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Abstract. The exterior layers of the epidermis were re-
moved by tape-stripping and regeneration was followed
by daily mecasurements of evaporation in a climate
chamber with well defined environment and simultaneous
study of the ultrastructure. At first the cvaporative water
loss from the injured surface epithelia was very cxtensive,
but very soon decreased because of the regencration of
the stratum corneum which underwent structural changes
during the healing precess. Already by the third to
fourth day numerous new layers of the straium corneum
evaporation was then only slightly
After about cight days conditions were almost
normal. The layers which act as a protection against
desiccation are situated very superficiatly in the cpidcrmis.
The immature corneal cells, formed carly in the healing
process, very soon render good protection against water
loss from the injured surface.

were formed, and
raised.

One of the most essential functions of the skin is
to reduce water toss from the body surface. Injury
to the protective layers causes excessive water loss
and disturbs the cellular tissue. This leads to water
and clectrolyte imbalance in the organism.

The purpose of the present work was to ascer-
tain the location of those layers in the skin which
give protection against water loss and to study the
gencration of these cell layers after experimental
injury.

Earlier investigations
Evaporative measurements and electronic micro-
scopy of tape-stripped skin during the hecaling
process have been carried out separately but not
in combination and not under controlled ambient
conditions.

Monash & Blank (9) applied an unventilated
apparatus in which cvaporative water loss was
measured and combined this with tape-stripping.

One day after tape-stripping the evaporation had
decreased from 29 mg cm™=h™! to 15 mg
cm =h ! and after 48-72 hours it was 8 mg
cm *h™'. Light microscopic investigations of re-
peated skin biopsies showed that the damaged
stripped skin was replaced by a layer of immature
parakeratotic cells. Later, this layer was replaced
by normal stratum corncum. Thesc authors con-
cluded that the layer preventing evaporation was
situated in the deeper part of the stratum cor-
neum. Fallon & Moyer (2) calculated the vapour
pressurc in different layers of the skin. Imme-
diately under the deepest skin layer the pressure
recorded was 44 mmHg: at the surface epithelium,
23 mmHg. After stripping the skin, evaporation
increased 20 times and normalization of the
vapour penctration occurred during the following
3 to 6 days.

In another expzsriment the skin was defatted
by an acctone-hexanc solution, whereby skin eva-
poration was greatly increased. It was concluded
that the watcer-preserving layer consisted of a
hydrous lipoprotein complex.

Baker & Kligman (1) also found that stripping
increased evaporation. After 2 days they observed
that the skin injury had hcaled to an extent of
nearly 50%. At the same time the thickness of
the skin was measured, and evaporation was found
to be in inverse proportion to the thickness of
the corneal layer. The existence of a special layer
preventing evaporation could not be verified. They
considered that evaporation followed the diffu-
sion and was throughout in inverse proportion to
the thickness of the stratum corneum.

Regencration and mitotic activity was studied
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Fig. 1. Measuring arca on outer side of thigh. A, Biopsy
from normal skin. B. Biopsies from stripped arca. C,

under a light microscope by Pinkus (11). who
found from three to four new layers of corncum
after 48 hours. The mitotic activity greatly in-
creased after 24 hours,

Mishina & Pinkus (8) found. after stripping.
cellular edema and damage of the plasma mem-
branes at the desmosomes. This damage was
healed, however. in 2 days. Pinkus (11) is of the
opinion that the loss of corneum is the stimulus to
regencration of the epidermis. Matoltsy, Schrag-
ger & Matoltsy (7) demonstrated that keratohya-
line granulac disappeared 24 hours after stripping
and rcappearcd between the third and fourth day.
At the same time parakeratosis occurred in the
corneum. Ohara & Mizuna (10) considered that
the diffusion barrier was situated in the deepest
layers of stratum corneum or lucidum.

MATERIAL AND METHODS

The experiments were performed on two healthy male
subjects. They stayed in a climate chamber at +284'/,°C
and 40+ 4% relative humidity (RH). The experiments
were started after 30 min adaptation, After electric shav-
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lines indicate

Area for
perimeter of stripped area.

measuring evaporation. Dotted

ing the outer skin layer was removed from the external
side of the thigh by the repeated stripping of adhesive
plaster (Maolnlycke® S cm 303300—Moinlycke AB, Goth-
enburg, Sweden). Three serics of experiments, consisting
of a maximum of S0, 75 and 100 strippings respectively,
were performed on each subject. During the stripping
process and regeneration, cvaporation was regularly meas-
ured by an “evaporometer” (4).

In the “evaporometer” a slow current of air is passed
over a test area of 25 cm® The humidity in the in-going
and out-going air is measured and the increase of
moisture is recorded. When knowing the humidity in-
creasc and the flow of air the evaporation can be cal-
culated and expressed in mg of water per cm® and hour.

Biopsies were taken regularly from the subject’s skin
immediately after stripping and the following 7 to 8
days (Fig. 1). The area was ancsthetized locully with
Citanest-Exadrin® 0.59% (AB Astra, Sodertédlje, Sweden).
The biopsies were fixed in buffered 1% osmium tetroxide
solution (13). Fixation was carried out in an ice bath
for 3 hours, after which the specimens were rinsed in
0.9% saline solution and dehydrated with ecthyl alcohol
in increasing concentration: thereafter they were embedded
in Epon or Vestopal. Sections, 1-3 z thick, werc stained
with toluidine blue (12) and were studied under a light
microscope. Thin sections were stained with uranyl acetate
(16) and lead acetate (3). The sections were studied and
photographed in Siemens Elmiscope I at 80 kV and with
2-10 000 x primary magnification.
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Fig. 2. Evaporative water loss during healing in the three
series. Water loss from free water surface calculated ac-
cording to a modification of Rohwer's formula (14).
Water surface temperature +33°C and air conditions
+28°C and 409 RH. Evaporation from normal skin
according to Lamke & Wedin (6).

RESULTS

Muacroscopic findings

After stripping there was redness and slight edema
in the stripped arca. The surface was glistening
and felt moist during the first 24 hours. From 3
to 4 days later the redness acquired a light brown
tint, and the edema regressed. During days 7 and
8 there was slight peeling. After about 2 wecks
no macroscopic changes were visible.

Evaporative measurements

Up to 75 strippings. the increase in evaporation
was rapid, but then became slower. At 100 strip-
pings a maximum seemed to have been reached at
46.4 and 45.0 mg cm >h~l. At 75 strippings
cvaporation was 39.2 and 43.2, and at 50, 27.4
and 34.2 mg cm *h7! respectively.

Healing was more rapid after 50 and 75 than
at 100 strippings when it seemed to be dclayed 24
hours. In all the series evaporation showed a
marked regression during the first 3 days. On the
following days this seemed to be slower. After 7 to
8 days the value was almost normal (Fig. 2).

Ultrastructure findings

The healing was similar in the series where 50
and 75 strippings were applied and. consequently,
these scries are given together.

In biopsies taken directly in connection with 50
strippings 3-4 corneal laycrs remained and after
75 strippings thesc layers were reduced to 1-2. In
2-3 cell layers membrane-coating granulae (MCG)
appeared as in normal epidermis. The epidermis
was otherwise intact. Twenty-four hours later, in
both series, 6~7 corneal layers rapidly developed
which contained nuclear residuc. Marked reduc-
tion in both keratohyaline (KH) and MCG was
observed mostly in the scries of 50 strippings (Fig.
3). Two days later a few defective corneal layers
were formed. The number of KH and MCG had
also started to increasc. On the third day there
was further incrcase in the corneal layers, KH
were restored in 4-5 and MCG in 2-4 cell laycers
(Fig. 4). Manifest nuclear edema in the upper
corneum and distended tonofibrils in elongated
basal cells were observed.

After 4-5 days the upper stratum corneum had
more blistery structures with nuclear residue. In
the lower layers the corneal cells had normal ap-
pearance (Fig. 5). Both KH and MCG reappeared
in 2-3 of the layers, which, however, had appar-
ently abundant granulae. The above-mentioned cor-
ncal layers persisted in the still unrejected sur-
face epithelia. After 6-8 days there was still edema
in the nuclei. but only in the outermost parts of
the stratum spinosum.

In biopsies taken directly after 100 strippings
a corncal layer was still visible and in the entire
epidermis, generalized, perinuclear edema was
present, in which the nucleus was semilunar, peri-
centric, and compressed (Fig. 6). Twenty-four
hours later pronounced intercellular edema was
observed, with e¢xtended and dctached desmo-
somes (Fig. 7).

After 2 days therc were a few KH-granulae in
seven corneal layers. The perinuclear and inter-
cellular cdema had regressed. In the lower stratum
spinosum there was moderate nuclear edema (Fig.
8). On the third day KH was present in 4-5 cell
layers and palisade basal cells and clumsy projec-
tions on the basement membrane. During the fifth
day KH was observed in four cell layers besides
manifestly chromatin-poor nuclei with edema in
the stratum spinosum.

On day 8 evident generations were observed in
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Fig. 3. Regeneration of skin | day after 50 strippings. granulae (MCG) are situated in the lower part of the
Abnormal dehydration in the granulosum and no kerato-

hyaline granulae are observed. A few membrane-coaling intercellular space. x 21 400.

straturmn granulosum. des, desmosomes; (o, tonofibrils; is,
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Fig. 4. Regeneration 3 days after 75 strippings. There  membrane-coating granulac (MCG) are visible. N, Nucleus
are now several layers with keratohyaline granulac (KH). in granulosum cell; n, remaining nucleus in parakerato-
The granulae are larger near stratum corneum. Several tic corneum cell. x 5 350.
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Fig. Regeneration & days after 75 strippings. Several Normal keratinization. Slight edema in the nuclei ().
layers of the stratum corncum with obvious generations. x 5350.
Surface parakeratotic celis and deeper cells full of vesicles.
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Fig. 6. Specimen
cells show slight edema with deformed pycnotic nuclei
(n), which are compresscd pericentrally and exhibit peri-

immediately after 100 strippings. The

the corneum with partly parakeratosis, and partly
inadequate keratinization with some remaining
KH-granulae (hypokeratosis). Now 2-3 cell layers
contained KH. Nuclear edema was still present in
the stratum spinosum though to a less extent. Nor-
malization occurred in the basal cclis and base-
ment membranc.

DISCUSSION

When cvaporation was between 40-50 mg em™*
h™! the microscopy showed that only a few
detached corneal layers remained. It seemed im-
possible to penetrate deeper bccause adhesion be-

nuclear edema (ps). Increased fluid in the intercellular

space (is). x 4700.

tween the cells in the stratum granulosum and
the underlying layers was too strong to enable se-
paration of these cells by the stripping technique
used or the tape did not adhere to these wet layers.
The stretching of the tissue evidently caused so
much damage that both intra- and extraccllular
cdema developed, which was naturally most pro-
nounced after 100 strippings. The injury had then
resulted in such extensive leakage that the surface
became wet. Evaporation was now limited only
by such physical factors as temperature of the
surface and the humidity and temperature of the
air.

When measuring on a frec water surface Lamke
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Fig. 7. One day after 100 strippings. Nuclei (1) still com-
pressed with perinuclear edema (ps). Prominent intercel-

lular edema has appeared. x 4 700.

& Wedin (6) obtained a mean value of 53 mg
cm~*h~! at a surface temperature of +34°C.
When calculating the evaporation according to
Rohwer's formula (14) we obtained a value of 47.5
mg cm~=h"! at a surface temperature of <+ 33°C.
In our experiments the mean surface temperaturc
after 75 strippings was + 31.8°C. Thus the values
found were very close to those for a freely eva-
porating, open water surface. For a strongly eva-
porating second degree burn the values were of
the same magnitude (5).

Regeneration seems to develop very rapidly, and
the same tendency occurrcd in all the series except
the one with 100 strippings. where the healing was
retarded one day. Here, cvidently, a deeper injury
had been caused. This was in good agreement with
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the microscopic picture. Formation of the new
corneal layers developed so rapidly that, after
50-75 strippings, the normal maturation with ker-
atohyaline (KH) and membrane-coating granulae
(MCG) was absent only from the upper layer of
the stratum granulosum 1 day after stripping, but
was present in the lower layer (Fig. 3). KH seemed
to disappear at the same time. Therefore the
MCG. which were formed in a lower layer, could
be reproduced more readily than the KH. These
granulac reappeared when the regeneration velocity
decrecased between the third and fourth day.
Apparently, the newly formed corneal layers
soon afforded good protection against tissue desic-
cation. During the first 3 days evaporation was
substantially reduced, but later in the course the
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Fig. 8. Two days after 100 strippings. The nuclei (N) are
normalized. Slight intranuclear edema is visible. Intercel-
lular space is normalized. x 4 700.

healing process slowed down. This gave the curves
(Fig. 2) a biphasic appearance. Our results are
in close agreement with those of Monash et al. (9)
and Matoltsy ct al. (7). These authors found an
80 % reduction already after 2 to 3 days. Other
investigators (1, 15) reported a slower regenera-
tion rate, which might be caused by a difference
in the stripping technique used.

The ultrastructure of the cornecal cells in the
incipient hcaling process showed a pronounced
immaturity. During the same time, the cvapora-
tion decreascd markedly. This indicates that cven
immature corneal cells can give a relatively good
protection against evaporative water loss.

On the sixth day the injury was, physiologically,

121712803

almost healed, but morphologically, healing took
another 2 days before the cell layers were com-
pletely mature.
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