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S u m m a ry  G l a b r o u s  h o r d e r  o f  the  lip o f  ca t t le  h a d  a  m a lp ig h ia n  ep i th e l iu m  800 n  thick . 
T h e  h o r n y  layer  w as  a b o u t  200 f tm  th ick  a n d  the re  w as n o  g r a n u la r  layer  visible w ith  light 
m ie ro sc o p y  o r  e lec t ró n  m ic ro g ra p h y .  T h e  m o re  ev id en t  m o r p h o lo g ic a l  fea tu re s  w ere :  high 
c o n c e n t r a t i o n  o f  to n o ñ la m e n t s .  m i to c h o n d r i a  in basa l  as  well as in sp in o u s  cells; few small  
k e r a to h y a l in e  g ranu les .  B lood  supp ly ,  as s h o w n  by  th e  h is to c h e m ic a l  d e m o n s t r a t i o n  o f  T P P a s e ,  
w as  c o m p o s e d  o f  c ap i l la ry  l o o p  w h ich  p e n e t r a te d  u p  to  n e a r  th e  h o r n y  layer. T h e  o x ida t ive  
en z y m e s  re a c t io n s  o f  b o v in e  lip e p i th e l iu m  w ere  c o m p a r e d  w ith  th o se  o f  r a t  lip epithe lia .  
M ic r o p h o t o m e t r i c  e v a lu a t io n  o f  h is to ch e m ica l  p r e p a r a t io n s  sh o w e d  a  g re a te r  ac t iv i ty  o f  S D h  
a n d  G l -6 -p h  D h  in b o v in e  g l a b ro u s  b o r d e r ;  L D h ,  o n  th e  c o n t r a ry .  revea led  low er  activity. 
D ifferent  s t ru c tu r a l  a n d  m e ta b o l ic  c h a rac te r i s t ic s  b e tw een  e p i the l ia  o f  b o th  spccies w ere  no ted .

IN T R O D l C'TION

T h e  so-cal led  verm i l io n  o r  red  m a r g in  o f  the  lip, 
w h ich  is a  f ea tu re  o f  th e  h u m a n  face, is a  hair less  
s m o o th  o r  g la b r o u s  z o n e  w h ich  resem bles  m u c o s a  in 
co lo u r ,  th o u g h  in p ig m e n te d  p e o p le  its r edness  tends  
to  be  o b s c u re d  by p ig m en t .  H o w ev er ,  it d if ie rs f rom  
th e  o ra l  m u c o s a  in b e ing  w i th o u t  m u c o u s  g lands .  As 
far as  is k n o w n  u n iq u e ly  to  m a n .  this m a rg in a l  z o n e  
o f  the  lips f requen tly  c o n ta in s  se b a c e o u s  g la n d s  unas -  
so c ia ted  w ith  h a i r s  (Miles. 1958). A s im i la r  m a rg in a l  
zo n e  is p re se n t  in  m a n y  m a m m a ls .  if n o t  all, t h o u g h  it 
ra re ly  fo rm s  a  f ea tu re  o f  the  face a s  in m an .

T h e  t e rm  red  m a r g in  o f  th e  lip is o b v io u s ly  n o t  an  
entire ly  su i tab le  te rm  even for th e  h u m a n  sta te .  T h e  
t e rm  t r a n s i t io n a l  zone ,  w hich  has  b een  used becau se  
the  z o n e  has  r e sem b lan ce s  to  b o th  sk in  a n d  m u c o s a ,  
seem s on ly  s u i ta b le  in a  h is to log ica l  con tex t .  W e  shall  
cali  it th e  g la b ro u s  m a rg in  o f  th e  lip as  a n  im p ro v e -  
m e n t  o n  verm i l io n  m a rg in  in th e  p re se n t  c o n te x t  o f  
c o m p a r a t iv e  a n a to m y .

T h e  e p i th e l iu m  o f  the  g la b ro u s  b o r d e r  o f  ca t t le  
sh o w s  m o rp h o lo g ic a l  ch a ra c te r i s t ic s  th a t  just ify  its 
base l in e  ana lys is  in o r d e r  to  a c q u i r e  d a t a  a b o u t  the 
b io lo g y  o f  ep i thel ia .  A p p ly in g  s te reo log ica l  m e th o d s ,  
we h a v e  d e m o n s t r a t e d  (L a n f ra n c h i  a n d  d e  Rey, 1978) 
tha t .  in sp ite  o f  th e  g re a t  th ickness  o f  g la b r o u s  b o rd e r  
e p i th e l iu m  o f  ca t t le  (1000 ¿¡m). th e  v a r io u s  c o m p o n e n t  
layers  m a in ta in  th e  s a m e  p r o p o r t i o n  as in th e  g la ­
b r o u s  b o r d e r  o f  h u m a n  be ings  a n d  rats. T h e  presence  
o f  a  th ick  o r th o k e ra t i n i z e d  layer  (200 /im) a n d  the  
ab s e n c e  o f  a  defin ite  g r a n u la r  layer  m a k e  this t issue  a 
g o o d  m o d e l  to  c o m p a r e  w ith  o th e r  ep i the l ia l  tissues 
in  o r d e r  to  o b t a in  d a t a  o n  ep i the l ia l  m e ta b o l i s m .  es- 
pecia l ly  th o se  c o n c e rn in g  k e r a t in  p r o d u c t io n .  W e  
th e re fo re  s tu d ie d  th e  u l t r a s t ru c tu ra l  a n d  m e ta b o l ic  
c h a rac te r i s t ic s  o f  th e  g l a b r o u s  b o r d e r  e p i th e l iu m  
us ing  l ight a n d  e lec t ró n  m ic ro s c o p y  a n d  h i s to c h e m i­
cal techn iques .

\1ATF.R1AI. AND MKTHODS

Se g m e n ts  o f  lip w ere  t a k e n  f rom  5 cow's (Bos taurus ) 
1 5 m i n  af ter  s l a u g h te r in g  a n d  f rom  lips o f  5 W is ta r  
ra ts, fixed in fo rm a ld e h y d e .  e m b e d d e d  in paraff in  wax 
a n d  sec t ioned .  S ec t ions  w ere  s ta in e d  w ith  h a e m a to x y -  
lin a n d  eosin. In a d d i t io n ,  sm all  sa m p le s  ( app rox .  
2 m m 3) o f  c o w  lip w ere  p ro cessed  for e lec t ró n  m ic r o ­
scopy  us ing  P a la d e  (Pa lade ,  1952) a n d  K a r n o v s k y  
(K a rn o v s k y ,  1965) so lu t io n s  as ñxatives .  After dehy-  
d r a t io n ,  pieces w ere e m b e d d e d  in E p o n  812 or ien-  
ta t e d  fíat at  th e  b o t t o m  o f  reversed  B eem  capsu les  
( L a d d  R e sea rch  Indus tr ies ,  B u r l ing ton .  Vt.. U.S.A.)  in 
o r d e r  to  o b t a in  sec t io n s  cu t  p e rp e n d ic u la r  to  the  
ep i the l ia l  surface. Sec t ions  were  o b t a in e d  w ith  a  Rei- 
ch e r t  O m U 2 u l t r a m ic r o to m e .  s ta in e d  w ith  u rany l  
a c e ta te  a n d  lead  c i t r a te  a n d  p h o t o g r a p h e d  w ith  a 
Ph i l ips  M  300 e lec t ró n  m ic roscope .

A se g m e n t  o f  th e  lip o f  e ach  an im a l ,  c o n ta in in g  sk in  
a n d  g l a b ro u s  b o rd e r .  w as  fixed in n e u t r a l  4 p e r  cen t  
fo rm a ld e h y d e  a t  4 °C  for 24 h. F ro z e n  sec t io n s  w ere 
cu t  a n d  t r e a te d  for t i a m i n o p y r o p h o s p h a t a s e  (T P P a se )  
d e m o n s t r a t i o n ,  a c c o rd in g  to  th e  te c h n iq u e  desc r ib ed  
by  G o ld f ischer ,  Essner,  a n d  N o v ik o f f  (1964). T P P a s e  
w as  se lected  as  a  m a r k e r  en z y m e  for vascu la r  walls  in 
o r d e r  to  s tu d y  th e  sub e p i th e l ia l  vascu la r iza t io n .

A n o th e r  unf ixed  sp e c im en  of  th e  lip o f  e ach  co w  
w as  m o u n t e d  to g e th e r  w ith  a  r a t  lip s p e c im en  in a 
s ingle b lo c k  o n  the  s ta g e  o f  a  the rm o -e lec t r ica l ly  
co o led  c ryos ta t .  Serial sec t ions  w ere  m o u n t e d  on  
coversl ips ,  a l lo w ed  to  d ry  at  r o o m  te m p e r a tu r e  for 
l O m in  a n d  p ro cessed  for  succ in ic  d e h y d ro g e n a s e  
(SDh). g lu c o s e -6 -p h o s p h a te  d e h y d ro g e n a s e  (G l-6 -ph  
D h )  a n d  lactic d e h y d r o g e n a s e  ( L D h )  a c c o rd in g  to 
N a c h la s  et  al. (1957) a n d  Hess.  Scarpell i  a n d  P earse  
(1958).

T h e  e n z y m e  r e a c t io n  p r o d u c t  in th e  t issue  sec t ions  
w as  m e a s u re d  in a  C y to s c a n  Z eiss  m ic ro s p e c t r o p h o -  
to m e te r  p ro v id e d  w ith  a n  a u t o m a t i c  sc a n n in g  stage.



T h e  m e th o d o lo g y  a n d  v a lid ity  o f  th e  m ic ro sp e c tro -  
p h o to m e tr ic  q u a n t i ta t io n  o f  h is to c h e m ic a lly  d e m o n -  
s tra te d  o x id a tiv e  en zy m es w ere  p re v io u sly  d iscu ssed  
(C ab rin i, V iñ u a le s  a n d  Ito iz , 1969; C a b rin i, K le in - 
S z a n to  a n d  Ito iz , 1970).

F o u r  sc an s fro m  b a sa l m e m b ra n e  to  th e  h o rn y  
lay er w ere  p e rfo rm e d  w ith  a  1 ¿¿m d ia m e te r  lu m in o u s  
sp o t o n  th e  sk in  a n d  th e  g la b ro u s  b o rd e r  o f each  
sec tio n  u n d e r  s tu d y . B lank  m e a s u re m e n ts  w ere  ta k e n  
fro m  s im ila r  sc a n s  in u n s ta in e d  a d ja c e n t sec tio n s 
m o u n te d  o n  th e  sam e slide. In  th is  w ay, it w as poss- 
ib le  to  e lim ín a te  e r ro rs  d u e  to  ligh t a b s o rp tio n  by 
su b s ta n c e s  d ifferen t fro m  en zy m e  re a c tio n  p ro d u c t, 
su c h  as th e  m e la n in  p ig m e n ta tio n  w h ich  is n ea rly  
a lw ay s p re se n t in b o v in e  b asa l e p ith e lia l cells.

T h e  o p tic a l d en s ity  valú es o b ta in e d  d u r in g  scan - 
n in g  w ere re c o rd e d  a n d  in te g ra te d , th u s  o b ta in in g  in- 
fo rm a tio n  a b o u t to ta l  en zy m e  c o n te n t  (T E C ) regis- 
te re d  th ro u g h  th e  w h o le  e p ith e lia l th ick n ess. T h e  
m e a n  en zy m e  c o n c e n tra t io n  (M E C ) w h ich  sh o w s th e  
a m o u n t o f  re a c tio n  p e r  u n it o f  tissu e  a n d  is o b ta in e d  
by d iv id in g  T E C  by  th e  len g th  o f  e p ith e lia l scans, w as 
used  to  c o m p a re  re a c tiv ity  o f  d iffe ren t th ick n esses  o f  
e p ith e lia . P e rc e n ta g e  re la t io n  b e tw een  b o v in e  a n d  ra t  
e p ith e lia  m e a s u re d  o n  th e  sa m e  slide  w as u se d  in 
o rd e r  to  a v e rag e  v a lú es o f  en zy m e re a c tio n  o b ta in e d  
fro m  d iffe ren t an im a ls . F o r  e ach  slide, th e  ra t  e p i­
d e rm is  va lu é  w as c o n s id e re d  as 100 p er cen t. U sing  
th is  re la tio n sh ip , th e  e r ro r s  a r is in g  fro m  v a r ia tio n s  in 
th ic k n e ss  o f  se c tio n s  a n d  tec h n ic a l p ro cess in g  o f  the  
m a te r ia l w ere e lim in a ted .

V a r ia tio n s  o f  en zy m ic  re a c tio n  sh o w n  by  d ifferen t 
s t r a ta  w ith in  e ach  ep ith e liu m  w ere  a lso  c o n s id e re d  by 
d iv id in g  e p ith e lia l w id th  a rb itra r i ly  in to  fo u r eq u a l 
p a r ts , n a m e d  for co n v e n ie n c e  b asa l, d e e p  sp in o u s , 
m é d iu m  sp in o u s  a n d  su p e rfic ia l sp in o u s . P e rc e n ta g e  
re la t io n sh ip  b e tw een  d ifferen t a re a s  in  th e  sa m e  e p i­
th e liu m  w as re c o rd e d , ta k in g  th e  v a lu é  o f  th e  b asa l 
fo u rth  as 100 p er cent.

RESLLTS

M o rp h o lo g y

T h e  o u ts ta n d in g  fe a tu re  o f  th e  o r th o k e ra tin iz e d  
s tra tif ie d  sq u a m o u s  ep ith e liu m  o f th e  b o v in e  g la b ro u s  
b o rd e r  w as its g re a t w id th . H a ir  fo llicles a n d  seba- 
se o u s g la n d s  w ere  a b se n t in th e  c o r iu m . T h e  b asa l 
e p ith e lia l cells w ere  la rg e  w ith  c o n s p ic u o u s  e lo n g a te d  
nucle i. T h e  sp in o u s  lay e r  c o n s is te d  o f  la rg e  p o ly h e d ra l 
cells, in te rc o n n e c te d  w ith  in te rc e llu la r  b r id g e s  an d  
w as u p  to  800 ¡im  th ick . T h e  h o rn y  lay er c o n s is te d  o f 
sev era l s t r a ta  o f  h o rn y  cells a n d  w as u p  to  200 n m  
th ick . N o te w o r th y  w as th e  a b sen ce  o f  a  g r a n u la r  lay er 
u n d e rn e a th  th e  a n u c le a te d  h o rn y  layer.

B ecause  T P P a s e  is very  ac tiv e  in  th e  p in o c y tic  ves- 
icles o f  e n d o th e lia l cells, th e  h is to c h e m ic a l d e m o n -  
s tr a t io n  o f  th is  en zy m e  c lea rly  sh o w s v a sc u la r  d is tr i-  
b u tio n  o b se rv e d  w ith  th e  ligh t m ic ro sc o p y  if se c tio n s 
o f  p ro p e r  th ic k n e ss  a re  e m p lo y ed . In  th ese  p rep - 
a ra tio n s , su b e p ith e lia l vessels o f  c a ttle  g la b ro u s  
b o rd e r  a p p e a re d  as a  d en se  n e tw o rk  fro m  w h ich  ca- 
p illa ry  lo o p s  p a sse d  in to  th e  th in  re te  pegs w h ich  
ex te n d  in to  th e  ep ith e liu m  u p  to  th e  su b -h o rn y  layers 
(p ía te  F ig . 1).

In  th e  e le c tró n  m ic ro g ra p h s , th e  u n d u la t in g  b a sa l 
la m in a  w as a s so c ia te d  w ith  a  w ide  b a n d  o f  co llag en

fib rils  (P ía te  F ig . 2). B asal cells u su a lly  h a d  o v a l n u ­
clei p e rp e n d ic u la r  to  th e  sk in  surface , w ith  n u c lea r  
p o res, a b u n d a n t  h o m o g e n e o u s  c h ro m a tic  m a te r ia l 
a n d  o n e  o r  tw o  nucleo li. M a n y  p e r in u c le a r  m ito c h o n -  
d r ia , little  e n d o p la s m ic  re tic u lu m  a n d  p le n ty  o f  free 
r ib o so m e s  w ere  p re sen t. T h e  cells o f  th e  sp in o u s  layer 
c o n ta in e d  s im ila r  q u a n ti t ie s  o f  m ito c h o n d r ia  b u t 
few er o th e r  o rg an e lle s . U p p e r  sp in o u s  cells sh o w ed  
c o n sp ic u o u s  k e ra tin o so m e s , 0.1 to  0.3 in  d iam e te r , 
u su a lly  lo c a te d  n e a r  th e  cell m e m b ra n e . T h ese  o rg a ­
nelles, o v a l o r  c irc u la r  in sh a p e , h a d  e x te rn a l m em - 
b ra n e s  a n d  a n  in te rn a l la m e lla r  o rg a n iz a tio n . T h ese  
cells c o n ta in e d  a  h ig h  c o n c e n tra t io n  o f  to n o f ila m e n ts  
(P ía te  F ig . 3) w h ich  fo rm ed  a  d en se  n e tw o rk  w h ich  
g ra d u a lly  c h a n g e d  to  c o n s titu te  th e  h o rn y  cell m a tr ix ; 
th e  f ila m e n to u s  p a t te rn  re m a in e d  to  so m e  e x te n t in 
th e  a m o rp h o u s  in tra c e llu la r  su b s ta n c e  (P ía te  F ig . 4).

In  th e  su p e rfic ia l sp in o u s  lay er th a t  w o u ld  co rre -  
sp o n d  to  th e  g ra n u la r  lay er in o th e r  m a lp ig h ia n  e p ith ­
elia, th e  few  e lo n g a te d  cells w ith  lo n g  axes p a ra lle l to  
th e  tissu e  su rface  c o n ta in e d  so m e  sm a ll a n d  iso la ted  
k e ra to h y a lin e  g ra n u le s  (P ía te  F ig . 5).

O xid a tive  en zym es

T h e  to ta l  r e a c tio n  p ro d u c t  (T E C ) o f  th e  th re e  an a -  
lyzed  en zy m es w as p ro p o r t io n a l  to  th e  n u m b e r  o f  
cells in  each  ep ith e liu m , a n d  w as c o n s id e ra b ly  la rg er 
in  c a ttle  th a n  in  ra t  ep ith e liu m .

T h e  m e a n  en zy m e c o n c e n tra t io n  (M E C ), w h ich  
sh o w s th e  a m o u n t o f  r e a c tio n  p ro d u c t p e r  u n it  o f  
tissues, o f  S D h  w as s tr ik in g ly  h ig h e r in  th e  g la b ro u s  
b o rd e r  th a n  in th e  sk in  in b o th  species (T ex t F ig . 6). 
L D h , o n  th e  c o n tra ry , w as lo w est in b o v in e  g la b ro u s  
b o rd e r  a n d  h ig h es t in  b o v in e  sk in . T h e  v a lú es fo r ra t 
tissu es w ere  in te rm e d ía te  b u t  h ig h e r in th e  g la b ro u s  
b o rd e r  th a n  in  r a t  sk in . R e a c tio n  fo r G l-6 -p h  D h  w as 
m a rk e d ly  m o re  in te n se  in  b o v in e  e p ith e lia  th a n  in ra t 
ep ith e lia , g la b ro u s  b o rd e r  v a lú es b e in g  slig h tly  h ig h er 
th a n  th o se  o f  th e  sk in .

L D h  ac tiv ity  w as low  in  th e  d eep  sp in o u s  s tra ta , 
in c rease d  in th e  su p e rfic ia l sp in o u s  a re a  a n d  de- 
c reased  a g a in  in  s u b -h o rn y  lay ers  o f all e p ith e lia l 
ty p es (T ex t F ig . 7). G l-6 -p h  D h  g ra d u a lly  in c rease d  
fro m  d e e p  sp in o u s  lay e rs  a n d  w as m a x im a l in  th e  
su p e rfic ia l sp in o u s  a re a s  o f  th e  fo u r e p ith e lia  s tu d ied . 
S D h  d ec reased  fro m  th e  firs t lay ers  o f  sp in o u s  s t r a ta  
to w a rd s  th e  su rface  in  all ep ith e lia , w ith  th e  ex cep tio n  
o f b o v in e  g la b ro u s  b o rd e r  in  w h ich  S D h  in c rease d  in 
th e  d e e p  sp in o u s  a re a  a n d  slow ly  d e c re a se d  to  the  
su rface.

DISCUSSION

T h e  g re a t th ic k n e ss  o f  g la b ro u s  b o rd e r  e p ith e liu m  
in  c a ttle  a c c o rd s  w ith  th e  g re a te r  th ick n ess  o f  o th e r  
e p ith e lia  in c a ttle  c o m p a re d  w ith  o th e r  m a m m a lia n  
species. W e h av e  a lre a d y  sh o w n  (L a n fra n c h i et al., 
1978) th a t  th e  ra t io  b e tw een  th e  th ic k n e ss  o f  th e  g la ­
b ro u s  b o rd e r  a n d  lip  sk in  e p ith e lia  is c o n s ta n t  in  m an , 
c a ttle  a n d  ra t. W ith in  e ach  ep ith e liu m , th ick n ess  
v a lú es o f  th e  v a r io u s  s t r a ta  a re  a lso  p ro p o rtio n a l .

N u tr i t io n  o f su p e rfic ia l lay ers  is m a in ta in e d  by 
n u m e ro u s  c a p illa ry  lo o p s. T h e  very  th in  a n d  larg e  
re te  pegs w h ich  c o n ta in  th e  c a p illa r ie s  a re  so m e tim es 
d ifficu lt to  reco g n ize  in  c o n v e n tio n a l p r e p a ra t io n s  b u t 
th ey  b eco m e  ev id en t w h en  v a sc u la r  m a rk e r  tech - 
n iq u e s  a re  used . T h e  su b e p ith e lia l v a s c u la r iz a tio n  is
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Fig. 6. M ean  enzym e c o n c e n tra tio n  (o r activ ity  p e r u n it tissue) in th e  fo u r ep ithe lia . P e rc en tag e  valúes 
w ere o b ta in e d  fo r c o m p a ris o n  o f d ifferen t slide m easu re m en ts , ra t sk in  va lué  ta k e n  as 100 per cent. S D h : 
succ in ic  d eh y d ro g e n ase ; L D h : lac tic  d e h y d ro g e n ase ; G l-6 -p h  D h : g lu c o se -6 -p h o sp h a te  d eh y d ro g en ase .

o s

L D h

SS B MSDS

G - 6 - p h  Dh

SS B DS MS SS

SDh

Fig . 7. E nzym e c o n c e n tra tio n  in th e  v a rio u s  ep ith e lia  s tra ta . V alúes a re  exp ressed  as p e rcen tag e , ta k in g  
basa l s tra tu m  va lué  as 100 per cen t. B: b a sa l; D S : d eep  s p in o u s ; M S : m éd iu m  s p in o u s ; SS: superfic ia l 
sp in o u s ; S D h : succ in ic  d e h y d ro g e n ase ; L D h : lac tic  d e h y d ro g e n ase ; G l-6 -p h  D h : g lu co se -6 -p h o sp h a te

d e h y d ro g en ase .



p ro p o rtio n a lly  h ig h e r in c a ttlc  th a n  in la b o ra to ry  an i- 
m als  (C a rra n z a  e t al., 1966) a n d  w o u ld  a llo w  h ig h e r 
o xygen  c o n s u m p tio n ; it w o u ld  th u s  e x p la in  th e  large 
n u m b e r  o f  m ito c h o n d ria  fo u n d  in th e  supe rfic ia l 
layer, as w ell as th e  g re a te r  u se  o f K re b s  C yc le  p a th -  
w ay, as sh o w n  by  th e  h igh  S D h  re a c tio n . a n d  th e  
re d u c e d  en erg y  su p p lie d  by th e  a n a e ro b ic  g lycolysis, 
a s rev ea led  by th e  lo w er L D h  reac tiv ity .

T h e  p e n to se  sh u n t in m a lp ig h ia n  e p ith e lia  is n o t 
o n ly  an  a lte rn a tiv e  p a th w a y  o f  en erg y  su p p ly  b u t is 
a lso  a  w ay to  p ro d u c e  in te rm e d ía te  p ro d u c ts  fo r th e  
R N A  syn th esis , w h ich  in tu rn  is n ecessa ry  fo r p ro te in  
syn th esis . A cco rd in g ly , G l-6 -p h  D h  ac tiv ity  m ay  be 
re la te d  to  th e  p ro d u c tio n  o f  h o rn y  su b s ta n c e  (Ito iz , 
G im e n e z  a n d  C a b rin i. 1974). In  n o rm a l ep ith e lia , th e  
g re a te r  a c tiv ity  o f th is  en zy m e  is lo ca lized  in th e  m o st 
k e ra tin iz e d  a reas . (Ito iz  e t al., 1972). In h y p e rk e ra ti-  
n ized  lesio n s o f  v a ried  a e tio lo g y , it is g re a tly  in c rease d  
( Ito iz  e t a!.. 1974). T h e  in te n se  re a c tio n  o f  th is  en zym e 
in h igh ly  k e ra tin iz e d  c a ttle  e p ith e lia  a lso  s u p p o r ts  th e  
h y p o th e s is  th a t  th e  en zy m e  is c o n c e rn e d  w ith  k e ra ti-  
n iza tio n .

T h e  g re a t a m o u n t o f p ro te in  sy n th e s is  w h ich  is 
n ecessa ry  to  m a in ta in  th e  th ick  h o rn y  lay er is a lso  
ev id en t in e le c tró n  m ic ro g ra p h s  w h ere  a  s tr ik in g  den - 
sity  o f  to n o fib r ils  is p re se n t in all lay ers  o f th e  ca ttle  
g la b ro u s  b o rd e r .

T h e  iso la te d  sm a ll k e ra to h y a lin e  g ra n u le s  rev ea led  
by e le c tró n  m ic ro sc o p y  a re  n o t v isib le  w ith  light 
m ic ro sc o p y  in th e  g la b ro u s  b o rd e r. If  k e ra to h y a lin e  
m a te r ia l is a  s ta g e  in th e  k e ra t in iz a t io n  p ro cess , the  
a b sen ce  o f  la rg e  q u a n ti t ie s  o f  th is  m a te r ia l fro m  th is 
th ic k  h o rn y  layer, w h ich  d o es  sh o w  p len ty  o f  m em - 
b ra n o u s  fo rm a tio n s , su g g e sts  th a t  k e ra t in iz a t io n  in 
th e  g la b ro u s  lip  ep ith e liu m  is a  p ro c e ss  d iffe ren t fro m  
k e ra t in iz a t io n  in o th e r  o r th o k e ra tin iz e d  ep ith e lia .

A cknow ledgem ents— W e  th a n k  P ro fesso r R. L. C ab r in i for 
helpfu l d iscu ss io n s  a n d  rev iew ing  the  m a n u sc rip t. W e also  
g ra te fu lly  a ck n o w led g e  th e  tech n ica l a ss is tan ce  o f  M rs 
M . I. G o n zález .
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P ía te  1.

Fig. 1. H is to ch em ica l d e m o n s tra tio n  o f T P P a s e  as a m a rk e r  o f v a scu la r w alls in b o v in e  g la b ro u s  b o rd e r.
T h in  re te  pegs c o n ta in  cap illa ry  lo o p s  w hich  reach  su b co rn ified  layers. x 80 

Fig. 2. B ovine g la b ro u s  b o rd e r. T h e  w in d in g  b asa l lam in a  is a cc o m p a n ie d  by a w ide dense  b a n d  of
co llag en  fibers. x 21,000

Fig. 3. S p in o u s  layer cells in b o v in e  g la b ro u s  b o rd e r  dense  n e tw o rk  o f  to n o fila m e n ts  c o m p ris in g  the 
nucleus. S om e sm all g ra n u le s  a re  v isible in the  n e tw o rk . x 3000

Fig. 4. M em b ra n o u s  a reas  a re  freq u en tly  ev iden t, c o n s ti tu tin g  a n  im p o r ta n t p o rtio n  o f th e  h o rn y  layer.
x 6000

Fig. 5. Sm all an d  iso la ted  g ran u le s  o f k e ra to h y a lin e  in th e  g ra n u la r  layer o f b o v in e  g la b ro u s  b o rd e r.
x 3500
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