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Ultrastructural cbnges in the skin of the upper arm were studied with the electron 
microscope in a male pat&at, aged 50, with dermographism. Wheals were produced 
by stroking with 400 Gm. of pressure. Skin samples were obtained with a high-speed 
dermal punch without anesthesia after 35 seconds, 3, 10, 80, 30, and 60 minutes, 
and after 3 weeks. Controls were taken from undisturbed skin areas of the patient 
and from ,a healthy individual. Edema of the corium, increase of specific cell types, 
and disrupti,on of cells were not observed. Morphol,ogical changes occurred in the 
epidermis, mast cells, and some sensory nerve endings. The keratinocytes of the 
epidermis either developed large vacuoles or to,ok zcp flu&l in the peripheral cyto- 

plasm and villozls processes. Basal epidermal cells extended pseudopod&a into the 
oorium through gaps in the basement membrane. M,ast cells showed abnormal struc- 
ture. Their granules were not released from the cells but underwent transformation 
during the wheal development. The free subepidermal nerve endings possessed 
membrane-bounded inc1usion.s in the cytoplasm of their Schw(ann cells. Some mes- 
axons of these endings were split apart by accumulation of granular material. 
The findings provide evidence that -Ihe epidermis is a very active tissue layer of the 
skin and that the morphologic observations are compatible with the current hypoth- 
esis that release of histamine by mast cells may play a role in wheal formation. 

I t is generally believed that dermographic and urticarial wheals are charac- 
terized morphologically by local fluid accumulation in the superficial layer of 
the corium and that the cause of the edema formation is an increase in vascular 
permeability caused by the local action of histamine or some other chemical 
agent.ll 2 The fine morphological changes and the exact sequence of events that 
occur in the tissues during wheal development and regression are not known. 
Similarly, the question of involvement of the peripheral nerve endings, vaso- 
motor as well as sensory, has not been adequately clarified. 
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Unlike spontanecus urticaria, the dermographic wheal can be stuo&i I:O- I.- 
veniently through progressive stages of its development. The results may serve 
as a basis for comparison in experiments with wheal-producing agents and nrz~y 
Se pertinent to studies of other forms of urticaria and angioneurotic edema 

ATE~IA~S AND METHODS 

The study was carried out ims a cooperatil-e Caucasian man, aged 50, who W:M 
found to have dermographism when he sought treatment, for generalized it’ching~ 
Wheals were produced by stroking the lateral aspect of the Iupper arm with the 
use of 400 Gm. of pressure according to a technique previously described,” Ski:i 
samples were obtained with a high-speed dermal punch, without anesthesia? 
after 35 seconds, 3, 10, 20, 30, and 60 minmes, and a,fter 3 weeks. The resulis 
were compared with specimens obtained from undisturbed skin of the patient; 
and from the upper arm of a healthy 20-year-old Caucasian woman. In the latter 
ease samples were obtained from undisturbed skin areas and from an area thar 
was stroked with 400 Gm. of pressure 10 minutes prior to the biopsy. 

The skin samples were immediately cut into strips oriented perpendicular 
to the external surface of the epidermis wit,h the use of two stainless stwl zwr 
blades mounted parallel at a distance of 0.3 to 0.5 mm. The slices were fi:<ed ir? 
one per cent osmic acid solution buffered at pR 7.3 with phosphate buffer for 2 
hours at 4’ C. During dehydration in the alcohol series the strips were divided 
into blocks of desired orientation. They were embedded in Epon 812” or Tipon- 
Araldite mixture,” cut on a Cambridge-Huxley microtome v&h a diamond knife 
in serial ribbons and stained with one per cent uranpl acetate solution I’or Jc) 
minute@ and lead citrate solution for one minute.7 Electron mierographs wert~ 
made on Philips 200 and 300 microscopes. Pa.rticular effort, was made to trace 
structures in serial and semiserial sections. 

Sections of one micron thickness were also prepared from each tissue block. 
They were stained with one per cent toluidine blue solution and used fcr studio 
with the optical microscope. 

The biopsies were obtained during a 10 month period mhile the patient wae- 
under treatment with chlorpheniramine, 4 mg., and chlorothiazide, 5OO mg,. 
which he took every morning, usually 4 hours prior to the session. The medica- 
tion produced satisfactory relief of itching and some reduction in the intensity 
of the whealing response, 

When the skin of the patient, under the regular medication, was stroked 
with 400 Cm. of pressure, a pale line appeared for approximately 20 seconds, 
followed by an expanding ergthema and the wheal. The raised area of the ~vheal 
was sharply demarcated from the surrounding skin. When fully develop& the 
wheal appeared pale. The course of the reaction varied to some extent from ses- 
sion to session. It is summarized in Table I. 

The patient had no history of spontaneous urticaria. Local cooling of the skin 
with an ice cube or heating with a test tube containing hot water failed to in- 
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Table I. Development and regression. of the dermographic wheal induced by 
400 Gm. pressure 

The lapse after 
stroking 

30 see. 
1 mill. 
2 min. 

3 min. 
5 min. 

lo-20 min. 
30 min. 
60 min. 

Erythema width Wheal width 
(mm.) (mm.) 

2 - 
2-3 - 
3 No visible elevation, wheal palpable as a linear 

condensation 

2-5 i 
5-6 4 
3 3 

- No visible elevation, wheal palpable as a linear 
condensation 

Fig. 1 
Section of the skin cut perpendicularly to its surface from a dermographi 
minutes after stroking with 400 Gm. of pressure. The corium shows no appre, 
edema or infiltration of any specific cell types. A number of epidermal cells 
in their cytoplasm (unlabeled arrows). P z pigmented basal epidermal cells, 
cut obliquely. M = adventitial mast cell. Epon-embedded material, 1 fi thid 
dine blue. x600.) 

LC wheal area 10 
ciable in terstitial 
contain vacuoles 
Ca2, = capillary 

i section . (Tolui- 



duee whealing. A stroke applied over the skin immediately alterwards ::estliitajd 
in a wheal over the untreated and cooled areas only. In the heated, erythematons 
skin area the reaction appeared to be completely inhibited. When the blood 
vessels of the arm were occluded with a tourniquet, stroking the skin distal t,o 

the occlusion did not produce a wheal. Similarly, no whealing response was oh- 
tained in the site of a wheal that ha.d just faded. The length of the refractory 
period was not determined. 

Thick Epon-embedded sections stained with toluidine blue showed that tke~e 
was no appreciable interstitial edema, of the corium or infiltration of specific 
cells at any stage of the whealing reaction. This can be seen in Fig. 1, which 
represents the central area of the wheal 10 minutes after s’troking when the reac- 
tion is most extensive (compare with Table I). These findings were con6rmed 
electron microscopically in all instances. The principal changes that. occurred 
during the whealing reaction were localized in the cell bodies and occurra:d 
both in the epidermis and in the corium. 

The epidermis. The Langerhans cells and melanocytes appeared to underga 
little change except that cisternae of the granular endoplasmie reticuEum 
became moderately distended while the wheal was present. Significant changes 
were observed in many keratinocytes of the basal ar,d spinous cell layers; though 
the reaction varied from cell to cell, and a considerable number of keratinocytes 
remained morphologically unchanged even when the wheal was most extensive. 

There were three principal kinds of changes that took place in difYerent 
epidermal cells. 

1. A number of keratinocytes developed single, large membra,ne-bounded 
vacuoles adjacent to the cell nuclei. Some vacuoles were already seen in tbc? 
samples 35 seconds and 3 minutes after stroking (Vc in Fig. 2)) but they wert! 
largest and most numerous 10 minutes after stroking when the wheal was most 
extensive. At this stage the vacuoles were easily recognized with the optieai~ 
microscope (unlabeled arrows in Fig. I). The membrane enclosing the vae~oles 
appeared smooth. The vacuoles were never found continuous with the cisternae 
of the endoplasmic reticulum. They invaginated the cell nuclei but did not com- 
municate w&h or obliterate the perinuclear cisternae. The latter appeared com- 
pressed in areas where the walls of the vacuoles abutted the nuclei (a, 6, and I: 
in Fig. 3). Elsewhere, the perinuclear cisternae were normal or enlarged (6‘s 
in Fig. 3). The vacuoles were filled with fluid and some amorphous material, 
probably a precipitate resulting from osmium fixation. The intercellular spaees 
surrounding the vacuolated cells were slightly distended and seemed to contain 
a similar amorphous material (Is in Fig. 3). ‘I*he mitochondria of the vacnolated 
cells were not swollen (M in Fig. 3). The endoplasmie reticulum was scarce; its 
eisternae were sometimes slightly distended. Some vacuolated keratinoeytes con- 
tained pigment granules (P in Fig. 3) : while others were devoid of them (Fig. 
2). 

The number of vacuoles started to diminish while the wheal was stilI notice- 
aXe and became scarce 20 minutes after stroking. An occasional va,cuolated 



Fig. 2 
For legend see opposite page. 



keratinocyte was found 60 minutes after stroking. L-n the latter case, the COE-~~“JI~S 
of the vacuole appeared dark and homogeneous. The adjacent i:itereelli:la.l~ spac+Qs 
contained a similar dense material. 

2. Certain keratinocytes that, did not develop raeuoles showed charges :U 
the peripheral cytoplasm. Kormally, the cell surfaces of keratinocytes possc’~ 
9ne villous processes that project. into the intercellular spaces (7 in. Fig. 4.; 
compare with Fig. 2). During the whealing reaction of the skin, the vil’;rou~ 
processes and the peripheral cytoplasm of certain keratinocytes were enlar@~~ 
40 a varying degree, obliterating the surroundin, 0 intercellular spaces and. d(a- 
forming the adjacent cells (Fig. 5). Some keratinoeytes were symmet.rically 
enlarged (Fig. 5), while others developed processes that extended for some ~1% 
tance between adjacent epidermal cells. Not infrequently the d.istsl end of a lol:g 
process was greatly enlarged and exceeded the size of the nuclei of the SW. 
rounding cells (V in Fig. 6). The expanded processes of keratinocytes eontai~ed 
fine granular material (Figs. 5 and 6). The above changes were observed Juri~!;: 
all stages of wheal development and regression. They were even seen in the CIE- 
disturbed skin, but infrequently. 

3. Some ba,sal epidermal cells developed eytoplasmic projections or pseudo- 
podia which extended into the corium through gaps in the basement membra~r:cl 
(P in Figs. 7, 8, and 9). In the early stages of whealing, they contained thv 
regular cytoplasmic components (P in Fig. 7). In later stages, the pseuc!opodi~t 

mere pale and contained some amorphous or fine granular material along with 
occa.sional thin-walled vesicles (P in Figs. 8 and 9). Most of the epidermal cells 
that developed pseudopodia appeared to be regular basal keratinocytes con- 
nected to their neighbors by desmosomes and anchored to the coriam by hrmides- 
~~~OSOJB~S (U in Fig. 9 and ND in Fig. 7). Occasionally part of a. Langerhans reii 
was seen extending into the corium through a gap in the basement membrane. At 
times a cell containing Langerhans’ corpuscles was encountered in the eorium, 
separated from the epidermis by the basement membrane. The corial cells in 
contact with the pseudopodia of keratinocytes had the typical appearance oi 

iibrocytes (P in Fig. 8), Exceptionally, the contiguous cell was recognizable 
as a monoc.yte.8 Pseudopodia were observed during all stages of wheal de\Telop- 
ment and regression and occasionally in the undisturbed skin of the patient. 

The control specimens obtained from the healthy volunteer with clinicall!- 
normal skin showed normal fine morphology before and after stroking with 400 
Gm. of pressure. 

The coriunz. The blood vessels of the corium were usually found empty both 
in the pat,ient and in the healthy volunteer, possibly as a result of the pressure 
exerted by the dermal punch when the skin samples were taken. In the sp~imrns 

Section of the epidermis cut parallel to the skin surface through the germinal et+:! !a,~, 
from a dermogrsphic wheal area 3 minutes after stroking. Two keratinocytes eontain vacuolrs 
{PC) that inraginate the cell nuclei. L z Langerhans’ or white dendritic ceil. D z areas 
containing desmosomes (black). P = villous processes of keratinocytes that project into the 
intercellular spaces. (X7,000.) 



Fig. 3 
For legend see opposite page. 



Fig. 
Section of a keratinocyte of the stratum spinosum from a dermographic nheai area II) rn~nn:~s 
after stroking. Tc = membrane-bounded vacuole. It invaginates the cell nucleus bet dots 
not fuse with or obliterate the perinuelear cisterna: ST = boundary membrane of the vacuoIe, 
b = external nuclear membrane, c = internal nuclear membrane. CS, = enlarged parts of 
the perinnelear cisterna. Note the villous projeetion of the internal nuclear membrane in the 
cavity of the dilated cisterna (unlabeled arrow). I@ = mitochondrion. ET z granular endc- 
ulasmic reticulum. P = pigment granules. 
jx30,000.) 

D = desmosome. Is = intercellular spaw. 

Section of a junctional area between two basal keratinocytes of the epidermis showing tlic 
intercellular spaces (Is), desmosomes (D), and villous process /Y/ of the epidernai eeiis. 
AI = mitochondrion. (~60,000.) 
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Fig. 5 
Section of the epidermis through the germinal cell layer from a dermographic vc-heal area 3 
minutes after stroking. B = swollen keratinocyte. B = apparently normal keratinocytes. V 
= expanded villous processes (compare with P in Fig. 4). M = mitochondria of the 
swollen cell that have normal appearance. D = desmosomes. P = pigment granules. 
(x10,000.) 

Fig. 6 
Section of the epidermis through the germinal cell layer from a dermographic wheal area 
30 minutes after stroking. a = keratinocytes of normal appearance. B = keratinocyte with 
slightly swollen marginal cytoplasm. V = enlarged villous processes of keratinocytes. L = 
Langerhans’ cell deformed by the greatly enlarged adjacent villous process. Is = intercellular 
space containing villous processes of normal appearance. D = desmosomes. P = pigment 
granules. (x10,000.) 



Fi 
For legend see opposite page. 
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Fig. 7 
Section of the skin through the junctional area between the epidermis and the corium from 
a demographic wheal area 3 minutes after stroking. BM = basement membrane of the epider- 
mis. B = basal epidermal cell sending a cytoplasmic process or pseudopodium (PJ into the 
corium through a gap in the basement membrane. HD = hemidesmosomes. Cs = slightly en- 
larged perinuclear cisterna. NP = nuclear pore. Er = granular endoplasmie reticulum, di- 
lated. (x25,000.) 



Volume 45 
Number 5 

Section of the skin through the junctional area between the epidermis and the corium from 
a dermographic wheal 60 minutes after stroking. BM = basement membrane1 of the epidermis. 
A = basal keratinocyte sending pseudopodia (P) into the corium t,hrough gaps in the hase- 
aent membrane. F = subepidermal fibrooyte sending a process (Pr) towards the pseudopo- 
dium and enwrapping part of its surface (compare with Fig. 9). Cdl = cilium of the fibro- 
zyte. (x15,000.) 



Fig. 9 
Section through the junctional area between the epithelial root sheath of a hair and the 
surrounding corium from a dermographic wheal area 60 minutes after stroking. BH = base- 
ment membrane of the epithelial root sheath. A = basal keratinocytes one of which sends a 
pseuodpodium (P) into the corium through a gap in the basement membrane. D = desmo- 
some. Pr = processes of a corial cell enwrapping the surface of the pseudopodium. AZ = 
axon terminals of a nerve ending cut transversely. Their axoplasm is filled with mitochondria, 
granules (probably glycogen), and occasional vesicles. X = terminal Schwann cell processes 
of the ending containing granular endoplasmic reticulum, free granules, and some fine 
vesicles. bm = basement membrane of the nerve endings. (~17,000.) 



o1 the dermographic wheal obtained 35 seconds after stroking, the endo:h&ai: 
cells of some capillaries and venulcs were filled with vacuoles of various sizes, 
Some venules possessed open endothelial junctions resembling the e~nd~ti~-ii 

demonstrated hy iMajno and associates in experiments with histamine and sero- 
6onin.g> lo 

The fibrocytes of the papillary layer, the Schwann cells of the nerve endings, 
and some smooth muscle cells were characterized by distended cisternae of the 
granular endoplasmic reticulum.. As the w-heal regressed: the corial cells be- 
came similar to those found in the undisturbed skin. 

The tissue mast cells of the patient appeared to be more extensively involved. 
Although their distribution did not a.ppear to be significantly differe~~t from 
that of the normal skin, their abundant granules differed in appearance from 
?mrmal human mast cell granules and underwent changes during the wheal 
development. 

The mast cells of the dermographic patient were compared with those ob- 
tained from norma, skin and also with those obtained from clinically normal 
nasal respiratory mucosa in 3 patients who underwent corrective surgery of a 
Deviated nasal septum. In the apparently normal cases, the mast cell granules 
were spherical or nearly spherical and of a rather uniform size, ranging be- 
tween 0.6 and 0.7 p in diameter. Their internal structure appeared partlg 
granular, partly lamellar. The lamellar element was arranged in layers which 
frequently resembled scrolls or myelin figures (unlabeled arrows in Fig. 10). 
Pn the skin of the patient suffering from dermographism, the mast cell granuie~ 
were irregular in shape, size, and internal structure. Mast eel1 granu?ea LypieaI 
of the undisturbed skin areas of the dermographic patient are shown in Fig. 
Il. The diameter of the granules ranged from 0.3 to 0.7 p-5; their internal strut- 
ture varied in texture and density (a, b, and c in Fig. 11). The lamellar element 
was mostly absent except at the periphery of some granrnles (unlabeled arrow in 
Fig. 11). During the wheal development, disruption of mast cell membranes 
or release of their grannies into the interstitial space was never obsersred; but 
the granules underwent structural changes inside the cells. Fig, 12 shows part 
of a mast cell from the skin 3 minutes after stroking. Some granules are large 
and consist of clearly demarcated segments of varying substructure (a, 6, and 
c in Fig. 12). The lamellar element is scarce (unlabeled arrow in Fig. 12). Fig. 
.13 shows part of a mast cell from a 10 minute wheal. The number of granules 
has not decreased, but most granules appear pale except for some central 
core regions. The different substructural components can be recognized (a, b, 
and c in Fig. 13.), and an occasional lamellar element is also seen (unlabeled 
arrow in Fig. 13). 

The autonomic nerves supplying the blood vessels, arreetores pilorum mns- 
C&S, and sweat glands showed no conspicuous morphological changes during 
?he wheal development except for occasional dilated eisternae of t.he granular 
dndopla.smic reticulum in the Schwann cells. The sensory end organs showed 
additional changes. These were quite marked in the frequently seen subepider- 
ma1 horizontal endings,l’a I2 which were found between hair orifices, sending 
fne axonal twigs into the overlying epidermis. The preterminal segments of 
:he horizontal endings were found in the vicinity of the small blood vessels 



Figs. 10 to 13 
For legends see opposite page. 



. 1 

t of a mast cell from histologically normal nasal respiratory mocosa from a male i,j:::titenlf 
aged 16 years, who does not suffer from dermographism. The mast cell granules a.re spherica:: 
and of uniform size and structure consisting of granular and lamellsr elements. The lameliar 
elements are arranged in layers nihieh frequently show scroll patterns (unlabeled arrows). 
Y = mast cell nucleus. (X30,000.) 

igs. 11 to 13 
Portions of mast cells from the skin of the patient suffering from dermographism. Fig. 11, 
from undisturbed (unstroked) skin. Fig. 12, from dermogra.phic -reheal area 3 minutes a.fcer 
stroking. Fig. 13, from dermographic Prlieal area 10 minutes after stroking. The mast ee~i 
granules are irregular in shape, size, and internal structure. They contain at least three kinds 
of granular material: cG = coarse granules, b E fine grsnnles of random orientation, c = 
fine granules showing varying degree of crystalline structure. The la,mella.r element 
(unlabeled arro’ur-s) is restricted to the periphery of some granules. N z mast cell nucleus. 
(x30,000.) 

ig. 1 
Pa,rt of a horizontal subepidermal nerve ending, cut transversely from a dermographie wheai 
area 3 minutes after stroking. S = Schmann cell of the ending containing mitochondria, er,e 
granules, vesicles, and tubular or filamentous material (tf). A = small spherical inclusion. 
R z large irregular inclusion which contains fine and coarse granules and t;vo dense strut- 
tures (unlabeled arroxqv). AZ x axon terminals. i!Is = mesaxon. BX z basement membrane 
of the nerve ending. (~30,000.) 

and, thereiore, are most likely involved in t,he axon reflexes. A eomm5n feature of 
r,he Xchwann cell cytoplasm of the horizontal endings was a Ebrillar or tubular 
component oriented parallel to the course of the axon terminals (tf in Fig. 14) I 
In samples obtained from the wheal areas, many Schwann cells also contained 
membrane-bounded inclusions of spherical or irregular shape. Their diameter 
%.*anged from less than 0.1 p to over 1 p (A and B in Fig. 14), They were packed 
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Fig. 15 
Part of a horizontal subepidermal nerve ending cut transversely from a dermographic wheal 
area 3 minutes after stroking. S = Schwann cell of the ending. Ax = axon terminals. MS 
= mesaxon. G = granular material between the layers of the mesaxon. BM = basement 
membrane of the ending. (~60,000.) 

with fine and coarse particles of irregular arrangement and sometimes contained 
dense spherical structures (unlabeled arrows in Fig. 14). 

An unusual feature was observed in some subepidermal horizontal endings 
35 seconds and 3 minutes after stroking. In these nerves, the apposed layers of 
the mesaxons were widely separated by accumulation of irregular granular 
material (G in Fig. 15). The granules were extracellular but were separated 
from the general extracellular space by the basement membrane of the nerve 
ending. The axoplasm of these nerve endings appeared relatively pale (Ax in 
Fig. 15). 

The papillary nerve endings of the skin and the nerve spindles that encircle 
the tactile hairs were infrequently encountered in this study. The axon termi- 
nals of the tactile hairs were packed with mitochondria. The spaces between 
these organelles were filled with granules, probably glycogen, and some vesicles 
(AX in Fig. 9). The Schwann cell processes flanking the axon terminals con- 
tained unusually few pinocytotic vesicles for this kind of nerve endingI but 
did contain some granular endoplasmic reticulum, free granules, and fine tubu- 
lar or fibrillar material (X in Fig. 9). 

DISCUSSION 

Contrary to the generally accepted view, the present findings suggest, that 
wheaIing of the skin is an active process in which the cells of the epidermis 
and the corium are involved. Some of the fluid that is released from blood vessels 



apparently spreads out in the corium and % reaSsorbed without pro&r:~g ii:l 
appreciable edema. The rest of it is taken up by the overlying germinal c~dl 
layer of the epidermis. The keratinocytes eit,her develop single large menlhranc- 
bounded vacuoles (Figs. I, 2, and 3) or take up fluid in the cytoplasm. In the 
latter case, they send out cytoplasmic processes which compress and displace 
the neighboring cells that do not undergo apparent morphological clxngc~ 
(Figs. 5 and 6). At the same time, some basal epidermal cells extend pseu~du- 
podia into the corium through gaps in the basement membrane and establish 
contact with the corial cells (Figs. 7, 8, and 9). As a result of intracc~llula: 
fluid accumulation in the epidermis, the wheal is sharply demarcated and mores 
with the epidermis, and t,he edema does not spread out. Before the swelling bc- 
comes elevated at the beginning of the wheal de\-elopmcnt, its position CBIL 
be palpated as a condensation. The same happens in reverse when the wheal 
subsides (Table I). 

The present findings provide morphological evidence that the epidermis is a 
very active tissue layer of the skin and that its cells are capable of several kimtls 
of responses to agents released in the eorium. The diversit,y of the response, or 
lack of it, by apparently identical keratinocytes is somewhat puzzling, bxlt ii 
could be related in part to variation in age of the cells with respect to their 
last division and to uneven distribution of the active agent. 

The changes observed in the epidermal cells may not be specific to the dcr- 
mographic wheal. Large intracytoplasmic vacuoles in the epidermal ccl!s have? 
been observed under diverse conditions, including ultraviolet irradiation’” and 
epidermolysis hullosa.‘5 To the authors knowlc~dge, pseudopodia of the basal 
epidermal cells have not been seen traversing the basement membrane in un- 
broken skin, but they have been found in regenera,ting epidermis during wound 
repa,ir.16 Therefore, the morphological findings in dermographism give some 
insight into the biological processes that may take place in the epidermis duy- 
ing metabolic disturbances or physical damage. 

In the papillary layer of the corium, most cell types undergo some change 
during wheal development, including increased activity of the granular endo- 
plasmie reticulum. Mast cells of the dermographic patient ~110~1: abnormal strut- 

Lure even in the undisturbed skin areas (compare Fig. 1 I. with Fig. 10)) and 
their granules undergo a process of transformation during the development of 
the wheal (Figs. 12 and 13). Mast cells are the principal source of endogenous 
histaminc,17 which is stored mainly in their granules.‘8 Therefore, the above 
?norphological changes in the mast cell granules during wheal development 
n1a.y be associated with the release of histamine. When released, this agent w~u&X 
xt upon the walls of the capillaries and venules causing a, permeability change 
?n the endothelium and at the same time would initiate a reaction by the cells oi 
the coriam and the epidermis. The refractory period of the skin to repeated 
stroking could signify the time required by mast cells to reform histamine. The 
epidermis of the patient contains occasional swollen keratinocytes in all samples 
Taken from undisturbed skin areas and from the site of the wheal 3 weeks aft?1 
stroking. Considering that the mast cells have an abnormal st,ructure in these 
areas, the finding may indicate that some histamine is being released from the 
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mast cells in response to minor irritation of the skin or even to normal friction 
to which it is constantly subjected. 

During wheal development, morphological changes also occur in the sensory 
nerve endings that supply the epidermis and the papillary layer of the corium. 
The nerves are closely related to the superficial capillaries and venules that are 
devoid of autonomic innervation. Therefore, these sensory endings may affect 
local microcirculation by means of axon reflexes. In particular, they may be 
responsible for the erythema that precedes and accompanies the wheal. The 
present findings offer no indication as to what extent the sensory nerve endings 
are involved in the actual wheal formation mechanism. The changes that occur 
in the structure of the end organs may be the consequence of the wheal develop- 
ment rather than the cause and may be a morphological reflection of the itching 
or burning sensation that is associated wit,h the lesion. These findings should be 
useful in further studies of the normal and abnormal functions of the peripheral 
receptor organs. 

Wheal formation can be elicited by a number of agents other than hista- 
mine,lJ 2 and experimental evidence has been offered that other mechanisms may 
be involved in whealing. I9 Therefore, the present findings may not characterize 
all forms of dermographism but may rather provide a starting point for systema- 
tic and comparative studies. 

The authors wish to thank Mr. Charles Abbott for his aid with the photographic work. 

REFERENCES 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

Parker, C. W.: Urticaria, in Miescher, P. A., and Miiller-Eberhard, H. J., editors: Text- 
book of immunopathology, vol. I, New York, 1968, Grune & Stratton, Inc., p. 239. 
Rowell, N. R.: Urticaria and ana,Dhvlactoid reactions in man. in Rook, A. J.. and Walton, 
G. S., editors : Comparative phy&Aogy and pathology of ihe skin, ’ Philadelphia, 1965; 
F. A. Davis Company, p. 537. 
Ebken, R. K., Bauschard, F. A., and L,evine, M. I.: Dermographism: Its definition, 
demonstration. and nrevalence. J. ALLERGY 41: 338. 1968. 
Luft, J. H.:’ Imp&vements ‘in epoxy resin embkdding methods, J. Biophys. Biochem. 
Cytol. 9: 409, 1961. 
Mollenhauer, H. H.: 
Techn. 39: 111, 1964. 

Plastic embedding mixtures for use in electron microscopy, Stain 

Watson, M. L.: Staining of tissue sections for electron microscopy with heavy metals, J. 
Biophys. Biochem. Cytol. 4: 475, 1958. 
Reynolds, E. S.: The use of lead citrate at high UH as an electron-opaque stain in 
electron &croscopy, J. Cell Biol. 17: 208, 1963. - A 

L - 

Ross, R., and Odlancj, G.: Human wound repair. II. Inflammatory cells, epithelial- 
mesenchymal interrelations, and fibrogenesis, J. Cell Biol. 39: 152, 1968. 
Majno, G., and Palade, G. E.: Studies of inflammation. I. The effect of histamine and 
serotonin on vascular permeability: An electron microscopic study, J. Biophys. Biochem. 
cyto1. 11: 571, 1961. 
Majno, G., Palade, G. E., and Schoeft, G. I.: Studies of inflammation. II. The site of 
action of histarnme and serotonin along the vascular tree: A topographic study, J. 
Biophys. Biochem. Cytol. 11: 607, 1961. 
Cauna, N.: Fine structure of the receptor organs and its probable functional significance, 
41% deReuck, A. V. S., and Knight, J., editors: Ciba Foundation Symposium on touch, 
heat and pain, London, 1968, J. & A. Churchill, Ltd., p. 117. 
Cauna, N.: Light and electron microscopical structure of sensory end-organs in human 
skin, %n Kenshalo, D. R., editor: The skin senses, Springfield, Ill., 1968, Charles C Thomas, 
Publisher. 1). 15. 
Cauna, fi. c The Fine morphology of the sensory receptor organs in the auricle of the rat, 
J. Comp. Neurol. 136: 81, 1969. 
Nix, T. E.: Ultraviolet-induced changes in epidermis, in Zelickson, A. S:, editor: Ultra- 
structure of normal and abnormal skin, Philadelphia, 1967, Lea & Felnger, Publishers, 
p. 304. 



15. Pearson, R. TV.: Studies on the pathogens& of cpide;molysis hulioss, 3. Invest. ‘iei~!,. 
39: 551, 1962. 

16. Odland, G., and ROSS, R.: IXuman wound repair. I. Epidermsl regcnera~ion, J. Ccl! Viol. 
39: 135, 1968. 

117. Riiey, J. F., and West, G. B.: The presence of histamine in tissue mast cells, J. X’hphi. 
120: 528, 1953. 

18. Thon, I. L., and UvnLs, B.: Xode of storage of 5istamin e in ma,& ceils,, Acta Physioi. 
&and. 67: 455, 1966. 

19. Winkelma.nn, R,. K., Wilhelmj, C. X’., and Horner, F. 4.: Experimentai studies on !ic:.rxr! 
graph&n, Arch. Derm. 92: 436, 1965. 


