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' ABSTRACT o

* .

},This study'has focused upon two principal areas "of
concern: . o . ’
" (1) The establishment of a well characterized
epiderﬁal control system gor phe‘comparative
analysis of cellu}ar ‘and subcellular morphological

changes in hairless mouse epidermis.

(2) The comparative morphological evaluation of

&pidermal ;esponseéjgo the pfblénged application of

-'vitamiﬁ A acid (retinoic acid).
The_%tructdral'organiz;tion of norhal and retinoic acid
treated hairless mouse skin was évaluated with light and
éléctféh.micrOSCOpic techniques., An ﬁﬂusﬁal perspgctive was
provided by the'greliminéry'separation of the intact .
epidefmal sheet from it's upderlying dermis usihg 20 mM .
ethylene diamine tetraacetic acid,(EDTA);‘Fhis allowed
scaﬁhihg electron micrOSCOpic observation of the inférior
‘eﬁidérma} surface'(;tratum bpsalé, Langefhans cells and |
hairfollicles) and gﬁe superior.dermal surface (basal

lamina) . Whole and EDTA-separated samples .were also

correlatively examined in cross-section using transmission
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electron and llght mlcroscopy. An even dlstrlbutlon of ha1r
\
follicleé were degeneratlve yet possessed active- sebaceous

glands. In all other respects, hairless mouse. epldermls was
.
slmllar, in structure and organization, to the epldermls of

mice with-hdir. An abundance of protruding Langerhans cells
_ ~
was 'a particularly prominent feature in EDTA-separahed

epidermal sheets; their dis®ribution paralleled that

observed in adenosine triphosphatése stained sheets.
| Top}cal retinoic acidi-knownlto effect a variety of
- physiologic and therapeutic Epidermal.changes--was applied
to the backs of hairless mice in concentrations of‘OﬂB%'orJ
1.0% in.a propylene glycol.vehlcle. Mice were treated daily
for up;to 14 daysl Epidermal changes were of a predominately
~irritanu nature: membranelvesicle release in EDTA-separated
epidermis, synthesis of lipid, dlycogen and
intramitochondrial inclusions, intercellular edema and

parakeratinization by 3 ‘days 'exposure. Retinoic acid induced

changes were sibstantially reduced affer more prolonged :

treatment (14 days) and had dlsappeared within 2 weeks of
treatment termlnatlon. Prbtrudlng Langerhans cells were Ab
longer visible on the inferior surface of EDTA-separated
epldermls during peak levels of parakeratlnlzation (3-8
days), though they were observed in cross-sectlon at hlgher.
levels amongst the cells in.the stratum spinosum,

Clearly, the skin of the hairless mouse is an

extraordinary dermatological mcdel and, with such an

\
A
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) .
abundance of extérnallx available, ultrastructurally sound
Langerhans celis, may prove significant in the pfbvision of

new information concerning Langerhans cell function and '’
.

character. In the meantime however, using this same system,
. - s

topical treatment with retinoic acid has elicited an
epidermal irritant response of such magnitude that specific
changes solely attributable to retinoic acid are largely

obscured.
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’ INTRODUCTICN

Seneral

The present study was undertakeﬁ to evaluate the
cytologic and ultrastructural changes occurring in the
epidermis of the hairless mouse after prolonged topical
application of vitamin A acid'(RA)‘in a:propylene glycol
vehicle.

Pré-eminentiwas the need for an understanding of the
cytology and ultrastructure of normal, untreated hhirlgés‘
mouse skin. The whole skin of the hairless mouse has
therefore, beenvstpdiea by light {(ILM) and transmission

. electron (TEM) microscopy. Concurrently, the basal epidermal
undersurﬁace and it's dermal counterpart (including the
oéeglying bésal lamina) were isolated by chemical dissection
and correlatively examined by LM; TEM, and scanniné electron -
(SEM) microscogy. This basic control study--originally -
looked upon as yeferenée material for discussién of RA
induced change--has expanded in scope and is now a primary
focus of this project. . |

The working hypothesis, in this thesis; is that¥
epidermal changes elicited by topical exposure to
pharmacological concentrations of RA are bést recognized'
when compared with a well defined control system. ,RA

changes, when evaluated in this conteit, will sexve.to,

1
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furthér'characterize thé hature ogkboth physiological andf
therapeutic stimulus-responsé mechanisms. Moreover, x well
characterlzg\‘hpntrol system will continue to provide a
basis for a varlety of subsequent lnvestlgatlons.

Hajirless Mouse Skin

Hairless mice, as used in this study, were first
described by Brookes in 1926 after a pair were captured in a
London aviary and successfully bred ﬁi). ‘

The eharacter hairleséness is a single factor recessive
' conditio; { hxr/hr} which causes reduéed viability, partial
sterility, and essentially complete‘loss of hair within
three weeks of birth (1,2,3). Hair follicles are
bistologicélly normal during anagen, the growth phase, but
show abnormalities during catagen, the transitional stage
between anagen and the resting phase, télogen (2, 3). The»
germ1na1 hairs are left 1solated in the dermls, incapable of
reproduC1ng a second pelage; thus, the adult mouse is
totally denuded except for the vibrissae, which remain
normal. *

Well suited to a variety of in vivo dermatologic
.studies, hairless mouse epidermis is easily accessible for
topical treatment and subsequent i;olation and observation;
these characteristics are sharea only b& the similarly
‘:glabrqus skin of humans. |

The epidermal comparzgent is relatively thin ( 5=7

cells in the live cell layers and 8-10 cells in the stratum

——my,
.
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corneum ), lacks dermal papillae and mature hairfollicles,
\ J

and,.possesseb clearly delineated cell layers representing
the progreésive stages in keratinocyte differentiation and
exfoliation (2,4). In addition to the large keratinocyte
population, are sﬁaller subpopplétions of dendritic
Langerhans cells (LCs), indetéfminate cells, Merkel cells
and melanocytes, Polymorphonﬁclear leukocytes,
T-lymphocytes, and macrophages are also occasionally

observed, usually in response to wounding or external

antigen stimulation.

o

The intra—epidermai LC population is evenly distributed
throughout the orthokeratinizing epithelia and forms ‘a
reticular network between and just above the basal
éerminativum, as compared with a supfa—basal location in the
epidermis of man (5) and guinea pig (6) and mouse footpad
(7. Morphologiqally, LCs may'’possess up to 12 dendrites per
cell and usually display a relatively clear cytéplasm with"
an indented nucleus (see review, 8). Tennis racquet shaped
Langerhans granules ( or .Birbeck granules j, a cytoplasm
- devoid of tonofilaments, and &n absence of desmosomal
associations with surrouﬂding keratinocytes are, in
combination, a means of conclusively identifying LCs by TEM
(5,9,10}). Commonly observed_cytoplaémic fi;ures are: a well
developed Golgi apparatus, numerous mitochondria, an active
rough endoplasmic reticulum (RER), many small vesicles, and

loosely arranged 70-80 X filaments.LCs can be observed in
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Béth the IM and TEM using gél@.chloride staining (il){
adenosine triphosphatase staining (7,12), or labeled
antibody techniques specific for LC surface components; Léﬁ
possess membrane Ia (immune region associated)‘antigens
(13,14,15,16), QOKT6 antigens (17), C3 complement and Fc-IgG
recepto;s (18).“ | ¢
| LC are capable of intra-epidermal reproduction (19,20),’
although their true origins are from_stem cells present in
the bone marrow during earlj embryonic development (21,22).
Functionally, the LC is ciosely linked to cells of the
monocytermacrobhage-histiocyte lineage(see review, 8) and is
often refered to aé an epidermal macrbphage irfegardless of
"it's poor phagog?fic capahility, It is, in fact, the only
cell type.cagéble of replacing the macrophage in it}s role
as a mediat&r of cellular immunity. {23,24,25), Thus, the LC
forméra "ret&culo—epithelial system”, analagéus to the
“reticulo:;;dothelial" macrophage system observed in the
spleen (26). The epidermis, as such, represents the
outermost organ of the mammalian immune system.
Indeterminate dendritic cells, also frequently observed -

© in hairless mouse epidermis (4,9), .closely resémble LCs in
morphology yvet lack the classic identifying marker, the
Langerhans granuie (LG). The apparent lack of such a granule
results in the cell being termed aé.an "indeterminate cell”,
often with the end result, that specific functional

attributes are discussed with much ambiguity. Recently

though, it has been demonstrated that the indeterminate cell



expresses Ia surface antigen (27), evidence clearly

supporting the concept of LC-indeterminate cell duality. On

w

the_baéis of this finding, and because no evidence exists to
the contrary, all subsequent discussion in the present stﬁdy
will referlto both cell tybes as LCs. -
. Melanocytes are not observed in the dorsal’trunk
N

epidermis of hairless mice (9) or mice with hair (28), but

may appear in response to carcinogen exposure {9) or,
ultraviolet radiation (29).

Merkel cells are thought to represent the outermost

expression of the sensory nervous system {30,31).They are

closely associated with afferent nerve endings in the
dermis, and basal epidermis,:and possess round dense

granules accumulated in the,cyﬁoplasm adjacent to the poipt

of membrane association with contiguous nerve endings

(30,31). Merkel cells are very rarely observed in the dorsal
(30,31).

trunk epidermis as they are most commonly associated with

areas of touch, such as the snout, vibrissae, and footpads

Because it's a naturally simplified example of

maFmalian epidermis in general, the hairless mouse offers a
unique potential as an ‘experimental model, The thinness of
the epidérmal compartment,_éhe exclusion of melanocytes, and
the absence of externally active hairfollicles, reduces the

system to a relatively simple presentation of LCs embegdded

in a matrix of actively keratinizing epithelial cells. The

’

present study seeks to elaborate upon the nature of this



epidermal model as iﬁ exists normally, after chemical
dissgctiop with ethﬁlene diamine ﬁetraacetic acid (EbTA),
and after prolonged topical application of RA, In this
ﬁanner, the uﬁiquély and desirable qualities of the hairless
mouse as é‘dermatological model~-with special reference to

the LC~--will be well illustrated and possibly recomended.

EDTA Separation

EDTA is a well known chgiating aggnt with an affinity
for calcium-two orders of magnitude greater than for
magnesium (32). It has been used in previous studies té
chemically dissect the skin of mammals by removal of
divalent cations‘at the dermo-epidermal junction (7,33,34).
Mgt+, as compargd to Catt, is considered to be a more
effective croSsiinking agent in épide#ﬁal attachment to the
dermal substratum; EGTA, with an affinity for catt six times-
greater‘than for Hg++, was less effective than EDTA in
epidermal separation (33). ’

’ The association of epidermis and dermis is principally
we&iated by divalent gations pfesent at the filamentous
point of association between basal cell hemidesmosomes and
the anchoring fibrils of the dermis (33). Dermal, and
epidermal polyanionic glycoproteins, in the absence of
capion‘crosslinking, aré permitted to slide past one . .
‘anqther, thereby facilitating a clean separation of dermis
and epidermis (33). This rationale is supported by

microgscopic observations of relatively long filamentous .

1
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: ) : ST o
fegions idcated just beneath the separated hemidesmosome
(7,33). The actual pqint of sepération'occurs in the "lamiha

J_,}ucida', the clear 2zone which appéars between the basal |
lamina and the overlying basal cell (35), 'plasma membrane
(7,33).

The basal lamina (and all underlyinglstructurés) remain
undaméged after EDTA separation. The corresponding epidermis
however, exhibits marginal widening Gf the basal
intercellular space and occcasional cytoplasmic engulfment
of hemi%esmosomes;

EDTA separation is a prerequisite to‘enzyﬁg staining,
reactions with isolated epidermal sheets (7,36)., Moreever,
it permits direct 3 dimensional visualization ( using SEM
Jof those subcellular structures normally associated with
the dermo-epidermal junction, fn the present study, EDTA

separation of -RA tréated and u;;reated epidermal sheets,

precedes both ATPase staining of intra-epidermal LCs, and

fixation for correlative microscopic examination.

Ruthenium Red

Ruthenium red (RR), én.inorganic dye with a molecular
size of 1l.13nm (37), has been utilized in microscopy for
three diffrent yet integrable purposes: (a) as a specific
stain for cell surface glycoproteins, and in some cases,
intracellular glycoprotein (38); (b) complexed with 0s04, it
prbvides an electrically conductive surface in biological

tissues, thereby allowing direct SEM visﬁalization in the



absence of external metal céatings {39); (c) because of it's
large molecular size,‘inﬁracellular penetration or.eiclusion
of RR is used as an indicator of cell v:ﬁbility (40). In the
present-studf, all ﬁhree areas of utiliégtion,have been
incorporated as a means of elaborating upon the subcellular

-

nature of treated and untreated epidermis, before and 'after

<,

'EDTA separation.

v

~

Propylene Glycol

Propylene glycol (l,2-propanédiol, PG) is a non-toxic
solvent used éommonly--by itself, or in a variety of cream
‘and liquid prepafations-—as a vehicle for many lipid soluble
compounds (41}, espec%ﬁlly therapuetic corticosteroid
preparations (42,43,44), PG can also serve as a source of
carbohyd:ate'wheﬁﬁmetaﬁolized to it's infermediate oxidation
products, lactic and pyruvic a&id (41). Recent studies in
this laboratory have shbwn no gross, or miéroscopic changes
in epidermis' treated topically with ﬁnmedicatgd PG (45).

PG offers many advantages in the percutaneous delivery
of RA: it's easily applied, readily solubilizes RA, elevates
local skin_temperatures and hydrates the upper levels of the
epidermis (41,42,53,44). Once applied, the RA-PG is .
resistant t6 the evaporation encountered so frequently with
more polar solvents such. as acetone or ethanol. PG, as a

vehicle, ensures a more prolonged exposure to RA while

simultaneously improving it's. percutaneous penetration.



Retinoic Acid (Vitamin A Acid) ' '

Vitamin A is a generic terﬁ referring to compounds,
other than the carofenoids, that quaiitatively exhibit
_retlnol -like blological activity (46). Fat soluble retinol

is a well known requirement for the promotlon of normal
growth and the general pealth'of highly differentiated
organisms (47,4#,49,56,51). It's functioné include essential
roles in: the vi;ual_cycle, epithelial development, |
epifﬁelial maintenance, mucous secretion, and reproduction
(96,49,51). In comparison,.retinoic acid (RA) -a well known
natural metabolite of retinol‘(R) (52)- cannot support
vigual (53} or reproductive functions (46,49) in mammals,
But can_sdpport bone growth, ané!is more”effective than R in
sustaining normal epitheiial growth patterns (46,49,52,54)1
This relative specificity of RA target tissues was
hlstorlcally the first: indication that the mult;ple
| functions of R, may in fact be’ satlsfied by different forms
of the vitamin (49,52) .The posslbllity--that RA and R may be
metabolized, by their target tissues, to a common and more
biologically active form--remains an ongoing area of
investigation (52,54,55)..

RA metabolism insg,biologically inactive, exére£ab}e
end products has been demon§£rated in vitro using organx
cultures of vitamin'A depfived rat liver and testis, aﬁd
hamster trachea, intestine and testis (54,55,56). in viva,'\
vitamin A deficient rats, after intravenous administration

of RA, spow,accumulations of similar RA metabolites in

4 h]

)
Y

h
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liver, kidney,.bloéd, intestine and skin (52). In hamsters
pre-treated with RA, the initial rateé of RA metabolism, in’
the intestinal mucosa, were increased eight fold ovér that
observed in vitamin A deficient animals {(57). Clearly, the
metabolism of RA to excretable end products does occur
rapidly, both in vivo and in vitro, and is dependént upon:
the tissue type, the vitamin A statué of the a;imal, and the
initial concentraion of RA to which the tissue is exposed
(52,54,55,56,57) .

Retinol is the predominate circulating form of vitamin
A and is carried from the liver.to‘it's Farget tissues by a
R specific, retinol binding protein ( R;;), pfe-albumin
cbmplex (58,59,60). RA, in relatively small concentrations,
is transported in association with serﬁm albumin in a manner
similar to long chain fatty acids (61).The cells of many

target tiésues, and some epithelial cancers, possess plasma

‘membrane receptors specific for circulating R-RBP, as well

as intra cellular binding proteins specific for botE R
(cellulaf R binding proteins (cRBP)) and RA (cellular RA
binding préteins (cRABP)) (60,62).

Epidermal cells in particular, possess plasma membrane
receptors specific for RBP (58), in addiﬁion to distinct
intra-cellular R and RA binding proteins (60,62).‘fhe brief
interaciion of R-RBP and it's membrane receptor leaves the R
molecule in an intra-cellular ;6cation while the RBP and
pre-albumin are released extra-cellularily (58,60). This

protein facilitated membrane transfer mechanism and

ap
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subsequent interaction with cytéplasmic cafrief/proteins
(cRBP, cRABP) may modulate physiological stimulation by the
circulatiﬁg form of R or, similarly, it's primary '
metabolite, RA. Free RA or R (not bound to RBP, or albumin)
bypasses the membrane receptor mechanism (58) and thus may
influence sub-cellular events morendirectly, possibl& as a
fﬁnctiqn of cRBP or cRABP modulation (58,60,62). The
.epidermal presence and activity of distinct membrane and
cytoplasmic R, RA receptors suggests a hormone-like action,
similar to that described for fhe corticosteroids (63).

IQ epithelial target tissues, R and RA are also
involved in cytoplsmic glycosyl transferase reactions
leading to the synthesis of cell surface glycoproteins
(64,65,66,67). Intfa-cellular R and RA are phosphorylated to
retinyl-phosphate (RP)., which reacfs'with guanosine
diphosphate mannose (GDP-mannose)} to form
mannosyl—retihyl-phosphate {MRP) and guanosine diphosphate
(GDP) (64,65,66,67). This biochemical patﬁway parallels the
_glycosyl transfef reactions involving dolichol-ﬁ as a
carrier of mannose in the glycosylation of membrane
glycoproteins (68). Although similar, dolichol-P cannot
substitute for RP in the synthesié of certain specific
complex carbohydrates (64), It seems certain that the
synthesis of specific glycoprotein moietles is stimulated by.
R and RA via retinyl-P and mannosyl;retinyl-P.

The subcellular location,6f'glyc§§yl transferase

reactions is not well defined but may predominéte in the



smooth endoplasmic reticulum,lGolgi apparatus (65,69}, or
alternatively, in the RER (65). _

RA induced changes in the glygosylation of piasma
membrane glycoproteins wouid suggest the'pbssibility of
secondary changes in one or more glycoprotein fa&ilitated
biological functigns (64;65), RA modification of epithelial
differentiatigéﬁmgy be at least partially related to such

-

. T ATl
cell surface changes.

In vitro studies concerning the effects of RA upon

(41

epithelial cell and tissue culture models have provided much
enlightening data.
Cultured .embryonic chick skin, in the presence of

excess R,.transforms from a keratinizing epithelium to a

¢ ’

mucous secreting epithelium within 8-10 days (70,71); In the
same system (72}, at 2-3 days, 35g uptake and secretion of
glucésaminogiycans was stimulated §y excess R; explants
gfoﬁn in coné;ol media showed relatively minimal uptake.
This compares fﬁ}dﬁgzgiv with normal mucous membrane
"synthetic activity. ’

‘Epidermal cell cultures and skin explants of adult
mammalian tissue, in ?omparison have also shown changes as a
function of vitamin A deprivation or excess (50,73,74,75).
Epidermal cell suspensions, cultured in the presence of RA

W=

excess, experiencé a large initial increase in DNA synthesis
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and improved adherence to the substratum (49,74,75). In
organ culture, explaﬁts of tracheal .epithelium qnderﬁb
keratihizing squamous méﬁaﬁlasia in the absence of RA, and
then, revert back to normal, ciliated, mucous §ecreting
epithelium when RA is added to the medium. (54)., Similarily,
tissue;explants of guinea pig ear epidermis showed marked,
RA induced, secretory metaplasia{ markers of keratinization
(desmosomes, tonofilaments, and keratohyalin granules ) were
reduced and secretory elements (Golgi apparatus andsecretory

vesicles) were more numerous.

In aﬁditidn, many in vivo studies have used adult
mammalian systems to investigate the various changes iﬁduced
by R and RA, l -

Cell mediated resistance to bacterial infection in mice
is stimulated by intrgvendus administrafion of R (76).

Contact sensitivity to moleclar antigen however, is

harginally‘reduced in patients treated with long term,

, topical application of RA (77). Thus; RA may influence the

status of LC involvement in cutaneous cell mééiﬁted
immunity. '

Deprivation of vitamin A in the.diet of mature rats,
results in rapid squamous metaplasia in tracheal and

intestinal epithelium (51). This result, confirmed by in

vitro studies, and c¢clearly illustrates the ability of
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vitamin A to moderate epithelial pattefhs of
differentiation. |
Topical applicatioﬁ of RA, iﬁ'guinea pig, mouse, and(

ﬁan} induces many profound ep{dermal changes, including:
increased mitotic activity, inhibition of keratinization,
atypical differentiation and acanthosis (thickening of the
epidermis).'1n¢reased DNA synthesis is én early observation
_ after topical RA .(77,78,79,80). Markers of - :
Le:atinization-eincludinq_&ésmggomes, tonofilaments; and
keratohyalin granules--are significantly reduced (45,50,78).
RA_induced, atypical differentiqpion_(parakeratinization )'
is also assopiafed wikh increased synthesis, agcumulation,

and secretion of lipid and glycogen (45,50,78,81); Moreover,
| the resultahq changes in the stratum corneum and
concomittant increase in epidermal edema results in enhanced
epidermal perﬁeability (77). Irritant dermatitis has also
been observed during the first 3-4 days of topical RA
treatme%t in humans and indicates it's potentially toxic
nature, even when used in moderate concentrations (77).

RA induction of simultaneous changes in épi:heiial

regeneration and metabolism, forms the basis for it's

therapeutic effectiveness in the treatment 6f epidermal -

scaling disorders, acneiform dermatoses(50) and, more
recently, as a prophylactic agent in the prevention of
carcinogen induced epithelial tumours (82).

‘In.thé present‘sfudy, RA was topically applied to the

skin on a daily basis in order to ensure sustained

-
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) . .
concentrations of tﬁe biologically active molecule; thus
circumventing rapid epidermal inactivation and excretion
which might lead to a ﬁinimized, possibly undetectable
expression 6f RA induced change. The correlative 1M, TEM,
and SEM evaluation, of ;esultant sﬁbcellulaf changes, seeks
to expand the present body of information concerning RA
generally, as an effector of multiple responses.in a variety
of tissues, and more specifically, as an influencing factor

in the mainteriance of keratinizing epithelia.

-

P2
‘
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..MATERIALS AND METHODS . - -

A

Hairless Mice

Male hairless mice (hr/hr) from Jackson Laboratories,
Bar Harbour, Maine,iq.S.A., were crossed with a haired
strain (C3H) producing haired\gl progeny. Crossing F1l
females with hairiess males produces F2 progeny of which 50% .
are hairless. Of these, hairlegs males, 13-20 weeks oid,

" have been used_in the present study.

Retinoic Acid Treatment

w .
RA (Sigma) in a propylene glycol vehicle--approximately

0.1 ml.--was topically applied, by gentle massage, to a 15

mm? area of_the posterior dorsal epidermis, In al; cases, RA

treatment was performed in the morning. Animals were treated
with 1% RA, 0.3% RA orwnmedicateé'bropylene glycol. )

RA (1%) was applied daily for five time periods ranging
from 1 to 8 daxs, specifical%y: 1,3, 4, 6, and 8 days.
Animals were sacrificed 24 hrs. after ‘the final treatment. A
duplicate was trpated for 4 days and sacrificed after 2
weeks regeneration. -

RA (0.?%) was applied daily for seven time periods
ranging from 1 to 14 days, -specifically: 1, 3, 4, 6, 8, 10
and 14 days. Again, animals were sacrificed 24 hrs. after

the final treatment. Duplicate animals wefe treated for- 8
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a“d 14 days and sacrificed ‘after 2 weeks.
Control animals were'treated for 1, 7 and 14 days with -
unmedicated propylene g;ycol.
All treated epidefﬁis was examined as:
(i) Whole skin'(TEM-0s04 fixation).
{(ii) EDTA-separated epidermis (TEM and SEM-0s04 and RR
fixation). |

(iii) EDTA-separated dermis (SEM-0s04 fixation).

Tissue Processing

.Animals were sacrificed by neck fracture. Skin was then
removed from the posterior dorsum and cut into small pieces -

-

(2mm ) for the TEM or large pieces (4-5 mm ) for the SQ& and
IM; samples were: processed fér IM, TEM and SEM‘as indicé@ed
in Table 1. Tissue fixation, dehydration, clearing and
embedding details are available in Appendix I. -

. Samples for the IM were fixed for 24 hours in Bouin's
fixative at room temperature., For the SEM and TE?, samples

were fixed with either Dalton's 0s04 fixative fgf 2 hours at

4%¢c or, with a RR-0s04" fixative sequence (see Appendix I).

EDTA Separation

Skin samples were incubated in 20 mM Na2-EDTA solution
(Sigma) for 2 hours at 37 C. The EDTA solutions were -
prepared as'describeé b& Scaletta and MacCallum (33}: NacCl,
6.83 g; KCl, 0.2 g; Na2HPO4, 1.15 g; KH2POA4, 0.2 g; 1%

phenol red, 0.12 ml.; Na2-EDTA, 7.44 g; made to 1l litre with
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glass distilled ﬁzo. NaZ-ﬁDTA was added to the buffer on the
daf of use. Epidermal sheets were separated from the dermis
under a dissecting microscope uging jewelers forceps. Newly
separated epidermis was rinsed briefly in PBS (25°C) prior
Atp fixation.

TN

Adenosinemiriphosphataée

Separated epidermis was stained for ATPase activity
(see Appendix II) by transfer to: (a) 0.2 M trismal buffer
with 6.84% sucrose,‘pE 7.3, fgr 20 minutes (3 changes) at'#
C; (b) cacodylate Buffered 2% formaldehyde, pH 7.3, for 20
minutes at 4°c; (cj 0.2 M trismal buffer with 6.84% sucrose,
pH 7.3, for 20 minutes (2 changes) at £c; (a) ATP-Pb .
staining solution, pH 7.3, for ;5 minutes at 3700; {e) 0.2 M
trismal buffer with 6.54% sucrose, pH 7.3, for 20 minutes (3
changes) at 40C;’(f) 1% solutioﬂ of 22,3% ammonium sulphide
for 20 minutes at room temperature; {g) 0.2 M trismal buffer
with 6.84% sucrosé, pH 7.3, for 10 minutes at room
temperature. Stained epidérmal sheets were finally mounted
dermal side up in warm'glycerin jelly and examined in the

light microscope.

Light Microscopy

IM samples were dehydrated through graded ethanols,
substituted with xylene, embedded in "paraplast™ and
M »
sectioned (6um). Sections were mounted on ‘glass slides using

egg albumin, stained with hématoxylin and eosin and then



19

“

examined and photographed in the light microscope.

Electron Microscopy

all samples, both SEM and TEM, were dehydrated through
a graded series of ethanols. TEM material was substituted
-with p;opylene oxide, embedded in epon 812-araldite, thin
sectioned using a Reiche;t‘ultramicrotome and, aftér
. contrasting with uranyl acetate and lead citrate, exam;ned
i; either a Phillips 201 or RCA EMU-3H TEM. SEM samplés were
SUbstituted with freon 13 and freon 113, critical point |

dried, coated with vacuum evaporated gold-palladium and

examined in either an ISI-super IT or'a Cambridge S-180 SEM,

L
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RESULTS

(I) Microscopic Morphology and Organization

in the Skin of the Hairless Mouse

Light Microscopy

Whole /Skin

Intact epidermis (Fig. 1), stained routinely with

‘hematoxylin and eosin (H/E), revealed numerous dermal cysts

and an even array of rudimentary hair follicles. Dermal

cysts variously contained keratin, lipid, and small in-grown

.

hairs. Thin strands of epidermal tissue were often isolated
in thé dermis between dermal cysts and overlying hair
follicles. Rudimentary hair follicles possessed active
sebaceous glaﬁds and often showed an internal build-up of

fatty.secretions and keratinized elements, LCs were not

easily discernable.

»

EDTA-separated Epidermis and Dermis

After EDTA incubation, the dermis was easiiy separated
froﬁ the gpidermis and showed no apparent. structural damage
(Figs. 2a,b). Only two epidermally derived structures
remained in the dermis after EDTA separation (Fig. 2a): (i)

21
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The dermal cysts, which were pPreviously lacking any
cpntinuity with the external epidermism'(ii) Thin‘ve;tical
strands of adnexa} epidermal cells associated with the base
?f hair follicle pits,

The corresponding EDTA separated epidermis retainéd.a
high ievel of structural integrity (Fig. 2b); follicles,
sebaceous giands and-interfollicular epidermis wére
available as a_unit sructure; The: rudimentary hair follicles
were eaéily discerned, évenly distributed, angled away from
perpendicﬁlar, and terminated with an aftached pair of
sebaceous glands. The éroducts of keratinization and .
sebaceous glana activity were present as interngl
‘accumulations_within'the neck of hair follggles. Small round
cells, with a relatively clear dytoplasm, werelregularily
distributed in positions between and below basal
keratinocytes.

ATPase staining of LCs (in epidermal sheets) was
frequently unsuccessful in many of the samples examined. In
addition, those saméles showing the expected LC distribution
and morphology were often variable githin a single sheet;
'some areas revealed very ihtense staining and an even LC
distribution while-.adjacent areés showed either an absence
of LCs, or diminished quantities., The effectiveness of the
ATPase reaction ih all samples was cénfirmed by the positive
staining of surrounding keratinocytes. Tﬁus, descriptions of
LC distriﬁution and‘morpholoéy refer to those areas with

’
well stained LC populations, rather than those areas with an



artifactual absence of LCs.

Epidermal sﬁeets pos;éssed an evenly distributed-
network of ATPase positive dendritic cells (figs, 3a,b), The
vast majority appeared in a basal location and expressed
numerous dendritic processes { 379‘dendrites Y. Sﬁrrounding .
keratinocytes showed only limited ATPase activity and thus
allowed the very clear visualizagion of LC morphology and

distribution,

Transmission Electron Microscopy

Wwhole Skin

Intact epidermis, ;ohtrastea with uranyl acét&te and
lead citrate, served to illustrate the norm&l organizational
relationships of basal keratinocytes, LCs, and the
supporting basal lamina and derﬁis (figs. 4a,b,c).

LCs were never observed in direct contact with the
basal lamina, though they were often found in close
proximity, separated only by thin underlying keratinocyte
précesses. LCswere of two varieties} the indeterminate cell
with no,cytoplésmic Lange;haps granules, and the classic LC,
distinguished on the basis of visible cytoplasmic Langerhans
granules. Both were observed in ciOSe apposition to

surrounding keratinocytes and clearly lacked any desmosomal

membrane associations. They were devoid of tonofilaments,
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often exhibited indented nuclei, and poésessqd'variable
compliments of lysosomes, 70-80 g filaments, and cytoplasmic
vacuoles of varied shépe and dimension. Furthermore LCs

often bossessed abundant cyfoplasﬁic Langerhans granules;
the bccgrence of LCs lacking such granules was relatively
infrequent. .

Basal keratinocytes were fir;iy adherent to the entire |
inter-follicular basal lamiha by means of basal membrane
hemidesmosome attachment sites. Tﬁ; basal lamina
demonstrated regular contours aﬁd showed no evidence of any
breaks in continuity. Piﬁothotic vesicles were apparent in

the cytoplasm of basal keratinocytes, uéually close to or

continuous with the basally oriented membrane surface,

EDTA-separated Epidermis and Dermis

Epidermis, incubated with 20 mM EDTA for 2 hours at 37°
C, was examined without mechanical separation in order to
discriminate between EDTA effects and those of mechaniqgl
separation using forceps(Fig. 5).

After EDTA iﬂcubation, the epidermis and dermis were
often seéparated just above ﬁﬁe baéal lamina. Disruptions of
basal cell inferior membrane surfaces were evident, as were
numerous villous projections between detached
hemidesmosomes. In these same areas, hemidesmosomes were
often engulfed in intra-cellular vacuoles and appeared to
‘have drawn towards the nucleus..Soﬁe cell blebbing was also

evident amongst basal keratinocytes and appeared to be
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associated with hemideémosome detachment and withdrawal into
the cell. Blebbing was not observed in the upper levels of
the epiderﬁis. Cell‘blebs possessed many free ribosomes and
seemed to arise®in areas of the cell recently devoid of
cytoplasmic organelles. Lipid-like inclusions were sometimes
observed in the cytoplasm of basal keratinocytes.

All iayers of the epidermis above the basal layer were
normal in their structural appearance and were unaffected by
EDTA incubation.

N -

-

Thelepidermal sheet, after EDTA incubatior and
mechanical separation, remained ulprastructurally %ﬁtact and
revealed few membranous or cytoplasmic irrggularities (Figs.-
6;7a,b)., Desmosomes throughout the epidermis were unaffected
by EDTA separation, and.ﬁight lateral associations between
adjacent keratinocytes were well maintained.Basal cells
ﬁoﬁéver; often expressed a é?eater overall density -than did"
overlying spinous and granular cells. They also showed some
cytoplasmic v&cuole formation {hemidesmosomes often
included), an absence of hemidesmosomes, and the development
of short microvillous projections of thé remaining basally
_oriented plasma membrane, ‘ o {P

‘ Basal keratinocytes were partially shrunk with the
normal continuum:of basal epidermal cells being disrupted at

regular intervals by the extrusion of intra-epidermal LCs

(Figs. 6;7a;8a,b;9a,b). Basal cell processes were often
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underlying partially extruded LCs in a manner closely
approximating th?t observed in whole, unseparated control
preparations (Fig. 9a). They were usually observed in close
proximity to the intercellular spaces between basal '
keratinscytes (Figs. 8a,b;%a,b), retained their
intra-epidermal psocesses and often interdigitated with
adjacent keratinocyte membranes. LC bodies protruded
downward from the overlying epldermls and possessed a hlghly
ruffled inferior membrane surface (Figs. 8;9;10;11). ILCs
were. also sometimss obse;ved-in pairs, usypally with one cell
positioned just aﬁove the ofher (Figs. 10;11;16a).

Ruthenium Red preparations wers'not as useful in the
observation of intracellular ulﬁrastructure due to the very
dense staining reaction with lead citrate and uranyl acetate
( Fig. 7a). However, tﬁé‘expased inferior membrane susfaces
of both basal keratinocytes and LCs, in uhcontrasted tissue,
possessed a fuzzy, well stained cell coat. Cell surfaces in
the upper levels of the epidermis were poorly stained,
presumably as a function of limited RR-penetrafion through
the intercellular space (fig. 7b) . al cells showed no
intracellular staining with RR,

The dermis, after separation, sessed a basal lamina
with many folds and - depressions (Eids. 10b;17a,b). The
folding was well_illustrated by the frequent observation of
a second basal lamina immediately beneath the first.. This
same folding sometimes accounted for some thickness

variability along the length of the basal lamina as it

At
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directly affected local sebtioniné angles. RR fixed dermis
was well stained and possessed an overlyihg fuzzy coat not

previously observed in tissue fixed‘primarily with 0s04 (

Fig. lo0c).

Scanning Electron Microscopy

.

“EDTA-separated Epidermis and Dermis

Two internal surfaces were examined by SEM after EDTA
éeparation, thé basal lamina after removal of the overlying
epldermls, and the corresponding epldermal undersur face.

Preliminary SEM studies of EDTA separated epldermls
have utilized standard fixation, dehydratéﬁn,and clearing
techniques. As ‘such, all samples were immersed in solution
and frequehtly agitatéd with no attempt at reduging physical
damage or maintaining undersurface orientation for SEM
observation; thus, because of curling, only small portions
of the basal epidermis were available for study (Figs.
lla,b). Moreover, sub-cellular structures were markedly

. 9
damaged as compared with subsequent samples processed using

‘relatively gentle agitation during fixation.

The majority of hair follicles were broken at their
bhse revealing intra-follicular rings of fully
differentiated keratinocytes; theSertructures were very
prominent because of their tendencyfto become heavily

charged under the electron beam. Those few remaining intact
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were striking in the absence of terminal sebaceous giandé
and in the ease with which the subcellular nature of the
-external foot sheath could be examined.'The majority of
sheath cells were intact and frequently revealed nuclear
‘profiles in the form of gentle surface bﬁlges. Other cells,
i contrast,‘appeared to have rﬁptured and released their '
cﬁ%tﬂﬁgg\qBring preparation. , . .

¢.

Theinterfoflicular epidermis was also huch disrupted

and exhibited portions of supra-basal cell layers (basal,

. spinous,' and granuiar keratinocytes).'The identity of
exposed cell layers however, was unconfirmed in the absence ‘
of correlative'TEﬁ examination.

The dermis (Figs.i12a, b) in these initial studies was
undamaged and more easily observed than Samples processed
usiqg more refipéd,preparatdry,téchniéueé (Fig. 1l0a), as the

. bgﬁ?i lamina was rélatively_un?bgcured by overlying debris.
R Becausée microscopic damége resulted from stanéarq '
fixation, clearing and déhydratioq: all subséqﬁent saméles
were prepafed using very gentle, ies$ disruptive handling
techﬁiques. The epidermal undersurface, after preparqtién{'
with minimal agitation, provided a much imﬁroved perspective
on the organization of cellular and subcellular étructures

' (Pig. 13b). |

Rudiﬁentary'hair follicles were abundant} each.fqlliéle
_Ferminated with an attéched pair of sebaéeous giands and was
angled away from perpendicul@r. The external root sheath of
the follicle was somewhat pbscﬁred, és CBmpared with

A



‘similar to the previous description of 0sb4 cowplexed

29
;
iﬂterfolliéular epidermis, and .as such did not reveal any
clear association of dendritic cells. All.h;ir follicles"
were uniform.in dimension and structure, with the exception
of those mechanicaily disrupted during preparatioﬁ E

(sebaceous glands detached, follicles broken off).

Basal keratinocytes were usunally in close apposition to

one another and formed a tight syncitium (Figs.

l4a,b;15a,b;16b): Intercellular spaces were some;fmes
evident and freguently éppéﬁ:ed close to distend;d LCs. The
inferior plasma membrane of basal keratinocytes éxpressed an
even distribution of microvillbus projections.

ICs were wideiy distributed throﬁghout the
interfollicular epidermis and were easi%y distingﬁished_on
the basis of orientation, degree of contrast, their
generally round appearance and relatively small size. More
speéifically, these cells possessed numerous ruffled
extensions of the exposed plasma membrane surface while
regions of the membrane in gloser contact with surrounding
keratinocytes were extended outwards in the form of slender

processes (Figs. 15a,b).

Structures observed in RR preparations were essentially

-

-
v

material (Figs. l4b;l5a;1l6b). However, RR fixed epidermal
sheets showed a fuzzy cell coat on both keratinocytes and

Cg?/hlebs of amorphous'materiQA were also observed in both

L
ééﬂi)and RRpreparations. These small globular structures

were present close to and partially within the intercellular
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space, thus, they correspond closely in. shape and appearance'
.to the membrane vegicles seen in the TEM.

The dermis (Figs. 10a;13a), after gentle 0s04 fixation,
Qisélayed an overlying continuous and undisrupted basal

.lamina sheet. The basal lamina was often folded and

. ~

possessed a variety of bulges and depressions. On occasion
the basal lamina was ﬁartially torn away from the underlying
~connective tissug ;hd reveéled a dense matrix of collaéen
fibres (Fig. 12c). |

RR fixation resulted in.a.genefally fuzzy basai lamina
surface aﬁd facilitated little tniﬁhe way of specific

structural observation.



(I1) THE EPIDERMAL EFFECTS OF TOPICALLY APPLIED RETINOIC

ACID : .

Transmission Electron Microscopy -

Whole Skin

| RA induced changes were cléarly similar for both 0.3%
and 1% concentrations~-~the 1% RA however; produced more
exagerated subce;lular changes at an earlier stage of
treatment (Figs,18-43). Generqlly,-subcellular changes were
indicative of strikingly‘increased rates of epidermal ’
proliferaﬁion and a shift in normal patterns of cell 3
differentiation.

Daily topical application of.RA produced initial and.
prolonged regponses that were ciearly dose dependant{ Two
sequential epidermal responses were observed: initially,
orthokeratiniéing'epidermis was displaced by an unusual
parakeratinization and then, witﬁ continued RA exposure,
;eturned in the form of an acanthotic orthokeratiniziné
epidermis,

The original stratum corneum was replaced by
parakératotic.scale which differed from normél in a number
,6f respects (Figs. 19b;2la,b,c). Newly formed corneocytes
were less flattened, extremely dense, occaéionally retained
an inta?t nucleus,and frequently possessed lipid-liké
droplets of various sizes.‘ |

31
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Kératohyalin granules, membrane coating granules and
tonofilaments,.although not qntirely absent, were strikingly
reduced in both overall numbers and, in individual :
prominence (Figs. 18b,c,d;19a,b). Keratohyalin granules were
reduced in size, lacked tonofilament association and

‘

appeared round rather than irregular. Desmosomes also, were
marginally reduced in number and were oféen observed in a -
terminal locatibn on micrdvillous projectiéns of the ..
kefatinqcyte plasma membrane (Figs.22a,b,c,d); they were
much reduced in size and prominence, lacked normal -
aésociatipns with intracellular tonofilaments and were often
disrupted. Hemidesmosomes were simifarly lacking

tonofilament support. ]

Concomitant with a reduction in keratinizing markeﬁs
was a variety of unusual ghanées in the nature of epidermal.
cell differentiatién. The nucleolus in the majority of cells
was very prminent as were the qorresponding synthetic:
structures of the keratinocyte cytoplasm. Riboscmes appeareq
plentiful after RA exposure, often closely associated with |
RER (Figs.24a,b,c). Both rough and smooth endoplasmic
reticulum were strikingly prevalent in all epidermal cell
layers, '

The Golgi apparatus was also generally .increased,
especially in the uppermost cell-layers where it was
unusually abundant {Fig. 24a). Golgi vesicles and RER were
often positioned close to newly formed lipid droplets; these

were present in all layers of the epidermis though most
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plentiful in the uppermost cell layers (Figs.24c;28),
including the newly formed parakeratotic scale (Figs.
21a(c,d).

A éparse distribution of lipid droplets was firs£
observed after 3 days exposure to both 0.3% aﬁd 1% RA. After
6 days exposure to 1% RA, and 8 days exposure to 0.3% RA,
droplets we;e abundant in all layers of the epidermis.
Epidermis treated daily with 1% RA showed initial lipid’
synthesis by 2-3 days, maximum synthesis”at 5-6 days and a
reduction in lipid synthesis by 8 days. Epidermis exposed'ta
0.3% RA concentrations began to sho# signs of 1ipiq
synthesis after 2-3days, reached a maximum at 7-8 days and
decreased to a total absence of lipid synthesis by 10 and 14
da&s. Animals treated with RA and allowed 2 weeks epidermal
regéneration were lacking any evidence of lipid synthesis
(Figs.20a,b). |

Clycogen was sparsely distributed in the cytoplasm of
basal and spinous cells after 3 daily applications of 1% RA
and after 5 .daily applications of 0.3% RA; it was present in
all subsequent time periods treaéed with 1% RA andlup to 8
days post treatment with 0.3% RA. The distribution of |
glycogen was sparse in all samples and,lwhen conCenfrated,
was located in a perinuclear .position (Fig;24bi.

The 1ntercellu1ar space was 31gn1f1gantly enlarged by 3
daily applications of elther 0.3% or 1% Ra (Flgs.
'?Za,b,c,d); again the effects of the 1% RA were more

pronounced than those of 0.3% RA. Spaces between basal and
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spinous cells,land to a lesser extent amongst the cells of
the granular layer, were most prominent after 5 andv3 days
exposufe to 0.3% and 1% RA respectively. Spaces were still
marginally enlarged after 8 daily applications of 1% and
0.3% RA. However, after 10 days of 0.3% RA, spaces wefe
reduced to normal dimensions.

The plasma membranes of basal and spinous cells were
irregular, occasionally disrupted and possessed numerous
sﬁort processes penetrating into the intercellular space.
Desmosomes often occupied a terminal position on such
microvillous membrane extensions, were diminished in number
and lacked reinforcement from intracellular tonofilaments.
They retained cell to cell contact but, were often under
apparenﬁ stress due to increasing intercellular fluid
pressure.

In epidermis treated for 3 and 6 days with 1% RA, an.
accumulation of poorly contrasted granular material was
observed within the intercellular space, often in close
‘association with cell degeneration (Figs. 22b,d;25).The
basal lamina assumed an irregular profile shortly afte#
initial RA exposure and retained this profile in all RA
treated epidermal samples.

In some samples, after 3 and 6 daily applicafions of 1%
RA, the irritant nature of RA was evidenced by abundant:
epidermal infiltration of ﬁistiocytic elements (monocytes,
polyﬁorphonuélear leukocytes) leading to the formation and

sloughing of high level intra-epidermal micro-abcesses
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:(Figs.zsa,b;27;,b;44a,b); The underlying dermo-epidermal
junction was frequently disrupted by histiocytes as they
migra;ed across the basal lamina and into the epidermis
tFig. 27a,b).

Intra-mitochondrial inclusions (IMI) were frequently
present in all layers of the epidermis after treatméht with.
either 0.3% or 1% RA (Figs.23c;245,c;28); Ehese inclusions
were observed in many stages of development within a single
epidermal saﬁple. They appeared to begin initially as é
lsmall, moderate electron-dense sphere within the
mitochondrial_cfistae, undergo enlargement and then
physically aisrupt the inner mitochondrial membranes. The
"mature” IMI was found within daﬁaged mitochondria, |
partially within ruptured mitochondria or freg in the
cytoplasm.

Epidermis treated by prolonged daily applications of 1%
and 0.3% RA was generally normal in it's appearance 14 days
after termination of RA treatment. Howeve;, the‘saﬁple
treated with 0.3% RA for 14 days remained marginally
thickened by an increased number of cell layers in the
stratum corneum.

LCs.appeared normal up to 72 hours after the beginning
of daily 0.3% and 1% RA application.'At 3 dayé exposure, LCs
were: infrequently observed after 1% RA and, after 0.3% Ra,
often appeared in péirs. When ;bserved, 1Cs were usually in
a supra-basal rather than basal location ﬁnd were

metabolically active, showing prominent Golgi,; RER, and

-
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lysosomes.

Intimate associations.of epidermal LCs and iﬁcoming
histiocytes was not obgserved. LCs did not appear to be
slouéhed Off with external parakeratotic scale.vAftgr '
prolonged exposure (10 and 14 days) to 0.3% RA, LCs were

normal in location and structure.

EDTA~separated Epidermis—-OsO4 Fixation

EDTA separated samples were partlcularlly effective xn
hlghllghtlng and expandlng upon previous observatlons
derived from RA treated whole skin samples, Lipid synthesis,
hemidesmosome structure, desmosome character, thé generﬁl
metabolic state of the epidérmal cell cytoplasm and the
extracellﬁlar'release of cytop;asmic elements was more
easiiy percieved. Most signifiganﬁly, TEM observations, of -~
structures present at the dermo-epidermal interface,

, complement SEM observation of the éame or similar
structures; thus allowing a$mbre enlightened interpretation
of chahge.

Hemidesmosomes, in contrast with those in normal
epidermis, were abundant. The majority retained their normal
position on the basal cell plasma membrane and only a
limited number were observed within cytbplasmic vacuoles

(Figs.3la.';32a‘,b,c,c.'1;4la,b.“ci). They also lacked normal
associations with'tbqofilément aggregates.
| The cells of the lowef stratum spinosum {(and occasional

basal cells) were uniformly:electron dens€ after uranyl

\
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acetate and lead citrate stalnlng, as compared with the flne
contrast of overlying cells and the majority of basal cells
(Figs.29:30a;b,c). ’ | . -

N The development of 1nterce11ular spaces was accented in
separated epidermal preparations (Figs.29;30a,b,c;3lc). As
observed 1n‘whole skin preparations, they were most
predominate during tﬁe early stages of RA treatment (3-5
days) and, after 6 days exposure were cleariy diminished.

Lipid droplets were observed in all layers after RA
exposufe (Figs. 29;31b). The complex of RER, Golgi, free
ribosomes and newly produced lipid droplet were del%cately
preserved and contraeted: thue providing an improved view of
RA induced intraeellular lipid synthesis.

Membrane bound blebs of cytoplaem were frequentl&
observed in conLinuity with, and in close proximity to, the
ventral surface of basal kerat}inocytes (Figs.
32a,b,c,d;33a,b;2%a); and to'a lesser extent amonést'the
cells of the spinous layer. They were most often in close
association with areas of the basal keratinocyte méﬁb}ane
previously occupied by heﬁidesmosomes: though they possessed
no hemidesmosomes on their surface. Tﬁe ;verlying cytoplasm
frequently revealed a peri-nuclear condensation of
organelles, including newly phagocytieed hemidesmosomes. Two
varieties of cell bleb were observed: (1) Membrane enclosed
eytoplasm containing few vacuoles and numerous ribosomes
(Figs. 32a,b;33b). (i) A membrane enclosed structure

containing one to many vacuoles, each surrdunded by a thin
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layerof peripheral cytoplasm (Figs.31lc;32c,d); vacuoles
~ lacked an enclosing membrane 'and contained fibrous material.
In addition, microvillous projections of the basal cell

plasma membrane, sometimes in continuity with externalized

blebs, often contained enclosed vacuoles {(324}..

EDTA-separated Epidermis--RR Fixation

Epidermal‘sheets, from RA treatgd mice, separated by
Na2~-EDTA and fixed with RR as a ligépd bf 0s04, were
.examined by TEM. -

In uncontrasted sections ( no uranyl_acetate or lead
citratg) the penetrating qualitys of RR were readily
apparent (Figs.33a;36). It's intra-cellular penetrétion was
Nalso weakly, yet easily discernable (Figs.33a;34é,c,d).
Moreover, RR .clearly illustrated the glycoprotein of the
céll coat (Figs. 33a;34d) and the filamentous nature of
separated” hemidesmosomes (Figs.34c,d). In particular, it
highlighted the.g}ycoprotéin laminate structure of membrane
coating granules occuring in the cells éf tﬁe stratum
granulosum (Fig. 36). .

Cont?asting of sections with ﬁran&l acetate and Iead -
citrate ;esulted in the overall enhgncd&ént of structures
already contrasted with RR (Figs.33b;34b;35). Ektracéllular
penetration and staining in the upper epidermis ( stf.- ;.
spinosum and str. granhlo%um) wasg more abundant in tissué

\

from RA treated animals (Figs.33b;35). C . 2
’ - 3
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Basal cell blebs, both free and attached, were again
observed in all RA treated epidermis, Basal cells
(especially those with enlarged ventral cell bodies) and
closely associated membrane vesicles revealed intracellular’
penetration and staining with RR-- often in close
association with visible dieruptions of the plasma membrane
(Figs. 33b;34a,b,c,d);

Hemidesmosomes were never observed on the plasma "
membrane of the enlarged ventralrcell bodies'of basal
keratinocytes (Figs. 3§b:34b), nor were they present on the
surface of free or attached ﬁembrane vesicles (Figs.
33a; 34a,c d). However, hemldesmosomes were observed on the |
plasma membrane of unenlarged ventral cell bodles--usually
in close prox;ﬁlty'tq‘underlylng free vesicles (Figs.
33a;34c,d)=-and as aggregateS'within peri-hucleéar vacuoles

in the cytoplasm of enlarged basal keratinocytes
(Flgs 33b‘34b). Intracellular hemldesmosomes were not
stalned with .,RR (Figs. 33b;34b); in contrast, extracellular
hemidesmosomes were well stalned with RR (Flgs. 33a;34c,d).
RR readlly penetrated the intercellular space in RA
treated epidermis. After 6 daily applications of 0.3% Ra,
when the epidermis was uncergcing a transformation.from
abnormal to normal patterns of,differentiation, RR staining
highlighted the elaborate membrane interdigitations
occurrigg amohcst the cells of the stratum spinosum and

lower stratum granulosum (Figs.33b;35); the complexity of

these cellular associations was not as easily apparent after

~

T
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sﬁandard 0804 fixation.

-

Scanning Electron Microscopy

- EDTA-separated Epidermis

" RA induced a number of changes in the subcellular
structure of separated ebidermal sheets. Generally, all
observed changes were similar in character and varied only
‘in the degree of their intensity as determined by the
vduration'pf exposﬁre and the concentration of RA. Cell
- blebbing was abundant, intercellular spaces were enlarged,
hemidesmosomes were retained on the surface of basal
keratinocytes and fibrous debris. was ofteﬂ abundant.

Cell blebbing waé observed in both RA treated and

. . -

untreated epidermis, however, treated samples_were clearly
distiﬂcﬁ in both the nature and extent qf Qisiblg cell
blebs, Blebs ranged from very minute to very large {3um) and
.assumed an endless variéty of globular shapes (Figs.
37;38;39;40;41). They appeared to arise eiﬁﬁer directly.from
the basal cell surface or, less directly from elongate ,
.projections of the cell surface (Figs. 40a,b) (both events
correlate with TEM observations}; many blebs were intiﬁately
associated with the intercellular épace and were clearly
derived from intra-epidermal keratinocytes or the less

exposed, lateral portions of basal keratinocytes.

The widening of the intercellular space has allowed

“~
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observation of the lateral surfaces of basal,keratinocytes
and has feveaied a clear differenée betweén~are$s of
hemideémosomal and desmosomal adherence {Figs. 4la,b,c).
~Microvillous p&ojectidns of.the léteral cell surface
correlate with TEM observations of microvilli with terminal
desmosomes. Projections were sparsely distributed pn an
otherwise smooth surface. Some baéal celié, in-comparison,
possessed an appérently degenéfate cell surface comprised.of
an abundant network of web-like elaborations.
Hemidesmosoﬁes were abundant and retained their in viﬁo

orientation on the ‘ventral surface of basal keratinocytes.
. At low magnificatiqn, RA treated keratinocytes appeared
smooth and flat when compared with untreated keratiéocytes
which displayed ruffled surfaces as a function of,
hemideSmosome invaginagion. Hemidesmosomes in RA treated

epidermié, having retained their external location, could be
.very clearly-observed‘by‘SEM at higher magnifications; they
were numerous and often forﬁéd linear aggregates.
. QCs.weré not easily discerﬁable in the maﬁbrity of RA
treated samples; extensive cell blepbing and debris did not
~allow LC ident;fication. Only in marginally affected, near
normal samples, were LCs obvious and iéentifi;blé "
‘(Figs:37a;42a;b,c). LCs were cbserved in epidermig that was
normal, treated for 24 hoﬁrs (1% and 0.3% RA), treated for
longer than 10 days (0.3% RA) and finélly, in epidermis

allowed 2 weeks regeneration after the termination of RA

treatment. Epidermis,'after 24 hours exposure to RA; was

2P
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~ 1

essentially_ﬁérmal'in it%s SEM ap?earance. Intercelldlar )
spaces were marginally iarger} but LCs and keratinocytes
.remained morghologicaliy andrdistributionglly'unaltered.
Afte£ prélonged expdsure to RA (ldidays),ithe epidermal
undersur face again_ appeared normal in most ;espects. ﬁA
) ~-induced chaﬁge_was_demqnstrated oniy by the relative
abundance- of fibfous material underiying the syncitium of
basél’cells. .
ﬁA treated samples (8 énﬁ 14 days, 0.3% RA) allowed 14
diys regéﬁeration, possessed tighter laterai associations of
.basal keratinocytes and LCs were abundant, as were numerous
. small celi.biebs reépmﬁling those observed in normal |
‘epidermis. '
.

Control, epidermis, treated topically with unmedicated

propylene glycol for-7 and 14 days, was normal in it's SEM

-
P

features.

EDTA-Separated Dermis e

'

' The basal lamina remained intact after topicaéé exposure
to”RAfand after separation with EDTA. The basal lamina and
it's ﬁnderlying;dermal matrix revealed increasiﬁ@}y
*irregular features as RA exposure time and qqncentratioﬁ )
.wgre ingreaéed (Figs. 43a,b,c;44a,b). Folds and shallow
aepressions became more numerous and complex at times of

‘maximum change, 4 and 6 days 1% RA and 6 days 0.3% RA

' respectively. After prolonged RA treatment (10 and 14 days),
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the dermal surface returned to a relatively smooth SEM

appearance. CellIs and cell blebs were not opserved in any of

the dermal samples examined by SEM.
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Figqure 1 IM, H/E. Normal skin; dermal cysts (arrows)
variously contain keratin, sebum and small hairs; s£rands of
epithelium extend into the dermis from the point of
sebaceous gland at{;ach}nent to rudimentary hair follicles.

300x ) o
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'Figgre 2
(a) M, H/E. Normal, EpTA-separ;ted epidermis; LCs (arrows)-
protrude downwards from the basal surface; the
inter-follitular epidermis, rudiméntary hair follicles and
sebaceous glands are completely intéct. 700x
,(b) IM, H/E. Normal, EDTA-separated dermis; fhe‘baéal lamina

is retained intact, as are the the thin strands of dermally

.oriented epithelium. 700x
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) -
Figure 3 LM, ATPase staining, normal, EDTA—separated
epidermis; (a) LCs are evenly distributed and easily
distinguished. 300x

(b) A single LC showing the characteristic dendritic

morphology. 600x
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Figure 4 TEM. UA/LC. Normal skin: (a) Normal epidermis ~
9nd dermis shbwing the association of basal lamina and basalr
ker&tinbcytes, the stratum basale, stratum spinosum, stratum
granulosum, and stratum corneum. Two LCs (L) are present in
thé baéal layer. The circle and square are enlarged in Fig.
4b and 4c‘respective1y.'5,143x
(b) classic Langerhans grénule showing continuity with the "
external §lasma‘mémbrqne. Eﬁlarqéd from Fig. 4 {(a). 14,&60&

(c) Abundant Langerhans granules in the perinuclear

cytoplasm. Enlarged from Fig. 4 (a). 14,400x

/
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Figure 5 TEM. UA/Lc; Normal skin (epidermis and dermis)
incubated with EDTA but left intact. Basdl keratinocytes and
basal lamina have separated, hemidesmosomes (arrows) are
invaginated and LCs (L) are still pfesent in an v

-

intra-epidermal location, 43,917x
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Figure 6 TEM. UA/LC, Normal, EDTA-separated epidermis;
ICs (L) are extruded from between basal keratinocytes and
ultrastructural change. from EDTA separation is minimal.

5,683x
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. Figure 7 TEM, Normal, EDTA—sepa%gted g?idé;;is: (a)
EDTA-gseparated epidermis after RR fixation, gditical point
drying and contrastint’j'\with UA/LC. ‘6',616x ‘A / .

{b) EDTA~separated epidermis. pfepered as 7 {(a) but left

‘uncontrasted with UA/LC., 7,138x
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Figure 8 TEM. UA/LC. Normal, EDTA-separated epidermis:

{a) LCs are extruded from between basal keratinocytes. The
area delineated by the square includes a single Langerhans
granule and is enlarged in Fig. 8 (b). 20,000x

{b) Langerhans granule enlarged from Fig. 8 (a). 120,000x
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Figure 9 TEM. UA/LC.. Normal, EDTA-separated epidermis:
(a) Paired LCs. 11,000x
(b) Protruding LC with underlying process of basal

keratinocyte. 11,000x

L
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Figure 10 EDTA—séparated dermis: (a) SEM. Basal lamina
is-intact and relatively featureless. 1,200x’
(b) TEM, Basal lamina, 0s04 fixation. 120,000x

(c) TEM. Basal lamina, RR fixation. 70,000x
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Figur; 11 SEM., EDTA-separated epidermis: (a) Overview
showing fhe loss of follicles and the damage created by the
use of agitation during preparétion. Area>indicated by arrow
enlarged in Fig. 11 (b). 169x

(b} Hair follicle enlarged from Fig.ll (a). 1,130x
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Figure 12 SEM. EDTA-separated dermis showing the
relatively minor effecgg of agitation during preparétioh:
(a) Low magnification perspective, hair follicle pits are

"abundant and randomly distributed. 107x

{b) Inter-follicular basal lamina is smooth as compared with

~ the walls of hair follicle pits. -749x
(¢) Basal lamina (on the left) has been partially removed
(right), revealing the bollagen fibres of the underlying

connective tissue. 315

I ~
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Figure 13 (a) EDTA-separated epidermis. Sebaceous glands
are present in.a tefhinal location on all hair follicles.
ICs (rounq, elevated and siightly charged) are‘evenly
distribﬁted over the baspl epidermis between folliéles,'zsoﬁ

(b) Dermal counterpart to the preparation shown in Fig.

13(a). 300x



wE



| ? .
57 o v
N

Figure 14 SEM, EDTA-separatqgaepidermis: (a) LC (E:roﬁ)
. \
and basal keratinocytes. 2,760%°

(bY Numerous LCs protruding‘from-the basal epidermis. 1,656x
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Ficure 15 SEM. EDTA-separated epidermis: (a) LC (centre)

and membrane vesicle (upper right), RR fixation. 8,000x

(b)- Paired LCs, 0s04 fixation. .6,000x

"
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Figure 16 EDTA-separated epidefmis: (a)} TEM. Two LCs are

subjacent to the epidermis while a third (L) remains in an
p
internal location, 13,500x

(b) SEM. Membrane vesicles (V) and LCs (L), RR fixation. -

-

5,000x

: \
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Figure 17 TEM. EDTA-separated dermis: (a) The basal
" lamina has remained intact after EDTA separation. 21,100x
(b) The presence of a’ double baéal lamina confirms the

folding observéd.{ﬁ SEM preparations. 125,000x
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(
Fiﬁu;e 18 TEM. RA treated epidermis: )
(A) 1% RA, 24 hours. 3,657x ’

'{B) 0.3% RA, 3 days. The area within the box is enlarged in A ‘

Fig. 22 (A). 2,628x ' ' - .

(C) 0.3% RA, 5-days. 2,640x .
, (D) 0.3% RA, 8 days. 2,640x
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"Figure 19 TEM. RA treated epidermis:
(A} 1% RA, 3 days. 2,640x
‘(B) 1% RA, 6 days. 4,392x
(C) 0.3% RA, 10 days. 6,742x

(D) 0.3% RA, 14 days. 5,500x
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(B)
ey
(D)

Figure 20 TEM,
Treated epidérmis: 0.3% RA, 8days. 5,506x-
Treated epidermis’: 1i'RA;_4 days. 2,750x

Control: Propvlene glycol, 7 days. 2,750x

Control: Propylene glycol,” 14 days. 7,913x
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Figure'Zl TEM.-RAhtreated‘epidermis:“

(A) I3 RA, 6 days. Stratum corneum and hgper stratum
granulosum; note thé abundance og lipid-like droplets and -
the absence of cytéplasmic filaments, kgratdhyéiin.granules
and membrane coatiné granules. &,Ode '
(B) 0.3% RA, Sdays.lipwer stratum corneum and upper £%ratum
granulosum;‘the uppermost corneocytes have beén lost during
proéessing. 5,554x'

(C) 0.3% RA, 8 dafs; Keratohyalin granules are returning éo
normal dimensions whi;é lipid~like granules remain ébaﬂ&ant.
5,554x | , _( S ) - ,. |
(D) 0.3% RA, 5 days. Upper‘stratqm corneum; coéneocytes are

) L ) .
increased in number and lipid-like droplets are abundant.

3,703x%
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Figure .22..TFM. RA treated eplhermls:

(A)’0ﬂ3% RA, 3 days. 1hi§_mibrograph i% a'highef

ﬁaghifida;ion view of. the area included in _the box, Fig.

18b, Enlargement of the intercellular . space and developmen%\

of membrane élaborations amoqjst cells of the stratum

-spinosum. 16,285x

-

(B} 0.3%'RA, 5 days. Plasma membrane elaborations with

'termihﬁt*desmosomes,extend into the enlarged intercellular

‘space. of the stratum spinosum. Association between cells is

limited‘toﬁareas of desmosomql contact. Intercellular

graﬁular material is abundant..ﬁ,925x

(C) 1% RA, 3 days. Desmosome;assgciation between
keratinocytes in the stratum! spindsum; note the absence of
intracellular tonofilameqt ﬁupport and the abundance of

polyribosomes and endoplasmic reticulum. .33,333x '

(D} 1% RA, 8 days. Membrane elaborations and "granular v

~

-jmaterial in the N.ntercellular space between keratinocytes of

the stratum spinbsum. 11,600x
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Figgre 23 TEM. (a) Normal epidermis; hemidesmosomes

(large .arrows) associated with thé basal laminé. Pinocytotic
vesicles -(small arrows).j§2,286x

(b) 1% RA,‘3 dayé; heﬁidesmosomes associated with ﬁhe.basal
lamina. Pinocytotic Qeéidlés are not as abundgnt.,66,667x
(c) 0.3% RA, 8days{ the inte¥cellular space between
hémidesmosomes is slightly enlarged. Intra-mifochondrial

inclusions (I). 37,714x
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Figure 24 TEM.VRA treated epidermis; Cytoplaémuof
spinous keratinocytes:
{(a) 1% RA,,3 days. Note the absence of tonofilaments,
dilaﬁed.cisternae of RER, numerous polyribosomes and active
perinucleaf‘Golgi apparatus, and associated vesicles
(arrows). Nucleus (N). 36,833x
(bi 0:3% RA, 8 days. Glycogey fpointer)-is present in a
perinuclear location. A single tntra-mitochondrial inclusion

is present just beneath the pointer. Nucleus (N).

Intercellular space (IS). 36,571x
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- Figufe 24 (coﬂt'd from previous page)

(<) }% RA, 6 days., Lipid;like dropleté*shoﬁ an irreqular
'prdfilé and sugge§t continuity.with surrounding RER and,
each other. Two intra-mitochondrial inclusions are present
in the uppe£ left; the larger is surrounded .by an irregulaf

membrane, possibly the remnants of mitochondrial cristae.

36,571x )
. . o~
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Figure 25 TEM. RA treated epidermis, 0.3% RA, 5 days.
Enlarged intercellular space beﬁween basal keratinocytes

containing granular material. The underlyihg’basal lamina is

extremely irregular in profile. 18,463x
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Figure 26 TEM. RA treated epidermis, 1% RA, 3 aays:.(a)
Polymorphonuclear leukocytesﬂhP) migrate into ,the epidermal

compartment, aggredﬁte'and are then sloughed along with

surrcunding keratin?cytes. 2,743x o ) P

(b) A flattened keratinocyte underlies a tight aggregate of
. . ’ ¢ : "

4 polymorphonuclear leukocytes (P) similar to those shown in

-

Fig. 26 {(a). Two migrakory leukdcftgs, and abundant granular
debris,.are present in the underlying intercellular space.

7,7503 '

A}
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Figure 27 TEM. RA treated epidermis, 1% RA, 3 days: (é)
Polymorphonuéiear'leukocytes (pf associated wiéh a breach of
the basal lamina. (area indicated by arrow; enlarged in ‘Fig."
‘ 27 (b)). Intercellular space (IS). 9,167x ”

(b) The basal ‘lamina is disrupted-in two locations (arrows)
where elaborations of the basal keratinocyte plasma
membranepass.across the basal lamina; the largest of these
is in C%Pse contact wifh a migrating polymorphonuclear

leukocyte (P}, 42,500x
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'Figure 28 TEM. RA treated epidermis, 1% RA, 6 days.,
Intra-mitochondrial inciysions (I}, llipid-like'droplets {(L).

41,829%
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Figure 29 TEM. RA treated, EDTA-separated, 0s04 fixed

epidermis.'O.B% RA, 6 days. IMipid-like droplets are

prominent in all supra-basal layers. 5,500x '
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Figure 30 TEM, RA treated, EDTA-separated, Oso4lfixed
epidermis; ( ‘
(A) 0.3% RA, 4 days. 3,300x
(B) 0.3% RA, 6 days. 1,762x N E
(C) 1% RA, 4 days. 2,933#

(D) 1% RA,6 days. 1,846x
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Figure 31 TEM. RA treated'epidermis, EDTA~separated,
6504 fixed epidermis: {(a) 1% RA, 4 dayg..HemideSmosomes on
the ventral surface of a basal keratinocyte; note the
dilated intracellﬁlar cisternae. 37,917x
(b) 0.3% RA, 6 days. Lipid-like droplet (L} in the cytoplasm
of a keratinocyte in the stratum spinosum. Nucleus (N)!
29,721x | " C
{(c) 1% RA, 4 déys. Intercellular membrane elaboration ang

vacuolization in the stratum spinosum., 20,914x T
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'Figure 32 TEM. RA treated, EDTA-separated, 0s04 Ffixed
epidermis:

(A) 0.3% -RA, 4 days. Blebbing.of'the ventral surface of a
basal keratinocyte; organelles are absent and the
surrounding membrane is disrupted iﬁ two locations (arrows).
12,075x%

{(B) X% RA, 4 days. Membrane vesicles after release from
overlying keratinocytes; the larger vesicle includes small
éytop1a§wic vacﬁoles. 11,429x _

(C) 1% RA, 4 days. Membrane vesicle with ma;y included
membrane—boupd vacuoles. two other (arrows} vesicles may
represent an advanéed stage of degeneration.:ll,ZOOx

(D) 0.3% RA, 6 days. Vesicles are surrounded by varying
thickness' of cytoplasm and may arise from tube-like
elaborations of the cell surface (arrow), seen here ih

oblique section. 12,660x






Fiéure 33 TEM..RA treated epidermis, EbTA—separated, RR
fixed epidermis: (a) 1% RA, 4 days. Section is not 5
contrasted with uranyl aéetate or lead citrate. Vesiculation
(cell surface blgbbing) is abundaﬁt along the bhasal sufface

and is accomﬁanied by intracellular penetration with RR.

3,514x
(b) 0.3% RA, 6 days. Section contrasted with uranyl acetate
and lead citrate. Basal cells uniformly possess a large area

of‘RR”éénse, organelle-free cytopl extending downwards

from the ventral surface. RR penetration in the upper lavyers
serves to illustrate the complexity of intercellular
keratinocyte associations. A degenerate keratinocyte (arrow)

shows very dense intracellular staining. 4,840x )
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Fiqure 34 TEM: RA treéted, EDTA-separated, RR fixed

epidermis:

(A) 0.3% RA, 3 days. Although density is poor, RR is jhost
prevalent in the newly released membrane vésicle 11,200x
(B) 0.3% RA, 6 days. Section is contrasted with uranyl
acetate and lead citrate. RR is present on the external
plasma membrane surface and in the organelle-free basally
oriented cytoplasm. 13,715x %

(C) 1% RA, 4 days. RR is present on the external cell
surface and within the newly released membrane vesicle; RR
"is not present in the cytoplasm of the overlying
kerétinocy;e. 19,526x

{D) 1% RA, 6 days. RR stainig pattérns are similar to those

described in Fig. 34 (C). 14,078x

o
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Figure 35 TEM. RA treated, EDTA-separated, RR fixed
epidermis; 0,38% RA, 6 days. RR decoration of lamellated

plasma membranes in the stratum spinosum. 23,200x

. ¢
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Figure 36 TEM. RA treated, EDTA-separated, RR fixed
epidermis; 0,3% RA, 6 days. Membrane.cbating granules in the
upper stratum spinosum releasing their contents into the

intercellular space. Desmosome (D), 90,846x.
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Fiqure 37 SEM. RA treated, EDTA-separated epidermis: (a)
0.3% RA, 1 day. Inter-follicular basal epidermis with
abundant LCs; hair folliéiés can also be observed. 446x
(b) 0.3% RA,4 days. Inter-follicular basal epidermis; LCs,
if present, are obscured by abundance of overlying membrane

vesicles and cell debris. 1,348x
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Figure 38 SEM. RA tfeateq, EDTE-séparated epidermis: (a)
;% RA, 4 days. Basal keratinocyteé,are separated by enlarged
intercellular spaceé. 2,93Sx - C
(b) 1% RA, é aays.'The intercellular space is diminished in

size and membrane vesicles are relatively abundant. 3,130x
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: ‘Figure 39 RA. treated, EDTA~separated epidermis, 0.3% RA,
6 days: (a) TEM, Basal epidermis after EDTA separation; the
area imij,gted by(l the arrow is enlarged in Fig.\ 32-(A) .
7,333x ‘ |
(b) SEM, Three-dimensional perspective on basal epidermis

- treated as in Fig. 39(a). 2,038x
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. Figure 40 SEM, RA treated, EDTA-erarated ep%dermis,
0.3% RA, 8‘déys: (a) Basal keratinocytes, abundant cell
blebbing, numerous membrane vesicles and eniarged
intercellular spaces; membrane vesicles are often continuos
with underlying keratinocytes (arrows);thé area indicated by
the double arrows is enlarged in'Fig. 40 (b). Note the

presence of desmosomal projections on the otherwise smooth

~
-

lateral cell surface (star). 4,280x
(b) Enlarged from Fig. 40 (a). A tube-like extension of the
ventral surface of a basal keratinocyte; the projection is
te;minated with a sphericai membrane vesicle and is

suggestive'of‘inte:nal continuity. Ridges of hemidesmosomes ,

‘are abundant. 19,427x
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Figure 41 RA treated, EDTA—éeparated epidermis, 0,3% RA,
8 days: (a) TEM. An alternate view of the epidermal
‘qndeisurféce after prolonged RA exposure. The area indicated
. by the arrow is enlarged in Fig. 41 (b). 7,079x.
(b) SEM. Hemidesmosome ridges enlargéd from~Fig. 41 (a).
15,408x |

(c) TEM. Hemidesmosomes in. cross section. 31,417x
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Figure 42 SEM. RA treated, EDTA-separated epidermis:
(a) 0.3% RA, 8 days‘treatment and 14,6 days regeneration, The
epidermis appears reldtively normall 1,761x

(b) 0.3% RA, 14 days treatment and 14 days regeneration.

1,761x
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Figure 42 (cont'd from previous page)
(E) control preparation; propylene glycol, 7 days. The

epidermis is unchanged. 1,878x
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Figure 43 SEM. RAa t:eatéd, EDTA—separafed dermis: (a)
0.3% RA, 1 day. Supféce of .the basal lamina is smooth except
for an even distributiqn of pore-like depressions. 283x
. (b} 0.3% RA, 6 days. S:Sface‘of the basal lamina is
extreﬁely irregular after cohtinued RA exposﬁre, 1,130x

(c) 0.3% RA, 10 days. Surface of the basal lamina is

returning ‘to normal contours. 1,130x
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Figure€44 TEM. RA treated, EDTA-separated dermis: (a)
0.3%‘RA, 4.déys.'Polymorphonucléar leukocytes. (P} in the
dermal matrix. A single disruption of the basal lamina
(arroﬁ)uis closely attended by a partially visible
leukocyte. 4,657x
(b) 1% RA, 4 days. Polymorphdnuclear leukocytes (P) in the
dermal matrix. Disruption of the.bgsal‘lamina (érrow),'

7,492x

\






NISCUSSION

General

IM observation of hairles\s mouse skin provides a

reééonable degree of assurance that the Yross tissue
architecture (Figs. 1,2), at 13—20 Qeeks of age, is in close
agreement with the earlier descriptions of Montagna et al.
1952 (2) and Orwin et al. 1967 (3);Epitheliél cysts of many
descriptions are frequéntly observed in the deeper dermis
while the dissociated, inactive follicles appear plugged.by
an internai buildup of sébﬁm and squames (Fig, 1).

| Epidermal ultrasérugture and organization (Figs.
4£,b,c) in the hairless mouse was alsé essgntially‘as
described in previous'anatomical studies (4,83); thus
c;nfirminq itisifeported,similarity to the épidermié of the
mouse with hair (4). Moreover,_ﬁoay wall epidermis, in the
hairless mouse, possesses an even distribution of dendritié
LCs positioned in the stratum basale (Fig. 4a,b,c). In .
comparison, human (5), guinea pig (6)_and.mouse\footpad (7)
epidermis‘also posseﬁs an even distribution of dendritic LCs
but, positioned in é supra-basal rather than bésal location.
Organizationally, in all essential respects, the epidermis
of the hairless mouse comprises a, "reticulo-epithelial"
system, as originqlly detailed by Shelley and‘Juhlin in 1976

(26).
20
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The abundance of Langefhans granules per LC (Figs.
4b,c) would suggest that the hairless mouse, relative to
man, guinea pig, and hamster, is unusual. The signifigance
of this observation is not readily apparent at the present
time as the functional importance of the Langerhans granule
.is unknown. It may however, become important as the relative
naturg of.cell mediated immuﬁity and keratinization , iﬁ the
hairless mouse, becomes better understood. At present the
muirine immune system is.very'well understood (84), and may
contribute to rapid advances in underst&nding the role
played by the intra-epidermal LC.It's unique morphologic>
qualities, especially the cytoplasmic Langerhans gxadulé,
may correlate with a comparably specific functional »
distinctiveness.
Membrane ATPasg activity wés relatively abundaﬁf in the
LC as cbmpared with surrounding keratinocytes (Figs. 3a,b).
A sequential reaction with ATP, lead, and sulfur proddcad
an easily percieved black precipitate. Positive stainiﬂg of
surrounding keratinocytes has verified the quality'of the.
enzyme reaction in the absence of étained'LCs; thus, those
~areas lacking well stained LCs, yet possessing obviously.
stained keratinocyvtes, are eithér lécking enzymatically
functional LCs or, are lacking ICs alfogether..
: Previous studies, using é similar ATPase staining
reaction héve quantitated. LC populations from different
species‘and from a variety of anatomical sites, both normal

and treated (6,7,12,36,85,86,87,88,89), Some of these

[ I
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stgdies(85,87,88,89) hoﬁever, using mouse épidermis, haﬁe )
failed to properly consider extremely relevant criteria in
the evaluation of their statistical results. ATPase staining
for example, although clearly demonstrating LC morphology in
the present study, must be considered quantitatively, with
serious reservations, primarily because of the inherently
equivoqal staining characteristics of murine epidermal
shieets; staining of individual epidermal sheets was
frequently variable in the best of prepa;ations after a

variety of staining regimens. Rowden has confirmed this

. observation with reports of similar ATPase staining problems'

uéing murine epidermal sheets from a variety of mouse
strains k90). Mouse epidermis, because ICs are located so
close to the basal lamina, may be more sensitive to.the
disfuptive effects of EDTA‘separatién and ATPase-staining
and thus, a ppor'model for quantitative LC studies using
sucﬁ techniques. In future studigs} the question-of LC
depletion as artifact Qould be well addreésed using
histological analysis to supplemenﬁ ATPase quantitations:
Furthermore, LCs, relative to surrounding
keratinocytes, were clearly mobile after separatibn of
epidermis and dermis with EDTA. The extrusibnf(Fig. 9b), or
more appropriately, the migration of intra-epidermal ICs
occurred regularily, with cell bodies and cell processes
commonly observed extgrnal to the overlying ebidermis (Figs.
.6,7a,8a,b,9a,b,13a,b,15a,b,16a,b).Alternatively-—though it

seems only a partidl explanation--LCs may have begp exposed

?
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‘incidentally as a.function of EDTA damage to surrounding

¢

" basal keratinoeytes. LCs were ultrastructurally well -

-

preserved yet show marked changeslin their shape, .
0 - . ]

orientation and the nature of cell surface elaborations. 0

' Most were wholly or partly externalized, cell bodies gave

Luthe appearance of flowxng and external ICs were distlnctly

different from their intra-epidermal counterparts,The
appearance of LC movement supports the‘view that LCs may'i
migrate in and out of theﬁepidermis, not.onlf during °
embryonic development (28), but also in response to. external

stimulation as proposed by Silberberg 1973 (25},

The dlsodlum salt of EDTA (20 mM) was used in 'the
present study instead of the tetrasodlum salt (20 mM} used
in prevxoqslstudles. The physical separation of ‘dermis and
epiderﬁis was easily undertaken, as descrlBeﬂ by those

authors using Na,-EDTA (7,33,34). EDTA separation

) 'speciflcally, occurred within the lamina lucida, an electron

ldsbent zone lying betwqu<thg basal 1am1na and overlying

_keratinocytes (Fig. 5). This is in agrgement w1¥$ the”

observations of Scalletta and MacCallum, 1972 (33). However,
using 2 hrs.hincubatlon, at 37 ¢, the. epidermiﬁ was somewhat
different, in the ultrastructural. character of basal
keratinocytes. The majority of hemidesmosomea—were engulfed
withdrawn into the cytoplasm, and often remained in a -

perinuclear location (Figs. 6,7a,b). In comparlson,

Scalletta and MacCallum (33) descrlbe only 1nfrequent
‘Q’ .
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hemidesmosome engulfment in EDTA separated human epidermis.

It can be concluded that the bulk of ultrastructural

change in mouse epidermis occurs during EDTA incubation, and

) nof as a function of mechanical separation or exposurerto
subsequent buffer washes and fixatives. This is well
illustrated by two consistent observations (i)
. ultrastructural changes ( hemidesmosomal engulfment,
perinuclear accumulati;higf ofganelles, microvilli
fgrmation),were observed in skin left intact (Fig. 5), and
fixed directly in 0s04 after 2 hrs }ncubation in 20 mM
‘EDTA.h(ii) Ruthenium red fixation shows oﬁvious decofﬁtigh
of external hemideemosomes and a fotal abeence of
hemidesmosome staining within cypoplasmiclvacuoles (Fijs.
7a,b,33b,34b); hemidesmosomee therefore, were invaginated
prior to fixative exposure. '

In comparing the changes e11c1tedpby FDTA in the murine
system, with changes occurtring in human skin, one must

‘consider their inherent morphological differences, Most,

.

significantly, the subcutanecus fat layers are cOmparatively .

Qmin in the mouse, as is the over}y%ng epidermis. It may be
that EDTA penetration and subsequent damageols relatively
-11m1ted by these layers, thereby reduc1ng the hemldesmosomal
engulfment observed in EDTA—separamed human epldermls. »
However, one has difficeltyvconsolidating this view with the
factlthat EbTA separations are possible after only 1-1.5~

.

hrs. with human (33) and guinea pig (6,363} epidermis, as

compared with 2 hrs. in the hairless “mouse. -

'

et
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In this.regard, the total thickness of the épidermis
méy also affeé; the mechanies of EDTA separation, In man and
guinea.pig, for éxample, the epidermis is felatively thick

-and substantially more durable.(under mechanical stress), aﬁ
- compared wifh mouse. The mechanical stébility of these

‘ thicﬁsf epiderma} sheetsIWOuld ensure greater durability

" during the delicate procedure of mechanical separation of
dermis and epidermis. The application of increased pull
during mechanicai geparatioq may allow the event to take
place after shdrter periods of incubation.

Furthermore, hairless mice possess hair follicles which
seldom open to Ghe surface due to éubstantial accﬁmulatiohé
of sebum and squames. Theée accumulations may significantly
limit the hair follicle as a means of EDTA access to those
areas of édnexél cell adhesion to the dermal substrate.
Humans and Quihea pigs, in comparison,‘possess externally
available ﬁair follicle passages which penetrate deeply into

- the dermis.In such systems, the hair fqllicLes would be

quicklf liberated from the dermis, via improved EDTA access,

allowing an easier mechanical separation overall., EDTA '
separatidn in the hairless mou?ahgbwever,may be'ﬁlgwed by
reducedepénetration within the hair foliicles, while EDTA’
access to tﬁe iﬁteéfollicular epidermis would be relativé%y

abundant, and thus, potentially more damaging. J_J .

Cation deprivation affects,not'only the specific

Y

Wiy
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adhesion between basal keratinocyte and the dermal matrix,
but hag al§6 diérupted thé integrity of:cellular structures
associated with the epidermal—éermal junction. At the | ‘
subcellular level this has proven' to be a remarkable behefit
in'tﬁe ﬁorphological characterization of hairless mouse
epidermis. LCs, which normally inhabit a basal
location--separated from the basal lamina by thin process’'
of adjacent keratinocytes—-migra;e, or are extruded down and
outwards after EDTA elicitéa contraction of surrounding
keratinocytes. As such, ICs remain easily available for
correlative microscopic observation (Figs. 8,13a,15a,b).
Previous studies (34,91,92), using a variety.of
separation téchniqueé, have used SEM to examine the
epiderﬁis from this inverted perspective. All three have
examined human epidermis after sodium bromide separation, an
extremeiy harsh technique due to the severe osmotic and pH
" differentials between tissue and separating solution.
Although some EDTA separated tissue was éxamined, it was not
extgnsively discuésed {34). Gross comparison however,of the
epidermal undersurface from ﬁumans with that of the hairless
mouse, serves very well in démonstrating baéic diffrences
between the two. Hairless mouse skin lacks the very deep and
ocbscuring dermal papillae seen in human skin‘(34,9l,92). N
Melaﬂocytes also, are not observed in mouse epidermis yet
are‘relétively common in the basal layers of ﬁumah |
epidermis; melanocytes are described by'Papa'éhd Farber (91)

and Dréwiecki and Kjaergaard (34), although both authors



97

fail to address the p0551bllity that these dendrltlc cells
may, in some cases, be ICs. Furthermore, Drzwiecki and
Kjaergaard (34) conclude that DOpa stained epldermal sheets
reveal dendritic cells that are partially charged as a
function of interual melanin content, This charge may in

' fact be a simple function of the cell's elevated positiog as
" it rests on, and partiallyﬁhetween surrounding
keratinocytes. Physical release of exagerated-secondary
electron emlsSLDns is a common observatlon when a sample
'possesses such protruding contours. The LC population
discussed in the present study is clear evidence of thls
kind of charging artifact. ' . .

™ Many studies, as described, have microscopically
examined‘épidermis after separation from it's dermal
counterpart. However, none of these previous studies
examines hairless mouse epidermis, nor do they utilize the
high resolution SEM, as does the present study. Thus, the
correlative microscopic analysis of epidermal subcellular
organization‘in.thri model is thus far, the first docémented
preseutation of such information. Moreover, the normal

subcellular structure and organization is well established

for continuing comparison with RA treated epidermis.

~

. =
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The dermis, after EDTA separation, wés weli preserved
‘in all microscopic preparations, Three dimensional SEM
structure was generélly unremarkabple. except in;confirming
thg uniformity of epidérmai—dermal sepaéétion and verifying
‘thé sheet like structﬁ;e suggested by TEM érosé-sectioﬁal

preparations'(Figs, 10,12a,b,c,13b).

Epidermis aﬁd dermis fixed with RR as a ligand of 0s04
revealed abundant,filamentous material on the external
_sﬁtface of ali observéd cells, and the basal iamina {Figs.
7aib,qu).'This observation is particularily evident ip the
SEM preparatiqns,which were examined without the aid of a
conductive‘metal coating (Figs. 15a,16b)., The filamentous
méteriai probably repreéents thé_glycocalyx of the »
keratihocyte plasma mémbrane,‘as described by Luft in 1971
(38).

 RR-0804 permits morphological characterization in tﬁe
SEM without prior application of a conductive metal coating.
It's overall utility however, seems suspect in. view of the
fﬁzziness of the glycoprotein matrix and the extent to which
underlying structure is obscured. -

Babaii (40) and Luft (38) have suggested that RR
fixation and staining may act as a monitor of membraﬁe
damage and cell viabiiity.'This has been well illustrated in
the present study where RR has served as a useful probe for:

(i) plasma membrane permeability changes occuring in newly

© e
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separated basal kefatinocytes (éigs. 7a,b,33a:5,34a,b,c;d);
(ii) increases in.intercellular permeability (Figs.
7a,b;33a,b,35,36) . ‘

After RA treatmeﬁt, RR was-commonly'obserﬁed'in the‘
cytoplasm of basal‘keratinocytes (Fié. 33b) and iﬁ newly
formed membrane\veéicles. Vesicles, eithér free or attached
{(Figs. 33b;34b),‘appéared t§ occur as a fupction.of RA—EDTA
induced ﬁembrane permeability. Basal cells releaséﬁ membrane
vesicles after penetration by, and swelling with, external
materials. This probable sequence is suggested by the fact
that RR.appeared only in enlafged portions of the ventral
cell body (Figs. 33b;34b) and in'édjacent or ¢losely
associated.membrane vesicles (Figs. 3;c,d). In cbmparison,
RR penetration was lacking in the cytoplasm of cells which
had 5ust released membrane vesicles; such célls were |
reéealgd,‘ultrastructufally s&uﬂd and impermeable to RR.
Cléarly, RA has changed the basal-keratinoéyte plasma
membrane feéponse to EDTA separatioﬁ énd‘this in turn has
resulted in substantial cell démage as a function of
enhanced membrane permeability,

In TEM preparétions of RA treated epidermis,
intercellular penetration and staining with RR (‘iﬁ EDTA
separated tissue ) revealed a. variety of extremely complex
interdigitating cellular associations amongst high level
keratinocytes (Fig. 35). These complex structures were not
readily apparent in tissue fixed soiely with 0s04, either

whole or EDTA~separated. Moreover, the'cqmplexity of ceil to



100

cell adhesion revealed in this manner, suggests that
epidermal cells may be compensating forithe reductipn in
mechanical stability created by.an absenc; ;f desmosomes.
‘The glycoprotein nature.of‘membrane coating granules

{93), their extracellular=continuity‘(94), and their fine
structure and organization (93,94,95) were alsd
particularily well illustrated by RR (Fig. BE).

- RR is thus, a potentially useful stain for mapping
intercellular associations in organizationally compact
ltissues such as the epidermis. it alsq provides a useful.
sgaining.probe for the characterization of certain membrane

associated secretory structures.

e vtmaar
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Re+i nic Acid
. Generally, RA-has.elicited specific epidermal responses
that have.been'previqusly'deécribed in earlier repo;ls._
' Markers of orthokeratinization ( an evenly layered stratum.
corneum, memﬁrane coating granules, keratohyalin granules,
tonofilapents,fand desmosomes )'are_ini;ially reduced, both
in the apparent exfent of their individual size and
prominence, and in their overall occurrenée. These changéz
were observed in varying degrees, and at different times
during the shoft term intensive application of 0.3% and 1%
RA. The epidermal response was more intense after exposure
to 1% (Figs. 19a,b,306;d)'as compared with 0.3% (Figs.
18c,d,30a,b)'RA..Concomittant with an apparent reducgion in
keratiniiing markers was a clear shift--again dose
dependant—-in the metabolic direction of differentiating‘l
épidermal.cells. RER (Figs. 24b,c),vGolg% stacks and
vesicles (Figs. 22c,24a), sequesteredllipid (Figs.
'21a,c,d,24c,28;31b), and sparse Qlycogen deposits (Fig. 24b)
occur iﬁ unusually large'Quantities.

Although the  above chaﬂges agree with similar studies
using topical RA, the obvious conclusion, that such changes
are specific to .RA, is somewhat suspect. RA has often been
described as. exerting an anti;keratiniziné effect because of
the followirg: squamous‘metaplasia occurring during vitamin
A deficiency (51), the elicitation of mucous secretion.

amongst cultured epithelial cells ( keratoacanthoma,
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embryonic chick skin ) (71,72,73,96), the reduction of
“keratinizing elements; inlvitro ﬁsing cultured skin explants
(soi, ané'in vivo using human (77), guinea pig (50,78),land
mouse skin (ﬁS,?Qi,and finally, the beneficial therapeutic
effects observed in the treatment of wvarious scaling and
acneiform derhatosesv(97). Clearly,-RA and R are
systemically active in the maintenance éf'a variety of .
Epithelia,‘prdbably by'liﬁitihg the rate ahd degree of
squaﬁous metaplasia. Howéver, when 6ne examine§ in vitro and
in vivo_situat;ons where R and RA effects are not mediated
by specif;c tranSport‘and receptor proteins (such as in fhis
preseht study, which uses topiéal apélications of
pharmacological concgptrations of RA) a distinction must be
made; between general toxic effects and non-toxic,
presumably® tissue specific physiologic mechanisms. .

' Glycogen for example, has frequently been observed
scattéred throughout the'éytoélsm of RA treated
keratinocytesrk45,50,77,78,81). Glycogen accumulation has
also been observed after uv irradiation (98), tape stfipping
(45) , wounding (99}, appligation of‘ir;itant chemicals (100)‘
and carcinogens (101). Lipid droplets, although sometimes
present in the cytoplésm of normal keratinocytes , are
extraordinarily abundant in the upper épidermis and stratum
corneum‘of RA treated hajirless mice, as previously described
by Christophers and Wolff (50;78) usipﬁ quinea pig-
epidermis. Lipid droplets have also been observed ;n (

response to ethanol {45) ,» irritant compounds (100), and UV
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‘irradiation (98). They appear in psdriasis‘and a variety of
scaling disorders as well- (102,103,104,105),
Int;amitocﬁondrial inclusions (Figq. 23c,24b,c;25,28),
widened interﬁellular spaces (Figsﬁ 22a,b,c,d;25,29);
microvillous projections of the plasma membrane (Figs.
22a,q,cjd),.and disruption of desmosomal associations (Figs.
22b,c), as described in the present study, haQe aléo'been
.reported to occur -in the epidermis after a variety of
treatments (ﬁS,QB,100;101,106i107,108,109,110).The shift in

epidermal metabolism and differentiation indicated by these

IA"b
hie

ultrastructural chénges; in combination‘with enhanced
development of Golgi and RER, suggests a short term
detoxifying fesponse. In ﬁﬁis regard, one is impressed by
the géneral ofganizational siﬁilarities between the
_ngpplasm of RA treated keratinbcytes (Fig.24a) and normal
hepatocytes. o ’

' On-going hltrastructural studies in this léboratory are
investigating the epidermal irritant response produced by
topical application of 1% DNCB, a éohtact irritant:.thg
bhanges observed are strikingly similar toléﬁéée_eiicited by
topical applicatibn of RA, Epidermal cell division and cell
transit time are elevated while normal patterns of
keratinization are displaced by epidermal metaplasia leading
to the formation of lipid-cohtaining parakeratotic.scale.'

| Wheﬁ all relevant observations are considered in terms
of differentiating between the physiologic role of RA

relative to it's toxic effects, it may be speculatively£

+

eady
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éoncluded that the maﬂority of changes stem-from'it's toxic
irritant effects. It's true physiologic effects may well be
obscured by the eno:mitj of such toxic change.

Fﬁture studies of a more rigidly biochemicai nature
might confirm or deny the suggestion that'toﬁicalf
application of Ra, like DNCB, carcinogens, tape stripﬁing,
and UV light, induces metabolic pathways oriented towards
processing and elimination of potentially ihjurioqs
materials. The use of radiolabeled compounds would allow
monitoring of the relative distribution and metabolism of
topically applied RA, both intra-'and extracellﬁlarily. One
might’sg§pect that, in the present study, the metabolized
forms of RA, as described by DeLuca (52), or it's conjugéte,
anabolic forms, as described by Wolff (65}, would appeér in
increasing amounts over time as a function of increased
epldermal metabolic- capablllty, on a time scale thls would
probably coincide with the return of normal patterns of
keratinization and an increase in epidermal thickness and
cellularity. _

The present study fails to monitdr the long term ()14
days) changes occﬁrfing after the intensive application of
RA, and as s;ch may observe only short term tox1c change.
Kaldby, Kllgman, and Joshida (77) have studied such a long
‘term response in human skin. Their LM observations describe
an accute dermatitis response up to 14 days Qith application
of 0.3%'RA,whi¢h resolved to a near normal appearance after

40 déys:continuing exposure. After 40 days the permeability
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of the skin was markedly enhanced due to diminished

adherence_of.exhernal corneocytes and, paradoxically;

.inherent skin sensitivity to specific molecular antigen was

decreasefl (one would expect an increase in sensitivity as a

function of increased epidermal permeability). These

relatively minor changes may represent the physiologic .

effecté of epidermal exposure to elevated levels-of'free ﬁA.

Ultfastructural'analysis of tissue treated with RA for
more prolonged time periods may provide‘additional clues to
the nature of epidermal resiliency in the face of toxic
stress, Furthermore,.the sﬁégestlon by Kaidby (77), that
clearance of RA (and topical anéigen ) via the dermal
vasculature is increased after .long tefm application, could
then be investigated by quantitative analysis of
radiolabeled RA in the serum, iiver} and excrement.

Thé preseﬁt study, using 0.3% RA, shows génerally

normal patterns of Keratinization after 10-14 days, instead

of the 40 days reported by Kaidby (77). 'These results,

using a considerably different epidermal model and sﬁowing
relatively normal epidermis after 14 days continued
exposure, may’in fac;, represenf the same epidermal response
observed by Kaidby after 40‘days. If such is the case,

prolonged RA treatment and observation in the hairless mouse

would be redundant and unenlightening.

In SEM observations of RA treated epidermis, it is of
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‘key importance to note that subcellular diffrences between
treated and untreated samples are directly relapeé“to
subcellular responses to EDTA separation, fixatioﬁ, and
critical point drying..Thus, one eannot state, "this is what
a basal keratinocyte‘looks like", But rather, must add“ehe
qualification,-'this is what a basal keratinocyte looks like
after EDTA separatien, fixation, and critical point drying”.
With thie 1imitatioﬁ in mind ﬁowever, the comparison remains
nonetheless insightful, and clearly illustrates merked
diffrences between RA treateq and untreated epidermis.

In normal epidermis, heﬁidesmosomes_are invaginaied and
appear intracellularily, while treated epihermis shows a
clear array of hemidesmosomes in their original,lbasal
membrane locetionw(Figs. 29,30a,b,c,32a,b,c,d).
Ultrastructurally, in both whole and EDTA separated tissue,
RA causes a reduction in tonofilament-hemidesmosome
associations (Figs. 25,27a,b,41a,b,c). Abcordingly, the
interaction of filaments and hemidesmosomes may permit
invagination in normal epidermis aed, due to a lack of
tonefilament—hemidesmosome'integrity, limit such
invagination in RA treateé tiesue. Alternatively,'since mg++
interaction with the cytoskeletal network is known to affect
int{aeelluiar contractile ectiviﬁy,-it may also be involved
in the invagination of hemidesmosomes in normal epidermis.
Such an event may be directly affected by the 1ncreased
permeability of the plasma membrane afte{ RA treatment.

Clearly, the barrier function is reduced, as indicated by

R p——,
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the abundance of cell blebbing, vesicle formation (Figs.
39a,b,40a,b) and the 1ncrease in RR penetration [rigs,
33b, 34a b c,). Chelation of intracellular mgt* . and ca att
would be poeentially enhanced, possibly eiiminating any °
subsequent cyposkeletal contractile acFiyity and thus.

'preventing Heﬁidesrosome inragination in Ra treated

A - :
-epidermis. Both explanations, concerning RA induced changes,
- .

are somewhat speculative in nature and remain largely
unsuppéfted by any additional conf1rm1ngxev1dence other' than

- /'\ .
that described. - : T » (?

RAinduceg changes in basal cell Tembrane surface-

structure, and- concomittant cell blebbing, tentatively

o

‘ support the view that plasma membrane structure, functlon-

«

and probably synthesis are 51gd§f1cant1y altered as a f_ -

functlon of prolonged RA application, : a
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* APPENDIX I

' .
L FIXATIVES

A

Dalton's Fixative

14

1

Preliminary
Prepare 2.5 N KOH solution;

14 g KOH / 100 mls. H20,.

. Prepare 3.4% NaCl solution; 8.5 g / 250 ml. H20.

N

Potassium dichromate buffer

Add 10 g potassium dichromate to 200 ml. H20, Using 2.5
N Koﬁ, adjust Ph to 7.4. Add 250 ml. of 3.4% NaCl solution.

Add- 250 ml. glass distilled H20 and store at 4 C.
' - 3

Fixative
Dissolve 1.0 g 004 in 5) ml. H20 and add 50 ml.

dichromate buffer,

Fixation
Fix tissue for 2 hours a%&‘ ' .

.
*

X Ruthenium Red-0s04 Fixatives

.
Y -
. . ) »

Prel{miﬁary. -

Prepare'a 5% gluteraldehyde solution; dilute 10 ﬁl. 8%

gluteraldqhydé‘(polyscienées) with 6 ml, H20.
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lb9
Prepare 1% ruthenium red solution; 0.1 g RR / 100 ml,

H20, - -
, Prepare 0.2 M caﬁodylate buffer;. add 21.4 g sodium
cacodylate‘(éigma) to 500 ml. H20, Adjust to pH 7.3 with 1 N
HCI1. |

‘ Prepare ‘cacodylaﬁe (0.1 M) buffered 0.5% ruthenium red
solution; 5 ml. 1% RR / 5 ml. 0.2 M cacodylate buffer.

Prepare 2% 0s04 solution; 1 g 0s04 / 50 ml. H20.
Fixatives . | ‘ i
(a) Cacodylate (0.1 M) buffered gluteraldehyde (2.5%);
16 ml. 0.2 M cacodylate buffer / 16 ml. 5% gluteraldehyde.
(b) Cacodylate (0.1 M) buffered 1% 0s04-0.05% RR; 18
ml. 0.2 M cacodylate bﬁffef\( 18 ml. 2% 0s04 / 4 ml. 0.5%
RR., } = ‘
(c)'Cacodylate (0.1 MS buffered 1% 0s04; 15 ml. 2% OsO4
/ 15 ml. 0.2 M cacodylate buffer.
(d) Ruthenium red (1%) in H20; 2 ml. 1% RR / 18 ml.
H20, ‘ |

.

— (e) 0s04 (1%) in H20; 50 ml. 2% 0s04 / 50 ml. H20

-

Fixation
Fixation was at 4°¢C,
Fix: (a) 1 hr. in cacodylate (0.1 M) buf fered gluteraldehyde
(2.5%);
(b)‘3 hrs. in cacodylate (0.1 M) buffered 1% 0s04-0.05% RR;:

{c) 1 hr. in cacodylate (0.1 M) buffered 0s04 (1%);

.

il
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(d) 1 hr. in RR (18) in H20;

(e} 1 hr. in-0364 (1%) in H20,

Bouin's Fixative

Prepare fixative; picric acid (supersaturated

solution)-7 ml. / formalin- 25 ml. / glacial acetic acid-

5 ml,,

Fixation:

Leave in fixative overnight at room temperature.

e o -

el i an o wa L



_APPENDIX II

ADENOSINE TRIPHOSPHATASE SOLUTIONS

Tris-maleate buffer

tris({hydroxy methyl)amino methane- 2.42 g
maleic acid- 1,96 g )
Dissolve in 100 ml., H20 and bring to pH 7.3 with 0.2 M
NaoOh. Add 6.84 % sucrbse to the buffer used for washing and
add 8.55% sucrose to the1buffer used for ATP-Pb staining

solutions. ' L)

ATP-Pb staining solution

Mix the solution just before use. Dissolve 10 mg. ATP
{sigma) in 42 ml. tri;mal buffer with 8.55% sucrose and
prewarm to 37°C. Add 5 ml. 5% MgSO4-7H20. Add, with | o0
agitation to prevent brecipitaﬁion, 3 ml. 2% Pb(NO3)2.

[}

Cacodylate buffered formaldehyde

—_—

Mix 100 ml. 0.2 M cacodylate buffer (pH 7.4) and 4 g
paraformaldehyde.'Heﬁt the'above mixture--aveid inhalation
of fumes by carrying out this procedure in a well ventilated
area, preferably a fume hood--to 70dc while stirring, until
dissolved. Clarify with 2 drops 4% NaOH. Cool and store at 4°
c. : } e ' ' -
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