
Summary. The anterior medial gland (AMG), located in
the submucosa of rodent nasal septum, is suggested to
provide fluid for humidification of inspired air.
Tremendous variation of the environmental air humidity,
on which rats and gerbils depend to live, leads us to
expect a multiplicity on ultrastructure and various
subcellular glycoconjugate distribution within the AMG
acinar cells between these two species. Electron
microscopy revealed that: (1) The nucleus of AMG
acinar cells in rat was irregular-shaped, but that in gerbil
was round or elliptical; (2) Secretory granules in rat
AMG acinar cells contained homogenous content with
various electron density. However, two types of
secretory granules in gerbil AMG acinar cells were
found: one with lamellated-structure and high electron
density, while the others had particulate materials; (3)
Myoepithelial cells were present in the acinus of medial
and posterior regions in rat AMG, but absent in gerbil;
and (4) Nerve terminals were present only in the medial
and posterior rat AMG, but in all three regions of the
gerbil AMG. Lectin histochemistry demonstrated that:
(1) Rat and gerbil AMG acinar cells expressed strong
affinity toward Con A and WGA, but neither showed
any reactivity toward UEA and PNA; and (2) Varying
degrees of reactivity toward different lectins, including
DBA, PNA, SBA and EBL, were recognized in rat and
gerbil AMG acinar cells.

We confirm the species variation on the
ultrastructure and lectin histochemistry of AMG in rats
and gerbils, and speculate that these variations may be

due to the different living environment. 
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Introduction

It is well known that most proteins are glycosylated.
Glycosylation is an enzymatic process that links
saccharides to produce glycan, attached to proteins,
lipids or other organic compounds. Glycans in
eukaryotic cells can serve a variety of structural and
functional roles, such as receptors and cell to cell
recognition and adhesion (Ungar, 2009). The glycans of
the salivary glycoprotein in oral cavity have been well
studied in past studies (Triantafyllou et al., 2004;
Ramachandran et al., 2006), but less attention has been
paid to that of the eccrine secretion in nasal cavity. 

Rat and gerbil are two common laboratory animals
used in the biomedical research, including respiratory
physiology and cardiovascular studies (Kris-Etherton
and Dietschy, 1997; Kucharewicz et al., 2008). However,
the rat and the gerbil are two different species of rodent
and live in different habitats. Generally, the rat lives in
wet and warm areas around the world, while the gerbil
(Meriones unguiculatus) lives in dry and sandy areas in
western Asia and Africa. The gerbil is a desert rodent
and able to tolerate high (38°C) and low (-20°C) ambient
temperatures with tremendous variation of air humidity
in the living environment. Due to the different climates
of the habitats of rat and gerbil, it is believed that there
are conspicuous differences in the structure and function
of nasal glands in these animals. 

Anterior medial gland (AMG), a submucosal gland
situated in the lamina propria of the rat middle nasal
septum, was first described by Bojsen-Moller (1964).
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Using whole mounted and osmium-stained translucent
preparations, Bojsen-Moller (1964) demonstrated the
histological structure and topography of rat AMG. The
rat AMG was characterized by the presence of four to
five parts and each part consisted of a long main duct
connecting to the striated ducts and intercalated ducts on
numerous acini. Those openings of glands were located
in the vestibular part or the anterior part of the
respiratory region. Up to date, the fine structure of AMG
in mouse, rat, hamster and human have been studied
(Kerjaschki, 1974; Tandler and Bojsen-Moller, 1978;
Tandler et al., 2000), but no study has been available
concerning the structure and organization of AMG of
nasal septum in gerbil. 

In light this, we examined the fine structure of AMG
in rats and gerbils by light and electron microscopy and
detected the regional differences in the composition and
distribution of secretory glycoprotein in acinar cells of
AMG using lectin histochemistry. We expected that a
multiplicity of serous cells and variation of secretory
material would be found between the rat and gerbil
AMGs.
Materials and methods

Animals and tissue preparation

A total of 40 male rats (16-24 wk old, 350-400g
b.w.) and 40 male gerbils (16-24 wk old, 75-90g b.w.)
were purchased from the animal center of National
Taiwan University-Hospital and used in the present
study. Animals were maintained on a photoperiodicity
14/10 dark/light cycle with a constant temperature
(22±1°C) and food and water ad libitum. All animals
were anesthetized with sodium-pentobarbital of 80
mg/kg b.w, ip., before transcardial perfusion with 4%
ice-cold paraformadehyde in 0.1 M Phosphate buffer
(pH 7.4). The nasal septums were removed and placed in
fresh fixative overnight. AMGs were dissected out and
divided into proximal, middle and distal portions the
next day. 
Tissue preparation for ultrastructure

Specimens from each portion of AMG were trimmed
into 1 mm cubes, washed in 0.1 M phosphate buffer (pH
7.4), dehydrated through a graded series of ethanol and
then embedded in Epon/Araldite mixture. Semithin
sections (0.5 µm thickness) were cut and stained with
0.5% toluidine blue for light microscopy. Thin sections
(60-80 nm thickness) were cut and doubly stained with
uranyl acetate and lead citrate before being examined in
a JOEL 2000 EXΙΙ electron microscope.
Lectin histochemistry

Specimens were washed in 0.1 M phosphate buffer,
cryoprotected with 30% sucrose, and then embedded in
OCT compounds (Tissue Tek, Miles Inc, Elkhart, IN).
Tissue specimens were cut at a thickness of 7 µm in a

cryostat. Sections were collected and placed on silane-
coated slides. Sections were then washed in 0.05 M Tris
buffer for 15 minutes and then treated with 0.5% H2O2in phosphate buffer for 30 minutes in order to remove
endogenous peroxidase. Sections were washed in 0.05M
Tris buffer for 15 minutes and then incubated with 40
µg/ml biotinylated lectins, DBA, SBA, PNA, UEA,
WGA, RCA-1, ConA and EBL (Table 1, purchased from
Vector Laboratories, Peterborough, UK) in 0.05 M Tris
buffer for 60 min. After washing in 0.05 M Tris buffer
for 30 min., tissues were incubated with Avidin-Biotin-
complex (Vector Laboratories, Burlingame, CA) for 1 h.
The sites of lectin binding were visualized by 0.05%
(W/v) DAB in tris buffer, pH 7.6, and 6.5 µl/ml H2O2for 10 min (Walker, 1989.). Sections were washed,
dehydrated, cleared and mounted with Permount
(Fischer, USA) for microscopic examination and
photographed with a Leica TCS-2 microscope equipped
with a DIX digital camera. 
Results

Morphology of AMG. The anterior medial glands
(AMG) underlying the submucosa of rat and gerbil nasal
septa were pure serous glands consisting of numerous
serous acini. The acini secreted their products into short
intercalated ducts, striated ducts and then drained into a
long excretory duct. According to the spatial location of
acinar cells, the AMG in rat and gerbil nasal septum can
be divided into proximal, middle and distal portions
(Fig. 1A,B).
Rat AMG

Fig. 2A is a lower power electron micrograph
showing the essential characteristics of rat AMG acinus.
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Table 1. The lectins used and their sugar binding specificities.

Common Name Source Specificitya

Glucose/Mannose 
Con A (jackbean) Concanavalin A αMan>αGlc

Fucose 
UEA (gorse) Ulex europeus I αL-Fuc

N-acetyl Glucosamine
WGA (wheat germ) Triticum vulgaris GlcNAc>ßGlcNAc

N-acetyl Galactosamine/Galactose
DBA (horsegram) Dolichos biflorus GalNAcα1,3 

GalNAc>αGalNAc
SBA (soybean) Glycine maximus α and ßGalNAcα and ßGal
PNA (peanut) Arachis hypogaea Galß,1,3 GalNAc
RCA-1 Ricinus communis ßGal>αGal

Sialic Acid
SNA, EBL Sambucus α2,6 Gal>α2,3 Galb

Man: mannose; Glc: glucose; GlucNAc: NAcetyl glucosamine; GalNAc:
Nacetyl galactosamine; Gal: galactose; Fuc: fucose. a: according to
Walker (1989); b: from Vector Co. (www.vectorlabs.com/catalog.aspx)



In rat AMG, acini of the proximal region were about 30-
50 µm in size. The lumen of acini was small and
irregular. Numerous microvilli on the apical surface of
acinar cells projected into the lumen of secretory
canaliculi. The cytoplasm of acinar cells was packed
with accumulate secretory granules containing a
homogenous content of various electron density (Type I:
high to moderate electron density; Type II: electron
lucent or very low electron density; Type III: medium to
low electron density). The Golgi complex was usually
supranuclear position, accompanied by short and
randomly arranged rough endoplasmin reticulum. An
irregular, heterochromatic nucleus located in the lower
half of the cell and the surrounding basal cytoplasm
contained numerous parallel cisternae of rough
endoplasmic reticulum (Fig. 2B). It was noted that
absence of myoepithelial cells or nerve fibers existed

between the secretory cells.
The morphology of acinar cells in the middle and the

distal regions were quite different from that of acinar
cells in the proximal region. In these two regions, the
apical cytoplasm of acinar cells was crowded with
secretory granules that had a homogenous content with
high electron density (Fig. 3A). In addition, the rest of
the cytoplasm was filled with spherical or rod-like
mitochondria and numerous dilated rough endoplasmic
reticulum (Fig. 3B). Another distinctive feature of the
AMG in these two regions was the presence of the
myoepithelial cells. The cytoplasm of myoepithelial
cells contained bundles of myofilamants and dense
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Fig. 1. Schematic diagrams showing the anterior medial gland (AMG) in
rat (A) and gerbil (B) nasal septa. The anterior medial glands (AMG)
underlying the submucosa of rat and gerbil nasal septa are pure serous
glands consisting of numerous serous acini. According to the spatial
location of acinar cells, the AMG in rat and gerbil nasal septum can be
divided into proximal (A), middle (B) and distal regions (C). Note that
figure 1A is modified from Tandler and Bojsen-Moller (1978). V:
vestibule.

Fig. 2. Electron micrographs of serous acini in the proximal region of rat
AMG. A. Rat AMG acinar cells are arranged around a small central
lumen (L). The nucleus (N) with prominent nucleolus is irregular in
shape and located at the basal position. Note that numerous secretory
granules (Z1-Z3) are usually seen at the apical surface of the cell.
Endoplasmic reticulum (ER) and mitochondria are abundant through the
cytoplasm. B. High magnification of electron micrograph of the apical
cytoplasm of an acinar cell, showing two types of secretory granules (Z1
and Z2) near the lumen (L). G: Golgi apparatus; m: mitochondria; ER:
rough endoplasmic reticulum. Bars: A, 2 µm; B, 1 µm.
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Fig. 3. Electron micrographs of acinar cells in the middle regions of rat AMG. A. A low magnified micrograph showing that AMG acinar cells contain
numerous secretory granules which are homogenous with high to moderate (Z1) or medium to low (Z3) electron density, near the luminal surface. Note
that numerous processes of myoepithelial (myo) cells are located surrounding the acini. Rough endoplasmic reticulum (ER), nerve terminal (n). B.
Numerous spherical or rod-like mitochondria (m), dilated rough endoplasmic reticulum (ER) and zymogen granules with high electron density (Z1) are
seen in the apical cytoplasm of an acinar cell. C. Electron micrograph showing a myoepithelial cell process underlying the acinar cell. Note that
microfilaments (mf) are evident in the cytoplasm of myoepithelial cell. D. A nerve terminal which contains neurofilaments and mitochondria (m) is
located at the bottom of AMG. G: Golgi; ER: rough endoplasmic reticulum. Bars: A, 2 µm; B-D, 0,5 µm.
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Fig. 4. Electron micrographs of gerbil AMG acinar cells. A. In the cytoplasm of gerbil AMG acinar cells, two types of secretory granules (Z1 and Z2) and
some profiles of rough endoplasmic reticulum (ER) are observed. Note numerous unmyelinated nerve fibers (nf) surrounding the acini of AMG. Nucleus
(N), lumen (L). B, C. High magnification of Electron micrographs depicting the variations in secretory granule substructure. The type I granules (Z1) are
characterized with lamellated structures and some dense vesicles (B), while the type II granules contain particulate secretory material with moderate
electron density (C). ER: Rough endoplasmic reticulum; m: mitochondria. Bars: A, 2 µm; B, C, 0,5 µm.
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Fig. 5. Electron micrographs of the basal aspect of gerbil AMG acinar cells. A. Myelinated and unmyelinated nerve fibers were shown close to the
basement membrane of AMG. The bundles of unmyelinated nerve fibers were surrounded by thin sheets of Schwann cells. B, C. It is noted that some
nerve terminals (arrows) that contain abundant small clear and a few large dense core vesicles are found within the intercellular space of gerbil AMG
acinar cells. Bars: 0,5 µm.
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Fig. 6. Light micrographs of the proximal region of rat AMG acinar cells after lectin staining. It is noted that absence of UEA and EBL staining and only
weak staining of DBA or PNA are observed in the cytoplasm of AMG acinar cells. The staining of SBA and RCA-1 are weak to moderate. Only the
reactivity of Con A and WGA are shown from moderate to strong intensity in the cytoplasm of acinar cells. Bar: 25 µm.
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Fig. 7. Light micrographs of the distal region of gerbil AMG acinar cells after lectin staining. DBA reactivity is moderate to strong in the cytoplasm of
acinar cells. The UEA and EBL staining are negative. The reactivity of Con A and WGA staining are seen from moderate to strong in gerbil AMG acinar
cells. The staining of SBA and RCA-1 in the cytoplasm of acinar cells is weak to moderate. Bars: 25 µm.



bodies similar to those in the cytoplasm of smooth
muscle cells (Fig. 3C). Furthermore, numerous
cholinergic nerve terminals were found closely
surrounding the serous acini and myoepithelial cells
(Fig. 3D). 
Gerbil AMG

Three regions (proximal, middle and distal) of the
gerbil AMG were also recognized, although the
morphology of acinar cells was generally alike. The
serous cells had either round or oval nucleus and their
nuclei situated centrally. Their cytoplasm contained
spherical mitochondria, irregular dilation of the rough
endoplasmic reticulum, and few secretory granules (Fig.
4A). According to the morphological characteristics of
secretory granules, two types of secretory granules were
observed. The type I granule was measured 0.7±0.2 µm
in diameter and contained lamellated structures and
dense vesicles (Fig. 4B), while the type II granules were
round in profile, about 0.6±0.2 µm, and contained
particulate secretory material with moderate electron
density (Fig. 4C). Numerous unmyelinated and
myelinated nerve terminals were seen in gerbil AMG
(Fig. 5A). A number of nerve varicosities, including
cholinergic and adrenergic fibers, were located in the
intercellular spaces of the acini and showed close contact
with the epithelial cells (Fig. 5B,C). Furthermore, no
myoepithelium was found in the acinus. On this account,
it was believed that the secretion of serous cells was
directly controlled by neural elements. 
Lectin histochemistry of AMG

The lectins used and their sugar binding specificities

are listed in Table 1. With DBA, there was only a weak
staining in the acinar cells of rat AMG, but intense
staining was found in the acinar cells of gerbil AMG.
For PNA, RCA-1 and SBA, the staining results of PNA
suggested that PNA lectin did not react with the acinar
cells in rat and gerbil AMG. RCA-1 lectin binding
showed that the acinar cells in anterior and posterior part
of AMG in rat and gerbil have moderate affinity, but
weak affinity in the acinar cells in the middle portion of
AMG in rat and gerbil. SBA labeling confirmed that the
acinar cells in anterior portion of rat AMG and all acinar
cells in gerbil AMG had a moderate affinity, but no
staining of SBA lectin was found in the middle and
posterior portion of rat AMG. With Con A and WGA,
the reactivity from moderate to strong intensity was
found in the cytoplasm of acinar cells in both rat and
gerbil AMGs. Reactivity of UEA was recognized neither
in rat nor in gerbil AMG tissues. Absence of EBL
staining was also observed in the cytoplasm of acinar
cells in both rat and gerbil AMG (Fig. 6). 

The extracellular space surrounding the acinar cells
of anterior medial gland also exhibited varied reaction
intensities of lectins. With DBA, an intense staining
intensity occurred in gerbil AMG, but no labeling of
DBA was found in rat AMG. It was also noted that the
reaction intensities of WGA, RCA-1, Con A and EBL
generally showed a moderate to high intensity of
staining around the rat and gerbil AMGs. However, no
or weak staining was found with PNA, SBA and UEA
on the rat and gerbil AMG (Fig. 7). 

Results for lectin histochemistry were summarized
in Table 2.
Discussion

Ultrastructure of acinar cells in the rat and the gerbil
AMG

Previous studies demonstrated that a large amount of
secretory glands were embedded in the lamina propria of
mammalian nasal septum, including rat, mouse, hamster,
dog and human, respectively. The rat anterior medial
gland (AMG), located in the submocosa of the
respiratory portion of the mammalian nasal septum, was
composed of four to five parts, and each part consisted
of a long main duct connecting to the striated ducts and
intercalated ducts, on which numerous acini studded.
Except the opening of the second main duct into the
vestibule, the others opened into the anterior respiratory
portion of nasal septum (Bojsen-Moller, 1964; Tandler
and Bojsen-Moller, 1978). The anatomical feature of
gerbil and rat AMG are similar except the duct opening
at vestibule in gerbil AMG appeared on the third main
duct, while the rat AMG opening at vestibule located on
second main duct. Consistent with the previous studies,
light and electron microscopic observations revealed that
both rat and gerbil AMGs were composed of typical
serous acini. The rat AMG acinar cells were filled with
secretory granules containing homogenous content with
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Table 2. Comparative staining of AMG with lectin histochemistry in Rat
and Gerbil.

Lectin Acinus Proximal part Medial part Distal part
Rat Gerbil Rat Gerbil Rat Gerbil

DBA cytoplasm –~+ ++ – +++ – ++
capsule – +++ – +++ – +++

SBA cytoplasm +~++ ++ – ++ – ++
capsule ++ + – + – ++

PNA cytoplasm + – – – – –
capsule ++ – – – – –

UEA cytoplasm – – – – – –
capsule – – – – – –

WGA cytoplasm + ++ + +++ ++ ++
capsule +++ ++~+++ ++ +++ +++ +++

RCA-1 cytoplasm +~++ +~++ –~+ –~+ + +~++
capsule +++ ++~+++ ++ –~+ +++ +++

Con A cytoplasm ++ ++ ++ ++~+++ ++ ++
capsule +++ +++ +++ +++ +++ +++

EBL cytoplasm – – – – – –
capsule +++ +++ ++ ++ +++ +++

–: unreactive; +: weak intensity; ++: moderate intensity; +++: strong
intensity



various electron densities. In this study, we found that
the gerbil AMG acinar cells had two types of secretory
granules: one type contained packets of lamellae and
small dense vesicles, and the other contained close-
meshed dense materials. Although the exact constituents
of the secretory product in rat or gerbil AMG serous
cells are still unclear, immunostaining for lactoferrin,
lysozymes, secretory IgA, neutral endopeptidase and
secretory leukoprotease inhibitors was seen exclusively
in the serous cells of different mammalian salivary
glands (Lee et al., 1990; Castle, 1998; Becerra et al.,
2003). To date, it is still controversial whether the
morphological structure of secretory granules in serous
glandular cells may represent different constituents of
secretory product. After comparing the secretory
granules in various serous salivary glands from different
mammals, Tandler and Philips (1993) concluded that the
species-specific patterns of the ultrastucture of salivary
gland may exist naturally, but there are major differences
between serous granules in different species and
noticeable differences exist among serous granules in
different major salivary glands in the same organism
(Philips et al., 1987; Tandler and Phillips, 1993).
Myoepithelial cells are common elements underlying the
secretory units of many mammalian exocrine glands
such as mammary, sweat, salivary and lacrimal glands
(Satoh et al., 1994; Ogawa et al., 1999). The cytoplasm
of these cells containing myofilaments with dense
bodies, resembles the cytoplasmic contents of smooth
muscle cells (Ellis, 1965; Archer and Kao, 1968;
Emerman and Vogl, 1986; Moore et al., 1987; Norberg
et al., 1992). Past reports showed that nerve fibers and
myoepithelial cells are only found in the most distal
acini in rat AMG (Tandler and Bojsen-Moller, 1978).
However, our finding demonstrated that both nerve
terminals and myoepithelial cells existed in the medial
and distal, but not proximal portions of rat AMG acini.
On the contrary, only unmyelinated and myelinated
nerve fibers were observed, but none of myoepithelial
cell existed in gerbil AMG. Two types of nerve
varicosities, one type containing clear vesicles (probably
cholinergic), and the other type having dense cored
granules (probably adrenergic or peptidergic), appeared
in close spatial contact with the acinar cells. A number
of nerve varicosities were located in the intercellular
space of serous cells, indicating a direct innervation of
the gerbil AMG acinar cells. The distribution and
morphological construction of autonomic innervation
has been respectively studied in the nasal gland of
human, rat and guinea pig (Cauna et al., 1972; Grote et
al., 1975; Yokoyama et al., 1991). Their findings showed
that the epithelium of the glandular acini was only
innervated by cholinergic nerve fibers. All intraepithelial
nerve fibers were acetylcholinesterase (AChE) positive
and contained a lot of round and clear vesicles showing
vasoactive intestinal peptide (VIP) and /or neuropeptide
Y immunoreactivity. No adrenergic fibers were seen in
the nasal glandular cells. It was generally accepted that
the secretion of serous gland was under control of the

autonomic nerve system. Parasympathetic stimulation
greatly enhanced the secretion of acinar cells, while
sympathetic stimulation decreased the serous secretion
(Garrett and Thulin, 1975, Delong and Getchell, 1987).
In the major salivary glands, including submaxillary and
parotid glands in the rat, hamster and guinea pig, both
cholinergic and adrenergic axons were found closely
surrounding the serous acinar cells. This phenomenon
was observed in the gerbil AMG.
Lectin histochemistry

According to the linkage of the sugar to the peptide
chain, two types of glycoproteins, O- and N-linked
glycoproteins, can be found in eukaryotes. In N-linked
glycoproteins, the carbohydrates are linked to asparagine
residues in Asn-Xaa-Thr/Ser sequons. The Xaa is any
amino acid except proline and may be composed of L-
fucose, D-mannose, D-galactose and N-acetyl-D-
glucosamine (GlcNAc). In O-linked glycoproteins,
carbohdrates are linked to the hydroxyl group of serine
and theronine by their reducing terminal N-acetyl-D-
galactosamine (GalNAc) (Bretthauer, 2007). Because
lectins have the capacity to bind sugar residues with very
high specificity, numerous lectins were commonly used
as specific sugar probes to study the glycoconjugate
structure in cellular sites, such as plasmmalemma,
lysosomes, Golgi cisternae and secretory granules
(Schulte and Spicer, 1985; Accili et al., 1992; Menghi
and Materazzi, 1994). In the present study, eight lectins
were used to investigate the glycoconjugate properties of
the serous gland in rat and gerbil AMGs. Table 2
summarized the results of lectin bindings in the present
study.

Serous cells are well known to contain abundant N-
linked glycoproteins, such as immunoglobulin secretory
component, lactotransferrin and lysozymes, by
immunohistochemical methods. The strong affinity for
ConA, which binds preferentially to mannose, and for
WGA, which reacts with N-acetylglucosamine of N-
linked glycoproteins, was in agreement with the
localization of N-linked glycoproteins in the serous cells
of AMG in rat and gerbil. On the other hand, the weak
staining of UEA demonstrated their product without
terminal fucose. The variation in intensity and affinity of
DBA, SBA, PNA, RCA-1 or EBL indicated the presence
of GalNAc residues in O-linked glyoproteins from the
secretions of AMG acinar cells. The strong binding of
RCA-1 and EBL indicated that the galactosyl residues
were abundant in the secretion of serous cells in rat and
gerbil AMG. PNA has been known to have a
carbohydrate specificity towards terminal disaccharide
Galß1,3GalNAc. Present results showed a weak staining
of PNA for AMG serous cells. The notable difference of
lectin labeling in the secretion of AMG serous cells
between rat and gerbil were DBA and SBA. The strong
staining with DBA and SBA demonstrated the high
content of αGalNAc in the secretion of gerbil AMG
acini, but these observations were not confirmed in rat
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AMG acini. Generally, the strong staining of DBA and
SBA was always noticed in the mucin, i.e., the secretion
of mucous glands of respiratory and digestive tracts
(Caldero et al., 1988, Kawai et al., 1988). However, the
presence of some O-linked glycoproteins in addition to
the N-linked glycoproteins in serous cells was also found
in the rat submandular gland (Zhang et al., 1994). The
primary purpose of many mucins is to retain the water at
surfaces that are exposed to the environment but are not
sealed by moisture-impermeable layers. Addition of
cluster of sialylated glycan results in strong negative
charge in mucin that gives the mucins the capacity to
bind large amounts of water. Because they are highly
hydrated structures, the energetic cost of releasing water
from mucins reduces the rate of evaporations (Taylor
and Drickamer, 2003).

In conclusion, our study has revealed the differences
in morphological characteristics and lectin histo-
chemistry of rat and gerbil AMGs and we speculate that
the differences between rat and gerbil AMG cells may be
due to the different living environment of these two
rodents, i.e., moderate wet vs. extremely dry. Moreover,
increased concentrations of GalNAc in the gerbil acinar
cells compared with those of the rat, may indicate the
abundance of GalNAc glycoconjugate enables the gerbil,
which lives in the dry desert, to retain water and thus to
maintain homeostasis.
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