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AbstrAct

the Bidder’s organ and ovary of the Brazilian toad Bufo ictericus were studied by light microscopy, 
using hematoxylin-eosin (hE) and periodic acid schiff (pAs) staining. the expression and distribution of 
carbohydrate moieties was analyzed by lectin histochemistry, using 8 lectins with different carbohydrate 
specificities: Ulex europaeus (uEA i), Lens culinaris (lcA), Erythrina cristagalli (EcA), Arachis hypogaea 
(pnA), Ricinus communis (rcA i), Aleuria aurantia (AAA), Triticum vulgaris (WgA), and Glycine 
maximum (sBA). the results showed that the Bidderian zona pellucida presented α-mannose, α-l-fucose, 
β-d-galactose, n-acetyl-d-glucosamine, and α/β-n-acetyl-galactosamine residues. the Bidderian 
follicular cells showed the presence of β-d-galactose and n-acetyl-d-glucosamine. in the extracellular 
matrix, α-mannose and α/β-n-acetyl-galactosamine residues were detected. the ovarian zona pellucida 
showed α-l-fucose, n-acetyl-d-glucosamine, α/β-n-acetyl-galactosamine residues, and α-mannose and 
n-acetyl-d-glucosamine residues were detected in the follicular cells. thus, the zona pellucida in both 
organs contains n-acetyl-d-glucosamine, and α/β-n-acetyl-galactosamine residues. α-l-fucose residues 
were detected in the zona pellucida of both organs, using different lectins. considering that β-d-galactose 
residue was absent from ovary but present in the Bidder’s organ, this sugar residue may play an important 
role in follicle development, blocking the Bidderian follicles and preventing further development of the 
Bidder’s organ into a functional ovary.
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resumo

Padrão de expressão de glicoconjugados nos folículos bidderianos e ovarianos do sapo brasileiro 
Bufo ictericus, analisado por histoquímica de lectin

o órgão do Bidder e o ovário do sapo Bufo ictericus foram analisados por meio de microscopia de luz, 
utilizando a coloração pela hematoxilina-eosina (hE) e o método do ácido periódico de schiff (pAs). 
A expressão e a distribuição de carboidratos foram verificadas por meio da histoquímica com lectinas, 
tendo sido utilizadas 8 lectinas com diferentes especificidades para carboidratos (Ulex europaeus (uEA 
i), Lens culinaris (lcA), Erythrina cristagalli (EcA), Arachis hypogaea (pnA), Ricinus communis 
(rcA i), Aleuria aurantia (AAA), Triticum vulgaris (WgA) e Glycine maximum (sBA). os resultados 
mostraram que a zona pelúcida Bidderiana apresenta resíduos de α-mannose, α-l-fucose, β-d-galactose, 
n-acetil-d-glicosamine e α/β-n-acetil-galactosamina. As células foliculares Bidderianas mostraram 
a presença de β-d-galactose e n-acetil-d-glicosamina. na matriz de extracelular foram detectados 
resíduos de α-mannose e α/β-n-acetil-galactosamina. resíduos de α-l-fucose, n-acetyl-d-glicosamina 
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e α/β-n-acetil-galactosamina foram evidenciados na zona pelúcida ovariana, enquanto na célula folicular 
foi detectado o resíduo de α-mannose e de n-acetil-d-glicosamina. Assim, a zona pelúcida, em ambos os 
órgãos, contém resíduos de n-acetil-d-glicosamina e α/β-n-acetil-galactosamina. o resíduo de α-l-fucose 
foi detectado na zona pelúcida de ambos os órgãos, mas utilizando-se diferentes lectinas. considerando 
que o resíduo de α-d-galactose é ausente no ovário, mas presente no órgão de Bidder, a α-d-galactose 
pode ter um papel importante no controle do desenvolvimento folicular, bloqueando o desenvolvimento 
dos folículos Bidderianos e impedindo que o órgão de Bidder se transforme em um ovário funcional. 

Palavras-chave: órgão de Bidder, ovário, Bufo ictericus, lectinas, histoquímica.

IntroductIon

male toads of the Bufonidae family have a 
rudimentary ovary, named the Bidder’s organ, which 
has been used as a systematic character (duellman 
& trueb, 1994). the Bidder’s organs are located in 
the anterior end of the gonads, between the body 
fat and the gonad itself (tanimura & iwasawa, 
1992; spengel, 1876). some authors state that, if 
the testes are removed experimentally, the Bidder’s 
organs develop into functional ovaries; such 
gonadal conversion represents a morphological 
strategy for the specimen’s reproduction (Wake, 
1980; moriguchi et al., 1991; pancak-roessler 
& norris, 1991; tanimura & iwasawa, 1992). in 
Bufo ictericus spix 1824 males, the Bidder’s organ 
possesses a cortical region that exhibits Bidderian 
follicles in different stages of development, and 
a medullar region (farias et al., 2002). female 
anurans exhibit a pair of ovaries; each ovary 
consists of a thin sheath of connective tissue, the 
ovisac, enclosing the ovarian follicles in different 
stages of development. the ovarian follicles have 
germ cells surrounded by follicular cells (duellman 
& trueb, 1994). 

lectins are nonimmune proteins or glycopro-
teins derived from plants, animals, or microorgan-
isms. they are specific to terminal or subterminal 
carbohydrate residues to which they bind noncova-
lently (liener et al., 1986, desantis et al., 2003). 
Besides, lectin specificity for sugar residues has 
been extensively used as a histochemical probe to 
characterize various cells types in various stages of 
differentiation and maturation (damjanov, 1987, 
Alroy et al., 1988; Walker, 1989; spicer & schulte, 
1992). regulated glycosylation is essential for cell 
interactions during growth and differentiation. 
then, cellular carbohydrates are also important 
for cell recognition and adhesion events (sharon & 
lis, 1989).

carbohydrates play a major role in the 
fertilization process of mammals, birds and sea 
urchins. the extracellular egg coat, the zona 
pellucida, contains a number of glycoproteins, 
which are species-specific and trigger sperm-egg-
interaction (Wassarman et al.,, 1999; mello, 1989; 
duellman & trueb, 1994; Alves et al., 1997; 1998; 
gheri et al., 2000). 

studies on glycoconjugates in amphibian 
ovaries are scarce, and no data about carbohydrate 
moieties in Bidderian follicles are currently 
available in the literature. thus, the purpose of 
this work is to investigate the distribution of 
carbohydrate in the Bidderian and ovarian follicles 
of the Brazilian toad Bufo ictericus, correlating the 
similarities between both organs.

mAterIAls And methods

Animals
the fifteen adult males and nine females of 

Bufo ictericus used in this study were collected 
according to Brazilian laws (license 080/2000-
difAs/dirEc/iBAmA). All the animals came 
from resende in rio de janeiro state. 

Tissue preparation and staining
Bidder’s organ and ovary fragments were 

fixed by immersion in Bouin’s liquid for 18 h at 
4 °c. After rinsing in 70% ethanol, the fragments 
were processed according to the standard 
histological technique for paraffin embedding. 
for morphological studies, 5 µm serial sections 
were stained with hematoxylin-eosin. periodic 
acid schiff (pAs) staining was employed to detect 
neutral glycoproteins (lillie & fulmer, 1976).

Lectin histochemistry
the biotinylated lectins (kit vector nº BK 

1000, BK 2000, BK 3000, Burlingame cA, 
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usA) listed in table 1 were used. once dewaxed 
and re-hydrated, tissue sections were immersed 
in 3% h

2
o

2
 for 10 min. to suppress endogenous 

peroxidase activity, rinsed in 0.05 m phosphate-
buffered saline (pBs), ph 7.4, and incubated in 
lectin solution with appropriate dilutions (1:4,000) 
for 1 h at room temperature. After 3 rinses in pBs, 
peroxidase activity was observed by incubation in a 
solution containing 0.05% 3,3’- diaminobenzidine 
(dAB) and 0.005% h

2
o

2
 in 0.05 m pBs (ph 7.4) 

for 1 min at room temperature before dehydration 
and mounting. the incubation medium with buffer 
but without lectin was used as control for the 
lectins’ reaction.

results

in B. ictericus, the Bidder’s organ has a typical 
medullar region and a cortical region with Bidderian 
follicles in different stages of development, and 
shows an intimate relationship to the testis. the 
ovary consists of an ovisac enclosing the ovarian 
follicles in different stages of development. the 
ovarian follicles consist of germ cells surrounded 
by follicular cells (fig. 1 and 2). the pAs method 
reveals the presence of neutral glycoproteins in the 
zona pellucida of both organs.

lectin-binding patterns in the Bidder’s organs 
and ovaries of Brazilian toad are summarized as 
follows (tables 2 and 3):

tAble 1 
lectin used in the present study, its source and inhibitory sugars.

lectin abbrev. source of lectin Inhibitory sugar sugar specificity cat. Vector nº

uEA-i Ulex europaeus fucose
α-l-fucose 
(golstein & poretz, 1986)

B-1065

lcA Lens culinaris mannose
α-manose
(golstein & poretz, 1986)

B-1045

EcA Erythrina Cristagalli lactose
lactose
(golstein & poretz, 1986)

l-1140

pnA Arachis hypogaea galactose
β-d-galactose
(desantis et al., 2003)

B-1075

rcA i Ricinus communis galactose
β-galactose
(golstein & poretz, 1986)

B-1085

AAA Aleuria aurantia fucose
α-l-fucose 
(golstein & poretz, 1986)

l-1390

WgA Triticum vulgaris n-acetilglucosamine
n-glcnAc
(fang & Welsch, 1995)

BK-1000

sBA Glycine maximum n-acetilgalactosamine
α/β-n-galnAc
(fröjdman et al., 1992)

BK-1000




1

Fig. 1 — light micrograph showing the intimate association 
between Bidder’s organ () and the testis (). hE-staining, 
Bar = 2 µm.

2

Fig. 2 — light micrograph of ovarian follicles. hE-stain-
ing, Bar = 4 µm.

• uEA-i. A moderate reaction in the Bidderian 
zona pellucida is observed, but positive 
reaction is detected neither in follicular cell 
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tAble 2 
summary of lectin binding to bidder’s organ.

lectin sugar specificity Zona pellucida Follicular cell extracellular matrix 
uEA-i α-l-fucose ++ - -

lcA α-mannose -/+ - +++

EcA lactose - - - 

pnA β-d-galactose ++ ++ +

rcA i β-galactose - - -

AAA α-l-fucose - - -

WgA n-glcnAc +++ + -

sBA α/β-n-galnAc +/++ - ++

(+++) strong; (++) moderate; (+) weak; and (-) negative reactions. 

tAble 3 
summary of lectin binding to ovary.

lectin sugar specificity Zona pellucida Follicular cell
uEA i α-l-fucose - -

lcA α-mannose - +

EcA lactose - -

pnA β-d-galactose - -

rcA i β-galactose - -

AAA α-l-fucose -/+ -

WgA n-glcnAc +++ +

sBA α/β-n-galnAc -/+ -

(+++) strong; (++) moderate; (+) weak; and (-) negative reactions .

nor in extracellular matrix (fig. 3). uEA-i 
does not show any reactivity in ovaries;

• AAA. in the Bidder’s organ, no reaction is 
observed. in ovary, a weak to absent reaction 
is found in the zona pellucida. lectin binding 
sites for AAA are absent in the follicular cells 
(fig. 4);

• lcA. A strong reaction is visible in the 
Bidderian extracellular matrix (fig. 5); 
however, follicles with a weak reaction are 
detected in the later previtellogenesis and 
vitellogenesis stages. in the ovaries, a very 
weak reaction is present in the follicular cell 
but absent from the zona pellucida (fig. 6);

• EcA. lectins sites for EcA are absent from 
Bidderian and ovarian follicles;

• pnA. labeled pnA binds moderately to 
follicular cells and zona pellucida, and 
very weakly in the extracellular matrix of 

the Bidder’s organ (fig. 7). no reaction is 
detected in follicular cell and zona pellucida 
of the ovaries (fig. 8);

• rcA i. lectin binding sites for rcA i are 
absent in the follicular cell and zona pellucida 
of both organs;

• WgA. A strong reaction is observed in 
the zona pellucida of follicles in the later 
previtellogenesis and vitellogenesis stages 
in the Bidder’s organ and ovary. no reaction 
is observed in the extracellular matrix of the 
Bidder’s organ (figs. 9 and 10); and

• sBA. positive reaction in the Bidderian 
zona pellucida is observed in the early 
previtellogenesis stages but it becomes weak 
in the later stages (fig. 11). in ovary, the 
positive reaction is absent in the early stages, 
but present in the later previtellogenesis stage 
(fig. 12).
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6 10

Fig. 6 — ovary, lcA-staining. Weak reaction in the follicu-
lar cells and absent from the zona pellucida. Bar = 2 µm.

Fig. 10 — ovary, WgA-staining. strong reaction in the 
zona pellucida. Bar = 2 µm.

3

Fig. 3 — Bidder’s organ, uEA-reactivity. moderate reaction 
in the zona pellucida. Bar = 2 µm.

7

Fig. 7 — Bidder’s organ, pnA-staining. moderate reaction 
in the zona pellucida and in the follicular cells. Bar = 2 µm.

5

Fig. 5 — Bidder’s organ, lcA-staining. strong reaction in 
the extracellular matrix. Bar = 2 µm.

9

Fig. 9 — Bidder’s organ, WgA-staining. strong reaction in 
the zona pellucida. Bar = 2 µm.

4

Fig. 4 — ovary, AAA-staining. Weak to absent reaction 
in the zona pellucida and absent from the follicular cells. 
Bar = 2 µm.

8

Fig. 8 — ovary, pnA-staining. note negative reaction. 
Bar = 2 µm.



50 fAriAs, c. f., AzEvEdo, r. A. and Brito-gitirAnA, l.

Braz. J. Biol., 66(1A): 45-51, 2006

dIscussIon

the present study demonstrated that the 
Bidder’s organ has binding sites for lcA, uEA-i, 
WgA, and sBA, whereas the ovary shows binding 
sites for lcA, AAA, WgA and sBA but not 
for uEA-i. nevertheless, there are differences 
regarding the localization of sugar residues 
expression and nature of oligosaccharide linkage. 

the result of pAs reaction that reveals neutral 
carbohydrate polymers rich in hexose (Kiernan, 
1990) is congruent with previous observations 
of the zona pellucida of the vertebrate (fang & 
Welsch, 1995; Wolpert et al., 1998; farias et al., 
2002). 

in Bufo ictericus, in both organs the zona 
pellucida contains n-acetyl-d-glucosamine, 
α/β-n-acetyl-galactosamine, and α-l-fucose 
residues, but β-d-galactose residue is exclusive 
for the Bidde-rian zona pellucida. the α-l-fucose 
residues were detected in both organs, albeit by 
different lectins. this different reaction pattern 
was probably due to the different isolation sources, 
i.e., from green plants (uEA-i) and fungus (AAA) 
(goldstein & poretz, 1986). 

sexual development and differentiation 
of some vertebrate gonads involve changes 
considering the type and the distribution of 
different proteins and glycoproteins (fröjdman 
et al., 1992). studies of murine ovaries suggest that 
the glycoconjugates of the zona pellucida undergo 
a series of cytochemical changes following 
maturation, ovulation, and fertilization of ovarian 
oocytes (shimizu & yamada, 1986; Wassarman 
et al., 1999). in the sea urchin Paracentrotus 
lividus, WgA and sBA showed high affinity to the 
vitelline membrane of unfertilized eggs. on the 

other hand, pnA labeling is weak in the same site, 
indicating developmental changes in cell surface, 
leading to changes in cell-environment interactions 
(contini et al., 1992). 

gheri et al. (2000) pointed out that lectin 
histochemistry is important to define the maturation 
phases of ovarian follicles during embryonic 
development of chick ovary. At the same time, it 
has revealed a peculiar evolutionary pattern of the 
oogonia in different cortical ovarian zones. fang 
& Welsch (1995), studying the distribution of 
carbohydrate moieties in lancelet (Branchiostoma 
belcheri) oocytes in different stages of development, 
suggested that the carbohydrate content varied 
with the oocyte development and maturation. in 
our study, lectin histochemistry was a powerful 
instrument to detect different sugar residues in 
organs that, despite their morphological similarities, 
has chemical differences.

mozingo & hedrick (1999), studying the 
distribution of lectin binding sites in Xenopus laevis 
egg jelly, pointed out that n-acetyl-d-glucosamine 
block the fertilization by preventing sperm from 
penetrating the jelly. onikate et al. (2000) also 
suggested that n-acetyl-d-glucosamine may 
be important for the induction of the acrosome 
reaction in newt (Cynops pyrrhogaster). in 
B. ictericus, n-acetyl-glucosamine was detected in 
zona pellucida and follicular cells of both organs. 
therefore, this sugar residue occurs in the germ 
follicles of the ovary, and is preserved during their 
transport through the oviduct, which is responsible 
for egg jelly secretion. 

some authors state that the Bidder’s organ 
may develop into functional ovaries (duellman 
& trueb, 1994). We have demonstrated that the 

12

Fig. 12 — ovary. sBA-staining. positive reaction in the 
zona pellucida in later previtelogenesis stages. Bar = 2 µm.

11

Fig. 11 — Bidder’s organ. sBA-staining. note positive 
 reaction in the zona pellucida in early previtelogenesis 
 stages. Bar = 2 µm.
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Bidder’s organ has characteristic structural features 
able to produce sexual cells (farias et al., 2002), 
and the presence of β-d-galactose residue supports 
the hypothesis that the Bidder’s organ is able to 
develop into a functional ovary. nevertheless, 
β-d-galactose residue is specific in the Bidder’s 
organ of Bufo ictericus. thus, β-d-galactose 
residues block the Bidderian follicles in males, 
preventing further development of the Bidder’s 
organ into a functional ovary.

reFerences

Alroy, j., ucci, A. A. & pEriErA, m. E. A., 1988, lectin 
histochemistry: an update. In: R. A. de lellis, (ed) Advances 
In Immunohistochemistry. raven press, new york. 

AlvEs, A. p., mulloy, B., diniz, j. A. & mourão, p. A. 
s., 1997, sulfated polyssacarides from the egg jelly layer 
are species-specific inducers of acrosomal reaction in 
sperms of sea urchins. J. Biol. Chem., 272(11): 6965-6971.

AlvEs, A. p., mulloy, B., moy, g. W., vAcquiEr, v. d. 
& mourão, p. A. s., 1998, females of the sea urchin 
Strongylocentrotus purpuratus differ in the structures of 
their egg jelly sulfated fucans. Glycobiol., 8(9): 939-946.

contini, A., fAlugi, c. & fAsulo, s., 1992, development 
regulation of lectin-binding patterns in Paracentrotus lividus 
gonads, gametes, and early embryos. Acta Histochem., 
92(2): 179-189.

dAmjAnov, i., 1987, Biology of disease. lectin cytochemistry 
and histochemistry. Lab. Invest., 57: 5-17.

dEsAntis, s., corriEro, A., AconE, f., suBAn, d., 
cirillo, f., pAlmiEri, g., dE mEtrio, g., 2003, 
lectin histochemistry on the dorsal epidermis of the Breton 
dog. Acta Histochem., 105(1): 73-79.

duEllmAn, W. E. & truEB, l., 1994, Biology of 
Amphibians. the johns hopkins university press ltd, 
Baltimore.

fAng, y. q. & WElsch, u., 1995, A histochemical study of 
the distribution of lectin binding sites in the developing 
oocytes of the lancelet Branchiostoma belcheri. Cell Tiss. 
Res., 280: 427-434.

fAriAs, c. f., cArvAlho-E-silvA, s. p. & dE 
Brito-gitirAnA, l., 2002, Bidder’s organ of Bufo 
ictericus: a light an electron microscopy analysis. Micron, 
33: 673-679.

fröjdmAn, K., mAlmi, r. & pElliniEmi, l. j., 1992, 
lectin-binding carbohydrates in sexual differentiation of 
rat male and female gonads. Histochem., 97: 469-477.

ghEri, g., sgAmBAti, E. & BryK, g., 2000, lectin 
binding in the ovary of the chick embryo and newborn. Eur. 
J. Morph., 38(1): 51-62.

goldstEin, i. j. & porEtz, r. d., 1986, isolation, 
physicochemical characterization, and carbohydrate-
binding specificity of lectins. cap 2, pp. 32-246. In: i. E. 

liener, n. sharon & i. j. goldstein, 1986, The lectins, 
properties, functions and applications in biology and 
medicine. orlando: Academic press., 598p.

KiErnAn, j. A., 1990, Histological and Histochemical 
Methods-Theory and Practice. 2nd ed. frankfurt: pergamon 
press., 431p.

liEnEr, i. E., shAron, n., goldstEin, i. j., 1986, the 
lectins, properties, functions and applications in biology 
and medicine. orlando, Academic press, 598p.

lilliE, r. d. & fullmEr, h. m., 1976, Histopathological 
Technic and Pratical Histochemistry. 4th ed. mc graw hill 
Book co, new york.

mEllo, r. A., 1989, Embriologia Comparada e Humana. 
livraria Atheneu Editora, rio de janeiro, Brasil.

moriguchi, y., tAnimurA, A. & iWAsAWA, h., 1991, 
Annual changes in the Bidder’s organ of the toad Bufo 
japonicus formosus: histological observation. Sci. Rep. 
Niigata Univ., 28: 11-17.

mozingo, n. m. & hEdricK, j. l., 1999, distribution of 
lectin binding sites in Xenopus laevis egg jelly. Dev. Biol., 
210(2): 428-439.

oniKAtE, K., tAKAi, h., uKitA, m., mizuno, j. i., 
sAsAKi, t. & WAtAnABE. A., 2000, significance of 
egg-jelly substances in the internal fertilization of the 
newt, Cynops pyrrhogaster. Comp. Biochem. Physiol. B. 
Biochem. Mol. Biol., 126(2): 121-128.

pAncAK-roEsslEr, m. K. & norris, d. o., 1991, 
the effects of orchidectomy and gonadotropins on 
steroidogenesis and oogenesis in Bidder’s organs of the 
toad Bufo woodhousii. J. Exp. Zool., 260: 323-336.

shAron, n. & lis, h., 1989, lectins as cell recognition 
molecules. Science, 246: 227-234.

shimizu, s. & yAmAdA, K., 1986, the cytochemistry of 
glycoconjugates in the zona pellucida of murine ovarian 
oocytes and two-cell embryos. Histochem. J., 18: 357-363.

spicEr, s. s. & schultE, B. A., 1992, diversity of cell 
glycoconjugates shown histochemically: a perspective. 
J. Histochem. Cytochem., 40: 1-38.

tAnimurA, A. & iWAsAWA, h., 1992, ultrastructural 
observations of the ovary and Bidder’s organ in young toad, 
Bufo japonicus formosus. Sci. Rep. Niigata Univ., 29: 27-
33.

WAKE, m. h., 1980, the reproductive biology of 
Nectophrynoides malcomi (Amphibia: Bufonidae), with 
comments on the evolution of reproductive modes in the 
genus Nectophrynoides. Copeia, 2: 193-209.

WAlKEr, r. A., 1989, the use of lectins in histopathology. 
Pathol. Res. Pract., 185: 826-835.

WAssArmAn, p., chEn, j., cohEn, n., litschEr, E., 
liu, c., qi, h. & WilliAms, z., 1999, structure and 
function on the mammalian egg zona pellucida. J. Exp. 
Zool., 285(3): 251-258.

WolpErt, l., BEddington, v., BrocKEs, j., jEssEll, 
t., lAWrEncE, t. & mEyEroWitz, E., 1998, Principles 
of Development. 1st Ed. oxford university press., 483p.




