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Abstract The lectin binding pattern of muscular microvessels in chick, quail and chick/quail chimeras was
analysed. Paraffin wax sections of muscles from embryonic and adult animals were used. The biotin-labelled
lectins were detected by avidin-alkaline phosphatase
complex. The following lectins bound to muscular microvessels including arterioles, capillaries and venules of
both species: SNA-I (Sambucus nigra agglutinin), MAA
(Maackia amurensis agglutinin), AIA (Artocarpus
integrifolia agglutinin), VAA-I, VAA-II and VAA- III
(Viscum album agglutinin I–III), WGA (wheat germ agglutinin), LEA (Lycopersicon esculentum agglutinin).
Endomysium and basement membranes of muscle fibres
were also stained to a variable extent and intensity. Only
SNA-I stained almost exclusively the endothelium of
blood vessels. WFA (Wisteria floribunda agglutinin)
bound to the quail endothelium only. MPA (Maclura
pomifera agglutinin) marked vessels in adult muscles of
chick and quail, but embryonic vessels were stained in
quail only. Our results show that lectin histochemistry
is a useful tool for visualisation of microvasculature in
avian species. In particular, WFA and MPA can be used
to determine the origin of endothelia in chick/quail
chimeras.
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Introduction
The evaluation of the capillary density in skeletal muscles requires the selective visualisation of endothelial
cells. A number of histochemical staining methods for
muscle capillaries were introduced, including the reaction for alkaline phosphatase (Romanul and Banister
1962), alkaline phosphatase in combination with dipeptidyl peptidase IV (Lojda 1979; Mrázkova et al. 1986) or
adenosine triphosphatase (ATPase, Sillau and Banchero
1977). For immunohistochemical labelling of endothelium antibodies against vascular endothelial cells such as
MRC OX 43 (Robinson et al. 1986), antibody against
von Willebrand’s factor (Wall et al. 1980) or QH-1 antibody (Pardanaud et al. 1987) were used. In addition, the
expression of VE-cadherin (Breier et al. 1996), and
VEGF receptors has been used to specifically label endothelial cells (Eichmann et al. 1996). However, each
method has certain limitations and can not be used for all
purposes. ATPase staining is sensitive to acid preincubation (Hansen-Smith et al. 1992) while alkaline phosphatase staining is affected by fixation and paraffin embedding. In addition, alkaline phosphatase staining pattern
exhibited a considerable variability among species (Grim
and Carlson 1990).
Excellent results of labelling capillaries in muscles of
rats and mice were obtained by Hansen-Smith and collaborators (Hansen-Smith et al. 1988, 1989) using lectin
histochemistry with Griffonia simplicifolia agglutinin I
(GSA- I). These authors have shown that GSA- I binds
to capillaries in muscles of a number of mammalian species; more capillaries were detected by this method than
by any other. In contrast to mammalian species, lectin
staining of endothelium of blood vessels of chick and
quail, two species widely used in experimental embryology, has so far only been infrequently used (Henry and
DeFouw 1995; Nico et al. 1998). We therefore tested a
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Table 1 Lectin staining of vascular endothelium in adult (a) and embryonic (e) muscles of chick (C) and quail (Q)
Lectin

SNA-I
MAA
AIA
GSA -I/
BSA- I
VAA I
VAA II
VAA III
WGA
LEA
MPA
WFA

Lectin origin

Sambucus nigra
Maackia amurensis
Artocarpus integrifolia
Griffonia simplicifolia/
Bandeiraea s.
Viscum album
Viscum album
Viscum album
Wheat germ
Lycopersicon esculentum
Maclura pomifera
Wisteria floribunda

Sugar specificities

Endothelium

Conn.
tissue

Reaction after inhibition

Ca

Ce

Qa

Qe

α-NeuNAc(2,6)Gal
α-NeuNAc(2,3)Gal
α-Gal
α-Gal/ Gal NAc

+
+
+
–

+
+
+
–

+
+
+
–

+
+
+
–

–
+
+
–

Neuraminidase pretreatment –

Gal
Gal/GalNAc
β-GalNAc
GlcNAc
(GlcNAc)3
Gal/GalNAc
GalNAc

+
+
+
+
+
+
–

+
+
+
+
+
–
–

+
+
+
+
+
+
+

+
+
+
+
+
+
+

+
+
+
+
+
+
+

Gal –
Gal ± /GalNAc–
GalNAc –
GlcNAc –
GlcNAc –
Gal ± /GalNAc –
GalNAc –

panel of selected lectins for their binding specificity to
endothelium in prenatal and adult muscles of chick and
quail.

Material and methods

Results

the chick (Figs. 5–8). MPA was less species specific. It
bound to the endothelium of adult chick and quail, but
not to embryonic chick muscle (Figs. 13, 14). In chimeric leg vessels that contained endothelial cells of both
species (Grim et al. 1997), WFA stained the quail endothelial cells only (Fig. 15). It was verified by QH-1 staining in parallel sections (Fig. 16).
GSA-I, which stains the endothelium of blood vessels
in many mammalian species, exhibited no binding to the
endothelium of the two avian species.
The endothelium was almost exclusively stained by
SNA-I (Figs. 1–4). Other lectins also stained the connective tissue structures of muscle (endomysium, perineurium, capsule and the inner space of muscle spindles) to
variable extent (Figs. 8, 9). In addition, some lectins
(VAA I, VAA III, AIA, MAA) bound to the basement
membrane of muscle fibres (Figs. 9, 11). The staining of
connective tissue was most intense using AIA (Fig. 9).
This staining was reduced by pre-incubation with galactose, whereas the labelling of endothelium was unaffected in quail (Fig. 10) and only slightly inhibited in chick.

Discussion
The vascular endothelium is a highly specialised semipermeable barrier whose luminal surface contains specific domains with characteristic carbohydrate residues
(Simionescu and Simionescu 1986). In the present study,
Figs. 1–15 Lectin staining of endothelium in transverse paraffin
sections of skeletal muscles of adult chick (Ca), embryonic chick
(Ce), adult quail (Qa) and embryonic quail (Qe)
Figs. 1–4 SNA-I
Figs. 5–8 WFA

SNA- I, MAA, AIA, VAA I- III, WGA and LEA (see
Table 1) bind to the endothelium of capillaries, arteries
and veins in the entire vascular bed of muscles of embryonic and adult chick as well as that of quail (Figs. 1–4,
9–12). In contrast, WFA stained the endothelium in embryonic and adult quail only and did not label it at all in

Fig. 9 AIA
Fig. 10 The staining with AIA after inhibition with galactose; the
staining of connective tissue is inhibited
Fig. 11 VAA I
Fig. 12 WGA

▲

This study was performed on muscles of embryos at the day of
hatching and adult chick (White Leghorn) and Japanese quail
(Coturnix coturnix japonica) and their embryonic chimeras. Chimeric legs were prepared by the grafting of the quail leg bud in the
place of the removed leg bud of the chick on embryonic day 3
(stage 19 according to Hamburger and Hamilton 1951). After 11
days of re-incubation, the grafted leg was used for the study. Adult
animals were terminated with an overdose of pentobarbital and
embryos by decapitation. Principles of laboratory animal care
were applied (NIH publication No. 86–23, revised 1985). The extensor digitorum longus and plantaris muscles from two embryonic and two adult animals of both species were investigated. From
chimeric legs crural muscles were used. All specimens were fixed
in situ in 3.5% paraformaldehyde in 0.1 M phosphate buffer for
1–2 h. Muscles were then removed, further fixed overnight,
washed and embedded in paraffin wax. Transverse, 7-µm sections
were treated with 0.1% trypsin in TRIS buffer with 1 mM MgCl2
and 1 mM CaCl2, pH 7.6, for 10 min at 37°C, then washed in the
same TRIS buffer and incubated with biotin-labelled lectin
(10 µg/1 ml) for 60 min at room temperature. For lectins, their abbreviations and sugar specificities see Table 1. The specificity of
lectin binding was assessed by incubation with the appropriate inhibitory sugar (0.2 M) or in the case of neuraminic acid by neuraminidase pre-digestion. After washing, the avidin-alkaline phosphatase (Vector ABC kit) was used for visualisation of binding
sites according to the manufacturer’s instructions. Finally, the sections were counterstained with haematoxylin and mounted in
Crystal Mount. Parallel sections from chimeric muscles were
stained with QH-1 antibody that marks quail endothelial cells,
leaving chick endothelium unstained (Pardanaud et al. 1987).

Gal ±
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Figs. 13–14 MPA
Fig. 15 WFA in chick/quail chimera, embryonic day 14; endothelial cells of chick origin are not stained
Fig. 16 A parallel section to Fig. 15 at a distance of 30 µm. Endothelial cells of quail origin are stained with QH-1 Ab (Nomarski
optics)
Sections on Figs. 1–15 were counterstained with haematoxylin;
black arrows venules, white arrows arterioles. Bar 50 µm

eight lectins (SNA-I, MAA, AIA, VAA-I, VAA–II VAAIII, WGA and LEA) labelled the endothelium of muscle
vessels in both embryonic and adult chick and quail.
These lectins are specific for four different terminal
monosaccharides (N-Acetyl-galactosamine, N-Acetylglucosamine, galactose and neuraminic acid). They thus
indicate the carbohydrate residues present in endothelial
cells and their basal lamina in chick and quail.
Ultrastructural lectin histochemistry carried out in the
microvasculature of the optic tectum in the chick (Nico
et al. 1998) has shown that N-acetylglucosamine and
sialic residues are located on the luminal surface of the
endothelium. It is well-known that sialic acid is a constant component of the endothelium in many species including bird species (De Bruyn et al. 1978; Henry and
DeFouw 1995, 1996). In contrast, glycoconjugates containing β-galactose residues that are involved in the tight
junctions and basement membrane were located on the
abluminal surface of vessels (Nico et al. 1998).
In 7-µm paraffin wax sections, which were used in
our study, it was not possible to distinguish with certainty whether the lectins bind to the endothelial cell only or
to the basement membrane or to both of them. Therefore
the term endothelium for the endothelial cell and its adjacent basement membrane was used here.
GSA- I (also named BSA-I), which stains the endothelium of blood vessels in many mammalian species
(Hansen-Smith et al. 1988), did not bind to the endothelium of the two avian species. However, WGA, which
stained the vascular endothelium in ten mammalian species (Alroy et al. 1987), also bound to the endothelium
of chick and quail. These results thus show that the lectin-binding pattern of vascular endothelium exhibits

some common features as well as great individual differences across species barriers.
MPA stained the endothelium of the adult but not that
of embryonic chick. This difference in staining probably
reflects developmentally regulated changes in the distribution of cell surface oligosaccharides and our findings
thus corroborate those of Griffith and Sanders (1991)
and Nico et al. (1998) in earlier developmental stages.
In addition to the endothelium, the majority of the
tested lectins also stained the connective tissue and basement membranes of muscle fibres. The connective tissue
was least labelled by SNA-I recognizing sialic acid in
the α 2–6 glycosidic linkage (Lawrenson et al. 2000).
However, MAA that labels sialic acid in α 2–3 linkage
to β-galactose stained connective tissue and basement
membranes of muscle fibres intensely. These findings indicate the presence of a delicate tissue specific glycosylation within one organ.
WFA bound to the endothelium of muscle microvessels in embryonic and adult quail, leaving endothelium
in embryonic and adult microvessels of the chick muscles unstained. The application of this lectin makes it
thus possible to distinguish between endothelium of
quail and chick origin and is therefore useful in studies
on chick/quail chimeras. During the embryonic period
only, MPA could serve the same purpose.
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