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Immunohistochemistry of carbonic anhydrases I, II and VI in the rat
lingual serous salivary glands of von Ebner
Robert S. Redman
Oral Pathology Research Laboratory, Department of Veterans Affairs Medical Center, Washington, DC, USA

Carbonic anhydrase (CA) has been localized to many structures involved in ion transport including the acini
and ducts of the major (parotid, sublingual and submandibular) salivary glands of humans and rodents. It also
has been localized by enzyme histochemistry and by immunohistochemistry for CA isoenzyme VI (CA VI) to
the acini and ducts of rat serous lingual glands of von Ebner. The purpose of this study was to explore the intra-
cellular distribution by cell type of three CA isoenzymes in these glands. Immunohistochemistry was undertak-
en with antibodies to human CAs I, II and VI in paraffin sections of rat tongues that had been fixed in Helly’s
fluid. The density of the reaction product was scored as 0 (none) to 5 (strongest). Reactions in the acini with
CA I and II antibodies were weak luminally to moderate basally and generally moderate, respectively, moderate
in the intercalated ducts, and moderate basally to strong luminally in the excretory ducts. Weak to moderate CA
VI reactions occurred in the acini and ducts. The stronger luminal reactions to CAs I and II in the excretory
ducts suggest that they contribute to pH regulation in the saliva of von Ebner’s glands via HCO3- transport. 
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Introduction
Carbonic anhydrase (CA; carbonate anhydratase; E.C.4.2.1.1)

isoenzymes catalyze the reversible reaction CO2 + H2O  HCO3-.1-
3 Their function is critical to regulating ions, fluid and acid-base
balance in many tissues,3 and the cellular and intracellular location
of CA enzymes provides important clues to their function. For
example, CA localized to the acini and ducts relates to the CA
isoenzymes with secretory and transepithelial ion transport func-
tions.4,5 CA isozymes I, II, and VI have been immunohistochemi-
cally (IHC) localized in both rodent,6-8 and human3,4,9,10 major sali-
vary glands. CA activity also has been localized to the acini and the
cells and luminal contents of ducts of serous lingual glands (von
Ebner’s Glands; VEG) by enzyme histochemistry of rats11 and
humans12 and CA VI by IHC.12 The larger (striated and excretory)
ducts in rat and human major (parotid, sublingual and submandibu-
lar) salivary glands have extensive infoldings of the basolateral
membranes accompanied by numerous large, elongated mitochon-
dria.13 These provide energy and surface area for trans-cellular
movement of ions such as Na+, Cl- and HCO3-, in which their high
CA activity1,14 plays an important role.

As described by Hand,15 the duct system in rat VEG begins at
the acini as simple ducts with a single layer of cuboidal cells and a
few secretory granules and continues to the orifices in the troughs
around the papilla and in the foliate furrows as stratified epitheli-
um with a basal cell layer and a short columnar luminal layer, tran-
sitioning to stratified squamous epithelium as they merge with the
oral epithelium. There are no striated ducts, but the columnar cells
of the excretory ducts have numerous large mitochondria. The sim-
ple duct was likened to the intercalated ducts of the major salivary
glands. The terms used in the present study for the simple and more
complex ducts are intercalated and excretory ducts, respectively.

Previously my colleagues and I explored the distribution of CA
isoenzymes I, II and VI in the major salivary glands of rats during
postnatal development.16,17 The objective of this study was to see if
CA might be a useful marker for the functional (pertaining to ion
transport) differentiation of the striated and excretory ducts in
these glands. Although CA VI, the lone secretory CA isoenzyme,
had been localized to the acini in rat salivary glands,8 in prelimi-
nary tests with a mature (80 days old) rat submandibular gland, the
antibody that we obtained localized mainly to the ducts. However,
we found no published reports of CAs I or II and only one of CA
VI in VEG.12 To fill this void, sections of the posterior portions of
tongues were included on the slides with the intention of determin-
ing the postnatal ontogeny of these three CAs in VEG. Too many
of the VEG specimens from rats at the earlier ages were unsatisfac-
tory, so that a manuscript on the developing glands was not pur-
sued. However, all three CAs are represented in specimens from all
6 rats at the oldest age (42 days) of the study, when the acini and
ducts of rat VEG are histologically mature.15,18,19 Therefore, the
purpose of this presentation is to determine the extent to which the

IHC localization of CAs I, II and VI in the excretory ducts of the
rat VEG may be similar to that of the striated ducts of the major
glands, i.e., denser in the luminal cytoplasm.

Materials and Methods
Many of the previously published experimental procedures16

are repeated here almost verbatim, and others unique to von
Ebner’s glands are added, in order to provide a comprehensive nar-
rative. 

Experimental animals
A breeding colony of Sprague Dawley rats was housed under

controlled conditions of temperature (22°C) and humidity (40-
60%), a daily cycle of lights on at 08.00 and off at 20.00 h. and
unlimited access to a commercial pelleted diet. Pups were consid-
ered 0 days old on the day of birth. They were weaned at age 21
days and separated by sex at 30 days. 

Rats were selected from five litters (B, C, D, E and F) to make
up the sample of one rat of each sex from each of three different
litters (n=6) at representative postnatal ages (1, 7, 14, 21, 28 and
42 days). For example, at age 14 days, the sample was one of each
sex from litters D, E and F, and at age 42 days it was one of each
sex from litters B, C and E. Rats were killed by cervical section
and the parotid, sublingual and submandibular glands and the por-
tion of the tongue harboring von Ebner’s glands were excised. 
Immunohistochemistry

All procedures were carried out at ambient (~22°C) tempera-
ture. Immediately after dissection, tissues were immersed in
Helly’s fluid (fixative) for 3 hr, then in 2 % K2Cr2O7 for 2 hr,
washed overnight in tap water, processed routinely through ethanol
and xylene, and embedded in paraffin. Sections were cut at 6 µm
and mounted on Superfrost Plus™ slides (Fisher Scientific,
Pittsburgh, PA, USA). Specimens were oriented in the cassettes
such that sections would include the parotid, sublingual and sub-
mandibular glands, and a cross (transverse) section of the tongue
to display the VEG associated with both the vallate papilla and the
foliate furrows, all in the same slides from each animal.

Polyclonal (pc) sheep antibodies to human CA I and II, (CA I
ab, CA II ab), conjugated to horseradish peroxidase, were pur-
chased from Biodesign International (Kennebunk, ME, USA). Pc
rabbit anti-human CA VI IgG fraction (CA VI ab) was purified at
the University of Umeà and its specificity confirmed by methods
similar to those of Murikami and Sly20 and modified by Parkkila et
al.3 Pc goat anti-rabbit antibodies conjugated to horseradish perox-
idase (Goat ab) and normal sheep serum (NSS) were purchased
from Dako (Carpinteria, CA, USA).

The specificity of the antibodies was further analyzed by
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Table 1. Immunohistochemistry of carbonic anhydrase isozymes in rat von Ebner’s glands.

Antibody        Acini Intercalated ducts         Excretory ducts
                                          B                          L                                     B                         L                                   B                         L

CA I                                         1                               0                                           2                             2                                         3                             5
CA II                                        2                               2                                           2                             2                                         3                             4
CA VI                                      1                               0                                           1                             2                                         1                             2
Mean scoring range was 0 (none) to 3 (moderate) to 5 (strong), rounded to the nearest whole number, for reactions in the basolateral (B) and luminal (L) aspects
of the structures in sections from 6 rats. 
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Western blots of human saliva, and extracts of human and adult (80
days old) rat red blood cells (rbcs) and adult rat salivary glands
(Figure 1). Reactions of the antibodies occurred in bands of molec-
ular weight consistent with those that are well established for the
three CA isoenzymes, except that none reacted with the rat red
blood cells lysate. No bands were marked when primary antibodies
were omitted. The CA VI ab also reacted strongly with the serous
acini and demilunes and no other structures except weakly with
some of the larger ducts in a human submandibular gland in the
prior paper.16

The sequence of IHC procedures was as follows. i) HgCl2
deposits were removed from sections with Grams Iodide solution
followed by Na2S2O3 (Luna, 1968). ii) Incubate in NSS. iii) Rinse
in phosphate buffered saline (PBS). iv) Incubate in the CA anti-
body. v) Rinse in PBS, and for CA VI, only, incubate in Goat ab,
followed by two rinses in PBS. vi) Incubate in 3,3’ diaminobenzi-
dine (DAB) freshly mixed with H2O2. Rinse with distilled water
and counterstain with Harris’s hematoxylin. vii) Dehydrate with
ethanol and xylene and mount with Pro-Texx™. Negative control
slides were included in which the primary antibodies were omitted.

It should be noted that Helly’s fluid extinguished all native per-
oxidases in these sections. Several sections also were pre-treated
for 10 min with 3% H2O2 in absolute methanol to quench the
pseudoperoxidase reaction of rbcs.

The density of reaction product in the slides was considered an
indication of the amount of CA reacting with the particular anti-
body in particular sites relative to other samples. The density was
subjectively quantified on a scale of 0 (no reaction) to 5 (strongest
reaction) as previously described.16

Results
Photomicrographs representative of the reactions obtained with

the CA ab are presented in Figure 2. The scores for the density of
reactions to the antibodies are listed in Table 1. Reactions in the
acini with CA I ab (Figure 2A) were weak basally to none luminal-
ly, moderate in the intercalated ducts, and moderate basally to
strong luminally in the excretory ducts. CA II ab reactions were
moderate in the acini and intercalated ducts (Figure 2C) and mod-
erate basally to moderately strong luminally in the excretory ducts
(Figure 2D). The CA VI ab reactions were none in the acini, weak
to moderate in the intercalated ducts (Figure 2E), and weak basally
to moderate luminally in the excretory ducts (Figure 2F). In the stri-
ated muscles of the tongue, reactions were moderate to strong with
the CA I and II ab and weak to moderate with the CA VI ab. The
intensity of reaction also varied considerably among the different
groups of muscle fibers. No reactions were seen in any tissues or
structures when the primary antibody was omitted (Figure 2B).  

Discussion

Specificity of the antibodies
The specificity of the CA antibodies used here was discussed

previously.16 In particular, the failure of the anti-human CA I and
II ab to react with rat rbc and homogenates raised concern regard-
ing which rat CA I and II isoenzymes were labeled. It was pointed
out that the homology as well as the diversity in the α-family of
CA protein sequences provides a rationale for cross-reactivity
among antibodies to CA isoenzymes 22 For example, it is well
established that CA VI is stored in acinar secretory granules and
secreted into saliva.4,20 However, the antibody to human salivary

Figure 1. Western blot, demonstrating reactions of the CA isoen-
zymes to their cell lysate or fluid of antigenic origin, rat salivary
gland homogenates, and a rat red blood cell lysate. Panels: Top,
CA I; center, CA II; bottom, CA VI. Molecular weights
(kiloDaltons) of representative standards are on the right of each
panel. The total amount of protein (µg) placed in each lane was:
molecular weight markers, one lane per panel (not shown), 49; for
CA I and II, all lanes, 30; for CA VI, hs, 3; p and sm, 5; rr, 10; sl,
30. hr, red blood cells; rr, red blood cells; hs, human whole saliva;
p, rat parotid glands; sl, sublingual glands; sm, submandibular sali-
vary glands. Reproduced from Figure 1 in Peagler et al.16 (Anat
Rec 1998;250:190-8; with permission).
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CA VI in the present study reacted with duct, not acinar cells, in rat
parotid and submandibular glands, and not only the ducts, but also
the serous demilunes in rat sublingual gland.16,17 The purpose of
these two previous reports was to document the functional differ-
entiation of the ducts in the rat major salivary glands as related to
the physiological roles of CAs in salivary gland ducts. To this end,
the choice of fixative and CA antibodies that preferentially labeled
the ducts was essential. The extent to which this may have been
affected by cross-reactions among CA isoenzymes might better be
considered fortuitous rather than flawed. 

CA III is the dominant CA of skeletal muscles in the adult rat.23

The reactions to CA I, II and VI ab in the tongue muscles around
the VEG again raised the possibility that cross-reactions to other
CAs may have been an important confounding source in the pres-
ent study. However, at age 42 days, rats are in the early post-puber-
tal period of growth, when the fast-twitch muscles, rich in CAs I
and II, have just begun being replaced by the CA III rich slow-
twitch type of muscles.24 This accounts for the immunolocalization
of CAs I, II and III in various skeletal muscles of the 200 g (~45
days old) male rats by Jeffery et al.,25 and to a considerable extent,
therefore, the CA antibodies in the present study. 
Significance

Major functions of the CAs in the striated and excretory ducts
of salivary glands include maintaining not only intracellular phys-
iological conditions of pH, CO2 and HCO3, as with most cells and

tissues, but also the special conditions of the saliva as related to the
activities of salivary enzymes, mucins and other proteins in the
oral cavity and digestive tract. For VEG, these include rapidly
renewing environmental taste items around the taste buds by rins-
ing the troughs around the circumvallate papillae and in the foliate
furrows15 and providing an optimal salivary pH26 for the activities
of VEG salivary enzymes such as a-amylase.27 More specifically,
it has been shown that dietary zinc deficiency reduces taste acuity
by impairing the activity of salivary CAVI,28 which directly affects
the taste bud receptors.11,12 Experiments with isolated segments of
striated ducts in vitro have demonstrated passage of water and
HCO3- into the lumen.29 However, there are no striated ducts in
rat15 or human30,31 VEG. Nonetheless the stronger reactions to CA
I, II and VI in the luminal cytoplasm of the VEG ducts in the pres-
ent study suggest that these ducts also may have a role in pH reg-
ulation of saliva via HCO3- secretion. To my knowledge, VEG sali-
va or ductal contents have not been analyzed for electrolytes. In
this regard, it is interesting that reduction of CA II expression was
more than that of CA VI in submandibular glands of zinc-deficient
rats.32
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Figure 2. Photomicrographs of immunohistochemically localized carbonic anhydrase (CA) isozymes (yellow to brown deposits of reac-
tion product) in lingual serous (von Ebner’s) glands of 42 days old rats. A) CA I. B) Negative control. C,D) CA II. E,F) Ca VI. a, acini;
id, intercalated ducts; ed, excretory ducts; m, skeletal muscle. Hematoxylin counterstain. Scale bar: 50 µm.
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