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Abstract : Histochemical patterns of lectin binding during development of the rat vomeronasal organ

(VNO) were studied to determine whether glycoconjugates are differently expressed after birth. Three

types of lectins, Dolichos biflorus agglutinin (DBA), wheat germ agglutinin (WGA), and Ulex europaeus

agglutinin I (UEA-I), were studied histochemically in the rat VNO at various stages post-birth: postnatal

days 1 and 7, the preweaning period (4 weeks after birth), and at sexual maturity (8 weeks after birth).

The free border of the vomeronasal sensory epithelium was positive for both WGA and UEA-I in rats

of all ages; whereas, VNO receptor cells and supporting cells were positive only for both WGA and

UEA-I from 4 weeks after birth. DBA reactivity was detected in the free border but less so in receptor

cells and supporting cells. WGA and UEA-I, but not DBA, showed similar patterns in various ages.

In the Jacobson’s gland, WGA, UEA-I and DBA were detected in some acini from 4 weeks after birth

but not at postnatal days 1 or 7. Collectively, reactivity for three lectins, WGA, UEA-I and DBA, increased

in receptor cells and gland acini during postnatal development, possibly contributing to the enhanced

chemoreception in rats.

Keywords : lectin histochemistry, postnatal development, rat, vomeronasal organ

Introduction

The vomeronasal organ (VNO) has been thought to

be a specialized sense organ for the perception of

pheromone. Pheromones are associated with reproductive

behavior and chemosensory reception in animals [2-4,

24]. As a specialized sense organ, VNO has a tubular

structure, and its lumen is surrounded by two types of

epithelia [22]. The medial wall of the lumen is lined with

the vomeronasal sensory epithelium; whereas, the lateral

wall of the VNO is covered with the vomeronasal non-

sensory epithelium [7, 22]. The axons of vomeronasal

sensory receptor neurons terminate in the glomeruli of

the accessory olfactory bulb [8]. In rats, it has been

observed that the olfactory epithelium completes

development before birth, while the sensory epithelium

of VNO develops after birth in rats [15]. During

postnatal VNO development, neurosensory epithelia have

been shown to display increased carbohydrate binding and

thus to be functionally active in pigs [6, 16, 23]. 

The carbohydrate (lectin-binding) moieties of glyco-

proteins and glycolipids are important for a variety of

biological processes, including cellular adhesion, cellular

recognition, protein folding, and signal transduction [5,

9, 25]. All lectin molecules possess two or more

carbohydrate-binding sites, which are essential for the

agglutination of cells and reactivity with complex

carbohydrates [5]. Each lectin binds to a specific sugar
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or group of sugars. Many studies have focused on lectin-

binding patterns in the VNO in domestic animals

including sheep and pigs [16, 19], horses [10], and

laboratory animals including mice [20], rats [12, 17, 18,

21] and marmosets [14]. The results of these studies

suggest that the distribution of carbohydrates on the

surfaces of the vomeronasal neuroepithelial cells is

species and/or cell-type specific. Although some lectins

have been studied in the neurosensory epithelia of the

rat VNO [12, 17, 18], little is known about developmental

changes in lectins such as wheat germ agglutinin

(WGA), Ulex europaeus agglutinin I (UEA-I), and

Dolichos biflorus agglutinin (DBA) in the rat VNO,

including cell-specific reactivity in the vomeronasal

neuroepithelium and gland acini. 

The aim of this study was to investigate three lectins,

WGA, UEA-I and DBA, in the VNO of postnatal,

preweaning and sexually matured rats. 

Materials and Methods

Animals

Sprague-Dawley rats (200~250 g) were purchased

from Daehan Biolink (Korea) and mated in our

laboratory facility. All experimental procedures were

conducted in accordance with the Guidelines for the

Care and Use of Laboratory Animals of Jeju National

University, Korea. 

Tissue preparation

Under deep ether anesthesia, three rats from each

group were killed under deep anesthesia. VNO tissues

were excised at 1 (n = 3) and 7 (n = 3) days after birth,

4 weeks after birth (preweaning period (n = 3)), and 8

weeks after birth (sexual maturity (n = 3)).

Histological analysis

After animals had been euthanized, the VNO tissues

were immediately removed from the nasal cavities and

fixed in 10% buffered formalin for 48 h. The formalin-

fixed tissues were trimmed and decalcified using a

decalcifying solution (sodium citrate–formic acid) [13],

which was changed several times, until the bony tissue

had softened. Next, the tissues were dehydrated in a

graded ethanol series (70%, 80%, 90%, 95% and 100%),

cleared in xylene, embedded in paraffin, and sectioned

to a thickness of 5 µm. After deparaffinization, the

sections were stained with hematoxylin and eosin using

routine histological techniques.

Lectins used in this study

The following lectins (all of which were purchased

from Sigma Chemical, USA) were used: Triticum

vulgaris (wheat germ) agglutinin (WGA), Ulex europaeus

agglutinin I (UEA-I), and Dolichos biflorus agglutinin

(DBA). All of the lectins came peroxidase-labeled. The

specificities of the lectins are described in our previous

paper [16].

Lectin histochemistry

The VNO samples were dehydrated through immersion

in a graded ethanol series (70%, 80%, 90%, 95% and

100%), cleared in xylene, embedded in paraffin, and

sectioned to a thickness of 5 µm using a microtome. The

sections were mounted on glass microscope slides, and

the paraffin was removed. The sections were then

rehydrated. Endogenous peroxidase activity was blocked

through incubation for 30 min with 0.3% hydrogen

peroxide in methanol. After three washes with PBS, the

sections were incubated with DBA-peroxidase (diluted

1 : 10), WGA-peroxidase (1 : 20), or UEA-I-peroxidase

(1 : 10) for 3 h at room temperature. Signals were

developed using a diaminobenzidine (DAB) substrate kit

(Vector Labs, USA). The sections were counterstained

with hematoxylin before being mounted.

Results

Histological analysis of the rat VNO

The VNO is a paired, tubular-blind end organ in the

ventral part of nasal septum. Analysis of cross-sections

showed that VNO was encased by bony structure (Fig.

1A). The lumen of the VNO is lined by vomeronasal

sensory epithelium at medial side (Fig. 1A, white arrow)

and vomeronasal non-sensory epithelium at lateral side

(Fig. 1A, arrow). In vomeronasal sensory epithelium,

there are three types of cell layer; supporting cell layer,

receptor cell layer and basal cell layer (Fig. 1B). At 4

weeks after birth, supporting cell layer (Fig. 1B, SC) had

slender cell bodies and arranged at apical region.

Receptor cell layer (Fig. 1B, RC), observed in the

middle to the basal region of vomeronasal sensory

epithelium, had a round nuclei. Unlike former two

layers, basal cell layer was hard to identify clearly.

Vomeronasal non-sensory epithelium located at lateral

side of the lumen was consisted of pseudostratified
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columnar epithelium (Fig. 1C). In the lamina propria

(Fig. 1A), there were numerous acini of Jacobson’s

gland below vomeronasal non-sensory epithelium. A

large blood vessel was seen between vomeronasal non-

sensory epithelium and Jacobson’s gland. At 1 day, 7

days and 8 weeks after birth, the morphological features

of the rat VNO are similar to those at 4 weeks after birth

except acini of Jacobson’s gland.

WGA 

One day after birth, the free border (Fig. 2A,

arrowheads) of the vomeronasal sensory epithelium

showed positive reactivity for WGA. Quite a few cells

in the receptor cell layer were positive for WGA (Fig.

2A, arrows). However, other cell types, including

supporting cells (Fig. 2A, white arrows), basal cells,

were not positive for WGA. Vomeronasal non-sensory

epithelium (Fig. 2B, arrowheads) showed weak positive

reactivity for WGA. At this stage, acini of Jacobson’s

gland were not visible.

Seven days after birth, the free border (Fig. 2D,

arrowheads) of the vomeronasal sensory epithelium

showed intense reactivity for WGA. Certain receptor

cells showed weak, diffuse reactivity for WGA (Fig. 2D,

arrows). WGA was diffusely localized at the apical ends

of supporting cells (Fig. 2D, white arrows); although, it

was not easy to demarcate the cytoplasm of supporting

cells from receptor cells at the apical region. WGA

reactivity in the vomeronasal non-sensory epithelium

(Fig. 2E, arrowheads) was weak. In the lamina propria,

spot-like WGA reactivity was found on the luminal

surface of the ductal epithelia (Fig. 2F, arrows). At this

stage, acini of Jacobson’s gland were not clearly visible.

Four weeks after birth, the free border (Fig. 2G,

arrowheads) showed strong reactivity for WGA.

Additionally, WGA was intensely localized to receptor

cells, particularly in the apical half layer. Reactivity was

concentrated at the apical region of receptor cell nuclei

(Fig. 2G, arrows). Some supporting cells showed

moderate reactivity for WGA (Fig. 2G, white arrows).

In the vomeronasal non-sensory epithelium (Fig. 2H,

arrowheads) showed moderate reactivity. WGA reactivity

in the Jacobson’s gland acini (Fig. 2I, arrows) was more

intense than at 7 days after birth. Ductal epithelia (Fig.

2I, arrowheads) showed no WGA reactivity. 

Eight weeks after birth, WGA was clearly detected in

the cytoplasm of receptor cells in the apical half layer

(Fig. 2J, arrows) and the supporting cells (Fig. 2J, white

arrows). WGA reactivity in receptor cells was higher

than at 4 weeks after birth (Fig. 2G, arrows). The free

border showed intense WGA reactivity (Fig. 2J,

arrowheads). Vomeronasal non-sensory epithelium (Fig.

2K, arrowheads) showed moderate reactivity at the

apical region of epithelium. In the Jacobson’s gland (Fig.

2L), WGA reactivity was of similar intensity to that at

4 weeks after birth. Acini (Fig. 2L, arrows) were positive

for WGA, but not ductal epithelia (Fig. 2L, arrowheads).

UEA-I

One day after birth, the free border (Fig. 3A,

arrowheads) of the vomeronasal sensory epithelium

showed positive reactivity for UEA-I. Receptor cells

(Fig 3B, arrows), supporting cells (Fig 3B, white

arrows), and basal cells were negative for UEA-I. Apical

Fig. 1. Histological features of the rat vomeronasal organ

(VNO) at 4 weeks old. Cross-section of the nasal septum

stained by H&E. (A) The rat VNO was encapsulated by

bony structure. Two different type of epithelium, vomeronasal

sensory epithelium (white arrow) and vomeronasal non-

sensory epithelium (arrow), lined at each medial side and

lateral side. In the lamina propria, there were a large blood

vessel and numerous Jacobson’s gland. (B) The higher

magnification of vomeronasal sensory epithelium consisted

of three cell layers; supporting cell layer, receptor cell layer

and basal cell layer. (C) The higher magnification of non-

sensory epithelium. bo: bony structure, gl: Jacobson’s

gland, bv: blood vessel, NS : nasal septum, SC: supporting

cell, RC : receptor cell. Scale bars = 10 µm.
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region of vomeronasal non-sensory epithelium (Fig. 3B,

arrowheads) showed weak reactivity. At this stage, acini

of Jacobson’s gland were not found.

Seven days after birth (Figs. 3D~F), the free border

(Fig. 3D, arrowheads) of the vomeronasal sensory

epithelium showed intense reactivity for UEA-I. Some

receptor cells (Fig. 3D, arrows) showed weak, diffuse

reactivity for UEA-I, but not in the supporting cells (Fig.

3D, white arrows). In the vomeronasal non-sensory

epithelium (Fig. 3E, arrowheads) showed moderate

reactivity. In the lamina propria, UEA-I reactivity was

not found in the Jacobson’s gland acini (Fig. 3F). 

Four weeks after birth (Figs. 3G~I), UEA-I was

diffusely localized in receptor cells, with intense

reactivity detected in the apical half layer (Fig. 3G,

arrows). UEA-I reactivity was intense at the apical

region of receptor cell nuclei. At this stage, UEA-I

reactivity in the free border was less intense; although,

the receptor cells showed intense reactivity. Some

supporting cells (Fig. 3G, white arrows) showed positive

reactivity for UEA-I. The vomeronasal non-sensory

epithelium (Fig. 3H, arrowheads) showed moderate

Fig. 2. Wheat germ agglutinin (WGA) histochemistry in the rat vomeronasal sensory epithelium (A, D, G, J), vomeronasal

non-sensory epithelium (B, E, H, K) and lamina propria (C, F, I, L) at 1 day (A, B, C), 7 days (D, E, F), 4 weeks (G,

H, I), and 8 weeks after birth (J, K, L). Arrows (A, D, G, J) indicate receptor cells; arrowheads (A, D, G, J) indicate

the free border, and white arrows (A, D, G, J) indicate supporting cells. Arrowheads (B, E, H, K) indicate the vomeronasal

non-sensory epithelial cell. In the lamina propria, acini of Jacobson’s gland (F) were not found at 7 days after birth, whereas

ductal epithelia showed WGA reactivity (F, arrows). At 4 (I) and 8 (L) weeks after birth, acini (I, L, arrows), but not

ductal epithelia (I, L, arrowheads), were positive for WGA. Scale bars = 25 µm. 
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reactivity. In the lamina propria, positive UEA-I reactivity

was found in some acini (Fig. 3I, arrows).

Eight weeks after birth (Figs. 3J~L), the histochemical

UEA-I pattern was similar to that at 4 weeks after birth,

with increased intensity in all regions, including the free

border (Fig. 3J, arrowheads), receptor cells (Fig. 3J,

arrows), and supporting cells (Fig. 3J, white arrow).

Vomeronasal non-sensory epithelium (Fig. 3B, arrowheads)

showed moderate reactivity at the apical region of

epithelium and weak positive reactivity at the basal part

of epithelium. In the lamina propria, some acini (Fig.

3L, arrows), but not the ductal epithelia (Fig 3L,

arrowheads), were positive for UEA-I.

DBA

One day after birth, the free border (Fig. 4A,

arrowheads) showed moderate reactivity for DBA. In

contrast, receptor cells (Fig. 4A, arrows) and supporting

cells (Fig. 4A, white arrows) showed no DBA reactivity.

Vomeronasal non-sensory epithelium (Fig. 4B, arro-

wheads) showed negative reactivity. At this stage, acini

were not clearly visible. 

Fig. 3. Ulex europaeus agglutinin I (UEA-I) histochemistry in the rat vomeronasal sensory epithelium (A, D, G, J),

vomeronasal non-sensory epithelium (B, E, H, K) and lamina propria (C, F, I, L) at 1 day (A, B, C), 7 days (D, E, F),

4 weeks (G, H, I), and 8 weeks after birth (J, K, L). Arrows (A, D, G, J) indicate receptor cells, arrowheads (A, D, G,

J) indicate the free border, and white arrows (A, D, G, J) indicate supporting cells. Arrowheads (B, E, H, K) indicate

the vomeronasal non-sensory epitheilium. At 4 weeks after birth (I), UEA-I showed positive reactivity in some acini of

Jacobson’s glands (I, arrows). Eight weeks after birth (L), acini (L, arrows) but not ductal epithelia (L, arrowheads), were

positive for UEA-I. Scale bars = 25 µm.
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Seven days after birth, the free border (Fig. 4D,

arrowheads), but not the receptor cells (Fig. 4D, arrows)

nor supporting cells (Fig. 4D, white arrows), of the

vomeronasal sensory epithelium showed positive reactivity

for DBA. Vomeronasal non-sensory epithelium (Fig. 4E,

arrowheads) showed negative reactivity, but weak in the

apical region of the epithelium. In the lamina propria,

there is no DBA reactivity for the acini and the ductal

epithelium of the Jacobson’s gland (Fig. 4F). 

Four weeks after birth, the free border (Fig. 4G,

arrowheads) showed weak reactivity for DBA.

Additionally, DBA was detected in supporting cells (Fig.

4G, white arrows) at the apical region and in the some

cells, possibly receptor cells (Fig. 4G, arrows) at the

basal region. Vomeronasal non-sensory epithelium (Fig.

4H, arrowheads) showed no reactivity. In the lamina

propria, DBA reactivity was found in Jacobson gland

acini (Fig. 4I, arrows), which did not show DBA

reactivity at 4 weeks after birth. In the ductal epithelia

(Fig. 4I, arrowhead), DBA reactivity was occasionally

detected, as was the case at 7 days post birth. 

Eight weeks after birth, DBA was histochemically

detected in the free border (Fig. 4J, arrowheads) and

supporting cells (Fig. 4J, white arrows). At this stage,

DBA reactivity was not detected at the basal or apical

ends of receptor cells (Fig. 4J, arrows). Apical region

Fig. 4. Dolichos biflorus agglutinin (DBA) histochemistry in the rat vomeronasal sensory epithelium (A, D, G, J),

vomeronasal non-sensory epithelium (B, E, H, K) and lamina propria (C, F, I, L) at 1 day (A, B, C), 7 days (D, E, F),

4 weeks (G, H, I) and 8 weeks after birth (J, K, L). Arrows (A, D, G, J) indicate receptor cells, arrowheads (A, D, G,

J) indicate the free border, and white arrows (A, D, G, J) indicate supporting cells. Arrowheads (B, E, H, K) indicate

the vomeronasal non-sensory epithelium. At 4 weeks (I) and 8 weeks (L) after birth, DBA reactivity was moderate in

the Jacobson’s gland acini (I, arrows) but weak (I, arrowhead) or absent (L, arrowhead) in the ductal epithelia. Scale bars =

25 µm.
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of vomeronasal non-sensory epithelium (Fig. 4K, arro-

wheads) showed moderate reactivity. In the lamina

propria (Fig. 4L), some acini (Fig. 4L, arrows), but not

ductal epithelia (Fig 4L, arrowhead), were positive for

DBA. The reactivity of  three lectins, WGA, UEA-I and

DBA, in the VNO of rats were summarized in Table 1.

Discussion

This is the first study of the binding patterns of three

different lectins, WGA, UEA-I, and DBA, in the

developing rat VNO. Previous studies have reported

lectin binding patterns in the rat VNO, but only in a

single age group [1, 17, 18]. 

The present study found that WGA and UEA-I show

similar binding patterns to each other in the rat VNO.

Receptor cells, supporting cells, and some acini in the

Jacobson gland were positive for WGA and UEA-I.

Furthermore, our study revealed that two different types

of receptor cells exist in the rat VNO: apical and basal

receptor cells. In the present study, the reactivity for

WGA and UEA-I was intense in the apical layer and

moderate in the basal layer. In a previous study, 2 layers

of receptor cells were also found in the mouse VNO [20].

DBA has also been previously detected in receptor cells

in the mouse VNO [11], but not in rat receptor cells [18].

In the present study, we found that a number of receptor

cells were positive for DBA in the rat VNO. This

discrepancy may stem from differences in sensitivity and/

or in the source of the lectins. WGA and UEA-1 were

showed moderate reactivity in vomeronasal non-sensory

epithelium, but it showed weak reactivity in the DBA.

Lectin binding patterns in olfactory receptors in the

olfactory epithelium, vomeronasal organ, and septal

olfactory organ of Masera were previously studied in

rats [17]. We have now shown, for the first time, that

acini of Jacobson’s gland are not fully developed at

postnatal day 1, when few ducts were found. However,

ducts were clearly visible in the Jacobson gland at day

7 after birth. Acini and ductal epithelia of Jacobson’s

gland were both clearly visible in the VNO at 4 weeks

after birth. We have further shown that some gland acini

in the VNO at 4 weeks after birth were positive for the

lectins examined in this study. The source of lectins in

the VNO free border at 1 day and 7 days after birth

will require further study. As for lectin reactivity in ducts

in the Jacobson’s gland, we detected lectins in spot-like

patterns in certain ductal epithelia at 7 days after birth,

but not at 4 or 8 weeks after birth. Some acini of

Jacobson’s gland showed positive lectin reactivity. The

transient lectin reactivity in some ducts in the VNO

should be further studied. With regard to lectin reactivity

in the Jacobson’s gland, we postulate that some fully

developed acini at 4 weeks after birth were positive for

the lectins examined in this study, and that ductal

epithelia in the Jacobson’s gland are transiently positive

Table 1. Lectin binding in the vomeronasal sensory epithelium, vomeronasal non-sensory epithelium and Jacobson’s

glands of the rat 

Lectin type 
VSE VNE Gland acini  Age group 

Free border Receptor cell Supporting cell Basal cell 

WGA ++ a + – – + (weak) – P1D 

++ (intense) + – – + (weak) + (weak) P7D 

++ ++ + – + + + P4W 

++ (intense) ++ (intense) + – ++ ++ P8W 

UEA-I + - – – + (weak) – P1D 

++ (intense) + – – + – P7D 

+ (weak) + + (weak) – + + P4W 

++ ++ + – ++ + (weak) P8W 

DBA + – – – – – P1D 

++ – – – – – P7D 

+ (weak) – + – – ++ P4W 

++ ++ + (weak) – + + P8W 

aStained sections were scored according to the intensity of lectin reactivity on each cell type as follows: –, negative; +, some

positive; ++, all positive. P1D, postnatal 1 day; P7D, postnatal 7 days; P4W, postnatal 4 weeks; P8W, postnatal 8 weeks;

VSE, vomeronasal sensory epithelium; VNE, vomeronasal non-sensory epithelium.
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for lectins, including WGA, UEA-I and DBA, at a

certain stage around 7 days after birth. 
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