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E x p e rim e n ta l m odels o f disease, as p ro d u ced  in  an im als, g rea tly  f a c il i ta te  
th e  an a ly sis  o f th e  fac to rs  t h a t  p a r tic ip a te  in  th e  genesis o f th e  m o rb id  lesions 
seen  in  th e  clinical c o u n te rp a r t;  th e y  can  also se rv e  as conven ien t te s t  o b jec ts  
fo r p o te n tia l th e ra p e u tic  p rocedures. This th o u g h t  gu ided  our earlie r s tu d ie s  
on th e  ex p e rim en ta l p ro d u c tio n  of nephrosclerosis, p e ria rte ritis  nodosa , s ta n d ­
a rd ized  in f la m m a to ry  responses (“ top ica l i r r i ta t io n  a r th r it is ” , “ g ra n u lo m a  
p o u ch ” ), a n a p h y la c to id  in flam m atio n , an d  stre ss-in d u ced  pep tic  u lce rs  or 
ca rd iac  necroses [1 — 3] .

T here  are  few correspond ing  ex p e rim en ta l m odels o f d erm ato ses . T h e  
re a c tiv ity  o f  th e  h u m a n  sk in  differs so e ssen tia lly  from  th a t  of m ost an im a ls  
th a t  i t  is d ifficu lt to  e s tab lish  conditions u n d e r  w h ich  th e  la t te r  w o u ld  re a c t  
like th e  fo rm er. B esides, few an im al ex p e rim en te rs  are su ffic ien tly  fa m ilia r  
w ith  th e  prob lem s o f p ra c tic a l derm ato logy  a n d , conversely , few d e rm a to lo ­
gists a re  w ell versed  in  th e  techn iques o f e x p e rim e n ta tio n  on anim als.

T hese w ere th e  consid era tio n s th a t  led us to  a t ta c h  enough im p o rta n c e  to  
o b se rv a tio n s  on th e  e x p e rim e n ta l in d u c tio n  o f  cu ta n e o u s  calcinosis to  p re se n t 
th e m  here, as a to k e n  o f o u r ad m ira tio n  for th e  g re a t H u n g a rian  e x p e rim e n ta l 
m o rpho log ist, P ro fessor I m r e  T örő, w hose ju b ile e  th is  vo lum e ce leb ra tes .

Soon a fte r  th e  d iscovery  o f v itam in  D , one o f  us (while still a m ed ica l 
s tu d e n t)  u n d e rto o k  sy s te m a tic  stud ies on th e  s t ru c tu ra l  changes in d u c e d  b y  
excessive am o u n ts  o f ir ra d ia te d  ergosterol. I t  w as fo u n d  th a t ,  in advdt r a t s ,  th is  
p re p a ra tio n  p ro d u ced  w idesp read  ca lc ification  in  v a rio u s  tissues (p a r tic u la r ly  
th e  ca rd io v ascu la r sy s tem , k idneys, lungs, a n d  in te s tin e ) , b u t o n ly  m in o r 
changes in  th e  skele ton . H ow ever, th e  young o f  r a ts  so tre a te d  during  p re g n a n c y  
o r la c ta tio n  responded  to  v ita m in  D (received th ro u g h  th e  m ilk or p la c e n ta )  
w ith  an  a lto g e th e r  d iffe ren t syndrom e. In  th e m , so ft-tissue  ca lc ifica tio n  w as 
a b se n t or negligible, b u t  th e  bones becam e so b r i t t le  th a t  m ultip le  sp o n ta n e o u s  
fra c tu re s  occu rred ; s im u ltan eo u sly , th e  skin  lo s t i ts  e lastic ity  and  a d h e re d  to
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th e  su b ja c e n t tissues, so t h a t  th e  young r a ts  becam e “ h id eb o u n d ”  [4 ,5 ] . Since 
th e s e  n ew b o rn  an im als also  suffered from  m a ln u tr it io n  and  d e h y d ra tio n , w e 
a t ta c h e d  little  im p o rta n c e  to  th e  skin  lesions a t  th a t  tim e an d  d e v o te d  o u r  
in te r e s t  m ore to  th e  sk e le ta l changes.

A  l i t t le  la te r , w e o bserved  a p a tie n t  in  w hom  m ultip le  o rg an  ca lc if ic a ­
t io n s  — v e ry  sim ilar to  th o se  induced  in  a d u lt  r a ts  w ith  v itam in  D — developed  
p re s u m a b ly  as a re su lt o f  excessive endogenous p a ra th y ro id  h o rm o n e  sec re tio n . 
A s th is  m an  h ad  a p a ra th y ro id  ad en o m a, n e p h ritis , and  co litis, w e th o u g h t  
t h a t  th e  p a ra th y ro id  s tim u la tio n  m igh t be  d u e  to  an  ad ap tiv e  h o rm o n a l r e a c ­
t io n ,  a n  a tte m p t to  re c tify  calcium  a n d  p h o sp h a te  m etab o lism  w h en  th e  
o rg a n s  n o rm ally  concerned  w ith  th e  a b so rp tio n  a n d  excretion  of th e se  m a te r ia ls  
a re  la rg e ly  in c a p a c ita ted . T h is  in te rp re ta tio n  cou ld  no t be p ro v en  a n d  o th e r 
p o ss ib ilitie s  also h a d  to  be  considered, b u t  w e th o u g h t our case m ig h t th ro w  
a n e w  lig h t upon  V irchow ’s classical co n cep t o f  “ m e ta s ta tic  c a lc if ic a tio n ” in  
th e  p resen ce  of severe re n a l  disease. In  u re m ia , ca lcification  m a y  be  la rg e ly  
m e d ia te d  th ro u g h  th e  p a ra th y ro id s  as a consequence  of a p a r t ly  p a th o g en ic  
a d a p t iv e  reac tio n , th a t  is, w h a t  we w ould  no w  call a “ disease o f a d a p ta t io n ”  [6].

S u b seq u en t e x p e rim e n ts  show ed th a t ,  in  th e  r a t ,  p a ra th y ro id  h o rm o n e  can 
p ro d u c e  a cu taneous calcinosis w ith  sclerosis resem bling  a c e r ta in  ty p e  of 
c lin ic a l scleroderm a, th e  so-called  “ sc lé roderm ie  calcaire”  [7]. T h is  co n d ition  
c a n  a lso  be p roduced  in  th e  sam e species w ith  d ih y d ro tach y s te ro l (D H T ), a 
v i ta m in -D  d eriv a tiv e  t h a t  closely im ita te s  th e  ac tio n s of p a ra th y ro id  ho rm one  
[8 ]. H o w ev e r, w h e th e r p ro d u ced  b y  p a ra th y ro id  horm one or b y  D H T , these 
c u ta n e o u s  lesions are n o t  p ra c tic a l m odels o f  d isease ; th e y  are a c co m p an ied  by  
h ig h  m o r ta li ty , develop  o n ly  on th e  scalp a n d  n eck  (no t w h erev er th e  e x p e ri­
m e n te r  w an ts  to  induce  th e  lesions), and  o ccu r o n ly  during  th e  f ir s t  few  day s of 
life , a n d  even a t  th a t ,  irreg u la rly . Still, th e s e  observations w ere  re p e a te d ly  
c o n f irm e d  by  o thers a n d  e v e n tu a lly  in d u ced  L e r ic h e  and  co-w orkers [9 — 11] to  
re m o v e  th e  p a ra th y ro id s  in  p a tie n ts  w ith  sev ere  scleroderm a. T h e  re su lts  of 
th is  o p e ra tio n  were r a th e r  in c o n s ta n t, b u t  in  som e cases, m ark ed  im p ro v e m e n t 
d id  o ccu r.

I n  view  of w h a t we h a v e  since le a rn e d  a b o u t th e  im p o rtan ce  o f  “ cond i­
t io n in g  fa c to rs” in  th e  d e te rm in a tio n  of a d a p tiv e  horm onal re a c tio n s  [1, 12]. 
i t  seem ed  th a t  fu r th e r  w o rk  on th is  e x p e rim e n ta l simile of ca lcareous sclero­
d e rm a  w ould  be rew ard in g  i f  th e  tech n iq u e  co u ld  be perfected . C o n tin u a tio n  of 
th is  w o rk  revealed  th a t  to p ic a l t ra u m a  ca n  cause local ca lc ifica tio n  in  th e  
in te r n a l  organs of D H T -tre a te d  ra ts  [13]. C lin ical scleroderm a also te n d s  to  
d e v e lo p  a t  sites of local in ju ry  [14]. T herefo re , w e w ere p a rticu la rly  in te re s te d  to  
n o te  t h a t  cu taneous calcinosis w ith  sclerosis can  be  produced  a t  w ill in  p re d e te r ­
m in e d  sk in  regions, ev en  in  a d u lt  ra ts , i f  th e  se lec ted  area is l ig h tly  t r a u m a t i ­
zed  (e. g., b y  ep ilation) a t  a critica l tim e  o f D H T -tre a tm e n t (u su a lly  th e  fo u rth  
d a y )  [15].
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T h e  p resen t co m m u n ica tio n  rep o rts  d e ta iled  stud ies on th e  h is to g en esis  of 
th is  p e c u lia r  ex p e rim en ta l d erm atosis .

Materials and techniques

Twenty-four female Sprague-Dawley rats, with a mean initial body weight of 100 g 
(range: 96 —104 g), were given 200 f ig  of DHT (“ Calcamin,” Wander) in 0.5 mi of corn oil 
by stomach tube, once daily, on four consecutive days. On the fourth day, a dual type of 
trauma was produced in each of these animals by epilation and mechanical compression of 
the skin. Epilation was performed by plucking the hair from an area of the back approxima­
tely  60 mm in length (craniocaudally) and 30 mm in width. The remaining dorsal hair was 
then shaved with electric clippers and compression trauma was applied by pinching the skin 
with a hemostat (at right angles to the longitudinal axis of the animal) twice on the epilated 
area and once below it on the shaved surface. These two types of trauma were applied because 
preliminary experiments had shown that, in DHT-sensilized animals, cutaneous calcinosis is 
most readily obtained by mild irritation (e. g., epilation or rubbing with a hard brush), while 
strong trauma (e. g. prolonged squeezing with a hemostat or intracutaneous injection of 
strong irritants) is ineffective locally, although it may elicit a halo of calcinosis in the imme­
diately surrounding skin area (Fig. 1).

For control purposes, similar trauma was applied in a series of rats not previously sen­
sitized by DHT. However, in these, calcification never occurred and the reaction of the skin 
was limited to mild desquamation in the region injured with the hemostat.

Throughout the experiment all animals received only “ Purina Fox Chow” (Ralston 
Purina Co., Ltd.) and tap water. For histologic study, three of the DHT-treated rats wrere 
killed immediately after trauma (on the fourth day of DHT treatment) and three more 2, 4, 
6, 8, 10, 15, and 20 days later, respectively. Immediately after autopsy, one-half of the trau­
matized region was fixed in alcohol-formol (80% alcohol and 20% of the standard [10%) 
neutral formalin solution), which is particularly suitable for demonstrating traces of tissue 
calcium [16]. The other half of each tissue specimen was fixed in Susa solution saturated with 
picric acid, a fluid we found to be particularly suitable for connective-tissue studies, especially 
as related to the skin.

The material was subsequently embedded in paraffin and sectioned at 5 fx. Normally, 
rat skin so treated is very brittle and difficult to cut, but excellent thin sections can be obtained 
if  the paraffin blocks are first cooled by contact with solid blocks of carbon dioxide snow.

Eleven staining techniques were used: (1) hematoxylin-phloxine, (2) PAS, (3) Van 
Gieson, (4) phosphotungstic acid fibrin, (5) fuçhsin, (6) cresyl violet, (7) elastica, (8) muci- 
carmine, (9) von Kossá, (10) celestin blue, (11) osmic acid. For the first seven of these tech­
niques, we used material fixed in either alcohol-formol or Susa-picric, but only alcohol-formol- 
fixed slices were stained with mucicarmine (for the demonstration of mucoid material), von 
Kossá, or celestin blue (for the demonstration of calcium). Osmication was employed for the 
detection of fats.

Most of these are standard techniques, so we may limit ourselves here to a description 
of the two procedures that were specially developed for this study.

Celestin-blue staining technique (for c a lc iu m ) . — (1) Fix for 48 hours in alcohol-formol 
solution; (2) Embed in paraffin; (3) Bring sections to water, as usual; (4) Mordant for 30 minutes 
in following solution: 90 ml aluminium-potassium sulfate 1% +  10 ml of 1/100 dilution of 
ammonium hydroxide 28%; (5) Rinse in running water, 2 minutes; (6) Stain 30 minutes 
in following solution, prepared on day of use: celestin blue В 0.02% in alcohol 50%; (7) Rinse 
in running water; (8) Counterstain lightly in phloxine or eosin; (9) Dehydrate and mount.

F uchs in  staining technique ( for  s k in ) .  — (1) Fix for 24 hours in Susa saturated with 
picric acid; (2) Embed in paraffin; (3) Deparaffinize and treat sections with iodine and thio­
sulfate in the usual manner; (4) Oxidize, 1 minute’, in permanganate 0.25% •{- sulfuric acid 
0.5% ; (5) Rinse in running water; (6) One minute in oxalic acid 3%; (7) Rinse in running 
water, 10 minutes; (8) Fifteen seconds in alcohol 70%; (9) Stain (length of tim e depending 
upon age of solution: 10 minutes in 3 — 4 days-old solution) in Gomori’s aldehyde fuchsin 
until elastic fibers stand out clearly; (10) Rinse in 3 changes of alcohol 70%; (11) Rinse in 
running water, 5 minutes; (12) Five minutes in 1 gm Wright’s prepared powder in 2000 ml 
distilled water; (13) Rinse in running water, 1 minute; (14) Fifteen minutes in phosphotungstic 
acid 1%; (15) Rinse in running water, 1 minute; (16) Thirty minutes in following solution: 
90 ml distilled water 8 ml acid fuchsin 1% -■}- 2 ml oxalic acid 1%; (17) Rinse rapidly in
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one change of distilled water and 2 changes of absolute alcohol; (18) Fourty minutes in a satur­
ated solution of saffron in absolute alcohol; (19) Rinse rapidly in absolute alcohol and in  3 
changes of xylol, and mount.

Results

A ll th e  D H T -tre a te d  r a ts  developed m ore  o r less in tense  cu tan eo u s  
ca lc in o sis  a t the  site  o f  t r a u m a .  The lesions w ere  e ssen tia lly  o f th e  sam e ty p e  
th ro u g h o u t ,  so in  o u r d e sc r ip tio n  we need n o t d iscuss th e  response to  e p ila tio n  
a n d  to  com pression, s e p a ra te ly . I t  is n o tew o rth y , h ow ever, th a t  on ly  ep ila tio n  
g a v e  p ronounced  a n d  c o n s ta n t  resu lts . W here e p ila te d  sk in  w as com pressed , a 
b a n d  corresponding  to  th e  th ic k n e ss  of th e  h e m o s ta t  rem ain ed  p ro te c te d  in  th e  
o th e rw ise  m assively ca lc if ied  p a tc h . On th e  o th e r  h a n d , th e  sam e degree of 
sk in  com pression, w h en  a p p lie d  to  shaved  sk in , a c tu a lly  p roduced  ca lc ifica ­
t io n .  A p p a ren tly , th e  m ild  d am ag e  caused b y  e p ila tio n  alone or p in ch ing  alone 
e lic its  calcium  d ep o sitio n , w h ile  th e  s tro n g er in ju ry  th a t  re su lts  from  th e  
c o m b in a tio n  of these  a g e n ts  in h ib its  it.

T h is in te rp re ta tio n  w a s  confirm ed b y  a n u m b e r  o f ad d itio n a l e x p e ri­
m e n ts  (n o t described h e re  in  d e ta il), in  w hich w e p ro d u c e d  v a rious degrees of 
s k in  tra u m a  by  a p p ly in g  th e  h em o sta t fo r v a ry in g  len g th s  o f tim e  or b y  
in tra c u ta n e o u s ly  in je c tin g  v a ry in g  co n cen tra tio n s  o f  chem ical ir r i ta n ts . I t  w as 
fo u n d , fo r exam ple, t h a t  i f  th e  h em o sta t is ap p lied  fo r m ore th a n  20 seconds to  
th e  sh a v e d , n o t ep ila ted , sk in  o f  a D H T -sensitized  an im al, th e  d irec tly  t r a u m a ­
tiz e d  a rea  does n o t ca lc ify , b u t  a halo of cu tan eo u s  calcinosis ap p ears  a ro u n d  it. 
I f ,  o n  th e  o ther h a n d , a 1 0 %  aqueous so lu tio n  o f  egg-yolk  is in jec ted  in t r a ­
c u ta n e o u s ly , ca lc ifica tio n  does n o t ap p ear in  th e  c e n tra l area  (w hich  w as 
p re su m a b ly  exposed to  th e  g re a te s t am o u n t o f  d am ag e ), b u t  a rin g  o f  c u ta ­
n e o u s  calcinosis ap p e a rs  a ro u n d  th e  m arg in  o f  th e  t r e a te d  p a tc h , so t h a t  a 
r e g u la r , circinate lesion is fo rm e d  (Fig. 1).

F o r  th e  sake o f  s im p lic ity , we shall lim it  o u r  descrip tion  to  changes 
o b se rv e d  in m erely e p ila te d  sk in  regions as th e y  a p p e a r  w hen  th e  m o st in s tru c ­
t iv e  s ta in in g  tech n iq u es a re  em ployed . The f ir s t  o b v io u s  signs of calcinosis w ere 
seen  in  sk in  specim ens ta k e n  on the  second a n d  fo u r th  days a fte r  t r a u m a .  
H e re ,  th e re  was edem a o f  th e  cu tis and  su b c u tis , w ith  on ly  v e ry  occasional 
in f la m m a to ry  cells, b u t  f in e  calcium  deposits co u ld  be d e tec ted  a ro u n d  th e  
d e rm a l collagen an d  e la s tic  f ib e rs  w ith  th e  v o n  K o ssá  an d  celestin  b lu e  s ta in s  
(F ig s . 2 , 3 and 12). I n  o th e r  cases — and  so m etim es  in  o th e r  regions o f  th e  
sa m e  sk in  specim en — th e  ca lc ifica tio n  com m enced  in  th e  h a ir  follicles, le av in g  
th e  connective-tissue  e le m e n ts  in ta c t  (Figs. 4 a n d  5). T hese d ifferences in  th e  
e a r ly  d is tr ib u tio n  o f th e  c a lc iu m  deposits m ay  d e p e n d  u p o n  acc id en ta l v a r ia ­
t io n s  in  th e  in ten s ity  o f  th e  tr a u m a  inflic ted  on d iv e rse  s tru c tu re s .

T h ere  were som e in d iv id u a l  v a ria tio n s in  th e  speed  w ith  w hich  th e  sk in



F ig .  1. — Halo of cutaneous calcinosis surrounding each of three linear hemostat pinches. The directly traumatized 
area itself is not affected. In s e r t  in  l o w e r  le ft  corner  : Circinate exulcerating cutaneous calcinosis, in another rat, on

the margin of a skin patch infiltrated with 10% egg-yolk
F ig .  2 .  — Beginning calcification of slightly swollen dermal collagen fibres. Pronounced parakeratosis with 

calcification in the most superficial layer of the exfoliating skin (von Kóssa, X 110)
F ig .  3 .  — Beginning calcification of dermal collagen fibres. The celestine blue stain clearly shows that, in addition 
to diffuse calcium deposition, regular, round or oval granules of lime salts appear within the collagen fibres.

Additional calcium deposits are seen along the basement membrane of the epidermis (Celestine blue, X 490)
F ig .  4 .  — Calcification of the dermal connective tissue is very pronounced and reaches deep into the derma, but

avoids the hair follicles (von Kóssa, X llO )



F i g .  5. — Skin region adjacent to that shown in Fig. 4. Here, there is selective calcification 
of the hair follicles, while the connective tissue is spared (von Kóssa, X 110)

F i g .  6 .  — Advanced exulceration with beginning epithelialization of the wound surface. 
The normal collagen fibers (center) stain red; the swollen, degenerating fibers (edge of the 

field) take on a yellowish tinge (Fuchsin stain, X 110)
F i g .  1 2 .  — One normal and one disintegrating m astocyte near lower edge ol the field. Mastocyte 
granules are also diffusely distributed throughout the tissue in this region in which the elastic 
fibers have undergone selective calcification. The m astocyte granules (particularly in the 
m astocytes themselves) stain distinctly purple w ith the hematoxylin-phloxine counterstain. 
The mast cells and granules have been identified on adjacent sections bv their metachromatic 
staining with cresyl v io let and the elastic fibers by the phosphotungstic-elastica stain (von

Kóssa, X 490)
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lesions developed , b u t  th e  changes ju s t  m en tio n ed  w ere fu lly  a p p a re n t  b y  th e  
fo u r th  d a y  an d  gave w ay  to  m ore severe lesions betw een  th e  s ix th  an d  f if ­
te e n th  d ay s . B y th e n , th e  collagen fib ers  b eg an  to  swell and  o ften  fo rm ed  closely 
p ack ed , solid m asses w ith in  th e  d e rm a ; a t  th e  sam e tim e , th e ir  t in c to r ia l 
p ro p e rtie s  changed . T h is w as p a r tic u la r ly  obv ious on sections s ta in e d  w ith  our 
fuchsin  s ta in , w hich colors n o rm al collagen  fib ers  a b rig h t red , w hile  th e  a f­
fec ted  sw ollen collagen tak es  on a yellow ish  tin g e  (F ig. 6). A t th e  sam e  tim e , the  
e la stic  fib e rs  of th e  cu tis  becom e fra g m e n te d  an d  ev en tu a lly  d isa p p e a r , while 
la rg e  m asses o f calcium  are  b e ing  ta k e n  u p  b y  th e  dam aged  tissu e .

T h is process progresses an d  e v e n tu a lly  leads to  com plete  necrosis  in  the  
m ore  seriously  a ffec ted  reg ions, w hich  su b seq u en tly  ex u lce ra te . O v e r th e  least 
m a rk e d ly  affec ted  sk in  reg ions, th e re  is m ere ly  in tense  d e sq u a m a tio n  w ith  
p a ra k e ra to s is  an d  h y p e rk e ra to s is , h u t  w hen  exu lcera tio n  occurs, th e  ep ith e liu m  
te n d s  to  creep u n d er th e  n ecro tic  skin reg ions, so as to  cover th e  u n d erly in g  
h e a lth y  d e rm a  (F ig . 6). I f  necrosis p rogresses fa r th e r  in to  th e  d eep e r s t r a ta  of 
th e  c u tis , th e n  on th e  su rface , th e  ep ith e liu m  grows dow n a long  th e  edge o f th e  
u lcer an d  ten d s  to  tu rn  a ro u n d  follow ing th e  borderline b e tw een  th e  h e a lth y  
an d  n ec ro tic  tissue . T h ereb y  a p p a re n tly , th e  ep iderm is a t te m p ts  to  cover the  
u n d e rsu rface  o f  th e  still h e a lth y , su p erfic ia l sk in  layer. C o n seq u en tly , the  
s t r a ta  o f  th e  new ly-form ed ep ith e liu m  are  rev ersed ; th e  s tr a tu m  m alp ig h ii is 
c losest to  th e  surface and  in  c o n ta c t w ith  th e  still h ea lth y , su p e rf ic ia l p a r t  of 
th e  d e rm a , w hich, on th e  o u tside , is also  covered  b y  th e  o rig in a l ep iderm is 
(F ig . 7). T h is ten d en cy  fo r th e  ep iderm is to  creep dow n along th e  n ew ly -c rea ted  
w o u n d  surfaces som etim es resu lts  in h ig h ly  irregu lar, a lm ost n eop lasm -like , 
ep ith e lia l fo rm atio n s. H ow ever, these  changes occur only w here  th e  derm al 
lesions ex u lce ra te  an d , even th e re , th e y  d isap p ea r a fte r th e  n e c ro tic  p a r ts  are 
e lim in a ted .

A t th e  h e igh t o f its  d ev e lo p m en t, cu tan eo u s  ca lc ification  m a y  a ffec t all 
lay e rs  o f  th e  derm a an d  even re su lt in  th e  fo rm ation  of la rge  su b c u ta n e o u s  
ca lcareo u s m asses (F igs. 8 and  9). T hese resem ble  th e  calcium  d e p o s its  seen in 
c e r ta in  ty p e s  o f ca lcareous sc leroderm a o r ex u lce ra tin g  acrosclerosis.

B y  th e  15 th  or 2 0 th  d ay , all th e  h eav ily  calcified, sup erfic ia l reg ions are 
u su a lly  e x tru d e d , w hile iso la ted , deep dep o sits  of calcium  te n d  to  becom e 
su rro u n d e d  b y  a g ran u lo m a, w hich  o ften  co n ta in s  foreign-body g ia n t cells and  
g rad u a lly  absorbs th e  m in era l deposits . D u rin g  th is  final s tage  o f  h ea lin g , th e re  
is in te n se  p ro life ra tio n  o f fib ro b la s ts  an d  connective-tissue  f ib e rs . T h e  surface 
ep ith e liu m  is g rea tly  th ick en ed  an d  d e sq u a m a tin g , b u t th e  c u ta n e o u s  a p p e n ­
dages are  slow to  reg en era te . H en ce , a t  th is  tim e , th e  skin co nsists  o f  a th ick  
ep id erm is  and  an  u n d erly in g , r a th e r  hom ogeneous, dense la y e r  o f  co n n ec tiv e  
tissu e , a lm o st to ta lly  devoid  o f f a t  cells, h a ir , and  sebaceous g lan d s  (even 
n o rm a l r a t  sk in  co n ta in s  no sw eat g lan d s); cu tan eo u s pap illae  are  f la t te n e d  or 
a b se n t (F igs. 10 and  11).
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In  com paring  th e  e x p e rim en ta l d e rm a to s is  w ith  clinical sc leroderm a, 
i t  is im p o r ta n t to  b e a r  in  m ind  th a t ,  in  m a n  as in  th e  ra t ,  th e re  m a y  be 
c a lc if ic a tio n  w ith o u t sclerosis and vice versa. I n  th e  ra t ,  th e  lesion 
ro u g h ly  evolves in  th r e e  stages: (1) edem a w ith  s ligh t in fla m m a to ry  in-

F i g .  8 .  — Intense cutaneous calcification affects all layers. The process of “reverse epitheliali- 
zation” is especially obvious (von Kóssa, X 30)

F i g .  7 .  — Here, the necrosis progresses farther in depth than in surface. The epidermis turns 
around the edge of the ulcer following the borderline between healthy (superficial) and necrotic 
(deep) tissue; consequently, the strata of the newly formed epithelium are reversed (Fuchsin

stain, X llO )
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F ig .  9 .  — Extensive subcutaneous calcareous masses, separated from a calcified dermal 
patch by the skin muscle layer (von Kossá, X30)

F ig .  1 0 .  — Borderline between healthy and sclerosed skin during period of healing. In the 
affected region (left), there is dense connective tissue, sebaceous glands are absent, hair follicles 

rare, and the epidermis is thickened (Fuchsin stain, X 30)

1 5  Acta Morphologien X/2—4.
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f i l t r a t io n ,  (2) ca lc ifica tio n  a n d  (3) sclerosis. E s se n tia lly , ca lcification  a p ­
p e a rs  to  be an  in te rm e d ia te  stage b e tw een  th e  o rig in a l tissue  d am age 
a n d  th e  even tu a l h ea lin g . I t  rem ains to  b e  seen  w h e th e r  m in u te  ca lcium  
p re c ip ita te s  — h is to lo g ic a lly  d e tec tab le  on ly  u n d e r  p e rfec t cond itions o f  
f ix a t io n  an d  s ta in ing  — o r  even  still s lig h te r  in c reases  in  sk in  calcium  
t h a t  co u ld  only he re v e a le d  b y  chem ical an a ly s is , p la y  a  p a r t  in  s tim u la t­
in g  connec tive-tissue  p ro life ra tio n . T heore tically , th is  m a y  be th e  case, n o t

F i g .  1 1 .  — Calcium is no longer visible in the dense connective tissue of this healing patch. 
O nly a few remaining calcified granules can be detected in the foreign-body giant cells near 

the lower left corner (von Kóssa, Xl l O)

o n ly  in  scleroderm a b u t  a lso  in  o th e r typ es o f  co llag en  diseases, p a rtic u la r ly  
in  sy s te m ic  lupus e ry th e m a to s u s  and d e rm a to m y o s itis , w here even grossly  
v is ib le  calcifications o f th e  sk in  do occasionally  o ccu r.

Sections s ta in ed  w ith  h em a to x y lin -p h lo x in e , P A S , V an  Gieson a n d  th e  
e la s t ic a  s ta in  m erely c o n firm e d  th e  prev iously  m e n tio n e d  find ings. T he f ib rin  
s ta in  colors only th e  ca lc ified  a n d  necrotic  a reas  in te n se ly , while cresy l v io le t 
f r e q u e n t ly  reveals la rge  n u m b e rs  o f often d is in te g ra tin g  m asto cy tes  an d  free 
m a s to c y te  granules in  th e  v ic in i ty  of th e  d am ag ed  sk in  reg ions. Curiously, h ere



F ig .  13. — Typical lingual lesion. Some of the muscle cells are calcified, others involuted; 
there is marked connective-tissue proliferation and the lingual papillae are flattened

(von Kossá, X 30)
F ig .  14 . Lingual lesion in which calcification occurs predominantly underneath the epithelial 
surface, but to some extent, also in the proliferating intermuscular connective-tissue stroma

(von Kossá, Xl lO)
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th e  m as to c y te s  an d  th e  free m a s to c y te  g ran u les  ap p ear to  s ta in  s lig h tly  
m e ta c h ro m a tica lly  even  w ith  h e m a to x y lin  (F ig . 12). M ucicarm ine-ting ih le  
m a te r ia l w as found  p a r tic u la r ly  in  severely  d am ag ed  or necro tic  sk in  reg ions. 
I t  w ill be  recalled  th a t  m uco id  su b stan ces  a re  also found in  m a n y  cases of 
c lin ica l sc leroderm a. O sm ication  revea led  no ev idence o f an  in itia l f a t  d eposi­
tio n , p re p a ra to ry  to  calc ification .

O f all ou r tech n iq u es, th e  fuchsin  s ta in  p ro v ed  to  be th e  m o s t in fo rm a ­
tiv e : w ith  i t ,  th e  n o rm al collagen fibers s ta in  b r ig h t red  (as w ith  Y a n  Gieson) 
a n d  in  ad d itio n , in itia l s tages o f  d eg en e ra tio n  show  u p  in  th em  b y  a change of 
th e  co lor to w ard s  yellow . E la s tic  fib ers  are  s ta in e d  as clearly  w ith  th e  e lastica  
s ta in  a n d  m a s t cells are  also q u ite  ev id en t. In c id e n ta lly , th e  te c h n iq u e  gives 
e x ce llen t p ic tu res  o f c ro ss-s tria tio n  in  th e  c u tan eo u s  s tr ia te d  m u sc u la tu re .

T h e  d em o n stra tio n  o f calcium  w ith  th e  ce lestin  b lue te c h n iq u e  deserves 
p a r t ic u la r  m en tion , since th is  s ta in  does n o t  te n d  to  ’’b leed”  in to  su rro u n d in g  
tissu es  an d , hence, gives a m uch  m ore prec ise  d efin itio n  th a n  th e  v o n  K ossá  
s ta in . I t  is curious, how ever, th a t  on ly  th e  v e ry  recen t calcium  d ep o sits  an d  
th e  b o rd e rlin e  th a t  delim its th e  calcified  from  n o rm a l tissue  are  tin g ib le  w ith  
ce lestine  b lue. P e rh ap s  th is  dye is in d ic a tiv e , n o t of calcium  itse lf , b u t  of 
som e chem ical p h en o m en a  in v o lv ed  in  th e  p rocess o f in c ip ien t c a lc ifica tio n .

P e rh a p s  th e  m o st n o te w o rth y  e x tra c u ta n e o u s  lesion in  our r a ts  w as th e  
r a th e r  fre q u e n t occurrence o f  ca lc ifica tio n  w ith  sclerosis (an d  som etim es 
necrosis) a long  th e  la te ra l m arg in s  o f th e  to n g u e  a n d  m ore or less d iffu se ly  in  
o th e r  p a r ts  o f th e  ske le ta l m u scu la tu re  (F igs. 13 a n d  14). I t  rem ain s to  be seen 
w h e th e r  th e re  is an y  re la tio n sh ip  b e tw een  th is  change an d  th e  w ell-know n 
p red isp o sitio n  for m u scu la r lesions in p a tie n ts  w ith  d e rm a to m y o sitis  and  
sc le ro d erm a.

S um m ary

In the rat, marked cutaneous calcinosis with sclerosis can be produced by topical 
skin trauma, following sensitization with dihydrotachysterol (DUT). The histogenesis o f this 
lesion and its possible relationship to certain collagen diseases, especially the calcifying type 
of scleroderma, are discussed.
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Г И С Т О Г Е Н Е З  Э К С П Е Р И М Е Н Т А Л Ь Н О Г О  К А Л Ь Ц И Н О З А  К О Ж И

Г . Ш Е Л Ь Е  и  К . Н И Л С Е Н

П р и  пом ощ и к о ж н о й  травм ы  м о ж н о  на к р ы са х  п о сл е  сен си били заци и  ди ги д р о т а -  
х и с т е р о л о м  (Д Г Т ) вы звать зн ачи тельн ы й кал ьци ноз к о ж и  и склероз. О б су ж д а ет с я  ги сто­
ген ез  в ы зван н ого  таким  п утем  п о в р еж д ен и я  и его  п р ед п о л о ж и т ел ь н а я  связь  с о п р ед е л е н ­
ны ми кол лаген н ы м и  за б о л ев а н и я м и , в частности с обы звествля ю щ им ся типом  ти п ом  с к л е­
р о д ер м и и .

HISTOGENESE DER EXPERIM ENTELLEN HAUTKALZINOSE

H. SELYE und К. NIELSEN

An Ratten wurde nach Sensibilisierung mit Dihydrotachysterol mit Hilfe von lokaler 
Hautschädigung bedeutende Hautkalzinose und Sklerose hervorgerufen. Die Histogenèse 
der auf diese Weise zustandegekommenen Hautschädigung und deren vermutlicher Zusam­
menhang m it gewissen Kollagenerkrankungen, insbesondere mit dem verkalkenden Typ 
der Sklerodermie werden erörtert.

P ro f. D r. H a n s  S e l y e  | 
K a i N i e l s e n  j

M o n trea l, Case p o s ta le  6128, C anada
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