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: _'AB‘ST'RACT

. > S .
The response 6f¢hairless mouse skin to.?elloﬁhane‘tapgf"
Stripping, ethanol {9§?). propylene glycol, vitamin A acid f'
-(O.ﬁi in ethanol and 3% in bropylene glycol) and.va%iogs

combinatioris of these treatments was investigat ted Dy -electron

microscopy. All treaimentis were applied once to the poster-

ior dorsum and the mice were sacriflced telween fifteen
minutes and ten days after treatment. A total of 66 mice
were examined. Chemicals were applied by pi pet. Sﬁin spec-
imens were Iixec In Dalton's potassium dichromaée~bufféred

osmium tetroxide, dehydrated in ethanol, embecdded in EZpon-

Araldite, sectioned and stained for transmission‘eigctron
microscopy. Staining was done with urényl acetate and lead
citrate or with silver methenamine. .Some sec%ions were inp-
ubated in proteaée for protein digespion'before‘staining{
Stfﬁpping four times with cellophane tape removed moét-

of uhe stratum corneum and caused the development of widened

in e*cel‘ula* spaces and ‘microvi llous cyb lasdic project-
ions., As sDaces formed, desmosomes appeared to te torn
1 . 0

from one cell and engulfed Ty the other, and

'.A

mltochord-

rial ‘inclusions of =z type named 'corpora in

ct
e

ra cristam’',

-

appeared. These changes tegan within an hour and subtsided
by abdbout Ifour days. 31T pai g also caused the development
of occasicnal bvasazl lamina tredks vy 24 nours.

"Zthanol {($3%) without stripp

=

ng produced z similar

Tisn, ethanol caused

recpense, though less dama

-t
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e
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-
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tne Torazation of lipid droplets in the cytoplasm of some

-

xeratinocytes by 24-hours and occasicnally caused sloughing
. ) ‘ - , . .
ol the stratum ccrneumnm. 2 ) -

Pronylene glycol (1,2-cvropanediol ) :produced no charge.
: g . ' i v

Vitamin A acid (3% in propylerne Tlycol) produced mil

damaging effects with widened intercellular spaces anc

- were

intramitochondrial.inclusions, tut no lipid droplet

A

itamin A acid (0.3™ in-‘ethantl) caused greater

-

r A acid in propylene glycol and lip

feD
.

damage than vitam

=]

é

o

droplets were found. With the <riple comtination of §.3%

vitamin A acid, ethanol and tape stripping, there was:

severe epidermal damage. including ‘basal laminq,bfeaks‘and

.

" 'numerous lipid droplets, which rose %o the stratum corneum

p

producing a parakeratotic horny layer by the third day.

'Apart from the typical damaging effects,.vitamin'A acid
caused inhibition of keratinization with decreased production
of keratohyalin granules and tonofilaments and increased
production of Golgi apparatus, endoplasmic reticulum and
ribosomes.

Lipid dropleés failed to stain with silver methenamine,’
indicating-they éoptained no glycogen or glycoprotein. These
droplets alsg failed to be digested by protease indicating
they contained no protein. Intramitochondrial inclusions
were digested by proteasg indicating z protein component, and
they stalned with silver methenamine, ind}cating the.presénce

,?{\glycqgen cr glycoprotein as well., i - .
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SR INTRODUCT ION

t »

" Hairless liouse 3Skin.

Hairless mice were used in this study because their

+

skin, being mammalian, is similar to that of humans in
‘structure and function. These mice have become popular for
dermatologic studies because their skin.is SO eésy to treat’
and examine. Like human sxin, mouse skin consists of | )
xeratineccytes arranged into baszal, spinous, granular and
Keratinized lﬁyeré, with dendritic melanocytes and‘A
Langerhéns cells in the basal and spihous iayers, sprgéd
regularly over the area of the epidermis. The most
'gignificant difference Delween mouse gnd human skin ié the
thickness.t louse epidermis 4is abou?l oﬁe third as thick as
that of humans aﬁd has about eight or ten iayers of
corneocytes as compared to about twenty-five to thirty
layers over mos? of the human epidermis; similarly, mouse

dermis is thinner than human dermis (33).

Tape Stripping

.

Stripping the‘skin with cellophane tépe producés a
mild hechanical injury to the epidermis and a fairly well-
defined response. Wolf, in 1940 (54), was the first to
strip the skin in this manner, but he was interested only-
in thé layers of dead corneocytes stuck to the tape. It
was Pinkus, in 1951 (36), who first described the skin's
response to this treatment. Since then, manj researchers

(6, 15, 2L, 38, 44) have studied the response to tape

1.
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strippiné and agrée that it induces 2 burst of mitotic
activity in‘bgsal keratinocytes, with subsequent uﬁwaﬁd
movement. of thése celis'within the epidermis, resulting in
regeneration of the corneocyte layer. This is prodbably the
mechanism whereby the skin forms a callus in response to
wear or pressure. This response is also similar to fhat
after wounﬁs such as cuts, scrapes, Or burns (38). However,
burns or penetrating wounds cause considerable cell damage
and 2 breach of the basal lamina. There is also lateral
epidermal cell migration to recover the areas and fill—in
the géps produced by cuts, scrapes and burns (23, jbj. Thus,
st;iﬁping is A simpler system for our studies of epidermal
responses. Stripping.is also useful as a pretreailment
before-the aﬁplication of chemicéls or drugs because

X “~
stripping produces some of the characteristics of skin

éiseases such as psoriasis, with increased epidermal
mitoses and a damaged corneocyte barrier.
EthénoI. )

.%thanol nas been used as a solvent for numerous
cﬁemicals,in dermatologicél studies; in particular, 95%
ethanol has beeﬁ used 2s a solvent for the application of
vitamin A acid to mouse skin in previous studies where the
effectipf the vitamin on the epidermal mitdtic rate was
exémined (56). Early light microscopic studies indicéted
thét ethanol caused some: swelling of the epidermis\bﬁt no .
cellular damage was detected {27). Ethanol has more recently

been shown to cause increased epidermal mitotic activity (56)



and in another study (5), to damage epidermal éells when
injected into the dermis, but there are no ultrastructu*ai“
studies of pos31ble damage from the tOplcal application of
ethanol.

Propylene Glycol.

Propylene glycol like ethanol, is a DOpular non—polar
solvent used in dermatologlcal studles. It is known to be
non-toxic and is used extensively in proqessed foods (32).
It can ?e substituted in foods instead of its close relative,
glycerol. Propylene glycol is used as the solvent in sone
common preparations of creams and ointments for such drugs °
" as the corticostercids used in treating various skin .
diseases (5?). Because of its favourabie properties,
propylene glycol was used in this study as a solvent for
vitamin A acid and the results compared with resﬁlts
obtalined using ethanol as the solvent.

Vitamin A Acid.

It is well kXnown that vitamin A is necessary for the
normal differentiation of epithelial tissees (22). More than
fifty years ago, dietary deficiency of vitamin A was shown
To cause normal gastrointestinal en*thelium to change from
simple cclumnar to stratified squamous non-heratwnlz1£;—\\
epithelium, and the pseudostratified columnar cilizated
epithelium of the respiratory tract became 2 stratified
squamous non—kefatiniziﬁg epithelium too (53). In both cases,
the epithelia became more like the skin but did not form

keratin. The skin also changes in response to vitamin A
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deficiency with hyperkeratosis (19). Going in the'dpposite'

direction, vitamin A excess can transform embryonic skin,

in tissue culture, to a cillated mucus—éecrgting epithelium,
AN - .
as is normally found in the respiratory tract (3, 10, 30,

45748, 52). In studies of adult s$kin, excess vitamin A has

demonstrated specific effects in_altgring and inhibiting
keratinization (16, 18, 25, 55). Application of vitamin A
acid can cause the benign skin tumor, keratoacanthoma, to
secrete mucus (3%)!

Observations of the effects of deficlency and excess.
led to the clinical investigation of vitamin A as an anti-
keratinizing factor. The early results using oral vitamin A
were not outStanding and tﬂere were problems 6f toxicityuat
very high doses (37). However, over the past ten years, the
acid form of vitamin A has been found effective, not orally,
5ut in topical applications for the treatment of various

skin disorders that are characterized by altered keratin-

ization (37). Include

in this list are palmar keratosis,
lichen planus, lamellar ighthyosis, Darler's disease, solar
keratosis, acne and psoriasis. In éddition, synthetic
analogues of vitamin A have shown promise in the\prevention
and treatment of certain epithelial cancers (46).

— The mechanisms of vitaﬁin A activity in the epidermis
are not well understood and even the ultrastructural
changes associated with this activity are not fully

described (20). This study examined the ultrastructural

changes in the séén caused by vitamin A acid in the
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non-toxic soiveht;~propylene glycol, and these effects were
compared to the damage Irom the mechanical injury of
stripping, tﬁe ché@ical-injury of 957 ethanol, the injufy
of vitamin A acid in ethanol, 'and other coﬁbinati;hs of
these treaimentis; these comparisons made igaposgiblé'to
distinguish those effects of vitamin A acid ‘which were
merely damaging from those peculiar to'Yifamin A activity.

*
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MATERIALS AND METHODS
MATERTALS.

Chemicals.

A1l chemicals used were reagent grade. Ethanol_\g@j%) ¥
was .double distilled.-?répylene glycel (1§2-propanédiol)
“was obéained.from Sigma Chemical Company. Vitamin A acid
‘_(all-trans-retinoic'acid, Eastman) was obtained from

Fisher Stientific Company. Protease from Streptomyces

griseus, repurified type VI (6.3 units/mg solid) was

obtained from Sigma Chemical Company.

Hairless Mice.

A colony of hairless mice was developed in Windsor by
crossing hairless (hr/hr) mice from Jackson‘Laboratories}
Sar Harbor, Maine, U.S.A., and hairy C3H mice. All of the
Fl progeny from the initial cross were hairy since hairless-
ness is recessive. The hairless males (hr/hr) were bred
again,_this time with the F1 (hr/+) females. Half of the
resultant F2 mice were hairless and haif were hairy.
Hairlesé mice grow hair normally at first, but at the
first molt, at about one month, their hair falls out and

never grows back. Only hairless males, six to ten-months

0ld, were used in this study.

- TREATMENTS . .

Tape Stripoing.

Cellophane tape was applied to the posterior Yorsal
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-
skln -surface and carefully natted down, 10 achieve
adhe51on. The tape was then pulled off by doubling 1t bapk
"on itself, as descrlbed by Pinkus (36). This removed a
fairly complete layer of co*neocytes. Stripping was
repeated several times to remcve several layers of ' /k)
corneocytes} damplete stripping removed all'but the lést
layer or two and left the skin sllsuenlng or shlny and
slightly red, but still dry. after some‘practlce, thls -
,éould be achieved with about six:or eight tape,s}rips.‘we
chose to use-foﬁr strips for our experiments because it -
usually.left two or three corneocyte layers intécm and’
caused no visible damage to the underlying live ep;defmai
cells, yet would consistently induce the typical fesPQnse
to injury.. | .
Chemicals.
" All chemical treatments were appliéd once to the

posterior dorsal skin of the mice with a pipet.

Mice were killed and skin specimens ‘surgically removed

. at various times after treatment, as shown in Table I.
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TISSUE PROCESSINu. . T

Mice were kllled by neck fracture and skin specimens.
'surglcally removed These specimens were sliced “into 1 mm
by 2 mm pieces whlle 1mmersed in fixative. All soecmmens
were fixed in Dalton s (9) pOt?SSlum dichromate-buffered
osmlum tetroxlde (1% at 4°C, pH 7. 4 for two hours (see
.Appendlx I)..The spe01men§ were then dehyd*ated in graded
strengths of ethanol (see Aonendlx II) and embedded in Zpon
812 - Araldite (see Appendix III). Ultrathin sections |
(silver and gold) were cut on a Reichert OmlZ2 ultramicrétome
with a Dupont diamond knife, and stained ﬁi?h uranyl acetate
and lead citrate or with silﬁer methenamine, before'examin—
ation in an RCA EMU 3H or Philips EM 201 elec»ron microscope.

Some sections were digested wwth mrouease before staining.

STAINING AND CYTQCHEMISTRY.

Uranvl Acetate and Lead Citrate.

ﬁranyl acetate stain was prepared by making a saturated
‘solution in 70% ethanol, as modified from Watson (50).
Sections on copper grids were floated sectlion-side down on
the uranyl acetate solution, in the dark, for abdbout fifteen
minutes, then rinsed in distilled water and dried. Thesé
grids were then -floated section-side down, in the dark, on.
a solution of lead citrate which was D*emared as described
by Reynolds (42). The grids were then rinsed in a 0.02 N
solution of NaOH and then in distilled water and dried for

viewing'in the electron microscope.



‘Silver Methenamine. o

Silver methenamine stain was prepared by mixing 8 cc of
3% hexamethylenetetramine with 1 cc of 5% AgNOB, then
‘adding 1 cc of 2% borax, as described by dNovat (29).
Sections were transferred between solutions with a wire
loop. Because Dalton‘é fixative contains potassium dichrom-

-

ate, we were able to omit the usual ten minute incubation

2 -

in 1% pericdic acid and transferred sections directly to the
silver stain. The silver staining solution, with floating
sections, was placed in an oven at 55°C until the sectioné

. and also the staining solution began to darken. This

usually takes about % hour. Sections were then floated on

distilled water for rinsing and transferred %to 3% sodium

»

thiosulfate for twe minutes. Then they were -rinsed again.on
distilied water before being transferred with a wire loop
to copper grids for viewing.

Protease Digestion.

Protease digestion was performed according to the

y method of Monneron and Bernhard (26). Ultrathin sections
were floated on a 10% solution of periocdic acid for thirty
minutes, then rinsed by traﬁsferring them to distilled
water. The sectlons were then floated on a 0.5% solutioﬂ of
protease (6.5 units/mg solid) -at pH 7 and 40°C for periods
between thirty minutes and two hours. They were then rinsed
on distilled water and transferred to copper grids. Some of
these digested sections were stained with uranyl acetate

and lead citrate before viewing; others were left unstalned.
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 RESULTS -

‘Tape Stripping.

When stripped with cellophane tape, the outer layers -
of corneocytes were easier to remove than ihe layers‘most
recently formed over the live epldermal éells. The lasI 
corneocyte layer was particularly difficult to remdze.
Stripping'és fow as.five times can remove all except the.

last layer (Fig. 1) wﬁile cont inued str}pping, up tTo 24
times, uézgily failed to remove the last layer {(Fig. 2).
Stripping four times removed most of the siratum corneum
but produced no visidble damage to the iive ebidermal cells.
However, the epidermis reacted to the stripping, a short
time later, with the development of widened intercelliular
_spaces'and microvillous cytoplasmic projections (Figs. 3 & &).
Spaces began to form first in the basal layer, then the
spinous layer, and finalily the granular layerg %hey wefe

most extensive in the basal area and decreased toward The

L4

granular layer.

As intefcellular spaces formed, desmosomes appeared
to be torn from one cell and engulfed by the other (Fig. 5).
In some cases, holes were torn in the plasma membrane
where desmosomes had been (Fig. 3). _The enlargement of
intercellular spaces began within an hour, reached a maxi-
mum by about 24 hours, then slowiy subsided over the next
few days (Table II). As the spaces.decreased, the cells

re—established contact through the interdigitation of



N

Fig. 1. Electron micrograph of hairless mouse epidermis

after stripping five times with celZophane tape. The

. 8tratum corneum has been removed except for the basal

corneocyte layer {arrow). (X 15,000) -

rig. 2. Electron micrograph of hairless mouse epldermis
after stripping 24 times. The basal corneccyte layer is
51ill attached (arrow), but there is tearing (X) in the

granular layer. (X 15,000). - .



13.

n of intercellular spaces (arrows),

ron micrograp

Fig. 3. Elect

hg four times. Diderm

s. (X 15,000)

3
-

trippi

12 hours after s



Fig. 4. Electron micrograph of intercellular spaces (arrows),
« 4 - . )

24 hours after stripping four times. Didermis. (X21,300)
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L3}

1g. 5. Electron micrograph of desmosomes (D) engulfed, 18

hours after stripping four times. ICS:intercellular space.
(X 100,000)
Inset: Desmosome (D) torn from z keratinocyte (K), 1& nours

after stripping four times olus 95% ethanol. (X &0,000)

.
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~

cytoplasmic projections and the formation of new desmosomes
(Fig. 6). -

- . Qccasional breaks were found to develop in the basal
"lamina at 24 hours after stfipping (Pig. 7). 1In one area,
a 'ballooning’ cytoplaSmic pfojection was found, with very
dif fuse contents (Flg. 8). It appeared to have expanded to
fill fhe available intercellular space. At the same time
as snaces formed, i.e. beginning by one hour and continuing
to day four (Tatle IL) dense intramitochondrial inclusions
and large amounts of glycogen were found to be produced in
some keratimocytes (Fig. 9). It was found tﬁat the inclus-
ijons could be digested with pr octease (Fig. 10); this indic-
ates that these inclusions contain a protein component.
They also stained with silver methenamine (Fig. 11), in~-
dicating that they also contain giycogen or glycoproteln
A 1lipid droplet (Fig. 12) was found in a keratinocyte 13
hours after stripping. This droplet failed to be digested
by protease +herefore it appears 10 contain no protein.
Ethanol

Ethanol, 1like stripping, produced iniércellular spaces
(Fig. 13). However, +these spaces were sometimes largesi 1in
the upper layers of the epiderﬁis, decreasing toward the
vasal layer, instead of the other way around (Fig. 147,

Spaces were found at 18 to 48 hours after ethancl applic-

ation (Table II). ?he basal lamina ghowed distinet areas

of disruption but not complete breaks. Basal lamina mater-

jal appeared to be disintegrating and f£loating away, but
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Fig. B. Electron micrograph of ballooning cytoplasmic

projections (BP), 18 hours after stripping. Didermis.

(X 40,000)
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¥ig. 12. Electron micrograph of a lipid droplet (L) in a

granular layer keratinocyte, 18 hours after stripping.
After half an hour of protease digestion at 40°C, the
g

lipid droplet appears unaffected. MNinucleus. Cicornecocyte.

(X 50,000)
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13. EZlectron micrograph of intercellular spaces (ICS),

2k hours after 957 ethanol. Didermis. (X 25,000)



ey

Pig. 14. Electron micrograph of intercellular spaces (Ics),
24 hours after 95% ethanol. The spaces are larger in the
upper portion of the epidermis and the stratum corneum

has been sloughed off (arrow). Di:dermis. Silver methenamine

stained only. (X 20,000) -

v
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ent to the basal epidermal cells (Fig. 13). )
Dense lntramltocho drial inclusions were found after
egthHanol treatment, but to a lesser extent than with

-

strinoin& (Fig. -1% and Table II). Also like stripping,

euhanol occa31ona;ly caused the accumulatlon of glycogen in

B

some xeratlnocyteS{ These glycoaen denos*ts were identif-
ied cytochemically with silver methenamine stain (Fig. 1?).
Another effect of ethancl was the sloughing of-the stratum
correum (Fig. 17); often most or all of the dead cell'layers
were lost. Ethanol induced the appearance of many lipid
éroplets in some tissue sampleé (Fig. 17). Attempts <o

stain this material with silver methenamine resulted in a

non-specific spoited pattern of silver precipitation (Fi 18

indicating that there was ﬁo glycogen cr glycoprotein
§résent or- it was isolated in small discrete‘areas. " Similar
droplets in stripped,skin (Fig. 12) did not digest with
protease;\therefore there appears to be nO'ﬁrotein present.

Propviene Glvcol. .

Propylene glycol produced no detectable change in the -

epidermis'(Fig 19 and 20). :
d.

Vitamin A Ac

',Jo

Since propylene glycol produced no detectable changes
in the skin, the effects of vitamin A acid in propylene
zlycol are described in this study as vitamin A acid effects.

Vitamin A acid (3%) in propylene glycol caused the
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fig. 20. Electron micrograph of normal hairless mouse
- ‘ \

epidermis. (X 11,500) N
_q I
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‘devélopﬁent of -intercellular spaces (Fig. 21). These spaces
were first deﬁected at 48 hours and. persisted until at least
72 hours (Table II). ?ﬁéy were smaller than those found
after stripping or 957 ethanol. - Dense intramitochondrial
inclusions also apﬁeared at 48 and 72 hours (Fig. 21 and
Table II). The bésal lamina seemed to be normal and there
was no sloughinglof'the stratum corneum. No glycogen could
be detected in these vitamin A acid treatved tissues, even
"when stained with silver methenamine onli. Lipicd droplets
wére not detécted in these tissues eithef. Overall, the
damaging effects of 3% vitamin.A acid appeared To be less
than that of stripping or $5% ethanol.

The elementsVof'keratinization. Keratonyalin granules
and tonofilaments were reduced (Pig. 22). Keratohyalin
granules were decreaéed in size ané number and usually
appeared round instead of irregularly shaped. In addition

they did not appear to be associated with tonofilaments as
they usually are. There were only a few scattered bundles

" of tonofilaments in each cell instead of the usudl abundance.
Tnstead of keratinization elements, these cells showed
.increased amounts of rivosomes, endoplasmic reticulum aﬁd
Golgi apparatus. Golgi apparatus can be found right up to

the uppermost cell layers of the epidermis of these tissues;

this ‘is never possible in normal skin. ™
. 4



Fig. 21. Electron micrograph of intercellular spaces

(large arrows) and intramitochondrial inclusions (small
arrows), 48 hours after 3% vitamin A acid in propylene
glycol. D: dermis. (X 15,000)

Inset: Intramitochondfial inclusions (arrows), from same

tissue. (X 30,000)
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combined Treatments.-

(1) Stripping and Ethanol;

The cqmbined mechanical damage of tape strippihg and
chemical damage of 95% ethancl produced greater damage than
either alone. Intercellular spaces (Eig. 23 and Table II)
and intramitochondrial inclusions (Fig. 2& and Table II)
were increased. The basal lamina also showed greéter damage
(Fig. 25) than stripping or ethanol alone. The moderately
dense lipid droplets found in the skin of one aniﬁal after
this double treatment were very large and numerous «?ig. 26},
'Small dense areas were found in some of these droplets
(?ig. 27). These denser areas were not detected in the
droplets of any other tissue samples and are of unknown
significénce. Some small droplets, apparently just be-.
ginning to form, had a membdranous internal structure that
suggested a possibile derivation from smcoth endopiasmic
reticulum (Fig. 28).

(ii) Ethanol and 0.3% Vitamin A Acid.

The combination of ethanol and vitamin A acid caused
more damage than either alone as evidenced by the increased
intercellular spaces (Fig. 29 and Table I1).

(iii) Stripping, Ethanol and 0.3% Vitamin A Acid.

Thig triple combination produced the mosi severe
.damage of any treatment. Intercellular spaces were largest
after this treatment (Fig. 30 and Table II) and there were

numerous imtramitochondrial inclusions (Fig. 31 and Table II).
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Fig. 23. Electron micrograph of intercellular spaces
[y f

(arrows), 24 hours after stripping and ethanol. Didermis

(x 8,500)
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L]
L

i

e,

(arrows),

3
-

1

8 hours after stripping and ethanol. Diderm

(X 50,000)






- . .

Fig. 27. Electron micrograph of a lipid droplet with small

dense areas (arrows), 24 hours after siripping and ethanol,

(X 100,000)
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Fig. 29, Electron micrograph of intercellular spaces

(arrows), &8 hours after 0.3% vitamin A acid in ethanol.

D: dermis. (X 6,000)



Flg. 30. Electron micrograph of intercellular spaces (ICs),

2k hours after stripping, ethanol, and 0.3; vitamin A acid.

D: dermis. L: lymphatic vessel. (X 9,000)
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Fig. 31. Electron micrograph of intramitochondrial inclusions
(arrows) and lipid droplets (L), 3¢ hours affer stripping,
ethanol, and 0.2% vitamin 4 zcid. (X 50,000) -

Inset: Lipid droplets (L), from szme tissue. (X 40,000)
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~

Homogeneous droplets again appeared at 24 hours {(Fig. 31)
T . o .
and were passed up Tto the stratum corneum over “the nexit

two days (Table II and III) so that they were_very'
extensive in the corneum Dy déy three, produciﬁg_a para=-
keratotic hofny layer'kFig. 32). There was also some
"sloughing of the stratum corneum as shown in Fig. 30.

o

Basal lamina breaks were also more extensive than those

found with any other treatmeht'(Fig. 33).
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TABLE TII

PO

LOCATION OF LTPID DROPLETS AT VARIOUS TIMES AFTEK CCOMBINED -
'  STRIPPING, ETHANOL, AND 0.3% VITAMIN A ACID

TIME \ LOCATICN
AFPTER. SASAL | 5PIN0Us GRANULAR NIW LD
TREATMENT|} LAYEk LAYER : LAYER |CORNZOCYTESJCORNEQCYT
3 hr - - - - -
1 hr - - - - - -
3 hr - h - - - -
6 hr - - - - -
12 hr - - - - _
18 hr - - - - -
24 hr - X X ? ?
35 hr " X X X -
48 hr - - X ? 7
60 hr - - - X -
3 days - - - X X
L days J - - - - X
7 days F - - - - X
10 éays u - - - - -

S rASTEM T

)8

P It o ]

Svmbols used: X 1lipid droplets
- no lipid-droplets

? corneum missing
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DISCUSSION

Tane‘Str%npiég.' |

Tape stripping four times prodﬁced the typical
regenerative response to woundiné (38)‘even wﬁen two to
five layers of‘co;neocytes remained attached. This regener-
atioﬁ has been characterized, in part, by the development
of'bnlafged intercellular spaces, in both hairlei§ mice
(38) and in humans (24). A similar enlargément of spaces
has been found after incision wounds in human.skin (34) and
rat gingiva (23): after excessive ultraviolet irradiation
in humans and Guinea pigs (31); ait;r topical application
lof vitamin A acid in Guinea pigs (55); after‘vitamin A in
tissue culture of. Guinea pig ear skin (2) and embryonic -
mouse skin (48); and in certain skin diseases such as
pemphigus (51) and some viral skin diseases (21). This ™"
study‘revealed the early development of these intercellular
spaces and found them to begin within an hour after
stripping of hairless mice. Spaces were previously reported
.to begin only by four hours in stripped human skin 624). It
may be that mouse skin reacts to strippling more quickly
than human skin Secause.it 1s so much thinner..ﬁhe meﬁhan-
isms involved in the formation of intercellular sSpaces are
unknewn, thus the fact that spaces begin tTo form very early
may be useful in discovering these mechanisms.

It was found that as intercellular spacesgformed,

desmosomes were tgzggfrom plasma membranes of keratinocytes.
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This is in agreement with the findings of Mishima and Pirkus
(24). However, Allen and Potten (1) did not find téaridg of
the plaéma membrane when desmosomal'connéctions were broken.
_They proposed a model_where the plésma membrane éinches off
without tearing. Perhaps desmosomes are removed without
" tearing in some cases and with tearing in others. In any

" . . . N
case it is believed that a desmosome, once removed, is ine
faginated into a kerafinocyte where it is broken down, pré—
sumadbly in a pﬁagolysbsome (24). When cells re-establish
contact, it is thﬂughﬁ that new desmoSomes are formed 'de
nc&o: (24). The fact that plasma membranes can be torn by
the forces separating the Keratinocytes suggests that the
cell separat;on‘is not merely due to a lack of adhesiveness
between cell surfaces but probably involves.fluid pressures.:

The dense intramitochondrial inclusions found in

damaged epidermal cells appear to be part of the response to
injury since they accompany the formation of enlarged inter-
éellular spaces. Morphclogically similar inclusions have
been found in the epldermis or in the epitheliai cells of
mucous membdranes in the following situations: after local
application of carcinogens, croton oil, podophyllin, ben-
zene and turpentine; in cases of vitamin & deficienqy{ after-
wounding of mouse skin; in normal epithelium of the tongue,
rectum and stomach and in the stomach of embryonzl mice (&3).
The ultrastiructure, composition, and occurrence of this type
of intramitochondrial inclusion has recently been examined

and. reviewed by Rupec and Bruhl (43). The name 'corpora intra

s



cristam' was accepted for this type oI irclusion as original-

"IJ

. / _ _ _
ly proposed by Frie and Sheldon (11). It had Dbeen reported

py Kakefuda et al. (17) that these inclusions were not di-
aAgested alter incuvation with Diase, Rhase ind pronasé {pro-
tsase). -~However, Ruﬁ?b and Bruhl did achieve proteaée di-

5estLon of thnis type of 1nclusxon in mou skin fixed in

- . =

glutaraldehyde and osmlum tetroxlde. “shen they dunlmcatnd

rnakefuda' s fixation wlth Just glutaraluebyce. they teco fall-

Y

ed to get digestion by protease. We achieved dlsestlon of N

intramitochondrial inclusions with Dalton's fixative (9)
which also has osmium tetroxide dut not glutaraldehyde; it
is oquerec with potassium dichromate. Thus our findings'

support those of Ruvec and Bruhl who found these 1nclu510ns

s
to contain p*otein. -

ye also found that these inclusions could be stained

with silver methemanine. $ilver methenamine is known 10

stain glycogen and glycoprotein but it ig not entirely’

&

..

specific, especially in osmium-fixed tissues (7).
Nevertheless, this staining at least suggests a Carbohydrate
component in these inclusions. Because these inclusioﬁé are
digestable with protease and stzin with silver methehamine.
there is a possibility that these inclusions contain -
giycoprotein. Rupec and 3runhl alsc found that these ‘
inclusions could be extracted 1in chloroform-methanol

when they were fixed in glutafaldehyde (#3). From that
1c‘}.nch.ng, Rupec and Bruhl concluded that theée inclusicns

had a lipid component as well, : :
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. The finding of glycbgen deposits in Keratinocytes has

not been féported in previous ultraspructural studies of
stripping or wounding.’ Hoyever, blochemical assay of epi-
dermal tissue from regenerating wounds has shown an increas-
ing gradient of glycogen from the marginally affected area
to the advancing epithelial tip, with a maximal nine times
hormal g;ycogen'at the tip (28). Glycogen is also known to
accumulate in keratinocytes in psoriatic skin (13) which,
like stpippéd or wounded skin, has an increased mitotic rate.
A five-fold increase in glycogen was found in *the psoriatic
lesions compared to the uninvolved epidermis. ,Séveré&\ other
epldermal proliferative diseases such’ as eézema also produce
glycogen accumulation (49). In thg human fetus, less than
four months old, basal)as well aé peridermal- layers. are -
laden with glycogen. However, from six months té bifth. when
keratinization takes place, there is a sudden and complete
reduction of the glycogen (49). Thus, glycogen in adult
epidermis appears to be a'sign of damage or disezse.

A single lipid droplet was found in a keratinocyte_lﬁ
. hours after stripping and this droplet was unaffected oy

half an hour of protease diges<tion: thus it did not contain

protein. _ ’ .
Ethanol. X

Although ethanol has been widely used as a solvent for

Y .

applying various drugs and chemicals to the skin, there have

been few studies of possible damage caused by the ethanol.
Some sweliing 0f the epidermis was reported from light

.
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microscopic studies, but it was concluded that the cells were
not damaged (27). thanol (95%) has also been shown %o
cause increésed mit&s;g when applied to the skin (56), but
there are no previous ultrastructural studiés of the effecté
of high cqncentr;tions of ethanol applied to the skin. There
is, however, one-related ultrastructural study, by Bruckner
and Gueés, in Q;ich high concentrations of ethanol were
injected into the dermis. with resultant damage to the o;e:e
lyipg epidermal cells (5). ?hey reported thét ethanol caus-
ed epidermal cell necrosis ;ith "alcoholic proteip denatur-
ation' and 'cyteplasmic coagulation', zs demonstrated by
the aggregation of ribosomes and tonofibrils. The present
study revezled céll damage %ut not aggregation of ribosames'
‘and tonofibrils after topical application of 95% ethanol.
Like Bruckner and-Guess,>{his study éhowed broken cell
membranes and widening of intercellular spaces, but did not
4find swollen endopiasmic reticulum and mitochondria as they
did. In general, it appears there was mofe epidermal -
damage in the intradermal injecfién study. This may be
related to the inflammatory reaction produced in the dermis
by the injection of ethanol.

After topical application of ethanol} some keratinocytes
developed many droplets of moderately dense material in
their cytoplasm that are identical in morphology *o the
1ipid droplets found in fat cells and rarely in normal
keratinocytes (33). Such droplets have not GLeen previously

reported in ethanol treated epidermis. This study failed

-



RS Aidh el

to determine the composition of this wate ia However.

since it did not stain with- sllver meohenam;ne and was not

digested by protease, 1t was concluded that it did not

contain carbochydrate or protein.' The. sna‘l dense areas
within the droplets of sone Sg the tlssue samnles is ‘also

of unknown .composition. Considering u“e damage caused by

-

high concentrations of ethanol, it may be unwise to use it
as a sclvent for skin applicatiqn.studies, and previous
work that used ethanol should be re-evaluated 'in the light
of our findings.

Yitamin A Acid.

The ultrastructural effects of vitamin A aclid applicat-

ion *o normal adult mammalian skin '4n vivo' have -been stud-

jed previously in Guinea pig ear skin by Wolff, Christophers

and Braun-Falco (55). Siniigiéiiféétamin has becomq;impoft_

ant in the treatment of various skin diseases, it was con-

sidered appropriate to study the effects of this compound

4

rther, using a différggt animal and two different solvents.

3'

This study also investigated the effects”of vitamin A acid
on tape stripped -skin, which more closely approximates
diseased skin such as pscriasis, where vitamin A acid has ﬂ
been found somewhat effective as a trqatéént; Wolff et al.

used concentrations of 1% and 3% vitamin A zcid with dailly
" » .
applications for eight days, while this situdy involved a

single:appiication of either 0.3% or 3%. ' .
In this study, a single application of 3% vitamin A

acid produced changes in e skin, but not as pronounced as

those reported by Wolff et al. after daily*applications. - -

® . -~

ey
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As.wn the study of Wolff et al., this study showsd -epiderm-

al damage in the form of intercellular spaces. Dense intra-
L
mitochpndrial inclusions were found after vitamin A ac*d

»

treatment in this stu?y but were not reported DrEVlOuSly

Glycogen was found this study,.as it 'was in that of wolff

[=h

@

t al., but only

n Vitamin A acid-treated epidermis that

had first been tape stripped, or when ethancl was Used as

the solvent. Ferhaps the single application of 3% vitamin A

acid in prepylene- glyccl was insufficient to induce, glvcogen

‘ -

accumulation. Wol®f et al. found glycogen if their samples

but used acetcne as a solvent: this may have been partly or

Tully responsible for the glycogen accumulation. Mo control
exnerlments with acetone weré revorzed in hnlr work

.

Moderately dense hcmogeneous droplets were also fouﬁd
¥ _ :

by Welff et al., but these strucfures were not detected in
this study after a single application of 3% vitamin A acid
in propyle;e glycol. However, these or similar structures
appeared after stripp;ng or ethanol tréatmenf; ter 0.3%

vitamin A acid in ethanol, <hese droplets were abundant in

the corneum, as well as the live epidermal cells. Wolff et
al. reported that the droplets in their preparations stained
with silver methenamine, and claimed they contained some.

mucosubstances, but they Gid not illustrate this findinfé ’
Attempts to stain similar appearing droplets in this wor

gave negative results. Thus, the guestion whether vitamin

a

A causes adult mammalian epidermal cells to produce

.
. ~ .
My,
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mucus could not be resolved .

Vitamin A was first described by Harris et al. in 1932
(14) to have an anti- quatlnlzlng effect. This concept
has been confirmed ln adult mammalian skin by Wolff et. al
in. Guinea pig ear skln (55); and the present study realfirms
this finding in mouse back skin. The keratinization elements,
Kefétoﬂyalin granules and fonofiiaments were reduced while

the synthetic elements, ribosomes,Golgi apparatus and

endoplasmic reticulum, were increased with a resultant.

" abnormal or parakeratotic stratum corneum. Logan, in 1972

(20), suggested that there was no inhibition of keratiniz-
ation in mammalian skin. but merely a ‘disturbance’ in the

process. However, this study and the work of Welff et al.,

'published two years before Logan's review, shows specific

inhibition of the production of keratim and keratin
precursors.

Precisely how vitamin A is able to produce iis

‘epithelial effects is largely unkmown. However, it 1is

known that vitamin A_(retinol) and vitamin A acid (retinoic
acid) each have target epithelial tissues, and each has 1its
\
own specific binding proéein in these tissues (8, 35). The
tissué binding proteins are distinet from the serum binding
protein for vitamin A, which carries it through the
circulatory system to its target tissues. Some target
tissues have a binding protein for retinol only aﬁd some
have both, but no tissues have yet been found with only

retinocic acidé binding protein (35). Muscle tissue, which is
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not respoﬁsive to vitamin A, has no Qitamin A 5inding
proteins, while skin does have the binding proteins (35).

In this respect, the retinoids are similar to the ste*owds..
which are>known 10 have spec1;1c b*ndlng proteins in their
target tissues.

- There is evidence théf the retinoids, like steroids,
sass from the cytoplasm to the nucleus, where they appear

4o bind to the DNA. In 1970, Prutkin and 3ogart (41),

using electron microscopié autoradiocgraphy, showed that
carbon 14-labeled retincic acid, applied %o the skin, enters
epidermal cells and is found mostly in the cytoplasm at 24
hours. At 48 and 96 hours, 1t was found mainly in the

’

nmaucleus, associated with ‘the euchromatin, the site of RNA‘_ .
synthesis.- This suggests vitamin A may be inhibiting or‘
;stimulating RNA synthesis.

In 1971, D-ru‘f.'kin did further studies, applying actinom-
y01n D to the skin before ret1n01c acid (&40). Actinomycin
D binds to DNA and inhibits RNA-Dolymerase, thus preventing @
RNA synthesis (12). This treatment resulted in the inhibit-
jon of retinoic acid effects. Specifjically, actinomycinnD
prevented the mucﬁs production usually caused by retinoic
acidlin’Prutkin‘s system, +the keratoacanthoma, & ‘squamous
"cell carcinoma that grows to a certain extent then spontan-
eously regresses. Thus, it appears retinoic acid affects a
region of the genome involved in transcription of messenger-

RNA coded for the translation of mucoprotein. Perhaps

messenger-RNA coded for the production of keratinization
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elements are also inhibited in_this-way; and the synthetic
elements of Golgi apparatus. endoplasmic {qticuiﬁm and
rivosomes stimulated. . ‘
* It should be noted that the‘keratoacanthbma is a
cancerous growth, so vitamin A acid.may affect,thesé_cellé!.
differently than normal epidermal cells. Vitamin A can
transform ea%ly embryonic¢ mammalian skin tc a mucus-secret-
ing epithelium, but from the studies reported here, it is
not-certain vitamin A can cause normal adult mammalian skin;
to pfoduée mucus. Typiqally, cancerous cekis are Similar
t0 embryonic cells in many ways and this may éccoﬁnt for
the mucus production in the keratoacanthoma, when stimulated
with vitamin A acid. While these Eonsiderations in no way
deny Prutkin's finding that retinoiec aclid-induced mucus
pfoduction in the keratoacanthoma is mediated by RNA-polym-
erase activity, it would be interesting to know i< RNA-pol-
ymerase -activity is necessary for the induction of the
anti-keratinizing effects of vitamin A acid in normal
' mammalian skin.
' "2i1, in 1972 (56), studied the mechanism of vitamin A
acid stimulation of epidermal cells using a different
approach. He found that retinoic acid caused an increase
in epidermal mitoses within two hours and had a prolonged
effect as well. Retinol, however, did not produce the early
increase in mitoses but did induce the 'later, prolonged
increase. Zil concluded that retinoic acid stimulated G

2
(gap 2) cells to enter mitosis while retinol stimulated |
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only those cells in earlier phases of the mitotic cycle. \\s“h\_
Perhaps this difference in epldermal cell susceptibility

‘to stimulation by retinol or retinoic acid is part of the
eﬁplanation why retinoclc acid is more effective than

Aretinol in gfoducing certain epidermal changes and in

treating some skin diseases.

To understanéd the mechanisms of vitamin A activity in-

the precise nature of the ultrastructural
changes/must be known. The 'biochemical nature of the
materials produced in the mitochondpia and cytoplasm of
vitamin A treated epidermis must be analysed. Autoradiogr-.
aphic tracer studies may bte used to follow the production

of these materials over *ime and to follow the path Bf the
various vitamin A analogues through the cells. It is -
established that vitamin A affects gmbryonic, adult and
metaplastic (keratoacanthoma) epidermal tissues aifferently{.'
and it may be that vitamin A4 also acts differentf; on
diseased epidermal cells._ These are some of the areas that

need further study in order to use vitamin A most effectively

in the treztment of skin diseasés.

.
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caused inhibition of Keratinizat

SUNMARY

Stripping the -skin four times with cellovhane tape
rémoved most of the stratum corneum and éaused.the
development of widened intercellular spaces. As thé
spaces Iormed, desmosomes were torn from one cell and
éngulfed by the other, and intramitochondrial inclusions,
glycogen and basal lamina breaks appeared.

'Ethanol (95%) caused similar damage and also induced-
the formation of lipid droplets in some keratinpcytes.“¥-<‘
Ethanel also caused SIOurhing of the stratum corneum.

Drouylene glycol D*ocuced no detectable damage.

VWtamln A acid produced mild damage wlth wicened

intercellular spaces and intramitochondrizl inclusions,

but ne lipid droplets or glycogen were dete{?ed. It also

=0

on.
Combinations of treatments caused increased damage.
Lipid droﬁlets failed to stain with silver methen-
amine, indicating they contained no glycogen or glyco-
protein. They'also failed to be digested by protease;
indicating they containeé no protein.
Intramitochonérial inclusions were‘digested with
protease indicating a protein component, and they also

stained with silver méthenamine, indicating the presence

of glycogen or glycoprotein as well. .
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_APP?NDIX I

DALTON'S FIXATIVE

Preliminary

Prepare 2.5 N KOH solution
(14.0 gm KOH plus water *o make 100 ml)
' Prepare 3.4% NaCl solution

. (8.5 gm NaCl plus water to maké‘250 ml)

| utfer 7

| ;
Add 10.0 gm potassium dichromate to 200 ml water.
Adjust to pH 7.4 with 2:5 N KOH.
Add 250 ml of 3.4% NaCl solution.
Add 250 ml of distilled water.

tore at 4°C. (Stable for several months)
Fixative ' )

Dissolve 1.0 gm osmium tetroxide to 50 ml distilled

water.

-

Add 50 ml dichromate buffer,
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DEHYDRATION AND EMBEDDING SCHEDULE

Fix tissue.

Rinse in 50% ethanol at 4°C.

50% ethanol
70% ethanol

90% ethanol

15
15

-

15

min
min

min

4°c
uoc.
4°c

(May be left in refrigerator overnight without agitation)

100% ethanol
100% ethanol
100% ethanol
prepylene oxide
propylene oxide

1:1 propylene
oxide - Epon

1:1 propylene
oxide - Zpon

1:2 propylene

" oxide - Epon

Epon

30
30
30
20
20

30

30

60
GO

mih
min
min
min

min
min
min

min

min

room temp.’

Embed in capsules with fresh Epon,

Polymerize (35°C - 40°C) overnight.

Polymerize (60°C - 65°C) for two days.

{

' Agitate

”"
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APPENDIX III

- EPON EMBEDDING MEDIUM

Tare piastic'cup on top-loading balance.:

. Add Araldite (34.5 gm).

Add Epon (48 gm).
Add DDSA (dodecenyl succinic anhydride) (90 gm).

Mix very well with a teflon stirrer avoiding froth.

Add 3.9 ml DMP-30 using a 5 ml disposable syringe & mix.



\n

"11.

1z,

Allen, T.D. and Potten, C.S.: Desmosomal form fate and
function in mammalian epidermis. J. Ultrastruct-
ure Res, 51:94-105, 1975. :

Bérnett{ M.L. and Szabo, G.: Effects of ﬁ;;amin-A on
epithelial morphogernesis in vitro. Exp. Cell Res.
. 76:118-126, 1973. o

Bellows,.C.G. and Hardy, M.H.: Histochemical evidende
of mucosubstances in the metaplastic epidermis
and hair follicles produced@>in vitro in the ores-
ence of excess vitamin A. Anat. Record 187:237-
272, 1977.°

Sreathnach, A.S.: The Ultrastructure of Human Skin.
‘London, Churchill, 1971.

Sruckner, J.V. and Guess, W.L.: Morphological skin
reactions to 2-chlorcethancl. Toxicel. Appl.
Pharmacol. 16:382-390, 1972.. '

Christophers, E. and Braun-Falco, 0.: Epidermale re-

generation am meerschweinchenohr nach hornsch-

ichitabriss., ZEine autoradiographische untersuchung.-

Arch. klin. exp. derm. 231185, 1967.

g, J., Nautner, W. and Grishman, E.: Silver impreg-
nation Tor electron microscopy. J. Bioph. Siochem.
Cyt. 4:841-842, 1958, ’

Chytil, F. and Ong, D.E.: Mediation of retinoic acid-
induced growth and anti-+*umor activity. Nature
260:49-51, 1976, .

Daltdn, A.1 A chrome-osmium fixative for electron mic-
roscopy. Anat. Record 121: 281, 1955,

Fell, H.B. and Mellanby, E.: Metaplasiza produced in
- cultures of chick ectodern by high vitamin A. J.

. Physiol. 119:470-488, 1953.

Prei, J.V. and Shelden, H.: Corpus intra cristam: a
dense body within mitochondria of cells in hyper-
Dlastic mouse epidermis. J. Blophys. Biochem.
Cytol. 11:724-729, 1961,

Goldberg, I.H., Rabinowitz, M. and Reich, E.: Basis
of actinomycin action I. DNA binding and inhib-
ition of RNA-polymerase synthetic rezctions by
actinomycin. P.N.A.S. 48:2094-2101, 1952.

66.

@

-

4



13,

14,

15.

16,

17,

18.

19.

20.

21.

23.

24.

22.

._ 6?. . ’

.Halprin, K.M., Onkawara, A. and Levine, V.: Synthesis’

of zlycogen in the psoriatic lesion. Arch. Derm.

Harris, L.J., Innes, J.R.M,, Griffith, A.S.: On the .
pathogenesis of vitaminosis A: Vitamin A as the
anti-keratinizing factor. lancet 2:614-617, 1932.

Hennings, H. and Elgjo, K.: Epidermal regeneration
after cellophane tape siripping ‘of hairless .
mouse skin, Cell Tissue Kinet. 3:1243-252, 1970.

Kaidbey, K.H., Kligman, A.M. and Yoshida, H.: Zffects

of intensive application of retinoic aciad on
 human skin. Br. J. Dermatol. 92:693-701, 197&4.

Kakefuda, T., Roberts, E. and Suntzeft, V.: Electron
microscoplic study of methylcholanthrene-induced
epidermal carcinogenesis in mice: mitochondrial
dense bodies and intracisternal A-particles.
Cancer Res. 30:1011-1019, 1570.

Karasek, M.A.: Effect of all-trans-retinoic acid on

human skin epithelial cells in-vitro.J. Soc.,
Cosmetic Chemists 21:925, 1970.. )

lehman, Z. ané Rapaport, H.G.: Cutaneous manifestations
of vitamin A deficiency in children. J.A.M.A.
11!-3' H 386-393- 1914-0.

logan, W.S.: Vitamin A and keratinization. Arch. Derm.
105:748-753, 1972.

Lutzner, M.A.: Virus diseases, Ultrastiructure of
Normal and Abnormzl Skin, Edited by A.S. Zelickson.
Philadelphia, Lea & Febiger, 1967, pp 365-387.

Marks, J.: The fat soluble vitamins in modern medicine
In: Vitamins and Hormones. vol, 32, pp 131-154,
1974, Edited by R. Harris et &l., New York,
Academic Press.

Martinez, R.: Fine structural studies of migrating
epithelial cells following inclsion wounds, .
Epidermal Wound Healing. Edited by H.I. Maiback
and D.T. Rovee. Chicago, Yearbook Medical Publish=-
ers, 1972| 12 323"342'

Mishima, Y. and Pinkus, H.: Electron microscopy of
keratin layer stripped human epidermis. J.
Invest. Dermatol. 50:89-102, 1968.



25,

27.

- 29.

30.

31.

32.

33.

34.

35.

36.

Mom, A.M.: Dermal connective tissue and vesgles In
" psoriasis (vitamin A acid effects), Psoriasis:
Proceedings of the International Symposium, .
Stanford. Edited by E. Farber and A. Cox. Stanford
U. Press, 1971, -pp 302-214. ‘

Monneren, A. and Berphard, W.: Action de cer
enzymes sur des tissus inclus en epon.
copie 5:1697-714, 1966.

aines
. Mlcros-

-
-
J

Montagna, W.: Penetration and local effect of vitamin
A on the skin of the guinea pig. Proc. S50c¢. EZXp.-
.Biol. Med. $561668-672, 195&.

Monfagna. W. and Parakkal, P,F.: The Structure and
Function of Skin. 3rd Edition, New York, Academic
Press. 1974, pp37.

Movat, H.Z.t Silver impregnation methods for eleciren
microscopy. Am. J. Clin. Path. 351528-3537, 1961.

New, D:A.T.y Effects of excess vitamin A on cultures of
- .skin and buccal epithelium of the embryonic rat
and mouse. Br. J. Dermatol. 75:320-325, 19563.

Nix, T.E.: Ultraviolet-induced changes in epidermis,
Ultrastructure of Normal and Abnormal Skin. Edited
by A.S. Zelickson. Philadelphia, Lea & Febiger, ’
1967, pp 304-309. . .

Noller, C.R.: Chemistry of Crganic Compounds. 2nd ed.
. Philadelphia, W.B. Saunders Company, 1957, pp 740.

Odland, G. and.Reed,'T.H.: Epidermis, Ultrastructure of
Normal and Abnermal Skin. Edited by A.S. Zelickson.
Philadelphia, Lea & Febiger, 1967, pp 54-75.

Odland, G. and Ross, R.: Human wound repair. I. Eplder-
mal Regeneration. J. Cell Biclogy 39:135-151, 1968.

Ong, D.E. and Chytil, F.: Retinoic acid-binding protein
rat tissue: Partial purificaticn and comparison tg,
rat tissue retinol-binding protien. J. Biol. Chem.
250:6113-6117, 1975.

“Pinkus, H.: Examination of epidermis by the strip method

of removing horny layers. I. Cbservations on
thickness of the horny layer and on mitotic
activity after stripping. J. Invest. Dermatol. 16:
383, 1951.



- 69. &

Plewig, G. and'Kligman. A.M.:t Acne: Mofphogenesis and
Treatmept,'Berlin. Springer-Verlag, 1975, pp 284.

Potten, C.S. and Allen, T.D.: The fine structure and
cell kinetics of mouse epidermis after wounding.

. . Prutkin, L.t The effect of vitamin A acid on hyper-
keratinization and the keratoacanthoma. J. Invest.

Prutkin, L.: Modification of the effect of vitamin A

' acid on the skin tumor keratoacanthoma by .

applications of Actinomycin D. Cancer Res., 31l:
1080-1086, 1971.

Prutkin, L. and Bogart, 2.: The uptake of labeled
vitamin A acid in the keratcacanthoma. An electron
microscopic radioautoegraphy study. J. Invest.
Dermatol. 55:249-255, 1970. o

Reynolds, E.S.: The use of lead citraté ‘at high pH as
an electron-opaque stain in eleciron microscopy.
J. Cell Biol. 17:208-212, 1963. -

Rupec, M. and Bruhl, R.: on the question of ‘the ultra-
structure and composition of corpus intra cristam
after local methylcholanthrene application. Je
Ultrastructure Res. 541388-396, 1976.

Schellander, F.: Reaction von epidermis und subepider-
mzlen bindegewebe auf nornschichtabrisse. Eine
autoradiographische studie. Arch. klin. exp.
Derm. 234:158,1969.

Sporn, M.B., Clamon, G.H., Dunlop, N.M., Newton, D.L.,
Smitn, J.M. and Saffiotti, U.: Activity of wvita-
min A analogues in cell cultures of mouse epi-
dermis aznd organ cultures of hamster trachea.
Nature 253:147-5C, 1975.

Sporn, M.B., Dunlop, N.M., Newton, D.L. and Smith, J.M.:
orevention of chemical carcinogenesis by vitamin
A and its synthetic analogs (retinoids). Fed.
Proc. 35:1332-1338, 1976.

Stoughton, K.B.: A perspeciive of topical corticoster-
0id therapy, Psoriasis: froceedings of the Inter-
national Symposium, Stanford. Edited by Z. FParber
and A. Cox. Stanford U. Press, 1976, pp 219-226.



2.
' \

48, Sweeny, P.R.°and Hardy, M.H.: Ciliated and secretory
epidermis produced from embryonic mammalian skin
.organ culture by vitamin A. Anat. Record 185:
93—100 1975. :

49, Voorhees, J.J., nelsey. W., Stawiski, M., Smith, E.,
Duell, E.,. Haddox, M. and Goldberg, .N.: Increased
cyclic-GMP and decreased cyclic-AMP devels in -«
the rapidly proliferating epithelium of psoriasis.
In: The Role of Cyclic Nucleotides In Carcino-.

_ genesis. Ed. J. Schultz and H. Gratzner. vol. 6,

. J New York, Acadgmlx Press, 1973, pp 325=-373.

50.

Watsop, M.L.: Staining>of tissue sections for electron
mlcroscopﬁ with heavy metals. J. Bicph. Bioch.
Cytol. 4w475-%478, 1958.

51, Wilggam,_G.F.z Pemphigus and bullus pemphigoid, Ultra-
structure of Normal and Abnormal Skin. Zdited by
_ A.S. Zelickson. Philadelphia, Lea & ~eb15er. 1967
S pp 335-346.
52. Wilkoff. L.J., Peckham, J.C., Dulmadge, E.A., Mowry, -
‘ R.W. and Dharam, PF.C.: Evaluation of vitamin A
analogs in modulating epithelial differentiation
.. 0of 13 day chick embryo metatarsal skin explants.
Cancer Res. 36:1964-%72, 1976.

53. . Wolback, 5.B, and Hewe, P.R.: Tissue changes follow1ng
denrlvation of fat soluble vitamin A. J. nxp.
Med., 42:753- 778 1925.

'5k. Wolf, J.: Das oberfWachenrellef der menschllchen. Haut.
.«ﬁh‘ Zeltschr. mikr.-anat. Forschung. 47:351, 1940.

55. Wolf #.H:, Christophers, E. and Braun-Falce, O.: Changes
in enldermal differentiation after vitamin A
acid. Arch. kiln. exp. Derm. 237:774-795, 1970.

55. Zil, J.S.: ?ltamln A acid effec on epidermal mitotic
activity, thickness and cel lularity in the hair-
less mouse. J. Invest. Dermatol. 59:228-232, 1972.
. ' ‘ ’ L
LY ' . . -

\ ) ~




L . | | VITA AUCTORIS

Born: June 26, 1945. Kenora, Ontario, Canada. .~
Son of Mr. and Mrs. Roy Brown.

Primary Education:

d(“'?”

‘Secondary Eauéationz_-
;akewood High School, Kenora, Ontario.
1959 - 1963, 1964 - 1966. ‘ ’
University Education:
University of Waterloo;.Waterloot Ontario.
1966 - 1971, 197% = 1975.
.(B.i.s. Bachelor of Independent Studies)

o

T1.

-"'11""!-‘"}@"‘ L
-

1

»

o

[]

North Ward School, Kenora; Ontario. 1951 - 1959. E

N



	Effects of tape stripping, ethanol, propylene glycol and vitamin A acid on hairless mouse skin: An electron microscopic cytochemical study.
	Recommended Citation

	tmp.1363786207.pdf.WAiVS

