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A comprehensive, semiquantitativ€ morplologic study of &lletgic contact dermatitis and delayed hy_persensitivity skin reactions to various 
"ìt"tg"""a ""a 

tì""ori.r antigens was undertoken on tgg bi-opsies obtained from gl volunteeis ."a-p"trl"ìi, ii-.àiriion to the mononuclear cel| innlt'"te' ofclassic ilescriptions, a number .r i^p"rt.'"i-ì"* ;;;;';"* foutrd to characterize theEe reactionE,including infiltration and piecemeal iegrai"riii"" 
"i*r."rprtilic 

leuLocytee; degranulation and repli-cation of lixed tissue mast cellsi increased 
"".ìrr.i 

pli-"rtility leading to derm4 and epidermalederna' vascular comDection, 
"4 ".v 

tto"vt"itìJt"liii".t microvaocular slterrtions afl€cting en-dothelial cells and peiicvtes' *i t 
"ompiolise 

;i"""Jrii"-1"" and bssement membrane thickening;and actiration of the clotting.svs-t"-' i"itri a"p".iiio"ifitrin in s characteristic in;iarcutar pat-t€rn in th€ reticular dermis. The frequency or t-h"aì 
"u--r-ainge 

wae documented and their evolutionwas described in voluntee* sensitizà ani il;lt;;ì;;.i;à foùowi4 
"n, 

iÀti"g -r1, iiiìtro.noro_benzene' In- ma-n a-s in the guine.a-pts, u"."piìi" ;;*"ii-.iio-.-o, in allergic contsct dermetitis (91per cent of fulty develooed positive reactiòne) then ii'iigeeic aa"v"J rrvpàÉ"""ltl"ili'ie;?ioo" 
"li"_ited with microbial antigeni. {e t p". ;;;ai.,ií"'i;;u"r,ii'or m"optilr, however, rrc regularly towerthan in corresponding reactions of cutanerrua u.""prtii-il'p.*""sitivity in the guinea pig, but firedtbsue mast cells apparentlv had a more i^prtt"ttt li"ìfí'uma. dehyà .uactioio.ilt-e iinainga arein accord with the view that baeophils -anl 

-rn"J-*fi",'"fà"av 
related and functionally rinilar celh,mav supplem€nt or rcorace.e.ach oiher in rretsved t;;;iù;; 

"ii"itoa 
io ,"rio* .p--tlri"J-"r aurtdeposition, vesser permeabiritv, ano-ihe ;i'ìs*';fÈìil the vaecular endotherium and pericytegwete far more striking than in guinea pig t"."I-io"" .ìl*.L ,r"a.ly at-rys prceent in mstun delayedreactions in man' 'fhe 

"t1..rngrn!9-locìc-n"ài"g"-""p."t"i here alter and complicarc cutlenr conceFiions of d€layed hvpersensitivitv. w"1"t" 
"ì"ii"'Jl 

tii,rti.'" model nhich incorporates there newfindings in the pathoÉenesis of aelayed reaciil";:-- 
- ^-'

Additional key words: Lymphocytes, Basophils, Mast cells, Fibrin, Clotting, Degranutatlon, En_dothelium, Pericytes.

cel l -mediated hypersensi t i ' i ty  has general ly been
regarded as a homogeneous group of  reaci inns character-
ized by per ivascular inf i r t rates òf  mononucrear cel ls (2,
4,  6,  i .  42,  45, 47).  Recent ly,  however,  employing
improved l ight  microscopic tecÉniques 

" .  
* . iL as func-

t ional  immunologic cr i te i ia,  *e har, 'e establ ish.d thut  
" tleast two discrete forms of ceilular immu;; re i,f,onse

exist  in exper imental  animals (8,  l7_2g. 2à, 44, b1).
These are (1) c lassic delayed hypersensi t iv i ty, 'an evolv-
jng,  long last ing.  state of  hypersensi t iv i ty mediated by
lvmphocytes wi th relat iv 'e ly-úis l ,  avidi ty r" i  

"" ì igen 
and

character ized by extensiue mònonuclear cel l  inf i l t rates
and (2) cutaneous basophi l  hypersensi t iv i ty (CBH),  a
state of  react iv i ty mediated bv lS,mphocytes l f  re lat ivelv

low avidity and characterized by extensive inf i l t rat ions
of basophil ic leukocytes. General ly, animals are primed
for. delayed hypersensit ivi ty fol iowing immunization
with antigens incorporated in mycobacierial adjuvants,
whereas irnmunizing regimens which anoid .uóh adju-
vants lead to the induction of cBH. Both types of
immune reaction are thought to have a similai patho-
genesis, involving interaction between uppropiiately
sensitized T lymphocytes ( 18) and antigen 

"i 
à lotul ,ité,

followed by an outpouring into the tissues of bone
marrow-derived cglls, lymphocytes and monocytes in
delayed hypersensìtivity, and, in cBH, also inóluding
abundant basophils. Recognition of cBH as a discreté
enti ty has some signif icance in that many biological ly
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impo r tan t  ex l ) r ess ions  o f  ce l l t r l a r  i r n rn t rn i l r .  a re  t , l r a rac_
t e r i z e d  l r l '  a  b a s o p h i l - r i c h  i n f i l t r a r e .  

' l ' h e s e  
i n < , l t r r l e

r : o n t a < ' t  a l l e r g r ' .  s k i r r  a l l o g r a f t  a r r r l  t u r n o r  r e . i e c l i . n .  a n r l
v i r a l  h , r ' p e r s e n s i t i r . i t v  ' l 7 .  

2 1 ,  2 : ì .  , 2 5 .  
2 6 1  .

I n  v i e r v  ' f  t hese  an ima l  s tu r r i es .  , , r , e  w ' i shed  t ,  c l e îe r -
n r i n e  w ' h e t h e r  a  s i r n i l a r  h e l e r r g t ' r r t . i l v , f  t l r t ,  r , e , l l r r l r r r
i r nn r r r r r e  res l ) o r ì se  < ' ' u l c l  l l e  r l e rn ' ns t ra l  e t l  i n  n ìa r ì .  , , \
g r re l i r n i nan '  i n r , , es t i ga t i on  i r r vo l r . ' i r r g  a  s rna l l  g rou l l  o f '
p a t i e n t s  w i t h  n a t  u r a l l r ,  a ( . q u i r e c l  a l l e r g i < ,  r . o n t a c t  r l e r r r r a _
t  i t i s  s r r g g e s t e c l  t h a t  h a s ' p h i l s  r l i c l .  i r r  i a c t .  l r a r t  i . i p a l  e  i n
human  c le l a ' ed  t t ' y l e  r ea . t i ' . s  ( 25 ) .  H .n ,a r l . . .  r ì  ' r r r ' l r e r
o f '  a r l d i t i o r rn l  an t l  qu i t e  unex l )ec tec l  f ' ea tu res  \ \ . e re  o l r _
se r ' , ' ed  as  r ve l l .  i nc : l ud ing  p iec ' e rnea l  Ì r as .ph i l  an r l  r n i l s t
c e l l  d e g r a n u l a t i ' n :  s t r i k i n g  n r i c ' r , r ' a s c r r l a r  c h a n g e s  a r -
f e < ' t i n g  e n r l . t h e l i a l  c e l l s .  t h e  b a s e n r e n t  m e m l l r a n e .  a n r l
p e r i . r ' t e s '  a . c l  d e J ' r s i t i . . ' f  f i h r i n - l i k e  r ì e p . s i r s  i n  t h e
de rn r i s  (  I  I  .  2 i r  ) .  E r . ' a l t r a t  i r n  o f  t  l r ese  f  i nd ings .  an t l  , f ' t  he i r
y ross ib l e  s i gn i f  i can r ,e  i r r  t  he  pa t  hogenes i s  o f  r l e l ave t l
hvpe rsens i t i ' i t r ' .  r equ i red  t he  s tuch ì  , l '  a  mr r . h  I n rg . .
g r o u l )  o f  p a t i e n t s .  i n c l L r d i n g  s o n ì e  w h o  h a r l  b e e r r  s e n s i -
t i zec l  unde r  r l e f  i ned  < : , . r l i t i ' ' s  a ' r l  wh '  we re  l l i . l r s i t , r l
s e q u e n t i a l l . v  a f l e r  s k i n  t e s t i n g  s o  t h a t  t h e  n r o r p h < i l o g i < ,
e r - ' l u t i ' n  . f '  c l e l avec l  r ea r . t i ' n s  r . . u l d  l l e  r l e te rm inec l .  I n
a d c l i t i . n .  i t  w a s . e c e s s a n ' t r  s t u c l v  l l a t i e . t s  t e s r e t l
i n t r ac le rma l l v  w i t h  c l ass i r .  l r a t ' t e r i a l . '  f ' unga l .  anc l  v i r a l
an t i gens .  we  he re  l l r ese . t  a  c 'mp rehens i ' e  n r r ; r ph . l . g i r .
desc r i p t i r n  . l '  de laved  t r . pe  h r . pe rsens i t i r . i t v  sk i r r  r eac -
t i ons  as  t he r '  occu r  i n  ma t ì .  emp lo -v i ng  1_p r t r .  E l l on -
embec lded  se . t i r ns  s tuc l i ed  bv  l i gh t  - i c i , , * . , , p r . .  im rnu_
nof l t rorescen( .e .  and e le t ' t ron n ì i r . roscop,n, .
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one hunc l re r l  e igh tv  l r io l l s ies  l ' r , rn  f ) I  r . r l r rn l t ,e rs  a r r r l
l l a t  ien ts  were  s t  ud iec l :

1 .  
' l ' w ' e n t v - o n e  

n ' r m a l  ' a l e  ' ' l t r ' t e e r s .  a g e s  l g  t .  i r l .
were  sens i t i zed  to  r - l in i t roch lo ro Ì )e r ìzene iDNt .B)  l l l .
a p p l i c a t i o n  o f ' 0 . 1  m l .  o f ' i i  l 0  p e r  c e n t  a c e t o n e  s o l u t i o n  t i r
the  vo la r  sur f 'a r :e  o f ' the  f ì r rear rn .  ' fwe lve  

to  l4  c lavs  la te r .
r :on ta t ' t  reac t ions  rvere  e l i c i ted  l l v  app l i ca t ion  o f '21- r  p l .  o f '
0 .1  o r  0 .2  per  cent  DNC[ ì  in  ace tone or  methv l  Ce l los r l r , .e
t o  t h e  l a t e r a l  a s p e c t  . f ' t h e  u p p e r  a r m s .  A s  m a n . r ' a s  s i x
separa te  tes t  s i tes  \ \ 'e re  app l ied  s i rnu l taneous lv  ro  f 'ac i l i -
ta te  ser ;uent ia l  Ì l i opsv  o f '  und is tu r l rec l  les i rns .  React ions
were read and biopsied at  var ious inten-als f ' rom 4 hours
to  l3  days .  As  a  c .n t r . l .  each sub jec t  rece i 'ec l  a  sk in  tes t
a t  the  t ime r f '  sens i t i za t ion  wh ich  was b iops iec l  a t  , lg
h'urs,  r ,vel l  bel i r re act ive imm'ni tv hacr c le, , 'e l .y lecl .

2 .  S l l o n l a n e . t r s ì r '  a < : r l t r i r e d  r . . n t a c t  r e a t . t i v i t i '  t ' , u , a r i -
ous  env i ronnrenta l  a l le rgens  wAS s t r rd ie< l  i r r  Í l ( )  rna le  anr l
f 'emale  ou t  pa t  ien ts .  ages  l i  I  o  l -16 ,  o f '  t ) r .  f j : r r rnar r r l
o l  i " ' i e r . ' l ' hese  ; la t  ien t  s  had svrn l l l  o r r ra t  i< '  < :on l  a t , r  t le r r r r : r  .
t i t i s  t o  a  v a r i e t v  o f ' a l l e r g e n s  b r r t  r v e r e  o f  h e r w i s e  h e a l t h r , .
a n d  r e c e i ' i n g  n o  k n ' w n  m e c l i c a t i r n  a t  t h e  t i m e  , i t
tes t ing .  A l le rgens  inc luded n icke l  (ser ,en  pa t ien ts ) :  f r r rm_
a l d e h v d e  ( s i x  p a t i e n t s ) :  1 , 4 - b e n z . e n e d i a i n i r r e  ( t h r e e  p a -
t i e n t s ) :  l a n ' l i '  ( t r v o  l r a t i e . t s ) ,  e p o x v  ( t r v o  p a t i e n t s ) ;
rubher  ( tu 'o  pa t ien ts ) :  co l l l )e r  ( two pa t ien ts ) ;  anc l  ker t , -
sene,  acr l ' l i c .  Urush i . l .  r l i ve  r i l ,  anc l  oommer( , ia l  sk in
creAnìs  (Mer l i c re rne .  Net r t  ra r le rnr  )  were  s t t rc l i c , l  in  o r re
l l a t i e n t  e a c h .  E a c h  r e < r e i r . e d  a  s k i n  t e s l  o f ' t h e  a p g r r o p r i a l e
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a l le rgen apgr l ied  as  a  l la tc 'h  tes t  in  the  s tanc la rd  concen-
t  rat  ions reconì rnended l ry Fisher (  28 )  .  Patches were
renrover l  at  .18 hours,  ancl  react ion s i tes were scr l red and
f i io l rs ie r l  a t  72  hours .

: Ì .  F -or tv  ma le  and fe rna le  vo lun teers ,  ages  20  to  49 .
rv ( ' r ( ì  t  es te ' r ì  in t  ra< le r rna l l t '  w i t  h  f ì r r r r  s tanr la rd  sk in  tes t
a r r t  iger rs .  inc lud ing  Old  ' I ' ubercu l in  (1 /1000)  ,  Cand ida
a lb icons  (  l / l (n0) ,  s t re l l tok inase (5  un i ts ) /s t rep todornase
( l . 2 i r  u n i t s ) .  a n r l  m u m p s  ( 0 . 1  m g . ) . ' f e s t s  w e r e  r e a d  a t  4 .
2,1. and 48 hours. [3iopsies were takerr at .18 h<lurs f 'rom fl6
c l in ica l l v  l los i t i ve  reac t ions  (  )  10  mnr .  o f  e rv thema and
inr l t r ra t ion) ,  f ' rom f  i ve  negat ive  in t radermal  tes t  s i tes .
f ' r r rn  f ' r r r  s i tes  tha t  had rece ived in jec t i .ns  < l f  i so ton ic
sa l ine .  and I ' rom seven ur r t rea ted  s i tes .' l ' he  

2 l  vo lun teers  sens i t i zed  to  DNCt l .  12  o f '  the
p a t i e r r l s  w i t h  c o n t a c t  r e a c t i v i t y  t o  e n v i r o n m e n t a l  a l l e r -
gens .  a r r r l  1 ,1  o l '  lhe  vo lun teers  tes lec l  w i th  mic rob ia l
a r t t  igens  were  sub. iec ts  in  an  ear l ie r  repor t  c lescr i l l i ng  the
depos i t ion  o f '  f ib r in  in  de laved t .v ' 'pe  hvpersens i t i v i t l ,
r e a c t i o n s  ( 1 1 ) .

I )e laver l  reac t ions  e l i c i ted  b1 '  ep icu taneous app l ica-
t i rn  . f ' r ' on tac t  a l le rgens  were  scorec l  us ing  the  f ì r l low ing
sca le :  0 .  no  reac t ion :  + .  pa tchy  ery thema:  1+ .  con f luent
erv therna;  '2  |  .  e ry thema and indura t ion ;  l l  *  ,  e ry thema,
indura t ion ,  and ves icu la t ion :  4+ .  bu l lae  in  add i t ion  to
the  o ther  f  ind ings .  In  the  case o f  de layed h1 'persens i t i r ' -
i t v  e l i c i ted  l l v  in t radermal  in jec t ion  o f 'p ro te in  an t igens .
the  d iameters  o f 'e r - ' - thema and the  ex ten t  o f  indura t ion
were measured ancl  react ions were c lassi f ied as fo l lows:
0 ,  no  reac t i f ,n ;  + ,  <10 mm.  o f  e ry thema and indura t ion :
|  +  / '2  +  ,  l0  to  15  mm.  o l '  e r1 ' therna  and indura t ion :
3  +  141 ,  >  15  mm.  o f 'e ry thema and indura t ion .

[ ì ropsv nruo PnocESSrN(;  or ' I ' rsstrR r .on
M rcHoscoprc ExnutNA'r ' roN

Biops ies  were  o l t ta ine< l  w i th  a  Keves  4-mm.  cu tane-
ous punch, using f  ie ld anesthcsia wi th I  or  2 per cent
Xylor:aine without epinephr ine. Xylocaine was in jected
intradernral ly around and subcutaneously '  below, but
never  d i rec t l v  in to ,  the  s i te  to  be  s tud ied .  Hence.  a r -
t i f  acts c lue to needle t rauma or to anesthet ic were
avoic lecl .  Tissue for l ight  or  e lectron microscopy was
l r lacer l  in  a  poo l  o f  f i xa t i ve  composed c t l ' 2  per  cent
para f ì r rma ldehvde,  2 .5  per  cent  g lu ta ra ldehy 'de ,  and
0.02f1 per cent CaC' l ,  in 0.1 rv l  cacodvlate buffer,  pH 7.1
(31) .  ' l ' h is  

f i xa t i ve  has  been shown to  p reserve  human
basoph i ls  and o ther  t i ssue s t ruc tu res  more  re l iab ly  than
some 20 o thers  tes ted  (25) .  A f te r  appropr ia te  t r imming.
t issues were al lowed to f ix  fbr  5 hours at  room tempera-
trrre anr l  then were transf 'erred to c<l ld 0.1 rr , t  cacodylate
hu l ' f ' e r .  For  p reJrara t ion  o f '  1 -pm.  sec t ions .  t i ssues  were
J los t f  i xed  in  osmium te t rox ide .  dehydra ted .  and embed-
r le r l  in  E ; lon  (221.  Sec t ions  were  s ta i r re r l  w i th  G iemsa s
reagen l  And wet . ,  eva lua ted  under  the  l igh t  mic roscoJ le .
b1'  at  least  two observers.  at  magnif  ic .at  ions up to x 1000.

For electron microscol ty,  t issues were processed in
dup l ic :a te  accord ing  to  two pro toco ls .  For  rou t ine  work .
s l recinìens were postf  ixed for 2 hours in cold 2 per cent
s -< :o l l i c l ine-bu f ' fe re r l  osmium te t rox ide ,  deh l rd ra ted  in  a
grat led ser ies of  a lcohol .  and were embedded in a
l l ropr ' lerre oxide- ' l 'AA[ l  ( ' fAAB Lal lorator ies.  I ìeading.
F ì l rg lanr l )  sequence.  Some spec i rnens  were  s ta ined en
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ò1oc w i th  u rar ì \ ' r  a ( 'e ta te  [ le f . re  c reh l ,c r ra t i ' ' . ,  (2 i .  j ì r  ) .other specirnens r 'ere pr.r 'essecr u, , . , ì . ì ì ì ì . ,g" , , ,  A ne\\ ., s rn i t r r ' -p , tass iun i ,  f ' e r r r iu 'a ' ide  (opF)  s t , l re r l r r re  (  r . r  )i n v o l v i n g  p o s t f i x a t i o r r  f ì r r  2 1 . , , , , . , r *  a t  l o  C .  i p  2  p e r  r . e r r taqueous os . ' i r rn r  te t r .x i r re  ancr  l  . i r  l re r  , , . , r i '  f . tass i r r r r rle r r '< ' r 'an ide  in  0 .1  r r r  s ' r r iunr  l l r r . s l r f ra te  l r r | f .e f  tpH 6 . { t rbef ì r re l r r 'c .essi .g Í ìs al l , , , .e.  Se<,1i . .s \vere r . r r l  w. i l  h. i a m . . d  k n i ' e s .  l i g h t r , '  * t a ì , r e a  r v i t h  l e a r r  c i t r a t e .  a r r r rs tud ied  in  a  I )h i l i y rs  3 r )ò  e lec t . , ,n  , . i r , roscope.
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' [ ' he  
un f ìxec l  har r r f  g7  r l i , ' s ies  was e . r ] recrdecr  i .  7  ip e r  c e n t  g e l a t i n  a n r r  f r . z e n  i ,  a  [ ) r r - I , , " , , , ] " i , , r r e  s r r r r r \ . .( ' r v o s r i r r  s e c r i r ) r ' r s  r \ ' ( ' | r ( ' I  , ' ' r t .  r r 1 - l r , , , i  i , ì  

' . 1 , r ì , , - 1 , r , i  
, r ,  r r r r le ' r e r l  s a l i r r e .  a n r l  s t a i n e r l  f  o r  j ì 0  n t i n u t e s ' r v i t É  , r r , , , , , , * 1 , * , -c i f ì c  f lu r l res .e ina tec l  g r ra r  . r  rabr r i t  an t iserunr  ( ( .a 'y re l[ ,ab . ra t ' r ies .  [ ) ' l v . ing t , r rv ' .  pe .ns- r . r ,n .an ia )  t ,  r r r rnar rf  i b r i n o g e n / f  i t r r i n .  I e G .  t g N l .  i g A .  I g E .  0 , ,  i 0 ,  r  ( ( , , 1 t )  a n c la l b t r r ' i .  ( h u r . a n  s e ^ r ' ì  a i l r u r n i . )  r r i r u t e d  r : - 1  ' r  r : g  a s' re ' i "s l '  c rescr i r lec r  (  r  r  ) .  te .ause a ' t  i ' ' l r i "g r . r r  . . r  i -

, t l ! res , . l , " :u  
sPec i f  i c i t '  t , , .  r i í r r i , rogen.  f  i l r r i ' .  a .d  .e r r . i r rl a r g e  l i b r i . r q e r  o t ' , , i  f  i l r r i n  f  r a g n r e n t s .  t  n "  , . t  i g e r r sc le te . tec l  rv i t f r  th is  an t ise^rm are  < , , r le . t i r .e r ' te r r 'ec r  F- i l r .e 'e r  th r r rgh '  as  <r iscussec ì  ber rw.  i i ì , . i i i o ,  i "1 , , , . i r ,  i r rt i s s r r e  l h a t  l r i r r r r  r h i s  a . r i s e ^ r r r  t . e r t a i ' r r . .  r e ' r { , s . r r rf ì  b r i  r '  ; \ f i  e r  * 'as r r  i :F  i r . , r r , rs1rha t  

"  
1 , , ; i f  

" ; ; , i ' .o  
r  i ' e .  se t .  -t i r . s  were  n ìo .n ted  in  t r r i ' a . , , i  (E .  I .  c rupr r t  c re  Ner r r .u rsa t td  ( ' ' tn . t r )a ' \ . .  

[ i Im i r rg r ' . .  i i . to*o . . i  u , , 'a  u ì " ,n inec l  i r r: r  Ze iss  c la rk - f ie lc r  f ru ' resc ,er . r "u  . i t . r , sc . ,1 le  ( ( .a r r  Ze iss .I rc " .  Nerv  \ - ' r k . .  Nerv  \ - ' r k t  e lL r ippecr  w i th  a  t r ( ì j ì  ex . i r . rf i l te r  a rc l  a  4 -1  bar r ie r  f  i l t ; ;  r ,  p r ' r , i c re  .p t i rnar  t . . l r rt ' o t t t ras l  l le tn 'ee t t  the  greer r  f lu , rescence ' f  f lu ,esc .e i r rand the  l l l ue  a t r t ' f ru i r rescence . , r '  t  he  c rer rnar  e ras t  i .. i 'ers.  ' t 'he 
exre.r  ancr . r .er-a,  i . tà. ; ; l i  ; ; i  Éì i ,  . ,a i ' i 'gr v a s  g r a d e d  0  t . ' r  + .  S n r a l l  r r r r t  c r e f i n i ì e  r i , c a t  c r e p r s i t srvere  scored + :  in te rmec l ia te  c le l t r )s i f s :  j  ,  ì , .  Z  *  ,  anr le x t e n s i r e .  i n t e n s e  c l e y l o s i l s : l  1  o r , l  r . , l . h e  a c t i , u . i l v  a n r ls l lec i f  i t : i t - r '  , r  t  he  f ru ' res .e ina ted  an t isera  *ere  , ; ; , ; ; ; ; ib ]  d .ub le  ge l  c l i f  f  i r s i ' . .  l ì r ì rnu , , re rec t  r r ' r r . res is ,  . . r li n h i . b i t i , r t  l , l '  r r . l a l l e l e r l  s l l J c i f  i r  a r r t  i s e r a .  F - r r r t  ! r e r .  i rw a s h e d  f  i b r i '  c r , t ,  m a c l e  f ' r r m  r r ' r . i ' e  t h r ' r n b i r r _ r  r r t t e r l

l : 1 - 1 n  f i b r i n r g e n  ( M i r e s  L a r r ' r a t , r i e s .  I n c . .  K a n k a k e e .I l l i n . i s ) .  rem. r . 'ec r  a i l  o , . t i ' i i ;  f  r r r '  the  rabr r i t  a r r t  i , r - i l ra ' t  i se runr  b t r t  r r i r r  . r t  < l i r ' i r r i sh  t  he  o l t  i r . i ì ,  . f  r  r rea n t  i - l g ( ì  a n t i s e r t r n r .

Sc'ontNJtì  op [ , rcH.t  Mrcnoscoptc SECTIoNS
Sect i 'ns  were  e 'a lua tecr  semiqua i i t i ta t i ' e r r -  rv i th  re_gard  to  some 20 r .a r iab les  on  o  . .u1" , ,1 ì i ; ì ; , ' .1 ' r ' ( . l .ah les  It '  4 ) .  F r l r  each 'u 'a r iab le .  a  s< . r l re  ' f '  -+  in r r i ca tes  t rac ,epath . l rgv .  f rca l l '  c r i s t r iburer l  in  the  c le rn ì i ; - ; ; .  eJ r ic re r_nr is '  Internrecl iate < 'hanges r 'ere sc,recì  r  + r t r  ,2 t ,  ancrex tens ive  changes j ì  i  , r .  

. .1  
,

I t  i s  p< lss ib le  to  n ìeasr r re  the  ex te ' t  ' f  i r f la rnnrar ' ^ .c e l l  i . f  i l t r a l  i r n  1 n  l _ p r r .  , i r r u u  s e . t i r . s  l l . v  a  f  u l l 'quant i ta r i 'e  mer r r rd  wh ich  a . tu r , " i ì ìu ; ' ; ; ; ,n ' ì r . , .  
" r i . , ; "lu te  n rmber  ancr  re ra t i 'o  i . . iu . ' r . r '  . f '  ea<,h  < :er r  r r , 'e(2 l t ) .  Hrwe 'u 'e r .  s r rc r r  de ta i re r r  . .u ' t s  a re  i rn l l ra t , t . i .a l* 'hen  a . \ 'e r \ '  la rge  rumber  , r ' re .s i 'ns  i s  s t  ucr ied .  In  . r .a r l re  

li s  p ro ' ided  a  r 'ugh  gu ic re  f . r  es t in ra t i 'g  the  ar rs r ru tef ' requet t t ' i es  (ce l l s  l ru i  l i near  mi l l imeter  ' f  sur f  ace  i .l - p r n r -  s e c t i r n s )  o f  i n f i l t r a t i n g  c e l l s  f r . m  t h e  0  t ,  4  r

s< 'o r i r rg  s t -s î  e t ì ì  en ì  l l l o t . r , r l  her t , .

I IF ]S I I I , ' I 'S

A l . r .nnr ; r t '  ( 'oN lar . l  DsHrvnr r . r . rs  ro  I )N( , t - Ì
( ]  Hrtss A pppannNcr: .

A l l  , f  17  i .d i ' i duars  se .s i t i zecr  w i t r r  r0  r )e r  ( .e r ì r
DN( ' l J  c le ' , ' e l 'pec l  t r ' t r l i ca l .  c le la 'ec l 'nse t .  e r ' themarrus
a . r l  ' e s i < ' r r l a r  l e s i ' ' s . f  c ' n t a r , ì  a l l e r g \ . r v h e n  t e s t e r l  l l
t ,  I  I  r l ; r r ' . :  l a t e r  t ' l ' a b l e  2 ) .  D e p e n r l i r r g ' r l r  r h e  r l e g r e e  , l
i r r r l i ' i r l r ra I  ser rs i r  i r - i t - r , .  e r ' thema ber :anr '  e r . ide . t  as  ear l r
Í ì s  I  l r , , r r r s  r r f  r  e r . r ( , s r  i ' g .  i r . r l  l r r '  2 . r  h , r r r s  , , r r  - , ì i ì r " , ì , * " " * '
h i b i t e r l  i r r r l r r r a t  i . '  a ' c r  s e v e n  ' f '  r ; J  p a t  i e . t s  e x r r i b i t e r l
'es i< 'u la t i . .  as  'uve l l .  Reac t i . . s  c . ' t i ' t re r l  t .  e ' .1 'e  i .
i . t e r s i t \ ' o ' e r  t h e  ' e x r  2  c r a v s ,  a n d  a t  7 l  h r u r s  a l l  . l . t h e
l7  ,e r  tes ted  hac l  reac t  i . . s  ' f  j l  +  . r  ; I roa l ' r .  I leac t i ' . s
l le rs is lec i  a t  near l r  r in rx i rna l  in tens i tv  io r  a  l le r i . c l  o f ' ser . -
e r a l  r ì . r ' - s  a . c l  s u b s i d e d . n l '  g r a d u a l i - v . F ì t . ì t  t , ,  r j l  d a ' s
ther '  ( ' ( , r ì s is ted ' l '  p ink-  

- t .  
fawn- i , , l , , rec l .  i . . .gu lu ; i '

ra iser l .  s l igh t l f  indura tec l  les ions  w i th  sca l ing .

Llcnl  nN'  ELscrRoN Mtcnoscoprc pnrHot.oc'  oF THE[)nnurs

Inf lommaton, ( 'e l l  Inf i l t  rate.
M,nrnrut ' leor ( ' r ' l1.s.  I '  ac<: ' rcr  .wi th pre ' i 'us rres<,r i ; l -

l 1 r . s , l  r l e l a ' e d  l r \ , p e r s e ' . s i t i ' i t - r ' i r r  a n i m a l s  a r d  n r a n  r - 1 .1 8 .  2 5 .  1 5 .  ' i 7 ) ,  t h e  i n i t i a l  m i c r r s c ' p i r . f i r r d i n g  r , r n s i s t e c lr f  a  l r e r i ' e r ì o u s  a n c ì  p e r i ' e n u l a r  i n f  i l t r : r t t ,  ' f . s m a l l  a ' r lrnecl i r r r r r  s izt 'c l  l .vm1ltr6ct , tes,  e,n ' icre. t  as ear l '  as 4 t .  f lh ru rs  a f ie r  sk in  
. tes r i .g ' in  h ig r rLv  . * ì r . i , i r . . i  ìnd iv idua l .a 'd pr i r r . ipal l - " -  
. inv ' r rvìug u. . . r" ts in th;  ; ; ; " ; f . i " iur  , .u._.u la r  g r lex t rs  a t  the  junc t i .n  o f ' the  r r "p i i iu . r . 'un i  , . r i cu la rdernr is '  o 'e r  the  c rurse  r f ' the  nex t  h rur . 'nnà  davs .  th isi . f  i l t r . te  i . c ' reasec l  p rogress i 'e11 .  in  in tens i tv ,  reach ing  amax imunì  on  da1. .  l l  ( [ ig .  l ) .  In  _u lu . ì ' ru " . t ion .  as ign i f  i .a ' t  1 i i " rp ' r t i .n  o f  ih r . .  ce l l s  a f  p "u . rJu . t i va tec l

in  tha t  thev  were  la rger  rhan smal l  l ; ; ;À ; ;y tes ,  w i thdee.plv-bas<ì 'h i l ic  and - , , . .  u i luncrant cytrplasm (Figs.  2and Sl l r  '  [n the erectron micrrscr 'e they,  c.ntaineclr ì r r ìerous r i l 's .mes and gl lys 'mes and hacl  a relat ivel 'o r )e r ì  'u . leus  w i th  onq or  more  promi .en ,  
" ; . i rà i r .Hrwe 'e r ,  fu l l v  c re 'e loped iÀmunobras ts  o f r  the  t 'pede.ve l ' ' i ng . i .  l - ymph n , , r tes  a ru* ing  a . t igen  dep. ts  o r  i r rm i tog t ' r r -s l i rnu la tec l  cu l tu res  were  ra re  (  l : l ) .  A l thoughclenseh'  1ra<'ked, . the cel ls compris ing i1,m1rt , , ia^.uf fs cr ictn r t .  f i r rm sJ lec ia l i zed  assrc ia t ì . lns  o r  a t tachments  w i the a c h  o f h e r .

A f ' te r  reach ing  a  max imum at  a tx lu t days  the
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I n d i l i d r r a l s  q p r e  s t ' r r s i t i z e r l  a n r ì  s k i n  î r , s î r , r ì  s . i t h  l ) \ ( . [ ] ; t s
I t t t e r p r . l i r t i , r .  . f  g r . s s  ; ì r ì ( l  ' l i (  r r ) s ( , 1 r i t  s r . , r i r r g  i s  r r c s . r i l r . r l
l - , r r t r ' - e i g h t  l r o r r r  r e a t ' t  i o r r  t o  I ) \ ( ' l l  t p s r  : r D t r l i c r ì  r r t  I i r r r c  r r l

per iver ru la r  aggregates  subs i r lec l  g rar lua l l . v  over  t  he
c o u r s e  o f ' t h e  n e x t  2  w e e k s  ( F i g .  i ì :  ' l ' a b l e  

2 ) .  A t  t h e i r
height.  the'  f ' requent l l '  assumed a n 'c lu lar ,  [ )seudo-
granLr lomatous  appearance. ' l ' h is  pa t te r r ì  was  a( ' cen-
tua ted  b .v  the  a l te red  appearance o f '  the  venu les  an( l
ve ins  about  wh ich  these cu f ' f ì s  f i r rmed (F igs .  2  a .c ì  í ì ) .
such vessels exhi l ) i ted h1'pertroph) '  ancl  hr 'perplasia of '
endothe l ia l  ce l l s  and per ic ) : tes ,  ob l i te ra t ion  o f '  vesse l
l u m i . a .  g r e a t l v  t h i c k e n e d  b a s e m e n t  m e m b r a n e s .  a n c l
b lu r r ing  o f '  r 'ascu la r  marg ins :  inc l i v ic lua l  enc lo the l ia l  ce l l
necrosis was also obsen'ecl .  ' [ 'hese 

changes. not previ-
o r rs lv  c lesr : r iber l ,  were  a  regu la r  f 'ea t r r re  o f ' c 'on tac t  r le rn ra-
t i t i s  anr l  o f '  r ' l ass ic ' .  de la .vec l  hv l le rser ìs i t i v i t v  reac t  i ' : r s  i r r
man ( ' l ' ab les  2  t r  4 )  and on  occas ion  in te r f 'e red  w i th  l igh t
mic r ' scop ic  i c ìen t i f  i ca t ion  o f 'a f ' f ' ec tec l  smal I  c le rmal  ves-
s e l s  ( F i e . 2 R ) .

In  add i t i ' n  t .  lo rming  cu f ' f , s  a lx ru t  ver ìu les  anc l  ve ins .
I 'n 'nr  t r lhocvtes ancl  var iable nurnl lers of '  monot, \ , tes-macro-
phages were  no tec l  d is t inc t l v  awav f  r .m the  vesse ls  in
in te r r , 'asc 'u la r  Jx r r t i .ns  o f ' the  r le rmis  anc l  the  ep i r le r rn is .' I ' he  

in te rvas( 'u la r  ( 'omlx )nent  o f  the  in f  i l t ra te  appearec l
la te r  and rvas  in r . 'a r iab l l '  l ess  in tense and c . rmpar : t  than
t [ ra t  sur round ing  venu les  and ve ins  in  the  same b i .J ls r ' :

l l  l ì r l ; t r i

i t  r vas  en t i re lv  absent  in  sorne  r . r 'eak  reac l ions  ( ' l ' ab le  2 ) .' l ' he  
in te rvascu la r  in f ih ra te  reachec l  a  rnax imunr  on  davs

l ì  to  f ì  a r ìd  l ) t ' days  11  to  1 Í ì  had subs ic led  n to re  r ,o rny l le te lv
t h a n  t  h e  p e r i v a s c u l a r  i n f  i l t r a t e .

A t  6  davs  and la t  e r .  der rna l  f  i l l rob las ts  apgrearec l
s t r i k ing l -v  en la rgec l  and ac t iva ted .  w i th  la rge  o l )en  nuc le i
a n d  p r o m i n e r r t  n u c l e o l i  ( F i g .  . l ) .  I n  t h e  e l e c t r o n  m i c r o -
scope the  a f iundant  cv top lasm exh ib i ted  nunterous .
d i la ted  c is te rnae o f '  rough enc lop lasnr ic  fe t i cu lu rn  f  i l l e r l
w i th  modera te l l -  c lense.  f loccu len t  mater ia l .  

' l ' hese  
ce l l s

were  commonly  observed in  mi t rx is .
Rasophí l ic  Leukor ' . r ' le.s.  Basophi l ic  leukocvtes u 'ere the

f  i rs t .  and l rec luent lv  the  on l r ' .  g ranu loc .y te  to  par t i c ipa te
i n  t h e  r e a c t i o n s  o f '  a l l e r g i c  c o n t a c t  c l e r m a t i t i s  ( F i g .  i r ) .
Thev  were  o< 'cas iona l l v  seen in  vesse l  lumina anc l  in  the
cleveloyl ing y ler ivascular lvnrphrrcyte r .uf ' f ls  at  4 to 8 hours
a l le r  tes t ing  in  h igh lv  sens i t i ve  inc l i v idua ls :  they  were
more r 'omrnonl l r  evident at  24 hours and reached peak
f ' re< l r renc ' r ' ' n  da l ' l ì .  be ing  l t resent  in  l5  o f ' l?  b iops ies  (88
Jrer  < 'en l  )  s l  ud ied  and abundant  1> : l  I  )  in  s ix  o f  these ( j l i r
per  cent )  ( ' l ' ab le  2 ) .  A l though basoph i ls  were  genera l l ) '
absent  f  r . rn  verv  weak reac t ions ,  the i r  f requency  d id  no t
exac t l r '  l l a ra l le l  reac t ion  in tens i tv ,  e i ther  as  measured bv
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Ft r ; .  l .  Pho tomic rog ra l l hs  o t  l -gn r .  Epon-e rnbedded  se< ' t i ons  r r l
7 2 - h o u r  a l l e r g i c  c o n t a c t  r e a c t i o n  t o  D N ( ' l l  i n  a  s p e c i f i t ' a l l v  s e n s i t i z e d
sub jec t  .  I n  A  no te  spo t ìg io t  i c  ep ide r rna l  ves i c le  (  l l  r v i t  h  ad ja< 'en t
severe  in te rce l l u la r  edema over l v ing  an  edenra tous  J rap i l l a r r  < le r rn i s .  A
p e r i v a s c u l a r  i n f l a m m a t o n ' < ' e l l  i n f i l t r a t e  i s  p r e s e n t  i r r  t h e  s r r p e r f i t ' i a l

de rm is  o f  A  and  in  the  m id -de rm is  o f  B .  In  bo th  A  and  B  f i b r i n  (F )  l i es
be tn 'ee r r  co l l agen  l l und les  and  a long  e las t i c '  f  i be rs  i n  the  in te rvascu la r
dermis.  removed f rom inf lammatory cel l  in f i l t rates.  Giemsa's reagent;
F i c \ r r e  l A .  ' 2 7 0 :  R ,  r 4 2 5 .
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F  l r ; .  2 .  ( ' e l l r r l a r  r n f i l t r a t e  s r r r r o r r n r l i r r g  r r l t e r r c r l  s r n a l l  v e s s r , l s  i r r  a  . 1 f ì
hour  de lave r l  h r ' pe rsens i l i v i t v  reac t ion  to  s t rep tok inase /s î re l r l odo r r rase
( i l )  a r r d  a n  1 l - d a v  c o n t a c t  r e a c î i o n  t o  I ) \ I C I J  ( I ì ) . ' t ' h e  v e r r u l e  i n  A  h a s
a  reduced  l r rmen  (L ) .  ac t i va tec ì  J le r i r ' 1 ' t es  (P ) .  and  va r ia l r l v  da rnaged
endo the l i a l  t ' e l l s  (E  ) .  

- I ' he  
hasenren î  n ren rb rane  i s  i r reg r r l a r l v  th i ckened .

In  B .  r ' esse l  d i smpt ion  has  p roceeded  f r r r the r  so  tha t  no  d i sc re te  \ ' Í t s ( ' u -

l a r  < ,ha r rne l  i s  v i s i l r l e ;  e r r ( ,u : s  J r< l i r r t  t o  haJ lhazar r l l v  a r ranged  ac t i va îe r l
pe r i cy tes  q r  endo the l i a l  < 'e l l s .  Ac t i va ted  l ymphocv tes  l t redomina te  i n

A and are present in I l  a long u ' i th other mononuclear cel ls .  Degranu-
la ted  basoph i l s  (R)  a re  p resen t  i n  bo th  pa r t s ;  va r iab l l ' g ranu la ted  mas t

ce l l s  (M)  a re  seen  in  B .  I  pm.  Epon  sec t ion .  G iemsa 's  reagen t :  F i zu re

2 A .  . 8 4 0 :  B .  ' 7 8 0 .
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cl ic l  not  renìain in the v ic in i ty 'of 'vessels,  and at  24 hours

and at  later intervals the great major i ty was found in the

in te rvascu la r  dermis  and in f i l t ra t ing  in to  the  ep idermis .
' fhe distr ibut ion of 'basophi ls in the intervascular dermis

was apparent ly random. No speci f ic  associat ions were

detectecl  between basophi ls and any other cel l  or  cutane-

ous structure except that  basophi ls were somet imes

observecl  wi th in the per ineur ium of myel inated nerves of '

the  mid-  to  deep dermis  (F ig .  5C) .  A l though such

invasion was observed infrequent ly,  the sampl ing of '

nerves in 1-sm. sect ions was suff ic ient ly l imi ted (only a

few crgss-cuts per sect i6n) to leave open the possibi l i tv

that l lasophi l  inf i l t rat ion of 'a given nerve, at  some point

alolg i t  s c6urse, was relat ively common. Mast cel ls were,

orì  ocrr :asion, also detected within nerve sheaths,  a

f ìnc l i lg  tha t  has  been descr ihed in  normal  nerves  (39) .

t ìasirphi ls appeared as pr lymorph,nuclear cel ls wi th

pr0minent .  b r igh t ly  metachr t )mat ic  cy top lasmic  g ran-

ules.  
' l 'he connect ions between nuclear l< lhes were much

th icker  than is  the  case w i th  neut roph i l s .  As  a  resu l t ,  in

fhvr l rab le  l l l anes  0 f ' sec t iOn the  nuc leus  assumed an "S"

or , . ,1"  shape which we have not t lbserved in other

granu l (x ,v te i :  th is  nuc lear  c t ln f igura t ion  was usefu l  in

ìh .  i , t .n i i f  i ca t ign  o f 'degrant r la ted  basoph i ls  (see  be low) '
. l .he magenta- to l ight  p ink-staining, oval  to round

grarrules were scattered i r r  the c-v- t<l l l lasm and were less

I

l-t( ì ross al )peararì ( ' ( '
M i< ' roscoJr i< '  f  eal  r t  res

I )e r rn  i s
( ' e l l r r l a r  i n f  i l t r a t e

IUononr rc lea r  ce l l s
I )e r i vas<  r r  l a r
I n l e r v a s c t t l a r

F Ìasoph i l s
F ìos in , rph i l s
N e r r l  r o p h  i l s

[ ) l as lna  ( ' e l l s

Vasc r r l a r  pe r rneab i  I i î r '  < 'hanges
Ederna
( 'om l lac t  i o r r
Red  t ' e l l  ex t ra r -asa l  i on

F i l l r i n  depos i l  s

I  - l I  tn.  seCl i ( ) l l
F lu r l rescen  t  an t  i bod r '

P a y r i l l a r r  r l e r r r r i s

[ ìe t  i t ' t r  l i r r  < le r t t t  i *
M  i c rov l t sc t t l a r  cha t tges

Fìyr ic lerrn is

Hr -pe rke ra tos i s

Necros is
H1 'pe rp las ia
I n t e r c e l l r r l a r  e d e r n a
Vesic les/ Ìnr  l l : re
( ' e l l r r l a r  i n f i l t r a t e

Mononu<r lea r  < 'e l l s
Basoph  i l s
Eos inoph  i l s
Ner t t  roph i l s
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Ft r ; .  , 1 .  A< ' t  i va ted  f  i b rob las ts  (  I l  w i t  h  a l t r rn r lan t  c " ' l oy r lasn r .  l a rge  n t t
cte i .  and prominent nucteol i  in  the intervascular  dermis o(  a 6-dav
DNCB reac t ion .  A  m i ld  l vmphoc l ' t e  i n f i l t r a te  i s  a l so  I ) resen t  M.  I \ f  as t
c e l l .  l - p m .  F ì p o n  s e c t i o n .  ( ì e i n r s a ' s  r e Í ì g e n î :  8 (  x )

b a s o p h i l s  a t  t h e  h e i g h t  o f ' r e a c t i v i t r '  ( ' l ' a b l e  2 ) .
Basoph i ls  rvere  in i t ia l l v  loca l i zed  îo  the  ; )e r ivenu l Í ì r

l vml lho id  cu f ' f ' s .  However .  thev  and o ther  g ranu locv les

*ti
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Ft r ; .  i r .  Basoph i l s  (R)  i n  de laved  h r . ' J re rsens i t i r i t v  reac t rons  ln . ,1  .  a
72 -ho r r r  con tac t  rea< ' t i on  to  DN( lF l ,  t h ree  f ì r l l v  g ranu la te r l  basop Ì r i l s  a re
n r r t e d  i n  t h e  i n t e r v a s c u l a r  d e r r n i s .  L a c v  s t r a n d s  o f  f i h r i n  ( F ) a r e  i n t e r
spersed betrveen col ìagen buncl les,  d ist inr : t lv  remover l  l rom basolrh i ls .
In  B .  an  l l - c la1 ' con tac t  reac t ion  to  I )NCB.  numerous  Ì rasoph i l s  i r r ' , a rv -
ing  s tages  o f  degranu la t i on  a re  d i sposer l .  a long  w ' i t h  mononu( ' l ea r  ce l l s .
abor r t  a  venu le  I  V )  w i th  s t r i k ing lv  ac t i va te< l  e r rdo the l i a l  ce l l s .  

' l ' he  
n r r -

c lose l l '  packed  than  a re  the  cv t< l J l l as rn i c '  g ranu les  o f '

eos inoph i ls  o r  mast  ce l l s .  C lear  vacuo les .  thought  to
represent  g ranu les  rvh ich  har l  d ischarged the i r  con ten ls .
were  somet imes obsern 'ed  in  the  cv top lasn t .

In the electron microscrope bas<lphi ls apl leared as
mature  granu locv tes  the  cy t r :p lasm o f 'wh ich  conta inec l
g lvcogen par t i c les  and prominent  charac ter is t i c  g ranu les
(F igs .  6  to  8 )  (53) .  Granu les  were  membrar re-bounc l
s t ruc tu res  measur ing  up  to  about  l . ' 2  gm.  in  la rges t
d imens ion  and were  composed o f  dense J la r t i c les  wh ich
var ied  in  s ize  f ' rom 11: l  to  260 A.  Ind iv idua l  s ranu les
exh ib i ted  var ia t ion  in  e lec t ron  opac i tv  (F ig .  8 ) .  a  re f lec -
t ion  o f ' var iab l l '  dense pack ing  o f  J la r t i c les  rv i th i r ,  d i f ' l ' e r -
en t  g ranu les .  Some granu les  were  near lv  o r  en t i re lv
empty  and appeared as  membrane-bound vacuo les  con-
taining onl l '  occasional  residual  granule or glvcogerr
par t i c les  (F igs .  6  and 7 l  .  Others  exh ih i tec l  rnve l in
f  igure- l i ke  meml l rane ac( 'umula t ions  (F igs .  7  and 8) .

An addi t ional  f 'eature of 'human basophi ls was the pres-
ence in the c1' toplasm of 'a r ich supply of '  I l (X)-  to ?00-A
m e m b r a n e - b o u n d  v e s i c l e s  ( F i g .  7 ) ,  s i m i l a r  t o  t h o s e  t h a t
we have descr ibec l  in  gu inea p ig  basoph i ls  (14) .  ' I ' hese

ves ic les  were  ind is t ingu ishab le  f ' rom p inocv to t i c  ves ic les
except  tha t  so tne  were  c lose lv  assoc ia ted  w i th  the
c1 ' top lasmic  g ranu les  or  were  in  open communica t ion
rv i th  them:  ra reh ' .  ves ic les  were  f ì rund w i th in  g ranu les
(F ig .  8 ) .  Some 'u 'es ic les  conta ined par t i cu la te  mater ia l

;#
c le i  o f  sg rne  degranu la ted  basg l l h i l s  appear  da rk  i n  th i s  p r in t  bu t  a re

, , , , ,  , r r ' I r ro t i< ' .  A  mas t  ce l l  (M)  w i th  an  ac t i va ted  n t t c leus  and  g rea t l l '

i n r . reaser l  n r r c lea r /< .v to l l l asmic  ra t i o  i s  a l so  p resen t .  A  basoph i l  (B )

w i th in  the  pe r ineur ium o f  a  mve l ina ted  ne rve (N)  o l  t he  deep  re t i cu la r

f l e rm is  i s  i den t i f i ec l  i n  (1 .  l -p11 .  F ìpon  sec t ion .  ( ì i emsa 's  reagen t :  F ig -

r r re  i r z l  a l r l  / J .  . 8 ,1 ( ) :  l ' .  .  f l  l 0 .

s in r i la r  to  tha t  compr is ing  the  cy top lasmic  g ranu les  (F ig .

? ) .  
' l 'he graclual  loss of '  basophi l  grantr le substance

occur r ing  in  the  course  o f 'a l le rg ic  contac t  dermat i t i s  and
i ts associat ion wi th cytoplasmic microvesic les has led us
to proJrose a new vesicular t ransport  model for  basophi l
degranu la t  ion  (  l6 ) .  In  th is  mode l  basoph i l  g ranu les
d ischarge the i r  con ten ts  p iecemeal  by  means o f  mi -
crovesic les which bud f ' rom the granule membrane and
are t ransJlort .ed to the cel l  surface, where they f 'use with
the  p lasma membrane and d ischarge the i r  con ten ts .

Eosinophils. Eosinophils were less numerous than
l lasol lh i ls  in the react ions of  a l lergic contact  dermat i t is .
were f ì rund in a smal ler  f ract ion of  react ions.  and
appeared af ter  basophi ls.  Eosinophi ls were infrequent
befìrre day lÌ, and only on day 6 were even a few present
in a major i ty of  react ions.  In rare instances, however.
eos inoph i ls  were  very  numerous  (F ig .  9 ) ;  in  such b iops ies
( th ree  o f '17  on  day  i ì ;  two o f '14  on  day  6)  they  were  more
f ' requent than basophi ls,  account ing fbr  20 to 25 per cent
o f ' the  to ta l  dermal  ce l lu la r  in f  i l t ra te  ( f requenc ies  up  to
i ì (X)  per  l inear  mm.  o f ' sur f 'ace) .  In  such reac t ions  i t  was
not unusual  to observe large numbers of  eosinophi l
g ranu les  lv ing  f ree  in  the  dermis  (F ig .  9 ) .

Neutrophils. Neutrophils were inf'requent at. all inter-
vals studied. They were never a part  of  the ear l iest
cel lu lar  inf i l t rate and were ent i re l l '  absent f rom the
dermis  (except  w i th in  vesse l  lumina)  in  a  ma jor i t y  o f
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cul t  to ident i f -v.  a l though stretched, vert ical ly or iented.
a n c h o r i n g  f  i l t r i l s  r e m a i n e d  v i s i b l e  ( F i g .  l 5 ) .' I ' race  

or  modera te  pap i l la rv  dermal  edema was ev i -
dent  i r r  one-ha l f ' . f ' the  su t l jec ts  a t  4  t r  8  hours  a f ' te r  tes t
wi th I )NCfì  ancl  was wel l  developed in al l  b,v 24 hours.
Ec lema cont inued to  deve l< l1 l  over  the  nex t  2  da l ' s .
reac'hed a peak at  7 '2 hours.  and slowlv regressed
thereaf  te r .  PerceJ t t ib le  edema pers is ted  in  12  o f '  16
s u b j e c t s  a t  1 l  t o  l i l  d a v s .

( 'omyxtct ion.  The microvasculature of  the papi l lar l .
and re t i c 'u la r  c le rmis  f ' requent l l '  exh ib i ted  ex t reme
congest ion  or  compact ion  w i th  vascu la r  d i la t ion .  loss  o f '
p lasma.  and t igh t  in t ravascu la r  pack ing  o f '  red  b lood
ce l ls .  F l rv th rocy tes  t rapped w i th in  such vesse ls  los t  the i r
normal lv  d isco id  shape and assumed a  po lygona l  con f  ig -
u ra t io r r .  A l though a  common fea ture  o f  a l le rg ic  contac t
dermat i t i s ,  compact ion  was less  cons tan t  than edema
(' I 'able '2) .  The vessels af I 'ected were J l r incipal ly the
cap i l la r ies  and smal l  venu les  dra in ing  the  pap i l lan .
dermis  and ' r ien ted  a t  r igh t  ang les  to  the  sk in  sur f 'ace ;
these 'essels were not enveloped by cuf ' fs . f  inf lamma-
torv  r :e l l s .  occas iona l l y .  la rger  vesse ls  o f ' the  super f i c ia l
vascu la r  p lexus  a t  the  junc t ion  o f '  the  pap i l la ry  ancr
re t i cu la r  dermis  were  invo lved as  we l l .  Examinat ion  . f '
compac ' ted  and o ther  s t rper f i c ia l  dermal  venu les  in  the
electron microscope of ten revealed large gaps between
enc lo the l ia l  c re l l s  th rough wh ich  p lasma ex t ravasated
in to  the  per ivascu la r  sJ lace .  S imi la r  changes may be
indr r r :ed  w i th  a  var ie ty  o f ' vasoac t ive  mater ia ls ,  inc lud ing
h is lamine.  a l l  o f  wh ich  d i la te  venu les  anc l  enhance the i r
permeab i l i t v  so  tha t  p lasma.  Ì ru t  no t  fo rmed e lements .
esca I)e ( i ì4 )  .

En'throct'te Extrauasation. A less common event tha.
compact i<ln.  er1 ' throc_vte extravasat ion involved the
sanre vessels and general l l '  l l resented as a f 'ew scattered
rec l  r - :e l l s  in  the  pap i l la ry  o r  upper  re t i cu la r  dermis
ad. ja< 'en t  to  engorged venu les .
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Ftc '  6 .  E lec t ro r l  m ic rog raph  shou ing  basoJ rh i l  r v i t h in  the  p ro te ip -
r i ch  ep ide rma l  ves ic le  f l u i c l  i n  a : ì - c ia r .  l es ion  o f  a l l e rg i t  co r r tac t
d e r m a t i t i s  t .  U r ' s h i o l  .  T h i s  e l ' ' g a t e  < ' e i l - h a s  a  p . l r . - l r b e c l  r r r < . l e r r s  t N ) .
c r ' l oJ r l ; r sm i< '  acc t t t l t t t l a l  i o r t s  o l  g l l r ' , r ge r r  l l a r l  i t  l es  t f r ' 1 r , ) .  r ì 111 ( , r r ì1s

b iops ies  s tud ied  a t  a l l  in te^ ,a ls  except  24  h 'u rs .  I '  the
rare ,  unusua l lv  in te r ìse  reac t ion  c rharac ter izec l  Ì1 . r ,  ex te r r_
s ive  necr 's is .  neut r . t r lh i l s  were  present  in  la rge  . t r rn l le rs
( f b u r . f ' 1 0 6  b i o p s i e s ) .  a n d  m a r ì v  o l ' t h e r n  

" . à r .  
r l e a r l  l r '

morpho log ic  c r i te r ia .
Plasma ce1ls.  Ne' , ,er  a pr 'minent feature,  p lasnra celrs

were f ì rund in the per ivascular l1 ' rnph.cvt ic iuf ' f  .s  in t  race
f requency  in  a  minor i f  v  o f  rea<. t ions .  ever r  a l  I  I  t .  I : ì
days

Mast  ce1 ls .  In  fu l l v  de 'e l '1 lec l  rea<r t i .ns .  rnas t  ce l l s ' f
t h e  p a p i l l a r v  a n d  s t r p e r f  i t . i a l  r e t  i c u l a r  c l e r m i s  e x l r i l l i t  e r l
var iab l l '  reduced numbers  . f '  cv t 'p lasmic '  g ranu les  (  F igs .
28 .  38 .  and 10) :  moreover . '  remain ing  granu les  f . re_
quent ly '  appeared smal le r  than n ' rma l  un . l  . " ta ined w i th
reduced intensi ty.  ' I 'hese 

changes were subt le ancl  a l rvavs
much less extensi ' , 'e tharr  those obsen,ecl  in ctr taneous
anaphy lax is  o f '  the  Prausn i tz -Kùs tner  t1 ,1 le  ( ,241 or  in
complement -med ia ted  reac t ions  ( :12) :  thev  were .  how_
ever .  .bv ious  when compar isons  were  mac le  w i th  < , . ' t r . l
b iops ies .  A t  la te  in te rva ls  (6  anc l  1 l  to  l j J  c lavs)  rnas t  r .e l l s
were  present  in  inc reased numbers ,  anc l  mast  ce l l
m i toses  were  ev ident .

consequences of  Enhanced Micntt ,ascular permeahi l -
irr '.

Edema. Edema was rec,g ' ized micr.sc. l l icalrv as
decreased .ver -a l l  s ta in i .g  i . tens i tv  anc l  sp iea< l ing  or
separa t ion  o f '  co l lagen bund les  (F ies .  l .  14 .  anc l  l I - r ) .  I t
invo lved the  pap i l la rv  dermis  a lm.s t  exc lus ive lv  anc ì
ex tended in to  the  upper  re t i cu la r  c le r rn is  on l r .  in  the
severes t  reac t ions .  The co l lagen o f  the  grap i l la rv  c le r rn is
is .normal lv  composed o f ' s ing le  f  ibers  and snra l l  g rou l rs  o l
f ibers that  are looselv arrangecl  ancl  i r regular lv inter-
h . " .9  

,521 (F ig .  lbA) .  Smal le r  f ib r i l s  una tu i r .hor ing
f ib r i l s  a re  a lso  present .  w i th  ec lema f . rmaî i rn  th i .s
pa t te rn  d isappeared,  and r :o l lagen l ' i bers  l le r :a rne  c l i f ' f  i -



l a r  t o  tha t  i n  F igu re  6 .  ( ì ran r r l es  ( ( ì )  con ta in  va r iab le  r rumbers  o f  g ta r t i -
c les .  ( i : ì  has  g rea l l r  red r rced  y ra r l  i c l e  t ' o r r ten t  ( ì l  an r i  ( i 2  and  o the r  r rn -
labe led  g ranu les  con ta in  mve l i r r  f ì gu re - l i ke  i n l  rag ranu la r  acc r r rnu la t  i on
o f  membranes  wh ich  redup l  i ca te  the  g ranu le  membrane  o r  enve log l
g ranu le  pa r t i c les .  o r  bo th .  Granu le  G . l  exh ib i t s  f ì r ca l  comp le te  l oss  o f
g ranu le  pa r t i c les  assoc ia ted  w i th  severa l  ex t rag ranu la r  and  in t rag ranu
la r  g l vcogen  pa r t i c les  and  a  ves icu la r  ou tpo r rch ing  o f  the  g ranu le  n re tn -

of '  the  \ 'o lun teers  s tud ied  here  have es tab l i shed tha t
f  ib r in  depos i t ion  is  a  regu la r  and charac ì te r is t i c '  f ' ea tu re  o f
de laved t t 'pe  reac t ions  in  rn i ìn .  S tudr '  o f '  add i t iona l
sub. jec ts  has  conf  i rmed and ex tenc led  these obsen 'a t ions .
a n d  t h e  c o m h i n e d  d a t a  a r e  l ) r e s e n t e r l  i n ' l ' a l l l e s ' 2  l < t . [ .
F ib r in  ' , r 'as  c lear l 'n '  r ' i su : r l i zed  in  I -pm.  E l lon-ern l re r l r le r l
sec t ions  as  w is l ) \ ' .  J )a le  b lue-s ta in ing .  l r lose lv  in te r t rv in -
i n g  s t r a n d s  ( F i g s .  l .  f l .  a n d  1 1 ) .  [ n  s o n ì e  i n s t a n c e s  f i b r i r r
srr t rse<l t rent lv r :onr lenser l  t  o f  ornr a m()re t  ight  lv  kn i l
n reshwr l rk  comJ)osed < l f  dense.  mat te ( l  r ley ros i ts  (F . ig .
l lB ) .  Ident i f  i ca t ion  o f '  th is  rna ter ia l  was  con l ' i r rnec l  in
f ' rozen sec t ions  bv  the  l lu r l rescent  a r ì t ibodv  methoc l  (F ig .
l ' 21 .  In tense lv  s ta ined c ìepos i ts  o f ' ten  a [ )peare( l  anror -
phous t tnder l< l rv l )ower but \ \ 'ere seen to conr l l r ise a
de l i ca te  f ib r i l l a r  ne t rvork  a t  h igher  magn i f i ca t ions .  In
t h e  e l e c t r o n  m i c r o s ( ' o p e  t h i s  f  i b r i l l a r  m a t e r i a l  e x h i b i t e r l
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brane .  Numer< lus  sma l l  ves i c les  ( c r r r ru ' . s )  a t  a l l  l eve ls  o l  t he  t ' r ' l r rp l i t sn r

contain granule part ic les;  others are apparent l l '  emptr ' .  One opens t r r
the  ex t rac 'e l l u la r  space  (EC l .  Severa l  l a rge  vacuo les  (1 , ' ) .  t ho t tgh t  l r r
reJ r rese t t t  g ra t ru les  wh ich  have  los t  the i r  t ' on te t ì l s .  a re  l ) resen l . ' l ' * r t
are comJl lete lv empty except f 'or  a few residual  granule part ic les:  t rvrr
o the rs  con ta in  g l vcogen  pa r t i c les .  The  ex t race l l u la r  s l )ace  t ' ons i s t s  o f
ep ic le r rna l  ves i c le  f l u id  r i ch  i n  OPF-pos i t i ve  pa r t i c les .  N .  Nuc leus :  / f 1 .
m i tochondr ia .  OPF:  r  i l 8 . i r00 .

f r r r  f ìb r in  (35) .
' fhe 

f ibr in observed here was deposi ted in a character-
i s t i c  d is t r ibu t ion ,  qu i te  d i f f ' e ren t  f ' r t tm tha t  descr ibed in
ant iboc ly - rned ia ted  reac t ions  o f '  the  Ar thus  t r '1 re  (37 .  10 .
41 ,  48) .  Thus ,  f ib r in  depos i ts  were  conf  i r tec l  to  in te rvas-
c t r la r  l lo r t ions  o f  the  dermis ,  in te rs l te rsec l  be tweet r  co l la -
gen bunc l les .  anc l  f ' requent ly '  coa ted  co l lagen and e las t i c
f  i b e r s  ( F i g s .  1 1  t o  l í ì ) .  P e r i v a s c t l l a r  z o n e s .  w h i c h  c o n -
t a i n e c l  t h e  h i g h e s t  c l e n s i t l ' o f  i n f i l t r a t i n g  c e l l s .  w e r e
regu lar lv  s [ )a red ,  as  were  l l l ood  vesse l  wa l ls  (F igs .  1  anc l
l2 ) .  Immunog lobu l in  and C ' l Ì  depos i ts  were  no t  de tec tec l
in  these reac t ions  except  in  one b ioJ ls l '  (o f '94)  wh ich  had
h is to log ic  f 'ea tures  < l f 'a  super imposed Ar thus  component .

F ib r in  depos i ts  were  c lear l l '  re la ted  to  the  in f lamma-
torv  response and were  conf  ined  t t l  the  upper  re t i cu la r
dermis  in  a l le rg ic  contac t  dermat i t i s .  For  reasons  tha t
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Fíhr in  Deposí t ion.  Ear l ier  repor ts  (11.  2 l i )  involv ing. t7 a per iod ic i tv  o1 222 A (F ig.  l l ì ) .  s imi lar tothat  repor ted
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Frr ; .  10.  l )egranulat ion of  mast  cel ls  (M) in delayed hypersensi t iv i ty

rea<' t  ions to streptokinase/streptodornase at  48 hours (A )  and to DNCB
at  l l  r l avs  t I J  and  ( ' ) .  ( ' - v top lasmic  g ran t r l es  pe rs i s t  a t  t he  pe r ipherv  o f
the  mas t  ce l l s  i n  A  and  B .  No te  the  s t r i k ing  a l te ra t i on  in  the  venu le  (  v )
in rJ.  wi th tnth end. thel ia l  cel l  hvpertro l rhy ancl  damage and apparent
lum ina l  ob l i t e ra t i . n .  on lv  ra re  g ranu les  rema in  in  the  cv top la .sm o f  a
mas t  ce l l  i n  c .  l - pm.  EJx r .  sec t ion ,  G iemsa 's  reagen t ;  F ieu re  l0A .
,94 ( \ :  I l .  . 8?0 :  ( ' .  "  8 (X ) .

are not apparent, less fìbrin was observed in the edemat-
ous [)al ) i l lary dermis than in the upper ret icular dermis.
Fibr in was rarelv observed as ear ly as 4 to g hours af ter
tes t ing  in  l -pm.  sec t ions  (one < l f '16) .  However ,  when the
more sensi t ive f luorescent ant ibodl '  method was em-
ployed, a major i ty of '  react ions biopsied (seven of  12)
exhibi ted focal  Fib deposi ts at  th is interval .  By 24 hours
Fib deposi ts were much more extensive and could be
recogn ized in  e igh t  o f '13  b iops ies  taken fo r  1 -pm.
sec t i .ns  and in  12  o l '13  s tud ied  by  immunof luorescence.
At 2,  i l .  and 6 days, Fib deposi t ion was abundant in al l
les ions :  a t  l l  to  13  days .  F ib  cont inued to  be  present  in  a
ma. io r i t v  o f 'b iops ies  bu t  in  reduced amount .  F ib  was
absent  f ' rom n ine  negat ive  c< ln t ro l  pa tch  tes t  s i tes .

[,rcrrr AND Elncrnon MrcRoscoprc pnrsor.ocy oF
THE EPIDERMIS.

Epithel ia l  Al terat ions.  Epidermal al terat i 'ns began as
f ì rcal  zones of  intercel lu lar  edema involv ing pr imari lv
the rnal ; lh ig ian and, to a lesser extent,  the basal  layers of '
the  ep ic le rmis  (^ ' ig .  l4 ) .  

' l ' he  
cornea l  and granu lar  layers
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Ftc .  8 .  E le . t r ' n  m i< : r rg raph  sh 'u ' i ng  t * . r  bas .ph i r  g ran r rhs  a t  h igh
m a g n i f  i c a t i o n . ' l ' Ì r e  g r a n u l e  i r r  A  c o n t a i n s  a  f  r r l l  , . , , m p l J n r e n r  , r  t r , ; l i . a r .
dense part  ic les a l r r l  a fo< rrs of  < ' loselv associa(  ed gl r . t ,ogerr  l rzrr t  i r , res( ( ì / r ) '  I )ouh le  Qr r ( ) t r  s  i r r r l  i ca te  J ra r t i< ' l e -c ' r r ta i r r i ng  , l " . i , . l o -  g . i t 6 i r r  t he
g ranu le '  A  la rge r  a t ' r ' umu la t i on  o f  rne rn l ) ra l ìes  i s  i l l us ( ra te r l  i n  the  lo rve r
p o r t i o n  o f ' t h e  g r a n u l e . ' r ' h e  g r a n u l e  i n  B  h a s  a  s t r i k i n g l r  c r e p r e t e c l
pa r t i c le  c 'n ten t  wh ich  J le rm i t s  r  i sua l i za t i . n  . r '  a  f  i ne l v  g ra r ru ra , .
m a t r i x .  O P F :  F i g u r e  8 4  a n d  B .  .  t 5 . ( X X )

. \

F t r ; .  9 .  I l n u s u a l  r i n d i n g  o f  n r r m e r o u s  e o s i n o J r h i l s  t r n u l t i g r a n L r l a l e 6
ce l l s )  i n  a  2 '4 -hour  c . r [21 '1  r re rmat i t i s  rea . t i . n  t .  t )NCI ] .  Sca t te rec i
b a s o p h i l s  t I l ) a n d  a  m a s t  c e i l  t M t  a r e  a l s .  f ) r e s e n î .  N r t e  t h e  f  r e e  e r s i ' _
t l ph i l  g ran t t l es  ( c r r , r . s )  he t * ,een  r l e rn ra l  

" , , l l og "u  
l t r r r r r l l es .  l , ; r rn  F ìy r , ,n

sec t  i on .  ( ] i e rnsa ' s  reager ì î  :  .  g7 t ) .
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Frc .  12 .  Immuno f luo rescence  demons t ra t i on  o f  f i b r i n  (F ib )  de -

px rs i t s  i n  24 -hour  (A .  B )  and  72  hour  (C)  reac t ions  o f ' a l l e rg i c  con tac t

d e r m a t i t i s  t o  D N C B .  A t  l o r v  I X ) w e r  ( A ) t h e r e  a r e  e x t e n s i v e  d e p o s i t s  o f

F ih  i n  the  uJ rpe r  re t i c r r l a r  de r rn i s .  w i th  spar i r rg  o f  vascu la r  zones  (V )

and  the i r  s r r r rounr l i ng  c r r l f . s  o l  l r . 'mpho t ' r ' l es .  M t l re  ex te t r s i ve  than  usua l

F ib  depos i t s  a re  p resen t  i r r  t he  pap i l l an 'de rm is .  
- l ' he  

ep ide r rn i s  (E l  a t r r l

r:
t '

/ I

l ' . i,

I

densely woven and matted
( ì i emsa 's  reagen t :  F igu re  l  lA ,

appearance  (R) .  l - tm .  Epo t l  sec t ion .
'61ì0:  IJ .  .790;  ( . .  '  78()

B
r+'tr

the deep ret icular  dermis are spared.  At  h igher magni f icat ion (B) a

vesse l  (V l  and  i t s  assoc ia ted  l ympho id  cu f f  a re  uns ta ined .  bu t  the

sur round ins  re t i cu la r  de r rn i s  con ta ins  ex tens ive  F ih  depos i t s .  A t  s t i l l

h igher  magn i f i ca t i on  (C)  the  f i b r i l l a r  i n te r lac ing  meshwork  pa t te rn  o l

F ib  i s  ev i c len t .  No te  tha t  F i l ,  ^oa ts  an  e las t i c  f  i be r  l r t t nn ing  ve r t i ca l l r '

be tween  the  two  le t l e rs  e ) .  F igu re  l ' 2A .  '  2 i r0 :  B .  ' i l 9 ( l :  C .  ' ?50 '
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pa t te rn .  i l l us t ra ted  a t  h igher  n ragn i l i t ' a t i on
í n s e t .  . 7 6 . ( X X ) .
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F lc .  l i ì .  E lec tmn m ic rog raph  i l l us t ra t i . g  f  i l r r i n  (o  dep .s i t i . n  be -  o
t $ ' e e t ì  t ' o l l a g e n  ( ( ' )  b r r r r d l e s  o f  t h e  r e t i c t r l a r  d e r n r i s .  N o i  e  i n t i r n i r t e
a s s o c i a t i o n s  b e t n ' e e n  f i b r i n .  < . o l l a g e r r .  a r r r l  e l a s t i < . f i b e r s  ( F , ' ) .  E l a s t i ( ,
l - i be rs  ha 'e  l i gh t .  r l ense  ( ' en re rs  an r l  t h i . .  ren  r re r rse  b . rde rs  * . i t h  the

OPF s ta in iug  t " .nn ique .  A r rou ' , s  U , r ,n ,  , , ,

were largel l '  spared. changes \ l 'ere evic lent  in near lv in sor ìe  b iops ies  a t  a l l  t ime in te rva ls  (F ig .  l4A) .

no'' 
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one- th i rd  o f '  sub . iec ts  w i th in  8  hours  o f '  tes t ing  w i t i r
DNCI ì  and were  the  ear l ies t  anc l  most  chara . te r is t i c
ep ider rna l  f 'ea t  t r re  r f  con t  a r : t  dermat  i t  i s .  Ha i r  l ì r l l i c le
ep i the l ium was s imi la r lv  invo lved.  bu t  changes genera l l y
appeared ear l ie r  and were  more  severe  than in  the
epidermis.  Patchl '  edema increasecl  pr 'gressivelv ' r .er
the  nex t  da1 's  and f ' requent lv  became conf luent  so  as  to
fg rm in t raePidermal  ves ic les  f i l l ec l  w i th  J l r r te in - r i< ,h
f l t r i r l  (F ' ig .  l ,+R l .  R1 '  .18  hours .  ec lenra  * r , ,  1 r r , , r ,en t  in  a l l
Ì r iops ies .  anc l .  t l v  ?2  hours .  l j ì  o f  l?  exh ib i tec l  ves ic les  o r
bu l lae .  o r  bo th .  Rare l l ' .  in  the  m's t  se 'e re  reac t i rns .
la rge  subep ic le rmal  bu l lae  f ì l rmer l  w i th  separa t i 'n  anc l
necros is  o l '  basa l  ce l l s .  F ib r i r r  was  r :ommonl - r ,  f ì runr l
w i th in  ep ic le rmal  ves ic les  anc l  bu l lae  bu t  was  no t  gener -
a l l v  c le tec ted  in  z rnes  r f 'more  c l i f ' f ' use  ep ic le rmal  ec lema.
occas i rna l .  and f  . r  t  he  m.s t  par t  w ic le lv  s r :a t  te rec l .
damaged and e 'e '  nec ' r . t i c  e l r i c le rmal  c re l l i  were  f ì ru .c l

In  conf i rmat ion  o f 'ear l ie r  work  ( i - r .  6 ,  116) .  in te rce l lu la r
eclema was character ized in the electron microscope b1'
the  s t re tch ing  r i f ' the  normal ly  f  i rm desmosomal .a t tach-
ments  be t lveen ad jacent  kera t inocy tes  (F igs .  15  and 16) .
In some instances this process was suff ic ient ly severe as
to  resu l l  in  loca l  e leva t ion  and separa t ion  o f ' the  ep i the-
l ia l  cel l  p lasma membrane f ' rom areas of '  under ly ing
cv top lasm.  ( le l l s  o f '  the  malph ig ian  layer  were  a lso
d is t i r rgu ished t ry  la rge  r :y to l l lasmic  accumula t ions  o f
densel l '  packed glycogen part ic les,  of ten local ized adja-
c e n t  t o  o n e  n u c l e a r  p o l e  ( F i g .  1 6 ) ;  s m a l l e r  b u t  s i m i l a r
aggregates were c l ispersed throughout the cytoplasm.' [ 'hese 

r leposi ts appear as c lear vacuoles in rout inelr '
processed sect ions and have erroneously been descr ibed
as  foc i  o f ' " in t raep idermal  ce l l "  edema (2 ,  i ,  421 .

Ce l ls  o f  the  basa l  layer ,  o r ien ted  w i th  the i r  long  axes
l lerpendicular to the basement membrane, were also
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A
Frc 14.  Epidermal  changes in a l lergic contact  dermat i t is  to

DNc 'B  a t  2 ,1  hours  (A )  and  to  pa raphenv lene  c l i am ine  a t  72  ho r r r s  ( I J ) .
I n  . ' 1  .  m i ld  i n te rce l l u la r  edema i s  assoc ia tec l  w i th  J re r inu< : lea r  vac r16 la -
t i .n (crrou's)  and damage to an isolatecl  kerat i r r ,c :1, te lopen r t r r r t r t . l  .  A
s l i gh t  n rononuc lea r  ce l l  i n f i l t r a te  i s  a l s .  p rese r r t . ' l ' he re  i s  s t r i k ine

edema of  the papi l lary dermis (PD).  In B,  spongi<l t ic  vesic les are pres-
ent ,  in addi t ion to extensive intercel lu lar  edema which spares the
granu la r  ce l l  l ave r .  A r rou  s  i nd i ca te  pe r inuc lea r  vacuo la l  i on .  

' l 'w r  
va r i -

ablv r ìegranrr lated basophi ls  (  B )  are present.  I  - ; rnr .  Fìpon sect  i .n.
Giemsa's reagent;  F igrre 144,  x8l0;  B,  x860.

",'"J*i - .j["ù,
ol lagen f ibers.  In B there is  re lat ivelv l i t t le

#. {

, ,  t . . .

t . .
l  . ' ?  t. ( ,

t  
_ o *  
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F lc .  15 .  E lec t ron  m ic rog raphs  o f  the  ep ide rma l -de rma l  i t rnc t i rn  i r r
72 -ho t l r  a l l e rg i c  con tac t  de rmat i t i s  reac t  i ons  to  I  l r ush io l  .  Basa l  e l l i r l e r -
ma l  ce l l s  i n  A  a re  seJ ra ra ted  bv  ex tens i , " ' e  i n te r r .e l l u la r  e r lema.
f)esmosomes (arror i )  are intact .  but  at tached port ions of '  cvtoplasnr
have  been  d i s rup ted  (open  a ,ou ' r .  ' l ' r n . f  

i b r i l s  aJ lpear  n . r i na l .  
' l ' he

s t r p e r f  i c i a l  ( p a p i l l a n ' )  d e r m i s  r P D t  e x h i b i l s  n o r m a l .  r a n d o r n l r .  i r ì t e r _

lac ing  pa t te rn  o f  f  i ne  c
ep ide r rna l  edema bu t  ex tens ive  pap i l l a r l '  de rma l  (PD)  edema.  Co l la -
gen  t r r r r rd les  a re  po r l r l v  v i sua l i zed .  bu t  ve r t i ca l l y '  o r i en ted  anchor ing
f ib r i l s  (o r ro t r l  a re  we l l  i l l us t ra ted .  sec t ions  in  bo th  A  and  B  were
gr r rx ressed  ro r r t i ne l r ' .  F igu re  l5A .  .10 , f f i 01  B .  :? , (XX) .
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F lc .  16 .  [ , ow  magn i f i ca t i on  e lec t ron  m ic rog raph  i l l us t ra t i ng  v iab le
epidermal  cel ls  separated b;-  edema. Desmosomes (arrou' .s)  are intact .
but  cvtoplasmic processes to which desmosomes at tach (open arrou,s l

extens ive lv  separa ted  by  in te rce l lu la r  edema.  Me lan in
granules formed a supranuclear caJ).  Glyr :ogen aggre-
ga tes  were  present  in  the  cy to l l lasm l lu t  n . t  in  the  ra rge
masses  obsen 'ed  in  ma lph ig ian  layer  ce l l s .  A l tho , . rgh  the
basa l  lamina was fo r  the  most  par t  in tac t ,  i t  'was
somet imes c l i s rup ted  f i rca l l y ,  permi t t  ing  o f )en  communi -
ca t ion  be tween the  dermis  and ep idermis .

Beginning at  about : l  days epidermal mitoses were
observed,  and some measure  o f 'hyJrerp las ia  was ev ident
in near ly al l  b iopsies by'  11 to 1: ì  days.  Hvperplasia
assumed ei ther a platel ike or psor iasi form conf igurat i .n
and was of ten accompanied by hyperkeratosis.

cel lu lar  Inf i l t rate.  Mononuclear cel ls were Íhe f  i rst
inf lammator5'  cel ls to be observed in the epidermis.  ' l 'he1'

were near ly '  a l l  smal l  and act ivated lyrnphoc.r- tes ancl
compr ised the  major i t y  o f  in f i l t ra t ing  ce l l s  a t  a l l  in te r -
va ls .  tn  h igh ly  sens i t i ve  ind iv idua ls .  occas i 'na l  l vmph. -
lytes were present at  4 to 8 hours f ì r l lowing test ing wi th
DNCB.  and a t  72  hours  a l l  DNCB sk in  tes ts  ex l r ib i ted
s o m e  d e g r e e  o f ' r : e l l u l a r  i n f  i l t r a t i o n  i n  t h e  e p i d e r m i s .  H a i r
fo l l i c les  anc l  the  per iphera l  ce l l  layers  o f '  the  l .bu les  r f '
sebaceous glands were nìore prone than surfact ,  epi the-
l ium to  bo th  ce l lu la r  in l ' i l t ra t ion  and in te rce l lu la r  ec lema
at  ear lv  in te ru 'a ls  a f te r  sk in  tes t .

Bas .ph i l s  appeared o ' l y  a f ' te r  mononuc lear  ce l l s  anc l
were  present  in  seven o f  1T b iops ies  a t  3  da l .s  (F igs .6 .  T .
and 14r9).  Occasional ly they comprisecl  up to 20 per t :ent
o f  the  r :e l l s  in f ì l t ra t ing  the  ep idermis  bu t  more  com-
monlv were much less f ' requent.  Eosinophi ls aJrpearer l

si
Ljl.

t f

t ^&i';+s 
"l"l

,'f t

are occasional ly  d isrupted.  Large per inuclear aggregates of  g lycogen
(G/t ' )  are present and correspond to the per inuclear vat 'uoles of  Figure
1 4 .  O P F ;  . 8 , 4 0 0 .

st i l l  later and only when preceded by basophi ls.  Neutro-
phi ls were exceedingly rare in the absence of  s igni f icant
ep i r le rmal  necros is .

Fortv-Eight Hour React ions úo DNCB in "Unsensi-
t ized" Indiuidual .s.  The skin tests of  indiv iduals at  the
t in re  o f  o r ig ina l  sens i t i za t ion  e l i c i ted  weak ly  pos i t i ve
48-hour react ions in four of  16 indiv iduals,  consist ing of '
ervthenra and indurat ion but no vesiculat ion (Table 2).
These four indiv iduals had had no known pr ior  contact
wi th DNCB and responded to the immunizing dose of '
DNCB and to subsequent skin test ing in a fashion
ident ical  wi th that  of  the 12 indiv iduals who exhibi ted
no res lx )nse  to  in i t ia l  sk in  tes t .

Microscopically, these four lesions were typical in
everv way of  mi ld contact  sensi t iv i ty and were simi lar  to
weak react ions el ic i ted to environmental  a l lergens (see
below).  Moreover,  seven of  the l2 c l in ical ly negat ive
DNCB tests exhibi ted microscopic features of  mi ld
contac t  dermat i t i s ,  par t i cu la r ly  per ivascu la r  accumula-
t ions of '  rn<lnonuclear cel ls.  Certain of '  the secondar l '
f ' ea tu res  o f ' con tac t  dermat i t i s ,  inc lud ing  basoph i l  in f  i l -
t r a t i o n .  m a s t  c e l l  a l t e r a t i o n ,  v a s c u l a r  e n d o t h e l i a l
changes.  and ep idermal  invo lvernent ,  were  somet imes
present to a mi lc l  degree ( ' [ 'able 2).

Ar.r.Rnr;rc Corurncr Denrtrlrrrrs ro
ENvlttotlN,IENTAI, At t,sRceNs

Ind iv idua ls  w i th  a  c l in r :a l  h is to ry  o f  a l le rg ic  contac t
dermat i t i s  were  pa tch- tes ted  w i th  appropr ia te  env i ron-

LnsoReroRv I Nvesrrclrror.l

tr.1i
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menta l  a l le rgens .  ' l ' hese  
J la t ien ts  exh ib i te r l  a  less  homr-

g e n e o u s  r e s l ) o n s e  I h a n  t l r e  v o l u r r t e e r s  s e r ì s i t i z e d  w i t h
DNCt I  under  c 'on t r , l lec l  c 'nc l i t  i rns . ' l ' hus .  . l  l l 0  reac t i 'ns
bi .psied at  j ì  c la l 's  af ' t  er  skin t  est  .  f  ' r r r  were i  i '
i r r t e n s i t l , ,  l 2 w e r e  l t / ' 2  r . a n d  l . l w e r e S + / . 1  r  b r . < . l i r r i t . a l
inspec t  ion  ( ' [ ' ab le  : l  )  .

Micr 'sc.pical l l ' .  these react io 's coulcì  be usef 'u l l 'n '
c l i v idec l  in to  "s t rong"  and "weak"  ca teg ' r ies .  l rasec l  , r ì r
t h e  e x t e n t  . f  t h e  i n f l a m m a t o r v  c e l l  i n f  i l t r a t e  ( - l ' a b l e  : ì ) .' [ ' he  

g ross  and nr ic rosco l l i c  pa thokrgv  o f ' th is  g r .up  . f
reac : t ions  c lose l -v  mimicked tha t  o f '  comparah le  rear : t ions
to  DN( l l ì  e l i t ' i ted  in  vo lun teers  sens i t i zed  under  de f  iner l
cond i t ions  (compare  ' l ' ab les  

2  anc l  j l ) .  ' [ ' hus .  
basoph i ls

were  ic len t i f ied  in  the  dermis  in  lT  o f ' l8  b ioJrs ies  (g4  per
c e n t )  a n d  w e r e  n u m e r o u s  ( : i ì  r )  i n  e i g h t  ( , 4 4  p e r  r ; e n t ) .
o t h e r  f ' e a t r r r e s ' f '  a l l e r g i c  r . ' r r t a r . r  r e a < ' t i o r r s ,  i r r r : l r r r l i r r s
f  ib r in  r leg los i l  ion ,  n r ic ro r . 'ascr r la r  r ,hanges.  r le r rn l l  e r le r r r i r
and erv th rocv te  ex t ravasat ion .  comJlac t ion .  anr l  ep ic le r -
rna l  invo lvement  were  l i kewise  J r resent .  [ l r -con l ra .s t .  a l l
o f '  these f 'ea tures  were  much less  prominent  in  the  l2
reac t ions  grac led  as  "weak"  (T 'ab le  3 ) .

DnlavRn HvppRsRNstr tvrry Rnncrrorvs ' ro
INrrRnnnnMALr.\ ' Ir..uRr..r.Etr pRolnrN Arur-rr;nNs
tN Irunrvlr) t rALS wrrt l  SpoNr.nrunorrs ly
Aceutnut Snruslrrvrrr'

Gnoss AppRannNcn.

Pos i t i ve  reac t ions  e l i c i ted  w i th  o ld  rubercu l in  (n ine) .
C.  a lb ican .s  (n ine) ,  s t rep tok inase/s t rep tod ' rnase (e igh t ) ,
and mumps (  10) .  in  36  ind iv idua ls .  cons is ted  o f 'e rv them-
atous, raisecì .  indurated lesions that f  i rst  l lecame vis ib le
after a nul l  per iod of '6 to 12 hours and that achieved max-
imal intensi tv at  48 hours (Table 4).  tn four of  f ive i r r -
s tances .  sk in  tes t ing  w i th  mumps v i rus  e l i c i ted  an  ear lv
response of 'ervthema and swel l ing,  maximal at  4 hours.
that  then receded b1'  8 hours and that was f ì r l loo'ed sub-
sequent ly bl '  a ty 'p ical  delal 'ed react ion.  None of '  the
o ther  an t igens  s tud ied  exh ib i ted  th is  b imoda l  pa t te rn  o f '
reac t  i v i t v .

Mrcnoscoprc Pn'ruor.oc\ .

The dela-v-ed lesions el ic i ted wi th intradermal in jec-
t i .ns of  protein ant igens were general lv s imi lar  to those
of  a l le rg ic  contac t  dermat i t i s  (oonìpare  Tab les  '2  to  4 \
bu t  were  c l i s t r i l l t r te r l  sor r rewhat  r l i l ' f ' e ren t lv .  a l lparen t lv
ref lect ing di f ' f 'erences in ant igen distr ibut ion wi th in the
skin (47).  Thus, react ions regular ly extended into the
deep dermis and frequent ly involved the subcut is;  by
contrast .  the epidermis was relat ively spared. React ions
were character ized l ly '  str ik ing,  per ivascular inf i l t rates of '
mononuclear cel ls,  for  the most part  smal l  and act ivated
lymphocytes but including some macrophages as wel l .
As in contact  dermat i t is .  the intervascular inf i l t rare was
general ly less intense than that surrounding vess,els.  [ ìa-
soph i ls  were  inc luded in  th is  in f  i l t ra te  in  22  o f  3G b iop-
s i e s  ( 6 1  p e r  c e n t )  a n d  w e r e  n u m e r o u s  ( > 3 1 )  i n  s e v e n  ( 1 g
per cent) .  Eosinophi ls rvere less f requent than in con-
tac t  dermat i t i s .  be ing  numerous  in  on ly  two b iops ies .
Neutrophi ls,  by contrast .  were more frequent than in
contac t  a l le rg r ' .  be ing  present  in  21  b iops ies  (b8  per  cent )
bu t  numerous  in  on lv  th ree  (8  per  cent ) .  P lasma ce l l s
were  fbund in f ' requent l r ' .  Mast  ce l l  hvpogranu la t ion ,  f i -

b r in  deJ los i t ion ,  rn ic rovascu la r  a l te ra t ions  and er . idenr :e
of inr : reasecl  'n 'ascular pernreal l i l i t r '  \ \ 'ere l l resent as in
contac t  dermat i t i s .  F i l l r in  de ; los i t ion  ex tenc le r l  in to  the
deep dermis  and suhcut is .

EJ l idermal  changes resern l l led  th rs t ,  in  t . ' r r ta t . r  r le rn ra-
t i t is  l lut  were much less wel l  c le 'e l r l lecl .  ' l 'hus.  

p i l t t .hr .
zones  o f  in te rce l lu la r  ec lema were  f ì runc l  in  near l r .  a i l
ins tances  ( í15  o f '  j ]6 ) .  and f ì rca l  s l ieh t  ves ic .u la t i ' r r  u .as
observed in  s ix .  A  m<lnonuc lear  ce l l  in f  i l t  ra te  \ { ,as
present  in  the  ep idermis  o f  27  b io l l s ies  bu t  was  cons is t  -
en t l , v  less  in tense than tha t  in  contar : t  a l le rgv  and or r l r .
rarel .v included granulocvtes.

"NEGA'I ' IvR" I rvtReDERMAL SxtN' I 'ns.r  Rnncrrous.

React ions  to  the  same in t radermal  sk in  tes t  an t igens
were ,  ac t :o r r ì ing  to  s tanr la rd  conven l ion ,  regar< le r l  as  neg-
a t ive  i f ' they  measured less  than 10  mm.  o f  indura t ion .
Bight such lesions were biopsied, three being grossly '
negat ive,  whereas f ive exhibi ted mi ld erythema and in-
dura t ion  measur ing  3  to  9  mm.  in  d iameter .

Mic roscop ica l l y  a l l  o f ' these e igh t  "negat ive"  les ions
had cel lu lar  inf i l t rates that  d id not di f ' f 'er  qual i tat ivelr '
f rom those in  pos i t i ve  reac t ions  (Tab le  4 ) .  A l l  exh ib i ted  a
per ivascu la r  mononuc lear  ce l l  response and s ix  o f 'e igh t
an  in te rvascu la r  in f  i l t ra te  as  we l l .  Granu locy tes ,  par t i c -
ular ly '  basophi ls and neutrophi ls,  were present in smal l
numbers  in  one-ha l f 'o f '  the  b iops ies  and eos inoph i ls  in  a
smal ler  f ' ract ion.  Dermal edema was evident in f ive and
compact ion and ervthrocl ' te extravasat i<ln were evident
in  th ree .  F ib r in  depos i ts  and vascu la r  endothe l ia l  a l te ra-
t ions  were  present  in  f i ve  o f  e igh t  ins tances .  Ep idermal
changes were  min ima l ,  bu t  one-ha l f  exh ib i ted  t race
ep idermal  mononuc lear  ce l l  in f r l t ra tes  and s ix  o f 'e igh t
exhibi ted some degree of  intercel lu lar  edema. Several  of '
these lesions could not have been dist inguished micro-
scopically from much larger grossly positive reactions.

D I S C U S S I O N

' l 'he 
data presented here provide a comprehensive,

semiquant i tat ive morphologic descr ipt ion of  delaved
type hypersensi t iv i ty react ions as they occurred in a
large group of 'human subjects and conf i rm and extend
rec 'en t  l l re l im inarv  observa t ions  made on a  much smal le r
sa t t t ; r l c  (2 I - r ) .  In  accorc l  w i th  c lass i< :  desr : r i J l t ions  in  l lo th
man and animals,  react ions began as per ivascular col lec-
t ions of '  lyrnphoc-v-tes which subsequent ly extended int<r
the  in ten 'ascu la r  dermis  and the  ep idermis .  In  add i t ion .
however.  delayed hypersensi t iv i ty in man was character-
ized bv a number of heretofore unsuspected features
which at  once clar i fy and compl icate current concept ions
of th is ent i ty and of  i ts  pathogenesis.  These new f indings
inc: lude the prominent role played by inf lammatory cel ls
of  her t  han mononuclears,  part icular l l '  basophi ls and to a
lesser extent eosinophi ls;  degranulat ion of  both baso-
phi ls and mast cel ls;  increased vascular permeabi l i tv
wi th consequent dermal and epidermal edema. vascular
compact ion,  and erythrocyte extravasat ion;  mast cel l
repl icat ion;  microvascular al terat ions af fect ing endo-
thel ia l  cel ls and per icytes,  wi th compromise of '  vessel
lumina and basement  membrane th icken ing ;  and ac t i -
va t ion  o f ' the  c lo t t ing  sys tem wi th  depos i t ion  o f ' f ib r in  i r r
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a  c h a r a c t e r i s t i c  i n t e r v a s c u l a r  p a t t e r n  i n  t h e  r e t i c u l a r
c le rmis .

' l 'hese 
new f indirrgs var ier l  in their  I ' re<1trenc.r '  anr l  i r r

the  t ime course  o f '  the i r  a l )pearance.  
- l ' hus .  

basoph i ls
were  never  o Ì rservec l  in  lhe  absen<:e  o f  l vmpho<: t ' tes  anc l
were  ra re lv  p resent  8  hours  a f ' te r  sk in  tes t ing  w i th  DN( 'B
( two o f ' l6  les ions) .  Thev  a t ta ined max imal  f ' requencv  a t
l ì  da-v-s (present in 88 per cent of 'b iopsies:  , ì  [  r  in 5l ì  per
c e n t )  a n d  g r a d u a l l v  d e c l i n e d  t h e r e a l t e r .  S i m i l a r  d a t a
were obtained from strong í ì  dav contact  react ions to
env i ronmenta l  a l le rgens  (basoy lh i l s  p resent  in  94  per
c e n t :  > 1 +  i n  6 7  p e r  c e n t ) .  A s  i n  t h e  g u i n e a  p i g  ( 2 2 \ . h a -
sophi ls were less numerous in < ' lassir :  dela1, 'ed hypersen-
s i t i v i t y  reac t ions  to  mic rob ia l  an t igens  (p resent  in  6 t  per
c e n t ;  >  1 +  i n  3 9  p e r  c e n t ) .

Basoph i ls  and mast  ce l l s  exh ib i tec l  van ' ing  degrees  o f '
degranulat  ion in al l  posi t  ive react ions st  ucl ierJ at  '2.1

hours or later.  Mast cel l  mitoses ancl  h-v-perplasia were
frequent ly obsern'ed at  6 davs ancl  at  later intervals.
Pap i l la ry  dermal  edema.  dermal  f ib r in  depos i t ion .  anr l
microvascular changes were near lv universal  f 'eatr t res of
mature  (2 -  to  3 -dar ' )  de laved reac t ions  o f 'a l l  t vpes :  these
changes pers is ted  to  varv ing  degrees  as  la te  as  l l  to  l i l
days  a f te r  tes t ing  rv i th  DNCB in  the  grea t  ma jor i t v  o f
sens i t i zed  ind iv idua ls .  Vascu la r  compact ion  and erv th -
rocvte extra 'u 'asat ion were less commonl-r '  Jrresent but
fo l lowed a  s imi la r  t in re  c ( )u rse .

A numl le r  o f  i rnpor t  an l  d i f ' l ' e re r rces  c l i s t  i r rg r r i sher l  r le -
laved tvpe reac t ions  in  mar r  f ' ro rn  those o l  the  an i rna l
model.  Human delaved react ions hacl  a s lower and rnr l re
; l ro longed evo lu t ion  than coml la ra t r le  les ions  in  g r r inea
pigs.  ' [ 'hus.  

human delay'ed react ions were rarelv maxi-
ma l  be fbre  48  hours  and.  in  the  case o f 'a l le rg ic  contac t
dermat i t i s .  d id  no t  ach ieve  peak  in tens i tv  f ì r r  l ì  to  6  davs
af  te r  sk in  tes t ing :  bv  cont ras t .  de layed reac t  ions  in
guinea pigs were regular l l '  n iaximal at  24 hours or ear l ier
and were on the wane b1'  48 hours.  Possibly related to
this more prolonged t ime course, human react ions were
also character ized by greater e 'u ' idence of 'a l tered rascu-
lar  permeabi l i t - ' , ' ' ,  f ibr in deposi t ion.  and microvascular
c h a n g e s  t h a n  t h e  a n i m a l  m o d e l  ( 1 0 ) .  B a s o p h i l s  p a r t i c i -
pa ted  in  the  major i t y  o f '  a l l  we l l  deve loped human
reac t ions  s tud ied  and were  par t i cu la r ly '  J l rominent  in
a l le rg ic  contac t  dermat i t i s :  however .  ther .  se ldont  ex-
ceeded 200 per  l inear  mm.  o f '  sur f 'ace  in  l -pm.  th ick
sec t ions  and genera l l y  d id  n< t t  compr ise  tnore  than l i ' r  per
cent  o f  in f i l t ra t ing  ce l l s .  Bv  compar ison.  l lasoph i ls
regular ly numbered 300 to 600 per l inear mm. of 'sr : r f 'ace
in guinea pig CBH react ions ancl  act 'ountecl  f ì r r  20 to 60
per  cent  o r  more  o f ' to ta l  ce l l s  (22) .  [ ì v  con t ras t .  mast
ce l l s  appeared to  have a  fa r  more  ac t ive  ro le  in  de laved
reac t ions  in  man,  where  thev  regu la r ly 'underwent  loss  o f '
g ranu le  subs tance (ear ly ' )  and hyperp las ia  ( la te ) .  These
data  are  in  accord  w i th  a  hvpothes is  we have advanced
which  suggests  tha t  basoph i ls  and mast  ce l l s  a re  supp le-
mentary '  ce l l s  w i th  s imi la r  o r  iden t ica l  f ' unc t ions  and
tha t  par t i c i l ta t ion  o f  these ce l l s  in  de laved reac l " ,ons  is
governed b1'  their  re lat ive f ' requenci '  in a given species
a n d  b v  t h e  d u r a t i o n  o f ' t h e  i n f l a m m a t o r v  p r o c e s s  ( 1 9 ,  2 0 ) .' Ihus.  

mast cel ls would be predicted to have a prominent
r o l e .  r e l a t i v e  t o  b a s o l r h i l s ,  i n  s l l e c i e s  s u c h  a s  n r a n ,  i r r
w h o m  t h e  n o r m a l  s k i n  c o n t a i n s  r e l a t i v e l v  a b u n d a n t
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rnas t  ce l l s  (  1 )  and in  whom de laved reac t ions  are

l l ro longed in  t ime.
' l 'he new morphologic:  f 'eatures reported here substan-

t  ia l l .v  a l ter  current concept ions of  delayed hvpersensi t i r ' -
i t v  as  a  s i rnJr le  cu taneous in f  i l t ra t ion  o f '11-ml lhocy tes  and
macrophages.  A l though causat ive  re la t ionsh ips  have no t
been r igorouslv establ ished, i t  may l le t rsef 'u l  to interpret
the  pa thogenes is  o f ' these new f ìnd ings  on  the  bas is  o f '
such  e 'u ' idence as  is  p resent ly  ava i lab le  (F ig .  l7 ) .  I t  i s
general l l r  agreed that delayed react ions are t r iggered bv
a pr in rary  in te rac t ion  be tween spec i f  i c  an t igen and smal l
numbers  o f  sens i t i zed  ly 'mphocy tes  (12 .  18) .  ' I ' h is  p r i -
rnarv  in te ra<: t ion  in i t ia tes  a  sequence o f 'events  beg inn ing
wi th  l v rnphocy te  ac t iva t ion  (b las t  t rans f ì r r tna t ion)  and
the elalxrrat ion b-"*  lvmphocl ' tes (or act ivated l - ' , -mpho-
t :vtes,  or  both) of '  non- immunoglol lu l in mediators or
h 'mphok ines .  Cer ta in  o f '  these have chemt t tac t i c  ac t i v i t l '
and  a t t rac t  immuno log ica l l y  nonspec i f i c  ce l l s  (add i -
t iona l  l vmphocy tes ,  monocy tes .  and basoph i ls  (12 ,  29 .
49, J-r()))  which together comprise the vast major i ty of '
i n f l a m m a t o n ' c e l l s  c o n t r i b u t i n g  t o  t h e s e  r e a c t i o n s .
Other nrediators act ivate and modif l '  the migrat ion
proper t ies  o f '  macrophages (12) .  Macrophages were  no t .
however.  a prominent f 'eature of  these cutaneous reac-
t ions.  and i t  is  of  interest  that  chemotat ' t ic  factors,  but
not migrat ion inhi t r i t ion f 'actor.  have been isolated from
de laved sk in  reac t ions  in  an ima ls  (9 ) .  The in t imate
asso< ' ia t ions  be tween lvmpho id  c :u l ' f  , s  and vesse ls  exh ib i t -
ing  enr lo t  he l ia l  ce l l  a l t  e ra t ions  suggest  tha t  t  he  mi -
crovasc'rr lar  changes that we have descr ibed are also
media te t l  bv  l . vmphoc-v tes  or  the i r  p rodur : ts .

' l ' he  re la t ionsh ips  be tween lymphocv tes ,  basoph i l  and
mast  ce l l  a l te ra t ions .  eos inoph i ls .  and a l te red  vascu la r
perrneabi l i tv  in delayed hypersensi t iv i t l ,  are poor l -v-
understood but of  part icular importance. We propose
that lvmphocvtes or lvmphocyte mediators provoke the
sustained Ìrut  incomplete degranulat  ion of 'basophi ls and
mast cel ls that  character ize these react ions,  and that
such degranu la t ion  l ibera tes  a  var ie tv  o f ' vasoac t ive
agents  o f '  wh ich  h is tamine is  bu t  one example  (19 ,  20) .
Such subs tances .  in  tu rn .  may cause venous and venu lar
vasodi lat ion (and hence erythema) as wel l  as increased
vascu la r  permeab i l i t y  lead ing  to  compact ion ,  dermal
and epidermal edema, and erythrocyte extravasat ion.
Moreover.  vascular leakage of  f ibr inogen. and presum-
ablv other c lot t ing f 'actors,  is  an essent ia l  f i rst  step in
dermal l ' ibr in deposi t ion.  Whether lymphocyte products
promote the ckrt t ing or f ibr inolyt ic sv 'stem or both,  is
t r n c e r t a i n  ( 3 3 , 4 3 , 4 6 ) :  i t  i s  k n o w n .  h o w e v e r ,  t h a t
col lagen i tsel f '  ma-v- act ivate Hageman f 'actor and thus
in i t ia te  c lo t t ing  (38) .  ' l ' he  

c lose  anatomica l  assoc ia t ions
between f  ibr in and dermal elast ic f  ibers suggest a role for
these dermal elements in the c lot t ing process as wel l .
Fibr inopept ides released from f ibr inogen in the course of '
c lot t ing are themselves vasoact ive in certain species and
therefore could augment vessel  changes (43).  On the
other hand, insert ion of  a meshwork of  long chain f ibr in
polvmers in the interst ices between dermal col lagen
bundles may be expected to bind and hold substant ia l
extravascular water;  such bound water verv l ikely ac-
counts  f i r r  the  indura t ion  charac ter is t i< :  o f 'de layed hy-
persens i t i v i t v  ( l l ) .  S t rong suppor t i ve  ev idence fb r  th is
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l a s l  l l o ss ib i l i t v  co rnes  f ' r om s l  u r l i es  r f  de lav t ' r l  h r . [ ) e r se r ì .
s i t i v i t v  a n d  ( ' B H  r e a c t i o n s  i n  g u i n e a  g l i g s :  r . ì o n i r ì r l t r r a t e c l
c I lH  reac t i ons  ha r .e  nea r l v  as  manv  i n f l a rnma t r , , . r '  r : e l l s
as  i ndu ra ted  de la l e r l  hvpe rse r r s i t  i v i t . l  r ea ( ' t  i . ns  r r u t .  i r r
c o n t r a s t  t o  t h e  l a t t e r .  h a v e  i n s i g n i f  i c a r r t  f  i l l r i n  r l e p e s i î  i e r r
( l r ) . 2 2 ) .

l ,a ter  changes in  htunan delave( l  rea( . t i rns inc luc led
eos in< lJ rh i l  in f  i l t ra t ion  anr l  rnas t  ce l l  rep l i ca t ion .  Eos ino-
ph i l s  appeare( l  i r regu la r lv  anc l  were  invar iah l r '  l r recec lec l
bv  bo th  bas .ph i l s  and lvnrphocv tes .  A t  leas t  t * ' .  n1s1 'h -
a t t i snrs  have been proJrosed f ì r r  eos inoph i l i r ,  < ,henro lax is .
i n v 0 l " ' i r r g  e i t  h e r  I ' n ' n r p l r o t ' r ' t e s  a r r r l  a n l  i g e n - n r r t i l r o r i r , '  ( . o , , ì
y r lexes  or  p ror l r r< ' ts  o f  l laso l lh i l / r r ras t  t :e l l  se<, re t  ion  (8 .  l l ( ) ) :
e i ther  o r  bo th  cou l r l  be  o l le ra t i ve  in  c le la l 'e r l  h r ' l re rsens i -
t i ' i t r ' . ' l ' h e  m e c h a n i s m  . f '  n r a s t  c e l l  l l r , l i f ' e r a l i . '  i s
unknorvn. btr t  mast cel l  h1'per l l lasia is obsen,ecl  i r r  other
ins tances  . f '  "chron ic  in f lammat i .n "  anc l  mav be  c le -
p e n d e n t  o n  t h e  a c t i v i t i e s  o f ' l v m p h o c v t e s  o r  t h e i r  p r . d -
t u c t s  (  1 9 .  2 0 ) .

weak or  g ross lv  negat ive  reac t i .ns  to  p ro te in  a r r t igens
or  contac t  a l le rgens  in  unsens i t i zec l  sub . jec ts  v ' i . re  no t
in f ' requent l l '  charac ter ized  b1 '  per i 'ascu la r  mononuc lear
ce l l  in f  i l t ra tes  when examiner l  a t  48  or  i2  hours  a f ' te r  sk in
t e s t i n g .  A l t h . u g h  i n f  i l t r a t e s  w e r e  i n ' a r i a b l v  l e s s  e x t e n -
s ive  than th .se  .ccur r ing  in  sens i t i zed  sub jec ts .  ther .
were  somet imes ac( 'ompan ied  l l v  some or  a l l  o f ' the  ner ,v
f 'ea tures  ' f '  de la l 'ed  h 'J re rsens i t i v i t '  tha t  we have de-
scr ibed here .  B" '  con t ras t .  in . jec t ions  o f  nonant igen i r .
subs tan( 'es  (suc 'h  as  iso ton ic  sa l ine)  p rov .ked none . f
t  h e s e  < ' l r a n g e s .  w e  i n t e r l l r e l  l h e s e  l ' i n r l i n g s  t r  i r ; r l i < , a r  e
tha t  so- r 'a l le r l  "u r lsens i t i z .ec l "  ind iv i r lua ls  in  f  ac t  possess
smal l  numbers  o f ' l vmphoc l ' tes  u ' i th  sJ lec i f  i c i t v  f i r r  an t i -
gen.  and tha t  sens i t i za t ion ,  Ieac l ing  to  the  der -e lopment
o f ' ce l lu la r  immuni t . r ' .  p r imar i l v  in r luces  an  expans ion  o f
s u c h  c l o n e s  r a t h e r  t h a n  s o n ì e  m o r e  I ' u n d a r n e n t a l  q u a l i l a -
t i ve  change.  we f ' t r r ther  in f 'e r  tha t  the  secondarv  events
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< :ha rac te r i s t i c  o f '  c l e l a . r ' ec l  h r ' l r e r sens i t i v i t v  r r nd  s r rmnu r -
r i ze t l  i n  F - i g r r re  I  7  do  no l  a l ) pea r  un t  i l  a  m  i n  i r na l
t  h resho l r l  l e l ' e l  o f '  l vmpho r "n ' t e  i n f  i l t  r a t  i on  anc l  f ' t r nc t  i o r r
h  as ,  r t ' c ' r r r rec l  .

The  moc le l  o f ' de lavec l  h r ' l r e r sens i t i r  i t v  l ) r o l x ) sec l  he re
r e p r e s e n t s  a n  a t t e r n p t  t  o  a r r a n g e  t  h e  c o m l r l e x  a n a t o r n i -
ca l  f ' ea tu res  r , vh i ch  cha ra< ' t e r i ze  t hese  reac t  i ons  i n to  son re
log i ca l  r l r c l e r .  Mo rpho log i c  s îud ies  a lone  t ' Í u -u ro t  f i na l l r '
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