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Abstract 

Modern man is exposed to an increa­
sing amount of chemicals in the environ­
ment. The skin is a complex tissue with 
regards to both structure and function. 
Contact with external stimuli can lead to 
various responses in the skin depending 
on the type of stimuli, the dose and time 
of exposure and the status of the exposed 
individual. The electron probe microana­
lytic technique can be used to obtain 
information on physiological alterations 
within the skin and especially the epi­
dermis when the normal homeostasis is 
disturbed by contact with external sti­
muli. The present paper presents a review 
of some aspects of contact dermatitis and 
the possibility of using the electron 
probe microanalytic technique for analy­
sis of epidermal events of this condi­
tion. 
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Introduction 

The skin constitutes the barrier 
between the organism and the environment. 
Thus the skin is continuously exposed to 
harmful chemicals and products in our ex­
ternal milieu. As a result, contact 
dermatitis has developed into one of the 
major problems in dermatological 
practice; this is especially true for 
occupational dermatology. Contact 
dermatitis (or contact reactions) can be 
divided into allergic and irritant types. 
Although by quantity the irritant 
reaction is the dominating problem, most 
research has been devoted to various 
aspects of allergic contact dermatitis. 
During the past five to ten years the 
interest in irritant dermatitis has 
increased. The epidermal response to 
irritant stimuli is also of interest for 
those investigating the pathogenesis of 
epidermal hyperplasia and neoplasia ( 1, 
2, 23). 

The skin is a complex tissue with 
both a histological and a functional 
stratification ( 13, 17, 18, 24). One of 
the major functions of the skin is to act 
as a barrier against diffusion and pene­
tration of various substances. This bar­
rier function is considered to be func­
tionally located to the outermost cell 
layers, the stratum corneum (34). The 
stratum corneum can be considered the end 
product of epidermal differentiation and 
there is a continous renewal of this cell 
layer to maintain its function. This pro­
cess involves cell replication in the ba­
sal part of epidermis, followed by the 
migration and simultaneous differentia­
tion of the keratinocytes eventually to 
produce the corneocytes of stratum cor­
neum. Based on research during recent ye­
ars the barrier function has been envisa­
ged as a two-compartment model where the 
corneocytes are likened to highly hydro­
philic protein rich bricks joined by an 
intercellular mortar of hydrophobic li­
pids ( 9) . 

In the context of contact dermatitis 
there are several points of interactions 



M.Lindberg 

when stimuli are applied on the skin sur­
face. The skin response will depend on 
~he p~netration of the applied substance, 
its direct effects on stratum corneum and 
the other cell-populations of the epi­
dermis, as well as indirect effects on 
proliferation and differentiation, the 
development of inflammation, a possible 
i~munological response, and finally, pos­
sible systemic effects. 

The keratinocytes have a rather uni­
form way of reacting to external chemical 
and physical stimuli. It is known that 
the epidermis responds to chemical sti­
muli with a hyperplastic growth 
(1,2,3,23). In epidermal carcinogenesis 
hyperplastic growth preceeds the develop­
ment of the neoplasia ( 2). The control 
and regulation of this response is not 
fully understood and the control of epi­
dermal cell proliferation is thus of ma­
jor interest for the understanding of the 
physiology of both normal and pathologi­
cally altered skin. 

Due to the dimensions of epidermis, 
it has previously been difficult to study 
physiological changes in the intact skin. 
With the introduction of microanalytic 
techniques such as the electron probe it 
has become possible to study the elemen­
tal composition of cells in frozen and 
freeze-dried sections of intact tissues 
and thus to obtain functionally and phy­
siologically relevant information (15, 
33). 

It has been shown by several authors 
that the electron probe can be used to 
reveal information on the redistributions 
of elements under various pathological 
conditions ( 17) and it is also possible 
to differentiate between functionally 
different cell-populations in normal tis­
sue (6, 14, 37, 43) and between sub-cel­
lular compartments (7,26,38). Cell popu­
lations with a high mitotic activity are 
characterized by a high sodium content 
and sodium/potassium ratio 
( 8, 27, 28, 35, 41, 43) and transient changes 
in the sodium content might induce DNA­
synthesis and mitosis (8, 32). In 1971 it 
was proposed by Cone ( 8) that the cell ­
membrane potential, i.e. the so­
dium/potassium ratio, is the main regula­
tory factor in the control of cell divi­
sion in both normal proliferative and 
cancerous tissues. This hypothesis was 
recently discussed and supported i n an 
extensive review on the use of bulk spe­
cimen x-ray microanalysis in cancer rese­
arch (44). 

The application of energy dispersive 
X-ray microanalysis (EDX) in dermatology 
has recently been reviewed elsewhere (10, 
11, 12). One of the main goals in our 
work has been to establish a technique 
for the analysis of physiological altera­
tions in epidermis at irritant contact 
dematitis. The purpose of the present re­
view is to present how the EDX-technique 
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can be used to obtain such information 
when the skin is exposed to differen t 
types of irritant stimuli. 

Experimental and Methodological Conside­
rations 

The distribution of elements in nor­
mal epidermis was initially described 
using EDX of thin freeze-dried cryo-sec­
tions. In 1982 Wei et al . (40) applied the 
technique on normal guinea pig epidermis 
and in 1988 Warner et al. ( 39) analyzed 
normal human skin. It was demonstrated 
that the concentration of elements, e.g. 
sodium, potassium, phosphorous, and cal­
cium, varied in different layers of epi­
dermis. 

The guinea pig is a frequently used 
animal system in experimental studies on 
contact reactions and was used in the 
studies discussed in this paper. Compared 
to human epidermal morphology, the epi­
dermis of the guinea pig is thinner ( 5 
36) consisting of only two to four cell 
layers beneath the stratum corneum. 

In the investigation of irritant re­
actions it is necessary to perform stu­
dies on both dose and time dependent va­
riations. 
The use of bulk specimens in this type of 
study offers some advantages. Bulk speci­
mens are easier to prepare and analyze 
than thin sections. Hence, it is feasible 
to analyze a larger number of animals and 
of experimental variables such as time 
and concentration if bulk specimens are 
used. This tends to make the results more 
valid and useful from a biological point 
of view. The use of bulk specimens in a 
preliminary stage of the investigation 
can and does often, however, give rise to 
questions that require the use of thin 
sections for analysis at the subcellular 
level. However, such studies may then be 
limited to a particular set of experimen­
tal conditions as established by bulk 
specimen studies. 

With thick sections (bulk speci­
mens), 12-16 µm thick, for the EDX-analy­
sis, a calcula ted spatial resolution of 
approximately 10 pm is obtained at an ac­
celerating voltage of 20 kV ( 31). This 
resolution is determined by the spread of 
beam electrons in the specimen. This is 
in the range of a single cell cross sec­
tion. In the stratified epidermis of the 
guinea pig we performed analyses at two 
levels , in stratum basale ( or germina­
ti vum) and in stratum spinosum. The spa­
tial resolution with this experimental 
system is then at the level of the epi­
dermal stratum (19). Using this approach 
we have detected differences in the ele­
mental content of the two epidermal lay­
ers in normal guinea pig epidermis ( 20) 
such as a higher magnesium and lower po-
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tassium levels in stratum spinosum compa­
red to the basal layer. While, given the 
relatively poor resolution of the analy­
sis, a small contribution from the extra­
cellular compartment cannot be excluded, 
comparison of data from thin sections and 
bulk specimens showed that the values for 
the intracellular concentrations agree 
well ( 12). If overrepresentation of the 
beam occurs, e.g., because of variations 
in section thickness, this is usally evi­
dent from variations in the concentra­
tions of "bound" elements such as P and 
S. In such cases, data should be normali­
zed to (one of) these elements (30). 

Two factors of importance for the 
detection of elemental redistributions in 
thick sections of the skin are the time 
elapsed from the induction of the reac­
tion studied and the rate of diffusion of 
ions into and out of the epidermis. This 
diffusion rate is very much dependent on 
the presence of an intact dermal circula­
tion as shown in a study on thick sec­
tions from autolytic epidermis from nor­
mal guinea pig skin ( 20). After twenty 
four hours at room temperature there was 
no significant difference in the elemen­
tal composition between the normal and 
the autolytic epidermis. 

Experimental Procedures 

Throughout our studies the experi­
mental substances have been applied to 
the back of the guinea pigs after clip­
ping with an electric clipper. The ani­
mals were killed with an intraperitoneal 
overdose of barbiturate prior to tissue 
sampling. The tissue was immediately di­
vided and further processed for EDX 
and/or 1 ight microscopy ( LM) and trans­
mission electron microscopy (TEM). For LM 
the specimens were fixed in buffered for­
maldehyde, embedded in paraffin and the 
sections were stained with haematoxylin 
and eosin. The TEM specimens were fixed 
in 2.5% glutaraldehyde in a phosphate 
buffer, postfixed in osmium tetroxide, 
dehydrated in ethanol and embedded in 
Epon. The ultrathin sections were stained 
with uranyl acetate and/or lead citrate 
and were viewed in a Philips 301 G elec­
tron microscope at 60 kV. For EDX the 
tissue was snap-frozen in liquid nitrogen 
and then stored in liquid nitrogen or in 
the refrigerator at -ao 0 c. In the ini­
tial work (20~ the freezing was done in 
Freon 13 sub-cooled with liquid nitrogen. 
Freeze-sectioning was done in a cryotome 
at -20° to -30° c. Sections were cut per­
pendicular to the skin surface. The sec­
tions were collected on a carbon holder 
( 42), freeze-dried in the cryotome over 
night, and then coated with carbon. 

The EDX-analysis was performed ei­
ther in a JEOL 100c electron microscope 
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fitted with a scanning attachment and a 
Kevex energy dispersive spectrometer (20) 
or in a JEOL 1200 EX scanning trans­
mission electron microscope fitted with a 
Tracor energy dispersive X-ray analysis 
equipment (21, 22). Analysis was carried 
out in the spot mode. Physiologically 
important elements, i.e. Na, Mg, P, S, 
Cl, K, and Ca were analysed at two levels 
of epidermis, stratum germinativum and 
stratum spinosum. The morphological 
identification of epidermal strata in the 
cryosections in the scanning electron 
microscope was facilitated by examination 
of the adjacent stained sections in the 
light microscope ( 42). For each biopsy, 
four different spectra were analysed at 
each level of epidermis and the mean was 
calculated. The ratio of the characteris­
tic counts (peak) to background counts 
( taken under the peak of interest) was 
calculated for all elements (29,30). Ab­
solute quantitation of the elemental 
content was obtained by comparing the 
spectra from the specimens with those of 
a standard consisting of various mineral 
salts in a matrix of 20% gelatin and 5% 
glycerol. The standard was frozen and 
sectioned in the same way as the speci­
mens ( 2 9 , 3 O ) . 

Results and Discussion 

The effect of dinitrochlorobenzene - Pro­
minent epidermal cell injury 

This work was performed (20) with 
the objective to relate dose and time de­
pendent elemental changes in epidermis to 
the ultrastructural alterations in the 
keratinocytes after the exposure to a 
toxic (irritant) substance. To produce a 
contact reaction dinitrochlorobenzene 
(DNCB) was dissolved in acetone and a 10 % 
solution was applied on the back on each 
guinea pig in a group of three for O, 3, 
6, and 24 hours. In another group of 
three animals we applied 0.01%, 0.1 %, and 
1.0% DNCB solutions for 24 hours. On to­
pical application, DNCB is toxic and al­
lergenic and is therefore also used as an 
allergen in studies on skin immune re­
sponse. The exposed skin was prepared for 
EDX and TEM. The changes of the elemental 
content in the keratinocytes are pre­
sented in Tables 1 and 2. In the skin ex­
posed to 10% DNCB, there was a statisti­
cally significant variation in the phos­
phorus, potassium, and calcium levels 
( ANOVA, p=O. 05) and in the other group 
there was a significant variation in 
phosphorus and calcium. The only sample 
with relatively marked increase in the 
sodium content was the skin exposed to 
O .10% DNCB for 24 hours where the TEM 
analysis revealed minor signs of cell 
injury. At the ultrastructural level 
there were signs of increasing cell 
injury with increasing exposure time and 
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Table 1: The elemental content of the keratinocytes at different intervals 
after the exposure to 10% DNCB. Mean of stratum basale and stratum spinosum. 
mmol/kg dry weight. Mean and standard deviation (SD) are given. 

Hours Na Mg p s K Ca 

0 169 (55) 25 ( 3) 448 ( 3) 267 ( 23) 430 (16) 5 ( 3) 
3 154 (52) 25 ( 6) 393 ( 61) 267 ( 5) 378 (19) 10 ( 2) 
6 188 (44) 15 ( 6) 267 ( 38) 243 (16) 295 (15) 17 ( 4) 
24 179 ( 26) 15 (5) 204 (28) 243 (9) 150 ( 8) 28 (7) 

Table 2: The elemental content of the keratinocytes at 24 hours after the ex­
posure to DNCB of different concentrations. Mean of stratum basale and 
stratum spinosum. mmol/kg dry weight. Mean and (SD) are given. 

DNCB Na Mg p s K Ca 

Contr. 131 ( 26) 12 ( 3) 386 (37) 247 (20) 437 (18) 4 (4) 
0.01 % 185 ( 5) 13 ( 1) 400 ( 10) 264 (50) 415 (18) 6 ( 4) 
0.10 % 147 (29) 9 ( 1) 309 (19) 213 (11) 304 (65) 11 ( 4) 
1.00 % 159 (28) 5 ( 2) 173 (45) 223 (10) 294 ( 36) 17 ( 3) 

Table 3: The elemental content of the keratinocytes 24 and 48 hours after the 
exposure to 5% sodium lauryl sulphate. mmol/kg dry weight. Mean and (SD) are 
given. (B=stratum basale; S=stratum spinosum). 

Hours Stratum Na Mg 

0 B 133 ( 42) 20 ( 7) 
s 109 (46) 22 ( 4) 

24 B 267 (136) 23 ( 6) 
s 261 (103) 28 ( 10) 

48 B 209 (108) 17 ( 10) 
s 203 (70) 21 (10) 

concentration. At 24 hours the epidermis 
was necrotic after 10% and 1% DNCB ex­
posure. Concomitant with increasing cell 
injury there was a loss of magnesium, 
phosphorus, and potassium and an increase 
in calcium. These changes are in accor­
dance with the elemental redistribution 
reported at cell injury or death in other 
tissue systems (17). 

The effect of sodium lauryl sulphate -
Mild irritant stimuli. 

As a contrast to the previous study 
a mild irritant stimulus was produced by 
using a substance from another group of 
irritants (21). Sodium lauryl sulphate 
( SLS) is a detergent and has frequently 
been used as a model substance for the 
analysis of the skin response to this 
group of substances. A solution of 5% SLS 
in water was applied as a single dose on 
the skin of two groups of guinea pigs 
with five animals in each group. A third 
non-exposed group served as controls. 
Biopsies from one group were taken at 24 
and from the other at 48 hours and were 
prepared for EDX, TEM, and LM. 
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p s K 

370 (41) 277 (57) 282 (184) 
376 ( 25) 261 (62) 274 (235) 

508 (158) 227 (15) 359 (98) 
532 (128) 213 ( 30) 362 ( 112) 

401 (105) 248 ( 22) 327 (124) 
330 (157) 218 ( 24) 309 (148) 

The changes in the elemental content 
are shown in Table 3. The only statisti­
cally significant change (Dunnett's pro­
cedure;p=0.05; Dunnett's procedure allows 
a comparision between all groups assuming 
a normal distribution) was the increase 
in sodium found at 24 hours after the ex­
posure. In the LM the number of basal and 
suprabasal keratinocytes were counted in 
10 fields per biopsy at xlOOO. The LM 
analysis revealed a significant increase 
in the total number of keratinocytes at 
48 hours. At the ul trastructural level, 
alterations were most pronounced at 24 
hours with keratinocytes with rounded 
nuclei, cytoplasmic vacuoles, and the ap­
pearence of intracellular oedema. The 
results are in accordance with an initial 
membrane damage leading to increased 
sodium levels at 24 hours. The increased 
sodium may be associated with a sti­
mulation of the keratinocytes resulting 
in an increased number of cells detected 
at 48 hours. 
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The effect of n-hexadecane Epidermal 
hyperplasia 

In order to study epidermal hyper­
plasia induced by substances known not to 
cause allergic reactions we have investi­
gated the effect of n-hexadecane on 
guinea pig epidermis. This part deals 
with the elemental redistribution in the 
guinea pig epidermis during the develop­
ment and the regression (24-192 hours) 
(22) of epidermal hyperplasia and inclu­
des new data on the induction phase (0-24 
hours). 

n-Hexadecane (Sigma Chemicals), a 
mineral oil, has been frequently used to 
study epidermal hyperplasia (4, 16, 25) . 
Using a pipette, a single dose of 0.5 ml 
n-hexadecane was applied to an area of 3 
cm x 3 cm on the back of the guinea pigs. 
Skin biopsies were taken from groups of 
animals at o, 6, 12, 24, 48, 96, and 192 
hours following the application of the 
mineral oil. The biopsies were processed 
for LM and EDX as described above. 
Energy dispersive X-ray microanalysis and 
LM were done according to the following 
schedule (nd=not done): 

Time after application. Hours. 
0 6 12 24 48 96 192 

LM X nd nd X X X X 
EDX X X X X X X nd 
Number 8 6 6 4 5 5 5 
of guinea 
pigs 

Light microscopy was performed at a 
magnification of x400 and the epidermal 
thickness (from the basal membrane to 

stratum corneum) was measured using an 
eye-piece grid with arbitrary uni ts. on 
each biopsy the epidermal thickness was 
determined as the mean of ten separate 
measurements. The number of keratinocyte 
cell nuclei was determined as the mean of 
ten counts of cell nuclei along a grid 
line perpendicular to the dermal-epider­
mal junction. 

For statistical analysis Wilcoxon' s 
Rank sum test (p=0.05) was used to com­
pare the epidermal thickness and the num­
ber of cell nuclei at 96 hours with the 
controls. The analysis on the elemental 
changes was performed on the mean values 
of the stratum germinativum and the stra­
tum spinosum values using variance analy­
sis (ANOVA; p=0.05). 

The application of n-hexadecane re­
sulted in a clearly detectable erythema 
at 24 hours with the addition of oedema 
at 48 hours. At 96 and 192 hours after 
the application the erythema had diminis­
hed and was replaced by a scaling of 
stratum corneum. 

The application of n-hexadecane in­
duced a transient epidermal hyperplasia 
with a maximal thickness of epidermis 
between 96 and 192 hours (Table 4). The 
increase in the epidermal thickness and 
the number of cell nuclei was statisti­
cally significant (p=0.05) at 96 hours 
and reached their maxima between 96 and 
192 hours. The increase in epidermal 
thickness occurred prior to the increase 
in number of cell nuclei (Table 4) indi­
cating the presence of an epidermal in­
tra-cellular oedema in the interval 12-24 
hours. This was supported by the LM ana­
lysis. 

The result of the EDX-analysis is 
given in Table 5. The variance analysis 
showed significant changes (P=0.05) with 

Table 4: The epidermal thickness (arbitrary units), the number of cell nuclei 
perpendicular to the dermal-epidermal junction and the Na/K ratio after a 
single application of n-hexadecane. Mean and (SD) are given. (nd=not done, 
B=stratum basale, S=stratum spinosum). 

Hours n Thickness Number of nuclei Na/K ratio 

0 4 0.96 ( 0 .19) 1. 34 ( 0 .18) B 0.72 (0.27) 
s 0. 71 ( 0. 32) 

6 6 nd nd B 0.60 ( 0 .19) 
s 0.67 ( 0. 31) 

12 6 nd nd B 0.80 ( 0 .16) 
s 0.83 ( 0 .16) 

24 4 2.03 ( 0. 21) 1. 40 (0.25) B 0.75 (0.05) 
s 0.65 (0.07) 

48 5 2.98 ( 0. 30) 2.40 (0.51) B 0.55 ( 0. 2) 
s 0.31 ( 0 .15) 

96 5 3.55 (0.80) 3.42 ( 0. 41) B 0.36 (0.04) 
s 0.30 ( 0. 03) 

192 5 1.96 ( 0. 27) 1. 90 (0.17) B nd 
s nd 
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Table 5: The elemental content (mmol/kg dry weight) in the keratinocytes 
after a single exposure to n-hexadecane. Mean and (SD) are given. 

STRATUM BASALE 

Hours n Na Mg p s Cl K Ca Na/K 

0 4 196 21 523 269 318 271 15 0.72 
( 36) ( 7) (67) ( 53) (50) (82) ( 4) ( 0. 27) 

6 6 196 21 534 340 353 344 24 0.60 
( 32) ( 8) (55) ( 39) (91) (62) ( 11) ( 0 .19) 

12 6 210 18 539 313 348 275 28 0.80 
(129) ( 4) ( 80) (62) (104) (63) ( 8) ( 0 .16) 

24 4 196 18 351 171 280 
(25) ( 4) (52) ( 16) ( 48) 

48 5 180 28 497 204 268 
( 22) ( 4) ( 96) (27) (45) 

96 5 146 27 482 210 269 
(9) ( 4) (45) ( 35) (28) 

STRATUM SPINOSUM 

Hours n Na Mg p s Cl 

0 4 174 20 438 240 309 
( 39) ( 6) ( 63) ( 36) ( 26) 

6 6 180 23 448 294 328 
( 42) ( 9) (80) (49) (81) 

12 6 192 19 453 286 308 
( 30) ( 3) (58) (45) (50) 

24 4 178 26 401 213 292 
(21) ( 3) (45) ( 20) 

48 5 151 32 560 307 
( 23) ( 3) ( 137) (100) 

96 5 128 37 487 234 
(15) ( 2) ( 45) ( 16) 

time for all elements except Cl. At 96 
hours the sodium level was decreased, the 
potassium concentration was increased and 
the sodium/potassium ratio was thus 
lowered (Table 5). As can be seen in 
Table 5 there are variations in the 
sulphur values, possibly due to 
variations in section thickness or 
density. T.he elemental concentrations in 
epidermis have therefore been re­
calculated assuming a constant sulphur 
content (S=l00). These data are given in 
Table 6. The profile of the elemental 
changes in the interval 0 to 24 hours 
differed from that seen at 24-96 hours. 
In relation to s, the concentration of 
Mg, P, and Kare low at 12 hours whereas 
the concentrations of these elements are 
increased at 24 hours and thereafter. In 
the case of Na the content was increased 
at 24 hours with a tendency towards 
decreased values (both absolute and in 
relation to S) at 96 hours. 

The results of the LM and EDX-analy­
ses are indicative of an initial cell 
injury initiating a hyperplastic re­
sponse. During the hyperplastic response 
to chemical stimuli there is a transient 
expansion of the proliferative compart­
ment in epidermis with an increased num­
ber of dividing supra-basal keratinocytes 

(18) 
334 
(99) 
277 
( 26) 

234 

260 13 0.75 
( 21) ( 4) (0.05) 
329 13 0.55 
(87) ( 4) ( 0. 23) 
404 17 0.36 
(55) (9) (0.04) 

K Ca Na/K 

244 17 0. 71 
(38) ( 3) ( 0. 32) 
300 21 0.67 
(76) ( 7) ( 0. 31) 
238 30 0.83 
(41) ( 4) ( 0 .16) 
273 15 0.65 
(27) ( 4) ( 0. 07) 
494 18 0.31 
(190) ( 6) (0.15) 
428 15 0.30 
( 40) ( 3) ( 0. 03) 

(1, 2). With the EDX-technique as applied 
in the present work we detected similar 
changes in the elemental content of the 
keratinocytes in both stratum germina­
tivum and stratum spinosum but there ap­
peared to be quantitative differences 
between the two strata. Considering the 
possibility of an expanded proliferative 
cell population in combination with the 
spatial resolution obtained, it is proba­
ble that the differences in elemental 
composition detected reflect changes as­
sociated with alterations in the functio­
nal state of the keratinocytes. 

It has to be remembered that the hy­
perplastic epidermis is not at steady 
state. It is possible that the elemental 
composition found at 48 and 96 hours re­
flects the hyperplastic state of the tis­
sue where there might be alterations in 
the qualitative and quantitative relation 
between nuclei and cytoplasm and quanti­
tative changes in the cellular organel­
les, such as the ribosomes (2). It can be 
speculated whether the shift in the so­
dium/potassium ratio seen at 48 and 96 
hours might influence the following re­
gression of the hyperplastic growth seen 
as a decreased epidermal thickness at 192 
hours (Table 4). 
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Table 6: The elemental content in the keratinocytes after a single ap~lication 
of n-hexadecane recalculated in relation to the sulphur content assuming S=l00. 
calculation performed on the means (cf. table 5). B=stratum basale, S=stratum 
spinosum. 

Hours n stratum Na Mg 

0 4 B 72 4 
s 73 8 

6 6 B 58 6 
s 61 8 

12 6 B 67 6 
s 67 7 

24 4 B 114 10 
s 83 12 

48 5 B 88 14 
s 49 10 

96 5 B 69 13 
s 54 15 

Conclusions 

The application of EDX-analysis and 
bulk specimens for studies of irritant 
contact reactions is discussed in the 
present paper. It has been possible to 
demonstrate elemental changes compatible 
with cell injury, stimulation of cell 
growth and to follow the dynamics of a 
reactive epidermal hyperplasia. It also 
has been possible to differentiate be­
tween two layers of epidermis in the 
guinea pig skin and to detect differences 
in the epidermal response to three diffe­
rent substances belonging to different 
groups of irritant chemicals. 

The changes induced by DNCB can be 
considered as typical for cell damage. 
The Na and Ca concentrations are increa­
sed, the concentrations of Mg, P and K 
are decreased. The increase in Na in the 
cells is relatively small, which could be 
due to the fact that in epidermal cells 
the Na concentration is high already un­
der normal conditions. Epidermal cells 
share this property with e.g., chondrocy­
tes, which also only have an indirect 
supply of oxygen. 

The changes induced by SLS, on the 
other hand, are typical for a prolifera­
tive process with high rates of protein 
synthesis. The intracellular concentra­
tion of Mg, P, and Kare increased. Much 
of the cellular phosphorus is present in 
nucleotides, the amount of which increa­
ses with proliferative and metabolic ac­
tivity. Magnesium and K bind preferren­
tially to nucleic acid phosphate groups. 
The increase in Na concentration is not 
likely to be due to cell damage, and in­
deed, the increase is even stronger than 
in the case of DNCB. It has been sug­
gested that call proliferation can be in­
duced by active Na+ uptake via the Na+ -
H+ exchange mechanism. Such a mechanism 
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p Cl K Ca 

194 118 101 6 
181 128 102 7 
157 109 101 7 
152 112 102 7 
172 111 87 9 
158 107 83 10 
205 163 152 8 
189 137 128 7 
243 131 161 6 
182 108 161 6 
228 128 192 8 
208 118 183 6 

could explain the relatively prominent 
increase in Na+. 

'rhe situation after n-hexadecane is 
rather complex. It can be clearly seen 
that in relation to S (keratin) the con­
centrations of Mg, P, and K increase af­
ter 24 h. This is indicative of cell pro­
liferation, and this notion is supported 
by the morphological findings. However, 
in contrast to what happens after SLS the 
proliferative changes are not accompanied 
by such a marked increase in ce~lular ~o­
dium levels. The EDX results give no in­
dication of significant cell damage in 
the first 24 h after n-hexadecane, 
although the light microscopy suggests 
that some damage occurs. It should be 
noted that with DNCB, where morphological 
damage is prominent, only small changes 
in Na were found; hence, the effect of a 
much milder agent may be difficult to de­
tect. 

In conclusion, the application of 
EDX on thick sections can be a valuable 
tool in the investigation of the rela­
tionship between epidermal cell kinetics 
and irritant reactions and seems to be 
well suited for screening of different 
substances. Although the spatial resolu­
tion is low with thick sections, it is 
possible to gain valu?ble ~nforma~i~n 
with this method, especially in an ini­
tial stage of the work. For future work, 
it is necessary to perform analyses on 
thin sections to increase the resolution 
so as to make it possible to define sub­
populations of kerat~noc~tes , and to look 
at intracellular redistributions of ele­
ments. This is especially important when 
rapid changes occur as the fluid volumes 
in epidermis are small and do not seem ~o 
provide diffusion volumes for rapid 
changes in the elemental c~mten~ of the 
keratinocytes as measured in thick sec­
tions. 
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Discussion with reviewers 

C.W.Kischer: Do you mean that "intact 
circulation of the dermis" clears ele­
ments from the epidermis? If this is so, 
could you not monitor absorption of ele­
ments by measuring blood levels? 
Author: If no circulation is present, 
diffusion of elements from the epidermis 
will be slow, because the concentration 
gradient dissipate. Although the blood in 
the dermis will clear a certain amount of 
elements from the epidermis, the increase 
in concentraton of such elements in the 
blood will be small and therefore diffi­
cult to measure. 

R.R.Warner: You quote a spatial resolu­
tion of 10 µmat 20 kV, but state analy­
ses were performed with a JEOL l00C or 
JEOL 1200EX. Were these instruments ope­
rated at 20 kV? 
I.Zs .- Nagy: Why did you not try lower 
voltages, e . g. 10 kV? 
Author: With a scanning attachment, the 
instruments can be operated at 20 kV; the 
JEOL 1200 EX can easily be operated at 
lower kV, but the JEOL 100 C only with 
dif fic ulty, and then only at 10 kV, which 
we found slightly too low to get aspect­
rum with good statistics in a reasonable 
time. 

R.R.Warner: The low Na/K ratios following 
long exposure times to he xadeca ne are 
surprising, and the author is not very 
clear in his discussion of how this might 
be due to changes between nucleus and cy­
toplasm. Would he please discuss the low 
Na/ K ratio in more detail, and would he 
comment on the dry weight measurements 
for these time points ? 
Author: From Table 6 it can be seen that 
the decrease in the Na/K ratio is mainly 
due to the increase in K; the Na concen­
tration changes only little. The increase 
in K is paralleled by an increase in Mg 
and P, indicative of the formation of 
nucleic acids involved in cell prolifera­
tion and protein synthesis. The applica­
tion of dry weight measurments provides 
information on the elememtal con­
tent / distribution when the tissue water 
is removed. We consider this to be an 
adequate technique for our purpose?. 
However, if there are major changes in 
the cellular water content at different 
time intervals this might influence the 
interpretation of the dry weight data. To 
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compensate for this, it would be better 
to perform the analysis on frozen hy­
drated specimens. This technique is, 
however, not an alternative at hand for 
us today. 

Reviewer IV: If the cryo-sections are as 
thick as a single cell, then one must 
question elemental quantification due to 
absorption and fluorescence especially of 
sodium. Please comment. 
Author: The peak-to-local background 
( background under the peak) method that 
we use for quantitative analysis provides 
an intrinsic correction for absorption 
(30). Secondary fluorescence is known to 
be negligible in bulk specimens con­
sisting of soft tissue. 

Reviewer IV: A well known problem arises 
by use of liquid nitrogen to quick freeze 
biopsies for later EDX analysis in that 
the freezing process is relatively slow 
thus allowing redistribution of cellular 
water and ions between the intracellular 
and extracellular environment. Such a 
freezing procedure is usally accompanied 
by cell shrinkage and an increase in the 
extracellular space as seen in the cryo­
sections. Please comment. 
Author: While indeed liquid nitrogen is 
not an optimal coolant, it appears to 
perform acceptably in our studies. It 
should be remembered that we are only in­
terested in a very peripheral part of the 
specimen (the epidermis) and freezing ra­
tes are highest at the periphery of the 
specimen. Also, the stratum corneum and 
granulosum have low water content so that 
neither ice crystal formation nor 
ion/water fluxes appear to occur to an 
appreciable extent. 
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