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Sum m ary -G labrous bo rd er o f the lip of cattle  had a m alpighian  epithelium  800 /.im thick. 
T he horny  layer was ab o u t 200 /xm th ick and there  was no  g ran u la r layer visible with light 
m icroscopy or electrón  m icrography. T he m ore evident m orpholog ical features were: high 
c o ncen tra tion  of tonofilam ents, m ito ch o n d ria  in basal as well as in sp inous cells; few small 
keratohyaline  granules. B lood supply, as show n by the histochem ical d em o n stra tio n  of T PPase, 
was com posed of capillary  loop w hich p enetra ted  up to  near the horny  layer. T he oxidative 
enzym es reactions o f bovine lip epithelium  were com pared  with those of ra t lip epithelia. 
M ic ro p h o to m etric  evaluation  of histochem ical p rep ara tio n s show ed a  g reater activity  of SD h 
and G l-6-ph D h in bovine g labrous b o rd e r; L D h, on  the con trary . revealed lower activity. 
D ifferent s truc tu ra l and m etabolic  characteristics betw een epithelia  o f bo th  species were noted.

INTRODUCTION

T he so-called verm ilion or red m argin  of the lip, 
which is a feature of the hum an  face, is a hairless 
sm oo th  or g lab rous zone w hich resem bles m ucosa in 
colour. though  in pigm ented people its redness tends 
to  be obscured  by pigm ent. How ever, it differs from  
the oral m ucosa in being w ithou t m ucous glands. As 
far as is know n uniquely to m an, this m arginal zone 
of the lips frequently  con tains sebaceous g lands unas- 
sociated  with hairs (M iles, 1958). A sim ilar m arginal 
zone is p resent in m any m am m als. if no t all, though  it 
rarely form s a feature of the face as in m an.

T he term  red m argin  of the lip is obviously no t an 
entirely  su itab le  term  even for the hum an  State. The 
term  transitional zone, which has been used because 
the zone has resem blances to bo th  skin and m ucosa, 
seems only su itab le  in a h istological context. W e shall 
cali it the g lab rous m argin  o f the lip as an  im prove- 
m ent on  verm ilion m argin  in the p resent context of 
com parative  anatom y.

T he epithelium  of the g labrous bo rd er of cattle  
show s m orpholog ical characteristics th a t justify  its 
baseline analysis in o rder to acqu ire  d a ta  ab o u t the 
biology of epithelia. A pplying stereological m ethods, 
we have d em o n stra ted  (L anfranchi and de Rey, 1978) 
that, in spite of the  great thickness of g lab rous bo rd er 
epithelium  of cattle  (1000 ¡.im), the various com ponent 
layers m ain tain  the sam e p ro p o rtio n  as in the g la­
b rous bo rd er o f hum an  beings and rats. The presence 
of a  th ick  o rthok era tin ized  layer (200 /¡m) and  the 
absence of a definite g ran u la r layer m ake this tissue a 
good m odel to com pare  with o th er epithelial tissues 
in o rder to  o b tain  d a ta  on epithelial m etabolism , es- 
pecially those concerning k e ratin  p roduction . We 
therefore studied  the u ltra stru c tu ra l and m etabolic  
characteristics o f the g lab rous bo rder epithelium  
using light and  electrón m icroscopy and  h istochem i­
cal techniques.

MATERIAL AND M ETHODS

Segm ents o f l ip  were taken  from  5 cows (Bos taurus) 
15m in  after slaughtering  and from  lips of 5 W istar 
rats, fixed in form aldehyde, em bedded in paraffin wax 
and sectioned. Sections were sta ined with haem atoxy- 
lin and eosin. In add ition . sm all sam ples (approx. 
2 m m 3) of cow  lip were processed for electrón  m icro­
scopy using Palade (Palade, 1952) and  K arnovsky  
(K arnovsky, 1965) so lu tions as fixatives. After dehy- 
d ra tion , pieces were em bedded in E pon  812 orien- 
tated  flat at the  b o tto m  of reversed Beem capsules 
(L add Research Industries, B urlington, Vt„ U.S.A.) in 
o rder to o b ta in  sections cut perpendicu lar to  the 
epithelial surface. Sections were o b ta ined  w ith a  Rei- 
chert O m U 2 u ltram icro tom e, sta ined with uranyl 
aceta te  and lead c itrate  and  pho to g rap h ed  with a 
Philips M 300 electrón  m icroscope.

A segm ent o f the lip o f each anim al, con ta in ing  skin 
and g lab rous border, was fixed in n eu tra l 4 per cent 
form aldehyde at 4°C for 24 h. F rozen  sections were 
cut and  trea ted  for tiam in o p y ro p h o sp h atase  (T PPase) 
d em onstra tion , according to the technique described 
by G oldfischer, Essner, and  NovikofT (1964). T P P ase  
was selected as a  m arker enzym e for vascular walls in 
o rder to  study the subepithelial vascularization .

A nother unfixed specim en of the lip of each cow 
was m oun ted  together with a  ra t lip specim en in a 
single block on the stage of a therm o-electrically  
cooled cryostat. Serial sections were m oun ted  on 
coverslips, allow ed to  dry at room  tem pera tu re  for 
lO m in  and processed for succinic dehydrogenase  
(SDh), g lucose-6-phosphate  dehydrogenase (G l-6-ph 
Dh) and lactic dehydrogenase (LD h) accord ing  to  
N achlas et al. (1957) and  Hess, Scarpelli and  Pearse 
(1958).

The enzym e reac tion  p roduct in the tissue sections 
was m easured  in a C ytoscan Zeiss m icrospectropho- 
tom eter p rovided w ith an  au to m atic  scanning stage.



T he m ethodology and validity  of the m icrospectro- 
pho tom etric  q u an tita tio n  o f h istochem ically  dem on- 
stra ted  oxidative enzym es were previously discussed 
(C abrini. V iñuales and Itoiz, 1969; C abrin i, K lein- 
Szanto and Itoiz, 1970).

F o u r scans from  basal m em brane  to  th e  horny  
layer were perform ed with a  1 ¡jm d iam eter lum inous 
spo t on the skin and the g labrous b o rd er of each 
section under study, Blank m easurem ents were taken 
from  sim ilar scans in unsta ined  ad jacen t sections 
m oun ted  on the sam e slide. In  this way, it was poss- 
ible to  elim ínate errors due to  light ab so rp tio n  by 
substances different from  enzym e reac tion  product, 
such as the m elanin p igm entation  which is nearly 
always present in bovine basal epithelial cells.

The optical density valúes o b ta ined  du ring  scan- 
ning were recorded and in tegrated , thus ob ta in ing  in- 
fo rm ation  ab o u t to ta l enzym e co n ten t (TEC) regis- 
tered th rough  the w hole epithelial thickness. The 
m ean enzym e con cen tra tio n  (M EC ) w hich show s the 
am o u n t of reac tion  per unit o f tissue and  is ob tained  
by d ividing T E C  by the length of epithelial scans, was 
used to com pare  reactivity  of different thicknesses of 
epithelia. Percentage re la tion  betw een bovine and rat 
epithelia  m easured  on the sam e slide was used in 
o rder to average valúes of enzym e reac tion  ob ta ined  
from  different anim als. F o r each slide, the  ra t  epi­
derm is valué was considered  as 100 per cent. Using 
this relationship , the e rro rs  arising from  varia tions in 
thickness o f sections and technical processing of the 
m ateria l were elim inated.

V ariations o f enzym ic reaction  show n by different 
s tra ta  w ithin each epithelium  were also considered  by 
d ividing epithelial w idth a rb itrarily  in to  four equal 
parts, nam ed for convenience basal, deep spinous, 
m édium  spinous and superficial spinous. Percentage 
re la tionsh ip  betw een different areas in the sam e epi­
thelium  was recorded, tak ing  the valué of the basal 
fourth as 100 per cent.

RESLLTS

M orphology

The ou tstan d in g  feature of the o rthokera tin ized  
stratified squam ous epithelium  of the bovine g labrous 
b o rd er was its great width. H a ir follicles and seba- 
seous g lands were absent in the corium . T he basal 
epithelial cells were large w ith consp icuous e longated  
nuclei. The spinous layer consisted of large po lyhedral 
cells, in terconnected  with intercellu lar bridges and 
was up to  800 ¡im thick. T he horny  layer consisted of 
several s tra ta  o f horny  cells and was up  to  200 
thick. N o tew orthy  was the absence o f a  g ran u la r layer 
u n d ernea th  the  anucleated  horny  layer.

Because T P P ase  is very active in the p inocytic  ves- 
icles o f endothelia l cells, the  histochem ical dem on- 
s tra tio n  of this enzym e clearly show s vascular distri- 
b u tio n  observed with the light m icroscopy if sections 
of p ro p er thickness are em ployed. In  these prep- 
a rations, subepithelial vessels o f cattle  g labrous 
bo rd er appeared  as a dense netw ork  from  w hich ca- 
pillary loops passed in to  the th in  rete pegs which 
extend in to  the epithelium  up  to  the  sub -horny  layers 
(p íate Fig. 1).

In the electrón  m icrographs, the u ndu lating  basal 
lam ina was associated  w ith a wide b an d  of collagen

fibrils (P ía te  Fig. 2). Basal cells usually  had oval nu ­
clei perpend icu lar to the skin surface, w ith nuclear 
pores, ab u n d an t hom ogeneous ch rom atic  m aterial 
and one or two nucleoli. M any  perinuclear m itochon- 
dria, little  endoplasm ic re ticulum  and p lenty  of free 
ribosom es were present. T he cells of the spinous layer 
con ta ined  sim ilar quan tities o f m ito ch o n d ria  but 
fewer o th er organelles. U pper sp inous cells show ed 
consp icuous keratinosom es, 0.1 to  0.3 n m  in diam eter, 
usually  located  near the cell m em brane. These o rga­
nelles, oval o r circular in shape, had  ex ternal m em - 
b ranes and an  in ternal lam ellar o rgan ization . These 
cells con ta ined  a  high co ncen tra tion  of tonofilam ents 
(P ía te  Fig. 3) which form ed a dense netw ork  which 
gradually  changed to  constitu te  the horny  cell m atrix ; 
the filam entous p a tte rn  rem ained  to  som e extent in 
the am o rphous in tracellu lar substance (P íate Fig. 4).

In the superficial sp inous layer th a t w ould corre- 
spond  to the g ran u la r layer in o th er m alp igh ian  ep ith ­
elia, the few e longated  cells w ith long axes paralle l to  
the tissue surface co n ta ined  som e sm all and isolated 
keratohyaline  granules (P íate  Fig. 5).

Oxidative enzymes

The to ta l reac tion  p ro d u c t (TEC) of the three  ana- 
lyzed enzym es was p ro p o rtio n a l to the num ber of 
cells in each epithelium , and was considerably  larger 
in cattle  th an  in ra t epithelium .

The m ean enzym e con cen tra tio n  (M EC), which 
shows the am o u n t o f reaction  p roduct per unit of 
tissues, o f SD h was strik ingly  higher in the g labrous 
b o rd er th an  in the skin in  b o th  species (Text Fig. 6). 
LD h, on  the con trary , was lowest in bovine g labrous 
b o rd er and highest in bovine skin. T he valúes for rat 
tissues were in term edíate  bu t higher in the glabrous 
bo rder th an  in ra t skin. R eaction for G l-6-ph D h was 
m arkedly  m ore intense in bovine epithelia  than  in rat 
epithelia, g labrous bo rd er valúes being slightly higher 
th an  those of the skin.

L D h  activity  was low in the  deep spinous stra ta , 
increased in the superficial sp inous a rea  and de- 
creased again  in sub-horny  layers of all epithelial 
types (Text Fig. 7). G l-6-ph  D h  g radually  increased 
from  deep spinous layers and  was m axim al in the 
superficial sp inous areas of the four epithelia  studied. 
SD h decreased from  the first layers of sp inous s tra ta  
tow ards the surface in all epithelia, w ith the exception 
o f bovine g labrous bo rd er in w hich SD h increased in 
the deep spinous a rea  and slowly decreased to the 
surface.

DISCUSSION

T he great thickness o f g lab rous b o rd e r epithelium  
in cattle  accords with the g reater thickness o f o ther 
ep ithelia  in cattle  com pared  w ith o th er m am m alian  
species. W e have a lready show n (L anfranchi et al., 
1978) th a t the ra tio  betw een the thickness of the g la­
b rous bo rd er and  lip skin epithelia  is co n stan t in m an, 
cattle  and  rat. W ith in  each epithelium , thickness 
valúes of the various s tra ta  are also p roportiona l.

N u tritio n  of superficial layers is m ain tained  by 
num erous capillary  loops. T he very th in  and large 
rete pegs which con ta in  the capillaries are som etim es 
difficult to  recognize in conven tional p rep ara tio n s bu t 
they becom e evident when vascular m arker tech- 
n iques are used. T he subepithelial vascu larization  is
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Fig. 6. M ean  enzym e c o n c e n tra tio n  (o r ac tiv ity  per u n it tissue) in th e  fou 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 s lide m easu rem en ts , r a t  sk in  va lué  ta k e n  as 100 per cen t. 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 c o se -6 -p h o sp h a te  d eh y d ro g en ase .
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Fig. 7. E nzym e  c o n c e n tra tio n  in th e  v a rio u s  e p ith e lia  s tra ta . V alúes a re  exp ressed  as p e rcen tag e , ta k in g  
b a sa l s tra tu m  va lué  as 100 p e r cent. B: b a sa l; D S : d eep  sp in o u s ; M S : m é d iu m  s p in o u s ; SS: superfic ia l 
s p in o u s ; S D h : succ in ic  d e h y d ro g e n a se ; 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 .



p ro p o rtio n a lly  higher in cattle  th an  in lab o ra to ry  ani- 
m als (C arran za  et al., 1966) and w ould allow higher 
oxygen co n sum ption ; it w ould thus explain the large 
num ber o f m itochondria  found in the superficial 
layer, as well as the greater use of K rebs Cycle path- 
way, as show n by the high SD h reaction, and the 
reduced energy supplied by the anaerob ic  glycolysis, 
as revealed by the lower L D h reactivity.

T he pentose sh u n t in m alp igh ian  epithelia  is no t 
only an a lternative  pathw ay of energy supply bu t is 
also a way to  p roduce in term edíate  p ro d u c ts for the 
R N A  synthesis, which in tu rn  is necessary for protein  
synthesis. Accordingly, G l-6-ph D h activity  m ay be 
related  to  the  p ro d u c tio n  of horny  substance (Itoiz, 
G im enez and C abrin i, 1974). In n o rm al epithelia, the 
greater activity of this enzym e is localized in the m ost 
k eratin ized  areas. (Itoiz et al., 1972). In hyperkerati- 
nized lesions o f varied aetiology, it is greatly increased 
(Itoiz et a l,  1974). The intense reaction  o f this enzym e 
in highly keratin ized  cattle  epithelia  also su p ports the 
hypothesis th a t the enzym e is concerned with k e ra ti­
nization.

T he great am o u n t of p ro tein  synthesis which is 
necessary to m ain tain  the thick horny  layer is also 
evident in electrón  m icrographs w here a  strik ing  den- 
sity o f tonofibrils is present in all layers of the cattle 
g lab rous border.

T he iso lated  sm all keratohyaline  granules revealed 
by electrón  m icroscopy are no t visible with light 
m icroscopy in the g labrous border. If keratohyaline  
m aterial is a  stage in the k e ra tin ization  process, the 
absence of large quan tities of this m ateria l from  this 
thick horny  layer, w hich does show  plenty o f mem- 
b ran o u s fo rm ations, suggests th a t keratin iza tio n  in 
the g lab rous lip epithelium  is a process different from 
keratin ization  in o th er o rth o kera tin ized  epithelia.
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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 se  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 d ense  b a n d  o f
co llagen  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  d ense  n e tw o rk  o f to n o filam e n ts  c o m p ris in g  the 
nuc leus. S om e sm all g ran u le s  a re  v isib le  in  th e  n e tw o rk . x  3000 

Fig. 4. M em b ran 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 the  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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