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Abstract. The reaction in epidermal keratinocytes in sen-
sitized and non-sensitized. normal guinea pigs after di-
chromate exposure has been investigated by electron
microscopy. The results of the investigation show that the
morphological alterations in keratinocytes in irritant and
contact allergic reactions to dichromate are of a non-
specific nature. This underlines the fact that morphologi-
cal reactions in the Keratinocyte are uniform. The reac-
tions were dose- and time-dependent. The morphology
of the contact allergic reaction to dichromate in the guinea
pig is consistent with that described for DNCB.
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In occupational dermatology, allergic reactions to
heavy metal compounds are frequently observed.
Among men. chromate is the most common cause
of allergic contact dermatitis (7).

During the past decades much work has been
carried out to reveal the mechanisms of contact
allergic reactions in skin (1, 4. 8, 23, 26) with par-
ticular regard to chromate (19). The morphology of
epidermis in irritant and contact allergic reactions
(2, 3,9, 10, 11, 14, 15, 25) as well as the cellular
response to a great variety of chemical and physical
agents (12, 13. 16, 17, 22. 27, 28) have been de-
scribed in both guinea pigs and man. However, the
morphological alterations in chromate reactions at
electron microscopic resolution has previously
been recorded only in relation to patch test reac-
tions in sensitized human subjects (5) and in a pre-
liminary study in guinea pigs (6).

When reviewing the work done up to the present,
the keratinocyte appears to have a uniform cellular
response to a great number of stimuli. In most in-
stances cell damage and cell necrosis conform to
the pattern seen in autolysis (29) and comprise

cytoplasmic vacuolization, destruction of mi-
tochondria, disintegration of cytoplasm, and ag-
gregation of chromatin. Finally there is lysis of the
cell. Another. distinct type of cell death, apoptosis.
has been described (30, 31). The phenomenon is
proposed to represent a sort of a pre-programmed
cell death and to play a central role in maintaining a
steady state in proliferating tissuecs. Morphological-
ly it is seen as a condensation of the chromatin and
the cytosol. The condensed cell is fragmented and
subsequently phagocytosed. Apoptosis does not
lead to cytolysis. In epidermal cells apoptosis has
been reporied in various conditions, i.c. after ex-
posure to ultraviolet light. in lichen planus. in graft-
versus-host reactions (review by Weedon et al.
(31)). Dyskeratotic keratinocytes with the re-
semblance of apoptotic cells have been reported
after exposure 1o croton oil (27).

In experimental work on chromium allergy.
guinea pigs have been used extensively . The aim of
the present study was to describe the morphological
changes in keratinocytes of normal and sensitized
guinea pigs exposed to dichromate at different con-
centrations.

MATERIALS AND METHODS

Animals, Male guinea pigs weighing 300-700 g.
Sensitization was performed according to Polak & Turk
(18). The outcome of the sensitization procedure was
checked with an intradermal test (24). Animals with the
strongest reaction. i.e. test reaction larger than 10 mm
after a 0.1 ml intradermal injection of a 0.024% dichro-
mate solution, were selected for further studies.
Dichromate solutions. In the investigation, 0.006 % and
0.024% solutions of potassium dichromate (K,Cr,0;)
(Merck) in saline were used. Each animal was injected
intradermally (0.1 ml) with both solutions and with a ve-
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Table 1. Morphological findings in both sensitized

and non-sensitized guinea pigs after injection of

0.006 % and 0.024 9 dichromate solutions

In both groups of animals the most advanced reactions
were seen after injection of the 0.024% solution. Non-
sens. = non-sensitized guinea pigs. Sens. = sensitized
guinca pigs. Grading of the morphological changes: () =
normal, + = only a few, occasional findings. ++ = inter-
mediate frequency of findings, +++ = findings of general
occurrence

Time after
injection of the
dichromate solutions

Morphological changes 3-6 h 24-48h 96 h
Cytoplasmic vacuolization
in keratinocytes
Non-sens. +++ +++ 0
Sens. +++ +++ ++
Destruction of mitochondria
in keratinocytes
Non-sens. +++ ++ + 0
Sens. +++ +4++ +
Keratinocytes with elec-
tron-translucent cytoplasm
and diffuse dispersion
of filaments
Non-sens. ++ ++ 0
Sens. ++ ++ +
Keratinocytes with a more
electron-dense cytoplasm
than normal
Non-sens. ++ ++ 0
Sens. ++ ++ 0
Keratinocytes showing
cytolysis
Non-sens. 0 ++ 0
Sens. 0 +++ 0
Keratinocytes with the
feature of apoptosis
Non-sens. + + 0
Sens. + + 0
Loss of desmosomal
attachments
Non-sens. 0 ++ 0
Sens. 0 +++ 0
Widening of intercellular
space
Non-sens. + + 0
Sens. ++ +++ 0
Inflammatory cell
infiltrate
Non-sens. 0 ++ 0
Sens. + +++ 0
Breaks in the basal lamina
Non-sens. 0 + 0
Sens. 0 ++ 0
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hicle control (saline). The same concentrations weve
used for the sensitized and the non-sensitized animals.

Electron microscopy. Sensitized and non-sensitized
guinea pigs were injected 3, 6, 24. 48. and 96 hours prior
to Killing with an overdose of barbiturate. In each group 3-
S animauls were used at each time interval. Biopsies were
taken from initially marked and clipped areas whether or
not any visual skin reaction was cvidenced. Non-exposed
skin taken well outside the exposed areas scrved as con-
trols. Specimens were divided and fixed for 4 hours in
2.5 % glutaraldehvde or in 2% osmium tetroxide in a 300
mOsmol phosphate  buffer, pH 7.4, Post-fixation for
1-2 hours in 2% osmium tetroxide in the same buffer.
After dehydration in ethanol the specimens were embed-
ded in Epon and approx. 60-nm thick sections were cut on
an LKB Ultratome. Uranyl acetate in water or uranyl
acctate in 50 % methanol was used for contrast enhance-
ment. Electron microscopy was performed with a Philips
EM 301G at primary magnifications of x608-40 000.

RESULTS

In both sensitized and non-sensitized guinea pigs
the morphological changes developed as a function
of time. In both groups the reactions were most
pronounced after injection of the 0.024% dichro-
mate solution. and the morphology was most af-
fected in the sensitized animals. Variations in the

Abbreviations used: D = dermis. G = granular substance,
| = infiltrating cell. K = keratinocyte. L = lymphocyte. M
= mononuclear cell, N = nucleus. S = intercellular space.
SC=stratum corneum, —> =desmosome. O—-=basal
lamina. Figs. 1-5 and Fig. 10 are from normal. non-sen-
sitized skin. Figs. 6-9 and Fig. 11 are from sensitized skin.
Fig. 1. The cytoplasm of two keratinocytes in normal skin
3 h after exposure to the 0.006% solution. Both cells
contain vacuoles and destroyed mitochondria. K, has a
more electron-dense and K, a more translucent cytoplasm
than is normally seen. x9 800.

Fig. 2. A basal keratinocyte in normal skin 3 h after
exposure to the 0.024% solution. The cell has a con-
densed cytosol and a condensed chromatin. x7700.

Fig. 3. (A) A basal keratinocyte in normal skin 24 h after
exposure to the 0.006 % solution. The cetl shows signs of
cytolysis. x7700. (B) Part of the cell in A at higher mag-
nification (K,). Loss of desmosomal attachment, i.e. the
desmosomes no longer join ncighbouring cells. Widened
intercellular space with granular substance, loss of cyto-
plasmic structures. cytoplasmic vacuoles and break in the
cell membrane (filled arrows) are seen. x 17 800.

Fig. 4. Separation of a basal keratinocyte from the basal
lamina in normal skin 24 h after exposure to the 0.006 %
solution. Hemidesmosome structures (arrows) are seen in
the cell membrane. x27000.

Fig. 5. A basal keratinocyte with electron-dense cyto-
plasm. cytoplasmic and perinuclear vacuoles found in
non-sensitized skin 48 h after exposure to the 0.024%
solution. x7700.
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degree of change were observed between speci-
mens but also within one and the same specimen
(biopsy). Thus. necrotic keratinocytes could be
found adjacent to cells with an apparently normal
morphology. Injection of the vehicle (saline) did not
affect the morphology at any time interval. The
findings are summarized in Table I.

Reactions in non-sensitized guinea pigs
At 3 and 6 hours after injection of the dichromate
solutions. distinct changes were observed in
Keratinocytes in stratum basale and to a lesser ex-
tent in stratum spinosum. Cytoplasmic vacuoles.
both with and without membrane. perinuclear
dilatation, perinuclear vacuoles and mitochondria
with loss of the internal structure appeared in kera-
tinocytes (Fig. 1). Some cells displayed an electron-
translucent cytoplasm with loss of cytoplasmic
structure and dispersed filaments. while other cells
had a more electron-dense cytoplasm than nor-
mally seen (Fig. 1). In skin exposed to the 0.024%
solution a few cells with homogenously condensed
chromatin and a compact cytoplasm with condensa-
tion of cytoplasmic structures were found (Fig. 2).
At 24 and 48 hours the cellular changes in the
keratinocytes were more pronounced than at 3 and
6 hours. Thus we observed cytolytic keratinocytes
with peripherally aggregated chromatin. cytoplas-
mic vacuoles. loss of subcellular structures and dis-
solution of the cell membrane (Fig. 3 A. B). Other
keratinocytes had aggregated chromatin. cytoplas-
mic vacuoles. but an electron-dense cytoplasm
(Fig. S) Loss of cellular cohesion due to disappear-
ance of desmosomal attachment was seen in basal
parts of the epidermis (Figs. 3B and 10). Occasion-
ally desmosomes were seen cleaved through the
middle (inset. Fig. 10). A focal loss of contact be-
tween basal keratinocytes and the basal lamina ap-
peared (Fig. 4). The intercellular spaced showed
no obvious widening and contained granular mas-
ses. sometimes membrane bound (Fig. 3B). In
some specimens a complete separation of epider-
mis—dermis at the basal lamina occurred at 24 hours
after injection of the 0.024 % solution (Fig. 10) Only
a few infiltrating cells were seen in the epidermis.
A1 96 hours the eptdermis appeared normal.

Reactions in sensitized guinea pigs

At 3 and 6 hours the morphological changes in the
keratinocytes were consistent with those seen in
non-sensitized guinea pigs at the same time interval.
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An increase in mononuclear cells not seen in normal
skin was present in the dermis and at 3 hours a
contact between lymphocyte-like cells and mono-
nuclear cells was observed in the stratum basale
(Fig. 6). The intercellular space was wider than that
in non-sensitized skin.

At 24 and 48 hours the most prominent features
were the occurrence of a large epidermal inter-
cellular oedema, with loss of cell contacts and
a dermal and epidermal cell infiltrate (Fig. 11).
Compared with 3 and 6 hours. more advanced mor-
phological changes were seen in the keratinocytes.
Necrotic cells with aggregated chromatin, cyto-
plasmic vacuoles and a structureless cytoplasm
(Figs. 7and 11) occurred and in some cells. rupture
of the cell membrane. A few. rare cells had con-
densed chromatin and cytosol. Dissociation of basal
keratinocytes from the basal lamina occurred. while
in places the remains of disrupted keratinocytes
could still be seen attached to the basal lamina (Fig.
7). Granular masses. often membrane bound. ap-
peared in the intercellular space. Loss of cell cohe-
sion was due to disappearance of desmosomal
attachment. Intact desmosomes were seen just in-
side and adjacent to the cell membranes. in addition
to residual desmosomal structures which were
found in the cell membranes (Fig. 8 A. B) Focal
disappearance of the basal lamina was observed.
Non-keratinocytes were seen penetrating the
dermal-epidermal junction and the inflammatory
cell infiltrate consisted in granulocytes and lympho-
cytes. Many of the granulocytes contained granules
having a crystalline structure and were identified
as basophil leukocytes.

At 96 hours a restoration of the epidermal struc-
ture had taken place. The epidermis was thicker
than normal and keratohyalin granules were seen in

Fig. 6. Contact between a lymphocyte and mononuclear
cells in basal epidermis in sensitized skin 3 h after expo-
sure to the 0.006 % solution. x7700.

Fig. 7. Detail of a cytolytic keratinocyte still partly at-
tached to the basal lamina in sensitized skin 48 h after
expostire to the 0.024 % solution. x 27 080.

Fig. 8. Loss of desmosomal attachment in sensitized skin
24 h after exposure to the 0.024% solution. (A) Complete
desmosome just inside the cell membrane (arrow).
% 45000. (B) Residual desmosomal structures in the cell
membrane of cytolytic keratinocytes. x 27 000.

Fig. 9. The upper part of epidermis in sensitized skin 96 h
after exposure to the 0.024% solution. More cell layers
than normal contain keratohyalin granules (++). Cyto-
plasmic vacuoles (+) are seen. x3700.
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Fig. 10. Separation at the dermal-epidermal junction seen
in normal skin 24 h after exposure to the 0.024% solution.
A few infiltrating cells are seen. x2430. /nset: Part of a
desmosome cleaved through the middle. found in this
biopsy. x53000.

more cell layers than normal (Fig. 9). Cyto-
plasmic vacuoles and phagosomes were found in
keratinocytes of the differentiating epidermis.

DISCUSSION

One of the primary functions of the epidermis is to
act as a barrier to noxious substances in the en-
vironment (21). Upon contact with such sub-
stances. two main types of reaction may arise.
either solitary or superimposed on each other in
sequence (25). These are the irritant reaction and
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Fig. 11. Intercellular oedema and infiltrating cells seen in
sensitized skin 24 h after exposure to the 0.024% solution.
A granular substance is observed in the intercellular
spacc. X 2400.

the contact allergic reaction. In order to under-
stand the mechanisms governing these two reaction
patterns we must obtain information about the
reactions between the noxious agent(s) and the
tissue in which they take place.

A direct comparison between observations made
in normal and sensitized guinea pigs on exposure to
chromate vis-a-vis the corresponding reactions re-
cently described in man. is not directly feasible.
However. the guinea pig experimental system does
allow systematic investigation, the data of which
may shed light on phenomena observed in man.
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The aim of the present investigation was to follow
the development of morphological changes in the
epidermis during a period of 96 hours after intra-
dermal injection of dichromate solutions (0.006%
and 0.024%). A physiological saline solution was
used as vehicle in order to avoid the side effects of
plain water on the morphology (5). The use of
Freund's adjuvant when sensitizing the guinea pigs
did not seem to affect the results as compared with
normal animals. Nor did the intradermal injection of
the vchicle (saline) aftect the morphology. as re-
vealed by clectron microscopy.

The observed morphological changes in the
keratinocytes were of a non-specific nature in both
sensitized and non-sensitized animals and corre-
sponded closely to changes described in the
literature. The degree of changes was dependent on
the concentration of the dichromate solution ap-
plied. Cytolytic changes ranging from cytoplasmic
vacuolization and destroyed mitochondria, to com-
plete lysis of keratinocytes. were observed. In the
non-sensitized guinea pigs. reactions seemed to
reach a peak at 24-48 hours after the injection of
dichromate. with a subsequent restoration of epi-
dermis at 96 hours. Sensitized animals displayed a
fully developed allergic reaction with a massive in-
flammatory cell infiltrate at 24 and 48 hours. The
morphology was consistent with that described for
DNCB reactions in guinea pigs (4. 9. 25). Thus. in
sensitized guinea pigs an allergic reaction was
superimposed on an initial irritant reaction. In this
group too a restoration of the epidermis took place
at 96 hours.

One interesting finding in our specimens was the
occurrence of keratinocytes with the features of
apoptosis, i.e. condensed chromatin and cytosol. It
must be pointed out that in our specimens only a
few, occasional cells werc found displaying such
morphological changes and the significance of this
is not clear. These cells may represent a normal.
physiological cvent in the epidermal cell turnover
coinciding with the changes induced by dichromate.
But. to our knowledge. the phenomenon of apop-
tosis has not been described in normal epidermis
yet. It is therefore tempting to speculatc on the
possibility that the changes observed are due to the
application of dichromate, and that the fate of the
individual keratinocyte is dependent on the phase of
the cell cycle in which the stimuli (noxae) is applied.

Our electron microscopic results are consistent
with the suggestion that the keratinocyte has a
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stereotyped reaction pattern to different stimuli.
‘with quantitative rather than qualitative variations.

In the contact allergic reaction the reduction of
hexavalent chromium (CrVI) to trivalent chromium
(Crlll) appears to be crucial (20). This reduction (ot
CrVI) is likely to occur during the passage of chro-
mate from the environment into the organism. but
the precise site of this reaction is not known. Use of
an intradermal injection as the mode of introduc-
tion for the chromate (CrVI) also allows a great
variety of reduction paths. The administration
route. consequently, might affect the cellular re-
sponse in different ways.

When comparing the results of ditferent clec-
tron microscopic investigations it must be remem-
bered that the choice of buffer system(s) for the
fixative(s) and the preparation techniques will in-
fluence on the results. As long as no quantitative
evaluation of the electron microscopic information
is at hand, e.g. by the use of morphometry. the
evaluation of data. such as size of intercellular
space, tonofilament density. etc.. will be a matter of
subjective speculation.

The morphological changes in the keratinocytes
in irritant and contact allergic reactions appear to
be the same in both human and guinea pig epider-
mis. This fact must not be confused with the funda-
mental differences appearing in the overallimmuno-
logical reaction patterns that occur in the contact
allergic reaction.
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