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"The co-exis tance of the mos t  wonderful success 

with the most profound ignorance is one of 

the characteris tic features of present day biology . "  

A. SZENT-GYORGYI. 



ABSTRACT 

P a r a f fin wax embedd e d  h i s t o l o gica l  tis sue s amp l e s  o f  

bovine s a l ivary g l ands were  examine d  by s t aining , his t o

chemi c a l  and immunohistochemic a l  metho d s . The cha r act e r 

i s tic a l l y  tubul a r  s e cre t o ry e ndpieces  we re compo s e d  o f  

e i ther p r o t e o s e rous cel l s  o r  mucous c e l l s  and demilun e s . 

i i i  

Paro t i d  g l ands and the his to l o g i c a l ly identic a l  vent r a l  

b ucca l g l ands we r e  comp o s e d  e n t i r e ly o f  prot e o s e rous c e l l s  

which o c c a s ional ly contained dia s t a s e  r e sis t ant PAS po sit ive 

neut r al g lycop ro t eins , addit i onal ly confirme d by a c e ty l 

a t ion and s aponifica tion . I mmunohis to chemical s tud i e s  

e s tab l i s h e d  that mo s t  p r o t eo s e rous c e l l s  a l s o  con t ained 

e i th e r  p r o t e in b an d  4 or b and 1 0 .  An examina tion o f  s h e ep 

and catt l e  parotid g l ands r ev e a l e d  that b a s a l  s t riations 

were ab s en t  from int ralobu l a r  duc t s  o f  cat t l e  but were 

abundant i n  tho s e  of sheep . Some duc t  c e l l s  cont ained 

d ias t a s e  l ab i l e  and dia s t as e  r e sis t ant PAS po sitive mat e r i a l  

and ap i c a l  b l eb s . A granu l a t e d  int raepithe lia l c e l l  typ e , 

wh ich was u l t ras tructural ly e xamine d  and found to b e  simi l a r  

t o  a g l obul e  l euco cyte , w a s  s p e c i fic t o  int r a l obu l ar du ct  

wal l s  o f  the  parotid g l ands ; their  p r e cise  func t i on was  no t 

e s tab l i s h e d .  The main excre t o ry duct  o f  the p a ro tid g l and 

c ont ained s eve ral  g ob l et ce l l s . 

The mandibul a r  g l and muc o u s  c e l l s  cont aine d a c i d i c  

and neut r a l  muc o s ub s tanc e s .  T h e  p r e s ence o f  a c i dic g roup s  

was confirmed by methylat ion , s aponification and neuram i n 

idas e d i g e s tion .  T h e  conspicuous demilune s cont a ined 

a cidic and neutral mucosub s t anc e s  and acidophi l  g r anul e s  

wh ich cont aine d prot ein b and 8 .  I nt r a l obul a r  duc t s  wi th 

t a l l  co l umnar cel l s  were b as a l ly s t r i a t e d .  G ob l e t  c e l l s  

w e re not  i d entified in the main exc r e t o ry duc t . 

The s ub lingua l g land mucous c e l l s  cont a ined neut r a l  and 

acid i c  muco sub s t ance s ; the l a t t er were  no t neuraminidas e  

l ab i l e . Un l i ke the mand ibul a r  g l ands , the sub lingual mucous 
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c e l l s  s t aine d  for sulphat e goup s , a t t ribut ed to sulphat e d  or 

sia l o - sulpha t e d  g lycopro t eins , s ince hya luronida s e  dig e s tion 

did no t e l iminate b a s ophilia a t  l ow pH . The demilun e  c e l l s  

w e r e  mos t l y  p ro t e o s e rous and c o n t aine d p rotein b and 9 .  The 

" s t riat ed" intra lobul a r  duc t s  w e r e  identical to tho s e  o f  

the mandibu l a r  g l and . 

I nt e rme diate  bucc a l ,  do rs a l  buc c a l , palatine , p o s t e rior 

tongue and pharyng e a l  g l ands mucous c e l l  his t o chemic a l  c om

p o sition was  simil a r  to tho s e  of  the sub lingua l g l and s . 

The demilune cont ent s o f  the m i n o r  g l ands were mainly p ro t e o 

s e rous ; howev e r  tho s e  o f  the p h a ryng e a l  and p o s t e rio r tongue 

o c c asiona l ly containe d  acidic and neut r a l  muco sub s t ance s . 

Two unusual  fe ature s o f  the  mino r  g l and s were the 

p r e s ence o f  gob l e t  c e l l s  in int r a l obul a r  duc t s  o f  the 

pharyng e a l  g l and s and the app e arance of an atypic a l  s ec r e t 

o ry mechanism in do r s a l  bucca l ,  int e rme diat e bucc a l  and 

p a l atine g l ands , the s ecretions o f  which frequen t ly con

t ained c e l l u l a r  deb ris mixe d  with mucus . 

Humo r a l  immunit y  in bovine s a livary g l and s was media t e d  

by  sub lingua l , mandibul a r  and pha ryng e a l  g l ands , thr e e  

g l ands whic h  cont ained abundant sub epithe lia l p l a sma c e l l s . 

The p aro tid and ven t r a l  buc c a l  g l ands notic e ab ly l ac k e d  

p l asma ce l l s  b u t  containe d  int r a epithe lial g r anul a r  duc t  

c e l l s . I t  was prop o s ed that t h e s e  c e l l s  may provide c e l l 

media t e d  immunopro t ec tion a g ain s t  b l o at since inc r e a s ed 

numb ers  o f  the s e  c e l l s  have b e e n  repo rted in anima l s  with 

l ow b l o a t  s co r e s . 

Sa liva ry prot ein b and 4 from p a ro tid s aliva h a s  b e en 

corr e l at e d  with b l o at sus c ep tibility in �at t l e , but wa s 

equa l ly dis t ribut e d  in p arotid tis sue s  of both l o w  and high 

b l oat sus c ep tib l e  anima l s , sug g e s ting that b and 4 is 

s ynthe sis e d  but no t s e creted  by l ow b l o at s t rain s . 
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CHAPTER 1 I NTRODUCT I ON 

S a l iva i s  p ro duced by s p e c i a l i s e d g l ands a s s o c i a t e d  

w i th th e o ral  c av i ty . I n  mamma l s  the three majo r p ai re d  

s a l i va ry g l ands are t h e  p a ro t i d ,  mandibular and sub l ingua l . 

Addi t i ona l l y the r e  are  s ev e ra l  minor s a l ivary g l ands embed

d e d  in the subep i the l i a l  t i s sues  of  the  mouth and o ro 

p ha rynx . 

Mamma l i an s a l iva g ene r a l ly cons i s t s o f  wat e r , e l e c t ro 

l y t e s  and p ro t e inaci ous ma t e r i a l . The vo l ume and comp o s 

i t i o n  o f  s ec r e t ion from individua l g l ands var i e s w i thin 

s p e c i e s  and b e tween di ffe r ent spe c i e s . 

I n  many anima l s , inc l u d ing man , s a l iva cont ains s i gni f 

i cant amounts o f  en zyme s s uch a s  s a l ivary amy l a s e , l ip a s e ,  

m a l t a s e ,  p e rox i da s e  and l y s o zyme (Young and van L ennep , 

197 8 ) . Re cent ly s everal  b io l o g i ca l ly active  p ep t i d e s , 

w i th w i de rang ing func t i ons , have b e en i s o l a t e d  f r om s a l 

ivary g l and t i s s ue (Barka , 198 0 ) . Th is  may b e  s ug g e s t ive 

o f  a y e t  p o o r l y  unde r s t o o d  endo c r ine ro l e  for s a l ivary 

g l ands  in add i t i on to the i r  we l l  es tabl ished  exo cr ine 

funct i on .  

F unct iona l l y , s a l ivary s e c r e t ion provi d e s  p r o t e c t i on 

for  t h e  o r a l  muc o s a  a g a i n s t abra s i on and d e s s i c a t i on , 

f a c i l i t a t e s  ma s t i cat i on , t a s te , swa l l owing and e f f e c t ive  

s ucking and s uckl ing . S a l iva a l s o  exhib i t s  antiba c t e r i a l  

prop e r t i e s  and a l s o  ma int a ins t h e  calc ium i o n  equ i l ibr ium 

nec e s s ary fo r the maint enance o f  t e e th .  

S a l ivary s ecret ions a r e  usua l ly divided  i nto two categ 

o r i e s , s erous and mucou s . S e rous s ecretion i s  thin and 

wat ery and cons i s ts of w a t e r , inorganic ions  and s ome 

pro t e ina c i ous mater i a l , whi l e  muc ous s e cr e t i o n  i s  mo r e  

v i s c o us and cont ains a h i gher conc ent rat i on o f  o rg an i c  

p ro t e ina c i ous mat ter i n c l uding neut ral and a c i d i c  g l yc o -



p r o t e ins ( S chneyer and S c hneyer , 196 7 ) . I n  g eneral , the 

p a ro t i d  g l and p roduce s  a s erous s e c re t ion whi l e  the man

dibul a r  and s ub l ingua l g l ands p ro duce a mixed  s e rous and 

mucous s e cre t i on .  

Ruminant s ,  s uch a s  s heep and cat t l e , in cont ra s t  to 

mono g as t r i c  s p e c i e s  s ec r e t e  large quant i t i e s of s a l iva 

owing to the g enera l ly c o a r s e nature o f  the i r  diet  and the 

n e c e s s i ty to ma intain f l u i d  in a capacious non- s e c re t o ry 

fo r e s t omach . S a l iva ry s e c r e t i ons in the r e t i culorumen 

fun c t i on as a nut r i ent m e d i um f o r  f e rmentat ive  micro 

o rgani sms whi ch p ro duce e n zymes required  f o r  bre akdown o f  

p l ant mat e r i a l  ( Church , 1 97 6 ) . 

B ovine s a l iva i s  comp o s e d  o f  ino rganic and o rgan i c  

comp on ents . T h e  fo rmer cons i s ts  o f  e l e c t r o l y t e s  such as 
+ + ++ ++ -- - - . . N a� , K , Ca  , Mg , P04 , HC03 , and Cl . The 1no rgan 1 c  

an i ons  funct i on p r imar i ly as  s a l i vary buff e rs whi l e  the 
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. + + . c a t i ons part 1 cu l arly N a  and K , are  res pons 1 b l e  fo r e s t ab -

l i s h ing a concentra t i o n  g radi ent for  pas s ive  t r ans p o r t  o f  

w a t e r . The org an i c  comp onent s ,  whi ch are c h i e fly muco s ub 

s tanc e s , provi de phys i c a l  p ro t e c t i on for t h e  o r a l  and fore 

s tomach muco s a  and are  a l s o a s o urce  o f  nut r i ents f o r  rumen 

b a c t e r i a .  S a l ivary immunog lobul ins such as s ec r e t o ry I gA ,  

p ro b ab ly prov i d e  immuno p r o t e c t i o n  for the ent i r e  ruminant 

fo r e s tomach , s ince p l a s ma ce l l s  a r e  us ual ly  no t found in 

the muc o s a  of thes e r e g i ons . In addit ion , to suff i c i ently 

mo i s ten dry f ee d ,  a copi ous amount o f  wat e r  is  s ec r e t e d  

during feeding and rumina t i on ( Kay , 196 0 ; Chur ch , 197 6 ) . 

The paro t i d  g l ands o f  catt l e  s e crete  l a rge quant i t i e s 

o f  s a l iva wi th o r  wi thou t  nervous s t imul at ion comp a r ed to 

the mandibul a r  gl ands wh i ch s e c r e t e  l i t t l e  e xc ep t  during 

f e e d ing p e r i o ds (Kay , 1 96 0 ) . The s ub l ingual  g l ands , 

a l though cont inuous ly s e c r e t ing , contr ibu t e  negl i g i b l e  

quan t i t i e s  o f  s al iva compared  t o  b o th the mand ibular and 

the paro t i d  ( Kay , 196 0 ) .  The vo lume o f  s a l iva supp l i ed by 

the minor gl ands des c r ib e d  by Kay ( 1 96 0 )  as the res i dual 

s a l iva , is  approxima t e ly equa l to tha t s e c r e ted from both 



the p a ro t i d  g l ands . Ba i l ey and Ba l ch ( 196 1 )  e s t ima t e d  the 

to t a l  vo lume of s a l iva s e cr e t e d  by ca t t l e  to be  a s  h i gh 

as  9 8-190 l i t re s  p e r  day . 

The rumen fluid vo l ume and comp o s i t i on i s  a ff e c t e d  by 

the b al ance b e tween i n f l ow o f  i ons from s a l i va and food 

and the net  out flow by a b s o rp t i on o r  p a s s a g e  to the omasum 

( K ay , 196 6 ) . The t on i c i ty b e tween rumen c o n t ents  and the 

b l o o d  is the r e fo r e  ma i n t a ine d  at  an equ i l i b r ium wh i ch 
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l im i t s  the movement o f  wa ter acro s s  the rumi na! ep i thel ium . 

Fo r f e rmentat ive d i g e s t i on t o  func t ion op t im al ly the ma in

t enance of  the rumen fluid l eve l is  e s s enti a l  ( B a i l ey , 196 1 ). 

The mi crob i a l  popu l a t i on o f  the r e t i c u l o rumen i s  

h e a v i ly dep endent o n  t h e  cons t i tuent s o f  s a l iva for the i r  

g r owth , p a r t i cularly n i t rogen and mine r a l s  ( Church , 197 6 ) . 

U r e a  p r e s ent in ruminant s a l iva p rovides  a b o ut 7 5 - 8 5 %  o f  

t h e  n i t ro g en r equi rement s  ( Phi l ip s on and Ma gnan , 1959) , 

wh i l e  the s a l ivary buf f e rs , b i c arbonat e  and pho spha t e  ions , 

ma i n t a in the pH at  an op t imum for ferment a t ive  d i g e s t ion 

( Kay , 196 6 ) . The rumen pH i s  a l s o  influenc e d  by the nature 

and dryn e s s  of the f e e d , wh i ch in turn mo d i f i e s  s a l ivary 

s e c r e t i on ( Church , 197 6 ) . 

Secre t i ons from the paro t i d , vent ral b u c c a l , p a l at ine , 

p h a ryng e a l  and buc c a l  g l ands a r e  s t rong ly buffered w i th 

b i ca rbona t e  and pho sphat e  i ons compa r e d  w i t h  the mandibu l a r  

a n d  s ub l ingua l g l and s e cret ions wh ich are  w e akly buffered . 

( Kay , 196 0 ) . Al though p re s ent in l a r g e  q u ant i t i e s , b i car 

b on a t e  and phosphat e  i ons a r e  capab l e  o f  neutra l i z ing only 

a f rac t ion o f  the vo l a t i l e  fat ty ac i ds p r o duced dur ing 

m i c rob i a l  f e rmentat i on becaus e a c i d i ty o f  rumen contents 

f requently exceeds the buffer ing cap a c ity o f  the i ons 

( B a i l ey ,  1 961) . Sa l i va ry buff e r s  the r e fo r e , mainly prov i de 

a f i rs t l ine o f  defence aga ins t sha rp decl ines in rumina! 

pH by count eract ing p e aks  of vo l at i l e  fa t ty a c i d  p r o duc t i on 

s oon a f t e r  fee ding . F a t ty a c i ds not neut r a l i z ed by s a l ivary 

b u ffers  a r e  absorbed th rough the rum ina! ep i thel ium and 

neutra l i z e d  by buffe r s  of the b l ood ( Kay , 196 6 ; Bar t l ey ,  



197 6 ) . 

Ruminant s a l iva , p ar t i cu l a r l y  o f  c a t t l e , has a l s o  b e en 

imp l i ca t e d  w i t h  s u s c ep t i b i l i ty t o  b l o a t , a d i s e a s e  o f  

c o ns iderab l e  e conom i c  imp o r tanc e .  S a l iva and i t s  a s soc 

i a t i on with b l o a t  wi l l  b e  d i s cus s ed in s e c t i on 1 . 6 .  

4 



5 

1 . 1 Gro s s  Ana tomy o f  the  Sal ivary G l ands . 

The fo l l owing out l i ne i s  d e s cript ive o f  s a l ivary g l and 

ar c h i t ecture  ( s ource r e f e r ence : Young and van Lennep , 197 8 ). 

The majo r s a l iva ry g lands a r e  l a r g e  d i s t inct s t ructur e s  

l o c a t ed i n  t h e  head and neck r e g i on . Sa l iva fo rme d by 

the s e  g land s  is de l ive r e d  to the o ra l  cavity by r e l a t ive ly 

l o n g  excr e t o ry duc ts . E ach g l and i s  enc l o s e d  by  a f i brous 

t i s s ue cap s u l e  and the s e c r e t o ry t i s s ue is  s ubdivi ded into 

l o b e s  and s ma l l e r  lobu l e s  by conne c t ive t i s sue s ep t a  f rom 

t h e  cap sul e .  The g l and par enchyma cons i s t s o f  c l o s e l y  

p a c ke d  s e c r eto ry a c i n i  ( o r  endp i e ces ) and dra ina g e  duc t s . 

The s t roma i s  compos e d  o f  l o o s e a r eo l ar connect ive t i s s ue , 

b l o od ve s s e l s , n e rve b und l e s  and excre t o ry duc t s . The 

h i l us o f  the g l and conta ins a r t e r i e s , v e ins , nerve s , 

l ympha t i cs and the m a i n  exc r e t o ry duc t  ( o r  duc t s ) .  Add i t 

i o nal  to the  va s cu l a r  s upply ent e r ing the h i l u s  sma l l  

a r t e r i e s  enter  through the cap s u l e  a t  s everal  po ints . 

Whi l e  the mandibular and s ub l ingua l g l ands d i s p l ay the 

above fea tures , the p a ro t i d  has no t rue hi lus s ince the 

a r t e r ial  s upp ly and v enous dra inage are randomly s c a t t e r ed 

o v e r  the g l and sur fac e .  

The d i s t r ibut ion o f  b l oo d  ves s e l s  within s a l ivary 

g l ands us ual ly paral l e l s  tha t o f  the branching duc t sy s t em .  

Ar t e r i e s  accomp any the  duc t s  w i t h in l obul e s  and t e rmina t e  

i n  ex t ens ive cap i l l a ry p l exus e s  around endp i e c e s  and int r a 

l obular ducts . The v enous dra ina g e  fo l l ows a s im i l ar p a t 

t e rn a l though s ome ve ins dra in d i r e c t l y  t o  the g l and p e r 

iphery . The p r e s ence o f  a r t e r i ovenous ana s t omo s e s  i n  s ome 

g l ands p r ovide s  a r e g u l a t o ry me chanism wh ich influences the 

r a t e  of s a l ivary s e c r e t ion . 

The n e rvous s upp ly t o  the three  majo r s a l ivary g l ands 

i s  provi ded by both p a r a symp athe t i c  and sympathe t i c  d i v i s ion 

o f  the autonomic  ne rvous sys t em .  Pregang l ionic  para symp 

a th e t i c  fibres  o r i g ina t e  in the ro s t ral  and caudal s a l ivary 

nucl e i  in the l a t e r a l  r e t i cu l a r  forma t io n  o f  the l ower 
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b r a in s t em , med i a l  t o  the sp ina l t egmental t r a c t . Pos t 

g a ng l i o n i c  p a rasymp a t h e t i c  f i b res  t o  indivi dual  g l ands a r e  

l o c a t e d  i n  V I I and I X  cran i a l  nerve s . Aft e r  ent e r ing t h e  

s t roma o f  the g l and they form sma l l  b ranches tha t p en e t r a t e  

t h e  b a s a l  l amina o f  the  s e cr e t o ry endp i ec e s  a n d  t e rmina t e  

i n  sma l l  b udl ike th i ck enings  o n  the bas a l  s ur fa c e s  o f  

s ec r e t o ry c e l l s . P r eg ang l i o n i c  symp a the t i c  f i b r e s  o r i g ina t e  

i n  the f i r s t  two tho r a c i c  s egments o f  the spinal  c o r d  and 

a s c ent in th e vago s ymp a the t i c  trunk to synap s e  in the 

c ranial  c e rv i c a l  gang l ion . T e rmina t ions of p o s t g ang l i on i c  

s ympathe t i c  f i b r e s  t h a t  r e a ch the g l and are  d i s t r ibut e d  in 

t h e  wa l l s  of b l o o d  ve s s e l s  and the b a s a l  p la s ma l emma o f  

s ec r e t o ry c e l l s . P a r a symp a thet i c  and s ymp a thet i c  branch e s  

o f  nerv e s  to s ec r e t o ry c e l l s  a l s o  s upply the s a l ivary 

g l and duc t c e l l s . 

I n  cont ras t to the  maj o r  s a l ivary g l ands wh i ch are  

d i s t in c t  o r g ans , the mino r g l ands are  b a s i c a l ly l obul e s  

o f  g l andu l a r  t i s s ue embedd e d  i n  the submuco s a l  c onne c t ive  

t i s sues  o f  the  mouth and o ropharynx . The mino r  g l ands a r e  

n o t  surrounded b y  a d i s t in c t  connect ive t i s s ue c ap s u l e  but 

a r e  arranged in g roup s  of l obul es , wh ich are mo s tly  d i f fus e . 

S e c r e t i o n s  from the s e g l ands are  d e l ivered into the o r a l  

c avity v i a short duc t s  tha t open through the ep i the l i a l  

s ur fac e . 

I n  c a t t l e ,  the p a i re d  minor s a l ivary g l and s a r e  the 

v entral b uc ca l , int e rmedi a t e  bucc a l , dor s a l  buc ca l , l a b i a l  

a n d  pharyng e a l  g l ands . The two non - p a i re d  m inor s al ivary 

g l ands a r e  the p a l a t ine and l ingua l g l ands ( B i r t l es , 1981 ) .  

Kay ( 1 96 0 ) , s ta t e d  that the comb ine d t o t a l  we igh t  o f  the 

m inor g l ands in c a t t l e  is  ha l f  that o f  the thr e e  maj o r  

g l ands . The mino r g l ands the r e fore undoub t edly cons t i tut e 

an impo r t ant mas s  o f  s a l ivary g l and t i s s ue i n  ruminants . 

The Bov ine Sal iva ry G l ands . 

The fo l lowing de s c ript ions have b e en b a s e d  on account s 

p re s ent e d  in t exts  o f  Ve t e r inary Ana t omy by Hab e l  ( 1 97 0 ) , 



G e t ty ( 1 97 5 )  and N i c ke l , Schummer , Se i f e r l e  and Saek 

( 197 3 ) . 

1 . 1 . 1  P a ro t id Gl and 

The p a r o t i d  g l an d  i s  p inkish b rown in c o l our with an 

ave rage we i ght of 1 1 5  grams . I t  i s  l ong , nar row and t r i 

angul a r  in shape w i t h  a wide  thick do r s a l  end that reache s 

the r e g i o n  o f  the t emp e r omandibul a r  j o i nt . The g l and l i e s  

a l ong the cauda l b o r de r  o f  the ma s s e t e r  mus c l e  and ext ends 

from the zygoma t i c  a rch to the ramus of the mandib l e . The 

vent r a l  aspect  fo l l ows the caudal bo rde r o f  the mandib l e  

and i s  r e l a ted d e ep l y  t o  the mandibul a r  g l and . The d e ep 

surface i s  r e l a t e d  t o  the ang l e  o f  the s tyl ohyo i d  bone and 

the o c c i p i tohyo i de u s  and d i ag a s t r i c  mus c l e s . 

The parot i d  duc t l eaves the g l and v entra l ly w i th the 

fac i a l  a r t ery and v e in and a s c ends on the l a t e r a l  surface  

of  the  ma s s e t e r  mus c l e  to o p en near the pos t e r i o r  upp e r  

mo lar  t e e th in the buc c a l  c a v i ty . 

The hi ghly va s cu l a r  paro t i d  g l and r e c e ives i t s  b l o o d  

supp ly f rom al l the unde r l y ing ar t e r i e s  part icular ly the 

ext e rna l caro t i d ; the venous draina g e  i s  by the max i l l a ry 

and exte rna l j ugul a r  ve ins . 

The p aro t i d  g l ands a r e  innervat e d  by the s e c re t omo tor 

paro t i d  nerve wh i c h  is  a b r anch o f  the buccal  nerve  from 

the tr i g emina l nerv e . The p arot i d  n e rv e  i s  l o c a t e d  do r s a l  

to the p a ro t i d  duc t  and accompan i e s  i t  t o  the g l and . Sym 

pathe t i c  fibres  r e a ch the g l and in the va s cular p l exus e s  

and synap s e  with a and a r e ceptors  o n  s e cr e t o ry c e l l s . 

1 . 1 .  2 Mandibul a r  G l and 

The mandibul a r  g l and is l a r g e r  than the paro t i d  and 

weighs about 1 4 0  g r ams . I t  is p a l e  y e l low in c o l our , 

d i s t inc t ly lobul a t e d  and e x t ends in a curve med i a l  to the 

ang l e  of the mandi b l e  from the  a t l an t a l  fos s a  t o  the 
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b a s ihyo i d  musc l e . C auda l l y  the g l and i s  p a r t ly cove r e d  by 

the paro t i d  gl and . 

The mandibul ar  duct l eave s the g l an d  from the m i ddl e 

o f  i t s  ros tra! b o r d e r  and ext ends l a t e ra l l y  a l o ng the 

d i g as t r i c  mus c l e ,  then p a s s e s  fo rwar d  on the deep surface  

o f  the  my l ohyo i d  and opens  l a t eral  to the  s ub l ingual 

c arunc l e .  
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The vascu l a r  s upp ly to the mand i b u l ar g l and i s  from 

b ranches  o f  the fac i a l  and l ingual a r t e r i e s ; venous dra ina g e  

r e a ches  the l inguo f a c i a l  and fac i a l  v e i ns . P r e g ang l i on i c  

p arasymp a the t i c  f i b r e s  from t h e  r o s t r a! sal iva ry nuc l eus 

l eave i n  the fa c i a l  nerve i n  nerve t runks known a s  cho r da 

tymp ani , t o  j o in t h e  l ingua l nerve . Synap t i c  jun c t ions 

a re usua l l y  found w i thin g ang l i a l o ca t e d  in the hi lus  of 

the g l and and p o s t g ang l i oni c fibres p a s s  into l obul e s  o f  

the g l and by fo l l ow ing the b r anch ing draina g e  duc t  sys t em . 

1 . 1 . 3  Sub l ingua l G l ands 

The s ub l ingua l g l ands are divided i nto two parts , the 

mo re vent r a l  mono s t omat i c  and the dors a l  p o lys toma t i c  

p o r t ion . The p o l y s t oma t i c  p a r t  i s  c omp o s e d  o f  a cha in o f  

l obul e s  about 1 5 - 1 8  cm in l en g th , p a l e  ye l l ow i n  co lour and 

ly ing under the f l o o r  of the mouth . Th is group extends 

from the inc i s ive  a r e a  of the  mandib l e  to the p a l ato 

g l o s s a l  arch and i s  drained by many small  duc t s  which op en 

al ong rows o f  l ong p ap i l l a e  f ound in t he l a t e r a l  s ub l ingua l 

r e c e s s  o f  the mou t h . 

The mono s toma t i c  g l and i s  1 0 - 1 2  cm in l ength and 2 - 3  cm 

in width and extends from the inc i s ive  area o f  the mand ib l e  

t o  the midl ine o f  the  p o lys t oma t i c  g l and wh i ch l i e s  dor s a l!� 

A s ing l e  exc r e t o ry duc t p a s s e s  fo rward medial  to the g land 

and accompanies  the  mand ibular duc t t o  the subl ingual  

carunc l e  located on the f l o o r  o f  the mouth beh ind the 

inc i s o r  t eeth . 



Co l l e c t ively , t h e  sub l ingua l g l ands are  r e l a t ed on 

t h e i r  l a t e ral  a sp ec t s to the my lohyo i d  mus c l e  and the s ub 

l i ngual  n e rve , me d i a l ly to the hyo g l o s s us , s ty l o g l o s sus 

and g en i o g l o s sus mus c l e s and ventra l ly t o  the g eni o -

hyo i d  mus c l e . 
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The b l o o d  s upp ly and venous dra ina g e  are v i a  the s ub 

l ingu a l  a r t e ry and v e in r e s p e c t ive ly . The n e rve  supp ly i s  

s im i l a r  t o  the mandibular  g l and i n  tha t sec r e tomo tor f i b r e s  

from the  chorda tymp ani jo in t h e  l ingua l nerve t o  supp ly 

the g l and . 

1 . 1 . 4  Buccal  G l ands 

The s e  g l ands a r e  we l l  deve lop e d  and arrang e d  into 

three  g roup s : do r s a l , int e rme d i a t e  and vent ra l buccal  

g l ands . 

The do rs a l  group are  ye l l ow in c o l o u r ,  d i s t inctly 

l ob ul a t e d  and extend from the ang l e  o f  the mouth to the 

max i l l a ry tub e ro s i ty .  Th in s up e rf i c i a l  laye rs  of the 

b ucc inat o r  and mas s e t e r  mus c l e s  enve l op e  the dorsal  buc c a l  

g l ands . Sho r t  duc t s  dra in the g l and through the pap i l l a t e d  

a r e a  o f  the ep i th e l ium t o  the buc c a l  c avi ty . 

The ventral  buc c a l  g l and i s  a comp a c t , brown - c o l o u r e d  

m a s s  w e i ghing about 1 5  g rams . The g l and l i e s  adjacent t o  

the lower mo lar  t e e th and ext ends from the ang l e  o f  the 

mand ib l e  t o  the r o s tral  border o f  the mas s e t e r  mus c l e . 

The g l and is  dra ine d v i a  short duc t s  t o  the buc c a l  c av i ty . 

The ventral  buc c a l  g l and i s  s im i l ar in cons i s t ency and 

func t i on to the p a r o t i d  g l and . 

The interme d i a t e  buc c a l  g l ands a r e  di ffu s e  l oo s e ly 

arrang e d  lobul es  y e l l ow in c o l our , and ext end a l ong the 

dors a l  border of the vent r a l  buc c a l  g l and . Lobu l e s  o f  

g l andu l ar t i s sue are  s c a t t e red wi thin conne c t ive t i s sue s , 

adipo s e  t i s sue and p o r t i ons o f  the buc cina tor mus c l e . The 

g l and i s  dra ined via sho r t  ducts  tha t open into the buc c a l  



ve s t ibu l e . 

Co l l e c t iv e l y , the t h r e e  bucca l  g l ands a r e  inne rva t e d  

b y  the bucca l n e rv e , a b ranch o f  t h e  mandibular nerve . 

1 . 1 . 5  Lab i a l  G l ands  

1 0  

The s e  g l ands a r e  comp o s e d  o f  sma l l  scat t e red ye l l ow

c o l oure d  lobul e s  o f  s e cr e t o ry t i s sue found near the l a b i a l  

commi s s ur e  o f  t h e  upp e r  l ip emb e dd e d  b e twe en bundl e s  o f  

l ab i a l  musc l e s . Short duc t s  open at  t h e  s umm i t s  o f  t iny 

p ap i l l ae l o c a t e d  o n  the int e rnal surface  o f  the l ip .  

1 . 1 . 6  Lingua l  G l ands 

The l ingua l g l ands are c omp o s e d  o f  sma l l  ye l l ow - c o l oured 

l obul e s  s c a t t e r e d  b etwe en s k e l e t a l  mus c l e s  and conn e c t ive 

t i s s u e s  of the p o s t e r i o r  t h i rd o f  the tongue and a l s o  

ext end ro s t ra l ly a l ong the marg ins o f  the tongue . The 

g l ands are dra in e d  by s eve r a l  sma l l  ducts wh ich op en onto 

the l ingual sur f a c e  through rows of p ap i l l a e . The g roup 

of g l ands a s s oc i a t ed w i th the val l a t e  pap i l l a e  are  c a l l e d  

gus t a t o ry o r  von Ebner ' s  g l ands . 

1 . 1 . 7  P a l a t ine G l ands 

Th i s  is a l a r g e  ma s s  o f  y e l l ow - c o l oure d ,  l obul a t e d  

g l andu l a r  t i s sue embedded in t h e  sub ep i the l i a l  conne c t ive  

t i s s ue s of the  s o f t  p a l a t e  and d i s t a l  port i on of  the hard 

p a l ate . The g l ands are dra ined by s everal sma l l  duc t s  

wh ich open onto the  o r a l  c av i ty . 

1 . 1 . 8  Pharyngea l  Gl ands 

Th i s  group a r e  ye l l ow in co l our and d i s t r ibut ed in 

the s ubmuco s al c o nne ct ive t i s s ues of the o r a l  and l a ryng e a l  

reg i ons of t h e  pha rynx . T h e  g l ands are  dra ined via  sma l l  

duct s that open onto the ep i the l ium o f  the pharynx . G l an

dul a r  t i s s ue found in  the root and l a t e ral marg ins o f  the  
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t ongue , in the a r e a  between tongue and ep i g l o t t i s  a re a l s o  

includ e d  in the pharyng e a l  grcup . 



1 . 2  Hi s to l ogy and Cyt o logy of S a l ivary G l ands 

H i s to l o g i c a l ly s a l ivary g l ands are c l a s s i f i e d  as e xo 

c r ine g l ands , whe r e  p r o duct s  o f  s e c re t o ry c e l l s  a r e  d i s 

charged t o  a n  e x t e rna l s ur fa c e  v i a  a sys tem o f  duct s .  

Four fac t o r s  di s t ingu i s h  e xo c r ine g l ands : -

1 2  

1 .  The numb e r  o f  c e l l s  (un i c e l lular  o r  mul t i c e l l u l ar ) . 

2 .  The s e c r e t o ry endp i e c e  ( tubul a r , a c inar o r  t ubul a r 

a c i na r )  and the duc t s ys t em ( s imp l e  o r  compo und ) .  

3 .  Mo de o f  s e c r e t i on ( ap o c r i n e , mer o c r ine o r  ho l o 

c r i ne ) . 

4 .  The n ature o f  s ec r e t ion (mucous or s erous ) . 

Sal ivary g l ands a r e  mul t i c e l l u l a r  and a r i s e  a s  t ub u l a r  

invag inat ions o f  a n  ep i the l i a l  s h e e t  that extends i n t o  the 

und e r lying c o nn e c t ive t i s s ue . 

f in e d  to the t e rminal p o r t ions 

( Young and van Lennep , 197 8 ) . 

The s e cretory c e l l s  a r e  con

o f  the tubu l a r  inva g in a t i ons  

The t e rminal s e c r et o ry end -

p i e c e s  were c l a s s i c a l ly r e ferred  t o  a s  a c i n i  owing t o  the 

b e l i e f  that s e c r e t o ry endp i e c e s  w e r e  spher i ca l  t e rm i n a l  

exp ans ions . H oweve r  t h i s  may 

s ec re t o ry endp i ec e  morpho l o gy 

on the g l and and the s p e c i e s . 

b e  an·overs imp l i f i c a t i o n  a s  

va r i e s cons i d e rab l y  dep ending 

The mo rpho l ogy o f  mamm a l i an 

s a l ivary g l ands , w i th p a r t i cu l a r  referenc e to sp e c i e s  

va r i at ion , h a s  b een ext ens ively r ev i ewed b y  Young and 

van Lennep ( 1 9 7 8 )  and P inks t a f f  ( 198 0 ) . 

Sal ivary g l ands a r e  compound exo c r ine g l ands w i th a 

b r anched sys t em o f  duc t s  s inc e s imp l e  exo c r ine g l ands w i th 

unb r anched duc t s  have not b e en r e p o r t e d  for  s a l ivary g l and� 

The mode o f  s ec r e t ion of s a l i vary g l ands can b e  d e s c 

r ibed  a s  mero c r ine s inc e the s ec r e to ry product e l a b o r a t e d  

by endp i e c e  c e l l s  i s  r e l ea s e d  through the ap ical  c e l l  

membrane l ea v i ng the c e l l intact . 

• 

An ent i r e  s ec r e t o ry endp i e c e , reg ardl e s s  o f  i t s morph-

o l ogy ,  i s  comp o s e d  of  a co l l ec t i o n  o f  s ec r e to ry c e l l s . The 
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p r e c i s e  ident i f icat ion o f  a l l  the  c e l l  typ e s  in an end 

p i e c e  i s  howeve r ,  s t i l l  c ontrove r s i a l . Trad i t i ona l ly four 

c e l l  typ e s ; s erous , muc o u s , s er omucous and s p e c i a l  s erous 

have b een imp l i cated  in the format ion of s a l iva (Shackl e fo r d  

and W i lborn , 196 8 ) . The mo rpho l o gy and s ec re t o ry p ro duct s  

o f  typ i c a l  s e rous and muc ous c e l l s  are we l l  document e d  

(Young and van Lennep , 1 9 7 8 ) . Howeve r , the p re c i s e  nature 

of s ec r e t o ry c e l l s  wi th charac t e r i s t i c s  common t o  b o th 

s e ro u s  and mucous c e l l s , i s  open t o  deb at e .  

I n  gener a l , s e rous c e l l s  s e c r e t e  wa t e r , e l e c tr o l y t e s  

and p r o t e inac i ous mat e r i a l  t h a t  m a y  be  e i ther  bas i c  p ro t e ins 

or neutral g lycopro t e ins o r  b o th . Mucous c e l l s  s ynthe s i s e  

and s e c r e t e  muc�sub s t anc e s  wh i l e  the  s eromucous c e l l s  syn

thes i s e  and s e cr e t e  s ig n i f i cant amounts  o f  muc o s ub s t ance 

in a d d i t ion t o  wat e r  and e l ectro lytes  (Mung e r ,  1 96 4 ; 

Sha c k l e fo r d  and W i l b o rn , 196 8 ) . The " sp e c i a l  s e rou s "  c e l l  

de s c r ibed  by Shac k l e f o r d  and Wi l b o rn ( 1 96 8 )  had ul t r a s t ruc 

tur a l  featur e s  found in s e rous c e l l s  but the s e c r e t o ry gran

ul e s , a l though s im i l ar to  mucous granu l e s , differed h i s to 

chem i c a l ly . Tand l e r  and Poul s e n  ( 197 7 )  rep o r t e d  an i dent i cal 

c e l l typ e but c a l l ed i t  s eromuc ou s . A s o lut i on to the 

c l a s s i f i ca t i o n prob l em s ug g e s t e d  by Young and van L ennep 

( 1 97 8 )  was to adop t the t e rms s erous , mucous and s er omucous 

( s p e c i a l  s er ous wa s no t ment ioned)  to d e s c r i b e  morpho l o g i c a l  

f e a t ur e s  o f  s ec r e t o ry c e l l s  wi thout a l l uding to the h i s to 

chem i cal d e f i n i t ion o f  the  s ec r e t o ry produc t . Wi thin this  

c l a s s i f icat i on s e rous c e l l s  have sma l l  e l ec tron den s e  homo 

g en e ous g ranu l e s  whi l e  mucous g r anul e s  are l ar g e  and c l o s e ly 

p a c k e d  w i th a homo g eneous  e l e c t ron lucent matr ix . S ec re t o ry 

g ranu l e s  of  s e romucous c e l l s  have cha rac te r i s t i c s  c ommon 

to b o th s e rous and mucous  g ranu l e s . 

The fundamental que s t ion o f  whether  c e l l s  that s e cr e t e  

s i g n i f ic ant amount s o f  p ro t e inac ious mat e r i a l  w i th wa t e r  

and e l ec t r o l yt e s , c o u l d  b e  c a l l e d  " s erous"  r ema ins unanswered� 

the t e rm " s e rous" deno t i ng a wa t e ry s e cr e t ion wi th ions but 

no t p ro t e i ns or g lycopro t e ins . P inks t a f f  ( 1 98 0 )  r e fe r r ed t o  

a l l  three c e l l  type s ,  s e rous , s e romucous and sp e c i a l  s e rous , 



a s  " s e rous " c e l l s  and reported tha t a l l  " s erous " c e l l s  

are g enera l l y i nvo lved i n  the synthe s i s o f  p ro t e inac i ou s  

mat e r ial , t o  " on e  deg r e e  o r  ano the r " . Re cently , the t e rm 

" p r o t e o s e rous " h a s  b een s ugg e s t e d  f o r  " s erou s "  c e l l s  

( B i r t l e s , 1 98 1 ) . Thi s  may b e  the m o s t appropr ia t e  t e rm 

a f t e r  a c a r e fu l  app ra i s a l  o f  the e x i s t ing l i t eratur e . I n  

the p r e s ent s tu d y , t h e  t erm p ro t eo s e rous ha s b e en a dop t e d 

for  future d i s c u s s ion . 

14  

I n  genera l , the  s ec r e t o ry c e l l s  o f  an  endp i e c e  a r e  

e i th e r  p ro t e o s e rous o r  muc ous , but mixed endp ie c e s  w i th 

p r o t eo s e rous and mucous c e l l s  a r e  p r es ent in some  g l ands . 

The demi l un e  c e l l s o f  s a l ivary g l ands l ocated  d i s ta l  t o  an 

endp i e c e , p ro du c e  ma inly a p ro t e o s e rous s ec r e t ion . C on t 

rac t i l e  myo ep i th e l i a l  c e l l s  whi c h  l i e betwe en the b a s a l  

l amina and s ec r e to ry c e l l s  have a l s o  b e en report ed 

( G a r r e t t  and Emm e l in , 1 979) . 

1 . 2 . 1  P r o t e o s e rous C e l l s  

P ro te o s e r o u s  ce l l s  i nvo lved in s e cret ion o f  wat e r ,  

e l e c t rolytes  and pro t e inac ious mat e r ial  are  obs e rved i n  

two b as i c  fo rms in s a l ivary g l ands . F i r s t ly , a pyram i da l 

shap e d  c e l l  i n  a n  ac inar endp i e c e  a n d  s econdly a cubo i d a l  

c el l  i n  a t ub u l a r  endp i e c e  (Young and van L ennep , 1 97 8 ) . 

The l a t t e r  form i s  usua l l y  de s cr i p t ive o f  the bovine p a ro t i d  

and ventra l b u c c a l  g l ands . 

A pyram i d a l  endp i e c e  ce l l ,  w i t h  a b road b as e  and a 

na r row ap ex i s  g enera l ly sp e c i a l i s e d  for synthe s i s  o f  b a s i c  

p r o t e ins and s e cret ion o f  some wa t e r  and e l e c t ro lyt e s . The 

broad basal  c y t o p l a s m  c onta ins c o n s i derab l e  amount s o f  

rough endop l as m i c  r e t i cu l um ( RER)  and the narrow ap e x  hou s e s  

sma l l , dens e s e cr e t o ry g r anul e s . 

Secreto ry c e l l s  wh ich are p r ed om inantly spec i a l i s e d  for  

wa t e r  and e l e c t ro ly t e  t ranspo r t , however , r equire a g r e a t e r  

s ur face a r e a  t o  vo l ume r a t i o  (Young and van Lennep , 1 9 7 8 ) . 

I n  the ruminan t th i s  characte r i s t i c  is  c l e a r l y  demons t ra t e d  
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by the p r e s enc e o f  extens ive  bas o l at e r a l  info l d ing s o f  the  

p l a sma membrane , an ap i c a l  a r e a  w i th s everal  s e c r e t o ry c an 

a l icul i and we l l  d eve l op e d  microvi l l i .  The s e  c e l l  surfac e 

mo d i f i c a t ions g ene r a l ly fac i l i t a t e  wa t e r  equi l ib r a t i o n  

( van L ennep , Kenn e r son and Comp t on , 1 9 7 7 ) . 

Th e p r e s ence o f  t i ght jun c t i ons ( z onu la  o c c ludens ) 

b e tween the l a t e ra l int erc e l lular  cana l i cul i and the ap i c a l  

s e cr e to ry cana l i cul i (Young and van L e nn ep , 1 9 7 8 )  may 

addi t i ona l ly cont r ibute to the e s t ab l i s hment of an i o n i c  

g ra d i ent . Thus i t  i s  temp t ing to p o s tulate  that overa l l , 

cubo i da l  c e l l s  w i th l a t e r a l  sur f a c e  mo d i f i c a t ions a r e  mo r e  

a dvantag eous fo r w a t e r  and e l ec t r o l y t e  t ransport  in add i t i on 

t o  synthes i z ing and s e c r e t ing s ome  p r o t e ins and g lyco 

p r o t e ins . 

Ab ove f inding s a r e  p a r t i cu l a r l y  v a l i d  f o r  paro t i d  g l and 

p ro t e o s e rous c e l l s  of sheep (van L enn ep et a l . ,  197 7 )  and 

c a t t l e  ( Shackl e f o r d  and Wi l born , 1 9 6 9 )  a l though in the�·la t te r  

sp e c i e s  ev i denc e h a s  accumul a t e d  i n  f avour o f  a s i gn i f i can

t ly h i gh pro t e in and g lycop ro t e in c o n t ent in paro t i d  s a l iva 

( T ab l e  1 . 2 ) .  

Apart  from s t ructura l  mo d i f i ca t i o ns of the cytop l a sm i c  

memb r ane p ro t e o s erous c e l l s  o f  rum inants do no t p o s s e s s  

unus u al  featur e s . The po s i t ion o f  t h e  sphe r ical  nuc l eu s , 

f o r  e xamp l e , i s  governed by the numb e r s  of s e cretory g ra n 

u l e s  p r e s ent ; when t h e  c e l l  is  r ep l e t e  w i t h  g ranul e s  the 

nuc l eus occup i e s  the bas a l  thi rd of t h e  ce l l , fo l lowing 

the i r  d i s charg e the nuc l eu s  b e come s mo r e  c entra l ly p l a c e d  

(van Lennep e t  a l . ,  197 7 ) . I n  a c c o r d anc e w i th a l ow l ev e l  

o f  p r o t e in s ec r e t ion g ene r a l ly l i t t l e  RER h a s  b een d es c r ib e d  

in p r o t eos e rous c e l l s  ( Shackl e f o r d  a n d  Wilborn ,  1 9 6 9 ) . RER 

app e a r s  as f l a t t ened c i s t e rnae s t a c k e d  on top of one another, 

p a ra l l e l  w i th t h e  b a s e  o f  the c e l l and f i l l ing the p er i 

nuc l ear  cytop l a s m .  The Bo l g i  c omp l ex i s  l oc ated i n  the 

s up r anuc l ea r  p o s i t i on wh i ch is  typ i c a l  of c e l l s engag ed in 

p ro t e in synthe s i s . A sys t em o f  v e s i c l e s , l ame l l a e , v acuo l e s  

and s a ccul es  a r e  p re s ent i n  add i t i o n  to curved s tacks o f  
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three t o  f i v e  smo o t h  memb r ane c i s te rna! e l ements  o f  Go l g i 

ER- lys o s ome (GERL )  s y s t em (Nov i ko f f , Nov i kof f ,  Qui n t ana and 

Hauw , 197 1 ) . Mi to chondr i a  are usua l l y  e l ong a t e d  and p a r t i c 

ul arly abundant i n  p r o t eo s e rous  ce l l s  o f  the s h e ep p a ro t i d  

(van Lennep e t  a l . ,  1 97 7 ) . The i r  d i s tr ibut i on ,  a l t hough 

random shows a p re f e r ence for  the l a t er a l  cytop l a s m i c  mem

b rane s  (Young and v an Lennep , 1 97 8 ) . 

The s ec r e t o ry g ranul e s  o f  p ro t e o s e rous c e l l s  cons i s t  

o f  a t r i l am inar membr ane enc l o s ing a ma t r ix with one o r  

mo re e l e c t r on dens e inc lus i on s  (Young a n d  van L ennep , 1 97 8 ) ; 

the s i z e and shap e o f  the g ranu l e s  and the e l e c t ron m i c r o 

s cop i c  app e aranc e o f  the i r  mat rix  may vary depend i ng o n  the 

f ixa t i on p r o c edure.. In  sheep two g ranu l e  typ e s  have b e en 

o b s e rved b y  van L ennep e t  a l . ,  ( 1 97 7 ) . The majo r i ty o f  

g ranu l e s  c l as s i f i e d  a s  type I were d e s c r ibed a s  sma l l  and 

e l e ctron dense whi l e  typ e I I  g ranul e s  were l arg e r  w i th a 

l e ss  e l e c t ron dens e mat r ix and had a t endency t o  fus e  w i th 

one ano the r ,  a f e ature typ i c a l  o f  mucous secretory granul e s . 

Th is  l a t t e r  charac t e r i s t i c  wa s respons i b l e  f o r  the rum inant 

p ro t e o s e rous c e l l s  b e ing p r ev i ou s l y  l ab e l l ed as  " sp e c i a l  

s erou s "  b y  Shac k l e fo rd and Wi l born , ( 1 969) . 

1 .  2 .  2 Mucous C e l l s  

Tubul a r  endp i e c e s  w i th cubo idal s e cr etory c e l l s  s p e c i a l 

ised fo r s ynthe s i s  o f  mucous g ranul e s  do no t d i s p l ay the 

comp l ex l a t e ra l  s ur fa c e  mo d i f i c a t i ons o f  pro teo s er ous c e l l s  

(Young and van Lennep , 1 97 8 ) . The ap i c a l  p l asma memb rane 

i s  usua l l y  devo i d  of microv i l l i  and s e c r et o ry cana l i cu l i 

are rare l y  p r e s ent . Basal  and l a t e r a l  p l asma memb rane s are  

smo o th or  s l ightly p l i c a t e d  w i th s ome int erdig i t a t ion 

b etwe en a djac ent c e l l s . 

The nucl eus i s  d i s p l a c e d  t owards  the b a s e  o f  the c e l l  

owing t o  the l a r g e  volume o cc up i ed  b y  the s e c r e t o ry g ranu l e s. 

The RE R c o ns i s t s  o f  c l o s e l y p acked c i s ternae in the b a s a l  

reg i on but i t s  p r e c i s e  d i s t r i but i on and concentrat ion var i e s  

with the s ecreto ry cyc l e  ( P inks t a f f , 198 0 ) . Go l g i  comp l exes  
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a r e  l ar g e  w i th s ev e r a l  d i l at ed c i s te rnae on the i r  c onc ave 

s i de . Mitochondr i a  a r e  l o c a t e d  p r e dominant ly in  the b a s a l  

p a r t  o f  t h e  c e l l . 

The mucous s e cr e t o ry g ranul e s  are l arg e r  than p r o t eo 

s e rous s e c r e t o ry g ranu l e s  and cons i s t  o f  an e l ec t ron lucent 

ma t r ix .  The g ranu l e s  o ft en app e a r  fus e d  wi th adja cent gran

u l e s  whi ch p r o duc e the  charac t e r i s t ic " fo amy" app earance 

of  the  cytop l a sm (Young and van L ennep , 197 8 ) . P inks taff  

( 19 8 0 )  had ext ens ive l y  r ev i ewed the f ine s t ruc ture of  

muc o us g ranul e s  wi th r ef e r en c e  t o  sp e c i e s  variation and 

f ix a t i on a r t i facts . 

1 .  2 .  3 Dem i l une C e l l s  

I n  s a l ivary g lands o f  mo s t  s p e c i e s  the mucous tubul e s  

a r e  o ft en " c apped" b y  c r e s c ent - s hap e d  s e c r e t o ry c e l l s  

r e f e rred t o  a s  dem i l une s .  The mo rpho l o gy and s ec ret ions 

o f  demi lun e s  vary among s p e c i e s  and in di f fe rent g l ands 

o f  the one s p e c i e s  but g en e ra l l y  the s ec r e t o ry p ro ducts  

a r e  pr oteo s erous . Pur e ly mucous  demi l un e s  are  rare and have 

b e en rep o rt e d  in only a few sp e c i e s  ( P inks t a f f , 198 0 ) . 

The a r r angement o f  a demi lune d i s t al to an endp i e c e  has 

r e s u l ted in much s p e cu l a t ion a s  to the mode of r e l eas e o f  

the i r  s e c r e t o ry mat e r i a l  to the l umen o f  a tubu l e . Shackl e 

f o r d  and Wi lbo rn , ( 197 0 )  have r ep o r t e d  the p re s ence  o f  a 

sys t em o f  inte rce l lu l a r  canal i cu l i in dem i l une s o f  bov ine 

man d ibular g l ands . The s e  may i n t erconn e c t  t o  commun i c a t e  

w i t h  a demi lune t h a t  has  d i r e c t  acc e s s  to t h e  lumen o f  i t s  

a s s o c i a t e d  tubul e ( P inks taff , 1 9 8 0 ) .  

Func t i o na l ly ,  p ro t e o s e rous s e c re t ions  o f  the dem i l une 

c e l l s  may provide a " f l ushing" e f fect  fo r the v i s cous mat e r 

i a l  s e creted by the endp i e c e  muc ous c e l l s . 

1 .  2 .  4 The Myoepi the l i a l  Cel l s  

Myo ep i the l ial  c e l l s  are f r equent ly found betwe en the 



endp i e c e  s e c r e t o ry c e l l s  and the b as a l  l amina . They are  

s l ende r ,  sp indl e-s hap e d  c e l l s with l ong b ranch ing cyto 

p l asmi c p ro c e s s e s  wh i ch en c i rc l e  c e l l s o f  the s e cr e t o ry 

endp i e c e s  and int e rca l at ed duct s . 
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Myo ep i the l i a l  c e l l s  have b e en a s s o c i ated w i th a cont r a c 

t i l e  r oie .  P r e s sure exert e d  dur ing cont rac t i on may e xp e l  

s e c re t e d  ma t e r i a l  from the endp i e c e  lumens i n t o  the.int e r 

c a l at e d  duc t s  and a l s o  p re vent b ackflow o f  s al iva into the 

endp i e ce l umen . P inks t a f f  ( 198 0 )  has s ugges t e d  that myo ep i 

the l i a l  c e l l s  may addi t io na l ly s up p o rt the s e c re to ry end

p i e c e  and int e r c a l a t e d  duc ts  during s e c re t i o n . 

1 .  2 .  5 The Duc t a l  Sys tem 

I n  cont ras t to s e c r e t o ry endp i e ce s , c l as s i f i c a t i o n  o f  

the sa l ivary g l and duct s y s t em i s  l e s s  cont r o v e rs i a l . The 

b as i c  p a t t e rn o f  the dra inage duct s  within a s al iva ry g l and 

b e g ins w i th an int e rca l a t e d  duc t  whi ch conne c t s  a s e c r e t o ry 

endp i e ce to an int r a l obul a r  duc t . The s e  emp ty into a con

fluen c e  o f  dra inage ve s s e l s  t e rmed int e r l obul a r  and int e r 

l ob a r  ducts , dep ending upon the i r  p o s i t ion . The l a t t e r  

ana s t o mo s e  t o  fo rm a main excret o ry duc t  o r  i n  s ome g l ands 

into mul t ip l e  excretory ducts . The ma in exc r e t o ry duc t  ( o r  

duc t s ) termina t e s  at the o ral  muco s a . 

1 .  2 .  6 I n t e r c a l at e d  Duc t s  

I n t e rc a l a t e d  duc t s  v a ry in l ength , di ame t e r  and c e l l  

he i gh t ; gene r a l ly the duc t  wal l s  are  comp o s e d  o f  cubo idal 

ep i th e l i al  c e l l s  but may r ange from squamous to l ow c o l umna r  

( P inks ta f f ,  1 98 0 ) . I n  bov ine p a r o t i d  g l ands the inte rca l 

a t e d  duc t ep i t h e l ium nea r the s e cretory endp i e ce has b e en 

de s c r i be d  as  l ow cub o i da l  changing to l ow c o l umna r  ne a r  

the junct ion w i th int r a l o b ul a r  duc ts  (Shack l e fo rd and 

Wi l b o rn , 1969) . 

I n  cat t l e , int e r ca l a t e d  duc t  c e l l s  have s ho rt ap i c a l  

microvi l l i  a n d  minimal  l a t e r a l  and p l asmal emma! mo d i f i cat i ons 
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( Sha c k l e fo rd and W i l b o rn , 1 969) . The intracy t op l a s m i c  

components d o  not  p o s s e�s unusua l  f e a tur es . A large  sphe r 

ical  central ly-p l a c e d  nuc l e us o c cup i e s  a l arge  area  o f  the 

cytop l a sm wh i ch cont ains  a few mi t o chondria  in add i t io n  to 

a Go l g i  comp l e x  and s ca t t e r e d  RER c i s te rna� . 

P re vious ly , int e r c a l a t e d  duc t s  we re cons i d e r e d  a s  p a s 

s ive c ondui t s  fo r t rans f e r  o f  s e c r e t o ry p roduc ts  from end

p i e c e s  into intral obul a r  duc t s ; however accord ing to Young 

and van Lennep ( 1 97 8 )  and P inks t a f f  ( 1 98 0 )  thi s  is an over

s imp l i f i cat i on .  H i s t o chem i c a l  and ul tras truct ura l s tud i e s  

have d emon s t r a t e d  a po s s i b l e  s e c r e t o ry ro l e  fo r the s e  

duct s  i n  s ome s p e c i e s . S e creto ry g ranul e s  have b e en r ep 

o r t e d  i n  e p i t h e l ia l  ce l l s o f  int e r c a l a t e d  duc t s  o f  s h e ep 

p a ro t i d  ( van L ennep e t  a l . ,  197 7 )  and bovine mandibu l a r  

g l ands (Shack l e fo rd and W i lbo rn ,  1 97 0 ; B l oom and C a r l s oo , 

1974 ) . 

1 .  2 .  7 Int ralobul a r  Duc t s  

I nt e rc a l a t e d  duc t s  a r e  cont inuous with int ra l obul a r  

duct s  wh i ch o ften exhi b i t  di s t inct e o s inophi l i c  b a s a l  

s t r i a t ions . This  cytop l as mi c  feature  i s  respons i b l e  fo r 

int r a l obular ducts  b e ing f requent ly referred t o  a s  " s t r i a t ed ' 

duct s .  Howeve r, the t e rm int ralobul ar  duct s e ems mo r e  approp 

r i a t e  as  b as a l  s t riat ions are no t evident in int r a l obul a r  

duc t  c e l l s  o f  a l l  s a l iva ry g l ands . In  addi t i on t h e  " gran

u l a r "  duc ts  o f  rodent s i n t e rpo s e d  b e tween int e r ca l a t e d  and 

s t r i a t ed duct s a r e  a l s o  p a rt o f  the  int ralobul ar duct sys t em. 

Ham and C o rmack ( 1 9 7 9 )  have des c r ib e d  the p r incipal  c e l l 

typ e l ining intral obul a r  duc t s  to b e  t a l l  c o l umnar w i th 

bas a l  s t riat i ons ; howeve r ,  cub o i d a l  c e l l s  w i t h  poorly devel 

op e d  b a s a l  s tr ia t i ons have b e en found in some sp e c i e s  

( Yo un g  and van Lennep , 1 9 7 8 ) . I n  ruminant s the duc t  ce l l s 

are  further s p e c i a l i s e d  into thr e e  typ e s , " l i ght c e l l s " , 

" da rk c e l l s "  and bas a l  c e l l s  ( Sha c k l e fo rd and Wilborn , 196 9 ;  

197 0 ; Bl oom and Car l s o o , 1974 ) . Basal  cel l s  are ra r e ly s e en 

but when p re s ent are  c l o s e  t o  the b a s a l  lamina and do not 
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e x t end t ow ards the duct lume n . The i r  cy top l asm conta ins 

s ca t t e re d  RER ,  few m i t o chond r i a  and s ome int ra c e l lul a r  

f ib r i l s . The dark c e l l s  are chara c t e r i sed b y  an e l e c t ron 

dens e cytop l as m i c  ground sub s tanc e , an i rregu l a r  nuc l eus 

and c l os e ly p acked cytop l as m i c  o rgane l l e s . The mo re common 

l ight ce l l  has a sph e r i cal , cent ral ly-p l aced nucl eus and 

e x t ens ive b as a l  memb rane fo l dings hous ing ab undant m i to 

chondr i a  o ri en t e d  p aral l e l  t o  the p l a s m a l emma! fo l di ngs . 

The b a s a l  s tr i at ions  are due to info l d i ngs o f  the b a s a l  c e l l  

memb r ane . Late ral  p l asma l emma! f o l dings are ob s e rve d t ow 

ards t h e  b a s e  o f  the  ce l l . 

I n  gene ral , s t r i at e d  duc t s  are we l l  deve l op e d  in p ro t e o 

s e rous g l ands but ppo rly deve l op e d  o r  ab s ent i n  mucous 

g l ands and mino r s a l ivary g l ands , w i th the excep t i on of the 

ventral  buccal gl ands  o f  ruminants . A l though the abo ve 

p a t t e rn has b e en ob s e rve d i n  s al iva ry g l ands o f  s heep ( van 

Lennep e t  al . ,  1 9 7 7 ) , the p aro t i d  gl ands  of cat t l e  a re an 

excep t ion in that the int ral obul ar  duc t s  show a marked l ac k  

o f  b a s a l  s t r i at ions (Shack l e fo rd and W i lb orn , 1 9 6 9; P a l , 

Chandr a  and Bha radw a j , 1 9 7 2 ; P inks t af f ,  1 9 8 0 ; Vigno l i  and 

Nogue i ra , 1 9 8 1 ) . H oweve r s t r i at e d  duc t s  are w e l l  deve l o p e d  

in bovine mandibul a r  and s ub l ingua l gl ands . 

I t  i s  gen e r a l l y  accep t e d  that s t r i at e d  duct s  o f  she ep 

enab l e  the animal t o  s e cr e t e  a hyp o t on i c  s a l iva ( depending 

on i t s  s o dium s ta tu s )  by r e ab s o rp t i on o f  sodium i ons  (Young 

and van L ennep , 1 9 7 9 ) . The abundant b as a l  m i t o chondr i a  

s ugges t a p o s s ib l e  act ive t ransport  me chanism fo r s tr i a t e d  

ducts  wh i l e  the l ac k  o f  mi t o chondr i a  o r  bas a l  s t ri a t ions  

may indicate s e cre t ion of  an i s o t on i c  s al iva w i th l i t t l e  

reab s o rp t ion o f  i on s . 

Apa r t  f rom b a s a l  p l a smal emma! info l dings the s tr i a t e d  

duct c e l l s  s how ap i cal mo d i f i cat i ons  o f  two vari e t i e s ; m i c ro 

vi l l i  and " ap i c a l  b l eb s " , ( P inks t af f ,  1 9 8 0 ) . "Ap i c a l  b l e b s "  

have b e en vari ous l y  des c r i b e d  a s  f i x a t i on a r t i facts o r  

s tage s o f  an apo c r ine s e c r e t i on p ro c e s s ( s e e  Young and 

van Lennep , 1 9 7 8 ) . The cy top l asm o f  i nt ralobul ar  duct c e l l s  
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cont a ins a few s c a t t e re d  RER c i s t e rnae and a G o l g i  comp l ex 

s i tuat e d  ap i ca l  t o  the nucl e u s . 

I nt ra l o b ul ar  duc t s  a r e  a dd i t ional l y  engaged i n  the syn

thes i s  o f  s e cr e t o ry mat e r i al ( Young and van L ennep , 197 8 ; 

P inks taf f , 198 0 ) . Enzyme s s uch as kal l ikrien , p e r ox i da s e ,  

lyso zyme and the s e c re t o ry c omponent o f  I gA have b e en i den

t i fi e d  i n  s t ri a t e d  duct c e l l s  (Young and van Lenn ep , 197 8 ) . 

I n  s h e ep and c a t t l e , an a d d i t i onal intraep i th e l i a l  duct 

cell  has b e en de s cr i b e d  in the wal l s  of intra l o b ul a r  duc t s . 

I n  cat t l e , the s e  c e l l s  h ave b e en cal l e d  " int ras t r i at e d" duc t  

cel l s  by Shack l e fo rd and K l app e r  ( 196 2 )  and B i r t l e s  ( 198+) 

whi l e  in s h e ep , van Lennep e t  a l . ( 1 97 7 )  des c r i b e d  them a s  

" g l obul e l euco cyt e s " . One o f  t h e  a ims o f  the p re s ent s tudy 

i s  to inve s t igate the s e  " in t r a s t r i at e d" duct c e l l s  mo r e  

cl o s e ly .  

1 .  2 .  8 Excretory Ducts 

The e xc re t o ry ducts are  u s ua l ly i nt e rpo s e d  b e twe en 

intralobul ar duct s  and the ma i n  exc r e t o ry duct . Mo re than 

one typ e o f  exc r e t o ry duc t  may b e  p r e s ent ; an int e rl o b u l a r  

duct l o c a t e d  in the  int e rl o b a r  conn e ct ive t i s s ue s epta  b e t 

ween lobul e s  and an int e rl o b a r  duc t i n  conne c t i v e  t i s s ue 

s ep t a  b e tw een lob e s . 

The ep ithe l i um o f  e xc r e t o ry duc t s  can v a ry cons i de r ab l y  

ranging f r om s imp l e  co l umna r  t o  s trat i f i e d  cub o i da l  o r  

s t rat i f i e d  columna r .  Typ i ca l ly t h e  m a i n  exc r e t o ry duc t i s  

l ine d b y  s t rat i fi e d  co l umna r  o r  in s ome gl ands , w i th p s eudo 

s t rat i fi e d  co lumn a r  ep i the l ium w i th gob l et c e l l s . 

H i s t o chemi cal  s tudi e s  h av e  shown that exc r e t o ry duct s  

pos s e s s  c ons i de ra b l e  s e cr e t o ry act iv i ty : Ka l l i k re ins and 

succina t e  dehydrogena s e  are among the many enzyme s i s o l a t e d  

( s e e  P i nk s taf f ,  1 9 8 0  fo r r ev i ew o f  excretory duc t  s e c r e t o ry 

product s ) . Young and van L e nnep ( 19 79) have i n d i c a t e d  that 

excreto ry duct s  may b e  inv o l v e d  in further mo d i f icat ion o f  
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ducts . 
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The e xc r e t o ry duct l ining change s  t o  s tr at i f i e d  squam

ous ep i the l i um a sho rt dis tance b e fo r e  i t  b e come s c ont inuous 

w i th the o r a l  cavi ty . 
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1 . 3  Bovine S a l i vary Compo s i t i on 

The comp o s i t ion of b ovine s al i va c an be  divided into  

an inorgan i c  c omponent c omp o s e d  o f  e l e ct ro ly t e s  and wa t e r ,  

and an o r g an i c  comp onent o f  muco s ub s t anc e s , prote ins and 

ure a . 

On the b a s i s  o f  nume rous m i c ropuncture s tudi e s  on the 

majo r s al ivary g l ands of var i ous s p e c i e s , it  i s  now g en e r 

a l ly a ccep t e d  that s al ivary g l and endp i e ces s ec re t e  an i s o

t on i c  p r imary flui d h aving an e l e ct ro ly t e  compo s i t io n  

s imi lar  to p l a s ma ( Sc hneye r ,  Youn g  and Schneye r ,  197 2 ) . 

The s e conda ry o r  final  s al iva tha t eme rge s  into the o r a l  

c av i ty i s  p ri mary s a l i v a  whi ch ha s unde rgone duc t a l  mo d i f 

i cat ion . 

Al though the comp o s i t ion o f  e l e ct ro ly t e s  e l ab o ra t e d  by 

an endp i e ce a r e  s e conda r i l y  mo d i fi e d by the duct sys t em , 

there i s  no e v i dence t o  sug ge s t  that the muco sub s t an c e s  

s e cre t e d  s imul taneous ly b y  t h e  e n dp i e c e  c e l l s  a l s o  undergo 

further mo d i f i ca t i on . I t  i s  general ly assumed that wat e r  

s e creted a l o n g  wi th e l e ct r o l y t e s  d i s s o lves and flus h e s  out 

the mo re v i s c ous muco s ub s tan c e s  ( Young and van Lennep , 1979) .  

1 . 3 . 1  S e c r e t ion o f  Water and E l e ctro lytes  

As early as  the  l as t  century , Ludwig  ( 1 8 5 1 ) , ob s e rved 

that s a l iva could be  s e c re t e d  at  p re s s ures in exce s s  o f  

b l ood p r e s sure . I nve s t i gat ions b y  He i denhain ( 1 8 7 8 )  furthe r 

e s tab l i s h e d  that s al iva was p r o duced as  a re sul t o f  a s e cr e t

o ry proce s s  rather t h an an ul t r a f i l t rate of  p l asma , b y  

o b s erving chang e s  i n  int ens i ty a n d  durat ion o f  ne rvous s t im

u l a t i on wh i c h  c aus e d  s a l ivary fl ow rates  to vary w i d e ly wi th 

s ub s equent c h anges i n  s al i vary e l e ct ro lyte comp o s i t i o n .  

Thays en , Tho rn and S c hwart z ( 1 95 4 )  extended H e i denh a i n ' s  

( 1 8 7 8 )  find ings and fo rmul a t e d  a two s tage hypothe s i s  o f  

s al ivary s e c�et i on t o  account fo r the var i a t i on in e l e c t r o 

l y t e  comp o s i t ion wi t h  s al ivary flow rat e . In the f i r s t  

s tage i t  wa s pos tul a t e d  that a p re curs o r  (primary )  s a l iva 
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was p ro duce d i n  the endp i e ce r e g i on w i th an e l e ct ro ly t e  con 

centrat ion s imi l ar t o  p l asma . I n  the s e cond s t a g e , i t  was 

p ropo s e d  that  p rima ry f lu i ds de l ive re d t o  the duc t  s y s tem 

unde rwent changes in e l e c t ro ly t e  comp o s i t i on by a duc t a l  

me chan i s m  w i th a l imi t e d  max imum trans p o rt cap a c i ty . 

1 .  3 .  2 P r imary S al i va 

I t  has b e en e s t ab l i shed that p rimary s al iva p r o duce d by 

s e c re t o ry e n dp i e c e s  is due to an act ive t ransp o r t  p ro ce s s  

i n i t i a t e d  b y  neural s t imul at i on . Th i s  s ecre t o ry p r o ces s may 

invo lve the t rans fe r o f  s o di um and o ther ino rgani c i ons de r 

i ve d  from p l as ma a c ro s s  the di s t al s e gment o f  the s e cre t o ry 

endp ie ce i n t o  i t s  l umen ( S chneye r  and Emme l in ,  1 9 7 4 ) . Wat e r  

i s  t raris fe r r e d  pas s i ve ly s ince n o  e v i dence e x i s ts tha t  

a c t ive t rans p o rt o f  w a t e r  o c curs ( S chne y e r  e t  al . ,  1 9 7 2 ) . 

As y e t , there i s  no w i de ly a c c e p t e d  theory o r  mo de l t o  

acc ount fo r w a t e r  and e l e ct ro ly t e  t rans p o rt in s al i vary 

g l ands . Evi dence p e r t ain ing t o  th i s  p ro ce s s  in s e cr e t o ry 

endp i e ce s  i s  us ual ly by ana l o gy w i th ava i lab l e  da t a  on i o n i c 

t rans p o rt a c ro s s  int e s t ina l ep i the l i a  and proxima l tub u l e s  

o f  the k i dney . D e s p i t e  the p au c i ty o f  data  avai l ab l e  on 

e p i the l i a l  memb rane poten t i a l s  i n  s e cr e t o ry endp i e ce s , i t  

has b e en p o s tul a t e d  th at endp i e ce e p i the l ium i s  o f  the 

" l e aky" typ e ( S chney e r  e t  al . ,  1 97 2 ) , w i th p o t ent i a l i ty to 

t rans p o rt l arge vo l ume s of flu i d  i s o t on i ca l ly . I t  i s  w i de ly  

held  ( P e t e r s en ,  198 0 )  al though not p rove d ,  tha t t r an sp o r t e d  

i ons and w a t e r  p a s s  v i a  p arace l lul ar channels  acro s s  int e r 

c e l lul ar junct i onal comp l exes and that an act i ve t rans c e lf 

l u l ar flux o f  at l e a s t  one i on i s  l ik e ly to o c cur . 

One mo de l fo r i on i c  t rans p o r t  p rop o s e d  by Fr i z z e l l , 

F i e l d  and S chul t z  ( 19 79) invo l ve d  a t i gh t ly coup l e d  e l e ct r o 

neutral Na
+

C l - eo-t r ansport p r o t e in l o c ated i n  t h e  b as al 

p l asma memb rane o f  the s e cre t o ry c e l l . Mo s t  se cr e t o ry ep i 

the l i a ma i n t ain Na
+ 

and K
+ 

i ons  at e l e c t rochemi c a l  p o t ent i a l s  

w i de ly dis p l aced from equi l ib r i um .  I t  h a s  been p o s tul at e d  

that the d i f fus ion o f  Na
+ 

into the cyto p l asm concen t ra t e s  



Cl in t he cyt op l asm agains t an elec t r o chemi c a l  grad ient 

es tab l i s hed by N a
+

, K
+

-AT P a s e  l o cated in the b a s o l ateral 

p l asma memb rane . Under th i s  p roposed mo del Cl  wou l d  then 

move p a s s ively i n t o  the endp i ece lumen acro s s  the ap i c a l  

cel l memb rane b y  an undefined mechan i s m .  Th i s  i on f low i s  

thought t o  in i t i a t e  a sec ret i on p ro ces s (elec t ro s t a t i c a l ly 

and o smo t i ca l ly) in wh i ch mo s t  o f  the secreted i ons and 

water enter the l umen by a p a racel l u l ar route , comp o sed o f  

intercel lu l a r  sp a ces and s ec retory c ana l i cul i .  Such a 

mechan i sm i s  known to be t hermo dynam i c al ly s o und ( Co o k  and 

Young , 1 9 8 1 )  b ut an exp lanat ion rema ins to be found to 

demons t ra te how jun c t i onal  comp lexes can be a dequately per 

meab le t o  ions and wa ter and yet maint a in a h i gh reflex i o n  

coef f i c i ent to t he secret i on ion (Hi l l , 1 9 8 0 ) . 

Di amond and B o s sert ( 1 9 6 7 )  p ropo sed a mo del whi ch emph

as i sed the geomet r i ca l  fea t u res o f  ·e�i thel i a  s pec i a l ised 
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fo r i on i c  trans p o r t . The l a tera l  intercel l u l a r  channel s  

i den t i f ied un ivers a l l y  i n  elec t r o l y te transport ing ep i thel ia  

may es t ab l ish  s tanding o s mo t i c  gradients tha t  c o u l d  fac i l i t 

ate the produc t i on o f  an i s o tonic  secret i on even though sec

retory rates may be changed by up t o  three o r ders of  mag 

ni tude . 

Wel l developed l a tera l i nterce l l ul ar channe l s  and s e c 

reto ry c anal i cu l i have been des cr ibed i n  par6t i d  g l and 

proteo serous cel l s  o f  the b o v i dae (Young and van Lennep , 

1 9 7 8 ) . 

The inorgan i c  compo s i t i on o f  the p r imary secret i on i n  

ruminant s a l ivary g l ands h a s  received l i t tle a t tent i on unt i l  

recen t l y  when Comp ton , Nel s on ,  Wr i gh t  and Young ( 1 9 8 0 )  inves 

t i g a ted paro t i d  s a l iva o f  s heep in rel at ion t o  the s od i um 

s tatus o f  the anima l . 

The p r imary s a l iva s o d i um concen t rat ion o f  s o d i um rep lete 

sheep was found to be i s o to n i c  and independent o f  s a l i va ry 

flow rate . However , in s od ium dep l eted sheep p r imary s a l iva 

so dium concen t r a t i on was very l ow and the p l asma - l i ke 
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osmo l a l i ty o f  the p r imary f lu i d  was comp o s ed o f  an un i den

t i fied  s o l u t e . According to Compton et a l . ( 198 0 )  th i s  

s o lute may b e  a l ow mo l e cul a r  w e i g�t o rg anic compound wh ich 

i s  reab s o r b e d  and u t i l i z e d  by the duc t c e l l s  s in c e  it  was 

abs ent from final s a l iva .  Th i s  un iden t i f i ed organ i c  com

pound wou l d  also  have to be non�i on i z e d  or  poorly i on i z e d  a s  

t h e  s umme d  s o dium and potass i um concentration in p r ima ry 

s a l iva c o r r e sponds c l o s e ly to the s umme d chl o r i d e , pho spha t e  

and e s t ima t e d  b i carbonate conc entra t i on s . 

I n  cont ras t w i th the s o d i um concentrat ion o f  p r imary 

s a l iva , po t as s ium concent rat i on d i d  no t differ s i gn i fi can t ly 

b e tween s o d i um rep l e t e  and s o d i um dep l e t e d sheep . On the 

b as i s  of ava i l ab l e  mi cropuncture data , Young and van L ennep 

( 1979) con c luded that potas s i um i s  concentra t e d  in the cyto-
+ + 

p l asm o f  endp i e c e  c e l l s  by b a s a l ly l o ca t e d  N a  , K ATP a s e and 

that the i o n  enters s al i va a c ro s s  the ap i cal  memb r ane by a 

p a s s ive p ro c e s s .  

C omp t o n  e t  a l . ( 1 98 0 )  in the i r inv e s t igat i ons o f  the 

anion cont ent of p r imary s a l i v a  conc luded that the s o dium 

s tatus o f  the  anima l had l i t t l e  e f fe c t  on the conc ent rations 

and excr e t o ry p a t t e rns of  s a l ivary an i ons . On ave rage the 

c onc ent ra t i ons of b i c arbona t e ,  chloride  and pho sphate  i ons 

did not d i ffer s i gni f i cant ly b e twe en s odium rep l e t e  and 

s o dium dep l e ted  sheep . I n  a dd i t i on a l l  pho spha t e  i ons 

app e aring in final s a l iva were found t o  have b e en s e c r e t e d  

dur ing t h e  forma t i on o f  p r imary s a l iva , whi l e  b i c arbona t e  

i ons app e a red to b e  s econda r i ly s e cre t e d  b y  t h e  duc t  sys t em .  

Chl or ide  i ons ent e r ing p r imary s a l iva a c ro s s  the s e cre tory 

endp i e c e  e p ithel ium coul d b e  r e ab s o rb e d  dur ing s e c ondary mo d

i f i c a t i o n  o f  s a l iva by  the duc t  sys t em . 

1 . 3 . 3  F inal Sal iva 

The s e cond s t ep o f  s a l i va fo rmat i on o r i g i na t e s  di s ta l ly 

in the s t r iated  and exc retory duct s  o f  the s a l i v a ry g l ands . 

The duc t s  reab s o rb s o dium and ch l o ri de ions and s e crete  

po tas s i um and b i carbona t e  i ons . Re ab s o rpt i on by the  duct 
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ep i the l i um o ccurs at a fas t e r  rate  than s e c re t i on and duc t a l  

p e rmeab i l i ty to wa t e r  i s  l ow ,  henc e , f inal s a l i va i s  mainly 

hyp o t o n i c  ( S chneye r  and S chneye r ,  1 9 6 0 ) . Howev e r ,  the 

magni tude of  the i on ic chang e s  in final  sal iva o ft en d ep ends 

on the s p e c i e s , the g land and the nature and intens i ty o f  

the s t imul a t ion o f  s e cr e t o ry c e l l s  ( Schneyer and Emme l in ,  

1 9 7 4 ) . F o r  examp l e ,  in rum in ants the f inal s a l iva p r o duced 

by  the p a ro t i d  g l and may be  e i ther  hypo tonic or  i s o t on i c  

depending o n  the s o dium s ta t u s  o f  the animal ( Comp ton e t  a l . ,  

1 9 8 0 )  whe r eas s a l iva fo rme d b y  the mandibul a r  and s ub l ingual 

g l ands has b een s hown by Kay ( 1 9 6 0 )  to  be hyp o t o n i c . 

Ul t r a s tructura l ly ,  s tr i a t e d  and excretory duc t  c e l l s  

show morpho l o g i c a l  featur e s  charac t e r i s t i c  o f  s e c r e t o ry and 

ab s orp t ive ep i th e l ia ( Schneye r  et a l . , 1 9 7 2 ) . The p re s en c e  

o f  l umina l c l e f t s  b e tween adjacent c e l l s  and b a s a l  info l d 

ing s p rov i de s  f l u i d  co lumns o ri en t e d  in l a t e r a l  and b a s a l  

asp e c t s  o f  c e l l s . T i gh t  jun c t i ons l o c at ed a t  the b a s a l  

ext r em e t i e s  o f  the  c l e f t s  p revent d i r e c t  cont i nu i ty w i t h  

l at e ra l  interc e l l u l a r  s p a c e s .  T h e  p r e s ence o f  lum inal 

c l e ft s  c r e a t e s  a doub l e  s t an d ing g r a d i ent in s e r i e s  whi ch 

ensure s  l um inal  hypo ton i c i ty . The f i r s t  gradi ent coul d b e  

forme d  i n  the l at e ra l  int e r c e l lu l a r  space b e tween t i gh t  

j unctions  and b a s a l  b o rd e r  o f  the ep i th e l i a l  l ay e r  by a c t ive 

transp o r t  of  s o d i um out of  the c e l l  into the int e rc e l lul a r  

spac e . The s e cond g r a d i en t  c ou l d  b e  c r eated in t h e  luminal  

cl e ft f rom the ap i c a l  c e l l  b o rders t o  the t ight  j unct i on 

and e s t ab l i shed b y  p as s i ve s o dium t r ansport from l uminal 

fluid into  the c e l l .  S inc e the p e rme ab i l i ty of duct ep i th 

e l ia t o  wat e r  i s  general ly l ow ,  b o th s tand ing g radients  con

tr ibute t o  lum in a l  hypo ton i c i ty .  Other standing grad i en t s  

fo rmed  l uminal ly  b e tween m i c rovi l l i  and bas a l ly b e tween 

p lasmal emma! p l ic a t ions or i n fo l di ng s  also contr ibute to 

the deve l opment o f  lum inal hypoton i c i ty .  

The f inal s a l iva osmo l a l i ty o f  the sheep p a ro t i d  i s  

add i t i ona l ly dep endent on t h e  sodium s tatus o f  the anima l 

(Compton et al . ,  1 9 8 0 ) . The duct sys t ems o f  the sheep 

paro t id g l ands w e re un ique i n  po s s e s s ing the capac i ty 



t o  c e a s e  al l net  s o dium and p o t a s s i um t r ansp o r t  a c t ivi ty i n  

s o dium r ep l e t e  an ima l s .  The f inal s al i va p ro duc e d  was 

therefore  i s o tonic  and fa i l e d  to exh ib i t  flow dependency 

wh i l e  s o d i um dep l e t e d animal s  p roduced hypo toni c  s al iva 

p a r t i cu l a r l y  at l ow f l ow r a t e s  w i th max imum duc t a l  s o d i um 

re ab s o rp t i on .  
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Repo r t e d  l e ve l s  o f  p o t a s s i um in p a ro t id s al i va o f  s o d i um 

depl e t e d  anima l s  may b e  ind i c at ive o f  a highe r r a t e  o f  

duct a l  s e c r e t ion t han that whi ch o ccurs dur ing t h e  f o rmat ion 

of p r imary s al iva . I n  s o d i um r e p l e t e  an imal s ,  the final  

s al ivary p o t a s s ium c oncent r a t i on was l ower than in p r imary 

s al iva ind i c a t ing that  p o t a s s i um was mo s t ly r e ab s o rb e d  by 

the duc t ep i the l ium .  

The b i c arb on a t e  content i n  final  p aro t i d  s a l iva  o f  the 

s heep was c ons ide r ab l y  great e r  than in p rimary s a l iva ind i c 

a t ing that duc t a l  s e cret i on o f  the i o n  has o c c u r r e d  e i the r 

d i r e c t l y  o r  indi r e c t ly , (by ab s o rb ing hy dro g en i ons ) . Fur 

thermo r e , s al ivary b i carbona t e  conce n t r a t ion was  not  dep e n 

dent o n  the  s o dium s tatus o f  the anima l . 

Pho sphate  and chl o r i de l ev e l s  a l s o  appeared  t o  b e  unin

f luenced by the  an imal ' s  s o di um s t atus . Both phosphate  and 

chl o r i de i ons in f inal s al iva w e r e  r ep o rted to b e  t ot a l ly 

d e r ived f r om the p rimary f lu i d  w i th no duc t a l  s e c r e t i on but 

s ome chl o r i d e  app e a r e d  to be r eab s o rb e d  dur ing s ec ondary 

modi f i c a t i on by the duc t sys tem . 

I t  i s  unce r t a i n , without furth e r  i nvest i g a t ion , whe the r 

the f inding s  o f  C o mp t on e t  a l . ( 198 0 )  could equa l l y  app l y  

t o  bov ine p ar o t i d  g l ands , a l though ex i s t ing r ep o r t s  indicate  

that  paro t i d  s e c r e t i ons of  c a t t l e  a r e  l i kely t o  be  pure ly  

i s o ton i c  ( P inks t af f ,  198 0 ) . 

I n  add i t i on t o  Comp ton e t  a l . ( 19 8 0 ) , the ino rgan i c  com

p o s i t i on o f  final s a l iva in ruminan t s  has b een s tudied  by 

Phi l ip s o n  and Mang an ( 1 959) ; Kay ( 1 96 0 ) ; B a i l ey and B a l ch 

( 196 1 )  and revi ewe d  by Church ( 19 7 6 )  and Bart l ey ( 1 97 6 ) . 



Kay ( 196 0 )  inve s t i g ated  the e l e c trolyte comp o s i t io n  o f  

parot i d ,  mandibular and s ub l ingua l g l and s ecre t i ons  a s  we l l  

a s  the " r e s i dua l "  s a l i va from the mino r s a l ivary g l ands o f  

sheep and ca t t l e . 

The p a ro t i d  g l ands were found by Kay to cont inuous ly 

s e c r e t e  large quant i t i e s  of  wel l - buffe red i s o tonic s al iva 

wh i l e  the mandibular and sub l ingua l g l ands s e c r e t e d  r e l a t 

ive ly sma l l  quant i t i e s  o f  weakly b uffe red hypotonic  s a l iva 

wi th a high mucous content . Kay ( 196 0 )  fa i l e d  to  ob s e rve 

the r e l a t i on s h ip b e tween sodium s t atus and osmo l al i ty o f  

p a ro t i d  s al i va rep o rt e d  by Comp ton et  al . ( 198 0 ) , but 

reported a ne g a t ive c o rr e l a t ion b e tween Na
+ 

and K
+ 

and 
- - - + -HC0 3 and HP04 wh i l e  the K and C l  l evels  were s im i l ar 

to tho s e  of  p a r o t i d  s al iva . Mandibul ar  s al ivary s ec r e t i on 

in p a rt i cul ar , was fdund to b e  inf luenc e d  by the rat e o f  

s e cret ion and the Na
+

: K
+ 

r a t i o  was  dep re s s ed b y  s o d i um 

dep l e t ion . 

Of the mino r s a l ivary g l ands inve s t i g a t e d  by Kay ( 196 0 )  

the ventral b uccal  was found t o  b e  ident i cal t o  the p a r o t i d  

w i th r e s p e c t  to  compo s i t i on o f  the s e cret ion , h i s to l ogy 

and rate o f  s ec r e t ion p e r  g ram of s e cretory t i s s ue . The 

p a l a t ine , in t e rme d i a t e  and do r s a l  bucc al  and pharyng e a l  

g l ands were p re dominantly mucous s e cre t ing w i th a s im i l a r  

ionic  compo s i t i on to  p a ro t i d  s a l i va , a l t hough the Na
+ 
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l ev e l s  d i f f e r e d  w i th l i t t l e  o r  n o  reduc t i on i n  concentrat ion 

w i th sod ium dep l e t ion . The mino r s a l iva ry gl ands were a l s o  

found to produce i s o tonic s e cret i ons and the i r  comb ined 

vo l ume o f  s a l iva was app roxima t e l y  equa l to that  s ec re t e d  

by the paro t i d g l ands . 

Sal ivary n i t ro g en i s  an ino r g an i c  e l ement o f  c on s i de rab l e  

met abo l ic imp o r t ance t o  rumen m i c roorgan i sms . The n i trogen 

c ontent of  bov ine s a l iva i s  ma inly in the form o f  urea  and 

s a l ivary p r o t e ins . P a ro t i d  s a l iva cont r ibutes app roxima t e l y  

7 5 - 8 5 %  of  the t o t a l  n i trogen a s  u r e a  and t h e  p rot e in s e c re t 

ed  by the man dibu l a r  g l and p rov i d e s  the rema in ing 1 5 - 2 5 % , 

particularly dur ing fe eding when much h i gher concent rat i ons  



o f  n i t rogen are ut i l i z ed (Ph i l l ip s on and Mang an , 1 9 5 9 ) . 

The s t imulus fo r the s ec r e t ion o f  s a l iva and cont ro l o f  

e l ectrolyte comp o s i t ion o f  s a l iva i s  mainly provided by 

p a rasympathe t i c  and sympathe t i c  nerve s . The con t ro l of  

s a l iva ry s e c r e t i on w i l l  b e  d i s cu s s e d  in  Section 1 . 4 .  

1 . 3 . 4  Organ ic S e c r e t o ry Produc ts  

Like ino rgan i c  c ons t i tuent s ,  the  o r g anic compo s i t ion o f  

s a l iva var i e s  cons i de rab ly b e tw e en spe c i e s  and b e tween d i f 

fe rent g l ands o f  the s ame spe c i e s . The nature o f  the s e c r 

e t o ry s t imulus i s  a n  a ddi t iona l  fac t o r  wh ich may c aus e 

va riat ions in  compo s i t ion o f  s a l iva . 

Gene r a l ly, the o rg anic content  o f  s a l iva i s  p ro v i de d  by 

the mandib ular , sub l i ngua l and mino r s a l ivary g l ands 

(Leeson, 1 9 6 7 ) , but the p a ro t i d  g l ands are  known to  synth

e s i s e  and s e cre te  s ome p r o t e inac i ous ma t e ri a l , the  comp o s 

i t ion of which var i e s  dep ending on s p e c i e s  (Young and van 

Lennep , 1 9 7 8 ) . Fo r e xamp l e , s i gni f i c ant quant i t i e s  of  

o rganic m a t e rial have been i s o l a ted  from ruminant p a ro t i d  

s a l iva (Tab l e  1 . 1 ) ( P a t t e r s o n , B r i gh t l ing and T i t chen , 

1 9 8 2 ) . 
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Organ i c  component s o f  s a l ivary s e cretion · can b e  divi ded 

into two b road categorie s ,  dep e ndent on whe ther the s e c re t 

o ry p roduc t i s  de r i ve d  d i re c t l y  from p l a sma o r  synthe s i s e d  

and s ecre t e d  by the g l andu l a r  e p i t h e l ium (Young and van 

Lennep , 1 9 7 9 ) . Ext r ins i c  p r o t e ins a re derive d from p l asma 

and s e cre t e d  wi thout mod i f i c a t i on v i a  the g l andu l a r  e p i t h 

e l ium i n t o  t h e  s al iva . Organ i c  compounds such as  a lbumin , 

o ros omuco i d ,  cae rulop lasmin , B - l ipopro t e in ,  t rans fe rr in , 

B 2 - macro g l obul in , urea and immuno g l obul ins are s ome ext r 

ins ic prot e ins iden t i fi ed i n  s a l iva . O f  the s a l ivary immun 

oglobul in s , I g G  and I gM app e a r  to b e  ext rins i c , wh i l e I gA 

i s  p robab ly int r ins i c , b e ing s ynthe s i s ed in g l andular  

p l asma c e l l s  and s ub s equent ly mod i f i e d  by conj unc t ion to  

s ecretory component synthe s i s e d  by  s t r ia t ed duc t c e l l s  



Tab l e  1 . 1 BOVINE SAL IVARY PROTE INS I 

( Low Mo l e cul a r  We ight F ract ion)  

Apparent Number of Bands 

Protein Parotid Mandibular Sublingual Int . Buccal PAS Molecular observed upon 

Band Gland Gland Gland Gland Reaction Weight ± S . D .  isoelectric focussing 

1 + l ( a) (b) + 1 ( c) - + ++ ? 2 

2 ? ? ? ? + ? 5 

3 + 3 ( a) + 3 (b )  - + ++ ? 6 

4 +++ - - traces - 140000 ± 8000 3 

5 ++ - - traces ++ 36000 ± 2000 4 

6 + - - traces + 36000 ± 2000 4 

7 + - - + - 53000 ± 2000 1 

8 - +++ - + - 50000 ± 2 500 5 

9 - - +++ + - 4 3000 ± 2000 3 

10 ++++ - - + - 3 2000 ± 2000 5 

10s ++++ - - + - 3 2000 ± 2500 6 

10d ++++ - - + - 2 5000 ± 2000 3 

- ---------

( Source : Dr . W . T .  J one s , D . S . I . R . ,  Palmers ton North , New Z e a l and . ) 



(Young and van Lennep , 1 9 7 8 ) . 

Mucous c e l l s  and t o  a l e s s e r extent p ro t e o s e rous cel l s  

a r e  respons ib l e  for p r o duc ing mo s t  o f  the intrins i c  pro t 

e in s  o f  s a l iva , name ly g lycopro t e ins o r  mucosub s tance s , 

po lypept i de s  and en zyme s .  G lycop ro t e ins and po lyp ep t i d e s  

p r o duced by the s ec re t o ry endp i e ces  cons t i tute t h e  p redom

inant int r ins ic  organ i c  component s ,  s inc e , in ruminant s ,  it 

has b een reported tha t the en zyme content of s a l iva is 

n e g l igib l e  (Church , 1 9 7 6 ) . 

Sal ivary g l and duc t cel l s  have a l s o  b een imp l ica ted in 

t h e  product ion of int rins ic  p r o t e ins (Young and van Lennep , 

1 9 7 8 ) . G lycopro t e ins and p ep t i de s  o f  duc tal  o ri g in inc l ude 

the s ec r e t o ry component of I gA ,  en zymes s uch as ka l l ikre in 

and carbon i c  anhydras e  and nume rous g rowth fac t o rs man i fe s 

t in g  various func t ions (Barka , 1 9 8 0 ) . A ne rve g rowth 

fac tor , and an ep i the l i a l  g rowth fac t o r  known as " Parot i n" 

have been i s o lated  f rom bovine paro t i d  g l and duct  c e l l s  by 

Ho ffman , McAus lan , Rob e rt s on and Burne t t  ( 1 9 7 6 ) . 
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I n  the p r e s ent s tudy an a t t emp t has b een made t o  examine 

h i s tochemi c a l ly the c ompo s i t ion of the intr ins i c  p rote ins 

p r o duced b y  b ovine s a l i vary g l ands . 

1 . 3 . 5  Synthe s i s  and S e c re t i on o f  Pro t e ins and Muco 

s ub s t ances 

The synthe s i s  of e xportab l e  p ro t e ins from s e cretory 

c e l l s  i s  p r imari ly c ont ro l l e d  by gene t i c  info rmat ion s t o r e d  

i n  t h e  DNA mo lecule s e g re g at e d  in t h e  c e l l  nuc l eus (Ham and 

Co rmack , 1 9 7 9 ) . One doub l e - s t rande d DNA mo l ecule cons i s t s 

o f  four nuc l eo t i de b as e s , aden ine , thyamine , guan ine and 

cytos ine . The s equen c e  o f  the b a s e s  on the DNA s t rands 

de t e rmine s the o rde r in which amino a c i d s  required for 

p ro t e in synthe s i s  app e a r  on a p ep t i de chain or p ro t e in 

mo l ecul e . The gene t i c  info rma t i on on DNA s t rands are next 

t rans l a t e d  w i th a comp l ement ary b a s e  s equence into a s ing l e 

s t rande d me s s enger RNA (mRNA) mo l e cule which migrates  from 



the nuc l eus t o  the cytop l a sm to in i t i a t e  p ro t e in synthe s i s . 

The mRNA mo l e cu l e s  are in  turn a t t ached to r i b o s omes p r e s 

ent i n  RE R ;  mul t ip l e  r ibo s omes a l i gne d on a mRNA mo l e cul e 

a r e  r e ferred  to as polys ome s . 

The amino a c i ds requi red fo r p ro t e in synthe s i s are 

ext r a c t e d  from the ext r ac e l lular  amino ac id  p o o l  into the 

c e l l  by act ive t ransport  (van Venro o i j , Kui j p e r - Lens tra 

and K rame r ,  1 9 7 3 ) . Aft e r  up t ake , the amino ac i ds are  

a t t ached to t rans fer RNA ( t RNA) mo l ecu l e s ,  and then t r ans 

f e r r e d  to r i b o s ome s boun d  to  mRNA . The recogn i t i on of  mRNA 

s i t e s  with comp l ementary bas e s  on t RNA r e l e a s e s  amino ac i ds 

from t RNA mo l e cul e s  t o  r e a c t  w i th a t e rminal amino a c i d  in 

an e l ong a t ing po lypep t i de chain found in p o l y s ome s . The 

s e c r e t o ry p o l yp ep t i de mo l ecule then ent ers  the lumen of the 

RE R c i s t e rnae through memb rane p o r e s  and i s  s eque s tr ated  

from the cyt o p l asm ( P a l ade , 1 9 7 5 ) . 
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The s e c r e t o ry po lyp ep t i de mo l e cu l e s  from RE R a r e  t rans 

fe r r e d  by t rans it ional v e s i c l e s  to the Go l g i  comp l ex ,  con 

den s ing vacuo l e s  and finally to  s e c r e t o ry g r anu l e s . The 

fun c t ion o f  the Go l g i  comp lex i s  ma inly to accept the trans 

i t ional ves i c l e s , mo di fy the i r  contents  and d i s t r ibute the 

s ec r e to ry p r o ducts via c ondens ing vacuo l e s  t owards the c e l l  

ap e x  i n  p reparat ion f o r  export e x t rac e l lu l a r ly . 

C arbohydrate mo l e cul e s  requ i r e d  for inc o rp o r a t i on into 

the p o lyp e p t ide backbone of  a g lycopro t e in m o l ecu l e  appear  

to  b e  synthe s i s ed in the Go l g i  comp lex ( P a l a de , 1 9 7 5 ) . 

N - a c e tyl g l ucosruane and N - acetyl g a l ac t o s amine are added to the 

p o lypept i de chain with s i a l i c  a c i d  and fuco s e  as  t e rminal 

re s i due s ; the  membrane s of the Go l g i  comp l ex contain the 

n e c e s s ary g lyc osy l t rans f e ra s e  en zymes requi red for trans fer 

o f  r e s i due s . Sulphat ion of  glycopro t e ins i s  a l s o  p robably 

comp l e t e d  in the Go l g i  c omp l e x .  

In  the next s t age o f  the synthe t i c  p roc e s s , the s ecre t 

o ry p roduc t s  from the G o l g i  comp l ex are transported  in Go l g i  

ve s i c l e s  t o  condens ing vacuo l e s , whe re the s ec r e t o ry produc t 
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i s  conc entrated  b y  a wi thdrawal o f  wa t e r  (Pal ade , 1 9 7 5 ) . 

Condens ing vacuo l e s deve l op firs t into immature and then 

mature s e c re t o ry granul e s  by a further proce s s  o f  conden 

sat ion . I n  a pro t e o s e rous c e l l  thi s results  in  the fo rmat ion 

of  d i s c r e t e  homo g eneous e l e c t ron dens e  granul e s . In con

tras t , s ince ve ry l i t t l e  condens at ion occurs in mucous c e l l s ,  

the g ranu l e s  o f  the s e  c e l l s  a r e  l a r g e r  and e l e c t ron luc ent . 

The s e cre t o ry g ranul e s  thus fo rme d are s tored  in the ap i cal  

cytop l a s m  and e i ther d i s char g e d  into the  lumen or  i f  no 

s t imul a t ion occurs , degraded by lys o s omal en zym e s  (Young 

and van L ennep , 1 9 7 8 ) . 

D i s charge o f  s e rous and s e romucous granul e s  occurs by 

exocyto s i s  (Pal a de , 1 9 7 5 )  whe re the membrane o f  the s e c r e t 

ory granul e fus e s  with the a p i c a l  p l a sma membrane bo rde r ing 

the c en t r a l  lumen or an int� rc e l lu l a r  s ecretory canal i culus 

of an endp i e c e . The fus i on of  the two memb ranes i s  fo l l owe d 

by p e r fo r at ion whi ch a l l ows the g ranule  cont ent s to es cape 

into the lumen w i thout d i s rup t ion • o f  the int e g r i ty of the 

pl asma memb rane or l o s s  o f  cytop l a sm . In  s a l iva ry g l ands 

cel l s  chain exocyto s i s  is a common feature . This invo lves 

fus ion of membranes of a who l e  row of granul e s  e ach ac t ing 

as an extens ion o f  the lumen (Young and van Lennep , 1 9 7 8 ) . 

Aft e r  exocytos i s  s urface memb rane i s  re cove r e d  and re turned 

to the G o l g i  c i s t e rnae , p re s umab ly to be reut i l i z e d  fo r 

newly synthe s i s e d  s e c r e t o ry p rodu c t s  (Pal ade , 1 9 7 5 ) . How

eve r ,  the p re c i s e  pa thways t aken by surface memb rane t o  

reach t h e  Go l g i  comp l ex r ema ins to b e  e s tab l i shed . The 

ava i l ab l e  evidence (He r z o g , 1 9 8 1 )  indicates a l ikel iho o d  

that b o t h  a dire c t  route f r o m  surface memb rane to Go l g i  

comp l e x  and an indirect rout e invo lving lys o s ome s , may b e  

p r e s ent i n  d i f fe rent c e l l  types  f o r  c e l l  membrane turnove r . 

The me chan i sm of  d i s ch a r g e  o f  typ i cal mucous granu l e s  

appears to di ffer from that of  p ro t e o s erous g ranul e s  

(Young and van Lennep , 1 9 7 8 ) . A l t hough exi s t ing ev i dence i s  

far from conc lus ive , Kim , N a s j l e t i  and Han ( 1 9 7 2 )  have 

sug g e s t e d  that ap i c al mucous granu l e s  upon s t imu l a t i on fus e 

to form a large  mucous drop l e t , whi ch when d i s charged 



through a w i de g ap in the ap ical p l a s ma memb rane l eave s an 

open s p ace  wi thin t he c e l l . The mucous drop l e t  was found 
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to carry p o rt ions o f  p l asma membrane w i th it , inc luding i t s  

own out e r  membrane . Thi s  l o s s  o f  int e g r i ty o f  the c e l l  mem

b rane dur ing exocy t o s i s  i s  in sharp contrast  to  p ro t eo s e rous 

c e l l s  whi ch are b e l i eve d t o  recyc l e  t h e  membranes o f  s e c re t 

o ry g r anu l e s . Mucous c e l l s  are thus p robab ly c ap ab l e  o f  

regene r a t ing a new c e l l  memb rane w i t h  the a i d  o f  nume rous 

cytop l asmic ves i c l e s  around the int r a c e l lular space . How 

eve r ,  Tandl e r  and Poul s en ( 1 9 7 6 )  have ind i c a t e d  that mucous 

granu l e s  are no rma l ly d i s charged by a p roc e s s  o f  exo cyto s i s  

s imi l a r  t o  that ob s e rved in p roteo s e rous cel l s . I t  i s  

the re f o re unc l e a r  whether the ob s e rve d di fference re f l e c t s  

va r i a t i ons  in t h e  mechan i s m  o f  exocyt o s i s  or whether e a r l i e r  

ob s e rv a t ions we re due t o  f ixat i on a r t i facts . 

The above de s c ript ion o f  synthes i s  and s ec r e t ion o f  

pro t e i n s  and glycop ro t e ins has mainly concentrated  o n  p ro t eo 

s e rous and mucous c e l l s . The synth e t i c  and s e c r e t o ry mech

an i sms  for  othe r typ e s  o f  c e l l s  app e a r  to vary (Palade , 1 9 7 5 ) . 

I n  p l a sma c e l l s , for  examp l e , the c onc ent rat i on s t ep ha s 

not b e en ident i fi e d , intra c e l lular  s to rage i s  reduc e d  in  

durat i on or el iminated and d i s charg e o f  s ecretory mate r i a l  

s e ems t o  occur cont inuou s ly . Addi t ional ly the equival ent 

of  a s ec re tory g ranule  has  no t yet  b e en i den t i f i e d  ( s e e  

P a l a de , 1 9 7 5 ) . 

1 . 3 . 6  Compo s i t ion of Bovine S a l ivary Muc o s ub s tanc e s  

S a l i va ry g l an d  muco s ub s t ances a r e  b i o chemi cal ly and 

h i s t o chemi c al ly s im i l a r  to tho s e  de r i ved from gas troin t e s 

t in a l , resp i rato ry and rep roduct ive t ract ep i thel i a .  

I n  this  s e c t i on ,  the b i ochemi c a l  aspects  o f  mucus wi l l  

b e  r e v i ewe d with particular  re f e re n c e  to bovine s al ivary 

g l an d  mucous s e c ret ions . H i s tochem i c a l  aspe c t s  wi l l  b e  

examine d in Chap t e r  2 .  

Ep i the l i al mucous s e c ret ions c on s i s t  ma inly of g lyc o -
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p ro t e ins , comp o unds w i th a p o l yp ep t i de b ackbone and a t tach e d  

ca rbohydrate re s i due s whi ch may b e  e i ther ac i dic o r  neut ral  

( Shre eve , 1 9 7 4 ) . Of the amino a c i ds i dent i f i ed in the p ro t 

e i n  core , s e r ine and threonine repres ent mo re than S O %  of 

the total amino a c i d  compo s i t ion ,  other amino ac i ds that 

oc cur in app re c i ab l e  amounts  inc l ude a l anine , g lycine and 

p r o l ine (He rp , Wu and Mas che ra , 1 9 7 9 ) . Herp and h i s  a s s o c 

i a t e s  have a l s o  repo rt e d  tha t the pre dominant carbohyd ra t e  

group s that o c cur in g lycop ro t e i n s  are s ial ic ac i d  and 

N- acetyl g a l ac to s amine , w i th fuco s e , g a l acto s e  and manno s e  

o c c a s ional ly p re s ent i n  variab l e  p ropo rt i ons . The c a rb o 

hy drate s ide chains are  j o ined b y  0 - g lyco s i di c bonds t o  

hydroxy l r e s i due s o f  threonine a n d  s e rine , via  a n  inte r 

me d i a ry comp o und , N - a c e t y l g a l ac t o s am ine , wh i l e  the i r  t e r 

minal non - re ducing po s i t ions are  a lways occup i ed by s i a l i c  

a c i d  and fuco s e  res i due s . S i a l i c  a c i d  i n  part icular i mp a r t s  

cons i de rab l e  v i s co s i ty to s a l iva b e cau s e  the mutual repul 

s i on of carboxyl g roup s s t i ffens the random co i l  o f  the 

g l ycopro t e in m o l e cul e ( Shreeve , 1 9 7 4 ) . G lycopro t e ins  are 

a l s o  thought to be  s ulphat ed ( P ame r ,  J e r zy G l as and Ho rowi t z , 

1 9 6 8 ) ; such s ulphated g lycop r o t e ins have a hi gh val ine con

tent in the p ro t e in c ore but the exact nature o f  the sulph 

a t e  res idue o r  i t s  chemi cal comb inat ion with the p ro t e in 

c o r e  i s  p o o r l y  unde rs too d .  

Acco rding t o  Shre eve ( 1 9 7 4 )  o ther p rope r t i e s  o f  g lyco 

p r o t e ins are : -

( i )  frequent b r anching o f  s ide chains 

( i i )  t h e re are few o r  no repeat ing un i t s  p r e s ent 

( i i i )  the mono s accharide r e s idue s numb e r  about 2 5  o r  

l e s s . 

Apart from g lycoprote ins s om e  a c i d  mucopolys acchar i de s  

may also  b e  p re s ent in ep i the l i a l  mucosub s t anc e s . Howeve r ,  

a c i d  mucop o l y s accha r i de s  are p r e dominan t ly loca l i s e d  in 

c onnective t i s sue e l ements and cons i s t  mainly o f  chondro i t in 

s ulphates and hyaluron i c  ac i d  r e s i dues on a po lypep t i de 

b ackbone . I n  contra s t to glycop r o t e ins , acid mucop o l y s a c 

cha ride s  contain a smal l e r  p o l yp e p t i de c omponent and the 
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s i de cha ins are l in e a r  with l i t t l e  o r  n o  branching (Shre eve , 

1 9 7 4 ) . However , i t  i s  no t unl ikely tha t ep i the l i a l  muco 

s ub s tances  may cons i s t  o f  a p ro t e in c o r e  wh i ch could carry 

a mixture o f  carbohydrate res i dues o f  g l ycop ro t e ins and 

a c i d  mucopolys accha r i de s . The r e fore , in general , use  o f  

t h e  t e rm mucosubs tanc e when re ferring to  ep i the l i a l  s e cre t 

i ons  indi c a t e s  the p r e s ence o f  b o th glycopro t e ins  a s  we l l  

a s  s ome a c i d  muc opo l y s accha r i de s . The p r e fe renc e for the 

t e rm "muc o s ub s t ance" ins tead of glycop ro t e ins o r  mucopo l y 

s ac char i d e s  wi l l  be  d i s cus s e d  in Chap t e r  2 .  

I n  bovine s a l ivary s ec r e t ions the muc osub s tanc e s  and 

p r o t e ins i dent i fi e d  have b e en c l as s i fi e d  into thr e e  g roup s : 

( i )  bovine s a l ivary mucop ro t e in (BSM) , ( i i )  o e s op hag e a l  

mucop r o t e i n  (OSM) , and ( i i i )  l ow mo l ecular we i gh t  p ro t e in 

( LMP ) (Jone s ,  Gurns ey , B i r t l e s  and Re i d ,  1 9 7 7 ) . The h i gh 

mo l e cul ar  weight , BSM and OSM frac t i ons (Tab l e  1 . 2 ) are 

g lycopro t e ins w i th p r o t e in cont ent s of 6 0 %  w/w and 3 0 %  w/w 

r e s p e c t iv e ly , of wh i c h  6 9 % and 7 5 %  of the pro t e in cons i s ts 

o f  val ine , threonine , s e r ine , a l anine , g lycine and prol ine . 

OSM has an unusua l l y  h i gh val ine content ( 2 1 % ) . The maj or 

c a rbohydr a t e  comp onen t s  ident i f i ed were s ial i c  ac i d  and 

amino sugars . Herp e t  al . ( 1 9 7 9 )  furth e r  ident i f i e d  e i ght 

d i ffe rent deriva t ives  o f  s i al i c  ac id in bovine s a l iva ry 

mucopro t e in with N - a c e tylneuraminic a c i d ,  N - g lyco lylneu r 

aminic a c i d  and N - a c e tyl , 9 - o- ac e tylneuramini c ac i d  a s  the 

p re dominant type s .  OSM is s e cr et ed by the s ub l ingual , 

int e rmedi a t e  and dor s al bucc a l s , p a l a t ine and pharyng e a l  

g l ands , whi l e  BSM i s  s ec r e t e d  by the mandibu l a r  g l ands . 

The l ow mo l ecul a r  we ight p ro t e i n  fr ac tion (Tab l e  1 . 1 ) 

h a s  b een s epara ted into twe lve comp onent s  o r  b ands (Jone s , 

B roadhurs t and Gurn s e y , 1 9 8 2 ) . The twe lve pro t e ins  have 

b e en numb e red in o rde r of the i r  e l ec trophor e t i c  mob i l i ty .  

O f  the twe l ve p r o t e i n s  the ma j o r i ty were pres ent in s e c re t 

i ons pro duced by the parot i d ,  ventral and int e rmedi a t e  

buccal g l ands , w i t h  b ands 4 and 1 0  predominant i n  paro t i d  

and vent r a l  buccal s a l iva . B and 3 and b and 8 have been 

i dent i fi e d  in mandibular s a l iva wh i l e  b and 9 was found to be 



Tab l e  1 .  2 BOVI NE SAL I VARY PROTE I NS I I  

(High Mo l e cular  We ight F raction)  

BSM Fract ion OSM Fract ion 

Amino Ac i d  comp . % nio l e .  % comp . % mo l e . % 

G lycine 1 8 . 2  2 3  6 . 7 8 

Val ine 8 . 4  1 0  2 1 . 0  2 6  

S e r ine 1 5 . 5 2 0  1 0 . 2 8 1 3  

Threonine 6 . 0  7 1 8 . 3 2 8  

A l anine 1 3 . 3 6 1 0 . 9  1 4  

P ro l ine 8 . 5 3 1 1  8 . 5 4 1 1  

Lys ine 1 . 6  2 1 .  2 3  1 

H i s t i dine 0 . 8 5 1 0 . 8 6 1 

I s o l eucine 2 . 9  4 1 .  3 5  2 

Ty ros ine 1 . 0  1 1 . 1 3  2 

Pheny l a l an ine 1 . 3  2 1 . 1 3 2 

Arginine 4 . 5 6 4 . 5  6 

Aspart ic 4 . 5  6 3 . 6 8 4 

G lut amic 7 . 4  8 6 . 7 8 

Sec r e t e d  by the Secreted by the 

mandibular g l ands , sub l ingua l and 

w i th 6 0 %  w/w mino r g l ands , with 

p ro t e in and 3 0 %  w/w p ro t e in 

2 0 %  w/w s i al i c  and 2 0 %  w/w s i a l i c  

ac i d .  ac i d .  

(Source : Dr . W . T .  Jone s , D . S . I . R . ,  Pa lme rs ton 

North , New Z e a l and . ) 



pre s ent i n  s ub l ingual s al i va . Bands 2 and 7 were  further  

c l as s i f i e d  as  ext r ins ic p r o t e ins b e c aus e they cross  reacted  

with ant ibodies  r a i s e d agains t b ovine s e rum . Bovine s a l iv 

ary bands 1 ,  2 , 3 ,  5 and 6 w e r e  foun d  to  b �  g lycopro t e ins 

whi l e  the remainder were c l a s s i fi e d  as  pept i d e s . 
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1 . 4  Con t r o l o f  Sa l i vary S e c r e t ion 

Sal iva i s  us ual ly s e c re t e d  in  re spons e to s t imul ation 

from autonomi c inne rva tion of  t he g l ands or by pharmaco l 

o g i cal  agents  mimi cking the a c t i on o f  aut onomi c  neur o t r ans 

mi t te rs (Emme l in ,  1 9 6 7 ) . S a l iva ry gland endp i e c e s  and 

ducts  are innerva t e d  by p a ra s ymp athe t i c  and symp a the t i c  

s e cre tomo t o r  fibres  but the p a r o t i d  g l ands o f  s he e p  and 

c a t t l e  exh i b i t  a spontaneous s e c r e t ion (Kay , 1 9 6 0 )  that 

p e rs i s ts i n  the ab s ence of neuronal and humo ral s t imul i 

( B abkin , 1 9 5 0 ) . 

I n  the p roduc t i on and f l ow o f  s a l iva parasymp a thet i c  
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and symp a th e t i c  ne rve s  gene ra l ly coope r at e , a l though , par 

t i cul arly i n  symp a the t i c inn e rva t i on , var iations b e tween t he 

d i fferent s a l ivary g l ands are  c ons iderab l e . The s e c r e t omo tor 

nerve s in general  i n i t iate the forma t i on of  p r ima ry s a l iva 

in endp i e c e s  and e ffec t  the ab s o rp t ion and s e cret i o n  o f  

certain ions  by the ducts . I n  add i t i on they s t imu l a t e  exo 

cytos i s  o f  g ranul e s  cont aining mac romo l ecul es s uch a s  g l yc o 

p r o t e ins from the endp i e c e s  a s  we l l  as  ka l l ikre in from the 

duc ts (Emme l in ,  1 9 6 7 ) . 

The comp o s i t i on o f  s a l iva i s  a l s o  influenced by the 

na ture of the s e cre t o ry nerve s . Para symp athe t i c a l ly evoked 

s a l iva exh ib i t s cons i derab l e  s p e c i e s  var i ati6n in the exc re t -
+ + - -

o ry patt erns o f  the maj o r  e l e c t ro ly t e s , Na , K , C l  , HC0 3 
and P04 - - i ons (Young and van L ennep , 1 9 7 9 ) . The durat ion 

and intens i ty of  p a rasympa the t i c  s t imul a t ion a l s o  a ffects  

the  ino rgan i c  compo s i t ion of  s a l iva (Schneyer e t  a l . ,  1 9 7 2 ) . 

The ino rgan i c  comp o s i t ion imme d ia t e ly a fter s t imul a t ion 

d i ffers from that during s te a dy s t ate  s ecre t i on owing to 

a l terations  in cel lular p e rmeab i l i ty .  An inc r e a s e  in  inten

s i ty o f  the s t imulus chan g e s  s a l ivary flow rate w i th a 

cons equent change in e l e c t ro lyt e concentrat ions . The s t eady 

s t a t e  s ec r e to ry l eve l s  reached by mo s t  ions are a l s o  h i ghly 

variab l e  bo th among s p e c i e s  and individual g l ands (Young and 

van Lennep , 1 9 7 9 ) . 
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Symp athe t i c a l ly evoked s a l iva has  received compara t ively 

l i t t l e  at tent i o n , howeve r , a - symp a t h e t i c  receptors when 

s t imul ated p r o duce  a respons e s imi l a r  to parasympathe t i c  

s a l iva wh i l e  t h e  S - sympath e t i c  r e s p on s e  e l i c i t s  only a 

sparce  quant i ty o f  vis cous s a l iva r i ch in o rg anic ma t e r i a l  

(Young and v a n  Lennep , 1 9 7 9 ) . 

The s e cre t o ry and ab s o rpt ive p r o c e s s e s  o f  the duc t s  have 

l on g  b e en susp e c t e d  to be cont ro l l e d  by aut onomi c ne rve s 

( S chneyer and Ernme l in ,  1 9 7 4 ) . I t  appears that sympath e t i c  

s t imul at ion usua l ly mo di f i e s  parasympathe t i c  e ffe c t s  i n  

con t ro l l ing duc t a l  e l e c tro lyte t r an sport ac t i vity wi th 

l i t t l e  effe c t  o n  duc tal  water p e rmeab i l i ty (Young and v an 

Lennep , 1 9 7 9 ) . 

Myoep ithe l i a l  c e l l s  which s e rve  to ac cel erate the 

s a l ivary flow upon contract ion are inne rvat ed ma inly by 

symp a thetic mo t o r  fibres  that exer t  the i r  e ffect via a 

r e c ep tors ( Ga r r e t t  and Emrnel in � 1 9 7 9 ) . Howeve r ,  both p a r a 

symp athe t i c  a n d  sympathe t i c  mo tor n e rves appear to  a c t  in  

coope rat ion t o  p roduc e maximal cont ract ion o f  the  myo ep i t h 

e l i a l  ce l l s  ( Ga rr e t t  a n d  Emrne l in ,  1 9 7 9 ) . 

I n  cont r a s t  to s e c r e t o ry endp i e ce , duct and myo ep i thel 

i a l  c e l l s , the c l a s s i c a l  ant a gon i s m  between p arasymp a t h e t i c  

a n d  sympath e t i c  effe c t s  i s  found i n  t h e  inne rvat i on o f  the 

vas cul ature to  the s a l ivary g l ands . The b l o o d  ves s e l s  o f  

s a l ivary g l ands re c e ive sympathe t i c  vasocons trictor  ne rves 

( a c t ing on a - re ceptor s )  and p a ra sympathe t i c  vas o d i l a t o r  

nerves (Emme l in ,  1 9 6 7 ) , both o f  whi ch cont r ibute to t h e  

a dap t a tion o f  t h e  b lo o d  flow to  the requi rements o f  t h e  

g l andular t i s s ue . B l o o d  ves s e l s  t o  t h e  g l ands a r e  addi t 

i on a l ly cont ro l l e d  by va s od i l a t o r  p o lypept ides  s uch a s  

phy s al aemin a n d  e l e do i s in (Emrne l in , 1 9 7 1 )  and subs t anc e P 

from bovine hypo thal amus (Leeman and Hamme r s chl a g , 1 9 6 7 ) . 

The s e  sub s t anc e s  induc e s e cr e t ion wh ich cannot  b e  inh i b i ted  

by spec i fic p a r a sympathe t i c  and symp athe t i c  b lockers ( Emrne l i� 

1 9 7 1 ) . Rec en t l y , addi t i ona l po lypep t i de neuro transmi t t ers  

have been shown to po s s e s s  vas o d i l a tory ac t ivity . The s e  
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va s o ac t ive int e s t inal  p o lypep t i de (VI P )  cont aining ne rve 

f i b r e s  have b e en i dent i f i e d  in c l o s e  contact with s e c r e t o ry 

endp i e c e s , duc ts  and b l o o d  ves s e l s  (Po l ak and B loom , 1 9 8 0 ) . 

As a resul t o f  sympathe t i c s t imul a t ion , s al ivary g l and duc t 

c e l l s  are reported to r e l e a s e  ka l l ikre in , wh ich could fur 

ther  mo di fy s a l ivary f l ow rate by cons tr i c t i on o f  ar t e r i o l e s, 

d i l a t i on o f  venu l e s , inc reas e in cap i l l ary p e rmeab i l i ty and 

re l e a s e  of p r o s ta g l an d i ns and cyc l i c  GMP (0r s t avik and 

Gaut vi k ,  1 9 7 7 ) . Duc t c e l l s  are addi t ionally known to  be 

und e r  endo c r ine con t ro l , p a r t i cularly from mine ra l o co r t ico i d  

ho rmone s  s uch as  a l do s t e rone . I n  ruminant s a l ivary g l ands 

a l do s t e rone ac t ion on duct ce l l s  coul d incr e a s e  s o dium 

r e ab s o rp t ion in sodium dep l e ted  s heep ( B l a i r - We s t , Co ghl an , 

Denton , Nel s on ,  Wright and Yamauch i ,  1 9 6 9 ) . 

Neural control  o f  s a l ivary s e cret ion in ruminant s p e c i e s  

ha s b een inv e s t igated  w i th r e fe r ence to  the sheep paro t i d  

(Coat s , Dent on , Go ding and Wr i gh t , 1 9 5 6 ; Kay , 1 9 5 8 ; 

Pat t e r s on and T i tchen , 1 9 7 9 )  and mandibular (Ar iyakulkaln , 

1 9 8 1 )  g l ands . Prel iminary finding s o f  p a rasympath e t i c  and 

symp athe t i c  e ffec t s  on b ovine p a ro t i d  and mandibul a r  g l ands 

have b e en reported by Ph i l l ip s on and Mang an , �9 5 9 ) . 

The inne rva t ion o f  p ara symp a the t i c  s e cre tomo t o r  nerves  

to  the s heep par o t i d  g l and , produc es s a l iva rich in  inorg 

an i c  ions , w a t er and s ome  p ro t e in (Young and van L ennep , 

1 9 7 9 ) . The sympathe t i c  re spons e o f  the sheep paro t i d  has 

been previou s ly inve s t i g a t e d  w i th reference to  an a - symp 

athe t ic mo t o r  e ffe c t  caus ing a mechanical  expu l s i on o f  

s a l i va from the paro t i d  g l and (Coats  et  a l . ,  1 9 5 6 ) . How 

eve r , more r e c ent ly an addit ional S - sympa the t i c  s e c re t o ry 

comp onent has  been rep o r t e d  for the sheep paro t i d  by 

P a t t e rs on and Ti tchen ( 1 9 7 9 ) . Thi s  was s hown to  cau s e  a 

net  increas e in the amount o f  fluid  fo rme d a ccompanied by 

a s i gni ficant e l evat i on in the p ro t e in content o f  p a ro t i d  

s a l iva . Pat t e rs on e t  a l . ( 1 9 8 2 )  extended the above finding s 

and conc l ud e d  that p ro t e in concent rat ions o f  paro t i d  s a l i va 

were increa s e d  mainly upon feeding an d wane d rap i dly a f t e r  

fe e d ing . However i t  w a s  not es t ab l i shed whe ther p a r a -



sympathe t i c  a s  we l l  a s  sympathe t i c  infl uences cont ribute 

to the incre a s e  in p ro t e in s e c re t i o n  obs erve d on commenc e 

ment o f  fee ding . Pat t e rson e t  a l . ( 1 9 8 2 )  addi t i ona l ly 
+ 

rep o r t e d  on an incre a s e  in K , C l  and Mg ions dur in g  

sympathe t i c inn e rvation o f  t h e  p a ro t i d  g l ands , w i th an 

une xp l a ined p o s i t ive c o r re l at i on b e tween magnes ium and 

p r o t e iri concentrat ions in p a ro t i d  s a l iva . 
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Neural cont rol o f  the sheep man dibul ar  g l and has b e en 

re c ently inves t igated by Ariyakulkaln ( 1 9 8 1 ) . The mandib 

ul ar  g l and muc ous c e l l s  we re demo n s trated  to be  p r e dominantly 

und e r  p arasymp athet i c  control  whi l e  the demi lunes we re unde r 

sympathe t i c  control . Furthermore , the mandibul ar s a l i vary 

p r o t e in s e c r e t ion app eared to  be p rimar i ly med i a t e d  v i a  a 

a -a drenerg i c  me chan i s m  and the s ec re t i on of wa t e r , e l e c t ro 

ly t e s  and mucus app e a r e d  to b e  unde r p a rasympathe t i c  inne r 

vat ion . 

In  addi t i on to p a rasympathe t i c  and sympathe t i c  e ffec t s , 

i t  i s  we ll e s t ab l i sh e d  that s al i vary s e cret ion in ruminan t s  

i s  influenc e d  by re fl ex cont rol  ( C o a t s  et  al . ,  1 9 5 6 ; Kay , 

1 9 5 8 ; Ash an d Kay , 1 9 5 9 ; Kay and Phi l l ipson , 1 9 5 9 ) . The 

r e c eptors r e s p ons ib l e  fo r re flex c ontrol are found in the 

o r a l  cavity , o e sophagus , rumen and re t i culum . The s e  r e c ep 

to r s  s t imul a t e  or inh ib i t  s a l ivary s ecret ion dur ing feeding 

and ruminat i on and are effect ive e s p e c i a l ly fo r fibrous 

d i e t s ( Kay , 1 9 6 6 ) . The various examp l e s  cited above s e rve 

t o  i l lus tra t e  the po s s ib i l i t i e s  that may exi s t  which could 

vary the flow rate  and compo s i t i o n  o f  s a l iva a t  the  neuro 

e ffector l eve l . 



1 . 5 Muc o s a l  Immun i ty 

Within the l as t  two de cades  cons i de rable a t t ent i on has 

been focu s s e d  on immune mechan i sms of mucosal s ur fa c e s  

s ince t h e s e  a r e  int imat e ly a s s o c i a t e d  with p o t en t i a l ly 

patho g en i c  organ i sms and cont inuous ly expos ed  t o  ant i genic  

s t imul a t ion from env i ronment a l  and d i e t ary ant i g ens . The 

muco s a  o f  the o r a l  cavity in part i cular i s  as s o c ia t e d  w i th 

such s t imul i .  

The s urfaces  o f  a l l  mucous memb ranes are p r ima r i l y  p r o 

tected by a l ay e r  o f  mucus whi ch i s  effective a ga in s t  

attack from microorgan i s ms . Mucous s e cretions may cont a i n  

attachment s i t e s  f o r  patho g en i c  b a c t e r i a  that phys i ca l ly 

entrap and immob o l i s e  the o rg an i sm .and prevent infec t i on o r  

pene t r a t i on o f  underlying ep i the l i a l  c e l l s  (L i nd l ey , 1 9 8 0 ) . 

The p r o t e c t ive r o l e  o f  mucus i s  addi t i onally augment e d  by 

the p r e s enc e of ant ibact e r i a l  prote ins such a s  l y s o zyme and 

lacto fe r r in . Lys o zyme , for examp l e , interac t s  w i th s i a l i c  

ac id  r e s i dues o f  the mucus l ayer and ag ains t meuraminic 

ac id  con t a ining b ac t e r i a l  c e l l  wal l s  (Cre eth , B r i dge  and 

Ho rton , 1 9 7 9 ) . Lactoferrin comp l exes  iron (an e s s en t i al 

mine r a l  for microo rgani sms ) p r e s ent in s e cre t ions , thereby 

denying i t  to the organism ( Emery , 1 9 8 0 ) . Ruminant s a l iva 

is  part i cularly r i ch in mucus (Jone s et al . , 1 9 7 7 ) , and i t s  

prote c t i ve fun c t ions may e x t end beyond the o r a l  cavity to  

the ruminant fo r e s tomach whi ch lacks mucus p r o duc ing ce l l s  

and immunog l ob u l i n  synthe s i s ing p l a sma c e l l s  a s  men t ioned 

in S e c t i on 1 .  

4 2  

Humo r a l  immuni ty at muc o s a l surfaces is m e d i a t e d  p r im

ar i ly by immuno g l obul ins s uch as s ec retory I gA ,  I g G , I g G 2 , 

I gM and I gE (Toma s i , 1 9 7 6 ) . The maj o r  immunog l obul in in 

bovine s a l iva is S i gA (Mach and Pahud , 1 9 7 1 )  wh i ch is com

p o s e d  of two monomers ( 7 S )  j o ined by a polyp ep t i de (J cha in ) 

to produce dime r i c  ( l l S )  I gA ;  the l at t e r  mo l e cu l e  i s  bound 

to a g lycopro t e in c a l l e d  s ecretory component ( S C ) , synth

es i s e d  by epi the l i al  c e l l s  ( Tomas i ,  1 9 7 6 ) . P l a sma c e l l s  of  

s a l ivary g l and s t roma produce  the  d ime ric I gA and the  J 



cha in , wh i l e  the endp i e c e  duc t c e l l s  are thought to  p r o duce 

the s e c r e t ory c omponent (Young and van Lennep , 1 9 7 8 )' .  I t  

i s  l i ke ly that the b inding o f  the SC w i th dime r i c  ( l l S )  I gA 

i s  e s s en t i a l  fo r trans ce l l ul ar t ransport of  s i gA from s ub 

ep i th e l i al  s i t e s  t o  the duc t lumen . 

4 3  

The pre s ence o f  p l asma c e l l s  d i fferent iat e d  to p r o duce 

s i gA from s a l ivary g l ands , wi thout evidenc e of any p re cursor  

c e l l s  s ugge s t s  that b l a s t  c e l l s  d e s t ined fo r s ynthes i s  of  

dime r i c  I gA a r e  p r imed e l s ewhere then migrate to  s a l ivary 

g l and t i s sue s  and di fferent i a t e  into p l asma c e l l s  (Tomas i ,  

Larson , Cha l l a comb e and McNabb , 1 9 8 0 ) . The s i t e  o r  s i t e s  

o f  o r i g ins of  b l a s t  c e l l s  p rog rammed t o  reach s al ivary g l and 

t i s s ue and the ant i g en r e c o gn i t ion s i t e s  in s a l ivary g l ands 

a re unknown . Howeve r ,  it app ears  that a common muc o s a l  

a s s oc i a t e d  lympho i d  t i s su e  sys t em (MALT ) whi ch inc ludes  the 

gut , l ung , mammary g l ands , s a l ivary and l acrimal  g l ands 

could be invo lved in the t rans p o rt o f  p recur s o r  c e l l s  o f  · 

s i gA among each of  the s ec r e to ry s i t e s  (Tomas i et  al . ,  1 9 8 0 ) .  

Th i s  may enhanc e  p ro l i fe ra t ion and re tention o f  pr ecur s o �  

c e l l s  l o cal ly in s i t e s  such as  t h e  s a l ivary g l ands ( B i enen 

s tock , Befus and McDermo t t , 1 9 8 1 ) . 

The effect o r  func t ions o f  s i gA are vari e d  depending on 

the nature of the ant i g en ( Dobb ins , 1 9 8 2 ) . I n  g ener al , the 

c l o s e a s s oc i a t ion between s i gA and mucus (Cl amp , 1 9 8 1 )  can 

int e r fe re with the adhe s i o n  o f  o r g an i sms to ep i thel ial  

surfac e s  and p revent the i r  pene t ra t i on into unde rlying 

t i s s ue . 

I n  ruminan t s , a di s t in c t ion has been made b e tween s i gA 

l eve l s  i s o l at e d  from paro t i d and non - paro t i d  s a l iva (Wa t s on 

and L a s c e l l e s , 1 9 7 1 ; 1 9 7 3 ) . I t  s e ems that in  s heep the man 

dibu l a r  g l ands s ecre t e  v e ry high concent rations  of  s i gA 

comp a r e d  with the paro t id s  (Crip p s  and Lasc e l l e s , 1 9 7 6 ) . 

H i s to l o g ical s tudies have s hown a r e l a t ive abs enc e o f  p l asma 

c e l l s  from paro t i d  t i s sue when compared with the mand ibular . 

Wa t s o n  and Las c e l l e s  ( 1 9 7 3 )  have further ind i ca t e d  that 

paro t i d  sal iva owing to i t s  g r e a t e r  total s a l ivary vo lume 
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c o u l d  probably a c t  a s  a di luent o f  I gA s ec re t e d  b y  the 

mandibular and po s s ib l y  the sub l ingual g l ands . The con t i n 

uous flow o f  l a r g e  quant i t i e s  o f  paro t i d  s a l iva coul d ensure 

that  the g l and rece ive s r e l a t ively l i t t l e  local ant igenic  

s t imul a t ion (Wat s on and L a s c e l l e s , 1 9 7 3 ) . 

In  the p res ent s tu dy ,  a h i s t o l o g i c a l  examina t i on wa s 

conduct e d  t o  i den t i fy tho s e  s a l ivary g l ands o f  cat t l e  wh ich 

r e p r e s ent the maj o r  contributo r s  o f  s a l iva ry s i gA .  

I n  add i t i on t o  s i gA ,  I gG ,  I gG 2 , and I gM have b een 

i de nt i fi e d  in s ign i f i c ant concentrat ions in ruminant s a l iva 

( T ab l e  1 . 3 ) (Wa t s on and L a s c e l l e s , 1 9 7 3 ) . The l ev e l s  o f  

I g G , I gG 2 and I gM were 3 . 5  - 5 . 0  t imes  h i gher in non - paro t i d  

s a l iva . I gG was rep o r t e d  a s  b e ing s e l e c t ive ly t rans fe rred 

a c r o s s  the g l andul ar e p ithe l ium with s ome local  �yn the s i s  

wh i l e  mo s t  o f  the I gG 2 and I gM were der ived from p l a sma w i th 

min ima l l o c a l  synthe s i s . The s ecre t i on o f  I gM appears  to  b e  

fac i l i ta t e d  by comp l ex ing with J - cha in conta ining po lymers 

and membrane bound s ec r e t o ry c omponent a s  a p r e r equi s i t e  for 

ep i the l i al  trans fe r ;  the mechani sm i s  ana l ogous to transport  

of  s i gA (Tomas i e t  a l . , 1 9 8 0 ) . I gE ,  a l though de s c r ibed in 

e x t e rnal s ecret i ons (Tomas i ,  1 9 7 6 )  has no t b een quan t i t a t 

ive ly a s s ay e d  i n  ruminant s a l iva (But l e r , 1 9 8 1 ) . The a b s o l 

u t e  concen t rat i on o f  I gE in s a l iva i s  very sma l l , howev er 

the rat io of s a l ivary to  s erum I gE i s  h i gh ( Toma s i ,  1 9 7 6 ) . 

The rol e o f  I gE in immedi ate  hyp e r s ens i t ivity r e a c t ions i s  

we l l  documented (Strob e r ,  1 9 8 2 ) , thus i t  i s  t emp t ing to 

p o s tul a te  that s a l ivary I gE may be  invo lved in poorly

unders tood muco s a l  a l l ergic  react ions . A po s s ib l e  t ransp o r t  

mechani sm ( i f  any ) f o r  s ec r e t o ry I gE a t  muco s a l  sur fac e s  

h a s  no t b e en inve s t i g a t e d , a l though Mayrhofer , Ba z in and 

Gowans ( 1 9 7 6 )  have s ug ge s ted  that in the rat , s ec r e t ion o f  

I g E  may invo lve int raep i the l i a l  mas t ce l l s  ( o r  " g lobu l e  

l eucocyte s " )  which w e r e  found to con t a i n  intracytop l asmic 

I gE .  

Stud i e s on muco s a l  immuni ty thus far have l a rg e ly 

fo cus s e d on humor a l  immune respons e s  in i t iated by B - lympho -



Tab l e  1 . 3  

Spe c i e s  

Cat t l e  

Sheep 

Goat  

I MMUNOGLOBUL I N  COMPOS I T I ON OF ADULT 

RUMI NANT SAL I VA (mg / 1 0 0  ml ) 

I gA 

5 6  

2 0  

2 0  

I gG 

? 

1 0  

1 0  

3 

? 

? 

I gG 2 I gM 

1 1 

? t race 

? t race 

from But l e r  ( 1 9 8 1 ) . 

I gE 

? 

? 

? 



c y t e  act ivated c e l l - medi a t e d  immun i ty a t  muco s a l  s i t e s . 

Wh i l s t  the fac t o r s  cont ro l l ing m i g r a t ion and l ocal i s 

a t i on o f  T - b l a s t c e l l s  in muc o s a l  t i s s ue s ar e unknown , i t  
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h a s  b een reported  by Guy - Grand , Gr i s ce l l i  and Vas s al i  ( 1 9 7 8 )  

that they are de r i ve d from lymph node s and s ub s equent ly 

m i g rate  t o  the muco s a  where  mo s t  can l a t e r  be  iden t i fi e d  as 

i ntraep i t he l i al  lymphocy t e s . Subpop u l a t i ons of the s e  c e l l s  

a r e  known to  con t a in cytop l a smic granu l e s  wi th s t a ining 

charact e r i s t i c s  s im i l ar to ma s t  ce l l s  ( Rudzik and B i enens tock , 

1 9 7 4 ;  Mayrhofe r ,  1 9 8 0 ) . Ex i s t ing evi dence rev i ewed by 

Mowat and Fergus s on ( 1 9 8 1 )  s ugges t s  that muc o s a l  c e l l 

mediat e d  immuni ty invo lve s p r imar i l y  T - suppr e s s o r  and 

T - cyto toxic  c e l l s  in the ep i thel ium .  T h e  supp r e s s o r  c e l l s  

may prot e c t  the ep i t h e l ium from immune mediated damage 

caused by cont inuous ant i g en- ant ibody and ant i g en - c e l l  

i n t e rac t i ons wh i l e  t h e  cyto t oxic c e l l s  c ould p rovide a 

f i rs t  l ine o f  c e l l - m e diated de fenc e when a group o f  ep i 

the l i al  c e l l s  are de s t royed by a pathog en . The T - help e r  

c e l l s  l o c a t ed mainly a t  subep i the l i a l  s i t e s  may be  respons 

i b l e  for produc ing lymphok ine s ,  after  interac t i on with 

a n t i g ens . 

Inve s t igat ions p e rtaining to the ro l e  o f  s ub ep i the l ia l  

o r  mucos al mas t  c e l l s  i n  immono regul a t i on a t  muco s a l  s urfarei 

a r e  only at a pre l im inary s t ag e , howeve r exi s t ing evidence 

s ug g e s t s  that the s e  c e l l s  are probab ly de rived from a 

l ymphocy t e  subpopu l a t ion and are funct ionally imp l icat e d  in 

inflammat o ry respon s e s  o f  the gut ( C a s t r o , 1 9 8 2  ; Haig , 

Mckee , Jarre t t , Woo db ury and Mi l l e r , 1 9 8 2 ) . 

C e l l -mediated immun ity in s a l ivary g l and t i s sue s e ems 

to have b e en t o t a l l y  unexp l o re d .  Howeve r ,  the findings 

d e s c ribed above r e g ar ding int e s t inal CM! may app ly to o th e r  

muco s a l s i t e s . I n  ruminants , the l a c k  o f  B o r  T c e l l s  o r  

t h e i r  pr ecursors  in t h e  fo r e s tomach s , h i ghl i gh t s  t h e  p robab l e  

importance o f  the p ro tect ive func t ions o f  s a l ivary g l and 

lympho id c e l l s  and s e cret ions in the s e  a reas . In  the p re s en t  

s tudy a n  int raep i t h e l ial c e l l  of  unknown ident i ty was 



located in the duc t s  of  the p a r o t i d  and vent r a l  buccal 

g l ands . One pos s ib i l i ty is  that this  c e l l  l ine may be  

invo lve d in  poorly unde r s t o o d  muc o s a l  immune r e a c t ions . 

4 6  



1 . 6  Sal iva ry Secre t i ons  and B l o a t  Sus c ept ib i l ity 

B l oat i s  a d i s o rde r o f  ruminants c au s ed  by a f a i l ure 
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to  s uc ce s s fu l ly e ruc t a t e  g a s e s  p roduc e d  in  the ret i cul o rumen 

du r ing fe rmentat ive d i g e s t i on . The r e t en t i on of gas together 

w i th the fo rmat ions o f  a s t ab l e  foam , me chani c a l ly interferes  

w i th resp i ra t i on and c an b e  fat al wi thin an hour of  commen 

c ement o f  fee ding (Cl arke and Re i d ,  1 9 7 4 ) . 

Evi denc e to  date , r ev i ewed by Cl arke and Re i d  ( 1 9 7 4 )  

s u g g e s t s  that b l oat  i s  l ike ly t o  b e  a c omp l ex mul t ivar i a t e  

d i s o rde r wi th int e rac t i ons o f  envi ronment al , p l ant , animal  

and microb i a l  facto r s . Howeve r ,  recent inve s t i g a t i ons have 

focus s e d  a t t ention ma inly on s a l iva and i ts as s oc i at ion 

w i th b l o a t ·  s us cep t ib i l i ty in c a t t l e  ( Re i d ,  Gurns ey , Waghorn 

and Jone s , 1 9 7 5 ; Gurn s ey , Jone s and Re i d ,  1 9 7 6 ; Jone s e t  al . ,  

1 9 7 7 ) . 

An ima l s  that are g ene t i c a l ly predi spo s e d  to  b l oa t  and 

man i fe s t  a h i gh s u s c ep t ib i l i ty (H . S . ) produce s i gni ficantly 

l e s s  s al iva than animal s of low b l oat s u s c ep t i b i l i ty (L . S . ) 

(Mc i nto sh ,  1 9 7 5 ) . Studies  on the weights  of  indiv i dual 

s a l ivary g l ands indi c a t e  that L . S . animal s have a higher 

we i ght o f  s e cretory t i s sue , thereby contr ibut ing t o  an 

inc rea s ed f l ow rate  ( Gurn s ey , Re i d ,  Jones and B i r t l e s , 1 9 7 7 ). 

Biochemical analys i s  of  s a l iva s e c re t ed by H . S .  and L . S .  

c a t t l e  have demons trated  that the l ow mo l ecular w e i ght 

p ro t e in ,  b and 4 ,  i so l a t e d  from paro t i d s a l iva , has b e en 

co rre l a t e d  with b l o a t  suscep t ib i l i ty (Mc i nt o s h  and Cockrem , 

1 9 7 7 ) . Band 4 content in the r e t i culo rumen of  H . S .  an ima l s  

w a s  found t o  b e  s i gn i f icantly greater  than i n  L . S .  animal s .  

I t  i s  pos s ib l e  that s a l ivary p ro t e ins  and muco s ub s tanc e s  

cou l d  a c t  a s  surfac t ants  to promo te  t h e  fo rma t i on of  a s table 

fo am that could reta in the gas e s  p roduc e d  dur ing fermentation .  

I n  the p re s ent s tudy , p aro t i d  g l and t i s s ue from H . S .  and L . S . 

c a t t l e  were  examine d immunohi s tochemical l y  to ob s e rve the 

d i s tribut i on of secr e t o ry c e l l s  re spon s i b l e  fo r produc ing 

b and 4 .  
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B a r t l ey ( 1 9 7 6 )  has s ug g e s t e d  a p o s s ib l e  invo lvement o f  

s a l ivary immunog l obul ins t o  b lo a t , but at pre s ent any a s s o c 

iat ion b e tween i mmuni ty and b l o at in the absence  o f  a 

prel iminary inve s t i g at ion wou l d  r ema in hypothe t i ca l . 

From hi s to l o g i cal  s tu d i e s  o f  p a ro t i d and ventral  buccal  

g l ands of  c a t t l e , p re l im ina ry o b s e rv a t ions have revea l ed an 

a s s o c i at ion b etween the o c currence o f  int ras t r i a t e d  duc t  

c e l l s  and b l o a t s us c ep t ib i l i ty ( B i rt l e s , 1 9 8 1 ) . I n  L . S .  

an ima l s  the numb e r s  o f  int r a s t r i a t ed duct ce l l s  obs e rved 

were g re a t e r  than in  H . S .  anima l s .  I n  the p r e s ent inve s 

t i g at i on the above f inding s were e x t ende d t o  examine the 

int ra s t r i a t e d  duct ce l l s  in g r e a t e r  detai l and p o s tu l a t e  

a po s s ib l e  r e l a t io nship o f  the s e  c e l l s  t o  b l o a t  suscep t i b 

i l i ty .  



CHAPTER 2 .  BOV I NE SAL I VARY GLAND 

H I STOLOGY AND H I STOCHEMI STRY 

2 . 1  I n t r o duc t i on 

I nve s t i ga t i ons by Shack l e fo r d  and K l appe r ( 1 9 6 2 ) ; 

Quin t a re l l i  ( 1 9 6 3a) ; Sha c kl e fo r d  ( 1 9 6 3 ) ; Sha ck l e fo rd and 

Wi l b o rn ( 1 9 6 8 )  and B i rt l e s  ( 1 9 8 1 )  have demons t r a t e d  in 

cons i d e r ab l e  de t a i l  the h i s t o l o gy and h i s tochem i s t ry o f  
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the maj o r  and mino r s a l i v a ry g l ands o f  c a t t l e . The h i s to 

l o g i c a l  feature s o f  b ovine s al ivary g l and endp i e c e s  and 

duc t s  have b e en de s c r i b e d  in de t a i l  e l s ewhere ( S e c t ion 1 . 2 ) . 

The purp o s e  o f  the p r e s ent s tudy ha s been t o  r e - examine 

and e x t end p r e v i ous findings whe re ne c e s s ary and d e t e rmine 

the h i s tochem i c a l  cha rac t e r i s t i c s  of bovine s a l ivary g l and 

s e cr e t o ry p r o duc ts w i th the a i d  of h i s t o l o g i c a l  s t a ins and 

en zyme b l ocking metho ds . Howev e r , s ince the c l as s i f i c a t i on 

o f  ep i the l i a l  mucosub s tanc e s  rema ins cont rove r s i a l  ( Re i d  and 

C l amp , 1 9 7 8 )  owing to confus i on b e tween the u s a g e  o f  b i o 

chem i cal  and h i s to chem i c a l  t e rm i no l o gy , a sui t ab l e  c l a s s i f 

i c a t i on sys t em w i l l  b e  introduced w i th cons i d e ra t i on t o  

b o t h  d i s c ip l ine s .  

E p i t he l i a l  s ec r e t o ry p ro duc t s , gene ra l ly r e fe rr e d  t o  as  

muc u s , have b e en t rad i t i o na l l y des igna t e d  as e i ther  g l y c o 

p ro t e ins o r  a c i d  mucopo l ys accha r i de s . Howev e r , mucus o f  

ep i th e l i a l  o r i g in ,  cons i s t s pre dominant l y  o f  a c i d i c  and 

neu t r al g l ycop ro t e ins w i th an ins i gni f i c ant muc op o lys ac 

char i de cont ent (Young and van L ennep , 1 9 7 8 ; Re i d  and C l amp , 

1 9 7 8 ) . 

The b i o chemi s t ry o f  g lycop r o t e ins has been p r e v i o u s l y  

de s c r ib e d  in S e c t i on 1 . 3 . 6 .  E s s en t i a l ly the a c i d i c  nature 

of this comp ound is  due to i t s h i g h  s i a l i c a c i d  content , 

c a rb o xy l  g roup s  o f  non - s i a l i c  a c i d  o r i g in and sulpha t e  

g r oup s . An ac id g lycop rot e in t h e r e fore has a n  exc e s s  o f  

n e g a t ive cha rges  wh i l e  a neut r a l  g lycop rote in has 



p r e dominant ly p o s i t ive charg e s  from free  amino g roup s 

(Shreeve , 1 9 7 4 ) . 

I n  cont r a s t to g l ycop r o t e ins , ac i d  mucopo lys accha r i d e s  

cons i s t  o f  a p o lypep t i de c o r e  and cons i d e r ab l e  amounts o f  

r ep e a t ing po lys accha r i de uni t s  w i th l i t t l e  o r  no b ranch ing 

so 

o f  s i d e  chains , the mono s accha r i de c ontent b e ing cons i de rably 

higher  ( S O  un i t s o r  mo r e  f o r  a g iven mo l ecul e )  than that  of  

g lycop rot e ins ( Re i d  and C l amp , 1 9 7 8 ) . The mono s accha r i de s  

usua l ly i dent i f i e d  a r e  hya luroni c  a c i ds and d e r iv a t ive s o f  

chondro i t in s ulphat e . The s e  two g r oup s are  ma inly r e spon

s ib l e  for  the  h i ghly a c i d i c  natur e of  mucopo lys acchar i d e s . 

Unl i k e  g lycop r o t e ins wh i c h  a re ma inly found in b o dy f l u i d s  

and ep i the l i a l  s ecre t ions , the a c i d  mucopo lys accha r i de s  are  

p r e dominantly d i s tr ibut e d  in b one , c ar t i l age and connec t ive 

t i s sue  g round s ub s tanc e s  (Ham and C o rmack , 1 9 7 9 ) . . I n  

g en e ra l , mucus , connec t iv e  t i s sue g r ound sub s t anc e and 

s ke l e ta l  s t ructures  can b e  compo s e d  o f  a mixture o f  b o t h  

g lycop r o t e ins and mucop o l y s a c cha r i d e s  w i th t h e  l a t t e r  mainly 

found in conn e c t ive t i s s u e  e l ement s , conj ug a t e d  to sma l l  

quan t i t i e s  o f  g lycop r o t e ins (Ham and C o rmack , 1 9 7 9 )  whe r e a s  

t h e  f o rmer a s  i dent i f i e d  i n  mucus , i s  l ikely to cont ain v e ry 

sma l l  quant i t i e s  o f  muc o p o lys acch a r i d e s  such a s  uron i c  a c i d  

(Young and van L ennep , 1 9 7 8 ) . 

The differ ence o f  op i n ion b e tween b i ochem i c a l  and h i s to 

chem i c a l  c l as s i fi c a t i on o f  ep ithe l i a l  muco sub s t anc e s  p r im 

a r i ly s tem from an inab i l i ty t o  demons trate  h i s tochemi c a l ly 

that c arbohydrate  and p r o t e i n  cons t ituents  o f  mo l e cul e s  such 

a s  g lycop rot e ins and mucopolysaccha r i de s , b e l ong to the s ame 

or d i f ferent mo l e cul e s . The h i s tochemi c a l  f indings a r e  

g en e r a l ly a t t r i but e d  t o  r eact ive  g roup s  p r e s ent in s id e  

cha in s  o f  mono s accha r i d e  o r  o l i g o s accha r i de uni t s , f o r  

examp l e  glyc o l  g roup s , c a rboxyl i c  and sulphate  g roup s . 

H i s t o chemi s t s  commonly us e a var i e ty o f  bas i c  dye s  that 

r e a c t  with ac i d  rad i c l e s  and chem i c a l  react i ons  spe c i f i c  fo r 

neu t r a l  g roup s to d i s t ingui s h  b e tween the two s i de chains 

a s  they oc cur in g lycop r o t e ins and mucopo lys accha r i de s . Add 

i t i onal  info rmation c an b e  derived from enzyme hydro l ys i s  o r  



b l o c king metho ds  wh i ch r emov e sp e c i f i c  r e ac t ive g roup s  

(Cul l i ng ,  1 9 7 4 ) . H i s t o chemical  r e s u l t s  a r e  thus c l a s s i f i e d  

ac c o r d ing to whe ther  an ac i di c  o r  n e u t r a l  g roup h a s  b e en 

s ta ine d .  

Howeve r ,  i t  i s  inapp rop r i a t e  fo r h i s t o chemi s t s  t o  

cont inue t o  u s e the t e rms g lycop r o t e ins and mucopo lys a c 

char i d e s  s omewhat arb i t ra r i l y  when de s c r ib ing the nature  

o f  a s i de g r o up , as  the s e  two c ompounds a r e  biochemi c a l ly 

d i f f er ent . A mo re app r op r i a t e  fo rm o f  t e rmino l o gy wou l d  

b e  t o  adopt t h e  t e rms " ac i d g lycop r o t e in" and "neu t r a l  

g l y co p r o t e in" when de s c r i b ing muco sub s tanc e s  o f  a n  ep i th 

e l i a l  o r i g in , a s  sugge s ted b y  Young and van Lennep ( 1 9 7 8 ) . 

I de a l ly , the t e rms ac i d  and neu t r a l  muc o s ub s tanc e s  wou l d  b e  

even mo re app r o p r i a t e , s ince the s e  woul d  include any a c i d  

m�c op o lys accha r ide s p r e s ent ( a lb e i t  i n  sma l l  amoun t s )  in 

ep i th e l i a l  mucous  s e c re t ions and s ide g roup s wh i ch c anno t  

b e  d e t e c t e d  by  ex i s t ing s t a ins  a n d  h i s t ochemi c a l  m e th o d s . 

From s a l i vary g l ands the r e fo r e , p r o t e o s e rous s e c r e t i on 

cons i s t s mo s t l y  of ino rganic ions , wa t e r  and s ome n e u t r a l  

g l ycopro t e ins w i th l i t t l e  e v i de nc e o f  a c i d  glycop r o t e ins , 

whe re a s  mucous  s e c r e t ions are c ompo s e d  p r e dominan t l y  o f  

b o t h  a c i d i c  and neut r a l  glycop r o t e ins ( o r  muco s ub s t an c e s ) . 
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I t  i s  hop e d  that the above s ugg e s t ions may a l l ev i a t e  

s ome o f  t h e  c on fus ion as s o c i a t e d  with c l as s i f i c a t i on o f  

ep i the l i a l  s ec r e t o ry produc ts  and contr ibute towar d s  a 

c l earer  unde r s tanding o f  the d i s t inc t ion between b io chemi c a l  

a n d  h i s tochemi c a l  t e rmino lo gy . 

The h i s t o chemi c a l  procedu r e s  u s e d  f o r  th i s  s tu dy have 

b een s e l ec t e d  to di s t ingu i sh b e tween neut ral and a c i di c  

s i de group s o f  muc o sub s t anc e s  and to i dentify s ep a r a t e l y  

carboxyl a n d  sulpha t e  a c i d  radi c l e s . Two en zyme s , hya lur 

onida s e  and neuramini da s e  were  addi t iona l ly u s e d  t o  c on f i rm 

the pre s enc e o r  ab s enc e o f  ac i d  muc opo lysacchar i de s  and 

s i a l i c a c i d s  resp e c t ively , in b ov ine s a l iva ry g l and t i s s ue . 



The p r e s ent s tudy w i l l  a l s o  r ep o r t  on pre l iminary 

f in d ings t o  h i s to l o g i ca l ly e s t ab l i sh the maj o r  s ou r c e  o f  

immuno g l obul i n s  i n  b o v ine s a l iva , from an as s es sment o f  

p l a sma c e l l  numb e r s  i n  the conne c t ive  t i s s ue s t roma o f  b o th 

maj o r  and mino r s a l i v a ry g l ands . I t  has b een p r e v i ou s l y  

reported  b y  W a t s on and Las c e l l e s  ( 1 9 7 3 )  that non p a ro t i d  

s a l iva o f  s he e p  c on t a i ns 3 . 5  - 5 . 0 t imes more immuno g l obul 

ins  than p a ro t id s a l i v a  with the  mandibul a r  g l and b e ing 

the maj o r  c on t r ibut o r  ( C r ipp s and Las c e l l e s , 1 9 7 6 ) . How 

eve r ,  in c a t t l e  the s al ivary g l an d  o r  g l ands r e spons i b l e  

f o r  s ec r e t i o n  o f  immun o g l obul ins have s o  far not b e en i d e n 

t i f i e d ,  al though e s t imated  value s f o r  I gA ,  I g G , I gG 2 and 

! gM in bovine s a l iva h ave been r e p o r t e d  by Mach and P ahud 

( 1 9 7 1 ) . 

Ant ibo d i e s  p ro duc e d  a g a in s t  e a ch o f  the bovine s a l ivary 

p ro t e in b ands 4 ,  8 ,  9 and 1 0  w e r e  r e a c t ed with app ro p r i a t e  

s a l ivary g l an d  t i s su e  t o  ident i fy immuno h i s tochem i ca l ly 

the  d i s t ribut i on o f  c e l l s  sp e c i a l i s ed f o r  synth e s i s  o f  

b ands 4 ,  8 ,  9 and 1 0  r e sp e c t ive l y . Paro t i d  g l and t i s sue s 

o f  both l ow and high b l o at sus c ep t ib l e  c a t t l e  were  e xamine d 

f o r  dis tr ibut i on o f  b and 4 ,  the  s a l ivary p ro t e in p re domin

antly imp l i c a t ed with b l oat  s us c ep t ib i l i ty in c a t t l e  

( S e c t ion 1 . 6 ) . 

A few p a r a ffin wax embedded s ec t i ons f rom sheep p a ro t i d  

t i s sue s were  a l s o  s tudi ed t o  ob s e rve any morpho l o g i c a l  

c hang e s  a t t r ibutab l e  t o  spe c i e s d i ffe r ences b e tween s h e ep 

and catt l e  p a ro t i d  g l ands . 
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2 . 2  Ma t e r i a l s  and Metho ds 

2 . 2 . 1 T i s s u e  s ampl ing and f ixat ion pro cedure 

The h i s to lo g i c a l  s e c t i ons us e d  fo r mos t of the s t a in ing 

and h i s tochem i c a l  me tho ds we r e  p rep a re d  from p re v i ou s l y  

emb e dd e d  p a r a f f i n  wax b l o cks s upp l i e d  b y  Mr . M . J .  B i rt l e s , 

Depar tment o f  P hy s i o l o gy and Anat omy , Mas s ey Unive rs i ty ,  

P a l me r s ton No r t h , and cont a ined t i s sue  s p e c imens f i x e d  in 

fo rmo l s al ine and Bouins f l uid  ( Cu l l ing , 1 9 74 ) . Al l b l o cks  

have  b e en p re p a r e d  with t i s sue  s amp l e s  r emove d from b o t h  

r i gh t  and l e ft , maj o r  and minor s al ivary g l ands o f  c at t l e  

( B os ta urus ) . Mo s t  t i s s ue s amp l e s  examine d were f rom a 

mat u r e  animal w i th a l ow b loat  s co re . 

F o r  the l at t e r  p a r t  o f  the s tudy further s amp l e s  fo r 

hi s to l og i c a l  e x amina t i o n  were g athe r e d  f rom two anima l s  

w i th known b l o a t  s us cep t i b i l ity ( on e  L . S .  and the o th e r  

H . S . ) . Both an ima l s  w e r e  s tunned w i th a c ap t i ve b o l t  and 

k i l l e d  by exs anguina t i o n . At d i s s e c t i on ,  the he ad was 

s ep a r a t ed at the  l ev e l  of the fourth or f i fth c e rv i c a l  

ve r t eb rae w i th the uppe r  o e s ophagus and ep i g l o t t i s  int a c t . 

The s al iva ry g l ands from both the r i ght and l e ft s i d e s  o f  
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t h e  h e a d  w e r e  d i s s e c t e d  in t h e  f o l lowing o rder : - mand ibul a r, 

p a ro t i d ,  s ub l ingual , d o r s a l  buccal , int e rmediate buc c a l  and 

vent r a l  bucc a l . The head wa s r e - o r i en t e d  fo r s amp l e s  t o  b e  

t a k en from the p o s t e r i o r  tongu e , ep i g l o t t i s  and s o f t  p a l at e . 

S amp l e s  r emo v e d  from e a ch g l and w e r e  s eparat e ly p l ac e d  in 

the f o l l ow ing f ixat i v e s : - Bouins f l u i d ,  1 0 %  neut r a l  f o rmo l 

s a l ine and Z enker- fo rmo l ( Cul l ing , 1 9 7 4 ) . Further s amp l e s  

w e r e  p ro c e s s e d  fo r e l ec t ron m i c r o s c opy and ut i l i z e d  f o r  a 

s tudy o f  intr a ep i the l ia l  g ranu l a t e d  duc t c e l l s  in the  p a r o tid 

and vent r a l  buccal  g l ands ( s e e  Chap t e r  3 ) . 

T i s s ue s  in formo l s a l ine wer e l e f t  f o r  2 - 3  days wh i l e  

tho s e  in Bouins f l u i d  were l e ft f o r 2 4  hours b e fo r e  b e ing 

t rans fe rr e d  into  7 0 %  a l coho l . T i s su e s  in Z enker - fo rmo l 

w e r e  fixed f o r  1 2 - 1 5  hours and then washed i n  runn ing t ap 

wa t e r  fo r 6 - 8 hours . 



2 . 2 . 2  Para f f in wax pro c e s s ing and m i c rotomy 

F o l l ow ing f i xat i on the  t i s sues  w e r e  loade d into a 

Shandon �l l io t  automat i c  t i s s ue p r o c e s s o r  (Wat s on ,  V i c t o r  

Ltd . )  fo r o v e rn i ght dehy drat ion , c l e a r ing and para f f in wax 

imp r e gnat ion . The pre l iminary dehy d rat i on s t ep includ e d  

chan g e s  o f  an hour ' s dur at ion e a c h  i n  inc reas ing conce n 

trat ions o f  e t hy l  a l coho l ( 7 0 % , 9 5 % , 1 0 0 % , 1 0 0 % ,  1 0 0 % ) . 
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The c l e a r ing s t e p  ut i l i z e d chl o ro fo rm ( 1  hou r )  and two 

chang e s  of xy l en e  ( 1  hour e ach) . I mp regna t i on was c ar r i ed 

out a t  5 6 ° C  w i th two chang e s  o f  p a r a f fin wax ( 2  hour s e ach) . 

T i s sue b lo c k s  were  then r emove d  from the p roc e s s o r  and 

emb edde d in 5 6 ° C  M . P .  p ar a f f in wax . Sect ions were  p rep a re d  

f rom wax b l o c k s  w i th s amp l e s  c u t  a t  5 - 6 � m  thi ckne s s  us i ng 

a Re i chart s l i ding mic ro tome ( S e l by - Wi l ton L td . ) .  I nd iv i d 

ual s e ct ions we r e  float e d  o n  warm wat e r  at about 4 6 - 4 8 ° C  

and then at tach e d  onto spars e l y  albumen i s e d  g l a s s  s l i de s  

( 3" x 1" ) and l ef t  at room t emp e rature  fo r about 3 0  minut e s  

b e fore  b e ing a i r  dried a t  6 0 ° C  overn i ght . 

2 . 2 . 3  S t a i n ing and h i s tochemi c a l  methods 

B e fore  s t a i n ing the s e ct ions w e r e  dewaxed in two chang e s  

o f  xyl ene , r in s e d  i n  ab s o lut e a l co h o l  and 7 0 %  al coho l r e s 

p e c t ively and washed i n  runn ing t ap wat e r . 

The fo l l ow in g  s t ains and h i s t o chemi cal methods  w e r e  

app l i e d  to  s e c t ions f rom a l l  t h e  maj or  and minor s a l i va ry 

g l ands : -

1 .  Haema t o xy l in and e o s in ( H & E ) 

2 .  Alc ian b lue pH 1 . 0  and pH 2 . 5 I H&E 

3 .  Al c i an b lue pH 2 . 5  I pho spho tungs t i c  a c i d  haema -

toxyl in (PTAH) 

4 .  P e r i o d i c  acid  S ch i ff ( PA S )  

5 .  Al c i an b lue ( p H  2 . 5 ) and PAS 

6 .  Pheny l hydraz ine - p e r i o d i c  a c i d  Schi f f  ( PAP S )  

7 .  Toludine b lue 



8 .  Azure A at pH 1 ,  2 ,  3 and 4 

9 .  A l c i an y e l l ow 

1 0 .  Hal e s  C o l l o i da l  I ron 

1 1 .  B IAL r e ag ent 

1 2 . D i a s t a s e  fo l l owed by PAS 

1 3 . Ace tyl a t ion and PAS 

1 4 . Acety l a t ion , s ap on i f i c a t i o n  and PAS 

l S . Methy l a t ion and A l c i an b l u e  at  pH 1 . 0  and 2 . S  

1 6 . Me thy l a t ion , s ap o n i f i cat i on and Alc i an b l u e  a t  

p H  1 . 0 and 2 . S  

1 7 . Neuraminida s e  fo l l ow e d  by A l c i an b l u e  at  pH 2 . S  

1 8 .  Hya l u ronida s e  fo l l owed by A l c i an b l u e  a t  pH 1 . 0  

1 9 .  Methyl - Green pyronin 

ss 

The s t a in i ng p ro c e du re s  u s e d  and the r ea c t ion mechani sms 

whe r e  app l i c ab l e  are l i s te d  in App e nd i c e s  I and I I .  

Aft e r  s t a ining , s e c t i ons were  dehydra t e d  in 7 0 %  a l cohol 

and ab s o lu t e  a l c ohol r e s p e ct ively , c l e a r e d  in xyl ene and 

mo unt e d  in D . P . X . me dium ( B . D . H .  chemi c al s ) . 

P r epared s l ides  were  e xamined w i th an Olympus mi c ro s cope 

at  four d i f fe rent magn i f i c at ions , name ly x4 0 ,  x l O O , x4 0 0  

and x l O O O . 

B o u ins f ix e d  t i s s ue s amp l e s o f  s he ep paro t i d  g l and we r e  

a l s o  cut  and s ta ine d with H&E  and A l c i an blue a PTAH . 

2 . 2 . 4  I mmunoh i s tochemi s t ry 

Ant ibo d i e s  t o  bov ine s al ivary p ro t e in bands 4 ,  8 ,  9 

and 1 0  were e a ch s ep arat e ly r a i s e d  in rabb i t s  and p rep ared  

by  Dr . W . T .  Jone s , App l i e d  B i o chemi s t ry Divi s io n ,  D . S . I . R . , 

P a lme r s ton North . An ant ib o dy s pe c i fi c  t o  a bovine s al ivary 

pro t e in was then r e a c t e d  w i th the r e sp e ct ive t i s s ue ant i gen ; 

band 4 and 1 0  ( Paro t i d  g l and) , b and 8 (Mand ibul a r  g l and) 

and b and 9 ( Sub l ingua l  g l and) . 

The immuno h i s t o chemi c a l  me tho d u s e d  was the ind i re c t  
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e n z yme l ab e l l ed ant i b o dy t e chnique ( S t e rnb erge r ,  1 9 7 4 ) . 

Rabb it ant ib ovine s a l ivary p ro t e in was us e d  a s  p r im a ry ant i 

s erum . The s e condary ant i s erum was g o a t  ant i rabb i t  I gG 

conj ug a t e d  w i th ho rs e radi sh p e r o xidas e .  S i t e s  o f  ant i b o dy 

to ant i g en a t t a chment were de t e c t ed by us ing e i the r 3 . 3 

d i aminob en z i dine ( DAB ) o r  3 - am i no - 9  e thy l carb a z o l e , b o t h  

c ompl exed w i th hydro g en p e rox i de .  

Procedure for  indi rect  en zyme l ab e l l e d ant ib o dy method 

Paraffin wax s e c t i ons from p aro t i d ,  mandibul ar  and s ub 

l in g�a l g l ands , p re v i ous ly  fixed  in Bouins flu i d ,  we r e  

p repared a s  de s c r i b e d  in S e ct i on 2 . 2 . 2 .  

P a ro t i d  t i s s ue s amp l e s  from both L . S .  and H . S .  c a t t l e ,  

int e rme d i a t e  buc c a l  g l and and the  s h e ep p aro t i d  w e r e  

addit ional l y  e xamine d f o r  t h e  d i s t r ibut ion o f  p ro t e in 

b and 4 .  

1 .  Dewax s e ct ions and b r ing t o  wat e r . 

2 .  T r e a t  s e c t ions w i th 2 %  bovine s e rum albumen ( B SA )  

i n  phosphat e  buffe r e d  s a l ine ( PBS)  for  5 minu t e s  

t o  reduce non - sp e c i f i c  b inding . Shake o f f  

e x ce s s  BSA . 

3 .  T r e at w i th rabb i t  ant ibov ine s a l ivary p ro t e in 

d i l ut e d  1 : 1 0 0 0  in 2 %  B SA in PBS for 3 0  m i nut e s  

i n  mo i s t  chamb e r . 

4 .  Wash w i th PBS , minimum o f  thr e e  chang e s , 1 5  

m i nut e s  e ach with cons t ant s t i rr ing . 

5 .  T r e a t  w i th 2 %  BSA in PBS for  1 0  minut e s . 

6 .  Re act  w i t h  p e ro x i da s e - l ab e l l e d  goat ant i rabb i t  

immuno g l ob ul in ( d i l u t e d  1 : 6 0 )  for 3 0  minut e s  

i n  mo i s t  chamb e r . 

7 .  Wash w i th 2 %  BSA in P B S  ( opt ional) . 

8 .  W a s h  in P B S  thre e chang es  5 m inutes each w i th 

c o ns tant s t i rring . 

9 .  I ncub a t e  w i th s o lut i o n  o f  DAB ( 7 5  mg ) in 0 . 0 0 1 %  

hydro g en p e roxide in 0 . 1 5 M t r i s chl o r i de b u f f e r  

pH 7 . 6  fo r 1 0  - 3 0  m i nut e s . 



1 0 .  Wa s h  b r i e f ly in t r i s ch l o r i de b uf fer . 

1 1 . Rins e in d i s t i l l e d  wat e r .  

1 2 . C o unt e r s t a in with 1 %  aqueous l i ght g r e e n  s o lu t i on 

f o r  about 5 - 1 0  s ec o n ds . 

1 3 .  Dehydra t e , c l ea r  and mount in D . P . X .  

Cont ro l s e c t ions were s im i l a rly t re a t ed excep t that 

p r e immune r abb i t  I gG wa s s ub s t i tut ed for the p r imary ant i 

s e rum to d e t e c t  non - immuno l o g i c a l  b ind ing of y - g l obul ins . 

Endo g eneous p e roxi da s e  act i v i ty was n o t  s upp re s s e d  s in c e  

p revi ous f i nd ings h a v e  indi c a t e d  t h a t  such a c t i v i ty i s  

m inimal in bovine s a l ivary g l an d  t i s s u e  (W . T .  Jone s , 

p e rs onal commun i c a t ion) . 

The d i s t r ibut i on o f  I gA s ynthe s i s ing pl asma c e l l s i n  

p a ro t i d ,  mand ibul a r  and sub l ingual  g l ands was examined b y  

s ub s t i tu t i n g  g o a t  ant ihuman I gA ( 1 : 1 0 )  as p r ima ry ant i s e rum 

in s t ep 2 and rabb i t  ant i g o a t  i mmuno g l obulin in s t ep 6 .  

2 . 2 . 5  Pho tomi c rography 

Pho tomi crographs o f  a r e a s  rep r e s ent a t ive o f  mo s t  o f  the 

s a l ivary g l ands examined f rom h i s to ch emic al metho ds , were 

t aken us ing a L e i c a  3 5  mm r e fl e x  c ame r a  moun t e d  on a L e i t z  

O rtho lux m i c ro s c op e  (Me d i c a l  S upp l i e s  (N . Z . ) L td . ) . 

Exp o s ure t ime s we r e  calcul a t e d  w i th a mi c ro s ix L e xpo sure  

mete r .  Ag fachrome SOL  and Ko dachr ome SO  nega t i ve f i lms 

were us e d .  Co lour p r int s us e d  in t h i s  thes i s  w e r e  p r o ce s 

s ed by Ko dak (N . Z . ) Ltd . f rom 3 5  mm t ransparenc i e s . 
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2 . 3 Re s u l t s  

H i s to l o g i ca l  f ind ings f rom the maj o r  and mino r s a l ivary 

g l ands a r e  de s c r i b e d  b e l ow and the r e s u l t s  from h i s to 

chemi c a l  r e ac t i ons  have b een s ummari z e d  i n  Tab l e  2 . 1 .  

2 . 3 . 1  P a ro t i d  G l and 

5 8  

The b o v ine p a ro t i d  g l and was compos e d  o f  t ubul a r  s e c 

re t o ry endp i ec e s  w i t h  cub o i da l  c e l l s  s ur rounding a narrow 

l umen . The s e c r e t o ry endp i e c e  c e l l s  s howed no evi dence o f  

cy top l asmic  b as ophi l i a  and had a g ene r a l l y  vacuo l at ed app e a r

anc e . The c ent ra l l y - p l a c e d  spher i c a l  nuc l e i were  l ar g e  and 

contain e d  one o r  two nuc l eo l i .  Wi th r e s p e ct t o  the hi s t o 

chemi c a l  r e ac t i ons us e d ,  the cytop l asm o f  s e c r e t o ry c e l l s  

s howed l i t t l e  eviden c e  o f  r e a c t ivi ty w i t h  ba s i c s tains , 

a l though in one an i ma l  a c l us t e r  o f  c e l l s  pos i t ive t o  

Al c i an b l ue at  pH 2 . 5  w a s  found ( F i gure 2 . 1 . 2 ) . Howev e r , 

the  occas i ona l s e c re t o ry c e l l  o f  mo s t  an i mal s examined wa s 

d i s t inc t l y  PAS po s i t i ve ( F i gure 2 . 1 . 1 ) , d i s t r ibution o f  

( d i a s t a s e - re s i s tant ) PAS po s i t ive mat e r i a l  was s up ranuc l ea r  

and s omet imes c l o s e  t o  the ap i c a l  b o rde r . 

I n t e r c a l a t e d  duct s  l e ading from the s ecre t o ry endp i ec e s  

w e r e  l ong and b r anch e d  and l ined b y  ep i th e l i a l  c e l l s  whi c h  

w e r e  ini t i a l ly f l a t t en e d  b ut b ecame cubo i dal  n e a r  t h e  int r a 

l obul a r  duc t s . The cytop l a s m  was mode r a t ely b a s ophi l i c  

( w i th H &E ) . The nuc l e i  o f  duc t c e l l s  c l o s e  t o  the endp i ec e s  

w e re f l a t  and dens e wh i l e  tho s e  near the  int ralobular  duc t s  

w e r e  ovo i d .  

The intra l obul a r  duc t s  had a c onvo l uted  app e a r ance w i th 

mo de ra t e ly l arge  d i ame t e r  l umina . The e p ithel ium was cub 

o i dal o r  l ow c o l umna r  w i th c ent ra l ly p l a c e d  nuc l e i . The 

cytop l a s m  o f  s ome i n t r a l obul a r  duc t  c e l l s  wa s no t ab ly PAS 

p o s i t ive whi l e  the ap i c a l  c e l l  membrane s of s ome were  f r e 

quen t ly mo d i f i e d  w i th cytop l asmic p ro t ru s ions o f  " ap i c a l  

b l eb s "  wh i ch cont a ined PAS po s i t ive ma t e r i a l  ( F i gure 2 . 2 . 1 ) .  

The re was  l i t t l e  o r  no evidenc e fo r the pre s ence o f  b a s a l  
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s t r i a t i ons i n  i n t r a l obul a r  duc t s  ( F i gure 2 . 2 . 3 ) .  A f requent 

o ccurrence , p a r t i cu l a r ly in the duc t al ep ithe l ium of l ow 

b l o a t  s us c ep t i b l e  cat t l e , was a g ranul ated  c e l l  l y ing 

adj acen t  to the b a s a l  l am i na ( F i gu r e  2 . 2 . 2 ) .  Th i s  c e l l  

has b ee n  the s ub j e c t  o f  a s ep a ra t e  inve s t i g a t i on ( s e e  

Chap t e r  3 ) . 

Wa l l s o f  the  l a rg e r  i n t e r lobu l a r  and int e r l ob ar duc t s  

were  l ined by s t rat i f i e d  c ub o i da l  ep i the l ium and f requent ly 

s ur rounde d by i rr e gul a r l y  a r ranged f ibrous c onne c t ive 

t i s s ue c onta in ing mas t  c e l l s , n e rve s , b l o o d  v e s s e l s  and 

lymph at ic s . P l a sma c e l l s  w e r e  infrequent ly o b s erved i n  a l l  

p a ro t i d  t i s sue s ampl e s . I nt e r l obu l ar and int e rlobar  duc ts  

showe d no e v i denc e of  ap i c a l  cytop l a smic pro t rus i ons o r  

b a s a l  s t r iat i ons  but granu l a t e d  c e l l s  i dent i c a l  t o  tho s e  

found i n  the e p i the l i um o f  int ra lo b u l a r  duc t s  were  occas 

iona l l y  pre s en t . The ma i n  e x c re t o ry duc t  wa s l ined by 

s t ra t i f i e d  c o l umnar ep i t h e l ium w i th gob l e t  c e l l s  ( F igures  

2 . 1 . 3  and 2 . 1 . 4 ) .  The  cyt op l asmic  contents o f  the gob l e t  

c e l l s  r e a c t e d  w i th PAS and a l l  the c a t ion i c  dye s  u s e d  ( e g . 

A l c i an b lue , pH 1 . 0  and 2 . 5 , Al c i an ye l l ow ,  T o lud ine b lue , 

Azure A and c o l l o idal i ron ) . 

A b ri e f  inve s t i g a t i o n  o f  the s h e ep paro t i d  g l and d i d  

no t reveal  h i s t o l o g i c a l  f e a t u r e s  d i s s imi l ar t o  the bovine 

parot i d ,  exc e p t  that the i n t r a l obul ar  d�c t ep i th e l i a l  

c e l l s  w e r e  t a l l c o l umna r  w i th ac i dophi l ic b a s a l  s t r i a t i ons 

( F i g u r e  2 . 2 . 4 ) .  The s e  duc t s  were f requent l y  o b s e rved in  

clus t e r s , l o c a t e d  centra l ly w i thin a l obul e . 

2 .  3 .  2 Mand ibu l a r  G l and 

The e long a t e d  tubul a r  endp ie c e s  of  this g l and were 

comp o s ed o f  two c e l l  type s ,  the s e cr e t o ry c e l l s  whi ch sur

rounde d a na r r ow lumen and a demi l une ce l l  wh i ch o c cup i e d  

a p o s i t i on at  t h e  b l ind e n d  o f  an endp i e ce ( F i gure 2 . 4 ) .  

The s e c r e t o ry c e l l s  g ene r a l ly were cub o i da l  i n  app e a rance 

w i th a flattened  b a s a l  nuc l eus and a charac t e r i s t i c a l ly 

" foamy" cytop l a s m ,  wh i l e  the  demi lune  c e l l s  w e re l arge  and 



r o unded w i th a sphe r i c a l  b as a l ly - p l a c e d  nuc l eus . 

The cytop l asmic  c ont ent s o f  s e c r e t o ry (mucous )  ce l l s  

r e a c t e d  p o s i t iv e l y  w i th PAS , PAP S ,  Al c i an b lue  (AB ) pH 1 . 0  

(weak) , pH 2 . 5 , Al c i an yel low (AY) , T o l ud ine b lue , Azure  

A pH 4 and Ha l e s  co l l o idal i ron (F i gure  2 . 4 ) .  Methy l a t i on 

a t  6 0 ° C fo r four hour s  e l imin a t e d  b a s op h i l ia at  b o th pH 1 . 0  

and pH 2 . 5 .  Sub s equ e n t  s apon i ficat ion f a i l e d  to r e s t o r e  AB 

s t a ining at e i th e r  pH 1 . 0  o r  pH 2 . 5 .  Ac e tyl a t ion , w i th a 

m ixture o f  a c e t i c  anhydr i de and pyr i dine e l im ina t e d  PAS 

s t aining whi ch was s ub s equent ly re s to r e d  by s apon i fi cat i o n . 

B a s ophi l ia a t  pH 2 . 5  was marke dly r e du c e d  by neuraminid a s e 

a c t ivity ( F i gure 2 . 4 . 1 0 ) , whe r e a s  hya luronida s e  a c t i v i ty 

6 0  

w a s  negat ive  wi th n o  r e duct i on in de g r e e  o f  b a s oph i l i a a t  

e i ther  pH 1 . 0  o r  p H  2 . 5 .  I n  contr a s t t o  the s e c r e tory end 

p i e c e  c e l l s , the d em i l unes  had d i s t inct e o s inoph i l ic g ran

u l e s  ( F i g ure 2 . 4 . 6 ) w i thin a mo derat e ly or  weakly b as op h i l i c  

cytop l asm . The d em i l une c el l s  were weakly po s i t iv e  t o  PAS 

( F igure 2 . 4 . 5 ) ,  AB pH 1 . 0  and pH 2 . 5 , AY and co l l o i dal  i r on 

b ut r e ac t e d  s trong ly w i th the B I AL r e a g en t  ( F i gure  2 . 4 . 7 ) . 

The granu l e s  r e a c t e d  s t rong ly with a c i d  s t ains such a s  

e o s in ,  phl ox ine and phospho tung s t ic ac i d  haematoxy l in 

( F i gure 2 . 4 . 6 ) .  Al though s ap on if i c a t ion aft e r  me thyl a t i on 

p roduc e d  no evi denc e o f  AB po s i t ive (pH 2 . 5 ) s t a in ing in 

mucous c e l l s , the demi lune s did not  d i sp l ay th i s  feature a s  

there was evidence o f  we ak AB po s i t ive (pH 2 . 5 ) s t a ining 

r e s to re d  by s ap on i f i c a t ion . 

The s ec re t o ry endp i e c e s  t e rmina t e d  abrup t ly a t  int e r 

c a l a t e d  duc t s  wh i ch w e r e  l ine d by s imp l e  cub o i da l  ep i th e l ium .  

The nuc l e i  o f  int e r c a l at e d  duc t  ce l l s  w e r e  h ighly i rregu l a r  

i n  shape and the cyt o p l asm o f t en i nvag i na ted the nuc l e i  t o  

ab out thre e - qua r t e r s  o f  the l at t ers ' d i am et e r . The wa l l s  

o f  the intra lobul a r  duc t s  we r e  l in e d  by t a l l  c o l umna r  c e l l s  

w i th w e l l - deve l op e d  b a s a l  s t r i a t ions ( F i gure 2 . 4 . 5 ) .  The 

c e l l  nuc l e i  were l ar g e  and sphe r ic a l  and were l o c a t e d  m i dway 

b e tween the b a s e  and ape x  of the ce l l . Overa l l , the s t r i at ed 

duct c e l l s  did not appear  to cons t i tu t e  an  ent i re l y  homo g e n 

e o u s  c e l l  popu l a t i o n , s ince var iat ions we re ob s e rved i n  
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s t a in ing charac t e r i s t i c s o f  t h e i r  nuc l e i  and cytop l a sm .  The 

cytop l a sm and ap i ca l  b o r de rs  o f  some s t r i a ted duc t  c e l l s  

w e r e  a l s o  intens e l y  PAS po s i t ive . The i rr e gu l a r  f i b rous 

c onne ct ive t i s sue  s u r rounding s t ri a t e d  duc ts and the l a r g e r  

in t er l obul a r  duc t s  contained  s everal  p l a sma c e l l s  r e a c t ive  

t o  ant i I gA ant ibody ( F i gure 2 . 4 . 1 1 ) , mas t c e l l s , b l o o d  

v e s s e l s , n e rves and l ymphat i c s . I n t e r l obu l a r  duc t s  were  

comp o s e d  of  cubo idal or  l ow c o l umna r  ep i thel ium and did  

no t s how w e l l - deve lop e d  b a s al s tr ia � ions a l though there wa s 

s ome evidence o f  PAS p o s i t ive ma t e r i a l  in the i r  ap i c a l  

b o r d er s . 

The ma in duc t  o f  the  mand ibular  g l and was comp o s e d  o f  

s t ra t i f i e d  co lumnar ep i th e l ium w i thout g o b l e t  c e l l s  ( F igure 

2 . 4 . 1 2 ) . 

2 . 3 . 3  Sub l ingua l G l and 

The s e c re t o ry endp i e c e s  w e r e  l on g  and tubu l a r  w i th f l a t 

t en e d  demilune c e l l s . The s e c r e to ry c e l l s  were po s i t ive  t o  

PAS , AB p H  1 . 0  and 2 . 5 , AY , T o l udine b l ue , A zure p H  4 ,  PAPS 

and Hal e s  co l l o i da l  i ron ( F i gure  2 . 5 ) .  Aft e r  methy l a t i on 

and s apon i f i c at i on AB  s ta i n ing was r e s t o r e d  at  pH 2 . 5 .  

Neuramin i da s e  a c t i v i t y  d i d  n o t  e l imina t e  basophi l i a com

p l e t e ly s ince cons i de rab l e  AB s t a ining a t  pH 2 . 5  was o b s e rved 

a f t e r  enzymic d i g e s t i on .  S i m i l arly hya l u ron i da s e  t r e a tment 

d i d  not e l iminat e  b a s ophi l i a  at e i ther pH 1 . 0 or 2 . 5  

( F igure 2 . 1 1 ) . 

The demi lune c e l l s  o f  the s ubl ingual g l and d i f fe re d  

mo rpho l o g i ca l ly and h i s tochem i cal ly from tho s e  o f  the man 

dibul a r  g l and . The demi lun e s  were s l end e r  in out l ine and 

n o t  eas i ly i dent i f i e d .  They di d n o t  appe ar to r e a c t  w i th 

b a s i c s t a ins  but weak PAS po s i t ive mat e r i a l  wa s i dent i f i e d  

in s ome demilune s .  

I n t r a l obul a r  duc t s  were w e l l deve l o p e d  and l in e d  by t a l l  

c o lumnar c e l l s  w i th b a s al s t r i a t i ons ( F i gure 2 . 5 . 5 ) .  The s e  

s t r i ated ducts  were  mo rpho l o g i c al ly s im i l ar t o  tho s e  o f  the 



mand i bul a r  g l and , a l though PAS po s i t ive mat e r i a l  in duc t  

c e l l s  was no t a common f e ature o f  the subl ingua l g l and . 

The i nt e rl o bu l a r  and int e r l ob a r  duc t s  were comp o s e d  o f  

s t r a t i f i e d  c ub o i da l  ep i th e l i um wi thout gob l e t  c e l l s . 

An unu s u a l  feature o f  mo s t  s ub l ingua l g l and t i s su e s  

examined was the l ar g e  numb e r  o f  p l asma c e l l s  d i s t r ibu t e d  

i n  c l ump s b etwe en t h e  s ec re t o ry endp i e c e s  and s t r i a t e d  

duc t s  ( F i gure s 2 . 5 . 7  and 2 . 5 . 8 ) .  P l a sma c e l l s  w e r e  n o t  

ob s e rved in s uch h i gh p roport i ons  in any o f  t h e  o ther  maj o r  

o r  minor  s a l i va ry g l ands . Ano the r  unusual  characte r i s t i c  

ob s e rv e d  in s ome t i s sue s amp l e s  examined , w a s  a n  app a rent 

h i s t o l o g i c a l  d i fferenc e b e tween c e rt a in a r e a s  of the g l and 

( F i g u r e s  2 . 5 . 3  and 2 . 5 . 4 ) . Some a r e a s  of the s ub l ingu a l  

g l an d  l ac k e d  p l a sma c e l l s  and s t r i ated duc t s ; ins t ea d  the 

endp i e c e s  w e r e  c l o s e ly p acked and i nt r a l obul a r  duc t s  were 

comp o s ed of l ow cub o i da l  c e l l s  w i thout b a s al s t r i a t i ons . 

P l a sma c e l l s  were occas i ona l ly s e en but neve r in g roup s  o r  

c l ump s b e tween endp i e c e s  and duc t s . 

2 .  3 .  4 Buccal G l an d s  

The s e  g l ands are d i s t r ibuted in t h e  s ub e p i the l i a l  

t i s s ue s  o f  the do r s a l , i n t e rme d i a t e  and vent r a l  a sp e c t s  

of t h e  bucca l  c av i ty . The h i s t o l o gy and h i s t o chemi s try o f  

the vent ral  buccal  g l an d s  we re i dent i c a l  to that o f  the 

p a ro t i d g l ands ( s e e  S e c t i on 2 . 3 . 1 ) . 

The s e c r e t o ry endp i e ce s  o f  the do rs a l  and intermed i a t e  

buc c a l  g l ands w e r e  mai n l y  tub ul a r  w ith fl a t t en e d  demi l une 

c e l l s towa rd the i r  d i s t a l  ends . S e c r e t o ry c e l l s  react e d  

p o s i t ively t o  PAS , AB pH 1 . 0  and 2 . 5 ,  AY , To l ud ine b lu e , 

Azu r e  A pH 4 ,  Hal e s  co l l o i da l  i ron and PAPS ( F i gu r e s  2 . 6  

and 2 . 7 ) .  N euramini da s e  and hya luroni das e r e a c t i v i ty wa s 

s im i l a r  to that o f  the s ub l ingual  g l and . The demi lune s ,  

wh i ch were d i ff icul t t o  i dent i fy, d i d  not app e a r  to r e a c t  

with PAS o r  b a s i c s t a ins . 
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The int r a l obul a r  duc t s  cons i s t ed o f  cub o i da l  ep i the l ium ;  



no b as a l  s t r i a t i ons w e � e  ob s e rved but the g ranu l at e d  int r a 

ep i the l i a l  c e l l  type f ound in t h e  duc t a l  ep i the l ium o f  the 

p a r o t i d  g l and was infrequent ly ob s e rved in the duc t s  of 

b o t h  do rs a l  and int e rm e d i a t e  g l ands ( F igure 2 . 6 . 3 ) . An 

unu sual f e a t ure o f  b o t h  g l ands was the p r e s enc e o f  c e l l u l a r  

deb r i s  m i x e d  with s e c r e t o ry mat e r i a l  in t h e  lumen c o nt ent s 

o f  s ome s e c re t o ry endp i e c e s  and intra l ob u l a r  duc t s  ( F igure 

2 . 7 . 4 ) .  I nt e rlobul a r  and int e r l ob a r  duc t s  w e r e  l ine d by 

c o l umnar ep i thel i um w i th gob l e t  c e l l s  whi l e  the ma in duc t  

w a s  l ined by  s t ra t i f i e d  c o l umna r  ep i the l ium w i th gob l e t  

c e l l s . The cont ent s o f  g ob l e t  c e l l s  r e a c t ed w i th PAS and 

b a s ic s t ains . The conne c t ive t i s s ue s t r oma enc i rc l ing the 

l a rg e  duc t s  and the p a renchyma frequent ly cont a ined ma s t  

c e l l s  and p l a sma c e l l s . 
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B o th the dors al  and int e rme d i a t e  buc c a l  g l ands f requently 

c o n s i s t ed o f  smal l i s l e t s o f  s ec re t o ry c e l l s  s im i l a r  in 

mo rpho l o gy and s t ain ing p ro p e r t i e s  to p a r o t i d  g l and s ec r e t 

o ry ce l l s  ( F i gure 2 . 7 . 3 ) .  The s e  i s l e t s  cont a ined the i r  own 

int r a l obul a r  and int e r l obul a r  duc tal  sys t ems . 

2 . 3 . 5  P a l a t ine G l ands 

The g l an du l a r  t i s s u e  beneath the s o ft p a l a t e  was com

p o s e d  of l a r g e  e long at e d  tubul ar  endp i e ce s  w i th a s s o c ia t e d  

d e m i l une c e l l s . The s e c re t o ry c e l l s  w e r e  po s i t i ve t o  PAS , 

AB pH 1 . 0 and 2 . 5 ,  AY , T o l udine b lue , A zure A pH 4 ,  PAPS 

and Hal es  c o l l o i dal  i ro n  ( F i gure 2 . 8 ) .  The dem i l une c e l l s  

w e r e  r e l a t ively mo re c onsp i cuous ( F i gure 2 . 8 . 4 ) than tho s e  

o f  the do r s a l  and int e rmed i a t e  buc c a l  g l ands and r e a c t e d  

we a kly w i th PAS . The i n t r a lobul a r  duc t s  w e r e  s im i l a r  to 

the do r s a l  and int e rm e d i a t e  buc c a l  g l ands . The g ranu l a t e d  

i n t raep i th e l i a l c e l l type w a s  infrequent ly o b s e rve d in t h e  

duc t s o f  the  p a l a t ine g l ands ( F i gure 2 . 8 . 3 ) .  

The int e rlobar and int e rlobul ar  duc t s  we r e  l ined by 

c o l umna r  ep i thel ium w i th o ccas ional s ca t t e r e d  gob l e t  c e l l s . 

The conne c t ive t i s s ue s t roma s urrounding the s e c r e t o ry t i s 

s ue s and the  duc t s  frequent ly cont ained mas t  c e l l s  and p l a sma 
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c e l l s . 

Addi t i onal f e a ture s in common w i th th e do r s a l  and int e r 

me d i a te b uc c a l  g lands were the f requent o ccurrence o f  sma l l  

i s l e t s  o f  s e c re t o ry c e l l s  i den t i c a l  i n  mo rpho l o gy and s t a i n 

ing p rope r t i e s  to tho s e  o f  t h e  p aro t i d  g l and ( F igure 2 . 8 . 1 ) 

and the p r e s ence o f  an  atyp i c a l  s ec r e t o ry mechan i s m  ( F i gure 

2 . 8 . 2 ) .  

2 . 3 . 6  Po s t e r i o r  Tongue 

G l andu l a r  t i s s ue found beneath the ep i thel ium of  the  

do r s a l  surface  of  the tongue wa s compo s e d  of l a r g e  diame t e r  

t ub u l ar endp i e c e s  w i t h  f l a t t e n e d  demi lune ce l l s  on the i r  

b l ind ends ( F i gure 2 . 9 ) .  The s ec re t o ry c e l l s  w e r e  pos i t ive  

t o  PAS , AB  pH 1 . 0  and  2 . 5 , AY , T o l ud ine b lue , Azure A pH 4 ,  

PAPS and Ha l e s  co l l o i dal  i ron . The dem i l une s were  PAS and 

AB p o s i t i ve at pH 1 . 0  and 2 . 5  ( F i gure s 2 . 9 . 3  and 2 . 9 . 4 ) .  

The intralobul a r  duc ts  cons i s t e d  o f  c ub o i d a l  ep i the l ium 

w i th no e v i dence o f  b as a l  s tr ia t i on s  o r  g ranul a t e d  int r a 

ep i the l i a l  c e l l s  ob s e rved i n  t h e  int ral o b u l a r  duc t s  of the 

p a r o t id g l an d ,  the buccal g l ands and the pal at ine g l ands . 

The int ral obul a r  duc t s  we r e  l inked t o  int e r l o bu l ar 

duc t s  wh i ch commun i c a t e d wi th the e xt e r i o r  surface  o f  the 

t ongue v i a  l a r g e  s ub e p ithe l i a l  e xt ra l obul ar duc ts  l ined 

by s t rat i fi ed cubo i d a l  ep i the l i um ( F i gure  2 . 9 . 1 ) .  

P l asma c e l l s  and mas t c e l l s  were commonly o b s e rve d in 

the sub ep i th e l i a l  c onne c t ive t i s su e s  and b e tween s ec r e to ry 

endp i e c e s  and duc ts . 

2 .  3 .  7 Pharynge a l  G l ands 

G l ands l o c a t e d  w i thin the s ubep i the l i al conn e c t ive 

t i s s ue o f  the l ingua l surfac e o f  the ep i g l o t t i s  w e re c omp 

o s e d  o f  s ho rt tubu l a r  endp i e c e s  w i th l a r g e  rounded dem i l une 

c e l l s on t h e i r  bl ind ends ( F i gure 2 . 1 0 ) . The s e c re t o ry ce l ls 



w e re p o s i t ive t o  PAS , AB pH 1 . 0  and 2 . 5 ,  AY , PAP S , Tolud ine 

b l ue , Azure A pH 4 and Hal e s  co l l o i da l  i ron .  The demi lun e s  

conta ined abundant e o s inophi l i c cytop l as m i c  g r anul e s  that 

w e r e  B I AL p o s i t ive , PAS po s i t iv e  ( F i gure 2 . 1 0 . 2 )  and weakly 

r e a c t ive w i th AB pH 1 . 0  and 2 . 5  and To ludine b lue . 
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The int ral obul a r  duc t s  w e r e  l ine d by co lumna r  ep i the l i a l  

c e l l s  wh ich we re f re quent ly mo d i fi e d  a s  s e cre t o ry c e l l s , the 

contents of wh i ch r e a c te d  with PAS and b as i c s t a ins . Mo rph

o l o g i c a l ly , s ome of the mo d i f i ed ep i the l i a l  s ecre t o ry c e l l s  

w e r e  typ i ca l  g ob l e t  c e l l s  ( F i gure 2 . 1 0 . 3 ) , wh i l e  o the r s  had 

the  appe a rance of  s e c re t o ry endp i e c e s  wh ich s e emed to com

mun i cate  di rec t ly w i th int ra l obular  duc t s  ( F i gu r e s  2 . 1 0 . 3  

and 2 . 1 0 . 4 ) . The i n t ra lobul a r  duc t s  communicated  with the 

s ur face via int e r l ob ul a r  duc t s  and sho r t  subep i the l i al  

e xc r e t o ry duc t s . 

The conne ct ive t i s sue s t roma surr ounding s ec r e t o ry end 

p i e ce s  and duc t s  c o n t a ined p l a sma ce l l s  and ma s t  c e l l s ; 

p l a sma c e l l  numb e r s  were  usua l ly h i gh e r  than i n  o ther  mino r 

g l ands ( F i gure 2 . 1 0 . 2 ) . 

2 .  3 .  8 I mmunoh i s tochem i s t ry 

Ant i b o d i e s  to l ow mo l e cul ar  we i gh t  p ro t e i n b ands 4 and 

1 0  reac t e d  with p a r o t i d  and vent ral  buccal  g l and t i s sue s . 

Wh i l s t  o n ly s ome s e c re t o ry c e l l s  rea c t e d  with ant i  b and 4 

ant ibody , ant i b an d  1 0  ant i b o dy po s i t iv e  ce l l s  were w i de 

s p read ( F i gure 2 . 3 ) .  P aro t i d  t i s s ue s amp l e s  o f  both l ow 

( L . S . )  and high (H . S . )  b l o a t  suscep t ib l e  cat t l e  e xamine d 

had equa l quant i t i e s  o f  s e c r e tory c e l l s  that r e a c t ed w i th 

ant i  b and 4 ant i b o dy .  B and 4 wa s a dd i t iona l ly i dent i f i e d  

i n  the demilune s o f  the int e rmedi a t e  b uccal g l and ( F i gure  

2 . 6 . 4 ) .  Ant ibovine b and 4 ant ibody fa i l ed to cro s s  react  

w i th b and 4 o r  equ ival ent s e c re t o ry p rotein  p r e s ent in  

s heep p aro t i d  t i s s ue s . 

Band 8 was found to b e  l o cal i s ed i n  the demi lune s o f  

the mandibul a r  g l and ( F i g ure 2 . 4 . 8 ) and band 9 in the 



demi lune s o f  the s ub l ingua l g l and ( F i g u r e  2 . 5 . 6 ) .  

Ant i b o dy to I gA r e a c t e d  with s ub ep i thel i a l  p l asma c e l l s  

o f  the mandibu l a r  and subl ingual g l ands ( F i gure  2 . 4 . 1 1 ) . 

P o s i t ive s t a i n i n g  in al l t i s sues  wh i ch conta ined the 

ant i g en ( s al ivary p ro t e in)  was  recogn i s ed by dep o s i t s  of 

dark b rown to b l a c k  react ion p roduc t g en e ra l ly d i s t r ibuted 

throughout the cyt o p l asm of s pe c i fi c  s ec re t o ry c e l l s  w i th 

vary ing deg r e e s  o f  intens i ty .  
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F I GURE 2 . 1  

PAROT I D  AND VENTRAL BUCCAL GLANDS 

2 . 1 . 1  

2 . 1 . 2 

2 . 1 . 3 

2 .  1 .  4 

D i a s t a s e - res i s t ant PAS po s i t ive ma t e r i a l  d i s t r i b 

ut ed i n  supranuc l e ar  s i t e s  o f  s ec re t o ry c e l l s . 

( PAS / Tart raz ine ) .  Magni f ic at ion : x 6 5 0  

A r a r e  ob s e rva t i on o f  a g roup o f  s e cre t o ry end 

p i e c e  c e l l s  whi ch have s t a ined f o r  carboxy l a t e d  

a c i d  muco sub s tances . 

(Al c i an Blue pH 2 .  5 / H  and E ). Mag n i f i c at ion : x 1 0 0  

Ma i n  excretory duct l ined by s t rat i f i ed c o l umnar 

ep i th e l ium w i th g ob l e t  c e l l s . 

(Hal e s  co l l o i da l  i ron/ N eutral  Red) . 

Magn i f i c at i on : x 1 0 0  

Ma in excreto ry duct l ined by s t r a t i f i ed c o l umnar 

ep i thel ium w i th gob l e t  c e l l s  cont a in ing sulphated 

a c i d  muc o s ub s t ance s . 

(Al c i an Blue pH 1 . 0 / P TAH ) . Magn i f i cat i on : x 2 6 0  





F I GURE 2 . 2 

PAROTI D AN D VENT RAL BUC CAL G LAND I NTRALOBULAR DUCT S 

2 .  2 .  1 

2 .  2 .  2 

2 .  2 .  3 

2 .  2 .  4 

D i a s t a s e - r es i s t ant PAS p o s i t ive int ra lobul a r  

duct  c e l l s  w i t h " ap i c a l  b l eb s " . 

( PA S / T ar t r az ine ) . Magn i f i cat ion : x 6 5 0  

D i s t r i but i on o f  intraep i th e l i a l  g ranu l a r  duc t 

c e l l s  wi t h in the wal l o f  an int ra lobu l a r  duc t . 

G ra nul ar duc t c e l l s  var i e d  cons i derab ly in 

m o rp h o l o g y  but conta ined nuc l e i  s imi l a r  to 

tho s e  o f  p lasma c e l l s . 

( B i s ma rck Brown/ Haema toxyl in) . 

Ma g n i f i cat ion : x 6 5 0  

I nt r a l obul ar  duc t cel ls l ined by high cubo i da l  

ep i th e l ium w i thout b a s a l  s t r i a t i ons . 

( PTAH ) . Magn i f i ca t i on : x 6 5 0  

Sh e ep par o tid  g l and int ra l ob u l a r  duc t s  l ine d 

by t a l l  c o l umna r epithel ium w i th ac i dophi l i c  

b a s a l s t r i at i ons . 

( PTAH ) . Magni f i ca t ion : x 6 5 0  
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F I G U R E  2 . 3 

I MMUNOH I S TOCHEM I STRY : D I STRI BUT I ON OF PAROT I D  AND 

VEN T RAL B U C CA L  G LAND SAL I VARY PROTE I N  BANDS 4 AND 1 0  

2 .  3 .  1 

2 .  3 .  2 

2 . 3 . 3  

2 . 3 . 4 

C o n t r o l  s e ct i o n  w i thout  an t i b o dy t o  

s a l i v a ry p r o t e i n . 

( L i g h t  G r e en c o un t e r s t a i n ) . 

Ma g n i f i ca t i o n : x 1 0 0  

D i s t r i but i o n  o f  ant i band 4 p o s i t i v e  p ro t eo s e ro u s  
,... 

c e l l s . 

( Da r k  b rown p r e c ip i t a t e  w i t h  DAB s ub s t ra t e ) . 

Magn i f i c a t i o n : x 6 0  

W i d e s p re a d  d i s t r ibut i o n  o f  an t i  band 1 0  p o s i t i ve 

p r o t e o s e ro us c e l l s .  

( B l a c k  p r e c ip i t a t e  w i t h  c a r b a z o l e  s ub s t r a t e ) . 

Mag n i f i c a t i o n : x 1 0 0 

D i s t r i but i o n  o f  b o t h  ant i  b and 4 ( b r own p r e c i p 

i ta t e ) and ant i ban d  1 0  ( b l ack p r e c i p i t a t e )  

p o s i t iv e  p r o t e o s e r o u s  c e l l s .  

Mag n i f i c a t i o n : x 6 5 0  





F I GURE 2 . 4  

MANDI BULAR G LAN D 

2 .  4 .  1 

2 .  4 .  2 

2 .  4 .  3 

2 .  4 .  4 

Charac t e r i s t i c  app e a rance o f  tubul a r  endp i e c e s  

w i th demi lune s .  

( Gomo r i  Aldehyde Fuchs i n ) . 

Mag n i f i c a t ion : x 1 0 0  

D i s t r i but i on o f  carboxy l a t ed a c i d  muc o s ubs tanc e s  

i n  muco u s  cel l s .  

(Al c i an Y e l l ow/H and E ) . 

Magn i f i c a t i on : x 2 6 0  

T o l ud i ne b l ue metachroma s i a  o f  mu cous ce l l s . 

N o t e  ta l l  co l umna r s t r i at e d  duc t  c e l l s . 

Magn i f i c a t ion : x 2 6 0  

Ac i d  muc o s ubs tances o f  mucous  c e l l s  demons trated  

w i th Hal e s  co l l o i da l  i ron . No t e  weak co l l o i d a l  

i r on s t a in ing in dem i l unes . 

( Ha l e s  c o l l o i da l  i ron/ Neu t r a l  Red ) . 

Magn i f i c a t ion : x 2 6 0  





F I G U RE 2 . 4  ( Cont inued)  

2 .  4 .  5 

2 .  4 .  6 

2 .  4 .  7 

2 .  4 .  8 

D i s t r ibut ion o f  PAS p o s i t i ve muco s ub s t anc e s  

i n  dem i l unes and a mixture o f  a c i d i c  and 

neut ral  muco s ubs tan c e s  in mu cous c e l l s . 

( PAS/Al c i an B lue pH 2 . 5 / H  and E ) . 

Mag n i f i c a t i on : x 6 5 0 

A l c i an B l ue p o s i t ive  mucous c e l l s  and 

d em i l unes  wi th ac i dophi l (dark  b l ue ) 

g ranul e s . No t e  d i s t inct ac i do p h i l i c  b a s a l  

s t r i a t ions o f  i ntra l o bu l a r  duct s  and s ub 

ep i t he l i a l  p l a sma c e l l s  s c a t t e r e d  b e tween 

endp i e ces  and duct s .  

( P TAH/Al c i an B l ue pH 2 . 5 ) .  

Magn i f i c a t i on : x 6 5 0 

B IA L  p o s i t ive s i a l i c a c i d  r e s i du e s  in  

d e m i lune c e l l s . 

Mag n i f i ca t i o n : x 6 5 0 

D em i lune c e l l s  p o s i t ive f o r  s a l ivary 

p r o t e in band 8 .  

( L i g ht G re en count ers ta in) . 

Ma g n i f i c at ion : x 2 6 0  





F I G U RE 2 . 4 ( Cont inu e d )  

2 .  4 .  9 Mucous  c e l l s  s ta i ned for c a rboxy l a t e d  

a c i d  muc o s ub s t anc e s . No t e  ac i doph i l i c 

cont ent o f  demi l une s . 

(Al c i an B l ue pH 2 . 5 / H  and E ) . 

Magn i f i c at ion : x 2 6 0  

2 . 4 . 1 0 Neu rami n i da s e  a c t i v i ty , s hown by l o s s  o f  Alc i an 

B l ue s t a in ing o f  mucous c e l l s ;  c a rboxyl a t e d  a c i d  

muc o subs tan c e s  can the r e fo r e  b e  a t t r ibuted to 

s i a l i c ac i d  re s i dues . No t e  weak Al c ian B l ue 

s ta in i ng of ma s t  c e l l s  a t  pH 2 . 5 .  

( N euram i n i da s e /A l c ian B l ue pH 2 . 5 / H  and E ) . 

Magn i f i c a t i on : x 2 6 0  

2 . 4 . 1 1 An immuno h i s to chemi c a l  d emon s t ra t i on o f  p l a sma 

c e l l s  wh ich have reac t e d  w i th ant i I gA .  

( L i ght G r e en coun t e rs t a i n ) . 

Magn i f i cat ion : x 6 5 0 

2 . 4 . 1 2 Ma in exc r e t o ry duc t : s t r a t i f i ed co lumna r 

ep i the l ium w i thout g ob l e t c e l l s . 

( PTAH/Alc ian B lu e  pH 2 . 5 ) .  

Magn i f ic a tion : x 6 5 0  





F I G U RE 2 . 5 

SUB L I NGUAL G LAND 

2 .  5 . 1  

2 .  5 .  2 

2 .  5 .  3 

2 .  5 .  4 

S e c re t o ry endp i e c e c e l l s  comp o s e d  o f  mucous ce l l s  

c o n t a i n i ng a mixture o f  ac i d i c  and n e u t r a l  

muco s ub s tanc e s . No t e  p re dom inant l y  p ro t eo 

s e rous d em i l une s . 

( PAS/Al c i an B l ue pH 2 . 5 ) .  

Mag n i f i c a t i o n : x 6 5 0  

D i s t r i but i o n  o f  s ulpha t e d  muc o s ub s t an c e s  i n  

mucous c e l l s . 

(Al c i an B l u e  pH 1 . 0/H and E ) . 

Ma g n i f i c a t i on : x 2 6 0  

The cha r a ct e r i s t i c  h i s t o l o g i c a l  app e a rance 

of  the subl ingua l g l ands , w i t h num e r o u s  p l a sma 

c e l l s  a n d  s t r i a t e d  duc t s . 

(A l c i an Y e l l ow/ H and E ) . 

Magn i f i ca t i on : x 2 6 0  

Areas  o f  subl i ngua l g l and t i s s ue wh i c h d i ff e r ed 

f rom tho s e  s hown i n  F i g . 2 . 5 . 3 .  No t e  l ack o f  

p l as ma c e l l s  and s t r i a t e d  duc ts . 

( A l c i a n  Y e l l ow/H and E) . 

Magn i f i c a t i o n : x 2 6 0  





F I GURE 2 . 5 ( Co n t inue d )  

2 .  5 .  5 

2 .  5 .  6 

2 .  5 .  7 

2 .  5 .  8 

I n t r a l obul ar duc t s  with  t a l l  columna r  c e l l s  

and d i s t inct a c i dophi l i c b a s a l  s t r i a t i ons . 

( PTAH ) . Magn i f i c a t ion : x 6 5 0  

D i s t r ibut i on o f  p r o t e i n  b and 9 in d em i lune 

c e l l s . N o t e  nume rous s ub e p i thel i a l p l a sma 

c e l l s . 

( L i ght G reen c o unt ers ta i n ) . 

Mag n i f i c a t i on : x 6 5 0  

A l arg e g roup o f  p l a s ma c e l l s  d i s t r ibuted  

b e twe en s e c r e t o ry endp i ec e s  and duct s . 

(H and E ) . Magn i f i c a t i o n : x 2 6 0  

P l a s ma c e l l s s t a i ne d  w i t h Me thy l  G r e en - Pyro n in . 

No t e  pyron inophi l i a o f  p l a sma c e l l  cytop l a smic 

RNA . 

Magn i f i c a t ion : x 6 5 0  





F I G U RE 2 . 6 

I NT E RME D I AT E  BUCCAL G LAND 

2 .  6 . 1  

2 .  6 .  2 

2 .  6 .  3 

2 .  6 .  4 

Mucous c e l l s cont a in ing a m i xture o f  neut r a l  

an d ac i d i c  muc o s ubs tance s .  No t e  int r a l obul a r  

duc t s  l i n e d  by cubo i d a l  ep i the l i um .  

( PAS/Al c i an B l u e / H and E ) . 

Magni f i c a t i on : x 2 6 0  

Mucous c e l l s c ont a in ing PAS p o s i t i v e  rnuco sub s t an c e s . 

( PAS/ Ta r t raz i ne ) . 

Magn i f i c a t ion : x 1 0 0  

An i n t ra l obul a r  duct wi th t h r e e  int r a ep i the l i a l  

g ranu l a r  duc t c e l l s s im i l a r  to tho s e  o f  the 

p a r o t i d  and vent ral  buc c a l  g l ands . 

( A l c i an B l ue pH 2 . 5/ H  and E ) . 

Magni f i c a t i on : x 6 5 0  

P r o teo s e rous derni lunes cont a i n i ng s a l ivary 

p ro t e i n b and 4 .  

( L i ght G r e en countersta i n ) . 

Magni f i c a t i on : x 2 6 0  





F I GURE 2 . 7  

DORSAL ( UP P E R) BUCCAL G LAND 

2 .  7 . 1  

2 .  7 .  2 

2 .  7 .  3 

2 .  7 .  4 

To lud i ne b l ue meta chroma s i a  o f  mucous  

c e l l s . Not e nume rous i n t e r l obul a r  and 

int ra l obu l a r  duc ts . 

Magni f i c at i on : x 2 6 0  

The d i s tr ibut ion o f  sulpha t e  g r o up s  in 

s ome muc ous c e l l s . No t e  inten s e  A l c i an 

B l ue s t a in i ng of ma s t  c e l l s  at  l ow pH . 

(Al c i an Bl ue  pH 1 . 0 / H  and E ) . 

Magn i f i cat i on : x 2 6 0  

A g r o up o f  p r o t e o s e rous c e l l s  s c at t e red 

among mucous endp i e c e s . Note s ep a rate  

duc t a l  sys t em wit hin p ro t eo s e ro u s  i s l e t . 

(Al c i an Blue  pH 2 . 5 / H  and E ) . 

Mag n i f i ca t i on : x 6 5 0 

A p o s s i b l e  ho l o c rine s e cr e t o ry mechani sm . 

No t e  c e l l u l ar ma t t e r  m i x e d  w i th s e cretory 

p r o duc t s . 

(Al c i an B l u e  pH 2 . 5 / PTAH ) . 

Magn i f i cat ion : x 6 5 0 





F I GU RE 2 . 8  

PA LAT I NE G LANDS 

2 .  8 . 1  

2 .  8 .  2 

2 .  8 .  3 

2 .  8 .  4 

D i s t r ibu t io n o f  PAS po s i t i v e  mu co s ub s tanc e s  

i n  mucous c e l l s . No t e  nume rous p ro t eo s e rous  

c e l l s  s c a t t e r e d  among mucous c e l l s . 

( PAS/ Tar t ra z ine ) . Mag n i f i ca t i o n : x 2 6 0  

A p o s s ib l e  ho l o c r ine s e c r e t o ry mechan i sm 

wi t h i n  s ome s e c re t o ry endp i e c e s . N o t e  

ce l l ular  mat t e r  mixed w i t h mucus a n d  p r es e n c e  

o f  sulpha t e d  mucosub s tan c e s  i n  mucous  c e l l s . 

(A l c i an B lu e  pH 1 . 0/ H  and E ) . 

Ma g n i f i c a t i o n :  x 2 6 0  

An intra e p i t he l i a l  g ranu l ar duc t c e l l  l o ca t ed 

w i t hi n  th e wa l l  o f  an int ra l obu l ar duct . 

(Al c i an B l ue pH 2 . 5/ PTAH ) . 

Mag n i f i c a t ion : x 6 5 0  

A typ i ca l  s e c r e t o ry e ndp i e c e  wi th c a rboxy l a t ed 

a c i d  muco s ub s tanc es i n  mucou s c e l l s  and 

p r e domina n t l y  p ro t e o s erous demi l une s .  

(Al c i an B l ue pH 2 . 5/ PTAH ) . 

Mag n i f i c a t ion : x 6 5 0  





F I G U RE 2 . 9 

POSTE R I OR TONGUE G LAN DS 

2 .  9 .  1 

2 .  9 .  2 

2 .  9 .  3 

2 .  9 .  4 

S u b ep i th e l i a l  excret o ry duc t s  l o c at e d  be t w e en 

muc ous endp i e c e s  and do r s a l  s u r f a c e  o f  t ongue . 

(Al c i an Y e l l ow/ H and E ) . 

Magni f i c a t i o n : x 2 6 0  

S e c r e t o ry endp i e c e s  c o nt a i n i ng muc ous c e l l s  

s t a i ne d  w i t h  c o l l o ida l i ron . N o t e  l a rge 

i n t e r l ob u l a r  duct s .  

( H a l e s  co l l o i da l  i ron ) . 

Magni f i c a t i on : x 2 6 0 

D i s t r ibut ion o f  Al c ian B l ue pos i t i ve sulpha t e  

g r o up s  i n  demi l unes . 

(Al c i an B lue pH  1 . 0 /H an d E ) . 

Ma gn i f i c a t ion : x 6 5 0  

D i s t r i but ion o f  PAS po s i t i ve muco sub s t ance s in 

demi l une s . Mucous ce l l s  hav e s t a i n e d  for b o t h 

a c i di c  and neu t r a l  muc o s ub s t anc e s . 

(A l c i an B l ue pH 2 . 5 / PAS ) . 

Magni f i c a t ion : x 6 5 0  





F I GURE 2 . 1 0 

PHARYNGEAL G LANDS 

2 . 1 0 . 1 D i s t r ibut ion o f  g l andu l a r  t i s s ue in t he 

e p i g l o t t i s .  No t e  e l a s t i c  c a r t i l ag e . 

(A l c i an B lue pH 2 . 5 / PAS ) . 

Magni f i c a t i on : x 1 0 0  

2 . 1 0 . 2 Mucous c e l l s  cont a ining a m ixture  o f  b o th 

neutral  and a c i d i c  muc o s ub s t an c e s . D em i l une s 

cont a in PAS p o s i t ive neu t r a l  muco s ub s t ance s . 

No te num e rous p l a s ma c e l l s  b e tween s e c r e t o ry 

endp i ec e s .  

(Al c i an Blue pH 2 . 5 / PAS ) . 

Magn i f i cat ion : x 6 5 0  

2 . 1 0 . 3  I nt ral o b u l a r  duc t  ep i thel i a  l ined w i t h  

gob l e t  c e l l s . 

(Ha l e s  co l l o i da l  i ron/Neut r a l  Re d ) . 

Magni f i cat i on : x 6 5 0  

2 . 1 0 . 4 S e c r e t o ry endp i e c e s  wh i ch communi c a t e di rect ly 

w i t h  i nt r a l obul a r  duc t s . 

(Al c i an Blue pH  2 . 5/ PTAH ) . 

Magni f i cat ion : x 6 5 0  





F I G U RE 2 . 1 1  

HYALURON I DASE ACT I V I TY 

2 . 1 1 . 1  Demons t rat ion o f  s u lpha t e  g roups i n  pharyng ea l 

g l and m uco us c e l l s  an d mat r i x  o f  c a r t i l a g e , 

s hown b y  A l c i an Bl ue s t a in i ng at l ow pH . 

(Al c i an B l ue pH  1 . 0/H and E ) . 

Magni f i cat ion : x 2 6 0  

2 . 1 1 . 2  Hya l uro n i da s e  a c t i v i ty has  no t i c e ab ly r e duced 

s ta i n i n g  i n t en s i ty of s u lphat e g ro u p s  found in 

the c a r t i l ag e  mat r i x .  S t a ining i n t ens i t y  o f  

s ulpha t e g roup s  di s t r i but e d  in mu c o u s  ce l l s  

r ema ins  un a l t e r e d .  S imi l a r  r e s u l t s  were 

o b t a i ne d f rom mucous  c e l l s  of the mandibul a r , 

s ubl ing ual and the minor g l and s ( w i th th e 

e xc ep t i on o f  the v ent r a l  bucc a l ) ;  a r e s ul t 

whi ch s ugg e s ts that muco us  c e l l s  p robably 

cont a in a s u l p h a t e d  g l yc op ro t e i n ( or a 

s i al o - s ulpha t e d  g lycopro t e in)  whe r e a s  the 

c a r t i l a g e ma t r i x  i s  l i ke l y to con t a in ac i d  

mucop o l y s a ccha r ide s s uch a s  chond ro i t in 

s ulpha t e s . 

(Hyalu r on i da s e /Alc i an B lue pH 1 . 0 / H  and E ) . 

Magn i f i c a t ion : x 2 6 0  





2 . 4  D i s cus s i o n  

T h e  maj o r  and mino r s al ivary g l and endp i e c e s  o f  cat t l e  

cons i s t e d  o f  tubul ar  endp i e c e s  comp o s e d  o f  s ec re t o ry c e l l s  

s p e c i a l i s ed fo r s ynthe s i s and s e c r e t i on o f  muc o s ub s t anc e s ; 

t h e  comp o s i t i on o f  the s e  wa s demon s t ra t e d  by a range o f  

h i s tochem i c a l  methods . 

I n  g en e ral , the h i s tochem i c a l  f i n d ings suc c e s s ful ly 

e s t ab l i s h e d  t h e  c l as s i f i c a t ion of s ec r e t o ry ce l l s  into  two 

d i v i s i on s : p ro t e o s e rous and muc o u s . The s e c r e t o ry ce l l s  

that c o n t a i n e d  only s ca t t e re d  PAS p o s i t ive mat e r i a l , s yn 

thes i s ed s ome neut ral g lycop ro t e i n s  ( s e e  App end i c e s  I and 

I I )  and we r e  c l a s s i fi e d  as  p ro t e o s e rous c e l l s . The s e  c e l l s  

a r e , howeve r ,  p r imar i ly s p e c i a l i s ed f o r  the s e c r e t i o n  o f  

w a t e r  and e l e c t ro lyt e s . The s ec re t o ry c e l l s ,  wh i c h  c o n 

t a in e d  muc o s ub s t anc e s  tha t r e ac t e d  s t rong ly w i th PAS and 

b a s i c  s t a in s  s uch as  Al c i an b l ue , Al c ian ye l l ow ,  T o l ud ine 

b l ue , A z ure  A and c o l lo i d a l  i ron con s i s t e d  of a mixture o f  

b o th neu t r a l  and ac i dic  g lycopro t e in s  ( s e e Appendi c e s  I 

and I I ) , s uch c e l l s  were c l as s i f i e d  a s  muc ous c e l l s . The s e  

c e l l s  may a dd i t iona l ly have a s e condary r o l e  i n  the s e c ret 

ion o f  s ome wat e r  and e l e c t ro lyt e s . 

6 7  

The p a rot i d  g l and s e c r e t o ry p o rt i o n  wa s comp o s e d  p re dom

inan t l y  o f  p r o t e o s e rous c e l l s  wh i ch o cc a s iona l l y cont a ined 

d i a s t a s e  r e s i s t ant PAS po s i t ive ma t e r i a l  ( F igure 2 . 1 . 1 ) . 

Th i s  s ug g e s t s that in ca t t l e  t he p a ro t i d  g l and could  b e  

r e sp on s i b l e  f o r  the synth e s i s  and s e c r e t i on o f  s ome neutral  

g lycop r o t e ins in add i t i on to  s e c r e t ing l a rge quant i t i e s  of 

wa t e r  and e l e c t ro lyt e s . Seve r a l  g lycop r o t e in comp one n t s  

from b o v i n e  s a l i va have r e c en t l y  b e e n  i s o l at e d  by Jone s e t  

a l . , ( 1 9 8 2 ) ; g lycop r o t e in b ands 1 ,  3 ,  5 and 6 i n  p a r t i cu l ar , 

are s e c r e t e d  by the paro t i d  g l ands  (Tab l e  1 . 1 ) . I n  add i t ion, 

there was s ome ev idence t o  ind i c a t e  that the p a ro t i d g l ands 

may a l s o  b e  s e c ret i ng sma l l  quant i t i e s  of s i a l i c  a c i d  

( F i gure 2 . 1 . 2 ) s inc e in a few t i s sue  s amp l e s  examine d , 

i s o l at e d  s ec r e t o ry c e l l s  had r e a c t e d  w i th AB (pH 2 . 5 ) ,  AY 

and co l l o i da l  i ron , al l b as i c  s t a i ns sp e c i fi c  for  carboxyl 



r a d i c l e s . AB (pH 2 . 5 ) and T o l udine b l ue pos i t ive ma t e r i a l  

was a l s o  o cc a s i ona l ly i den t i f i e d  i n  t h e  lumens o f  int ra 

l obul a r  and int e rl obular duc t s , furth e r  demons t ra t i ng that  

ac i d i c  g l yc o p ro t e ins such a s  s i a l i c  ac i d  may b e  s e cr e t e d  by 

the  bovine  p a ro t i d g l ands , a lb e i t  in sma l l  quant i t i e s . 

6 8  

H i s to l o g i ca l  o b s e rvat i on s  o f  paro t i d g l and duc t s  rev

ealed  an  unusual abs ence of  b a s a l  s t r i a t ions in  the  int r a 

l ob u l a r  duc t s  ( F i gure  2 . 2 . 3 ) where con s i de rab l e  wat e r  and 

e l e c t ro l y t e  transp o r t  ac t iv i ty is exp e c t e d  to o ccur  ( Young 

and van L ennep , 1 9 7 9 ) . B a s a l  s t ri a t ions , whi c h  house  num

e rous m i t o chond r i a  (van L ennep e t  a l . , 1 9 7 7 )  a r e  usua l ly 

foun d  in duc t s  s p e c i a l i s ed fo r ionic t r anspor t . The above 

f ind i ng p e rt aining t o  bovine p aro t i d int ralobu l a r  duc t s  c o n 

f l i c t ed w i t h  ob s e rv a t ions ma de o n  s h e ep paro t id g l and t i s 

sues  ( F i gu r e  2 . 2 . 4 ) whe r e  " s t r i a t e d" ( in t ral obul a r )  duc t s  

we re abundant . I n  g ene ral , s tr i a t e d  duc t s  o f  mo s t  mamma l i an 

s p e c i e s  a r e  p rominent in the p aro t i d  g l and , next the man

d ibul ar  and l a s t l y  the sub l ingual  ( L e e s on ,  1 9 6 7 ) . Howeve r ,  

the bovine  p a ro t id g l and c l e a r l y  depar t s  from t h i s g ene r a l  

rul e , b e c au s e  o f  r e l a t i vely p o o r ly deve l oped i nt r a l obul a r  

duc t s . 

A l though b a s a l  s tr i a t ions  we re abs ent from p a r o t i d  g l and 

int r a lobul ar  duc t s ,  there wa s s ome evi dence to s ug g e s t that 

these may p o s s ib l y  b e  invo lved in synthe s i s  o f  p r o t e in -

ac i o us ma t e r i a l , s ince d i a s t a s e - re s i s t ant PAS p o s i t ive g ran 

ul e s  w e r e  s ome t ime s ob s e rved in  the cy toplasm o f  s ome duc t  

c e l l s  ( F i gure 2 . 2 . 1 ) .  A t  p r e s ent a s a t i s fa c to ry exp l an a t ion 

cann o t  be  o f fe r e d  for  the imp l i ca t i on of  th i s  PAS s t a ining , 

ap a r t  from a t t r ibut ing i t  t o  a neut r a l  g lycop ro t e in p r e s en t  

i n  s ome duc t  c e l l s .  Ano t h e r  feature o f  int ra l obu l ar duc t  

ce l l s  wa s the p re s ence o f  PAS pos i t ive ap i c a l  c y t op l asmic  

p ro t ru s i o n s  o r  " ap i c a l  b l e b s " ; al though such " ap i c a l  b l eb s " 

hav e  b e e n  p revious ly a t t r ibut ed to  s t a g e s  o f  an ap oc r ine 

s e c r e to ry mechani s m ,  the i r  re a l  s i gn i f i canc e is s t i l l  deb a t e d  

b y  mos t autho rs  ( s e e  Young and van L ennep , 1 9 7 8 ) . 

Gob l e t  ce l l s , wh ich s t a i n e d  inten s e ly fo r b o t h  neut ral  



and ac i d i c  muc o s ub s t ance s , w e r e  p re s ent . in the m a in excre t 

ory duc t o f  the  bovine p a ro t i d g l an d s  ( F igure s 2 . 1 . 3  and 

2 . 1 . 4 ) .  Ove ra l l , s ome mucu s  cou l d  the re fo re s t i l l  b e  s e c 

re t ed b y  the p a r o t i d  g l ands , i n  add i t i on t o  i t s  v o l uminous 

wat e ry s e c r e t i on . 
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I n  c o n t ras t to  the p a ro t id g l and , the man d i b u l a r  g l and 

s e c r e t o ry ce l l s  cont a i n e d  mucus , comp o s ed o f  ac i dic and 

neu t ra l  g lycop ro t e ins . The PAS met ho d ,  toge t h e r  with ac e t 

yl a t i on and s ub s equent s ap on� f i c a t i on ( s ee App endix I )  

e s t ab l i s hed the p re s ence o f  g lyco l g roup s  in muc o s ub s tanc e s . 

B i o ch emi c a l ly , t h e s e  b e l ong  t o  g a l a c t o s e , manno s e ,  a c e t y l 

g luc o s amine , a c e t y l g a l ac t o s amine , fuc o s e  and s i a l i c  a c i ds , 

(Cu l l ing , 1 9 7 4 ) . The a c i d i c  s ide g roups o f  muc o s ub s t ance s ,  

inve s t i g a t e d  by us e o f  bas i c  s t ains  and b l ocking methods 

( s e e App endix I )  were i den t i f i e d  a s  c a rboxyl g roup s  and 

sulphate  g roup s whi ch , in ep i the l i a l  s e cret i on s , b e l ong t o  

de r iva t i ve s  o f  s ia l i c ac i ds and sulphated g lycop ro t e ins 

( Re i d  and C l amp , 1 9 7 8 ) . 

The en zyme hyaluronida s e  ut i l i z ed to de t e rm ine the 

o r i g in o f  sulph a t e  g roup s in muc ous s ecre t i on s , did no t 

r e duce o r  e l iminate  AB s t a in ing a t  pH  1 . 0  ( F i gure 2 . 1 1 ) . 

Th i s  rul e s out the  pos s ib i l i ty that s igni f i c an t  quant i t i e s  

o f  ac i d  mucop o ly s accha r i de s  s uch a s  chondro i t in sulpha t e s  

and hay l uron i c  ac ids , cou l d  b e  p r e s ent i n  bovine  s a l iva ry 

g l and muc o s ub s t anc es . AB (pH 1 . 0 ) s t a in ing ob s e rved a f t e r  

hyaluro ni da s e  t re atment c ou l d  the re fore be a t tr ibuted t o  

s u lphat e d  g lycop ro t e ins . T h e  bovine mandibu l a r  g l and , how 

e ve r , d i d  no t app ear to  b e  a maj o r  s ource o f  s ulpha t e d  

g lycop r o t e ins owing to  ve ry weak A B  (pH 1 . 0 ) s t a ining 

o b s e rv e d  in only a few muc o u s  c e l l s . 

The s i a l i c  a c i d  cont e n t  o f  the mandibul a r  g l and was 

h i s to c hemi c a l l y  analy s e d  by neuram i n i da s e  d i g e s t ion ( F i gu r e s  

2 . 4 . 9  a n d  2 . 4 . 1 0 ) . The u s e  o f  thi s enzyme a s  we l l  a s  me thyl

a t ion ( s ee App e nd ix I )  s uc c e s s fu l l y  abo l i s h e d  b a s oph i l i a  at 

p H  2 . 5 .  In  p a rt icular me t hyl at ion , fo l lowe d by s apon i f i c 

a t i on , fa i l e d  t o  res t o re A B  s ta in i ng a t  pH 2 . 5 ; th i s  



sug g e s t s  that s ia l i c a c i d  r e s i dues  p re s ent w e r e  removed by 

neu r am i n i das e a s  wel l as a c i d  hydro lys i s . A l t hough the 

p r e s enc e of s i a l i c  a c i d  r e s idues  were e s t ab l i s he d  by neur

ami n i da s e  ac t i v i ty , t he B IAL reag ent (spe c i f i c  for s i a l i c  

ac i d) f a i l e d  t o  react  wi t h  s i a l i c  a c i d  re s i due s o f  muc ous 

ce l l s  ( F i gure 2 . 4 . 7 ) .  Th i s  anoma l ous resul t  may have b e en 

cau s e d  b y  the hydro l y t i c  a c t i on o f  concentra t e d  HC l a c i d  

he a t e d  t o  7 0 ° C  f o r  the B I AL reac t i on and the p r e s ence  o f  

he a t  l ab i l e  s i a l i c  a c i d  re s i due s . 

The met achroma t i c  purp l e  react ion from T o ludine b l ue 
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and Az ure A me thods , was further p ro o f  that mandibul a r  g l and 

muc ous c e l l s  cont a ined cons iderab l e  amounts  o f  a c i d i c  muc o 

sub s t anc e s . The b lue o r t ho chroma t i c  c o l our o f  To lud ine  b l ue 

is g e n e ra l ly i nd i c a t ive o f  non - ac i di c  mat e r i a l  whi l e  a c i d i ty 

as a re s ul t o f  c a rboxy l  and sulpha t e  groups s hows a purp l e  

o r  purp l e - re d  r e a c t ion (Cu l l ing , 1 9 7 4 ) . S i a l i c  a c i d s  i n  

p ar t i cu l a r  imp a rt a weak purp l e  co l our ( F igure 2 . 4 . 3 ) wh i l e  

a c i d  muc op o l y s accha r i de s  s uch a s  chondro i t i n  sulpha t e s  and 

hya luronic ac i ds p ro duce an intens e purp l e - r e d  c o l our . 

Az ure A me t achroma s i a  a t  pH 4 . 0 fur ther e s t ab l i s he d  that 

mucous c e l l s  are l i ke ly to contain  p redominant l y  c a rboxy l at ed 

muc o sub s tance s , s inc e purp l e  me t a chromas i a  wa s no t ob s e rved 

a t  l ow pH . On the o ther hand , s t rong ly ac i d i c  mucopo ly s ac 

cha r i de s found in  the e l a s t ic cart i l age o f  t h e  ep i g l o t t i s  

fo r e xamp l e , we re s t rong l y  met achroma t i c  at l ow p H  (pH 1 . 0 ,  

2 . 0  and 3 . 0 ) .  

I n  marked contra s t  t o  endp i e c e  mucous c e l l s , t h e  d em i 

lun e s  o f  the b ov ine mandi b u l a r  g l and contained s t rongly  

ac i dop h i l i c  g ra nu l e s  ( F i gure  2 . 4 . 6 ) .  Thi s  a c i doph i l i a  

cou l d  b e  a t t r i buted t o  the pre s ence  o f  h i s t o chemi c a l ly 

de t e c t a b l e  b a s i c  pro t e in s . Ant i b o dy to bov i ne s a l ivary 

p ro t e in band 8 ,  for examp l e ,  reacted  int ens e ly w i t h  the con

t e n t s  o f  the demi lune c e l l s  ( F i gure 2 . 4 . 8 ) .  B and 8 i s  

t h e re f o r e  l i ke ly to b e  d e r ived from mand ibular g l and demi 

lun e s  and may a l s o  b e  re s p ons i b l e  for some o r  a l l o f  the 

a c i doph i l i a . 



The demi l un e s  we re a l s o  �eakly p o s i t ive t o  PAS and AB 

at pH 1 . 0  and 2 . 5 ;  the d em i lune s e c re t i ons could the re fo r e  

con t a i n  some s i a l i c a c i d  a n d  s u l p h a t e d  g lycop ro t e ins . 

S i a l i c  ac i d ,  i n  part i cul a r , wa s p o s i t i ve ly i dent i f i e d  by 
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the  B I AL r e ag en t  ( Fi gure 2 . 4 . 7 ) ; t h i s  s ugg e s t s  that unl ike  

i h  muc ous c e l l s , carboxy l  g roup s  of  s i a l i c  ac i d  de r iva t ives 

in demi lunes  are prob ab l y  ma s ke d  by b a s i c  p ro t e ins and 

rema i n  mo s t l y  un react ive t o  b a s i c  s ta ins s uch as Al c i an b l u e  

( F i gu r e  2 . 4 . 9 ) . Me t hy l a t i o n ,  fol l owed b y  s aponi f i c a t ion 

r e s t o r e d  some AB s ta ining (pH  2 . 5 ) in dem i lune s  but fai l ed 

to  r e s t o r e  AB s t a ining o f  mucous c e l l s . Unl i k e  the mucous 

c e l l s , the demi lune s a r e  t hus l i ke ly to  p o s s e s s  mo s t ly 

bound s ia l i c  a c i d  de r i va t i v e s  no t s us c ep t ib l e  t o  hydro lys i s . 

Neuram in i da s e , fo l l owed by AB s ta i n ing (pH 2 . 5 ) fa i l e d  t o  

r e s t o r e  b a s oph i l i c  s t a in i n g  o f  demi lune s ,  a r e su l t which 

p a ra l l e l e d  neu ramin i da s e  r e a c t i v i ty o f  mucous c e l l s . Th i s  

s ug g e s t s  that s i a l i c  ac i d  o f  dem i lun e s , a l though no t h e a t  

l ab i l e  i s  l ik e l y  t o  b e  s u s c ep t i b l e  to neuram i n i das e act i v i ty . 

The intra l obul a r  duc t s  o f  the  bovine man d i bul a r  g l and , 

in c on t ras t t o  tho s e  o f  t h e  p a ro t i d  g l and , we re we l l  deve l 

o p e d  w i th d i s t inct ac i dop hi l i c b a s a l  s t r iat i ons ( F igure 

2 . 4 . 6 ) .  By imp l icat ion t h e  mand ibular g l and s t r i a t e d  duc t  

c e l l s  cou l d  b e  o f  cons i de rab l e  imp o r t ance fo r wat e r  and 

e l e c t ro ly t e  t ransp o r t  (Young and van L ennep , 1 9 7 8 ) . 

The mucous ce l l s  o f  t he subl ingual g l an d s  we re PAS and 

AB p o s i t ive a t  pH 1 . 0  and 2 . 5  ( F i gure 2 . 5 ) . The s e c r e t o ry 

p ro du c t s  are thus p robab l y  c omp o s e d  o f  neut r a l  g lycop r o t e ins , 

s i a l i c a c i ds and sulpha t e d  g lycop rote ins . The s i a l ic a c i d  

synthe s i s e d  by sub l ingu a l  g l and mucous c e l l s  d i d  n o t  app e a r  

t o  b e  neuraminida s e  l ab i l e ,  a r e s u l t  b y  comp a r i s on w i t h  

t h a t  o f  mandibular g l and mucous c e l l s , s ugg e s t s that s i a l ic 

a c i d  i s  probably found i n  mo re t han one fo rm in bovine 

s a l iv a . Me thy l at i on , f o r  e xamp l e , fa i l ed t o  remove mo s t  

o f  t h e  s ia l i c  a c i d  r e s i du e s ; cons equent l y  A B  s ta ining (pH 

2 . 5 ) was r e s tored  aft e r  s apon i f i c a t i on , a p robab l e  ind i c 

a t i on that s ub l ingua l g l and s i a l i c  ac i d  re s i due s were not  

remo ved by hyd rolyt i c  a c t i on . I n  cont rast  the s i a l i c  a c i d  



cont e n t  o f  mand ibul a r  g l an d  mucous c e l l s  was b o th neur 

amin i da s e  and heat  l ab i l e  and a f t e r  methy l at i on AB s t a in ing 

(pH 2 . 5 ) was n o t  re s to re d  by s ap on i f i c a t ion . 

Hy a l uron i d a s e  act i v i t y  was n e g a t ive in sub l ingua l g l and 

muc o u s  ce l l s ; th i s  sugg e s t s  that AB s t a ining at pH 1 . 0 

was p robably due to the p re s ence o f  sulphated g lycop r o t e in s  

( F i gu r e s 2 . 5 . 2  and 2 . 1 1 ) . 
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T h e  demi l une s o f  the s ub l ingua l g l and we r e  weakly p o s 

i t i v e  to PAS and reac t e d  immuno h i s t o chemi c a l l y  w i th ant i b o dy 

to p ro t e i n  b an d  9 ( F i gure 2 . 5 . 6 ) ;  the r e f o re , the s ec r e t o ry 

p r o du c t s  a r e  mo s t ly p ro t e o s e rous . 

T h e  int r a l obul a r  " s t r i at e d" duc ts  o f  the s ub l i ngua l 

g l an d  by comp a r i son w i th the mandibul a r  g l and , were  e qu a l l y  

we l l  deve l op e d  ( F i gure 2 . 5 . 5 ) and l ikely to b e  invo l v e d  in  

wat e r  and e l e c t ro ly t e  t ransp o r t  t o  the s ame e x t ent  a s  in  

the  mandibul a r  g l ands . Thus in c a t t l e  we l l  deve l op e d  

s t r i a t e d  duc t s  were found only i n  the mand ibul ar and s ub 

l in g u a l  g l ands whi l e  tho s e  o f  the p a ro t i d we r e  p o o r ly 

dev e l op e d . 

The mucous c e l l s  o f  the mino r g l ands , in g ene ra l , con

ta i ne d h i s tochemical ly s im i l a r  muc o s ub s t anc e s  to tho s e  of  

s ub l ingual g l ands , but  p o s i t ive s t a ining for s ulphate  g roup s  

w a s  c ons i s t e n t l y  g re a t e r  than f o r  both s ubl i ngua l and man 

d i b u l ar g l an d s . 

O f  the bucaal g l ands , the ventral  buccal was s t ructur 

a l ly and h i s t o chemi c a l ly  ident i c a l  to the p a ro t i d . I t  

app e a rs l i ke ly  that ven t r a l  bucc a l  g l ands may a c t  t o  s up 

p l ement the p a ro t i d  s a l ivary s e c r e t ion . The dors a l  and 

i n t e rmed i a t e  buccal and the p al a t ine g l ands were p re domin 

ant ly s p e c i a l i s ed for  the  synthe s i s  and s e c r e t i o n  o f  a c i di c  

a n d  neut ral mucosubs tanc e s  ( F igures  2 . 6 , 2 . 7 and 2 . 8 ) .  

a l though a m inor p ro t e o s e rous c omp onent was frequent ly 

ob s e rved . L ob ul e s  o f  p ro t eo s e rous ce l l s we r e  o ft en s c a t 

t e re d  ami ds t the mucous endp i e c e s ; the i r  s e c r e t ions  could  
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cont r ibute s i gni ficant ly to the v o l ume o f  s a l iva s ec r e t e d  

b y  t h e  mino r g l and s . The  do r s a l , int e rmed i a t e  buc c a l  and 

p a l a t ine g l ands were a l s o  unusual  in p o s s e s s ing what app e a red 

to  b e  a h o lo c r ine s ec r e t o ry mechani sm s ince ep i the l i a l  c e l l s  

and n e c ro t i c nuc l e i  w e re o ft en found i n  duct lumen s mixed 

w i t h  muco sub s t anc es  from the endp i ece c e l l s  ( F i gure s 2 . 7 . 4  

and 2 . 8 . 2 ) .  The func t i onal s i gn i f i c ance o f  s uch a s e cre t o ry 

mec h an i sm p r e s ent only in some s al iva ry g l ands i s  d i f f i cul t 

t o  a s c e rt a in w i thout p re hap s a p r e l imina ry inve s t i g a t ion 

ut i l i s ing s e r i a l  s e c t i o n s  of t i s s ue s  f rom the r e sp e c t ive 

g l an d s . 

The p o s t e r i o r  tongue had h i s to chemi c a l ly s imi l a r  muc o 

s ub s t ances  t o  tho s e  o f  t h e  s ub l ingual , int e rme d i a t e  and 

do r s a l  buc c a l  and p a l a t i ne g l ands . Ne i th e r  l obu l e s  o f  

p ro t e os e rous c e l l s  no r e v i dence o f  an atyp i c a l  s ec r e t o ry 

me chanism was p re s ent ( F i gure 2 . 9 ) .  The dem i l une s o f  the 

po s t e r i o r  tongue g l ands o f t en contained a c i d i c  and neut r a l  

muc o s ub s t an c e s  ( F i gure s  2 . 9 . 3 and 2 . 9 . 4 ) in cont ra s t  t o  

demi l unes o f  do rs a l , i n t e rmedi a t e  buc c a l  and p a l a t ine g l ands 

wh i c h  app e a r e d  to e l ab o r a t e  a p ro t eos e rous s ec r e t i on . 

The pharyngeal  g ro up o f  g l ands h i s t o l o g i c a l l y  d i f fe re d  

from the o th e r  minor g l ands . They app e ared t o  p o s s e s s  

sho r t e r  tub u l a r  endp i e c e s  and l a rge  round demi l une c e l l s  

whi c h  cont a ine d nume rous  ac i dop h i l ic g ranul e s  ( F i gure 2 . 1 0 ) , 

in a dd i t ion t o  PAS , AB (pH 2 . 5 ) and B IAL po s i t ive mat e r i a l . 

The demi lune s ecret i ons are thus l ike ly to  cont a in s ome 

s i a l i c ac i d  and neut r a l  muc o s ub s tance s .  The compo s i t ion o f  

muc ous c e l l  s e cret ions were  howeve r h i s t o chem i ca l ly s im i l a r  

t o  tho s e  o f  the  o the r minor g l ands . 

The int r a l obular duc t ep i th e l ium o f  the pha ryngeal 

g l ands frequen t ly cont a ined gob l e t  c e l l s  and s e c r e t o ry e nd 

p i e c e s  wh i c h  s eemed t o  c ommun i c a t e  di r e c t ly w i th the duc t  

ep i t he l i a  ( F i gure s 2 . 1 0 . 3  and 2 . 1 0 . 4 ) . S imi l a r  mo d i f i c 

a t i ons o f  int ralobu l a r  duc t ep i t h e l i a  w e re n o t  obs e rved in 

the other s a l ivary g l ands examine d .  Func t i onal ly , howeve r ,  

a duct ep i t h e l ium with  s ec r e t o ry c e l l s  coul d p ro v i de an 



a d d i t ional  s upp ly o f  muc o s ub s t ances  to s uppl eme nt tho s e  

s e c re t e d  b y  mucous and demi l un e  c e l l s . 

An inv e s t ig a t ion o f  p l a sma c e l l  numb e r s  in  b o t h  maj o r  

a n d  mino r s a l ivary g l ands o f  c a t t l e  reve a l ed that mo s t  were 

d i s tribut e d  in the c onne c t ive t i s sue s t roma and sub ep i th 

e l i al s i t e s  o f  the s ub l ingual g l ands ( F i gure 2 . 5 . 7 ) and 

s e c onda r i l y , in s imi l a r  l o c a t i o n s  o f  the  pharyng e a l  g l ands 

( F i gure 2 . 1 0 . 2 ) . The s ub l ingual g l ands i n  p a r t i c u l a r  

app e a r e d  t o  b e  t h e  maj o r  s o u r c e  o f  immunog l obul ins  found 
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i n  bovine s a l iva . Some p l a sma c e l l s  were a l s o  f requen t l y  

o b s e rve d in  t h e  conn e c t ive t i s s ue s t roma o f  the mandibul a r  

g l ands u s u a l l y  b e tw e e n  s e c re t o ry endp i e c e s  and s t r i at e d  

ducts , whi l e  o n l y  a few s uch c e l l s  w e r e  p re s ent  i n  s ub ep i th 

e l i a l  s i t e s  o f  int e rmediate  and d o r s a l  b ucca l ,  p a l a t ine and 

p o s t e r i o r  tongue g l an ds . On the o ther  hand , the p a ro t i d  

a n d  vent r a l  bucc a l  g l ands con t a ined neg l i gi b l e  numb e r s o f  

p l asma c e l l s  and are  t h e r e fo r e  unl i ke l y  t o  b e  maj o r  con

t r ibut o r s  of  irnmuno g l obul ins t o  bovine s a liva . 

S e c re t o ry I gA ,  t h e  maj o r  immunog l ob u l in found in  bovine 

s a l iva (Wa t s on and L a s c e l l e s , 1 9 7 3 ) , is  p robably s ynthe s i s e d  

and s e c r e t e d  by the maj o r i ty o f  p l a sma c e l l s  i n  bovine 

s a l iva ry g l ands . The pre s enc e of s i gA i n  p l a sma c e l l s  was 

i mmunohi s to chem i ca l ly demons t rated  ( F i gure 2 . 4 . 1 1 ) . I mmuno 

h i s to chem i c a l  s tud i e s  a l s o  demons t ra t e d  the �i s t r i but ion o f  

b ovine s a l i vary p ro t e in b ands 4 ,  8 ,  1 0  and 9 i n  s a l ivary 

g l and t i s sues  ( F igur e s  2 . 3 , 2 . 4 . 8 , 2 . 5 . 6  and 2 . 6 . 4 ) .  Mo s t  

p ro t e o s erous ce l l s  o f  the p a ro t id and ventral bucc a l  g l ands 

r e acted  w ith ant i b and 4 and ant i  band 1 0  ant ibody . P ro t 

e o s erous c e l l s  po s i t i ve for ant i b and 1 0  ant i b o dy were 

g ene ral ly  mo re w i de sp r e ad than tho s e  p o s it i ve fo r ant i b and 

4 ant i b o dy ( F i gure 2 . 3 ) .  B i o chemi c a l  s t udi e s  have a l s o  

e s tab l i shed  a g re a t e r  p ropo r t i on o f  p ro t e in b and 1 0  i n  

p aro t id s a l iva than b and 4 (W . T .  Jone s , p e rs on a l  c ommun 

i c at i on ) . Band 4 f rom paro t i d  s a l iva has  b e e n  c o r re l at e d  

w i th b l o a t  s u s c ep t i b i l i ty i n  catt l e  (Mc i nt o s h  and Cockrem , 

1 9 7 4 )  but b i o chemi c a l  t e s t s  have shown that p a ro t i d  g l ands 

o f  both L . S .  and H . L .  an ima l s  cont a ined app roximat ely  equa l 
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quan t i t i e s  o f  p ro t e in b and 4 (W . T .  Jone s ,  p e rs onal c ommun 

i c a t i on) . I mmunohi s t o c hemi c a l  inve s t i g a t i ons o f  p a ro t i d  

t i s s ue s amp l e s  a l s o  r e v e a l e d  that  both s t r a ins had e qua l 

p r op o r t ions  o f  ant i  b an d  4 p o s i t ive p ro t e o s erous c e l l s . 

Howeve r ,  only H . S .  an ima l s  a r e  known to  s ec re t e  b and 4 in 

s i g n i f i c ant  quant i t i e s , a r e s u l t  whi ch s ug g e s t s  that p o o r ly 

und e r s t o o d  c e l lul a r  r e g u l a t o ry mechani sms in p a ro t i d  p ro t eo 

s e r o us c e l l s  o f  L . S . and H . S .  anima l s  may b e  re spons i b l e  

fo r the synthe s i s  and s ec r e t i o n  o f  b and 4 .  

Band 4 wa s addi t io na l ly foun d  in the  d emi l une s o f  the 

int e rme di a t e  bucc a l  g l ands ( F i gure 2 . 6 . 4 ) ; th i s  l at t e r  

g r o up o f  g l an ds was a l s o  unus u a l  i n  s e c r e t ing t r ac e s  o f  a l l  

the  s a l i vary p ro t e i n s  i s o l a t e d  from bovine s a l iva ( T ab l e  

1 . 1 ) .  Emb ryo l o g i c a l l y , t h e  int e rme d i a t e  b uc c a l  g l ands may 

have  r e t a ined the gene t i c ma t e r i a l  requ i r e d  f o r  the  synth 

e s i s  o f  a l l the s a l i va ry p ro t e ins  throughout the animal ' s  

l i f e t ime . 



CHAPTER 3 .  PAROT I D  G LAND I NT RAE P I THELIAL 

DUCT CELLS 

3 . 1  I n t r o duct i on 
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Previous  h i s to l o g i cal s tud i e s  o f  ruminant p a ro t i d  g l ands 

have always revea l ed the p re s ence of a g ranu l a r  c e l l typ e , 

p re s umab ly non - ep i the l i a l  in o r ig i n  and o f  doub tful i den 

t i ty ,  d i s t r i but e d  w i t h in the e p i th e l ium o f  int ra l ob u l a r  

duc t s . Shack l e f o r d  and Klap p e r  ( 1 9 6 2 )  a n d  B i r t l e s  ( 1 9 8 1 )  

de s igna t e d  the s e  c e l l s  in the bovine p aro t i d  g l and a s  

" in t ra s t r i a t e d  duc t  c e l l s " wh i c h  c l o s e ly re s emb l e d b o t h  

ma s t  ce l l s  and p l asma c e l l s . Van L ennep et a l . ( 1 9 7 7 ) , 

f r o m  a s tu dy o f  the s heep p a ro t i d g l and , obs e rv e d  two gran 

u l a r  c e l l  typ e s  l o c a t e d  within the ep i th e l ium o f  s t r i a t e d  

duc t s . The mo s t  common typ e w a s  a n  int r a ep i the l i a l  mas t 

c e l l , found a l s o  in t he conn e c t ive t i s s ue s t roma s urrounding 

the s t r i a t ed duc t s . The o t h e r  typ e , r e f e rre d to a s  a 

" g l obul e l eucocyt e" , was charac te r i s e d b y  the p o s s e s s i on 

o f  l arge  int racytop l a smic e o s inoph i l i c g r anul e s . Recent ly , 

V i gno l i  and Nogu e i r a  ( 1 9 8 1 ) , f rom a h i s to log i cal  and h i s t o 

c h emical  s tudy o f  t h e  paro t i d  g l and o f  a bovidae  s p e c i e s , 

B o s  indi c us , rep o r t e d  the p re s ence o f  " intraep i t he l i a l  ma s t 

o cy t e s "  abundan t l y  d i s t r ibut e d  wi thin t h e  int r a l ob u l a r  duc t  

e p i the l i um .  P a l  e t  a l . ( 1 9 7 2 ) , who exam ine d t h e  p arot i d  

g l ands o f  the I nd i an buffalo  ( B uba Z us b uba Z i s )  have a l s o  

r e p o r t e d  a n  " int raep i the l i a l  cys t" w i th s ta i n i ng chara c t e r 

i s t i c s  s imi l a r  t o  t h a t  o f  a ma s t  c e l l , f requent ly p re s ent 

w i th in the ep i th e l i um of the excret o ry duc t . I t  i s  unc l ea r  

whe th e r  t h e  r e f e re n c e  was t o  a n  unknown c e l l typ e . 

The p arot i d  and the h i s to l o g i c a l l y  i dent i c a l  ven t r a l  

b uccal  g l and examined i n  t h e  p r e s ent s tudy , c ont a ine d s ev 

e ral  int r a ep i th e l i a l  granul a r  c e l l s  w i t h in t h e  wa l l s  o f  

i nt ra l ob u l a r  duc t s  and infrequent ly in  the wa l l s  o f  l a rg e r  

i nt e r l ob u l a r  duc t s . Simi l ar c e l l s  we r e  a l s o  r a re ly ob s e r 

ved within  int r a l ob u l ar duc t ep ithe l i a o f  the do r s a l  and 

i n t e rme d i a t e  buccal  g l ands and p a l a t ine gl ands . 



l nt ra e p i the l i al g ranu l a r  duc t  c e l l s , in g eneral , 

re s emb l e d  ma s t  c e l l s  i n  mo rpho l o gy and s t a ining cha rac t e r 

i s t i c s , b u t  p o s s e s s ed nuc l e a r  configur a t i o ns s im i l a r  t o  

tho s e  o f  p l a sma c e l l s . 

F o r  furthe r d i s cu s s ion , the t e rm int raep i thel i a l  g ran 

u l a r  ( l E G )  duct c e l l  h a s  b e en adop t e d  ins t ead o f  int ra 

s t r i a t e d  duc t c e l l  b e c au s e  b a s a l  s t r i a t i ons are  not  a 

f e ature o f  int ra l o bu l a r  duc t s  o f  the bovine p aro t i d  g l and 

( S e c t ion 2 . 3 . 1 ) and l E G duc t  c e l l s  were a l so o c c a s i ona l ly 

p r e s ent w i thin the i n t e rlobul a r  duc t  ep i t hel i um .  
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The p re c i s e  nature  o f  the l EG duc t  c e l l s  we re  examine d 

by h i s to l o g i c a l , h i s t o chemi c a l  and ul t ra s truc tur al  methods . 

S i nce  l EG duct ce l l s  o f  the p a ro t i d  g l and have a l s o  b e en 

imp l i c a t e d  with b l o a t  sus c ep t ib i l i ty in  c a t t l e  ( S e c t ion 1 . 6 ) 

the  p r e s ent s tudy h a s  ext ende d thi s f in ding to comment on 

the po s s ib l e  func t i o n  of the s e  cel l s  in  r e l a t ion t o  b l o a t . 

As far  as i t  i s  known , the re have b e en no rep o r t s  yet  

of  de t a i l ed inve s t i g a t ions p e rt a ining t o  unknown o r  p o o r l y  

de f ined c e l l  typ e s  l o cated  in  s a l ivary g l and duct s .  



3 . 2  Ma t e r i a l s  and Me thods 
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H i s to l o g i ca l  s e c t i ons o f  p a ro t i d  and vent ral  buc c a l  

g l and t i s s u e s  p rep a r e d  earl i e r  f o r  h i s t o chemi c a l  e xamina t i on 

( S e c t ion 2 . 2 ) we r e  a dd i t i ona l ly us ed fo r a l i ght  mi cros cop i c  

e va l ua t ion o f  I E G  duc t c e l l s . The cytop l a smi c contents o f  

the s e  ce l l s  were  a l s o  c l o s e ly inve s t i g a t e d  with the a i d  o f  

the  fo l l owing a ddi t i onal  metho ds : -

1 .  Phlox ine - Ta rt ra z ine 

2 .  B i s marck b rown 

3 .  Neutral  r e d  

4 .  F a s t red 2 B  

5 .  F l u o re s ce in conj uga t e d  ant i  I gA 

6 .  S i l v e r  imp re gnat ion 

( s e e App endix  I I  fo r s t a ining p ro c edure s ) . 

H i s t o l o g i c a l  s e c t ions from the sheep paro t i d  g l and and 

ab oma s um ,  p r evi ous ly  fixed in B ouins f l u i d  and s t a ined w i t h  

A B  at pH 1 . 0  and 2 . 5  and PTAH , were a l s o  examine d fo r t h e  

p r e s ence o f  i dent i c a l  o r  c l o s e ly r e l a t e d  cel l typ e s  to the 

l E G  duc t  c e l l s  o f  c a t t l e . 

From the d i s s e c t i on o f  two anima l s  ( S ect i on 2 . 2 ) ,  s am

p l e s  of p a r o t i d  t i s s ue were s epara t e ly taken fo r an e l e c t ron 

mi c ros cop i c  examina t ion of the l E G  duc t  cel l s . 

P r eparat i on o f  t i s s ues  for e l e ct ron mi c ro s copy 

T i s s ue s  were  i n i t i a l ly p l aced in p e tri ' d i shes  wh i ch 

conta ined a sma l l  quan t i ty o f  mo di f i e d  Karnovsky ' s  fixa t ive . 

T i s sue b l o cks � - 2  mm2 were cut w i th a s calp e l  an d a l l owe d t o  

f i x  fo r at  l e a s t two hour s . 

Modi f i e d  Karnovsky ' s F i xat i ve 

Prepa re 2 0  ml s o f  1 0 %  s o lution o f  p a ra fo rma l dehyde by 

d i s s o l ving 2 g rams of p a r a fo rmal dehy de powde r in 2 0  ml s o f  

d i s t i l l ed wa t e r  and he a t ing to 6 0 ° C  in a fume cupb o a rd . Add 

a few drops o f  lN NaOH unt i l  the s o l ut i on c l e a r s . Al l ow to 



c o o l  b e fo r e  us e .  P r e p a re f i x a t ive wi th : 

0 . 2M So dium caco dy l a t e  buffer 5 0  ml s 

1 0 %  p arafo rma l de hyde in water  2 0  ml s 

2 5 %  g l utara l dehy d e  in wa t e r  1 0  m l s  

a dd di s t i l l e d  wat e r  t o  1 0 0  ml s .  

A .  F ix e d  t i s sues w e r e  was he d  in three chang e s  o f  0 . 2M 

Sodium cacody l a t e  buffe r (pH 7 . 2 ) fo r app ro x ima t e l y  

2 hours . 

B .  P o s t f ixat ion was car r i e d  out in 1 %  O s o4 for 1 hour w i t h  

s uffi c i ent Oso4 t o  cover t h e  t i s su e s . Samp l e s were 

t hen washed for 30 minut e s  wi th s o d ium c a c o dy l a t e  

buff e r . 

C .  F i x e d  t i s s ue s  we re dehy dra ted  in  a g rade d a l c oho l 

s e r i e s  at  room t emp e ra t ur e . 2 5 % , 5 0 % , 7 0 % , 9 5 %  and 

2 x 1 0 0 %  conc e n t r a t i ons were us e d , 2 0  minutes  each on 

s t i r rer wi th t o p s  on s amp l e  b o t t l e .  Some t i s sue 

s amp l e s  were l e ft overn i gh t  in 1 %  urany l a c e t a t e  in 

7 0 %  a l coho l at 4 ° C to  int ens i fy s t a ining . 

D .  The t i s sues were  in f i l t r a t e d  w i th 2 x 2 0  minute chang e s  

o f  p ropyl ene ox i de us ing a me chan i c a l  s t i r rer in a 

fume cupboar d .  

E .  Emb e dding med ium was p repared us i n g  a mixture o f  2 5 %  

r e s in and 7 5 %  p ropy l ene  oxide . T h e  emb e dd ing medium 

( Durcupan ACM F luka )  cons i s t e d  o f  an epoxy res in ,  

ha rdene r ,  a cc e l e rator and p l as t i c i z e r .  Fo r 1 0  m l s  o f  

r e s in  the above components we re m i xed i n  the fol l owing 

p roport i ons : -

Epoxy re s in (A) 5 . 4 7 g rams 

hardener ( B )  4 . 7 9 g rams 

acc e l e r a t o r  ( C )  0 . 2  ml 

p l a s t i c i z e r  ( D )  0 . 1  ml 

Component s A and B were we ighed and incub a t e d  at 6 0 ° C  

for about 1 0  minutes  t o  ensure a good mix . Componen t s  
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C and D were next  added c a r e ful ly from a 1 ml syring e . 

The comp onent s were  mixed t horough ly unt i l  the s o l u t ion 

c l eare d .  

F .  P ropy l ene o x i de was remo v e d  a f t e r  i n f i l tra t i on and the 

e mb e ad ing medium o f  2 5 %  re s in and 7 5 %  propyl ene o x i de 

was a dded and l e ft overn i ght on a s t i rrer . The fo l l 

owing mo rning contents  were rep l a c e d  by fre s h  1 0 0 %  

r e s in ,  l e ft for 6 - 8  hours , then emb e dded in fre s h  

1 0 0 %  r e s in i n  g e l a t ine c ap sul e s  and hardene d for 4 8 -

7 2  hours a t  6 0 ° C . 

G .  App r o x ima t e l y  2 �m thick s e ct i ons were cut w i t h  a g l a s s  

kn i f e  o n  an LKB ul trat ome , s t a ined w i th To l ud ine b lue 

and examine d wi th  a l i gh t  mi cros c o p e  to  no t e  t i s s ue 

c ont ent s . Thin s ec t i ons ( 6 0 0  �) o f  int r a l obul ar duc t  

ep i th e l ium we re cut and f l o a t e d  onto  copp e r  g r i ds . 

H .  S e c t i ons were s tained w i th urany l a c e t a t e  ( 5  minut e s ) , 

was h e d  w i th 5 0 %  alcohol  and d i s t i l l ed wa t e r . Gr i ds 

were dr i e d  o n  f i l t e r  p ap e r  and s t a ine d in l e ad  a c e t a t e  

( 5  minut e s ) , f o l l owed b y  rins ing i n  di s t i l l e d wa t e r . 

I .  S e c t i ons we re e xamine d  and pho t o gr aphed us ing a Phi l ip s  

EM Z O O  e l e c tron micro s cop e . 
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3 . 3  Re s u l t s  

3 .  3 . 1  H i s to l ogy 

I E G  duct c e l l s  were fre quent ly l o c a t e d  wi thin the wa l l s  

o f  intr a l obul ar  duc t s  o f  the paro t i d  and vent ral buc c a l  

g l ands , adj acent t o  th e b as ement l amina o f  the duct ep i th 

e l ium . Usual ly , two to s even l E G  duc t c e l l s  we re obs e rved 

in mo s t  intral obul a r  duc t c ro s s  s e c t i o n s  ( F i gure 3 . 1 ) . 

Very r a re ly , s ome c e l l s  app e ared t o  have b een shed  into 

the duc t lumen ( F i gure 3 . 1 . 6 ) and o the r s  were found at  s ub 

ep i the l i al  s i t e s  c l o s e  t o  a duct ( F i gu r e  3 . 1 . 5 ) .  The ran g e  

o f  shap e s  exh ib i te d  var i e d  w i de ly , mo s t  had i rr e gular out 

l in e s  wh i l e s ome w e re round o r  oval s hape d  with e c c ent r i c 

a l ly - l o cated  nuc l e i . 

The cytop l a s m  o f  l E G  duc t ce l l s was  o ft en vacuo l a t e d  in  

app e a rance and rema ine d r e fractory t o  mo s t  h i s t o l o g i c a l  

s t a i n s  b ut con t a i n e d  numerous round g ranul e s  o r  g l obul e s  

tha t s howe d cons i de rab l e  var iat i on in  s i z e and quant i ty p e r  

c e l l  ( F i gure 3 . 3 ) . Nuc l e i  o f  l E G  duc t  c e l l s  were charac 

te r i s t i c al ly roun d o r  oval in shap e and o ften o ccup i e d  an 

e c c en t r i c  po s i t i o n . The d i s tr ibut i on o f  chroma t in aroun d  

the p e r iphe ry o f  the nuc l eu s  app e a r e d  s imi l a r  to the " c a r t 

whe e l " p a t t e rn ob s erve d in  nuc l e i  o f  p l a sma c e l l s . S i gn s 

o f  c e l l  divi s i on o r  e v i dence  o f  pykno s i s  in nuc l e i  we re not 

ob s e rve d .  

Some di f f i cu l ty was encoun t e r e d  i n  an a t t emp t t o  mak e  a 

di s t inct ion b e tw e en mature and immature I E G  duc t  c e l l s , 

al though a common obs e rva t ion was that the maj or i ty o f  

c e l l s  s e eme d t o  deve l op wi thin t h e  duct ep i th e l ium . The 

granular content s were p robab ly r e l e a s e d  at  a part icular  

s t a g e  of  the  c e l l  cyc l e  o r  pos s i b l y  on  r e c e ival of  a s t im

u l u s  to "deg ranu l ate" . The cytop l a s m  o f  s ome ce l l s  was 

comp l e t ely devo i d  of granu l e s  ( F i g u r e  3 . 3 . 6 ) wh i l e  o the r s  

w e r e  rep l e t e  wi th g ranul e s  o f  var ious  s i z e s  ( F igure 3 . 3 ) .  

A potent i a l  p r e cur s o r  c e l l  was not i den t i f i e d  in the 
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v i c in i ty o f  intr a l obular duc t s  no r was the r e  any ev i dence  

to sug g e s t  that  l E G  duc t c e l l s  had  p r e v i ous ly m i g ra t e d  f rom 

the s ub ep i th e l i a l  c onne c t ive t i s su e  v i a  the b a s ement l amina 

into the duc t  ep i th e l ium . 
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l E G duct c e l l s  no ted i n  the e p i t h e l ium o f  intr a l obul a r  

duc t s  o f  the thr e e  mino r g l ands , do r s a l , interme d i a t e  buc c a l  

and p a l a t ine g l an d s  were s im i l ar t o  t ho s e  o f  t h e  paro t i d  

g l ands  ( F i gure s 2 . 6 . 3  and 2 . 8 . 3 ) . 

Mature s ubep i t he l i a l  o r  muc o s a l  ma s t  c e l l s  o c ca s i on a l ly  

ob s e rved c l o s e  to  the  intra l obul ar  duc t s  o r  b e tween s ec re t 

o ry t ubul e s  o f  t h e  paro t i d  and ven t r a l  buc c a l  g l ands wer e  

p o lymo rphi c  in appe arance ( F i gure 3 . 2 ) .  Some muc o s a l  ma s t  

c e l l s  were re l a t i ve l y  f l a t t ene d o r  e l onga t e d  and cons i s t e d  

o f  s p h e r i c a l  nuc l e i with s ca t t e r e d  c hromat in , whi l e  o t h e r s  

we r e  rounde d o r  oval - shap e d  w i t h  nuc l e i  s im i l a r  t o  tho s e  o f  

p l as ma c e l l s  ( F i gure 3 . 2 . 4 ) .  Muc o s a l  mas t  c e l l s  o f  a l l  

o the r g l ands we r e  s imi l ar t o  tho s e  o f  p a ro t i d  and v en t r a l  

b uc c a l  g l ands b u t  had a t endency t o  b e  d i s t r ibut e d  n e a r  

p l a s ma c e l l s ; i n  such in s t anc e s  t h e  c l o s e  r e s emb l an c e  b e t 

we e n  nuc l e i  o f  b o th muc o s a l  mas t  c e l l s  and p l a sma c e l l s  was 

s t r i k ingly evident . Ma s t  c e l l s  ob s e rved in l o o s e  a r e o l a r  

conne c t ive t i s s ue o f  a l l  g l ands we r e  e l ong a t e d  with l ong  

tap e r ing ends . The i r  nuc l e i  were o ften s imi l ar to tho s e  o f  

muc o s a l  ma s t  c e l l s but a t  t ime s we r e  den s e l y  s ta ining w i th 

out  p e r ipheral  chroma t in . 

3 . 3 . 2  H i s t ochemi s t ry 

H i s to chem i c a l  r e ac t i ons o f  l E G  duct ce l l s  have b e e n  

s ep ar a t e ly s umma r i z e d  in Tab l e  3 . 1  togethe r with r e a c t ions 

ob s e rved fo r mas t  c e l l s . 

The cytop l a sm o f  l E G  duc t c e l l s ,  a l though re frac to ry to 

mo s t  hi s to l o g i c al  s t a in s , was markedly po s i t ive to AB at  

b o th pH 1 . 0  and 2 . 5  ( F i gures 3 . 1 . 1  and 3 . 1 . 2 ) .  The  conten t s  

o f  the g ranu l e s  showed mode rate react ivity to PAS ( F i gure 

3 . 1 . 3 ) ,  Phl ox ine  ( F i gure 3 . 3 . 2 ) ,  Eos in , PTAH , Fas t Re d 2 B  



Tab l e  3 . 1 H I STOCHEMI CAL RE SULTS OF 

l EG DUCT CELLS AND MAS T  CELLS 

Histo chemical 

I 
IEG duct cells 

Method Result Comments Mast cells 

H & E + weak eosinophilia + 

Alcian Blue pH 1 . 0  ++++ s trong cytoplasmic ++++ 
basophilia 

Alcian Blue pH 2 . 5  +++ cytoplasmic basophilia +++ 

PAS ++ moderate reactivity -

Alcian Blue/PAS +++ cytoplasmic basophilia ++ 

Alcian Yellow ++ moderate basophilia + 

Neutral Red +++ yellow-red granules +++ 
(metachromatic?)  

Bismarck Brown +++ basophili c  granules +++ 

Colloidal I ron +++ cytoplasm - blue 
I + 

granules - dark brown 

Phloxine ++ acidophilic granules -

Phloxine/AB +++ cytoplasm - basophilic +++ 
granules - acidophil i c  

Tol udine Blue ++++ metachromatic granules ++++ 
(purple) 

Azure A pH 1- 3 - -

Azure A pH 4 ++++ metachromatic granules ++++ 
(purple )  

Fas t Red 2B ++ orange-brown granules + 

Methyl Green- ++ cytoplasm - pink/purple + 
Pyronin granules - orange/brown 

PTAH/AB +++ cytoplasm - blue -

granules - dark purple 

S ilver ++ cytoplasm - negative ++ 
I mpregnation globul e s  - +ve · (brown) 

Anti-IgA - -

Formalin-induced +++ yellow-green +++ 
autofluorescence fluorescence 



( F i gure  3 . 3 . 8 ) and s i lver imp r e gnat i on ( F i gure 3 . 3 . 5 ) . I n  

add i t i o n  they w e r e  s t rongly me tachroma t i c  t o  To ludine b l ue 

( F i gure  3 . 3 . 1 ) and Azure A at pH 4 .  When b o th Al c i an b l ue 

( a  b a s i c  s t a in)  and Phl o xine ( an a c i d  s t ain)  were  us e d  t o g 

e t he r ,  s ome I E G  duct c e l l s  cont ained only phlox ine p o s i t i ve 

g ranul e s  wh i l e  o thers had an Al c i an b l ue p o s i t ive cy t op l asm 

wh i ch conta ine d Phl oxine p o s i t ive g ranul es ( F i gure 3 . 3 . 7 ) .  

I E G  duc t  c e l l s did n o t  appear  t o  react  w i t h  f l uo r e s c e in 

conj ugated  ant i  I gA an t i b o dy but ins tead s howe d  fo rma l in 

indu c e d  aut o fl uo res cence ( s e e  Appendix I I ) . 

S t aining r e a c t ions o f  s ub e p i the l ial  o r  mucos al  mas t 

ce l l s  o f  p a ro t i d  and ven tral b uc c a l  g l ands c l o s e ly p a r a l 

l e l e d  tho s e  o f  I E G  duc t  c e l l s , al though mas t c e l l s  w e r e  

PAS n e gat ive . Muco s a l  mas t  ce l l s  o f  al l o th e r  g l ands were  

h i s t o chemi cal l y  s imi l a r  to  IEG  duc t  c e l l s  of  the  paro t i d  

and vent ral  buccal  g l ands but were a l s o  PAS n e gat i ve . 
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G ranu l a r  " intras t r i a t ed" duc t  c e l l s  o f  the sheep  p a ro t i d  

g l an d  cont a ine d la rge e o s inoph i l i c  g l obul es  and an AB 

p o s i t i ve (pH 1 . 0  and pH 2 . 5 ) cytop la sm ( F igure 3 . 1 . 8 ) .  

S i m i l ar c e l l s  e xamine d in the s h e e p  abomasum a l s o  had l arge 

e o s inoph i l i c  g ranules  but the i r  cy top l asms were re fra c t o ry 

t o  Al c i an b l ue s t ainin g . A comp a r i s on betw e en s h e ep and 

ca t t le p a ro t i d  g l and i n t raep i t he l i a l  duc t  c e l l s  revea l e d 

cons i de rab l e  va riat ion in g ranul e s i z es  in c a t t l e , wh i l e  

t ho s e  o f  s h e e p  were r e lat ive ly un i fo rm .  E o s inoph i l i c  gran 

u l e s  o r  g l o b u l e s  were a l s o  mo re obvi ous in s heep than in 

c a t t l e . 

3 . 3 . 3  U l tras t ructure 

Ul tras t r uctural ly , I E G  duc t  c e l l s  s howe d  cons i de rab l e  

mo rpho l o g i c a l  va r i a t i on and we re located  b e tween adj acent 

e p i the l i a l  duc t ce l l s ; int e rc e l l ular at tachment s s uch as 

de s mos ome s w e re no t p r e s en t  ( F i gure 3 . 4 ) . The r e  was how

e v e r some e v i dence o f  cytop l a s mi c finge r - l ike p ro ce s s e s 

e x t ending from surfac e s  o f  I E G  c e l l s  into int e rc e l l u l a r  



F I GURE 3 . 1 

MORPHOLOGY AND D I STRI BUT ION OF INTRAE P I T HEL IAL GRANULAR 

(l EG )  DUCT CELLS OF THE PAROTI D AND VENTRAL BUCCAL GLAND S  

3 . 1 . 1  

3 . 1 .  2 

3 . 1 .  3 

3 . 1 . 4 

Charact e r i s t i c appe arance o f  l E G  duct cel l s  

l o cated a dj a cent to the bas a l  l amina o f  

intra lobul a r  duc ts . 

(Al c ian B l u e  pH 2 . 5 / H  and E ) . 

Magni f i c a t i on : x 6 5 0  

l EG duct c e l l  with s t rong ly s ulpha t e d  cytop l a s m i c  

cont ent s a n d  smal l a c i dop hi l i c g ranul es . N o t e  

r a r e  b inuc l e a t e d  l EG duct c e l l  and chromat in 

pat t e rn o f  nucl e i . 

(Al c i an B lue pH 1 . 0 / H  and E ) . 

Magni f i c a t ion : x 1 6 5 0  

Mo derat e PAS r e a c t i v i ty o f  l E G duc t  ce l l s . 

(PAS/Tart ra z ine ) . Magn i f i c a t ion : x 6 5 0  

Neut ral  red p o s i t ive (Me t a c h roma t i c ? )  int racy to 

p l asmic  granul e s  o f  va r i ous  s i z e s  d i s t ri but e d  

within l EG duc t  c e l l s . One c e l l  (bot tom r ig h t ) 

i s  wi thout intracytop l a s m i c  g ranu l e s  but s hows 

an intact nuc l eus . 

(Neut r a l  Red) . Magn i f i ca t i on : x 1 6 5 0  





F I G URE 3 . 1  (Con t i nue d )  

3 . 1 . 5 

3 . 1 .  6 

3 . 1 . 7 

3 . 1 . 8 

A r a r e  s ubep i the l i al  I E G  duc t c e l l . No t e  

h e t e rog e n e o u s  app e a ran c e  o f  g ranul e s  and 

e c c ent r i c nuc l eu s . 

(Al c i an Blue pH  1 . 0 / Ta r t r a z i ne ) . 

Magn i f i c a t i on : x 1 6 5 0 

A g roup - of I EG duct c e l l s  l y i ng w i th in t he 

l umen o f  a duc t . 

(Al c i an B l u e  pH 1 . 0 / H  and E ) . 

Magn i fi c a t i on : x 6 5 0  

A s em i - t h i n  ( 2 �m) s e c t i o n  o f  p a ro t i d  t i s s u e  

f i xed in K a rno v s ky ' s f i xa t iv e . No t e  i r r eg u l a r  

app e a ran c e  o f  I EG duct ce l l s  and t h e i r  nuc l e i . 

( Epon embedded/Tol udine B l ue ) . 

Magn i f i c at i on : x l 6 5 0  

Sheep p a ro t i d  g l and " i nt r a s t r i a t ed"  duc t  c e l l  

w i th l a r g e ac idoph i l ic g l obu l e s  and basophi l i c 

(pH 1 . 0 ) cy top l a sm.  S im i l a r  c e l l s  in the sheep 

aboma sum cont a i ned l a r g e  a c i dop hi l i c g l obu l e s  

b u t  d i d  no t s how cytop l a s m i c  ba sop h i l i a .  N o t e  

p e r iphe r a l  di s t r ibut i o n  o f  chroma t i n w i t h i n  the 

nuc l eus whi c h i s  s im i l a r  to tha t o f  a p l a s ma c e l l . 

(A lc ian Blue pH 1 . 0/H and E ) . 

Magni f i c at i on : x 1 6 5 0 
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F I GURE 3 . 2  

MORPHO LOGY AND D I STRI BUT I ON OF MAST C E L L S  I N  BOV I NE 

SAL I VARY G LANDS 

3 . 2 . 1  

3 .  2 .  2 

3 .  2 .  3 

3 . 2 . 4  

S ub ep i the l i a l  ( muc o s a l )  ma s t  c e l l s  o f  the 

p a ro t i d  an d ven t ral  buc c a l  g l ands , l o c at e d  

a dj a cent to an int r a l obu l a r  duct . Such c e l l s  

w e re p o l ymo rph i c  i n  app e a rance  and conta ine d 

s ma l l  b a s oph i l i c  g r anul e s . 

( Ha l e s  co l l o i d a l  i ron/ Ne u t r a l  Re d ) . 

Magni f i cat i on : x 6 5 0  

P a ro t i d  g l and muco s a l  ma s t  c e l l  ( a  s im i l a r  c e l l  

to tho s e  in  F i g .  3 . 2 . 1 ) .  

( B i smarck B rown/Haema toxy l i n) . 

Magn i f i cat ion : x 1 6 5 0  

Muco s a l  ma s t  c e l l  o f  the  mand i b u l a r  g l and .  

Such c e l l s  we re d i s t r i but e d  c l o s e t o  p l a sma 

c e l l s  and conta ined a nuc l eus  w i th p e r iphe r a l ly 

d i s t r ibut ed chroma t i n . 

(To ludine B l u e ) . Mag ni f i c a t i o n : x 1 6 5 0 

A few p l a sma c e l l s  and a ma s t  c e l l , s ca t t e r e d 

wi thin conn e c t ive t i s s ue s o f  the  p h a ryng eal 

g l ands . No t e  mo rp ho l o g i c a l  s im i l a r i t i e s  b e tween 

the two c e l l typ e s , in  p a r t i c u l ar , the chroma t i n  

d i s tr ibut ion p a t t e r n  o f  nu cl e i . 

(Al c i an B l u e  pH 1 . 0 / H  and E ) . Magn i f i cat ion : x 1650  
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F I G U RE 3 .  3 

H I STOLOG I CAL AND H I STOCHEMI CAL F EATURE S OF CYTOPLASM I C  

GRANULES I N  l EG DUCT CELLS 

3 .  3 .  1 

3 .  3 .  2 

3 . 3 . 3  

3 .  3 .  4 

l EG duct c e l l s  w i th int racyt o p l a sm i c  

me t a chromat i c  g r anul e s  o f  v a r i o u s  s i z e s : 

c e l l  cyt o p l asms are r e f ra c t o ry to s t a i n i ng 

and the nuc l e i  a r e  not vi s ib l e .  

( T o l ud i n e  B l ue ) . Magni f i c a t i o n : x 1 6 5 0  

Ac i dophi l i c nature o f  l EG duct c e l l  g ranul e s , 

d emons t rat ed  by s t aining w i th P h l o x i n e  ( an 

ac i d  dy e ) . No t e  e c c ent r i c  nuc l eu s  w i t h  

p e r iphe r a l ly d i s tr ibuted chromat i n . 

( Ph l ox i n e / Tartra z ine ) . Magn i f i c a t ion : x 6 5 0  

The het e ro g en e ous na ture  o f  l EG duct c e l l  

g r anul e s . 

(Al c i an Blue  pH 1 . 0 / T a r t ra z ine ) . 

Magni f i ca t ion : x 1 6 5 0  

A s im i l a r  c e l l  to tho s e  s hown i n  F i g s  3 . 3 . 1  

and 3 . 3 . 3 , s t a i ned w i t h Neut r a l  Red . The 

y e l low c o l o u r  found in some g ranu l e s  sugg e s t s 

that N eutral  Red may have me t ac hroma t i c  

p rop e r t i e s . 

Magni f i c a t i on : x 1 6 5 0  





F I G U RE 3 . 3  ( C ont inu e d )  

3 .  3 .  5 

3 .  3 .  6 

3 .  3 .  7 

3 . 3 . 8  

Two l E G  duc t c e l l s  demons t r a t ed by s i lv e r  

imp regnat ion . Argyrophilic s t a in i ng o f  g ranul e s  

s ug g e s t s  the l i k e ly p r e s ence  o f  a b i o g en i c 

am ine . No t e  p a r t ial ly " de g ranul a t e d" c e l l . 

( S i l v e r  imp r e gnat ion/ L i ght G r e en ) . 

Mag n i f ic a t i on : x l 6 5 0  

A " de g r anu l a t ed" l EG duc t  c e l l . No t e  app e a rance 

o f  nuc l eu s  w i th " c a r twhee l "  d i s t r ibut ion 

p a t t e rn of chroma t in . 

( S i l v e r  imp regnat ion/ L i ght G r e en) . 

Magn i f i c a t i on : x / 6 5 0  

Two h i s t o ch em i c a l ly d i f fe rent l EG duc t  c e l l s . 

The c e l l  on the l eft cont a i n s  ac i dophi l i c 

ma t e r i a l  whi l e  the ce l l  on t h e  r i ght  contains 

a mixture  of ba soph i l i c  and a c i dophi l i c mate r i a l . 

(Alc i an B l u e  pH  1 . 0 / Ph l ox ine / Ta r t ra z ine ) . 

Ma gni f i c a t ion : x 6 5 0  

l EG duc t  c e l l s  wi th F a s t Red 2 B  po s i t ive intra 

cytop l a sm i c  g r anul e s , s ugg e s t i ng that a b i o g en i c  

amine  ( e g . 5 - HT)  i s  p robab l y  s t o re d  and/ or 

synthe s i s e d by the g r anul e s . 

( F a s t Red Z B / Ha emat o xy l in) . 

Magn i f i cat i on : x 1 6 5 0  





F I GU RE 3 . 4  

U LTRA S T RUCTURAL F EATURE S OF l EG DUCT C E L L S  

3 .  4 .  1 

3 .  4 .  2 

Typ i ca l  e l ec t ron mi c ros c op i c  app e a r an c e  o f  an 

l E G duct cel l l o cat e d  b e twe e n  int r a l obu lar duc t 

ep ithe l i a l  c e l l s . F our b a s i c  g ranu l e  type s a r e  

c ommonly found ( s ee tex t ) . No t e  v a c u o l a t e d  

app e a r an c e  o f  cytop l a sm and p ro t e i n a c i ous 

c rys t a l l i ne mat e r i a l  (a rrows ) l o ca t e d  in s ome 

g ranu l e s . The nuc l eus i s  no t v i s i b l e .  

A de sm.osome ( D )  i s  p r e s ent b e tween two int r a 

l o bul a r  duc t c e l l s  but int e r c e l l u l a r  att achments 

are no t p re s en t  b e tween l EG duc t c e l l s  and 

ep ithe l i a l  c e l l s . 

Magn i f i c a t ion : x 1 0 5 0 0  

An l EG duct c e l l  s im i l a r  t o  tha t s hown 1n 

F i g . 3 . 4 . 1 . No t e  vari a t i on in granu l e  

s t ructu r e  and t h e  p r e s enc e o f  c ry s t a l l ine 

ma t e r i a l  in s ome granul e s . The nuc l eus i s  

not  v i s i b l e . 

Magni f i c at i o n : x 6 3 0 0  





F I GU RE 3 . 4  ( C ont inu e d )  

3 . 4 . 3  

3 . 4 . 4  

l E G  duct ce l l  wi th mo s t ly typ e I V  g ranu l e s  

and cytop l as m i c  " f ing e r" l i k e  p ro c e s s  ( P )  

o n  c e l l  s ur fa c e . 

Magn i f i c a t i o n : x 1 0 5 0 0  

Two g r anul e s  ( typ e s  I I  and I V )  a r e  shown at 

a h i gher mag n i f i cat ion . The typ e IV g ranu l e 

cont a ins s ome  c rys tal l ine ma t e r i a l . 

Magn i f i c a t i o n : x 4 7 4 0 0  
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spaces ( F i gure 3 . 4 . 3 ) . 

The i n t racytop l asmic g ranul e s  w e r e  surrounde d by smo o th

s ur fac e d  un i t  memb ranes and meas ure d  from 0 . 6  to  5 . 0  �m in 

d i ame t e r . Desp i t e  cons i de rab l e  v a r i a t i on in the i r  mo rpho l o g� 

four b as i c  g ranul e typ e s  w e r e  r e c o gn i z e d : -

Typ e I :  sma l l  round homo g eneous ly e l ect ron dens e 

g ranul e s ; 

Typ e I I : l ar g e  found o r  oval homo geneous ly e l ect ron 

dens e granul e s ; 

Typ e I I I : l a r g e  round o r  oval  g r anul e s  w i th an e l e c t ron 

dens e out e r  core  s ur r o unding a l e s s  e l e ct ron 

dens e inner  c o r e ; 

Typ e I V :  l ar g e  round o r  ova l e l e ct ron dens e granu l e s  

wh i c h  had a re t i cul a r  app e a rance p ro duc e d  

b y  p o ck e t s  o f  unevenly s ca t t e r e d  e l e c t ron 

l ucent mate r i a l .  

Trans i t i ona l g r anul e  typ e s  w e r e  a l s o  p r e s ent with 

shrunken ma t r i c e s  and g l obul a r  c rys t a l l ine inc lus ions . 

The cytop l asm o f  an ent i re I E G  duct ce l l  usua l ly had a 

vacuo l at e d  app e a ran ce and o r g ane l l e s  s uch as  RER and Go l g i  

comp l e x  w e r e  n o t  v i s ib l e  b e c aus e o f  the g ranul ar contents . 

The nuc l e us , when obs erved , had chroma t i n  p e r iphe ra l ly dis 

t ribut e d  a s  py rami dal - shap e d  p r o j e c t i ons ext ending t owa rds 

the c en t r e  o f  the nuc l eus . 

3 . 4 D i s cus s i on 

The paro t i d  and vent ral bucca l  g l and I E G  duct ce l l s  

were  f requent ly found in the b a s a l  a s p e c t  o f  the int ra lob 

ular  duc t  ep i th e l i um .  The i r  gene r a l  o r i entat ion with r e s 

p e c t  t o  the duc t  e p i th e l ium d i d  no t s ug ge s t  that th e s e  

we re  m i g rato ry c e l l s , al though a f ew we re occas iona l ly 

ob s e rved in the  duct lumen and at  s ub ep i th e l ial  s i t e s . 

The p re s ent inve s t igat ion has s ucc e s s fu l ly e s t ab l i s h e d  



the  mo rpho l o gy and h i s t o chemi s t ry o f  I EG duc t  c e l l s  l o ca t e d  

w i th in the i n t r a l obu l a r  duc t  ep i th e l ium of  the p a ro t i d  and 

ventr al  bucc a l  gl ands . 
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I n  gene r a l  I E G  duc t  c e l l s  w e r e  s imi l a r  to s ub ep i the l i a l  

o r  mucos a l  ma s t  c e l l s  b ut had nuc l e i  s im i l a r  t o  tho s e  o f  

p l a sma ce l l s . Subep i th e l i a l  ma s t  c e l l s  were p o lymo rp h i c  in 

app e arance w i th nume rous un i fo rmly sma l l  bas ophi l i c gran

ul e s . The chroma t in d i s t r ibut i on p a t t e rn of the i r  nuc l e i  

va r i e d  cons i de rably and a t  t imes s howe d  the " cartwhe e l "  d i s 

t r ibut ion p a t t e rn o f  p l asma c e l l  nucl e i . The r e  was no 

e v i dence to s ug g e s t  tha t such mas t  ce l l s migrated into the 

duc t  ep i the l i um to b e come I E G  duc t  c e l l s . Migrat o ry ep i th 

e l i a l  ma s t  c e l l s  have howeve r r e c e nt ly b e en des c r i b e d  i n  

ga l lb l adder e p i thel ium o f  sheep and c a t t l e  (Mo ra l e s , P e r eyra , 

To l e do and Man t e s , 1 9 8 0 )  wh i ch we r e  hi s to l og i c a l ly and u l t r a 

s t ruc tural ly s im i l a r  t o  s ubep i th e l i a l  mas t  c e l l s  (C . R . Mo r 

a l e s , pers ona l commun i ca t ion ) . A comp a r i s on b etween s ub 

ep i th e l i a l  mas t c e l l s  and I E G  duc t  c e l l s  o f  the p a ro t i d  and 

ven t r a l  buccal  g l ands reveal e d  tha t al though b o th w e r e  p o l y 

mo rphic  i n  app e a ranc e , I E G  duc t  c e l l s  showed a va r i e ty o f  

g r anul e  s i z e s  a n d  the i r  nuc l e i  in p a r t i cul a r , o f t en c l o s e ly 

r e s emb l ed tho s e  of  p l a sma c e l l s , a feature only o c c a s iona l ly 

ob s e rved in s ub ep i the l i a l  mas t  c e l l s . 

On the o th e r  hand a s p e c i f i c  a s s oc i at ion , i f  any , b e t 

we en I E G duct c e l l s  and p l asma c e l l s  i s  ob s cur e . F o r  exam

p l e , there is no evidence yet t o  s ugge s t  that p l asma c e l l s  

have b e en ob s e rved a t  intraep i the l i a l  s i tes . I n  p a r t i cu l a r  

p l a sma c e l l s  s p e c i a l i s e d f o r  synth e s i s  and s e cret i on o f  

immunoglob u l i n s  a t  muc o s a l  surfa c e s  have been mo s t ly ob s e r 

ve d a t  sub ep i t h e l i a l  s i t e s  ( Toma s i  e t  a l . ,  1 9 8 0 ) . I n  bovine 

s a l ivary g l ands numerous p l a sma c e l l s we re p r e s ent s ub ep i t h 

e l i a l ly in t h e  s ub l ingua l and man d i bular g l ands b ut s e l dom 

in p a r o t i d  or vent r a l  buc c a l  g l ands (Sect i on 2 . 4 ) . I t  i s  

the re fore unl i ke ly tha t I E G  duc t c e l l s  a r e  typ i c a l  p l a sma 

c e l l s . Fur th e rmo re , the maj o r i ty o f  h i s tochemical  f in d ings 

with the exc ep t i on of the PAS r e ac t ion , were not -chara c t e r 

i s t i c  o f  p l asma c e l l s . Mo rpho l o g i c a l ly ,  howeve r ,  I E G  duc t  
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c e l l s  may a t  t im e s  app e a r  s imi l ar t o  p l a sma c e l l s  w i th 

Rus s e l l  b o d i e s . Such c e l l s  are  common in patho l o g ic a l  con 

di t i on s  (Azar , 1 9 7 9 )  and have p r ob ab ly r e a ched the f i na l  

s t a g e s  of  the i r  s e c r e t o ry cyc l e  (Wa l t e r  and I s ra e l , 1 9 7 9 ) . 

Al though exp e r iment a l  evi dence i s  l acking , Rus s e l l  b o d i e s  

a r e  l ikely  to contain immuno g l o bu l ins  comp l exed wi th b as i c  

p ro t e ins . Th i s  could account fo r t h e  intens e PAS and a c i do 

ph i l i c s t a in ing  usua l l y  repo r t e d  i n  Rus s e l l  body c e l l s  

(Wh i t e , 1 9 5 4 ) . On the o ther hand , granu l e s  o f  I E G  duc t  

c e l l s  were frequently b a s ophi l i c w i th only mode r a t e  PAS 

r e a c t ivity and a c i dophi l i a .  

Ul tras t ruc t ural  evi dence ( F i gu r e  3 . 4 ) showed that 

g r anul e s  of I E G  duc t c e l l s  we r e  no t typ i c a l  of e i th e r  ma s t  

c e l l s  (Az a r , 1 9 7 9 )  o r  Rus s e l l  bo d i e s  o f  p l asma c e l l s  (Azar , 

1 9 7 9 ) . Mas t  c e l l  granu l e s  a r e  un i fo rmly sma l l  round and 

e l e c t ron dens e whi l e  Rus s e l l  b o d i e s  of p l asma c e l l s  a r e  

un i fo rmly l a r g e  with ma t r i c e s  o f  mo derate  e l e c tron den s i ty 

inve s t ed by a doub l e  memb rane o f  RE R .  I E G  duct c e l l s  w e r e  

no t un i fo rm in  app e aranc e w i t h  h e t e r o g enous matr i c e s  s u r 

rounded by un i t  memb rane s , and the i r  nuc l e i  when ob s e rved 

we r e  intact and sug g e s t ive of  fun c t iona l o r  l iving c e l l s . 

H i s t o chemi c a l  s tud i e s  demons t r a t e d  the s trong cy t o p l as m ic 

b a s ophil i a  o f  I EG duc t  c e l l s  wh i l e  a mixture of  both a c ido 

ph i l i c and b as ophi l i c  mat e r i a l  was ident i fi e d  in the g ran 

ul e s  ( F i gure 3 . 3 . 7 ) .  The cy top l a sm i c  content s are  p ro b ab ly 

comp o s ed o f  s u l phated and carboxy l a t e d  p ro duc t s  wh i ch w e r e  

demons trated  by s ta ining w i t h  Al c i an b lue at  p H  1 . 0  and 2 . 5  

r e s p e c t ively . H i s to chemi cal me tho ds s uch as  Fas t  Re d 2 B  

( F i gure 3 . 3 . 8 ) ,  s i lve r impregnat i o n  ( F i gure 3 . 3 . 5 ) and form

a l i n - induc ed auto fluo r e s cence indi c a t e d  that the g ranu l e s  

a r e  l ikely to cont a i n  a b iogenic  amine . Pre s enc e o f  neut r a l  

a n d  a c i d i c  s i d e  g roup s  in  granul e s  were ind i cated b y  the PAS 

r e a c t ion and T o l udine b lue me tachroma s i a ,  respec t i ve ly .  

C ry s t a l l ine inc lus ions i dent i fi e d  w i thin some g ranu l e s  

( F i gures 3 . 4 . 1  and 3 . 4 . 2 ) coul d  p ro b ab ly be  a t t r ibut e d  to 

the p r e s ence o f  a g l obular p r o t e in (A . S .  Cr a i g , p e r s on a l  

commun ica t i on ) . The re was , howeve r ,  insuffi c i ent evi denc e 
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to c onclude tha t the g ranu l e s  may b e  e l aborat ing a s e c re t o ry 

p r o duc t . The p o s s ib i l i ty al s o  ex i s t s that the g ranul e s  may 

be invo lved in e i ther  t ranspo rt o r  s to rage  of s e c r e t o ry 

ma te r i a l , o r  b o th . 

The rare  o b s e rva t i o n  o f  I E G  duc t  c e l l s  in do r s a l  and 

in t e rmed i a t e  b uc c a l  and p a l at ine g l ands is di ffi cul t to 

exp l a in ,  exc ep t to s p e c u l a t e  tha t the i r  appe a r ance  may in 

some way b e  a s s o c i a t e d  w i th the p re s ence of p r o t eo s e rous 

i s l e t s  in a l l  three g l ands ( S ec t i on 3 . 3 ) i dent i c a l  t o  tho s e  

o f  the paro t i d and ven t r a l  b uc c a l . 

The p r e f e rent i a l  l oc a l i s a t i on o f  I E G  duc t c e l l s  in  int r a 

l ob u l ar duc t s  o f  the p ar o t i d  and v ent r a l  buccal  g l ands 

s t rongly s ug g e s ts  that in  c a t t l e , the  I E G  duc t  c e l l s  are  

p r imari ly a s s o c i a t e d  only with a func t i on sp e c i f i c  t o  the s e  

two g l ands . Th i s  hyp o the s i s can b e  further extended to 

s t a t e  tha t I E G  duct c e l l s  are  p r ob ab l y  an independent c e l l  

l in e , poorly  unde rs tood func t i onal ly and spe c i f i c  only to 

c e r t a in t i s s ue · s i t e s  and organ s . For examp l e , the p a r o t i d  

and vent r a l  buccal  g l ands o f  l ow b l o a t  suscep t i b l e  c a t t l e  

cont a in a h i gh e r  p roport i on o f  I E G  duct c e l l s  than h i gh 

b l o a t  s u s c ep t ib l e  c a t t l e  ( B i r t l e s , 1 9 8 1 ) . I t  i s  t emp t ing 

t o  s ugge s t  that I EG duc t  c e l l s  in  conj unc t ion w i th a fun 

c t i on spec i f i c  to the paro t i d  g l and , a f fo rd cons i de r ab l e  

p ro t e c t ion t o  c a t t l e  a g a in s t  b l oa t . This  pro t e c t ive ro l e  

may invo lve the muc o s a l  immune s y s t em o r  an unknown s e cr e t 

o ry produc t e l abora t e d  b y  the I EG duc t  c e l l s . 

Al though the exact fun c t i o n  o f  I E G  duct c e l l s  r emains 

unknown , a l ik e l y  o r i g in or  i den t i ty cou l d  b e  e luc i da t e d  

f r o m  an as s e s sment o f  two p o s s ib l e  the o r i e s  bas ed on a l l  

the ava i l ab l e  eviden c e  p e rt a in i n g  t o  the i r  morpho l o gy and 

h i s t ochemi s try . 

( 1 )  P a r o t i d  and ventr a l  buc c a l  g l and I EG duc t c e l l s  

a r e  ident i c a l  to sub ep i t he l i al  or muc o s a l  mas t 

c e l l s  p re s ent in a l l  ma j o r and mino r s a l iva ry 

g l ands but l o c a t e d  i n t r a ep i the l i a l ly only in 



p a ro t i d  and vent ra l buc c a l  g l and int r a l o b u l a r  

duc t s . The chara c t e r i s t i c morpho l o g i c a l  app e a r 

anc e  o f  the i r  granu l e s  coul d thus b e  a t t r i buted  
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t o  anatom i c a l  reas ons s ince they are l oc a t e d  intr� 

ep i the l ia l l y  rathe r than in  connect i ve t i s sue . 

( 2 )  Th e l E G  duc t  c e l l s  a r e  an independent c e l l  l ine  

c l o s e ly r e l a t e d  to both muc o s a l  mas t c e l l s  and 

p l a sma c e l l s ; a l l  three  c e l l  types probab l y  share 

a common s t em c e l l but l EG duc t ce l l s  or t h e i r  

p r e cursors  are  spe c i f i c  t o  int raep i the l i a l  s i t e s  

a n d  i n  cat t l e , func t i on a l ly as s o c i a t e d  o n l y  wi th 

the paro t i d  and vent r a l  buc c a l  g l ands . 

Drawb a c k s  o f  the f i r s t  theory a r e  tha t , a l though muc o s a l  

ma s t  ce l l s  s ha r e d  nume rous featu r e s  i n  common w i t h  l E G duc t 

c e l l s , s uch a s  a nuc l eus s im i l a r  t o  that o f  a p l asma c e l l  

and intens e b a sophi l i c s ta ining , u l t r a s t ructur a l ly  t h e  two 

c e l l  typ e s  d i d  not  app ear to b e  i dent i c a l . Fur t h e rmo re , a s  

p revious ly  r e p o r t e d  b y  Mo ra l e s  e t  a l . ( 1 9 8 0 ) , i n t r a ep i the l 

i a l  ma s t  c e l l s  o f  ruminants d i d  n o t  differ  from s ub e p i the l 

i a l  mas t c e l l s  and deg ranu l a t ing  muc o s al mas t c e l l s  o b s e rv e d  

subep i the l i a l ly i n  t h e  p res ent s tudy cons i s ten t l y  contained 

un i f o rmly sma l l  round g ranul e s , d i s s im i l a r  to tho s e  found 

in  l E G  duc t  c e l l s  wh ich showe d a vari e ty of g ranu l e  s i z e s . 

I n  addi t i on i t  has b e en rep o r t e d  by Co l l an ( 1 9 7 2 )  t h a t  

immi grant c e l l s  commonly ob s e rv e d  intraep i the l i a l ly s uch 

as lympho cy t e s  and e o s inophi l s , do no t d i ffe r  in mo rpho l o gy 

t o  s imi l a r  c e l l s  l o c a t e d  sub ep i th e l i a l ly . Ano ther  p o s s i b 

i l i ty ,  that l E G duc t  c e l l s may b e  der ived from muc o s a l  mas t  

c e l l s  wh ich have p reviously m i g r a t e d  into the duc t  e p i the l 

ium , i s  un l i k e ly s ince  muc o s a l  mas t c e l l s  o f  a l l  g l ands 

app e ared t o  be non - mi g ratory whe r e a s  lEG duct c e l l s  s e emed 

to d i ff e rent i a te only w i thin the ep i the l i um of p a ro t i d  and 

ventral b uc c a l  g l and int ra l obul a r  duc t s , adj acent to the 

b a s al l amina . 

The s e cond theo ry appears  mo r e  p l aus ib le b e c au s e  o f  the 

charact e r i s t i c  fe atur e s  un ique t o  the l E G duc t  c e l l  s uch 
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as var i a t i on i n  g ranu l e  s i z e and s t ructure , and the p r e s enc e 

o f  a c omb ina t i on of  fe atur e s  common to b o th muco s a l  ma s t  

c e l l s  and p l as ma c e l l s , f o r  examp l e  sma l l  e l e c tron den s e  

granul e s , b a s o ph i l i a at  l o w  pH , m e t a chroma s i a , p r e s ence o f  

a b i o g en i c  amine , PAS r e a c t iv i ty and nuc l ear c h roma t i n  

p a t t e rn . 

I t  i s  we l l  e s tab l i s h e d  that p l asma c e l l s a re d e r i v e d  

f r o m  l ymphocy t e s  (Ham a n d  C o rmack ,  1 9 7 9 ) . Exp e r iment a l  

evi dence  to d at e , in supp o r t  o f  a lympho cyte o r i g in fo r 

muc o s a l  ma s t  c e l l s  in  rat  and man , have b e en r evi ewed by 

Mi l l e r  ( 1 9 8 0 )  and B i enen s t o c k , B e fus , P e arce , Denburg and 

G o o da c r e  (unpub l i she d) . I t  i s  probab l e  that a lympho cy t e  

subpopul a t ion s p e c i f i c  t o  int raep i thel i a l  s i t e s  cou l d  b e  

imp l i c a t e d  in  the d e r iva t ion o f  I EG duc t c e l l s  o f  p a ro t i d  

and ventral b u c c a l  g l ands of  c a t t l e . Thi s  lymphocyte s ub 

popu l a t ion may o r  may not  b e  c l o s e l y  r e l ated t o  the p recur

sor  c e l l s  o f  the  muc o s a l  ma s t  c e l l .  It  i s  a l s o  t emp t ing to  

spe cul ate  on the  s i gni fi c anc e o f  muco s a l  mas t ce l l s  obs e rved 

in the pre s ent s tudy that s e emed to di fferent i a t e  in the 

v i c i n i ty of p l asma c e l l s  ( F i gures  3 . 2 . 3  and 3 . 2 . 4 ) ; th i s  

coul d  s ugg e s t  a lympho cyt e  o r i g in f o r  the muc o s a l  ma s t  

c e l l s  o f  c a t t l e  a s  wel l .  

A p r e l iminary h i s t o l o g ical  and h i s tochem i c a l  examination 

of  s h e ep p a ro t i d  g l and s t r i a ted  duc ts  e s t ab l i shed an app arent 

spe c i e s  di ffe rence b e tween intraep i the l i a l  duc t  c e l l s  o f  

s h e ep and cat t l e . I n  sheep , typ i ca l  mas t ce l l s  w i th un i f 

o rmly sma l l  cytoplasmic  g ranu l e s  and den s e l y - s ta ining 

nuc l e i  were o c c a s iona l ly o b s e rved intra e p i the l ia l ly . I n  

a d d i t i on a g r anul a r  c e l l  typ e wa s a l s o no t i c e d ,  e s s en t i a l ly 

s im i l a r  to I E G  duc t c e l l  o f  c a t t l e ,  with a nuc l eus s im i l ar 

t o  that  o f  a p l a sma c e l l ; howeve r the g ranu l e s  were un i fo r 

m l y  l arge , round and cons i de rably more e o s inophi l ic and 

we r e  s·urrounde d by Al c i an b l ue p o s i t ive b a s op h i l i c  ma t e r i a l  

( p H  1 . 0 and 2 . 5 ) ,  ( F igure 3 . 1 . 8 ) . Van L ennep et a l . ( 1 9 7 7 )  

who examined th i s  c e l l  ul t ra s t ructura l ly dur ing an inve s 

t i g a t i on o f  the she ep p a ro t i d  g l and , rep ort e d  the granu l e  

ma t r i ce s  to b e  homo g en e o u s . Th i s  f inding con t radi c t s  



ob s e rv a t i ons made in the p r e s ent s tu dy whe re the  g r anul e s  

o f  I E G  duc t c e l l s  i n  c a t t l e  app e a r e d  h e t e rog enous . The 

g ranu l ar  c e l l s  o b s e rve d in the ep i th e l i um of  the sheep 

aboma s um we re mo rpho l o g i c a l ly s imi l a r  to tho s e  of the sheep 

p a ro t i d  g l and s t r i a t e d  duc t s  but h i s tochemic a l ly there was 

l i t t l e  evi denc e of  cytop l a smic b as op hi l i a ,  a l t hough the 

granu l e s were d i s t inct ly a c i dophi l i c .  Such c e l l s  in the 

sheep aboma s um have been v a r i o us ly  d e s c r ib ed as e i ther  

g l obu l e  l eucocyt e s  (Kent , 1 9 5 2 ; Murray , Mi l l e r  and J a r re t t , 

1 9 6 8 )  o r  p l a sma c e l l s  w i t h  Rus s e l l  b o d i e s  ( Do b s on , 1 9 6 6 ) . 

T h e s e  p r e l iminary findings s e emed to indfc a t e  that 

va r i a t i on of the ep i the l i a l  g ranu l a r  c e l l  typ e may b e  

p r e s e n t , dep end ing o n  s p e c i e s  and anatomi c a l  l o ca t ion . 

9 0  
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Ove r two decades a g o , Kay ( 1 9 6 0 )  inve s t i g a t e d  ruminant 

s a l i vary s ec r e t i ons in  cons i de rab l e  de t a i l  and r ep o rt ed 

b r i e f ly on the h i s t o l o gy o f  the maj o r  and mino r s a l i vary 

g l ands o f  s h e e p  and c a t t l e . The paro t i d  g l ands o f  b o th 

s p e c i e s  w e r e  comp o s e d  o f  PAS n e g a t ive cubo i dal - shap e d  s e c 

r e t o ry c e l l s  ma inly sp e c i a l i s ed for  s e c re t ion o f  wa t e r  and 

e l e c trolyt e s , but s ub s equent h i s t o l o g i c a l  and h i s tochemi c a l  

inv e s t i g a t ions  b y  P a l  e t  a l . ( 1 9 7 2 ) , B i r t l e s  ( 1 9 8 1 )  and 

Vi g no l i  and Nogue i r a  ( 1 9 8 1 )  have e s tab l i s hed that in bovine 

p a r o t i d  g l ands in p a r t i cu l a r , the  s e c r e t o ry c e l l s  occas i o n 

a l l y  cons i s t e d  o f  d i a s t a s e  r e s i s tant PAS po s i t ive mat e r i a l . 

I n  the p re s ent  s tudy t h e s e  f ind ings were  con f i rmed ( F igure 

2 . 1 ) and in  a dd i t i on s ome s ec r e t o ry c e l l s  were found to 

c o n s i s t  o f  weak Alc i an b lue  (AB ) (pH 2 . 5 ) and c o l l o i dal  i ron 

p o s i t ive ma t e r i a l , a f e ature a l s o  demons t ra t e d  by Pal e t  a l . 

( 1 9 7 2 )  and V i g no l i  and Nogue i ra ( 1 9 8 1 ) . Immunoh i s to chem i c a l  

inve s t i g at i on s  wi th ant ibo d i e s  t o  bovine s a l iva ry p r o t e i n  

b ands 4 and 1 0  i s o l a t e d  b y  J o n e s  et  al . ( 1 9 8 2 ) , conf i rme d 

tha t mo s t  b o vine paro t i d  g l and s e c r e t o ry c e l l s  addi t i ona l ly 

c o n t a ined p r o t e inac i o u s  ma t e r i a l  which was not  de t e c t ed by 

h i s t o l o g i c a l  s ta ins ( F i gure 2 . 3 ) .  Thi s  fur the r  s t rengthens 

the va l i d i ty of  naming s e rous c e l l s  a s  p ro t eo s e rous c e l l s  

( B i rt l e s , 1 9 8 1 ) . 

From an a s s e s sment of  e xi s t ing h i s tochemi c a l  and b i o che� 

i ca l  dat a ,  it may be c on c l ude d that s ec r e t i ons of the bovine 

p a ro t i d  g l ands are  p r e dominant ly comp o s e d  o f  wat e r , e l e c t ro 

l y t e s  and p r o t e in s  wi t h  sma l l  amounts  o f  neut r a l  and ac i di c  

g ly cop ro t e i n s . The PAS po s i t ive mat e r i a l  c an b e  a t t r ibut e d  

t o  p ro t e in b and 5 ,  a g lycop r o t e in wh i ch c ontains  nume rous 

s i a l ic ac i d  s ubun i t s  (W . T .  Jone s , p e r s onal  c ommun i c a t i on ) . 

T h e  Al c i an b lue and c o l l o i da l  i ron po s i t ive mat e r i a l  rarely  

found in s ome t i s s ue s e c t ions examined ,  may b e  due  t o  sma l l  

quant i t i e s  o f  his t o chem i c a l ly de t e ctab l e  s i al i c  ac i d  res i d 

ue s .  Ac c o r d ing t o  V i g no l i  and Nogui e ra ( 1 9 8 1 ) , t h e  o ccur

r e n c e  of  PAS and AB p o s i t ive mat e r i a l  in bovine p a r o t i d  



g l a n d s , can b e  a s s o c i a t e d  wi th the age  o f  the anima l ; 

c a l ve s aged  b e tween 5 and 1 3  months had cons i derably h i gher  

l e v e l s  o f  g lycopro te ins  than mo r e  mature anima l s . Th i s  

phenomenon wa s no t exp l o re d  in  the p re s ent  s tudy . S a l ivary 

p ro t e in b and 4 s ec r e t e d  b y  the p ar o t i d  g l ands has b e e n  

co r r e l a t e d  w i th b l o a t  s us c ep t ib i l i ty in c a t t le (Mc i nt o s h  
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and C o ckram , 1 9 7 7 )  and was , i n  the p re s ent  inve s t i ga t ion , 

equa l ly d i s t r ibuted in p ar o t i d  t i s s ue s amp l e s  o f  b o th L . S .  

and H . S .  anima l s . Thi s unusual  f i nding i s  l ik e l y  to invo lve 

p o o r l y  unde r s to o d  cel l u l a r  r e g u l a t o ry mechan i sms a s s o c i a t e d  

w i t h  p ro te in s e cret i on . Re cent l y , P a t t e r s on e t  a l . ( 1 9 8 2 )  

have rep o r t e d  that p ro t e in s ec r e t i on from the s h e ep p a ro t i d  

g l an d s  invo lved a S- adrene r g i c  ( sympathe t i c )  comp onent 

p r ominent upon commenc ement of f e ed ing . I f  a s im i l a r  s e c 

r e t o ry component exi s t s  i n  cat t l e , a valuab l e contribut i on 

to p r e s ent unders tanding cou l d  b e  made by examining the 

e ff e c ts o f  s - sympa the t i c  s t imul a t i o n  on p ro t e i n  s e c r e t ion 

f ro m  L . S .  and H . S .  an ima l s , e sp e c i a l ly in r e l a t ion t o  s e c 

re t i o n  o f  p r o t e in band 4 .  Al though the s ymp a the t i c  e ffects  

on r uminant p a ro t i d  s a l i vary s e c r e t i on has  b e en c a r e fu l l y  

exp l o r e d ,  i t  i s  l ikely  t h a t  owing to syne rg i s t i c  influence s , 

( B a b k in , 1 9 5 0 )  b o th symp athe t i c  and p ara symp athe t i c  inn e r 

vat i on may b e  imp l ica t e d  in  p ro t e in s e c r e t ion from p a r o t i d  

g l an d s . P a t t e rson e t  a l . ( 1 9 8 2 )  a dd i t iona l l y  c o r r e l a t e d  

p r o t e in s e cr e t ion with magne s ium ion  concen t r a t i o n  o f  p a r 

o t i d  s a l iva . A po s s ib l e  exp l ana t ion f o r  thi s  a s s o c i at ion 

c o u l d  be  the influence o f  e i th e r  an intrace l lu l a r  o r  a 

c e l l ul a r  memb rane pro t e in t rans p o r t  mechani sm wh i ch ut i l i s e s 

mag n e s ium i ons . 

A hi s to l og i c a l  survey o f  the  p a ro t i d gl and duc t a l  sys t em 

s ho w e d  that b a s a l  s t r i a t ions whi ch hou s e  m i t ochond r i a  

( P i n k s t af f , 1 9 8 0 )  w e r e  n o t  a f e a ture o f  the bovine p a ro t id 

g l and intra l obular duc t s  ( F igure 2 . 2 . 3 ) .  A s im i l a r  conc lus 

i o n  was r e a ched by Shac k l e fo rd and Wi l b o rn ( 1 9 6 9 ) , P a l  e t  a l . 

( 1 9 7 2 ) , P inks taf f  ( 1 9 8 0 )  and V i gno l i  and Nogue i ra ( 1 9 8 1 ) . 

I n  the p r e s ent s tudy , howeve r ,  numerous b a s a l  s t r i a t ions 

we r e  i dent i f i e d  in  s h e e p  p aro t i d  g l and s t r i a t e d  duc t s  ( F i g 

u r e  2 . 2 . 4 ) ,  a finding u l t ra s tructura l ly c on f i rmed by 



van L ennep e t  a l . ( 1 9 7 7 ) . Kay ( 1 9 6 0 )  wa s no t awa r e  o f  the 

s i gn i ficance o f  b a s a l  s t r iat ions  in paro t i d  g l and duc t s  o f  

e i t h e r  sheep o r  c a t t l e  and conc l uded that the rum inant 

p a r o t i d g l an d s  p ro duc e d  a n  i s o t o n i c  s e cre t ion and we r e  

un l i k e  the g l ands o f  mos t mammal i an sp e c i e s  wh ich p r o duced 
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a hyp oton i c  s e c r e t i on . Howeve r ,  Compton e t  a l . ( 1 9 8 0 )  rep 

o r t e d  from m i c r opuncture inve s t i g a t ions that the s he e p  

p a r o t i d  g l and duc t a l  sys t em was capab l e  o f  wat e r  a n d  e l e c t iU 

ly t e  tran s p o r t  and s e cre t ion o f  hypotonic  s a l iva . The 

l a c k  of b a s a l  s tr i at ions  in intra l obular duc t s  of bovine 

s p e c i e s  s ug g e s t s that the s e  duc t s , unl i k e  tho s e  of the 

she e p  p a ro t i d  g l ands , a r e  no t a c t ively eng aged  in  wat e r  and 

e l e c t r o l y t e  t ranspo r t  and thu s  s ec re t e  an i s o to n i c  s a l iva . 

The func t i o n a l  s i gni f i cance o f  an i s o to n i c  s ec r e t ion c an 

b e  a t tribut e d  t o  a con s i de rab l e  s aving o f  osmo t i c  ene rgy 

made from r e duced duc t a l  trans p o r t  of ions , thereby enab l ing 

the animal to achi eve a higher r a t e  of s e cre t ion . Ac cord ing 

to S hack l e fo rd , ( 1 9 6 9 )  i on i c  t r anspor t a t i on in the bovine 

p a r o t i d  g l ands is  p r ima r i ly conducted by l a t e r a l  surface  

mo d i f i c a t i o n s  o f  the p ro t eos erous s ecretory c e l l s  wh i l e  

int r a lobular duc t s  may h ave a s ec ondary ro l e . 

Ano ther s i gni f i cant feature o f  bovine p a ro t i d  g l and 

int r a l obul a r  duc t s  wa s the p r e s ence  of PAS p o s i t i ve m a t e r i a l  

a n d  ap i c a l  b l ebs in s ome duc t  c e l l s  ( F igure 2 . 2 . 1 ) . Although 

s om e  o f  the PAS po s i t iv e  ma ter i al was d i a s t a s e l a b i l e , the re  

w a s  a s igni f i c ant amo unt o f  d i a s t a s e  re s i s t ant ma t e r i al 

wh i ch c ould  b e  attr ibut ed t o  neut ral glycopro t e in s . A 

s im i l ar con c l u s i on was reache d by Shackl e fo rd ( 1 9 6 3 ) , Pal  

e t  a l . ( 1 9 7 2 ) , B i r t l e s  ( 1 9 8 1 ) and Vi gno l i  and Nogue i r a  

( 1 9 8 1 ) . T h e  PAS p o s i t ive mat e r i a l  may b e  re l e a s ed t o  the 

duc t lumen v i a  an apo cr ine s ec r e tory me chan i s m  wh i ch coul d 

a c c o unt fo r the p r e s en c e  o f  ap i c a l  b l eb s . 

The exc r e to ry duc t  o f  the bovine paro t i d  g l and was 

c h a rac t e r i s e d  by nume rous gob l e t  c e l l s  ( F i gure s 2 . 1 . 3  and 

2 . 1 . 4 ) whi c h  conta ine d ac i d i c  and neutral  muc o s ub s t ance s ;  

t h e s e  finding s p a ral l e l e d ob s e rvat ions by Shack l e ford and 

Kl apper  ( 1 9 6 2 ) , P a l  e t  al . ( 1 9 7 2 ) , B i r t l e s ( 1 9 8 1 )  and 



V i g no l i  and Nogue i ra ( 1 9 8 1 ) . The a c i dic  muc o s ub s t an c e s  o f  

t h e  g ob l e t  c e l l s  w e r e  found t o  cont a i n  b o th carboxy l i c  

a n d  sulpha t e  g roup s . The t o t a l  s ec r e t ion e l ab o r a t e d  by 
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t h e  bovine p a rot i d  g l ands coul d the r e fo re cons i s t  o f  wat e r , 

e l e c tr o ly t e s , p r o t e i n s , neut r a l  muc o s ub s t ances  and a c i d i c  

muc o s ub s tanc e s  comp o s e d  o f  s i a l i c a c i ds a n d  sulpha t e d  g lyco 

p r o t e in s , the l a t t e r  s e c reted  by gob l e t c el l s .  

I t  i s  doubtful whe ther  the p a ro t i d  g l ands o f  c a t t l e  c o n 

t r ibute s i gni f i c ant l y  t o  t h e  ma intenanc e o f  t h e  muc o s al 

i mmune sys t em s ince p l a sma ce l l s  were infr equen t l y  ob s e rved 

in p a r o t i d  t i s sue s . One exp l an a t ion c ou l d  b e  the high 

con t inuous s a l ivary f l ow rate  p rovid ing enhanced p ro t ec t ion 

a g a ins t ant i g eni c  s t imul a t ion (Wa t s o n  and Las c e l l e s , 1 9 7 3 ) . 

Ano the r po s s ib i l i ty i s  that l E G  duc t c e l l s  rather than 

p l a sma c e l l s  may p r ima r i ly medi a t e  mucos a l  immun i ty , alth

o u gh the  exact  mechani sms invo lved a r e  a t  p re s ent  unc l ear . 

Th i s  hyp o t he s i s i s  s up p orted  by the o b s e rv a t i on that of  a l l  

t h r e e  maj o r  s al ivary g l ands examine d ,  l EG duc t  c e l l s  were 

l o c a t e d  only in the duc t al  ep i th e l ium of the p ar o t i d  g l ands . 

B o t h  the mandibul a r  and sub l ingua l g l ands con t a i n e d  s ubs tan 

t i a l  numb e r s  o f  p l a sma c e l l s , but no t l E G  duc t  c e l l s . 

Bovine mandibul a r  g lands , unl ike the p a ro t i d  g l ands , 

w e r e  p r e dom inant ly s p e c i a l i s e d  fo r the s e c r e t ion o f  muco 

s ub s tance s .  Long tub u l ar endp i e c e s  o f  the mand ibul a r  g l ands 

w e r e  comp o s e d  of  muc o u s  ce l l s  and dem i l un e  c e l l s , the i r  

h i s t o l o g i c a l  and u l t r a s tructura l  feature s have b e en de s c r i b ed  

b y  Shackl e fo r d  and K l a pp e r  ( 1 9 6 2 ) , Shackl eford and W i l b o rn 

( 1 9 7 0 ) , B l o om and Car l s o o  ( 1 9 7 4 )  and B i r t l e s  ( 1 9 8 1 ) . 

Mucous c e l l s  o f  t h e  b ovine mandi b u l a r  g l and were  found 

t o  contain neutral  and carbo xy l a t e d  a c i d  mucosub s t anc e s , a 

conc lus ion a l s o  r e ache d  by Shac k l e f o r d  and Kl app e r  ( 1 9 6 2 )  

and B i r t l e s  ( 1 9 8 1 ) . The comp o s i t i on o f  muco s ub s t ance s  was 

p r i ma r i l y  d emons t ra t e d  with PAS , AB and To lud ine b lue s ta i n 

i n g  te chn i ques , a l though Quint a re l l i  ( 1 9 6 3 a ) , from h i s t o 

c h emical  inve s t i gat i on s  o f  mamma l i an s a l ivary g l ands , found 

t h e  bovine mandibul a r  g l and muc o s ub s t anc e s  to be To ludine 
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b l u e  negat ive and non - m e t achroma t i c , a r e sul t d i sput e d  in  

the  p re s ent  s tudy ( F i gure  2 . 4 . 3 ) .  Al though the theory of  

m e t achroma t i c  reac t i on s  i s  s t i l l  in s ome dou b t  ( Cu l l ing , 

1 9 7 4 ) , i t  i s  l i kely  tha t a l l  a c i di c  g roup s i nduc e e i th e r  

purp l e  o r  purp l e - red m e t achroma s ia depend ing on  the i r  mo l 

e c u l a r  w e i g h t  and p o lyme r i c  nature . F o r  examp l e  s trongly 

ac i d i c  g roup s found in  c onne c t ive t i s sue muc opolys accha r i de s  

r e v e a l  a deep purp l e  t o  red met achroma t i c  c o lour  n o t  evi dent 

in  e p i t he l i a l  mucous s ec r e t ions . In  the p r e s ent  s tudy , 

b ov i n e  s a l i v a ry g l and mucosub s t anc es  exh i b i t e d  purp l e  me t a 

ch r omas i a ,  d emons trat ing  the p r e s ence o f  mo d e ra t e ly s t rong 

ac i d  rad i c l e s such a s  t ho s e  of c a rboxyl g roup s . The purp l e  

me t a chroma t i c  co l our  o f  the man d i bul a r  g l and mucous c e l l s  

i s  mainly due to the c a rboxyl g roup s o f  s i a l i c  a c i d  r e s i d 

ue s , a r e su l t  con f i rmed b y  neuramini das e d i g e s t ion fo l l owed 

by AB s t a in ing  ( Fi gure s 2 . 4 4 9  and 2 . 4 . 1 0 ) , and a l s o  from 

h i s t ochemi c a l  (Quintar e l l i  et a l . , 1 9 6 0 )  and b i o chem i c a l  

( J o n e s  e t  a l . ,  1 9 7 7 )  s tudi e s . T h e  maj o r s i a l i c  a c i d  r e s i d 

u e s  i n  b ovine mandibu l a r  g l and s e c re t ions have b e e n  i dent 

i f i e d  a s  N - a c e ty lneuraminic  a c i d  ( 3 7 % ) , N - a c et y l - 9 - 0 -

a c e t y lneuram i n i c  ac i d  ( 3 3 % )  and N - g lyco lylneuram i n i c  a c i d  

( 1 7 % ) , (He rp e t  a l . ,  1 9 7 9 ) . 

Wh i l s t  the  s i a l i c  a c i d  d e r i va t ive s o f  the bovine s a l iv 

a ry g l and s ec r e t i ons have been we l l  charac t e r i s e d , the 

p re s enc e of s ulphate g roup s  in the  mandibul a r g l and o r  in 

b o v ine s a l i va ry muc o s ub s tanc e s , in  gene ra l , have r e c e ived 

l i t t l e a t t ent i on . I n  the p r e s ent inve s t i g a t ion a few mucous 

c e l l s  of the mandibul a r  g l ands conta ine d v e ry weak AB s ta i n 

i n t  at pH 1 . 0 .  Th i s  cou l d  b e  a t t r ibut e d  t o  t h e  p r e s ence  o f  

sma l l  amoun t s  of  sulpha t e d  g lycop rote ins o r  s ia l o - s ulphat e d  

g l y copro te i n s  ( Re i d  a n d  C l amp , 1 9 7 8 ) , ra the r than t o  de r iv

a t i v e s  of  chondro i t in s ulphat e s , s inc e AB  s t a ining at  l ow 

pH  was  r e t a ined a f t e r  hyaluron i da s e  d ig e s t i on . AB s t aining 

a t  pH  1 .  0 a s c r ib ed to " s ulphomucins" has b e e n  demon s trated  

by Pal  and Chandra ( 1 9 7 9 )  in the mand ibul a r  g l and o f  the 

wa t e r  buffa l o , a c l o s e l y  r e l a t e d  bovi dae sp e c i e s . The i r  

h i s tochem i c a l  finding s app e a r e d  s im i l a r  t o  tho s e  ob s e rved 

in catt l e  in  the p r e s ent  s tudy , excep t that the autho rs have 



b ro adly att r ibut e d  AB s ta ining at  pH 2 . 5 to " s i al omuc ins 

and hyaluroni c  ac i d" , n e i ther  of wh ich were conf i rmed by 

e n z ymic d i g e s t ion . 
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I n  cont r a s t  to muc ou s  c e l l s ,  the h i s t o chem i s t ry o f  the 

b o v ine mandibul ar  g l an d  dem i l une s has r e c e iv e d  l i t t l e  

a t t ent i on . The demi l un e s were  l a rg e  cons p i cuous c e l l s  

w e a k l y  PAS and AB (pH 2 . 5 )  po s i t ive demon s t rat ing the 

p r e s ence of neut r a l  and carboxy l a te d  a c i di c  muco s ub s t anc e s . 

S im i l a r  r e s u l t s  w e r e  a l so repo r t e d  by Shackl e fo r d  and 

K l apper ( 1 9 6 2 )  and B i rt l e s  ( 1 9 8 1 ) . The p rominent ac idop h i l  

g r anul e s  o f  the demi l un e s  ( F i gu r e  2 . 4 . 6 ) could cont a in s ome 

e n do g eneous p e roxida s e  ( B l oom and Carl s o o , 1 9 7 4 )  and bovine 

s a l ivary p r o t e in b and 8 which was  l o c a t e d  immunoh i s tochem i c 

a l ly i n  the demi l une s ( F i gure 2 . 4 . 8 ) .  

An unusual p rop e r ty of  the demi lune a c i doph i l  g ranu l e s , 

n o t previ o u s ly inve s t i ga t e d , c o u l d  be  in  the i r  ab i l i ty t o  

"ma s k" r e s i dues  o f  any s i a l i c  ac i d  p r e s ent i n  t h e  demi lun e s , 

s o  that s uc h  res i du e s  woul d  r ema in inacc e s s ib l e  to h i s to 

l o g i c a l  s t a ins . Quint a r e l l i  ( 1 9 6 3b )  inve s t i g a t e d  t h i s  mas 

k ing  e ffect  o f  s i a l i c  a c i d  r e s i dues  by b a s i c  p ro t e ins and 

r e c ommended the u s e  o f  a p r o t e o l yt i c  enzyme to unmas k  the 

r e s idue s . According to Quint a re l l i , s i a l i c ac i d  may be  

p re s ent in  two d i f f e r e n t  fo rms , a bound fo rm de t e c ted aft e r  

p ro teo lyt i c  a c t i on , and a n  unbound form e a s i l y  d e t e c t e d  and 

s u s c ept ib l e  to m i l d  ac i d  hydro l y s i s . I n  the p re s ent inve s 

t i g a t ion a p ro t e o lyt i c  enzyme was  no t us e d  but the B IAL 

r e a c t ion (Cul l ing , 1 9 7 4 )  s p e c i f i c  for s i a l i c  ac i d ,  y i e l de d  

a p o s i t ive re sul t o n l y  i n  t h e  demi lune c e l l s . I t  i s  po s s ibl e 

t h a t  the m i l d  hydro l y t i c  a c t i o n  of  h e a t ing HC l ac i d  t o  7 0 ° C 

du r ing the B IAL t e s t  would have removed s i a l i c  a c i d  r e s i due s 

f rom the mucous c e l l s  wh i l e  unma s k ing tho s e  o f  the demi lune s .  

T h e  red - br own reac t i o n  produc t , sp e c i f i c  for s i al i c  ac i d , 

w a s  the refore  l o c a t e d  only in the dem i lunes  ( F igure 2 . 4 . 7 ) .  

Th i s  " unmas king" a c t i o n  o f  the B IAL r e a c t ion i s  howeve r not 

c l ea r ,  a l though it i s  p o s s i b l e  that the B IAL t e s t  wou l d  

h ave produced d i f f e r e n t  resul t s  i f ,  a s  r e c ommended by 

C u l l ing ( 1 9 7 4 ) , forma l in vap ou r - fixed s e c t i ons were u s e d  fo r 



the  t e s t  in s t ead o f  fo rma l in- fixed paraffin s ec t i on s , u s e d  

in  t h e  p re s ent  inve s t ig at ion . The l a t t e r  f ixat ive w a s  a l s o  

foun d to enhance A B  s ta i n ing o f  mandi b u l a r  g l and demi lune s , 

( s e e  B i r t l e s , 1 9 8 1 ) . The reas ons fo r thi s fixat ive - depen 

dent s t a i n i n g  effect  o f  mand ibular  g l and dem i l une s we re 

no t inve s t i ga t e d , a l tho ugh it i s  l i ke ly tha t forma l in  may 

s ub s t ant i a l l y  reduce the  ma s king e ff e c t  o f  b a s i c  p r o t e ins . 
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The c o n t en t s  o f  s ome dem i l une s we r e  a l s o  weakly r e ac t ive 

t o  AB  a t  pH  1 . 0 , ind i c a t ive o f  ne g l ig i b l e  amoun t s  o f  sulph

a t e d  o r  s i a l o '"" s ulphated g lycopro t e ins . A s im i l a r  re s u l t  was 

r ep o r t e d  by Pal and Chandra ( 1 9 7 9 )  in  the  mand ibu l ar g l ands 

o f  the wa t e r  buffa l o , but it is unc l e a r  whe t h e r  the r e fe r 

enc e was s p e c i f ic a l l y  t o  a demi l une c e l l  o r  an al t e rnat ive 

c e l l  typ e  the autho r s  have d e s c r ibed as  a " s e romucous end 

p i e c e  c e l l" which was a l s o  r e f e r r e d  to a s  a " s erous demi 

l un e " .  

The int r a l obular duc t s  o f  the mand ibul a r  g l ands  were  

c omp o s e d  of  tall  c o l umna r  c e l l s  w i th di s t inct bas a l  s t r i a t 

i on s  ( F ig ur e s  2 . 4 . 3 and 2 . 4 . 6 ) .  The s e  s t r i a t e d  ( int r a l ob 

ul a r ) duc ts  wou l d  b e  capab l e  o f  p ro duc ing a hyp o t o n i c  s a l iva 

( K ay , 1 9 6 0 )  by conduc t ing duc t a l  wat e r  and e l e c t ro l y t e  t r an s 

p o r t  o f  ions  (Young and van Lenne p , 1 9 7 9 ) . On the o ther  

hand the  p a r o t i d  g l and intr a l obul ar  duc t s  l ac k  b a s a l  

s tr i a t i ons ( F i gure 2 . 2 )  and p r o duce a n  i s o t on i c  s a l iva ( Kay , 

1 9 6 0 ) . Howev e r, two f e atures  i dent i f i e d  i n  s ome p a ro t id g l and 

i n t r alobu l a r  duc t c e l l s , the p r e s ence of PAS p o s i t ive mat e r 

i a l  and ap i c a l  b l eb s , ( Figure 2 . 2 . 1 ) were a l s o  no t i c e d  i n  

t h e  mand ibu l ar g l and s tr i a t e d  duc t s . The ma in excre t o ry 

duc t  o f  the mand ibul a r  g l and , unl ike that o f  the p a ro t i d , 

d i d  not  c on t a i n  gob l e t  c e l l s  ( Fi gure 2 . 4 . 1 2 ) , a f in d ing a l s o  

r ep o r t e d  b y  B i rt l e s  ( 1 9 8 1 ) . Howeve� gob l e t  c e l l s  have b een 

i d en t i fi ed in  the  ma i n  e xc r e to ry duc t  o f  the sheep  mandib 

ul a r  g l and (Ar iyaku l k a l n , 1 9 8 1 ) . 

The mo rpho logy o f  the bovine s ub l ingual g l and s e c r e t o ry 

endp i e c e s  d i ffered from tho s e  o f  the mand ibul a r  g l and . The 

endp i e c e s , a l though tubul ar , cont a ine d f l a t t ene d ,  inconsp i c -
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uous demi lune c e l l s  which con t r a s t e d  s h a rply in  mo rpho l o gy 

w i th tho s e  of the mandibu l a r  g l ands . The s e c re t o ry p r o du c t s  

o f  t h e  muc ous c e l l s  w e re mo s t ly neu t r a l  and ac i d i c  muco 

s ub s t ance s ;  the s e  f i nd ing s p a r a l l � l ed o b s erva t ions by 

S hack l e fo r d  and Kl app e r  ( 1 9 6 2 )  and B i rt l e s ( 1 9 8 1 ) . The 

a c i d i c  muc o s ubs tanc e s  were AB (pH  2 . 5 ) ,  c o l l o i da l  i ron and 

T o l udine b l ue p o s i t i ve , but n e uramini das e  d i g e s t io n  fa i l e d  

t o  e l imina t e  AB s ta i n ing a t  pH  2 . 5 ; t h i s  demons t ra t es that 

mo s t  s i a l i c  ac i d  r e s i dues  of s ub l ingua l g l and mucous c e l l s  

w e re n o t  neuramin i da s e l ab i l e  and c oul d b e  s t ruc tur a l ly 

d i fferent f rom tho s e  of the mandibul ar g l ands . B i o chem i c a l  

s tud i e s  have addi t i o n a l l y  e s t ab l i shed  a d i fference in com

p o s i t i on b e tween the mucous fractions  o f  the two g l ands 

(Tab l e  1 . 2 ) .  

H i s to ch emi cal  demon s t rat i on of  sulphate g roup s  in bovine 

s ub l ingua l g l ands e s t ab l i s hed  that muc o u s  c e l l s  we re reac 

t ive t o  AB at pH 1 . 0 ( F i gure 2 . 5 . 2 ) ind i c at ing the p re s en c e  

o f  a sulphated or s i a l o- s ulpha t e d  g lycop r o tein . I n  cont ra s t  

t o  the mand ibul ar g l and , prop o r t ionat e l y  mo re  s ub l ingual 

g l and mucous c e l l s  we r e  AB p o s i t ive a t  l ow pH . 

Mo s t  demilunes  o f  the s ub l i ngua l g l ands r e a c t e d  immuno 

h i s t o chem i c a l ly with ant i bovine s a l ivary pro t e in b and 9 

a n t i b o dy ( F i gure 2 . 5 . 6 ) and a few s ta i n e d  we akly w i th PAS . 

The s ec r e t o ry p ro duc t s  o f  the demi l une s unl ike tho s e  o f  the 

mandib u l a r  g l and dem i lune s were mai nly p ro t eo s e rous with 

l i t t l e  evi denc e of  e i the r a c i d i c  or neutral  muco s ub s tance s .  

S t r i a t e d  duc t s  o f  the bovine sub l ingual g l ands were 

i dent i c a l  to tho s e  o f  the mandibular  g l ands , w i th t a l l  

c o l umnar c e l l s  and d i s t inct b a s a l  s t r i a t i ons ( F i gure 2 . 5 . 5 ) .  

I n  cont ra s t  to mo s t  s p e c i e s , inc luding s heep , the paro t i d  

g l ands con s i s t  of  we l l  deve l o p e d  s t r i a t e d  duc t s  whi l e tho s e  

o f  the mandibul ar and sub l ingual  g l ands are poo rly deve l op e d  

( L e e s on , 1 9 6 7 ) . The p re s en t  inv e s t i g a t i o n  has h i s t o l og i c 

a l ly e s t ab l i shed that in c a t t l e ,  s t r ia t e d  duc t s  are d i s t rib 

u t e d  only in  the mand ibul ar and sub l ingua l g l ands , find ing s 

wh ich have not been p reviou s l y  r epo r t e d . Phys i o l o g i cal ly , 



we l l  deve l op e d  s t r i a t e d  ducts  a r e  usual ly  a s s o c i a t e d  w i th 

a hypo ton i c  final s a l i va ( Young and van L ennep , 1 9 7 9 ) . 

K a y  ( 1 9 6 0 )  d i d  not rep o rt the p r e s ence o f  s t r i a t e d  duc ts  in  

e i ther man d i b u l a r  or  s ub l ingua l g l ands b u t  found the i r  

s e cret i on s  t o  b e  hypo t o n i c . 
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An unu s u a l  f e a t u r e  o f  the bovine sub l ingual  g l ands was 

t h e  app arent  hi s to l o g i ca l  var i a t ion from one re g i on to 

anothe r ( F i gures  2 . 5 . 3  and 2 . 5 . 4 ) .  Some areas o f  s ub l ingua l 

g l and t i s s ue s amp l e s  e xamined were comp o s e d  o f  dens e l y  

p a cked s e c re to ry endp i e ces  and p o o r ly develop e d  int r a l obul a r  

duc ts  w i thout b a s al s t r iat i ons . P l a sma c e l l s , a c ommon 

f eature o f  bovine s ub l ingual g l ands , w e r e  no t e v i de nt in  

s uch r e g i on s . Howeve r, mo s t  areas  o f  the sub l ingual g l ands 

c ons i s t e d  of s e c r e t o ry endp i e c e s  d i s t r ibuted among i rr e g 

u l a r l y - a rranged conn e c t ive t i s s ue bund l e s  whi ch contained 

s everal  p l a sma c e l l s  and we l l  deve l op e d  s tr i a t e d  duc t s . 

Shackl e fo r d  ( 1 9 6 3 )  r emarked b r i e fly on the  h i s t o l o g i c a l  

va r i a t ion o f  bovine s ub l ingual g l ands w i t h  r e f e rence t o  " a  

p ronounc e d  d i fference i n  the r e l a t ive numb e r s  o f  muc ous and 

non - mucous e l ement s  f rom one a r e a  to ano ther" , b ut the r e  

wa s n o  men t ion o f  p l a sma c e l l s  o r  s t r i a t e d  duc t s . The 

s i g n i f icance  of thi s h i s to l og i c al  var i a t i on i s  unknown ; 

t i s sue s o f  o ther  bov ine s a l iva ry g l ands e xamine d in  the 

p r e s ent s tudy did not exhib i t  reg ional va r i a t i on . 

Hi s to l o g i c a l  and h i s tochem i c a l  s tud i e s  o f  the m ino r 

s a l ivary g l ands o f  c a t t l e  have b e en we l l  documented by 

B i r t l e s  ( 1 9 8 1 ) . Of  the buc c a l  g l ands , the vent r a l  buccal 

wa s h i s t o l o g i c a l ly ident i c a l  to the p a ro t i d .  Ruminant ven 

t r a l  buc c a l  g l ands inve s t i g a t e d  to dat e , have b e e n  r ep o r t e d  

a s  gene r a l ly s imi l a r  t o  the i r  p a ro t i d  g l ands (Young and van 

L e nnep , 1 9 7 8 )  and could funct iona l ly s upp l ement the paro t i d  

s a l ivary s ec re t ion . 

The mucous c e l l s  o f  the i nt e rme d i a t e  buc cal g l ands con 

t a ined a c i d i c  and neut ral muc o s ub s tan c e s  wh i ch were hi s to 

ch emi ca l l y  s imi l ar to sub l ingual  gl and muco s ub s t anc e s , wh i l e  

t h e  demi l une s were p ro t eo s e rous and immunoh i s tochemi ca l ly 
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found to contain s al iva ry p r o t e in b and 4 (F i gure 2 . 6 ) .  B i o 

chemical  inve s t ig a t i o n s  have shown the interme d i a t e  buc c a l  

g l ands t o  b e  unusual  i n  po s s e s s ing t ra c e s  o f  a l l  bovine l ow 

mo l ecular  we ight s a l i va ry p r o t e ins ( Tab l e  1 . 1 ) . The s i g 

n i f i cance o f  th i s  f i nding , re l at ive t o  a l l o the r bovine 

s a l ivary g l ands and p a rt i c u l a r ly in re l at ion to future 

inve s t i g a t ions is  no t c l ea r , a l though it  app e a r s  that g e n 

e t i c mat e r i a l  requ i r e d  fo r s ynthe s i s  o f  b ovine s al i va ry 

p r o t e ins has b een r e t a in e d  by only the i n t e rme d i a t e  buc c a l  

g l ands , in  add i t ion t o  a n  ab i l i ty t o  di fferent i a t e  l E G  duc t  

c e l l s obs e rved in  t h e  paro t i d  g l ands . 

The d o r s a l  b uc c a l  and p a l a t ine g l and mucous c e l l s  c on 

t a ine d hi s to chemi c a l l y  s imi l a r  s ecre t o ry pro duc t s  t o  tho s e  

o f  the int e rme d i a t e  b uccal  and sub l ingu a l  g l ands : the 

demi l un e s  were usu a l l y  r e frac t o ry to a l l  sta ins u s e d  a l t h 

o u gh immunoh is tochemi c al s t u d i e s  we re no t conduc t e d  t o  

i nve s t ig a t e  the po s s ib l e  d i s t r i but i on o f  s a l ivary p ro t e i n s . 

Areas  o f  prot e o s e rous l obul e s  were  f r equent ly obs e rve d 

in  do r s al and int e rmediate  buccal  g l ands and the p a l a t ine 

g l ands . I t  is  the r e f o re l ik e l y  that th e s e  thr e e  mino r 

g l a nds  a l ong with the vent r a l  bucc a l , contribute s i gn i f 

i c an t ly t o  the vo lume o f  the t o t a l  s e c r e t ion from the bovine 

s a l ivary g l ands . Kay ( 1 9 6 0 )  previous l y  c onc l uded that the 

t o t a l  vo l ume of  s al i v a  s e c r e t e d  by the mino r  g l ands , app rox

i ma t e l y  equa l l ed the vo lume s ec r e t e d  b y  the  paro t i d  g l ands . 

B i r t l e s  ( 1 9 8 1 )  p r e s en t e d  e v i dence i n  favour of  a p o s 

s ib l e  ho l o c r ine s e c re t o ry me chani sm found in do r s a l  and 

i n t e rme d i at e  buc c a l  g l ands and p a l a t ine g lands , f indings 

wh i ch we r e  confi rmed in the p r e s ent s tudy ( F i gure s 2 . 7 . 4  

and 2 . 8 . 4 ) .  The s ig n i f i c ance  o f  thi s s e c re t o ry mechani sm 

o b s e rved only in s ome bovine s a l ivary g l ands is s p e cul a t ive . 

A t yp ic a l  s e c re t o ry me chani sms have not  b e en rep o rt e d  from 

inve s t ig a t i ons on s al ivary g l ands of o th e r  mamma l i an s p e c i e �  

Mucous c e l l s  o f  s al ivary g l and t i s s u e s  i n  the pos t e r i o r  

t o ngue w e r e  his tochem i c a l l y  s im i l a r  to thos e of  the 
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s ub l ingu a l  g l ands , do r s a l  and int e rmed i a t e  bucc a l  and 

p a l a t ine g l ands . The dem i l un e s , howeve r ,  oft e n  cont a ined 

c a rboxy l a t e d  and s ul phated muco s ub s tanc e s  and PAS p o s i t ive 

n e ut ral  muco s ub s tan c e s  ( Fi gure 2 . 9 ) ,  f e a t ures no t o b s e rv e d  

i n  dem i l un e s  o f  e i t h e r  t h e  s ub l ingua l g l a nds o r  t h e  three 

p re v i ous l y  des c r ib e d  m ino r g l ands . Add i t ion a l ly p r o t e o s e r 

o u s  l obul e s  were no t p re s ent . 

The pharyng e a l  g l ands usual ly disp l ayed mo rpho l o g i c a l  

f e a tures n o t  evi dent i n  the o ther  mino r g lands . The s e c r e t 

o ry endp i e c e s  were  s ho rt and tubul ar  w i th consp i cuous demi 

l un e s  tha t  cont a ine d a c i dophi l i c  g ranul e s , neut ral  and c a r 

b o xy l a t e d  muco s ub s tances . I n  g eneral  t h e  hi s tochemi cal  

c o mp o s i t i on o f  the  demi l unes were  s imi l a r  to  tho s e  o f  the 

mandibul a r  g l ands b ut the pha ryng e a l  g l an d  dem i l un e s  s ta in e d  

mo re int ens e ly fo r muco s ub s tances . The s e cr e t o ry p ro du c t s  

o f  t h e  mucous ce l l s were  s im i l a r  to tho s e  from muco us c e l l s  

o f  p o s t e r i o r  tongue , p a l a t ine , do r s a l  and int e rme d i a t e  

b uc c a l  a n d  s ubl ingua l gl ands . 

The int ralobul a r  duc ts o f  the pharyn g e a l  g l ands we r e  

u s ua l ly l ine d w i th gob l e t  c e l l s  and t h e  s e cr e t o ry endp i e c e s  

o f t en app e a r e d  t o  dra in d i r e c t l y  into i n t ra l obul ar  duc t s  

( F i gure s 2 . 1 0 and 2 . 1 0 . 4 ) ; t h i s  dra inage  pat t e rn h a s  b e en 

r ep o rt e d  fo r s a l ivary g l ands o f  other s p e c i e s  (Young and 

van Lennep , 1 9 7 8 ) . Howeve � b o th the above features  and 

p a r t icul a r ly gob l e t  c e l l s , w e r e  no t ob s e rve d in the int r a 

l ob u l ar duc ts  o f  o t h e r  bovine maj o r  and m ino r s a l ivary 

g l ands . 

The pharyngeal  g l ands shared in common w i th b o th sub 

l ingua l  and the man d i bular g l ands , the p re s ence o f  nume rous 

s ub e p i the l i a l  p l a s ma c e l l s , d i s t r ibut e d  b etwe en endp i ec e s  

and c l o s e to intral o b u l ar duc t s  ( F i gure 2 . 1 0 . 2 ) . Th i s  s i g 

n i f i c ant p re l iminary finding e s tab l i s h e d  that humo ral  muc o s al 

immun i ty me d i a t e d  v i a  the bovine s a l iva ry gl ands i s  ma inly 

p rovided by immuno g l obul ins synthe s i s ed and s e c re t e d  by . 
p l a sma c e l l s o f  the s e  thre e g l ands . The sub l ingual g l ands 

in  p a rt i cular  conta ined the maj o r i ty o f  p l asma c e l l s , mos t 
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o f  wh ich reac t e d  immunoh i s tochemica l ly with ant i b o dy to 

s e c re t o ry I gA ,  the maj o r  immuno g l obul i n  o f  ruminant s a l iva 

( Mach and Pahud , 1 9 7 1 ) . On the o the r h and there was l i t t l e  

e v i denc e t o  s ug g e s t  tha t p a ro t i d  and ventral buc c a l  g l ands  

c ontr ibute s i gn i f i c antly t o  humo ral immunity s ince  p l asma 

c e l l s  w e r e  rarely found in  the s e  g l an d s . Neve rthe l e s s , 

i mmuno l o g i cal  s tud i e s  by Wa t s on and L a s c e l l e s  ( 1 9 7 1 )  p r ev

i o us ly e s tabl i s he d that  in ruminan t s , immuno g l obul ins such 

as  s i gA were l ow in  paro t i d  s a l iva comp ared with l eve l s  in  

n on - p a r o t i d  s a l i va . I t  i s , howev e r , a l t e rna t i vely p rop o s e d  

h e r e , a l though not  p rove d ,  that p a ro t i d  and ventral  buc c a l  

g l ands may cont r i b u t e  p r e dominan t l y  t o  c e l l u l a r  muco s a l  

i mmune r e a c t i ons , m e d i a t e d  v i a  I E G  duc t  c e l l s  wh i ch we r e  

s p e c i f i c  to the s e  two g l ands ( F i gure 3 . 1 ) .  

I mmuno lo g i s t s  who have r e c en t l y  fo c u s s ed a t t ention  o n  

t h e  dive r s e  muc o s a l  c e l l  typ e s  are  g en e ra l ly o f  the op i n i o n  

that , in  a ddi t ion t o  T - c e l l  s ubpopul a t i ons , muc o s a l  mas t  

c e l l s , g l obu l e  l eu c o cy t e s  and int raep i th e l i a l  lympho cyt e s  

a r e  a l s o  invo lved i n  poo r ly unde r s t o o d  muco s a l  c e l l - me d i a t e d  

i mmune reacti ons ( B i enens tock and B e fu s , 19 8 0 ; Tomas i e t  a l . ,  

1 9 8 0 ) . Toma s i  e t  a l . ( 1 9 8 0 )  s t a t e d  t h a t " there may b e  s ev 

e ra l  s ub c l as s e s  o f  T - lympho cy t e s , s ome g ranu l a t e d  wi th ma s t  

c e l l - l i ke func t iona l p rope rt i e s , o t h e r s  mo re typ i cal ly 

l ympho i d  with h e l p e r and s upp re s s o r  funct ions . I nt raep i th 

e l i a l  l ympho cyt e s  i n  part i cu l a r  conta in cytop l a smi c granul e s  

and are  mo rpho l o g i c al ly s imi l ar t o  ma s t  c e l l s , w i th rep o r t e d  

a l terat ions i n  the i r  prop o r t ions dur ing  gas tro int e s t in a l  

d i s e as e s . "  Add i t i on a l ly ,  B i enens t o c k  ( 1 9 7 9 )  s t a t e d  that 

i n t raep i the l i a l  lymphocy t e s  "may r e p r e s ent a c l o s e d  c e l l 

p opul a t ion , what eve r the i r  de r iva t i on they have a r e s emb l an ce 

t o  b o th lympho cyt e s  and mas t  c e l l s  and may act  a s  spec i f i c  

p as s ive ly - s ens i t i s e d  s ent ina l c e l l s  a t  the muco s a l  surfac e . "  

S ome int raep i the l i a l  granu l a r  cel l typ e s  with mas t - l i ke 

s t aining charac t e r i s t i c s  a r e  known t o  p o s s e s s  natural k i l l e r  

a c t iv i ty ( J .  B i en e n s tock , p e r s onal  c ommunicat ion) . The 

r e l a t i onship of int r aep i the l i al  lymphocyt es , i f  any , w i th 

muc o s a l  mas t  c e l l s  and g l obul e l euc o cy t e s , has not b een 

e s tab l i she d .  
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I n  the p re s ent  s tudy , the l E G  duc t  c e l l s  o f  p a ro t i d  and 

ventral  b uc c a l  g l ands examined had features c ommon to b o t h  

lymphocyt e s  and muc o s a l  mas t  c e l l s . I t  shoul d ,  howeve r ,  b e  

s t re s s e d that the na ture o f  the r e l a t i onship s , i f  any , o f  

l E G  duc t  c e l l s  w i th intraep i the l i a l  lymphocyt e s , mucos a l  

ma s t  c e l l s  and g l o b u l e  l euco cy t e s , a r e  a t  b e s t  hyp o thet i c a l, 

a l though from an ove r a l l  a s s e s sment o f  the above da t a , a 

p o s s ib l e  r o l e  for l E G  duc t  c e l l s  in  c e l l -me d i a t e d  immuni ty 

c anno t b e  i gnore d ; a ddi t i ona l ly the e s t ab l i s hed  a s s o c i a t ion 

b e tween l E G duc t  c e l l s  and b l o a t  s us c ep t ib i l i ty ( B i rt l e s , 

1 9 8 1 )  s u g g e s t s  tha t the app e arance o f  these  c e l l s  cou l d  b e  

a s s o c i a t e d  w i th a p r o tec t ive r o l e . 

I n  c a t t l e , the r e fore , i t  s e ems that humo r a l  immun i ty t o  

the ent i re o r a l  c av i ty ,  o e s ophagus and t h e  r e t i culorumen , 

r e g i ons whi ch l a ck l ympho i d  t i s sue , i s  p rovided by immune 

g l ob ul i n s  s e c ret e d  from the s ub l ingua l , mandibul ar  and 

pharyng e a l  g l ands , whe re a s  c e l lular  immuni ty to the s ame 

r e g ions i s  p robab ly med i a t e d  v i a  the l E G  duc t  c e l l s  o f  the 

p a ro t i d  and vent r a l  buccal  g l ands . 

To p o s tulate  the i dent i ty o f  l EG duc t  c e l l s , a c r i t i c a l  

evalua t i on was ma de o f  r epo r t s  de s c r i b i ng s uch c e l l  typ e s  

i n  ep i th e l i al  l o c a t i ons . The c e l l  typ e wh i ch app e ar e d  ve ry 

s imi l a r  to the l EG duct c e l l  in mo rpho l o gy was the g l ob u l e  

l eucocy t e , a p o o r l y  de fined c e l l  typ e , f i r s t  de s c r ib e d  b y  

We i l l  ( 1 9 2 0 ) * ,  b u t  a s  yet  i t  h a s  not b een p r e c i s e l y  i den t i f 

i e d  ( s ee G re g o ry , 1 9 7 9 ) . I t  i s , howeve r ,  e s t ab l i shed  tha t 

the g l o b u l e  l euc o cy t e  i s  no t w i de ly d i s tribut e d ,  but r e s t 

r i c t e d  mainly to ep i the l i a i n  r e g ions s uch a s  the resp i ra t o ry 

t r a c t  ( Kent , 1 9 6 6 ; Vandenb e rghe and B a e r t , 1 9 8 1 ) , g l andu l a r  

s t omach (Whur , 1 9 6 6 ) , sma l l  inte s t ine ( Kent , 1 9 6 6 ; Whur and 

Johns ton e , 1 9 6 7 ; Mur ray et a l . ,  1 9 6 8 ; T akeuch i , J a rvi s and 

Sp r in z , 1 9 6 9 ) , co l on (Takeuchi et a l . ,  1 9 6 9 ) , b i l e  duc t 

( Rahko , 1 9 7 2 ) , ut e r ine ep i th e l ium ( Ke l l as , 1 9 6 1 )  and urinary 

tract ( C an t in and Ve i l l eux , 1 9 7 2 ) . 

* see Grego ry ( 1 9 79 ) . 
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A " typ i ca l "  g l ob u l e  l euco cy t e  de s cr ibed in  the ab ove 

rep o r t s  usua l ly c o n s i s t ed of an e ccent r i ca l ly - p l ac e d  nuc l eus 

w i th p e r iphera l ly - di s t ribut e d  chroma t i n  and a cy top l asm 

cont a ining sma l l  me t a chromat i c  ac i doph i l i c  g ranu l e s  or l a rg e 

a c i dophi l i c g l obul e s . A c r i t i c a l  ana l y s i s  o f  mo s t  report s , 

howev e r ,  s howed that there a re sp e c i e s  a s  we l l  a s  h i s t o 

chemi cal  d i f fe renc e s  de s c r i b e d  b y  mo s t  autho r s , a finding 

o r i g inal ly  made by W e i l l  ( 1 9 2 0 )  who "not only emphas i s e d 

the int e r s p e c i fic  d i f fe renc e s  in  the g l obules  but in the 

degree of b a sophi l i a of the cytop l asm . " * Fo r examp l e , in 

the rat the g l obul e l euco cy t e s  were v e ry s im i l ar to the 

muc o s a l  mas t  c e l l  ( K ent , 1 9 6 6 ; Mur ray e t .  al . ,  1 9 6 8 ; C an t in 

and Ve i l l eux , 1 9 7 2 ; C o l l an ,  1 9 7 2 ; Mayrhofer e t  a l . ,  1 9 7 6 ; 

H am and C o rmac k , 1 9 7 9 ; Vandenbe rghe and B aert , 1 9 8 1 )  but 

the i r  g ranule  s t ructure di f f e r e d  from muco s a l  mas t c e l l s  

and were  more ac i do p h i l i c ; fe a t ur e s  wh i c h  temp t e d  Murray e t  

a l . ( 1 9 6 8 )  to p o s tu l a t e  that g l obul e l eucocy t e s  are  d e r i v e d  

from muc o s al ma s t  c e l l s . However t h i s  v i ew h a s  no t r e c e i v e d  

w i d e s p r e a d  suppo r t  ( C o l l an ,  1 9 7 2 ; Can t i n  and Ve i l l eux , 1 9 7 2 ; 

Rui t enb e r g  and E l g e r sma , 1 9 7 9 ; Vandenb e rghe and Baert , 1 9 8 1 )  

s in c e  t r an s i t ional c e l l  typ e s  and mas t c e l l s  wh i ch m i g ra t e d  

into the ep i the l ium t o  b e come g l obul e l eucocy t e s  were no t 

i dent i f i e d .  I n  the r a t , the current t r e nd the refore  i s  t o  

emphas i s e  the s imi l a r i t i e s  b e tween t h e  muco s a l  mas t  c e l l and 

the g l obu l e  l eucocy t e  (Ham and Co rma c k , 1 9 7 9 )  s uch a s : 

mo rpho l o gy and T o l ud ine b l u e  met achroma s i a  ( Co l l an ,  1 9 7 2 ) , 

AB s t aining at l ow p H  and p r e s ence o f  b as ic p ro t e ins ( C ant i n  

and Ve i l l eux , 1 9 7 2 ) , cytop l a smi c  I gE (Mayrho f e r  e t  al . ,  1 9 7 6) 

and a p o s s ib l e  lymp h o cyte  o r i g in (Mi l l e r , 1 9 8 0 ) . 

I n  ruminants , and part i c u l arly in  the  sheep aboma s um ,  

the g l obul e l euco cy t e  has b e e n  charac t e r i sed by l ar g e  a c i do 

ph i l i c g l obul e s , a cy top lasm usua l ly  r e f racto ry to s t a in ing 

and a nuc l eus s im i l a r  to tha t of a p l a sma c e l l  ( Kent , 1 9 5 2 ; 

Dob s on , 1 9 6 6 ; Murray et a l . ,  1 9 6 8 ; Rhako , 1 9 7 2 ) . But even 

though h i s tochem i c a l  s imi l a r i t i e s  s uch as AB s ta ining at 

l ow pH  and To lud ine  b lue met achromas i a  h ave been rep o r t e d  

* see Grego ry ( 1 9 79 ) . 
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(Murray e t  a l . , 1 9 6 8 ) , the  ma s t  c e l l  a s s o c i a t i on in rum i n 

ant s  w a s  l e s s  c l e a r  s ince there was no co rr e l a t i on b e twe e n  

app e a rance o f  mas t c e l l numb e rs and g l obule l eucocy t e s  ( K ent,  

1 9 5 2 ; Lawren c e , 1 9 7 2 ;  G r e g g , D i neen , Ro thwe l l  and Ke l ly , 

1 9 7 8 ) . Dob s on ( 1 9 6 6 )  was o f  the op i n ion that i n  sheep, g l ob 

ul e l eucocy t e s  wer e  p l asma c e l l s  wi th Rus s e l l  b o di e s ; how � 

ever  K ent  ( 1 9 5 2 )  p revious ly  e s t ab l i s h e d  that the two c e l l  

typ e s  i n  sheep w e r e , a t  t ime s , mo rpho l o g i cal ly  s im i l a r  but 

h i s to chemi c a l ly d i ffe rent , for e xamp l e ,  g l obu l e  l eucocy t e s  

w e re s t rongly r e a c t ive t o  PTAH (pho s p ho tung s t ic ac i d  haem 

a t o xy l i n )  and me t a chroma t i c  with To ludine b l ue whi l e  Rus s e l l  

b o d i e s o f  p l asma c e l l s  w e re negat ive t o  both s t ains . Th e s e  

two c e l l  typ e s  were  a l s o  s tudi ed b y  Murray e t  a l . ( 1 9 6 8 )  who 

demons tr a t e d  ul t r a s t ructura l  d i f f e r e n c e s  between g l obul e 

l euco cyt e s  and Rus s e l l  b o d i e s  o f  p l a sma c e l l s  and emphas i s ed 

the  u l t r a s t ruc tural  and h i s t ochem i c a l  s im i l a r i t i e s b etwe e n  

g l obu l e  l euco cy t e s  and muc o s a l  mas t c e l l s . Rhako ( 1 9 7 2 ) , 

f rom a n  inve s t i g a t ion o f  g l obu l e  l eu c o cytes  in  the g a l l  

b l adde r ep i the l i um of  sheep , cat t l e  a n d  goats  conc lude d that 

the g l ob u l e  l euc o cyte in a l l  thre e s p e c i e s  exhib i te d  mo rph 

o l o g i c a l  as we l l  a s  h i s to chemi c a l  d i f fe renc e s ; for  examp l e  

s ulpha t e  g roup s w e re demons t r a t e d  o n l y  in c a t t l e . I n  s he ep 

u t e r ine  epi the l ium ,  an int r a ep i the l i a l  g ranu l a r  c e l l  typ e 

t ent a t ive ly ident i fi e d  by K e l l a s ( 1 9 6 1 )  as  a g l obul e l euco 

cyte , d i ffe r e d  in  morpho l ogy and h i s t o chemi s t ry with g l ob u l e  

l euco c y t e s  o f  t h e  abomas um .  

G l obule l eucocytes  have a l s o  b e en s tudi e d  i n  the c a t , 

( T akeuch i e t  a l . ,  1 9 6 9 ) , fowl ( Tone r ,  1 9 6 5 )  and m i c e  

( Ru i t e nb e rg and E l ge rsma , 1 9 7 9 ) . T a k euchi e t  a l . ( 1 9 6 9 )  i n  

p a rt i cu l a r  rep o r t e d  h i s tochemi c a l  d i f fe renc e s  b e tween g l o b 

u l e  l eucocy t e s  o f  the sma l l  and l ar g e  int e s t ine . 

Two ce l l  typ e s ,  the ma s t  c e l l  and the lymphocyt e , have 

b e en c ommonly p ro p o s e d  a s  p re cur s o r s  of globule  l eucocyt e s . 

Murray e t  a l . ( 1 9 6 8 )  were o f  the op i n i on that g l obul e l euco 

cy t e s  i n  rum inant s  are de r ived from mucosal  ma s t  c e l l s  

whe r e a s  Kent ( 1 9 5 2 )  has p rop o s e d  the lympho cyt e  a s  the 

l i k e l y  p recurs o r  o f  the g l ob u l e  l eu c o cyte in she ep . The 
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o r i g i n  o f  the g l ob u l e  l eucocy t e  in the cat i s  unknown , 

( Finn and S chwa r t z ,  1 9 7 2 )  however in  fowl ( K i t agawa , O g a t a , 

Sugimur a , Hashimo t o  and Kudo , 1 9 7 9 )  and in m i c e  ( Ru i t enb e rg 

and E l g e rsma , 1 9 7 9 )  thymus - dependent l ymphocy t e s  have b e en 

demon s t ra t e d  a s  l ik e ly p re cur s o r s . Rudz i k and B i enens t o c k  

( 1 9 7 4 )  a s s o c i a t e d  the  g l obul e l eucocy t e  with a g r anul a r  

lymphocyte spe c i fi c a l ly found i n  t h e  g u t  muco s a l  e p i t he l i a 

but r a r e  in lympho i d  t i s s ue  and p e riph e ra l  lymph node s . 

The func t i on o f  the g l obu l e  l euco cyt� is equa l ly obs cure. 

I t  i s  howeve r e s t a b l i s he d  tha t in mo s t  s p e c i e s  g l obul e 

l euco cyt e s  are commonly p r e s ent  during  paras i t i c  infe c t i on s  

( s e e  G r e go ry ,  1 9 7 9 ) , b ut t h e  nature o f  t h e  r e l a t i onship i s  

unknown . Previ ous l y  Dob s on ( 1 9 6 6 )  a n d  Whur and Johns tone 

( 1 9 6 7 )  s ug ge s t e d  that the g l obule  l eu c o cyte in  the s h e ep 

abomas um and rat i l eum re s p e c t ively , contained immuno g l o b 

ul ins , b ut the i r  f i n dings  w e r e  l a t e r  s hown to b e  in  e r r o r  

(Whur a n d  Whi t e , 1 9 7 0 ; Rud z ik and B i enenstock , 1 9 7 4 ) . 

Murray e t  al . ( 1 9 6 8 )  p ropo s e d tha t the t rans fo rma t i on o f  

muco s a l  mas t c e l l s  t o  g l obule  l euco cy t e s  may b e  a s s o c i a t e d  

w i th t h e  s e cret ion o f  immuno g l obul in f rom pl asma ce l l s . 

Mayrho fe r e t  a l . ( 1 9 7 6 )  demons trated  cytop lasmic  I gE in 

g l obu l e  l euco cyt e s  in  the r a t  i l eum and were of the o p i n i o n  

tha t g l obule l eucocytes  may b e  invo l v e d  in t ranspo rt a t i on 

o f  s e c r e t o ry I gE during p a ras i t i c  infe c t i ons . Re cent ly , 

H . R . P .  Mi l le r  ( p e r s onal communicat ion)  has i s.o l a t e d  l ar g e  

amoun t s  o f  dopami n e  and s ome chymo t ryp s in and t ryp s in from 

g l ob u l e  l euco cy t e s  b ut the i r  s i gn i f i cance was no t examin e d . 

B i enens tock and B e fus ( 1 9 8 0 )  have s u g g e s ted that g l obul e 

l euco cy t e s  o f  the g a s t ro in t e s t inal t r a c t  may be  imp l i c a t e d  

i n  c e l l - medi a t e d  i mmune r e a c t ions a t  mucosal  surfac es . I f  

thi s w e r e  so , an inve s t i g a t ion o f  the i r  r o l e  in  s al ivary 

g l an ds has y e t  t o  r each the p r e l iminary s tage . Ove ra l l  

there i s , howeve r ,  a con s e n s us o f  op i n i on among autho rs  that  

the  g l obule l euco c y t e  in  a s s o c iat i on w i th the muc o s a l  mas t  

c e l l i s  in s ome way imp l i ca t e d  in immuno l o g i c a l  reactions  a t  

e p i th e l i a l  surfa c e s  ( s e e  G r e g o ry ,  1 9 7 9 and Cas t ro , 1 9 8 2 ) . 

The I E G  duct c e l l s  o f  p a r o t i d  and ventral buc cal  g l ands 
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o f  c a t t l e  were  found t o  b e  mo rpho l o g ical ly and h i s t o chemi c 

a l ly s imi l a r  t o  g lobule  l euco cyt e s  o f  mo s t  s p e c i e s , e s p e c 

i a l ly the app ea rance o f  the nuc l eus , var i a t i on i n  g ranu l e  

s t ru c ture and h i s to chemi c a l  cha rac t e r i s t ics , s uch as ac i do 

ph i l i c ,  me tachroma t i c  g ranu l e s  and cytop l asmic basophi l i a 

( F i gure 3 . 1  and 3 . 3 ) .  De s p i t e  s imi l a r i t i es, I E G  duc t  c e l l s  

d i d  no t app e a r  t o  b e  i dent i c al t o  g l obul e l euco cy t e s  r ep o rted 

in ruminant s by Kent ( 1 9 5 2 ) , Ke l l as ( 1 9 6 1 ) , Mur ray et al . 

( 1 9 6 8 )  and Rhako ( 1 9 7 2 ) . I n  part i cu l a r  ul t ras t ructural 

var i a t i ons in g ranul e mo rpho l o gy we r e  no t e d  b e tween g l obul e 

l eu c o cy t e s  o f  the  bovine abomasum ( Murray e t  a l . ,  1 9 6 8 )  and 

I E G  duc t  c e l l s . Globul e s  o f  the abomas al  g l ob u l a r  l euco 

cyt e s  were ac i dophi l i c and some t imes  r imme d by Al c i an b l ue 

s t a i n ing  ma t e r i a l  g iving r i s e  t o  a " hal o - effect" . Thi s  

s ug g e s t s  that mo rpho l o g i c a l  and h i s t o chemi cal var i a t i ons o f  

t h e  g l obul e l eu c o cyte rep o r t e d  i n  o the r spec i e s  ( K e l l as , 

1 9 6 1 ; Takeuchi e t  al . ,  1 9 6 9 ; Rhako , 1 9 7 2 )  may a l s o  b e  p r e s ent 

in c a t t l e . Mo r e o ve r, the p res ent s tu dy has b e e n  the f i rs t 

to i nve s t i gate  a pos s ib l e  g l obul e l e ucocyte in  s a l ivary 

g l ands , and the i r  func t ion , l ike tha t o f  globule  l eucocy t e s  

i n  o ther  s p e c i e s  and o r gans rema ins undet ermined . P r e v i o uslx 

van L ennep et a l . ( 1 9 7 7 )  r epo r t e d  p re s ump t ive g l obul e l euco 

cyt e s  in  s t r i a t e d  duc ts  o f  the sheep  paro t i d  g l ands ; the s e  

c e l l s  were, howe v e r, no t de s cr i b e d  i n  deta i l  b ut cou l d  we l l  b e  

i dent i cal t o  tho s e  ob s e rv e d  in the p res ent s tudy ( F i gure 

3 . 1 . 8 ) .  

A comp a r i s on be twe en int racytop l asmi c contents o f  g l ob 

u l e  l eucocyt e s  and I EG duc t  ce l l s  r e vea l e d  tha t b o th p r o b ably 

contain a b i o g en i c  amine . H . R . P .  M i l l e r  (pers onal communi c 

a t i o n )  has i s o l a t e d  dopamine from g l obule  l eucocyt e s  wh i l e  

5 - hydroxyt ryp tamine o r  a r e l a t e d  b i o g e n i c  amine was i dent i f 

i e d  in  I EG duc t  c ells ( F i gure 3 . 3 . 8 ) . The p re s ent  inve s t i g 

a t i on a l s o  es tab l ished that s i gA i s  unl ikely t o  b e  concent 

ra t e d  in the g ranule contents , but the p r e s ence  o f  o th e r  

immun o g lobul ins , esp e c i a l ly I gE cann o t  b e  rul e d  o u t  b e cause  

o f  i t s  as s o c i a t i on , in the rat , w i t h g l obul e l eucocy t e s  and 

p a r a s i t i c  infe c t i ons (Mayrho fe r et a l . ,  1 9 7 6 ) . I t  i s  no t 

c l e a r  whe ther s im i l a r  condi t ions a r e  pres ent in  c a t t l e ,  
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a l though g l obul e l euco cy t e s  have b e e n  co rre l a t e d  w i th p a r a 

s i t i c  i n fect ions  i n  this  s p e c i e s  ( Lawr enc e ,  1 9 7 7 ) . 

I f  I E G  duc t  c e l l s  are  g l obu l e  l eucocytes  the i r  a s s o c i a t 

ion w i th sus cep t i b i l i ty t o  b l oat  s t i l l rema ins unr e s o l ve d . 

Al though it  i s  t emp t ing t o  p o s tul a t e  tha t s ince I E G  duc t  

c e l l s  a r e  mo re n ume rous i n  L . S .  anima l s , they may r e duc e 

b l o a t  suscep t ib i l i ty by e l ab o ra t ing a s e creto ry p ro du c t  o r  

by me d i a t ing c e l l ul a r  immune reac t i on s . The e f fects  o f  s uch 

a s e c r e t o ry p r o duc t o r  immune r e a c t i o n s  cont ro l l e d from 

ruminant paro t i d  g l ands are l ikely  to extend into the 

r e t i cu l o rumen and oma s um ,  areas whi ch show a pauc i ty o f  

intraep i the l i a l  c e l l s . I n  contra s t , the pres ence o f  I E G  

duc t  c e l l s  o r  s im i l ar intraep i the l i a l  c e l l p opul a t i on s  h a s  

n o t  b e en repo r t e d  in  s a l ivary g l ands o f  mono gas t r i c  sp e c i e s  

wh ich , no t une xp e c t edly , have an abun danc e o f  intraep i the l ial 

c e l l s , s uch as g l ob u l e  l eucocyte s ,  w i t hin the ga s t r i c  muc o s a, 

p a rt i cul arly dur i n g  infl amma tory d i s o rders  and infe c t i on s  

o f  t h e  G I  trac t .  

The p r e s ent  s t udy fai l e d  to e s t ab l i sh that I EG duc t  

c e l l s  ( o r  p r e sump t i ve g l obul e l eucocy t e s )  as  they app e a r  

i n  bovine s a l ivary g l ands a r e  derived from muco s a l  ma s t  

ce l l s  (Mur ray e t  a l . ,  1 9 6 8 )  a l though c l o s e  s im i l a r i t i e s  

b e tween the two c e l l  typ e s  were no t e d . Rathe r ,  the wri t e r 

favours a g ranu l a r  lympho cyte  spe c i f i c  to ep ithe l i a l  s i t e s  

a s  a l ik e ly p r e c u r s o r  ce l l  whi ch may b e  r e l a t e d  to the 

muco s a l  mas t  c e l l  or i t s  s t em c e l l . 
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CHAPTER S .  CONC LUS I ON 

Bo vine s a l ivary s e c r e t i ons are  e l ab o r a t e d  by three 

ma j o r  s a l ivary gl ands , the p a ro t i d ,  mandibul ar  and s ub l in 

g u a l  and nume rous min o r  s a l iva ry g l ands emb e dded among sub 

ep i thel i a l  conne c t ive t i s s ue s and mus c l es . The s a l ivary 

g l ands cons i s ted o f  tub u l a r  s e c r e t o ry endp i e c e s  comp o s e d  o f  

p r o t e o s e rous , mucous and demi l une ce l l s , s p e c i a l i s ed for 

synthe s i s and s e c r e t i o n  of wat e r , e l e c t ro ly t e s , p r o t e ins 

and muco s ub s tanc es . The duc t a l  s y s t em , wh i l e  funct i oning 

a s  condu i t s  fo r t rans p o r t  o f  s e c r e t o ry p r o ducts from end

p i e c e s , add i t i ona l ly p o s s e s s e d ep i the l i a  we l l  deve l op e d  fo r 

t rans p o r t  o f  wat e r  and e l e c t r o l y t e s  and s ynthes i s  o f  glyc o 

p r o t e ins . 

The h i s to chem i c a l  c omp o s i t ion o f  s al iva ry g l ands 

e xamine d are  s ummari z e d  in Tab l e  5 . 1 .  

The paro t i d  g l ands were  comp o s e d  o f  p ro t e o s e rous c e l l s  

s p e c i a l i s e d  fo r s e c re t i on o f  wa t e r  and e l e c trolytes  w i th 

s ma l l  amounts  of  PAS p o s i t ive neutral  muc o s ubs tances and 

s a l ivary p r o t e in bands 1 ,  3 ,  4 ,  5 ,  6 ,  7 ,  1 0 , 1 0 s and l O d .  

O f  thes e ,  b ands 4 and 1 0  were  t ra c e d  immuno h i s to chemi ca l ly 

t o  indi v i dua l pro t e o s e rous c e l l s  o f  the g l and . The bovine 

p a ro t i d  g l ands were unusual  in not  p o s s e s s ing " s t r i a t e d" 

i n t ralobul a r  ducts ; a l though th i s  may be  s i gn i f i c ant in the 

s e c r e tion of an i s o t on i c  s al iva , int ra l obul ar  duc ts  of the 

s he ep paro t i d  g l ands w e re no t i c e ab ly " s t r i at e d" . Thi s  

s in gul ar  di ffe rence may hi ghl i ght  the dan g e rs o f  b roadly 

app ly ing the " ruminant mode l "  a rb i t r a r i ly w i thout cons i d e r 

a t i on t o  s p e c i e s  var i a t i on . The int r a l obul ar duct c e l l s  o f  

t h e  bovine paro t i d  g l ands o cc a s i ona l l y  cons is ted o f  PAS 

p o s i t ive mat e r i a l  and " ap i c a l  b l eb s " . Ano ther unusual fea t 

u r e  o f  the paro t i d  g l and intra l obul a r  duc ts , was the p r e s ence 

o f  a granul ated  int r a ep ithe l i a l  c e l l  l o c a t e d  adj acent to the 

b a s a l  l amina of  the duc t  wa l l . Such ce l l s we re  po lymo rph i c  

in appearance with nuc l e i  s imi l a r  t o  tho s e  o f  p l asma ce l l s  

and basophi l i c  cy top l as ms whi ch conta in e d  a c i doph i l  



Tab l e  5 . 1 

Proteos e rous 

cells . 

Mucous c e lls 

Demilunes 

Mucous c e lls 

Dernilunes 

Mucous cells 

Dernilunes 

Mucous cells 

Dernilunes 

H I STOCHEMI CAL CLASS I F I CAT I ON 

OF BOVINE SAL IVARY GLANDS 

PAROTI D AND VENTRAL BUCCAL GLANDS 

Immunohistochemically detectable intrinsic proteins 

eg.  band 4 and band 10 , and PAS positive band 5 .  

MANDIBULAR GLANDS 

Neutral glycoproteins and carboxylated acid rnuco
substances . 

Neutral glycoproteins , carboxylated acid rnucosub

s tances and acidophilic basi c  proteins , including 

protein band 8 .  

SUBLINGUAL GLANDS 

Neutral glycoproteins , carboxylated and sulphated 

acid rnucosubstances . 

Proteoserous , including protein band 9 .  Negl igible 

amounts of acid rnucosubstances and PAS positive 

glycoproteins . 

INTERMEDIATE BUCCAL GLANDS 

Neutral glycoproteins , carboxylated and s ulphated 
acid rnucosubstances . 

Proteoserous , including protein band 4 .  Negligible 

amounts of acid rnucosubstances and PAS positive 

glycoproteins . 

UPPER BUCCAL GLANDS 

Neutral glycoproteins , carboxylated and sulphated 

acid rnucosubstances . 

Proteoserous , negli'gible amounts of acid mucosub

s tances and PAS positive glycoproteins . 



Tab l e  5 . 1 ( cont . )  

Mucous cell s  

Demilunes 

Mucous cell s  

Demilunes 

Mucous cells 

Demi lunes 

PALATINE GLANDS 

Neutral glycoproteins , carboxylated and sulphated 

acid mucosubstance s . 

Proteoserous , negli gible amounts of acid muco

substances and PAS positive glycoproteins . 

POSTERIOR TONGUE GLANDS 

Neutral glycoproteins , carboxylated and sulphated 

acid mucosubstance s . 

Neutral glycoproteins , carboxylated and sulphated 

acid mucosubstance s . 

PHARYNGEAL GLANDS 

Neutral glycoproteins , carboxylated and sulphated 

acid mucosubstances . 

Neutral glycoproteins , carboxylated and sulphated 

acid mucosubstances and acidophilic bas i c  proteins . 
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metachroma t i c  g ranu l e s  o f  var ious s i z e s . I t  was p rop o s e d  

tha t g ranu l a te d  int raep i the l i a l  ce l l s  a r e  derived  from a 

g ranu l a r  l ympho cy te s ubpopul a t i on and a r e  p ro b ab l y  s im i l a r  

t o  the p o o r l y  de fined gl obul e l eucocy te c e l l  typ e des c r i b e d  

b y  mo s t  wo r k e rs , ( s e e Gregory , 1 9 7 9 ) . The exc r e t o ry duc ts  

of  the  p a r o t i d  g l ands conta i n e d  numerous gob l e t  c e l l s whi ch 

could  s up p l ement the paro t i d  s e cret ion w i th a c i d i c muco 

s ub s t anc e s . 

Tubul a r  endp i e c e s of  the mandibul a r  g lands w e r e  comp o s ed 

of muco us c e l l s  and p rominent demi l une c e l l s . The mucous 

c e l l s  cont a ined neutral  and a c i d i c  muc o s ubs tanc e s , the 

l a t t e r  w e r e  mo s t ly neuramin i da s e l ab i l e  carboxyl g ro up s  o f  

s ia l i c  a c i d .  The demi lune s contained  a c i dophi l g ranu l e s  

the cont ent s  o f  wh i ch inc luded p r o t e in b and 8 ;  i n  addi t i on 

the demi l un e s  app e a re d  to s ynth e s i s e  neutral and a c i di c  

muco s ub s tanc e s  mo s t  o f  wh i ch we r e  "ma s ked" b y  t h e  a c i dophi l  

granul e s . The int r a l obular duc ts o f  the mandib u l a r  g l ands , 

un l ike tho s e  o f  the paro t i d  g l and , were  comp o s e d  o f  t a l l  

c o l umna r  c e l l s w i th b a s a l  s t r i a t i ons . Gob l e t  c e l l s , a 

feature o f  the p a ro t i d  g l and e x c r e t o ry duc ts , w e r e  no t 

found in t h e  mandibul ar  g l and . 

The muc o us c e l l s  o f  the s ub l ingual g l ands we r e  po s i t ive 

for neut r a l  and a c i d i c  muc o s ub s t ances . The a c i d  g lycop ro t �  

e ins i n  p a r t i cul a r  we re no t neuraminida s e  l ab i l e  and app e a red 

to differ  h i s tochem i c a l ly t o  thos e o f  the mandibul ar  g l and . 

A h i s tochem i c a l  eva luation fo r the p r e s ence o f  s ulphate  

group s  inc l u de d  hya luron i das e d i g e s t i on fol l owed b y  Al c i an 

b l ue s t a in in g  at  l ow pH . Sub s e quent p o s i tive s t a i n ing showe d 

that conn e c t ive t i s sue mucop o ly s ac cha r i des  are  unl ike ly to 

be found i n  ep ithe l i a l  mucous s e c r e t ions . A l c i an b l ue s ta i n 

i n g  w a s  the r e fo r e  a t t r ibut e d  t o  s ulpha t e d  glycop r o t e ins o r  

s i a l o - s ulpha t e d  g lycopro t e in s . Such r e s i dues  w e r e  ma inly 

p re s ent  in  the s ub l ingua l g l ands and a l l  minor  g l ands , 

excep t the vent ral buccal ; the sulpha t e  content o f  the man 

dibular wa s found t o  be  ne g l i g ib l e . The s e c re t i on s  o f  the 

s ubl ingua l  g l and demi lunes  w e r e  predom inant ly p r o e t o s e rous 

and cont a in e d  p ro t e in band 9 .  The re was very l i t t l e  evi dence 



o f  neut r a l  o r  ac i d i c  glycop ro t e ins . The sub l ingual g l and 

" s t r i a t e d" int r a l o b u l a r  duc t s  by comp a r i s on w i th tho s e  o f  

the mand ibul a r  g l an d , were  e qua l ly we l l  deve lop e d . 
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The mino r g l an d s , with the excep t i o n  o f  the vent r a l  

buccal , wh i ch w a s  i d ent i ca l  t o  t h e  p a ro t i d ,  were  sp e c i a l i s e d  

fo r the s e c r e t ion o f  ac i d i c  and neu t r a l  mucosub s tanc e s . I n  

g ene ra l , the h i s t o chemi c a l  f e a tures  o f  the mino r g l and 

mucous c e l l s  were s imi l ar t o  tho s e  of the sub l i ngual g l and . 

The pharyngeal  g l ands howev e r  cont a i n e d  large dem i l un e  

cel l s  whi ch were s im i l a r  in  mo rpho l ogy and h i s t o chemi s t ry t o  

tho s e  o f  the man d i b u l a r  g l and , a l though the demi lunes  o f  

the fo rme r  we re no t i ceab ly mo r e  a c i di c .  The d em i lun e s  o f  

the p o s t e r io r  tongue g l ands o c cas i on a l l y  cont a ined s ulpha t e d  

muc o s ub s tance s ;  a f e ature a!so obs e rve d i n  dem i l une s o f  the 

pharyng eal  g l ands . Dem i l un e s  of the intermedi a t e  b uc c a l  

g l ands were  foun d  t o  conta in p ro t e in b and 4 ;  i t  i s  no t : un 

l i kely that demi l un e s  o f  o the r mino r g l ands may s imi l a r l y  

con t a in p ro t e ina c i o us mat e r i a l  wh i ch i s  no t d e t e c t e d  b y  

h i s to l o g i cal s ta in s , such a s  PAS and A l c i an b lue . I t  wou l d  

be  s afe t o  a s s ume that  s e c r e t i ons from the s e  c e l l s  are  

ma inly p r o t eo s e ro us rather than pure ly s erous . 

Ab undant gob l e t  c e l l s  i n  the int ra l obul ar  duc t s  were  

no t i c e d  only in the  pharyng e a l  g roup of  glands . The r e  was  

also  an indi c a t i on that  in th i s  group , the  s ec re t o ry end 

p i eces  c ommun i c a t e d  directly  wi th the int ra lobular duc t s . 

Two unusual f e a ture s obs e rved in  three  o th e r  mino r 

g l ands , the int e rm e d i a t e  buc c a , do r s a l  bucc a l  and p a l a t ine , 

were ( 1 )  a p o s s ib l e  a typ i c a l  s e c r e t o ry me chan ism wh ich 

invo lved c e l l u l a r  d eb r i s  mixed w i th muc ous s ec r e t ions , and 

( 2 )  s ca t tered  i s l e t s  of p r o t e o s e rous l obul es  i dent i c a l  t o  

tho s e  o f  the p a ro t i d  and v e n t r a l  b uc c a l  g l ands . 

The humo ral  muc o s a l  immune sys tem o f  the bovine s a l ivary 

g l ands i s  l ik e l y  t o  b e  ma inta ined by immuno g l obul ins , s uch 

as  s i gA ,  synthe s i s e d and s ec r e t e d  from p l asma c e l l s  di s t r i b 

uted mo s t ly in t h r e e  s a l ivary g l ands , the s ub l ingua l , 
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man d i bul a r  and pharyn g e a l  gl ands . I t  was propo s ed t h a t  the 

p a r o t id and vent r a l  bucca l g l ands may be spec i a l i s ed for  

ma i n t enance of  c e l l - me d i a ted immun i ty a t  a muc o s a l  l e ve l , 

me d i a t e d  p ro b a b ly by granul a t e d  i n t ra ep i the l i a l  duc t  c e l l s , 

wh i ch were t e n t a t ively i dent i fi e d  as  g l obule l eucocyte s .  

H i s to l o g i c a l  s tud i e s  p e r t a ining t o  b l o a t sus c ep t ib i l i ty 

in c a tt l e , demons t r a t e d  that p ro t e in b and 4 o f  p a ro t i d  

s a l iva , whi ch has  b e en corre l a t e d  w i th sus cept ib i l i ty to 

b l o a t , was equ a l ly d i s t ri buted in  p a ro t i d  t i s sue s amp l es o f  

bo th L . S .  and H . S .  animal s .  Exp l anat i ons p ropo s e d f o r  th i s  

anoma lous re s u l t  were : a po s s ib l e  di ffe rence in p a r a s ym

p a t he t i c  and s ympathe t i c inne rva t i on p a t t e rns in  L . S .  and 

H . S .  anima l s  i nvo lving paro t i d  p r o t e in s ec re t i on ,  and the 

p re s ence o f  a p o o r ly unde r s t o o d  intrac e l l u l a r  re gul a t o ry 

mechan i s m  fo r s ec r e t i o n  o f  p ro t e in band 4 .  

The que s t i ons that a r o s e  dur i n g  the p res ent s tudy , 

wh i ch cou l d  p ro v i de gu i danc e fo r further inve s t i ga ti ons a re : -

( 1 )  The p hys i o l o g i c a l  s i gn i f i cance for the l a c k  o f  

b a s a l  s t r i a t i ons in the intra l obular duc t s  o f  

the p ar o t i d  g l ands . 

( 2 )  To i dent i fy the p r e curs o r  c e l l  o f  the int raep i th 

e l i a l  granu l a r  duc t c e l l , pre ferablf from ep on

emb edded s em i - th in s e r i a l  s e c t ions and to conduc t 

a c omparat ive , ul t ra s t ruc tur a l  and cyt o chemi c a l  

s tudy of  both the intraepi the l i a l  g ranu l a r  duct 

ce l l  and the muco s a l  mas t c e l l .  

( 3 )  A de t a i l e d  e xamina t i on o f  the apparent atyp i cal  

s e c r e to ry me chan i sm ob s e rved in  thre e  mino r g l ands 

and i t s  pos s ib l e  s ign i f i c ance . 

( 4 )  An u l tra s t ructural inves t i g a t i on o f  p a ro t i d  p r o t e o 

s e ro u s  c e l l s  in b o th L . S .  and H . S .  anima l s  t o  

exam ine i n  d e t a i l  the i n t rac e l lular  di s t r ibu t i on 

p a t t e rn of b and 4 .  
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( 5 )  The s t imulus fo r the app e a r ance o f  intraep i the l i a l  

g ranul a r  duc t  c e l l s  in  p a ro t i d  g l ands o f  L . S .  

an ima l s  - a cha l l enging p rob l em which canno t b e  

comp l e t e ly r e s o l ve d  from h i s to l og ical  s tudi e s  

a l one . 

S ince s e c re t o ry t i s s ue s  a re not  found in the ruminant 

fo r e s tomachs , it  is  the w r i t e r ' s  op i n ion that the b i o chem

i c a l  componen t s  o f  bovine s a l iva s uch as  l ow mo l e cul a r  

we i gh t  s a l ivary p ro t e in s , high mo l ecular  weight muco s ub 

s tanc e s , wa t e r  a n d  e l e c t r o ly t e s , coul d  each have a sp e c i fi c  

func t i on w i th i n  t h e  re t i cul orumen and oma s um .  The hi s t o 

l o g i c a l  s t ruc t u r e  and h i s tochemi c a l  compos it ion o f  the 

s al i vary g l ands s how t i s s u e s  s p e c i a l i s e d  for e i th e r  synth

e s i s  or  s e cr e t i o n  o r  b o th . 

I nve s t i g a t i o n s  into the func t ion o f  l ow mo l e cul ar  

we i gh t  p ro t e in f r a c t i ons are yet  a t  a p r e l iminary s t a g e  

al though band 4 h a s  b e e n  imp l i c a t e d  w i th b l o a t  s u s c ep t ib 

i l i ty .  H i gh mo l e cular we i ght muc o s u b s t anc es , such a s  

a c i d i c  and neut r a l  g lycop r o t e ins c o u l d  p rovide a p ro t e c t ive 

l ay e r  o f  mucus t o  the ruminant fo r e s tomachs to p r event 

ab r a s ion and de s s i c at ion o f  the l in i ng ep i the l i a and r e s i s t  

b a c t e r i al adhe r e n c e  in  add i t ion t o  s upply ing a va luab l e  

source o f  n i t ro g en fo r ma intenance  and p ro l i fe ra t i o n  o f  

ruminal m i c ro o r g an i sms . Add i t iona l l y ,  s ince lympho i d  

t i s s ue s  a r e  s c a r c e  i n  t h e  muco s a  o f  ruminant for e s tomachs , 

immuno g l obul ins  s uch a s  s i gA ,  synthe s i s e d  and s e c r e t e d  by 

p l as ma cel l s  o f  s a l ivary g l ands c an enhanc e immuno p ro t e c t ion 

t o  the  ora l cavi ty , o e s ophagus , r e t i cu l o rumen and oma s um ,  

aga ins t harmful ant i g en i c  ma t t e r .  
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The pr i n c ipl e s  o f  h i s tochemical  methods us e d  

fo r the d e t e c t ion o f  muc o s ub s t anc e s . 
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Ep i the l i a l  mucosub s tances  cons i s t  p r e domin an t l y  o f  g lyc� 

p r o t e ins wh i ch are p ep t i d e  chains b e a r i ng nume rous coval ently 

l inked o l i gos a c char i de un i ts . The s e  carbohydrat e  un i t s  are  

s ix - memb e re d  py rano s e  r in g s  wh i ch cont a in h i s t o chemi c a l ly 

de t e ct ab l e  r e s i dues s uch a s  1 , 2  g lyco l  g roup s , 1 , 2  amino 

hy droxyl g roup s , carboxyl a c i d  g roup s  and sulphat e e s t e rs . 

Ep i th e l ial  s e c r e t o ry g lycopro t e ins that cont a in the s e  

re s i dues  a r e  mainly neut r a l  sugars , s i a l i c  a c i ds and s ia l o 

s ulphat e d  g lycopro t i ens and s ulphated  g lycop r o t e ins . 

To  es tab l i s h  the i dent i ty o f  the ab ove g roup s  h i s to l og 

i c a l  s ta ins c an b e  us e d ,  a s  we l l  as h i s t o chem i c a l  t e chn iques 

s uch as acety l a t ion , s ap o n i f i cat i on ,  methyl a t i on and en zymic 

d i g e s t i on .  

A .  Demon s t r a t i on o f  neutral  s i de groups 

The p e r io di c  a c i d - s ch i ff ( PA S )  method ut i l i s e s  p e r i o d i c  

a c i d  t o  oxidi s e  hydroxy l  g roup s o f  adj a c ent c a rbon a toms t o  

a l dehydes ; the s e a r e  t h e n  rend e r e d  vi s ib l e  b y  react i on w i th 

S c h i f fs reagent , w i th wh i ch the a l dehydes fo rm a s t ab l e  

pro duct , p ink o r  dark r e d  i n  co l our . Acetyl at ion , by us e 

o f  a c e t i c  anhydride in d ry pyr i dine , b l o cks hydroxy l g roup s  

b y  c onvert ing them to a c e tyl  e s t e rs thus prevent ing rea c 

t iv i ty with the Sch i f f s  r e agent . A PAS pos i t ive s ub s t ance 

a ft e r  acety l at ion wou l d  be PAS negat ive , thus indi cat ing 

that the o r i g inal reac t i on was due to a 1 , 2  g lyco l g roup . 

A d i s t inct ion b e tw e e n  PAS r e a c t iv i ty due to neutral 

s i d e  g roup s  of glycogen mo l ecul e s  and neu t r a l  g lycop r o t e ins 

can be made us ing d i a s t a s e  d i g e s t i o n  wh ich s p e c i f i c al ly 

removes g lycogen . PAS r e act ivi ty a f t e r  d i a s t a s e  d i g e s t ion 

could  the r e fore  be a t t r ibuted t o  neut ral  g ly cop r o t e ins 

o th e r  than g lycogen . 
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With cont ras t to n e utral  s i de g roup s  there a r e  a mul t i 

p l i c i ty o f  me thods ava i l ab l e  fo r the demo n s t ra t i on o f  ac i d  

g ro ups , the maj o r i ty b e ing cat i on i c  dye s  s p ec i f i c  fo r c a r 

b o xy l  and s ulpha t e  g ro up s . F o r  examp l e ,  A l c ian b l ue , 

Al c i an ye l l ow ,  c o l lo i da l  i ron , p e rio d i c  a c id- pheny l hy dr a z ine 

S ch i f f ( PAP S ) , Toludine  b l ue and Azure A .  In add i t ion the  

use  of  a b a s i c  s ta i n  s uch as  A l c i an b lue together  w i th PAS , 

can be  u s e d  to d i s t i n g u i s h  b e tw e en neut r a l  and a c i d i c  

g roups at  t h e  s ame s i t e . 

The mo s t  c ommonly u s e d  cat i on i c  dye i s  Al c i an b lu e  whi ch 

can be u s e d  at e i th e r  pH 1 . 0  o r  2 . 5  to i dent i £y s ulphat e d  

and carboxy l g roup s r e s p e c t i ve l y . At  l ow p H  sulpha t e  

g r o ups a r e  s uf f i c i en t l y  ioni z e d  t o  r e a c t  w i th the dye whe re 

a s  a t  pH 2 . 5 the r e a c t ive g roup s ioni z e d  a r e  mo s t l y  ca rboxyl 

g r o ups . 

Methy l a t ion p e r f o rmed at  6 0 ° C  fo r 4 hours by us e o f  1 %  

HCl  in me thy l al coho l e l im ina t e s  bas ophi l i a due t o  a c i d i c  

g ro ups : ca rboxyl g roup s  are converted  to methyl e s t e r s 

wh i l e  sulphate g roup s a r e  r emov e d  from g lycop r o t e in mo l e c 

u l e s . Methy l a t i o n  c o u l d  a l s o  r emove ca rboxyl g roup s  o f  

s ome s i a l i c  a c i d  r e s i du e s  w i thout conve r t ing them t o  me thy l  

e s t e rs . 

The e f f e c t s  o f  m e t hyl at ion can b e  r ev er s e d  by s apon i f 

i ca t i on w i t h  0 . 5 %  s o l u t ion o f  KOH in  7 0 %  e thano l .  Th i s  

p r o c edur e  r e s to r e s  b as oph i l i a  . o f  ca rboxy l group s  e s t e r i f i e d  

by me thy l a t i on b u t  do e s  no t r e s t o re b a s oph i l i a  due to s u l 

pha t e  g roup s o r  carb oxyl g roup s which have b e en r emoved 

dur ing methy l at ion . S aponi f i c a t ion cou l d  al so  b e  u s e d  t o  

r e s tore  PAS react ivi ty b l ocked b y  acety l a t ion . 

Carboxy l group s  o f  s i a l i c a c i d  o r i g in can b e  s p e c i f i c 

a l ly  i dent i f i e d  by r emoval o f  s i a l i c ac i d  un i t s  b y  u s e  o f  

t h e  en zyme s i a l i da s e  ( o r  neuraminida s e )  and s t a in ing sub 

s equent ly w i th Al c i an b l ue at  pH 2 . 5 .  Any basophi l i a 
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a f t e r  neuraminida s e  d i g e s t i on i s  probab ly due t o  s i a l i c 

a c i d  res i du e s  not l ab i l e  t o  neuraminidas e and add i t i ona l ly 

to sma l l  amounts  o f  uronic a c i d ,  although the l a t t e r  has 

no t b een i dent i f i e d  in bovine s a l iva ry g l a nd muc o s ub s t ances . 

The na ture o f  the sulpha t e  g roup s can be inve s t i ga t e d  

by u s e  o f  the enzyme t e s t i cu l a r  hyaluro n i d as e  whi c h  ext

racts  muc o p o lysacchari de re s i du e s  us ua l l y  found in  con 

n e c t ive t i s sues . Sub s equent A l c i an b lue s ta i n ing at  l ow 

pH  cou l d  therefo re b e  a t tr ibut e d  to sulphate g roup s attached 

t o  g lycop r o t e in mo l e cul e s , such a s  s ulpha t ed g lycop r o t e ins 

or s i a l o - s u lphated  g ly copro t e ins  rather than chondro i t in 

s ul phat e s . 

The ac i d i c  nature o f  the muco s ub s tan c e s  c an b e  further 

e s t ab l i shed  by use of p e r i o d i c  a c i d- pheny l hydr a z ine Schi f f  

r e a c t ion wh i ch us es  ph eny l hydr a z ine t o  b l o ck p e r i oda t e 

i nduce d  a l dehyde group s from neutra l  g l y c opro t e ins l e aving 

a l dehyde g roups of  s i a l o - g lycopro te ins or s i a l o - sulphated  

g l ycopro t e i ns to react  wi th the  Sch i f fs reag ent . 

The phenomenon o f  metachroma s i a  in  the p r e s ence o f  

th i a z in dye s  such a s  T o l udine b lue and Azure A i s  due t o  

t h e  ab i l i ty of  t h e  dye t o  imp art  a c o l our that  di ffers  from 

the o r i g inal  co l our o f  the dy e .  Th i s  change in co l our , due 

t o  a s h i ft to sho r t e r  wave l engths  ( a hyps ochrom i c  s h i ft ) 

in  the ab s o rpt ion spectrum o f  the dye , i s  cha ra c t e r i s t i c 

a l ly induced b y  high mo l e cul a r  we ight t i s sue sub s t r a t e s  

wh i ch have an ion i c  r a d i c l e s  c l o s e  t o g e the r .  H i gh mo l e c 

u l ar weight connect i v e  t i s s ue mucop o lys ac char i de s  s uch a s  

chondro i t in sulpha t e s  and hya l uronic a c i ds imp art a n  int 

e n s e  v io l e t - red me t achroma t i c  c o l our w i th th i a z ine dyes  

and ep i the l i al  muc o s ub s tance s of  l ower mo l e cu l a r  w e i ght , 

such a s  s i a l i c  a c i d s , imp a r t  a weake r purp l e  me t achroma t i c  

c o l our . 
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S t a ining and H i s t o chemi ca l Technique s 

( 1 )  Haematoxyl in and Eo s in ( H & E )  

Metho d : -

1 .  Dewax and b r ing s e c t ions t o  wat e r .  

2 .  St ain in May e r s  Ha ema lum fo r 1 0  minut e s . 

3 .  Rins e in t apwat e r .  

4 .  Blue in S c o t t s  t apwat e r  fo r 2 minut e s . 

5 .  Rins e in t apwa t e r .  

6 .  Stain in 1 %  aqueous Eo s in Y fo r 2 minut e s . 

7 .  Rins e r ap i dly in t apwat e r .  

8 .  Dehydra t e , c l ea r  in  xyl ene and mount in D . P . X . 

( 2 )  A l c i an Blue (AB ) pH 1 . 0 and pH 2 . 5  

Me thod : -

1 .  Dewax and br ing s e c t i ons t o  water . 

2 .  Stain in 1 %  Al c i an b lue 8 GX in 3 %  ace t i c  a c i d  

(pH 2 . 5 ) o r  1 %  Al c i an b lue 8 GX i n  O . lN HC l 

(pH 1 . 0 ) for 1 0  minut e s . 

3 .  Rins e in t apwat e r .  
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4 .  Count e r s t a in w i th H &E , dehydrate c l e ar and mount. 

Re s ul ts : -

C a rboxy l at ed mu co s ub s t anc e s  s t a i n  blue a t  pH  2 . 5 , 

S ulphat ed muc o s ub s t ance s s t a in b lue at  pH  1 . 0 . 

( 3 )  P e r i o d i c  Ac i d  S ch i ff ( PAS)  

Me tho d : -

1 .  Dewax and b ring s ec t ions t o  wate r .  

2 .  Oxi d i s e in 1 %  p e r i o dic ac i d  for 8 minut es . 

3 .  Wash in runn ing tap wat e r  fo r 5 minute s .  

4 .  Wash in three changes  o f  d i s t i l l ed wat e r . 

5 .  Re act w i th Schi ffs reagent for  1 0  minut e s . 

6 .  Wash in runn ing t apwat e r  fo r 1 0  minut e s . 

7 .  S t a in in May e r s  Haema lum fo r 5 minut e s . 

8 .  Rins e in  t apwat e r .  

9 .  Blue i n  Scot ts  t apwater  fo r 2 minut e s . 

1 0 .  Rins e in tapwat e r .  
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1 1 .  Rin s e  in 7 0 %  and 9 5 %  a l cohol . 

1 2 .  Count e rs ta i n  in  s aturat e d  s o lut ion o f  Tar t r a z ine 

in c e l lus o l ve ( e thy l ene  g lyco l mono e thyl e th e r )  

fo r 2 minute s .  

1 3 .  D i f f e r ent i a t e  and dehydr a t e  in 2 chan g e s  o f  

ab s o lute  al coho l . 

1 4 . C l e a r  in xy l en e  and mount in D . P . X . 

Re s ul t s : -

Neut ral  g lycopro t e ins s t a i n  p ink to dark red . 

Prep a r a t ion o f  Schi ffs Re a g ent : -

To 4 0 0  ml o f  dis t i l l ed wa t e r  warme d to 3 7 ° C add 2 g r ams 

of p ar a fuch s i n  and ag i t a t e  unt i l  d i s s o lved . Add 7 . 6  g rams 

of s o d i um met ab i s ulphi t e  and 2 ml o f  concent r a t e d  Hydro 

chl o r i c  ac i d .  Shake we l l  fo r 1 0  minut e s . S t o r e  in  dark 

cupb o a rd at room temp e ra ture  overni ght unt i l  s o lut ion 

b e come s s t raw- c o loured . Add 2 g r ams o f  activa t e d  charcoa l . 

Shake w e l l  and f i l t e r  b e fo re us e .  S to r e  in  r e f r i g e rato r .  

( 4 )  A l c ian b l ue and P e r i o d i c  a c i d  S ch i ff 

Method : -

1 .  F o l l ow AB met h o d  S tep s 1 - 3 .  

2 .  S t a in with PAS me thod S t e p s  1 - 1 4 . 

Re sults : -

Neut r a l  g lycop r o t e ins  s t a i n  r e d . 

Ac i d  g lycopro t e ins  s t a i n  b lue . 

Mixed g roups  s t a i n  purp l e . 

( 5 ) Phenylhydra z ine - P e r i o d i c  Ac i d  Sch i f f  (PAPS )  

Metho d : -

1 .  Dewax and b r ing  s e ct i o n s  to wate r .  

2 .  Oxi d i s e  in 1 %  p e r i o d i c  a c id fo r 8 minut e s . 

3 .  Wash in runn ing t apwa t e r  fo r 5 minut es . 

4 .  B l o c k  p e r i odat e - indu c e d  al dehyde s w i th 0 . 5 % 

aqueous pheny l hydra z ine  hydrochl o r i de in  

c o p l in j ar fo r 30  minut e s . 

5 .  Wash in runn ing  t apwat e r . 



6 .  S t a in w i th Schi ffs r e agent fo r 10  minut e s . 

7 .  Wash in  runn ing tapwa t e r  fo r 1 0  minut e s . 

8 .  Count e r s t a in w i th t a r t r a z ine . 

9 .  Dehydrat e , c l e a r  and mount . 

Re s u l t s : -

S i a l o  glycop r o t e ins and s i a l o - sulphat e d  g ly c o 

p ro t e ins s t a in red . 

( 6 )  Ac e tyl a t i on and PAS 

Me tho d : -

1 .  Dewax and b ring to wate r .  

2 .  T r e at w i th mixture o f  ace t i c  anhydr i de ( 1 3  ml ) 

and p y r i dine ( 2 0  ml ) fo r 1 hour . 

3 .  Wash in  wat e r .  

4 .  S t a i n  w i th PAS t e chn ique S t e p s  2 - 1 4 . 

Re s u l t s : -

Ac e ty l at i on b l o cks hydro xyl  group s , wh i ch a r e  

then PAS n e g at ive . 

( 7 )  Ac e tyl a t i o n , S apon i f i c a t i o n  and PAS 

Me tho d : -

1 .  Dewax and b ring to wate r .  

2 .  Tre at w i th mixture o f  a c e t i c  anhydride  ( 1 3  ml ) 

and py r i d ine ( 2 0  ml ) fo r 1 hou r .  

3 .  Wash i n  wat er . 
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4 .  Tre at w i th O . lN KOH for 4 5  minutes in  c op l in j ar .  

5 .  Wash in  wat e r .  

6 .  S ta in w i th PAS t e chn ique S t ep t s  2 - 1 4 .  

Re s ul t s : -

Sapon i f i ca t i on re s t o r e s  PAS s t a ining o f  hyd roxy l 

g ro up s  b lo c k e d  by ace ty l at ion . 

( 8 ) Di a s t a s e  and PAS 

Me tho d : -

1 .  Dewax and b r ing to wat e r .  

2 .  Di g e s t  w i th d i a s t as e ( 1 : 1 0 0 0  in d i s t i l l e d wat e r )  



o r  t r e a t  with s al i v a  fo r 3 0  minut e s  at  3 7 ° C .  

3 .  Wash i n  water . 

4 .  S ta in w i th PAS techni que S t ep s  2 - 1 4 . 

Re s ul t s : -

Di a s tas e removes g lyco g en ,  PAS react i v i ty i s  

the refore s p e c i f i c  fo r neut ra l g lycop ro t e in s . 

( 9 )  Me thyl at i on and Al c i an b l ue at  pH 1 . 0  and pH 2 . 5 

Me tho d : -

1 .  Dewax and b r i ng s e c t ions to 7 0 %  al coho l . 

2 .  P l ace i n  p rehe a t e d  1 %  HC l in  me thy l al c oho l 

for 4 hours at 6 0 ° C . 

3 .  Rins e i n  al coho l . 

4 .  Stain  w i th Alc i an b lue me thod Step s 2 - 4 .  

Re s ul t s : -

Ac i d  muco subs tances  a r e  AB n e g at ive at b o th pH 1 . 0  

and pH 2 . 5 ,  as  act ive m e thy l at i on e l imina t e s  

b a s ophi l i a . 

( 1 0 )  Me thyl a t ion , S apon i f i c a t i on and AB at pH 1 . 0 and 

pH 2 . 5 

Me tho d : -

1 .  Dewax and bring s e c t ions t o  7 0 %  a l coho l . 

2 .  P l a ce in  prehea t e d  1 %  HCl in me thy l al coho l 

for 4 hours at 6 0 ° C .  

3 .  Rins e  i n  a l coho l . 

4 .  Saponi fy in 0 . 5 % KOH in  7 0 %  al coho l f o r  3 0  

minut e s  a t  Ro om T emp e ratur e . 

5 .  Wash i n  wat e r . 

6 .  S t a in wi th Al c i an b lue metho d St eps  2 - 4 .  

Re s ul ts : -

N e g at ive AB s t aining a t  pH  1 . 0  a s  sulpha t e  g roup s  

a r e  hydr o ly s e d .  Sap on i f i c a t ion res to r e s  methy l at e d  

ca rboxy l  g roups t o  s t a in a t  AB p H  2 . 5 .  
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( 1 1 )  Neuram in i d a s e  and Al c i an b l ue at pH 2 . 5  

Me t h o d : -

1 .  Dewax and b r ing t o  wat e r .  

2 .  I ncub a t e  s e ct ions i n  s o lut i on of  neuram i n i da s e  

( C l . P e r fr ingens ) ( P . L . B i o chemi cal s I nc . ) ;  

prepared by : 

O . lM a c e t at e  buff e r  pH 5 . 5 1 . 0  ml 

Cal c i um chl o r i de 1 0  mg 

Neuram i n idas e 1 0  mg 

I ncubate  o v e rn i ght at 3 7 ° C w i t h  c ont ro l 

s e ct ions in  buffer a l one . 

3 .  Wa sh in  t ap wat e r .  

4 .  S t ain w i t h  AB method at  pH  2 . 5 , S t ep s 2 - 4 .  

Re s u l t s : -

N e ur ami n i da s e  e l imina t e s  AB s t a i ning at t r ib ut e d  t o  

c a rb oxy l g roup s o f  neuraminida s e  l ab i l e  s i a l ic 

a c i ds . 

( 1 2 )  Hya l u ron i das e and Al c i an b l ue at  pH 1 . 0  

Me tho d : -

1 .  Dewax and bring to wat er . 

2 .  I ncub at e  s e c t i on s  in s o l ut i on of hy a l uron i das e 

( B ovine t e s t e s ) ( 1 5 , 0 0 0  un i t s )  (P . L .  B i ochem

i c a l s  I nc . ) ; p re p a red by : 

hyaluronidase  5 mg 

Pho s ph a t e  buffe r pH 6 . 7 5 ml 

I ncub a t e  o v e rni ght at  3 7 ° C w i t h  cont ro l 

s e ct ion o f  e l a s t i c  c a r t i l a g e  ( ep i g l o t t i s ) 

in  buffer a l one . 

3 .  Wash in  t ap wat e r . 

4 .  S t a i n  with AB me thod at pH  1 . 0  S t ep s  2 - 4 .  

Re s ul t s : -

Hyaluro n i da s e  remo v e s  chondro i t in sulphat e and 

hyaluro n i c  ac i d ;  subs equent AB s t aining at pH 1 . 0 

i s  due t o  s ulphat e d  g lycop rot e i ns . 
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( 1 3 ) Al c i an Ye l low pH 2 . 5 

Metho d : -

! .  Dewax and b ring to wat e r .  

2 .  S t a i n  in 0 . 5 %  Alc i an Y e l low GX in 3 %  ace t i c  

a c i d  (pH 2 . 5 ) for 1 0  m inut e s . 

3 .  Wash in  t ap wa t e r . 

4 .  Coun t e rs t a i n  w i th H & E . 

5 .  Dehydrat e ,  c l ea r  and mount . 

Re sults : -

Carboxy l a t e d  muc o s ub s t an c e s  s t ain ye l l ow .  

( 1 4 )  To ludine B lue 

Me thod : -

! .  Dewax and b r ing to wat e r .  

2 .  S t a i n  in 1 %  aq . To ludine b l ue for 1 minute . 

3 .  Rins e in t ap wat e r .  

4 .  Dehy drate r ap i dly , c l e a r  and mount . 

Re s u l t s : -

Ac id muc o s ub s t anc e s  s t a i n  purp l e . 

( 1 5 )  Azure A pH 1 ,  2 ,  3 and 4 

Me tho d : -

! .  Dewax and b ring to wat e r .  

2 .  S t a i n  at requi red pH s o lut ion for 5 minut e s ; 

Prep a r e  Azure A 1 : 5 0 0 0  at pH 1 ,  2 ,  3 and 4 

w i th phosphat e - c i t ra t e  buffe r .  

3 .  Rins e in t ap wat e r . 

4 .  Dehydra t e , c l e ar and mount . 

Re s ul t s : -

Stong ly a c i d i c  muc o s ub s t an c e s  s t ain at pH 2 and 

ab ove whi l e  s i a lo - g lycop r o t e ins s t ain at pH  4 .  

( 1 6 ) H a l e s  Co l l o i da l  I ron 

Me tho d : -

! .  Dewax and b r ing to wat e r .  

2 .  F l o o d  with s o lut i on o f  dia lys ed i ron 1 vo lume 
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and 2 M  acet i c  a c i d  1 vo l ume (mixed j us t  b e fo r e  

us e )  fo r 1 0  minutes . 

3 .  Was h  w i t h  d i s t i l l e d  wat e r . 

4 .  F l o o d  with a c i d - ferrocyan i de so lution o f  

2 %  p o t a s s ium fe rrocyan i de 1 vo l ume and 

2 %  H C l  1 vo lume for 1 0  minut e s . 

5 .  Wash w i th di s t i l l e d  wat e r . 

6 .  Coun t e r s t a in in  May e r s  H a emalum fo r 5 m inut e s . 

7 .  Rins e in t ap wa ter . 

8 .  Dehydrat e , c l e a r  and moun t . 

Res ul ts : -

Ac i d  muc o s ub s t an c e s  s t ain b r i ght b l ue . 

Preparat i on o f  d i a ly s e d  i ro n  s to ck solut i o n : 

di s s o lve 7 5  grams o f  F e C 1 3 in 2 5 0  ml d i s t i l l ed 

wat e r . 

Add 1 0 0 ml o f  g lycero l , w i th cons tant s t i rr ing  

add  5 5  ml  o f  2 5 %  ammon i a  s o lut ion . D i a l y s e  

re s u l t ing s o lut ion ag a i n s t  d i s t i l l e d  wa t e r  

fo r 3 days . 

( 1 7 )  B IAL r e a c t ion fo r s i al i c  ac i d  

Me tho d : -

1 .  Dewax and b r ing to wa t e r .  

2 .  Sp r ay s e c t i ons with B IAL re agent by u s e  o f  

Shandon sp ray gun . 

3 .  P l a c e  s e c t ions , face  down , on a g l a s s  frame 

in a p reheat e d  conta i ne d ,  whi ch has on the 

bo t tom a thin l ayer  of conc ent rat e d  HC l a t  

7 0 ° C ,  fo r 5 - 1 0  minut e s . 

4 .  D ry s e ct ions in a i r . 

5 .  C l e ar in xyl ene and mount . 

Re sul t s : -

Area s  o f  high concent ra t io ns o f  s ial i c  a c i ds 

s ta in redd i s h  b rown .  
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P r eparation o f  B IAL r e a g ent : -

o r c i no l  

c one . HCl 

O . lM Cuso4 

2 0 0  mg 

8 0  ml 

0 . 2 5  ml 

Di s s o l ve the o rc ino l in HC l ,  add  Cuso4 s o lu t i o n  

and make up to 1 0 0  ml w i th di s t i l l e d  wat e r . Al l ow 

t o  s t and fo r 4 hour s . 

1 2 3  

( 1 8 ) B i smarck B rown 

( 1 9 )  

Met ho d : -

1 .  Dewax and br ing t o  wat e r . 

2 .  Stain i n  B i smarck B rown s o l ut ion fo r 3 0  minut e s . 

3 .  Rins e i n  7 0 %  a l c o ho l . 

4 .  Count e r s t a in in C ar az zi' s haematoxy l i n  f o r  1 - 2 

minut e s . 

5 .  Wash in runn ing t ap wat e r  f o r  5 minut e s . 

6 .  Dehydra t e , c l e a r  and moun t . 

Res u l t s : -

Su lphat e d  mucosub s t an c e s  and mas t c e l l  g r anul es  

s t a in yel l ow- brown . 

P r eparat ion o f  B i smar c k  B rown s o l ut ion : -

B i smarck B rown 0 . 5 

Ab s o lut e  a l co h o l  8 0  

1 %  HCl 1 0  

N e u t r al Re d 

Me thod : -

1 .  Dewax and br ing t o  wat e r .  

g 

ml 

ml 

2 .  S t a in in 1 %  aque o us s o l u t ion of Neut r a l  r e d  

f o r  5 minut e s . 

3 .  Dehydrat e ,  c l e a r  and mount . 

Re s ul ts : -

Neutral r e d ,  a cat i o n i c  dye ,  s t ains ma s t  c e l l  

g ranul es  dark re d .  



( 2 0 )  Phloxine - T a r t ra z ine 

Me thod : -

! .  Dewax and b r ing t o  water . 

2 .  S t a i n  i n  Cara z z i ' s  ha emat o xy l in fo r 2 minut e s . 
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3 .  S t a i n  w i th 0 . 5 %  pholxine i n  0 . 5 %  c a l c ium chl o r i de 

fo r 3 0  minut e s . 

4 .  Rins e  i n  wat e r  and 7 0 %  a l c o ho l . 

5 .  Count e r s tain in Tartraz ine in c e l l o s o lve fo r 

2 minut e s . 

6 .  Rinse  i n  ab s o l u t e  alcoho l . 

7 .  Dehy dr a t e , c l e a r  and mount . 

Re s u l t s : -

Ph loxine , a n  ac id dy e , s t a ins b a s i c  

p ro t e ins p ink t o  r e d . 

( 2 1 )  F a s t Re d 2 B  

Method : -

! .  Dewax and bring to wat e r . 

2 .  S t a i n  in  0 . 1 % F a s t  Red 2 B  in  O . lM veronal 

ac e t a t e  buf fe r  at  pH 9 . 2 for  2 minut e s . 

3 .  Wash i n  runn ing t ap wate r .  

4 .  Coun t e r s tain i n  Ca raz zi's h a emat oxyl in for 

2 minu t e s . 

5 .  Rins e in t ap water . 

6 .  Dehydr a t e , c l e a r  and mount . 

Results : -

B i o g en i c  amine s s t a i n  dark o range to r e d . 

( 2 2 )  Me thyl G r e en - Pyronin 

Method : -

! .  Dewax and b r ing to wat e r . 

2 .  F lo o d  with s t a in ing s o l ut i on o f : 

5 %  aqueous pyron in Y 1 7 . 5  ml  

2 %  aqueous methy l  g reen 1 0  ml 

di s t i l l e d  wa t e r  2 5 0  ml 

and l e ave fo r 1 5  minut e s . 

3 .  Rins e rap i dly i n  d i s t i l l e d wat er and b l o t  



dry w i t h  f i l t e r  p ap e r . 

4 .  F l o o d  w i th acet one , l e ave fo r a few s e conds . 

5 .  F l o o d  w i th equal p arts o f  a c e t one and xy l ene . 

6 .  C l e a r  in  fresh xy l ene and mount in D . P . X . 

Re sul t s : -

St ains RNA b r ight p ink - re d ,  p ar t i cularly u s e ful  

for i dent i f i cat ion o f  p l asma c e l l s . 

( 2 3 ) F luores cent ant ibody me tho d 

Me thod : -

! .  Dewax and b r ing t o  wat e r . 

2 .  F l ood w i th 2 %  b ovine s e rum albumen ( B SA) 

for 5 minut e s . 

3 .  Treat w i th fluo r e s c ine  c onj ugated ant ibody 

( g o at ant i - human I gA) (Mi l e s - Yeda Lt d . , 

I nd i an a ) , 

di lut e d  1/ 1 0  w i th pho spha t e  buffe red s a l ine 

(PBS)_ p H  7 .  1 .  

P l ac e  s e ct ions in  p et r i - d i shes  with mo i s t  

f i l t e r  p ap e r  o n  bo ttom o f  d i s h . I ncubat e for 

1 hour . 

Cont ro l s e ct i ons are incub at e d  w i th PBS only . 

4 .  Rin s e  in PBS . 
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5 .  Wash i n  g l as s  j ar w i th us e o f  a ma gne t i c  s t i rr e r , 

in 3 chan g e s  o f  PBS , 1 5  m i nu t e s  e ach wash . 

6 .  Rins e i n  d i s t i l l e d  wat e r . 

7 .  Mount in g lyc e r o l  j e l ly and examine w i th 

fluo r e s cent m i c ro s cop e . 

Re sul t s : -

A pos i t ive react i on ,  for examp l e  p l asma c e l l s  

synthe s i s ing I gA ,  i s  demons t r a t e d  by app l e - g re en 

o r  yel l ow f l uo r e s c enc e ; howeve r  i f  cont rol  s e c t i ons 

show s im i l a r  fluo re s cent c o l ou r s , th i s  indi c a t e s  

forma l i n - induce d  aut o fl uo r e s c ence p ro duc e d  b y  a 

b i ogenic amine such as 5 - Hydroxytryp t amine . 



( 2 4 )  S i lver impregnat i on method 

Me thod : -

1 .  B r ing s e c t i ons to wat e r . 

2 .  S t ain in fre shly p repared 0 . 0 5 %  aqueous s i l ver 

n i t ra t e  f o r  3 hours at  6 0 ° C .  

3 .  W i thout r in s ing reduce  in a f r e shly p r ep a red 

s o lut i on of 1%  hydroquinone and sulph i t e  for 

1 minut e a t  4 5 ° C .  

4 .  R ins e in d i s t i l l e d  wat e r .  
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5 .  F ix in  5 %  s od ium t h i o sulphat e for 2 1 / 2 minut e s . 

6 .  Rinse  in d i s t i l l e d  wat e r .  

7 .  Dehydrat e ,  c l e a r  and mount . 

Re s u l t s : -

Argyr ophi l i c s ub s t ance s such as  mast  c e l l  g ranul e s  

s t a i n  dark b rown t o  b l a c k .  

P rep a ra t i o n  o f  s i l ver s o l u t i on : 

Mix  S O  mg s i lver n i t rat e , 1 0  ml o f  pH 5 . 6 

ac e t i c  a c i d - s o dium acet at e _ buffer in 9 0  ml 

o f  d i s t i l l ed wate r .  

( 2 5 ) Mal l o ry ' s Pho sphotungs t i c  Ac i d  Haematoxyl in ( PTAH ) 

Met h o d : -

1 .  Dewax and bring to wat e r . 

2 .  T r e at w i th Lugo r s  i o dine and s odium th i o sulphat e, 

2 minu t e s  each . 

3 .  P l ace  in  0 . 2 5 %  aque ous p o t a s s ium p e rmanganat e 

fo r 5 minutes . 

4 .  Rinse  in  dis t i l l e d wat e r . 

5 .  P l a c e  in  5 %  oxal i c  ac i d  fo r 1 0  minu t e s . 

6 .  Rin s e  in di s t i l l e d  wat e r .  

7 .  Wash i n  t ap wat e r  for  5 minut es , r in s e  wi th 

di s t i l l e d wat e r . 

8 .  S t a i n  in  PTAH 1 2 - 2 4  hours . 

9 .  Dehydr a t e  rap i dly , c l e a r  and mount . 

Re s u l t s : -

Eo s inophi l i c sub s tan c e s  s t a in dark purp l e  o r  b l ac k , 



nuc l e i  and c ro s s  s t r i a t i ons o f  mus c l e  f ib r e s  s t a in 

b l ue , c o l l a g en and g r o und sub s t ance of bone , 

ye l l ow to b r i ck red . 

P r ep a rat ion o f  PTAH s o l ut i on : 

H aema t e i n  

Phospho t ung s t i c  a c i d  

D i s t i l l e d wa ter 

1 g 

2 0  g 

1 0 0 0  ml 

Di s s o lve haema t e in and phospho tung s t i c  a c i d  s ep 

a r a t e l y  in di s t i l l e d  w a t e r , u s ing gent l e  h e at . 

1 2 7  

When coo l ,  comb ine s o l u t ions and make up t o  1 l i t r e . 

Rip en so lut ion imme d i a t e l y  by adding 0 . 1 7 7  g r ams 

o f  p o t a s s ium p e rmanganat e  o r  expo s e  to l i ght and 

warmth for S - 6  weeks . 
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