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A HISTOCHEMICAL STUDY ON THE SALIVARY GLANDS OF THE
COTTON-TOP TAMARINS (Saguinus oedipus oedipus)

Pamuk Tepeli Tamarin (Saguinus oedipus oedipus) Maymunlarimn
Tiikriik Bezleri Uzerine Histokimyasal bir Calisma

Mahmut SOZMEN*

SUMMARY

Peter Jim BROWN**

A histochemical study was performed on sections of major and miior salivary gland tissues from cotton-top tamarins
(Saguinus oedipus oedipus). alcian blue/periodic acid Schiff (AB/PAS) and aldehyde fuchsin/alcian blue (AF/AB) stain-
ing techniques were used to demonstrate acid and neutral and sulphated and sialylated mucins respectively.

Staining of acinar and duct cells and ducts was assessed in the different glands. Acini in buccal, palatine, parotid and
posterior sublingual glands were seromucous. Mucous acini were present in submandibular gland and anterior part of
sublingual glands. Seromucous and serous demilunes were present in submandibular and palatine glands, respectively.

The patterns of histochemical staining are compared with those of other species.
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OZET

Cotton-top tamarinlerin (Saguinus oedipus oedipus) major ve minor tiikriik bezleri iizerinde histokimyasal bir ¢alisma
yapildi. Asit ve ndtral musinler alcian blue/periodic acid Schiff (AB/PAS), siilfath ve sialilatli musinler ise aldehyde

fuchsin/alcian blue (AF/AB) ile boyandi.

incelenen kulak alti, gene alti, dil alti, yanak ve damak tiikriik bezlerinde asiner ve kanal hiicrelerinin ve kanallarin
boyanmasi degerlendirildi. Yanak, damak, kulak alti ve posterior dil alt tiikrilk bezlerinin seromiik6z karakterde oldugu
gozlendi. Mitkoz asini, gene alti tiikriik bezlerinde ve dil alu tiikriik bezlerinin anterior kisimlarinda tespit edildi. Cene
alt: tiikriik bezlerindeki yarim ay asiner hiicrelerinin serdmiikoz, damak titkriik bezlerindeki yarim ay asiner hiicrelerinin

ise seroz karakterde oldugu tespit edildi.

Tikriik bezlerinin histokimyasal boyanma sekilleri diger tiirler ile kargilagtinldi.
Anahtar Sozciikler: Pamuk tepeli tamarin, Musin, Tiikriik bezi.

INTRODUCTION

The cotton-top tamarin (Saguinus oedipus
oedipus) is an endangered species confined to
only a small tract of tropical forests in the
northwestern Columbia (1) which is invaluable
as a unique model for certain types of medical
research (2).

Another small primate, the common mar-
moset (Callithrix jacchus), has also been used
as an experimental animal (3). There have been
detailed structural studies of various cells and
tissues including the gastrointestinal tract (3) of
the common marmoset, but no such studies of
the cotton-top tamarin.

A range of histochemical staining methods
have been developed to differentiate serous or
mucous; acidic or neutral and sulphated or non-
sulphated mucins and are described by Leppi
and Spicer (4). Despite the wide range of meth-
ods available (5-9), basically only three main
types of mucin can be recognised - sul-
phomucins, sialomucins and neutral mucins (8).

The present study was undertaken to de-
termine the distribution and histochemistry of
different classes of mucosubstances in buccal
(molar), palatine, parotid, sublingual and sub-
mandibular glands of cotton-top tamarins.
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MATERIALS and METHODS
Animals and Tissues

Salivary gland tissue samples from the molar,
palatine, parotid, sublingual and submandibular
glands were removed during the course of post-
mortem examination from three cotton-top tam-
arins.

“Two animals were female (aged nine months
and nine years) the other was a four year old
male. In all cases, sodium pentothale euthanasia
was performed because of progressive weight
loss and/or chronic diarrhoea. In the young fe-
male there was mild pneumonia. In both adult
animals post-mortem examination revealed
chronic colitis and carcinoma of the large in-
testine; such an association of colitis and neo-
plasia in the colony has already been described
in detail (10). In all cases the salivary glands
were macroscopically and microscopically nor-
mal.

The tissues were fixed in 10 percent neutral
buffered formol saline for 1-2 days at room
temperature before being routinely processed
and embedded in polywax at 60 °C. Sections
were cut at 5 |, thickness and mounted on
slides.

Histochemistry

Representative sections were stained with
haematoxylin and eosin and in the following
ways:

AB/PAS procedure (5)

Sections were immersed in 1% alcian blue
(pH2.5) solution for 5 minutes at room tem-
perature; rinsed and treated with 1% periodic
acid for 5 minutes; rinsed and exposed to
Schiff's reagent for 15 minutes; rhinsed and nu-
clei stained with Mayer's haematoxylin; de-
hydrated, cleared in xylene and mounted.

AF/AB procedure (11)

Sections were treated with ripened aldehyde
fuchsin solution for 20 min;: rinsed in 70% al-
cohol, then in tap water and treated with alcian
blue (1%) solution (pH 2.5) for 5 min; washed
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in water, dehydrated and mounted.

In all cases, the staining procedures were
controlled by using samples of dog colon as
positive control tissue.

RESULTS
Histology

Buccal (Molar) salivary glands: The acini
consisted of clusters of pyramidal and cuboidal
cells. The acinar cell cytoplasm varied in ap-
pearance; smaller acini were less vacuolated,
with more eosinophilic cytoplasm. Basal nuclei
had granular basophilic chromatin and prom-
inent nucleoli.

Aldehyde Fuchsin / Alcian Blue

A granular mixture of AF-AB cytoplasmic
staining was confined to some coarsely vac-
uolated acinar cells. There was similar mixed
staining of the apical surface of other acinar
cells and of secretion in acinar lumina.

Alcian Blue / PAS

A range of mixed AB-PAS staining occured
in some coarsley vacuolated cells surrounding
acinar lumen; other cells were unstained. There
was similar mixed staining of the apical surface
of other acinar cells and of secretion in acinar
lumina.

Palatine salivary gland: The acini consisted
of clusters of pyramidal cells with basal round-
ed nuclei, with finely granular chromatin. Ac-
inar cell cytoplasm was clear and vacuolated. In
two animals there were also scattered basophil-
ic cells appearing as demilunes. Excretory ducts
included numerous goblet cells.

Aldehyde Fuchsin / Alcian Blue

Acinar cells were stained predominantly with
alcian blue. In most acini, virtually the entire
cell cytoplasm was intensely-stained, with a
coarsely-lobulated pattern; faint AF-staining
was confined to the periphery of acinar cells. A
small number of acinar cells were stained with
both AF and AB. Demilune cells were un-
stained, indicating their serous nature.
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Goblet cells observed in excretory ducts were
stained mostly with AB. In a single animal,
some goblet cells stained purple with AF or ex-
hibited a fine mixture of blue and purple stain-

ing.
Alcian Blue / PAS

A complete range of AB and/or PAS staining
occurred in different acini (Figure 1). Most aci-
ni contained AB-positive cells; many of the
cells were also stained with PAS. A few cells
were stained with PAS alone; the latter were
present particularly at the periphery of acini.
Most duct epithelial cells stained with PAS.
Goblet cells in the excretory ducts were stained
with AB, as was the duct luminal content.

Parotid salivary gland: The parotid salivary
gland consisted of lobules of pyramidal epi-
thelial cells with basal nuclei which were large,
and rounded, with finely-granular chromatin.
The acinar cell cytoplasm was clear and vac-
uolated, speckled with dense basophilic gran-
ules. Ducts were lined by columnar cells with
pale, eosinophilic cytoplasm. Nuclei were locat-
ed in the centre of the cells and were rounded,
with finely granular chromatin.

Aldehyde Fuchsin/Alcian Blue

The parotid salivary gland tissue was gener-
ally poorly-stained. There was no AF-positive
staining in acinar or duct cells. Alcianophilia
was confined to a few coarser granules in larger
acinar cells and duct epithelial cells.

Alcian Blue / PAS

In acinar epithelial cells there were many fine
granules of AB-positive staining and some larg-
er PAS positive granules. Some duct epithelial
cells contained a few small PAS-positive gran-
ules as well as more diffuse cytoplasmic stain-
ing and staining of luminal contents.

Sublingual salivary gland: Acini consisted
of groups of cuboidal and pyramidal cells with
basal nuclei. Acinar cell cytoplasm varied in ap-
pearance in anterior and posterior parts of the
gland. Anterior gland cells were typical of ser-
ous cells, with small amounts of finely
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granular basophilic cytoplasm; posterior gland
cells had larger amounts of cytoplasm con-
taining many large, basophilic apical granules
and resembled mucous cells.

Aldehyde Fuchsin / Alcian Blue

In mucous acinar cells in the posterior gland
tissue, there was moderate AB staining of some
larger apical granules; some cells showed AF
positivity of the peripheral cytoplasm.

Fine AF positive granules were also present
in serous cells in the anterior glands. There
were also some smaller, scattered AB positive
cytoplasmic granules. Staining of ducts was
confined to AF-positivity of the luminal third of
the epithelial cells.

Alcian Blue /PAS

Anterior gland serous cells contained PAS-
positive cytoplasm; the size and number of cy-
toplasmic granules varied. A few of the larger
mucous cells present in the posterior glands
contained large cytoplasmic granules which
stained with either AB-positive (Figure 2) or
stained with both AB and PAS. Staining of duct
luminal contents varied in anterior and posterior
glands and reflected the difference in AB and
PAS staining of secretory tissue.

Submandibular salivary gland: Acini con-
sisted of a mixture of mucous and serous cells.
Mucous acinar cells were cuboidal and py-
ramidal, with basal nuclei and cytoplasm con-
taining dense basophilic granules. Serous acinar
cells were pyramidal cells present at the pe-
riphery of mucous acini; they had basal nuclei
which were large and rounded with finely gran-
ular chromatin and abundant pale cytoplasm.

Aldehyde Fuchsin / Alcian Blue

Alcianophilia was confined to clusters of mu-
cous acinar cells and slight staining of the lu-
minal surface of ducts. Serous demilunar cells
were weakly stained with AF.

Alcian Blue / PAS

AB-staining was confined to mucous acinar
cells. Peripheral demilunar cells contained fine
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PAS-positive granules (Figure 3). Some duct
epithelial cells contained a few PAS-positive
granules and there was diffuse PAS-positive
staining of the apical cytoplasm; there was some
AB-positive staining of luminal secretion.

DISCUSSION

The histological structure of salivary gland
has been studied in various species including ru-
minants (12), human (6), carnivores (including
cats and dogs) (13), rodents (14) and primates
(Saimiri sciureus and Macaca mulatta) (4). Pri-
mate salivary glands have been subjected to a
series of investigations including histochemistry
(4,15) and ultrastructure (16-20). The tamarin
salivary glands examined in this study contained
a variety of histochemically demonstrable neu-
tral glycoconjugates, sulphated and sialylated
glycoconjugates according to the classification
of Spicer et al (7) and Leppi and Spicer (4).

Most histological studies of salivary glands
have investigated the submandibular and parotid
major salivary glands (14,15). The sub-
mandibular glands in most mammals contain
both serous and mucous cells; seromucous acini
have been observed in Rhesus monkeys
(M.mularta) (13) and Squirrel monkeys (Saimiri
sciureus) (4,16). In the cotton-top tamarins de-
scribed here, submandibular, palatal and posteri-
or sublingual gland acinar secretory cells were
mucous in character with sialomucin pre-
dominating. Sialomucins were also detected in
the tamarins by lectin-binding (Sozmen and
Brown, unpublished) and sialic acid containing
mucins also predominated in Philippine ma-
caques (Macaca irus) (15,21) and rhesus and
squirrel monkeys (4). In contrast, guinea pig
and giant rat submandibular glands contain only
serous acini (22). Demilunar cells in the tamarin
submandibular gland were seromucous. Se-
romucous demilunes have also been detected in
submandibular glands of squirrel monkeys (Sai-
miri sciureus) (4,16), Rhesus monkeys (Macaca
mulatta) (13), Mindanao tarsier (Tarsius sy-
richta) (23) and other macaques (M. cyclopis
and M. fuscata) (24), while submandibular
demilunes are composed of serous cells in com-
mon marmosets (Callithrix jacchus) (25) and
Philippine macaques (Macaca irus) (15,21).

The mixed seromucous character of the pa-
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rotid gland of cotton-top tamarins described
here is similar to that observed in squirrel mon-
keys (Saimiri sciureus) (17) and marmosets
(Callithrix jacchus and C. penicillata) (25,26).
In contrast, predominantly serous acini have
been reported in parotid glands in humans
(6,27) and in some other primate species in-
cluding macaques (Macaca irus) (21), spider
monkey (Ateles paniscus) (28), squirrel mon-
key (Saimiri sciureus) (17), and olive baboon
(Papio anubis) (29). In a parallel lectin-binding
histochemical study the parotid gland contained
sialic acid (Sozmen and Brown, unpublished).
The failure to demonstrate sialic acid by AF/
AB histochemical staining reported here, may
relate to interference with binding of cationic
dyes due to masking by protein (30); a similar
discrepancy has been described in humans (31).

In both rhesus and squirrel monkeys, sialic
acid-containing mucins were present in sub-
lingual glands as well as in submandibular
glands. Rhesus monkey sublingual glands con-
sist of two different type of acinar cells (mu-
cous in the anterior part and seromucous in the
posterior region) whereas squirrel monkey sub-
lingual gland contained only mucous acini (4).
Two distinct secretory patterns were present in
the cotton-top tamarin sublingual glands; ser-
ous cells were mainly present anteriorly where-
as mucous cells predominated in the posterior
part of gland. The variation in the secretory end
pieces observed in rhesus monkey (Macaca
mulatta) sublingual glands relates to the pres-
ence of demilune cells in posterior lobules (8).
In the cotton-tamarins described here, anterior
and posterior gland tissue did not contain demi-
lune cells. In contrast orangutan (Pongo pyg-
maeus) sublingual glands contained only large
mucous acinar cells (8).

Salivary glands other than the submandibular
and parotid have received less attention. Minor
salivary glands secrete saliva spontaneously
even in the absence of nervous stimulation (32)
and variation in histochemical staining might
reflect asynchrony of secretory activity of a
population of similar secretory cells. There
have been only of few reports of seromucous
secretory tissue in minor salivary glands in var-
ious domestic animals (33), including ru-
minants (12) and in human (9).
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In relation to palatal gland mu-
copolysaccharide secretion, differences exist be-
tween primates. Some primate palatal glands
(M. irus, M. mulatta, M. fasciculatta) (34) have
been considered as mucous whereas tufted cap-
uchine monkey palatine glands (Cebus apella)
were serous in nature (20). Cotton-top tamarin
palatine salivary glands were seromucous in
character, containing a mixture of neutral and
acidic, sulphomucin and sialomucin; demilunar
cells were predominantly serous.

Duct epithelial staining varied in different
tamarin glands. Striated ducts were present in
all glands except sublingual glands; a lack of
striated ducts in sublingual glands was also ob-
served in cats (35). In the excretory ducts of
tamarin palatine glands, goblet cells were
present but were absent in other glands. The
goblet cells contribute glycoproteins to the sa-
liva that is produced by that particular gland
and similar goblet cells have been observed in
excretory ducts in submandibular glands in Jap-
anese monkey (Macaca fuscata) (19) and rhe-
sus monkey (Macaca mulatta) (30), in parotid
glands of rhesus monkeys (36) and in sub-
lingual glands of crab-eating monkeys (Macaca
fascicularis) and African green monkeys (Cer-
copithecus aethiops) (15).
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Figure 1. Tamarin palatal gland: mucous acinar
cells (m) are densely stained (with AB). Serous de-
milunar (d) cells are also stained (with PAS). (AB/
PAS X 400).

Resim 1. Tamarin damak tiikriik bezi: Miikoz asiner
hiicrelerde (m) koyu boyanma (AB). Seréz yarim ay
hiicrelerinde (d) agik renkte boyanma (PAS). (AB/
PAS x 400)

Figure 3.
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Figure 2. Tamarin posterior sublingual salivary
gland: staining (AB-positive) is visible only of the
luminal aspect and content of acinar cells. (AB/PAS
X 400).

Resim 2. Tamarin 6n dilalt tiikriik bezi: AB-pozitif
boyanma asiner hiicrelerin yalnzca luminal yiize-
yinde ve lumen igeriginde mevcut. (AB/PAS x 400)

ibular salivary gland:
mucous acinar cells are densely stained (with AB).
Serous demilunar (d) and acinar cells contain fine
PAS positive granules. PAS positive staining is also
present of luminal aspect of striated ducts. (AB/PAS
X 400).

Resim 3. Tamarin ¢enealu tiikriik bezi: Miikoz asi-
ner hiicrelerde koyu boyanma (AB). Ser6z yarimay
(d) ve asiner hiicrelerde PAS ile graniiler tarzda bo-
yanma. Cizgili kanallarin luminal yiizeylerinde PAS
pozitif boyanma (AB/PAS x400).



