laser power was consistently 4.9 mW

in all mosaic images, their intensity of light
could be compared. The intensity of light for
each mosaic (block) of 4 9 4 mm was measured
by Image J. This software program is able to
analyze the different levels of a grayscale
within the mosaic and then to summarize for
each degree of brightness how often this is in
the picture, so it measures the brightness of the
pixel per area. The possible score lies between 0
and 256.
This way a second more objective and exam-

iner independent score was established depend-
ing on the intensity of light (IL-Score):

IL-Score 3: Intensity of light > 25; strong inten-
sity
IL-Score 2: Intensity of light > 12.0–25; moder-
ate intensity
IL-Score 1: Intensity of light > 5.0–12.0; low
intensity
IL-Score 0.5: Intensity of light 4.6–5.0; weak
intensity
IL-Score 0: Intensity of light from 0 to < 4.6;
no intensity.

Results

Of the 15 healthy volunteers, aged 29–57 (med-
ian of 46), 2 were men and 13 women. No
adverse events and no drop outs were regis-
tered.

CLSM
Thirteen of the fifteen panelists showed a
consistent and strong fluorescence (score 3) on
the entire skin surface of the test area 30 min
after the application of the sodium fluoresceine
incorporated in the lotion. Only two of the pan-
elists showed a disconnected pattern of fluores-
cence, equating to a mean score of 2.87.
After 4 h two panelists still showed an

unchanged strong and even fluorescence, 12
panelists a strong, but disconnected fluores-
cence and in one person fluorescence could
only be seen within the wrinkles (mean score of
2.07).
After 24 h one person still showed a strong,

yet disconnected fluorescence, six panelists a
weak fluorescence within the folds. In three
persons, only a punctuated pattern was visible
and in five panelists no fluorescence was detect-
able (mean score of 0.63).
Consequently, all 15 panelists showed a

detectable fluorescence after 30 min and 4 h
and after 24 h a rest of fluorescence was still
visible in 10 out of 15 persons (Figs 1 and 2).
As the evaluation of the intensity of light is

not dependent on the pattern of partially dis-
connected fluorescence, but on the brightness of
the measured fluorescence, slight differences
were seen in the the IL-score compared to the
semiquantitative score (Fig. 3).

Fig. 1. Mean semiquantitative score of fluorescence as a function of
time.
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Evaluation of the Intensity of light score
showed the following results:
After 30 min, 12 out of 15 panelists had a

strong intensity of light (IL-Score of 3) and
three persons displayed a light intensity with a

score of 2 (Figs 4 and 5). Four hours after the
application, five panelists still showed a strong
intensity of light, nine a moderate intensity
(IL-score of 2) and one only a low intensity
(IL-score of 1) (Figs 6 and 7). At the last mea-
suring time point, 24 h after application, one
person still showed a moderate intensity (IL-
score of 2), seven panelists still had a low inten-
sity (IL-score of 1) and two panelists showed a
weak intensity of light (equaling an IL-score of
0.5) (Fig. 8). In five persons, no light intensity
was detectable after 24 h.
Examplary Fluorescence images by CLSM, at

each time point two images were taken from
the height of the stratum corneum and of the
upper epidermis (folds):

Fig. 2. Mean score of intensity of light (IL-score) as a function of
time.

Fig. 3. Macroscopic picture of the skin. Fluorescein causes only very
little yellow discoloration which is bearly seen on the skin.

Fig. 4. Thirty minutes after application, superficial mosaic (formerly
block) of the stratum corneum (z = 10 µm). The entire skin surface
shows a strong and even fluorescence.

Fig. 5. Thirty minutes after application, mosaic (block) of the upper
epidermis. The folds of the hearbearing skin are filled with fluores-
cent lotion (z = 40 µm).

Fig. 6. Four hours after application, only an inconsistent pattern of
fluorescence is still visible on the skin surface (z = 10 µm).
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Discussion

Exploring a new field of diagnostic agents, in
this case of fluorophores suitable for in vivo
fluorescence CLSM, of course the first concern
has to be directed towards safety. For this rea-
son, in this study, sodium fluoresceine was cho-
sen for the in vivo application on the skin
surface. It is a widely used fluorophore not only
in other medical applications in health care
especially ophthalmology and optometry but
also in everyday use like analyzing river sys-
tems, finding water leaks or even as food addi-
tive dye, that is called D & C Yellow no. 8
(approved of by the Food and Drug Adminis-
tration). Yet, topical, oral, and intravenous use
of fluoresceine has been reported to be able to

cause adverse reactions ranging from nausea,
vomiting, hives, acute hypotension to very rare
cases of anaphylaxis(30–34). In a study of 6524
patients with retinoic angiography with fluores-
ceine, adverse experiences were seen in 7.5%,
severe reactions occurred in 0.27% of patients,
but only in 2 of the 6524 patients a resuscitation
(0.03%) was necessary(35). In our study none of
these described adverse events were seen. Still
like with any other agent health care provider
who use fluoresceine should be prepared and
able to perform emergency management with
any ensuing anaphylaxis.
Sodium fluoresceine is the water-soluble

sodium salt of fluoresceine and is also called
uranine. It is a yellow, under UV- and daylight
green fluorescent dye. Fluorescence is the emis-
sion of light by a substance that has absorbed
light or other electromagnetic radiation of a
different wavelength. In most cases, the emitted
light has a longer wavelength and therefore
lower energy than the absorbed radiation. As
fluoresceine has its absorption maximum at
485 nm (pH9) and its emission maximum at
514 nm it was excited by the 445 nm laser of
the Vivascope 1500 Multilaser (Fa. Mavig) and
fluorescence was distinguished from reflected
light using a special filter system. As presented,
the fluorescence could very well be detected by
CLSM in vivo at the height of the stratum corne-
um as well as in the folds of the upper epider-
mis. As the sodium fluorescein was contained
and applied topically in a lotion it was used to
visualize the kinetics of the applied lotion on
and in the skin. The main goal was to see how
long the protective function of the lotion can
be kept under normal circumstances. In both
scores, the semiquantitative as well as in the
more objective intensity of light score, fluores-
cence was strong at 30 min after topical applica-
tion as well as moderate after 4 h in almost all
panelists and lasted up to 24 h in two-thirds of
the 15 volunteers, even though they were
allowed and supposed to follow their typical
individual everyday routine to allow for a real-
istic everyday setting. This shows that even in
normal everyday life the protective function of
the lotion lasted relatively long. The observed
eventual abatement of fluorescence can be
explained in three ways:

(1) First of all fluorophores like sodium fluo-
rescein are subject to photobleaching. Photo-

Fig. 7. Four hours after application, still a strong fluorescence
within the wrinkles is detectable, but already partially disconnected
(z = 40 µm).

Fig. 8. Twenty-four hours after application, the picture of the skin
surface shows no fluorescence left (not shown), yet within the folds
still a weak, but interrupted fluorescence is visible (z = 40 µm).
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bleaching is the photochemical destruction
of a fluorophore and it may complicate the
observation of fluorescent molecules over
time, as they will eventually be destroyed
by the light exposure necessary to stimulate
them into fluorescing. Loss of activity
caused by photobleaching can be controlled
by increasing the concentration of the
fluorophore, by reducing the intensity or
time-span of light exposure, by reducing the
frequency and thus the photon energy of
the input light or by employing more robust
fluorophores that are less prone to bleach-
ing. Depending on the material, dyes can
produce different photon numbers and
therefore have different lifetimes, ranging
from 0.1 to 1 s (s) with green fluorescent
protein, over 1–10 s for typical organic dyes
to more than 1000 s for very stable fluor-
phores like CdSe/ZnS Quantum dot. In our
setting, due to the fixed wave lengths of the
laser device and the matching special filters
the only variable to be optimized could be
the concentration of the sodium fluorescein.
As we already found a fairly long fluores-
cence, the used concentration seems to be
adequate. The question, if a lower concen-
tration would also be sufficient, should be
addressed in further studies.

(2) The fluorophore was not applied alone topi-
cally, but as an ingredient of the tested
lotion. The lotion and with it the contained
fluorophore may have been adsorbed and
may have penetrated into the skin and/or
may have been metabolized. On the other
side, fluorescein is water soluble and hydro-
philic. Therefore, it is emulsified in the
water part of the lotion. It might be that the
lipid part of the lotion is adsorbed and pen-
etrated into the skin and that the water part
together with the fluorophore stays on the
surface. If the water evaporates over time,
only the fluorescent dye and not the whole
emulsion remains on the skin surface.

(3) Last and probably not the least, of course
parts of the fluorescein containing lotion
would have been rubbed off by the panelists
in intentionally doing their regular 24 h rou-
tine including washing the skin, going to
work and even sports. This was intended to
read out how long protection by the lotion
is really offered not in a fancy study design,
but in everyday life.

In addition, our results could not only show
that the lotion remained relatively long on the
skin possibly fulfilling its protective effect and
the relatively slow fading over time, but also
add some information on the distribution of the
lotion on and in the skin. As shown in the
exemplary pictures, a big amount of the lotion
goes into the folds of the skin and this is also
where it remains for the longest time as shown
by the 24 h results.
A similar study used the lipophilic dye curcu-

min incorporated in an oil-in-water microemul-
sion and in an amphiphilic cream both applied
topically and measured the strength and the
distribution of fluorescence in the stratum cor-
neum using CLSM(36). For removal of the stra-
tum corneum, the method of tape stripping was
chosen and for the investigation of the pene-
tration of the hair follicles cyanoacrylate surface
biopisies were performed. Although in the case
of the amphiphilic cream little penetration in
deeper layers of the Stratum corneum took
place and the main amount of the dye stayed
on the skin surface, with the mircoemulsion a
smaller amount of curcumin remained on the
skin surface and penetration of the stratum
corneum was much deeper with decreasing
amounts still detectable up to a relative stratum
corneum depth of about 80%. Concerning follic-
ular penetration, penetration of the complete
follicular infundibula were seen with the micro-
emulsion, whereas with the fluorophore con-
taining cream, signals were only gathered from
the follicular orifices(36). In another study, the
same group could show that barrier-enhancing
formulations were able to prevent the penetra-
tion of Pollen allergens into the hair follicles
(37). The extent of the preventive effect
depended on the formulation, but the reduction
of penetration was significantly higher in all for-
mulations compared with untreated skin, prov-
ing a similar effect like the protective function
of the lotion seen in our study. A pilot study by
Leeson et al. could show a strong variation in
skin surface cellular morphology using fluores-
ceine aided in vivo fluorescence CLSM(22). They
found not only a correlation between dryness of
the skin and the intensity of fluorescence, but
could demonstrate in a number of clinical stud-
ies that the cellular morphology of the corneo-
cytes at the skin surface correlates well with the
overall condition of skin and that it is shown to
be directly affected by treatment that influence
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the efficiency of the process of desquamation. In
another study, fluorescence CLSM was tested in
a clinical setting and allowed monitoring of the
effects of a topically applied wound ointment
on the kinetics of wound healing noninvasively
and over time (23). Another clinical question
was addressed by a group that used fluores-
cence CLSM for in vivo imaging of epidermal
reactions to two experimental irritants. In this
experimental contact dermatitis model, the flu-
orophore administered topically and intrader-
mally was also sodium fluoresceine with a
488 nm laser. Disturbed and widened cell bor-
ders, swelling of keratinocytes, and induction of
a parakeratotic shift could be visualized by fluo-
rescence CLSM(38).

We feel that in vivo fluorescence CLSM offers
an interesting approach valuable in pharmaceu-
tical or cosmetical research as well as in all skin
diseases altering desquamation and epidermal
structures and should be investigated in future
studies. Further questions to be addressed
should be the right vehicle for the best fluoro-
phore and the optimum laser wave length
(other substances that can function as fluoro-
phores are e.g. rhodamine B, Acridine Orange,
green fluorescent protein, curcumin with
absorption maxima at different laser wave
lengths (39)), and further details on penetration
and other skin physiologic characteristics to
optimize the informative value of fluorescence
CLSM in vivo.
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