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Contents 

This study reports the histochemistry and the distribution of glycoconjugates (GCs) in the 

zona pellucida (ZP) of preantral, secondary, tertiary, polyovulatory and atretic follicles of 

ovaries from non-pregnant (NPr) and pregnant (Pr) females of Lagostomus maximus. GCs 

were studied using histochemical and lectinhistochemical methods. The viscacha ZP was 

positive to all the histochemical techniques. In addition, it was observed that the intensity of 

staining of the ZP was constant in the different follicular stages between both female 

groups. The lectinhistochemical study revealed that ZP was positive for certain lectins (WGA, 

RCA-I and CON-A) and that the labeling did not vary between the different follicular stages, 

but between the two groups of females. By using both histochemical techniques it was 

established that the GCs present in the ZP label the complexity of the area. These results 

allow us to increase our knowledge on the biology of the viscacha’s ovary, particularly 

contributing to the study of polyovulation. 
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Introduction 

Polyovulation is a process that occurs in many mammals, such as the rat (Rattus 

norvergicus), the dog (Canis familiaris) and the sow (Sus scrofa), which ovulate between 4-

15 oocytes per reproductive cycle (McNatty et al., 2005). However, in some species, the 

number of ovulated oocytes increases markedly. Van der Horst & Gillman (1941) reported 

that females of the species Elephantulus myurus ovulates between 50 to 120 oocytes with 

implantation of only two blastocysts (one per each uterine horn). In later years, an even 

greater polyovulation phenomenon was observed in Lagostomus maximus (Weir, 1971). 

This last species is a model of great interest due to its particular reproductive 

characteristics, which include the highest known polyovulation in mammals (200 to 800 

oocytes) and, in addition, a poly-implantation of around 12 blastocysts, of which only two of 

them are delivered (Weir, 1971; Flamini et al., 2011). The ovaries of viscacha are atypical 

within mammalian females (Weir, 1971), even within its own suborder hystricognathi 

(Hautier et al., 2011). The histological details of the organ were first reported by Weir in 

1971. Subsequently, other characteristics were described, such as a low level of apoptosis in 

different ovarian follicles and corpora lutea (Jensen, Willis, Albamonte, Espinosa, & Vitullo, 

2006; Jensen, Willis, Leopardo, Espinosa, & Vitullo, 2008) and the presence of abundant 

interstitial tissue (Gil et al., 2007). 
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The morphological study of the ovaries at macro and microscopic levels was deepened 

(Flamini, Barbeito, Gimeno, & Portiansky, 2009). These authors described the presence of 

folds of tissue that increase the surface of the organ, facilitating the polyovulation 

previously described (Weir, 1971). They also classified the different stages of follicular 

development: primordial, primary, preantral, secondary, tertiary, polyovulatory and atretic, 

based on the classification criteria for follicles of bovine origin (Rodgers, Lavranos, Van 

Wezel, & Irving-Rodgers, 1999). Flamini et al (2009) described a ZP in preantral, secondary, 

tertiary, polyovulatory and atretic follicles. 

Zona pellucida is a highly glycosylated extracellular matrix that surrounds the oocyte and the 

preimplantatory embryo (Sinowatz, Koelle, & Toepfer-Petersen, 2001). In mouse it is constituted 

almost exclusively by three glycoproteins: ZP1, ZP2 and ZP3 (Gupta et al., 2007). Recently, a fourth 

glycoprotein (ZP4) was discovered in some species (Lefièvre et al., 2004; Goudet, Mugnier, Callebaut, 

& Monget, 2008; Izquierdo-Rico et al., 2009; Stetson et al., 2015). Zona pellucida poses multiple 

roles during oogenesis, fertilization and pre-implantation development (Yanagimachi, 1994; Florman 

& Ducibella, 2006). Studies in ovaries of mice and bitches have shown that GCs from the ZP undergo 

a series of cytochemical changes after maturation, ovulation and fertilization of the oocytes (Shimizu 

& Yamada, 1986; Wassarman, 1999; Parillo, Zelli, Supplizi, Fagioli, & Gargiulo, 2005). 

Despite the unique characteristics of the ovaries of the plains viscacha, many aspects of their 

reproductive biology are unknown. In the same way, the histochemical reactivity of the ZP, among 

other structures, has not been analyzed in this species. The aim of the present study was to identify 

the carbohydrate pattern of the ZP and its variations in different follicular stages of non-pregnant 

and pregnant viscachas, using histochemical and lectinhistochemical techniques. 
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Materials and methods 

Animals 

For this study 14 adult female viscachas, body weight ranged between 4 and 5.5 kg, captured at 

ECAS (Estación de Cría de Animales Silvestres, province of Buenos Aires Ministry of Agribusiness) 

were used. At ECAS, this species lives in wild state without reproductive control. Cages-traps placed 

at noon and removed the next day in the morning were located at the entrance of viscacha’s caves. 

The periods of March-April (with females in estrus and recent pregnancy), July-August (with females 

with full-term pregnancies and births) and December-January (females in anestrous and 

postpartum) were selected for capturing females. The election of periods was based on studies 

conducted in previous years at our laboratory (Flamini et al., 2009). Females were classified as: non-

pregnant (NPr) and pregnant (Pr). 

Females were anesthetized with a combination of 5% ketamine (50 mg/kg) and 2% xylazine (8 

mg/kg) (Ketanest, Scott Cassara Laboratory, Bs. As, Argentina), administered intramuscularly. After 

reaching a deep plane of anesthesia intracardiac perfusion was performed, using physiological 

solution for the first lavage and then 4% paraformaldehyde in 0.1 M phosphate buffer. This method 

followed international recommendations for animal testing (Van Zutphen, Baumans, & Beynen, 

1999; Zuñiga, Tur Marí, Milocco, & Piñeiro, 2001). The working protocol was previously approved by 

the Institutional Committee for the Care and Use of Laboratory Animals (CICUAL) of the School of 

Veterinary Sciences of the National University of La Plata (FCV-UNLP), code 52-4-15T. 

 

Samples processing 

The complete genital system was removed from each female. The ovaries were processed for 

inclusion in paraffin and then serially cut in 3 μm thick sections. 
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Histology 

For general morphology of the ovary, sections were deparaffinized in xylol and hydrated using 

decreasing concentrations of ethanol until submerged in distilled water. For routine histological 

staining, sections were immersed in Harris hematoxylin, turned in tap water and washed in distilled 

water. Then, they were submerged in alcoholic eosin. Finally, samples were dehydrated in increasing 

concentrations of ethanol, rinsed with xylol and mounted with natural Canada balsam (Álwik, Bs. As, 

Argentina). 

 

Histochemistry 

Some samples were also submitted to histochemical procedures for GCs identification, as detailed in 

Table 1. Sections were stained either with (1) PAS (periodic acid-Schiff's reagent) to demonstrate 

periodate-reactive vicinal diols and glycogen; (2) α-amylase digestion before PAS reaction for a 

control of GCs presence with oxidizable vicinal diols; (3) PA/Bh/KOH/PAS (periodic acid-borohydride 

reduction-saponification-periodic acid-Schiff reaction): this method was carried out at 2 h oxidation 

at room temperature with 1% periodic acid (PA). The aldehydes generated by the initial oxidation 

were reduced to Schiff-unreactive primary alcohols with sodium borohydride (Bh). Following 

saponification (KOH), only sialic acids with O-acyl substituents at C7, C8, or C9 (or which had two or 

three side-chains O-acyl substituents) were PAS positive; (4) KOH/PA*/Bh/PAS (saponification-

selective periodic acid-borohydride reduction-periodic acid-Schiff reaction) for neutral sugar 

characterization; (5) AB pH 0.5 (Alcian Blue 8GX pH 0.5) to demonstrate highly sulfated GCs; (6) AB 

pH 1.0 (Alcian Blue 8GX, pH 1.0) to demonstrate GCs with O-sulfate esters and (7) AB pH 2.5 (Alcian 

Blue 8GX, pH 2.5) to demonstrate GCs with carboxyl groups (sialic acid or uronic acid). Finally, 

samples were mounted with natural Canadian balsam (Álwik, Bs. As, Argentina). 
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Small intestine sections of L. maximus were used as positive controls (Tano de la Hoz, Flamini, & 

Díaz, 2014). 

 

Lectinhistochemistry 

Sections were mounted on positive slides, deparaffinized, and immersed in absolute ethanol. Then, 

samples were immersed in 100 volumes hydrogen peroxide (H2O2) activated with 3% methanol, for 

30 minutes at room temperature to inhibit the activity of the endogenous peroxidase. Subsequently, 

they were hydrated, washed with PBS and incubated in a humid chamber with 1% bovine serum 

albumin in PBS for 30 minutes, to block possible non-specific binding. A battery of 7 biotinylated 

lectins (Lectin Kit BK 1000, Vector Laboratories, Inc., Burlingame, CA, USA) was used (Table 2). The 

optimal dilution of each lectin was 30 µg /ml except for PNA (10 µg /ml). Incubation with each of the 

7 lectins for the detection of specific carbohydrates was carried out in a humid chamber for 1 h at 

room temperature (Goldestein & Hayes, 1978). Finally, sections were washed and incubated with 

streptavidin-peroxidase SA-5704 (Vector Laboratories, Inc., Burlingame, CA, USA) at room 

temperature for 30 minutes. After washing with PBS, samples were revealed with diaminobenzidine 

(DakoCytomation, Carpinteria, CA, USA). All sections were counterstained with Mayer's hematoxylin, 

dehydrated and rinsed. They were then mounted with natural Canada balsam (Álwik, Bs. As, 

Argentina).As negative controls, slices of ovaries incubated only with PBS were used. As positive 

controls, sections of vagina from L. maximus were used (Flamini, Díaz, Barbeito, & Portiansky, 2012). 

 

Analysis of the samples 

Of each ovary, no less than 15 follicles in which the ZP was evident were observed; among them: 

preantral, secondary, tertiary, polyovulatory and atretic follicles. The intensities of the different 

techniques were classified according to the following semiquantitative scale: 0, unlabeled; 1, light 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

mark; 2, moderate mark and 3, strong mark, according to the criterion used in previous works 

(Liquori et al., 2012; Barbeito, Ortega, Matiller, Gimeno, & Salvetti, 2013; Boonzaier, Van der Merve, 

Bennett, & Kotze, 2013; Mastrodonato, Mentino, Liquori, & Ferri,2013; Plaul, Barbeito, & Díaz, 

2016), including some carried out in the species under study (Flamini et al., 2012; Tano de la Hoz, 

Flamini, & Díaz, 2016). 

The evaluation of each reaction intensity was based on estimates from two independent observers. 

For capturing images, a digital video camera (Olympus DP-73, Japan) integrated to an image analysis 

software (cellSense, Olympus, Japan) was used. Images were saved in TIFF format for later analysis. 

 

Results 

General morphology 

The ovaries of the viscacha are dorsoventrally flattened, having multiple folds, each of which has a 

medulla (MZ) and a cortical zone (CZ). Within the latter, follicles at different stages of development 

(F), interstitial glands (IG) and corpora lutea (CL) are observed (Fig. 1). 

 

Histochemistry 

Using the histochemical techniques PAS, α-amylase-PAS and K(OH)/PA*/Bh/PAS, a strong ZP labeling 

of all the ovarian follicles of both groups of studied females was observed (Fig. 2A). These techniques 

revealed the presence of GCs with oxidizable vicinal diols and O-acyl sugars. GCs with sialic acid 

substituted in C7 to C9 and O-acyl sugars were determined with the PA/Bh/KOH/PAS technique. In 

this case, the reaction was similar to that observed with the previous techniques, either for NPr and 

Pr females. In NPr the reaction was moderate (Fig. 2B). With the use of the Alcian blue dye at 
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different pH, a moderate stain was observed for pH 0.5 and pH 1.0 (Fig. 2C), while it was intense at 

pH 2.5 (Fig. 2D), in both groups. Results are summarized in Table 3. 

 

Lectinhistochemistry 

No differences in the lectin binding pattern between different follicular stages of the same 

reproductive stage were observed. Nevertheless, the location of the glycoside residues present at 

the ZP of the ovarian follicles of NPr and Pr viscachas was variable. Absence of reaction was 

observed for both groups of females when PNA, SBA, DBA and UEA-I lectins were used. In contrast, 

when the WGA lectin was applied, the reaction was moderate and intense for NPr and Pr females, 

respectively (Fig. 3A-B). The RCA-I lectin exhibited a weak reaction at the ZP of the follicles of NPr 

females while it was absent in Pr viscachas (Fig. 3C-D). The lectin CON-A, however, showed a 

negative mark in NPr females while it was weak in the Pr animals (Fig. 3E-F). Results obtained from 

each lectin are summarized in Table 4. 

 

Discussion 

In the present study we investigated the histochemical characteristics of the ZP of the ovarian 

follicles of Lagostomus maximus, and its variations in NPr and Pr females, using histochemical and 

lectinhistochemical techniques. The results obtained at the ZP using the histochemical PAS and AB at 

different pH techniques, do not differ from those described by studies carried out in other mammals 

species such as: Mus musculus (Shimizu & Yamada, 1986; Kaufman et al., 1989), Mesocricetus 

aureatus (Delgado & Zoller, 1987), Sus scrofa scrofa (Parillo, Diverio, Todini, & Fagioli, 2001), 

Melanorivulus punctatus (Cassel, Mehanna, & Ferreira, 2013), and even in other hystricomorphic 

rodents such as Myocastor coypo (Felipe, Cavodevila, & Callejas, 1999). The α-amylase-PAS, 

K(OH)/PA*/Bh/PAS and PA/Bh/KOH/PAS a techniques were used to study the presence of sugars, 
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usually in organs that produce different types of mucins, since they allow differentiating certain 

features of a specific portion of carbohydrates (McManus, 1948; Lev & Spicer, 1964; Reid, Culling, & 

Dunn, 1973; Pearse, 1985; Volz, Reid, Park, Owen, & Dunn, 1987). In L. maximus these techniques 

were applied to organs of the digestive system (Tano de la Hoz et al., 2014, 2016; Tano de la Hoz, 

Flamini, Zanuzzi, & Díaz, 2017). So far, there have been no studies referred to the ZP of the ovary of 

mammals using these techniques. Therefore, we cannot compare the results obtained in the ovaries 

of the viscacha with that of other species. 

From our results we can establish that the ZP of the viscacha ovarian follicles is composed by several 

GCs. Among them, there are GCs with oxidizable vicinal diols, O-acyl sugars, substituted sialic acid in 

C7 to C9, O-sulfated esters and carboxylic groups. Lectinhistochemical analysis showed that ZP do 

not react to PNA, SBA, DBA, UEA-I lectins, neither in NPr nor Pr females. This indicates the absence 

of the glycosidic residues: β-D-Gal (β1-3)>D-GalNAc, α-D-GalNAc, β-D-GalNAc, α-D-GalNAc and L-

Fuc. In sheep, sows, goats (Parillo, Stradaioli, Dall´Aglio, & Supplizi, 1996), and cows (Supplizi, 

Monaci, Stradaioli, Greve, & Parrillo, 1996), ZP was also negative for these lectins. In contrast, in a 

study conducted in rats (Barbeito et al., 2013), ZP of females in pro-oestrus stage do not react with 

DBA and UEA-I lectins but was positive for PNA and SBA. Nevertheless, in mice only UEA-1 show 

negative reaction (Shimizu & Yamada, 1986). This observation shows that although the glycoproteins 

forming ZP are similar in different species, differences in the saccharides that are part of them 

should be considered. 

The positive staining observed with the WGA lectin indicates that ZP of the ovarian follicles of both 

groups could contain N-acetylglucosamine (GlcNAc). This glycosidic residue is also present in the 

ovarian follicles ZP of other mammals such as the rat (Barbeito et al., 2013; Avilés, Martinez-

Menarguez, Castells, Madrid, & Ballesta, 1994), the mouse (Shimizu & Yamada, 1986), and the wild 

boar (Parillo et al., 2001). This residue is related to the process of initial recognition of the sperm-

ovule, where the superficial enzyme of the male gamete1,4-galactositransferase (GalTase)- binds to 
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GlcNAc present in one of the three constitutive glycoproteins of the mouse ZP, a species in which 

fertilization of mammals has been best characterized (Miller, Decker, & Shur, 1993). It has also been 

determined that removal of GlcNAc residues from glycoprotein ZP3 blocks the binding of sperm 

(Shur & Hall, 1982; Lopez et al., 1985; Miller, Macek, & Shur, 1992). The presence of this residue in 

the viscacha ZP could indicate that it plays a similar role during the initial recognition stage between 

the sperm and the ovule. On the other hand, when using the RCA-I lectin, the presence of the 

glycosidic residues of β-galactose in the ZP of the ovarian follicles of NPr females but not of Pr 

viscachas was observed. This type of residue is involved in the oocyte-sperm interaction in different 

species (Bennoff, 1997; Shalgi & Raz, 1997; Tulsiani, Yoshida-Komiya, & Araki, 1997). Probably the 

presence of this residue has a similar role in the viscacha, favoring the interaction between both 

gametes. 

The CON-A lectin is specific for β-D-Man and α-D-Glc residues. It has been proposed that β-

D-Man is a key molecule in the interaction between oocyte and sperm in humans (Miranda 

et al., 1997; Maegawa et al., 2002). Studies where this same lectin was used, showed the 

presence of mannose residues in the ZP of human ovarian follicles (Lucas et al., 1994; 

Maymon et al., 1994; Talevi, Gualtieri, Tartaglione, & Fortunato, 1997), rat, hamster, rabbit, 

cat, bitch (Skutelsky, Ranen, & Shalgi, 1994), cows (Nicolson, Yanagimachi, & Yanagimachi, 

1975; Amari et al., 2001), mouse (Shimizu & Yamada, 1986) and sows (Yonezawa et al., 

2005). The second glycosidic residue identifiable with this lectin is α−D-Glc. Glucose plays a 

fundamental role during fertilization in the rat and hamster (Niwa & Iritani, 1978; Dravl & 

Meizel, 1981), although in other species such as guinea pig and bovine, fertilization is 

inhibited in the presence of this residue (Hyne & Edwards, 1985; Parrish, Susko-Parrish, & 

First, 1989). In our study it was observed that the ovarian follicles ZP of pregnant viscachas 

could present both residues. Considering the role of these glucosidic residues in the above 
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mentioned animals, we might assume that they participate during fertilization of L. 

maximus. In viscacha, follicular development occurs during pregnancy (Flamini et al., 2011), 

reaching a pseudo-ovulation process that leads to the formation of secondary luteal bodies 

(Jensen et al., 2006, 2008). The hormonal differences that exist in both groups, generated by 

the quantity of progesterone-producing luteal bodies during pregnancy, could explain the 

differences in the glycosylation of the ZP components determined with this lectin. The 

observed activity of glycosyltranferases within the uterus and oviduct is concurrent with the 

hormonal changes of the animal (Tulsiani et al., 1997). This suggests that the enzymes may 

be directly or indirectly regulated by the sex hormones. In an in vitro study with canine 

oocytes, it was observed that the genes that code for the glycoproteins forming the ZP are 

regulated by progesterone and estradiol (Kempisty et al., 2015). In L. maximus, the levels of 

progesterone could modulate the activity of the glycosyltranferases of the oocyte, 

generating a variation in the glycosidic residues that are present in the ZP of NPr and Pr 

females. 

The positive labeling observed with the WGA lectin, which also identifies residues of N-

acetylneuraminic acid (sialic acid) and with the histochemical technique PA/Bh/KOH/PAS, which 

recognizes the same saccharide, allows to establish that sialic acid is present in the ZP of L. maximus. 

This observation coincides with that found in the human (Maymon et al., 1994), rat (Barbeito et al., 

2013), golden hamster, rabbit, cat, bitch, sow (Skutelsky et al., 1994), mouse (Shimizu & Yamada, 

1986), Rhesus monkey, cow and in the hystricomorphic guinea pig rodent (Soupart & Noyes, 1964) 

ovarian follicles ZP. This glycosidic residue seems to play a fundamental role during the fertilization 

process. A study performed in adult mice suggested that sialic acid would remain, in part, associated 

with glycoproteins until the sperm-oocyte interaction has taken place (Tadano & Yamada, 1978). In 
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humans this same residue would participate in the sperm-ZP junction (Ozgur, Patankar, Oehninger, 

& Clark, 1998). 

Identification of characteristic residues at the ZP, their distribution and variation in their expression 

is relevant to understand key processes such as specific recognition among gametes, inhibition of 

polyspermia, sperm capacitation and fertilization. Knowledge concerning the natural polyovulation 

process is still scarce in the plain viscacha. Therefore, it is important to delve in the physiology the 

ovary to understand this process and thus, propose this species as a model that will allow to 

understand alterations related to the ovulation such as infertility, polycystic ovarian syndrome, both 

in species of medical and veterinary interest (Rodríguez et al., 2013; Ortega et al., 2016), and carry 

out reproductive biotechnological studies. 

 

Acknowledgements 

We thank the staff of ECAS (Estación de Cría de Animales Silvestres, Ministerio de Agroindustria de la 

Provincia de Buenos Aires). Francisco Acuña, María Florencia Tano de la Hoz, Claudio Gustavo 

Barbeito and Enrique Leo Portiansky are members of CONICET (National Scientific and Technical 

Research Council) 

 

Conflict of Interests 

The author(s) declared no potential conflicts of interest with respect to the research, authorship, 

and/or publication of this article. 

 

 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

Funding 

This research was supported by Secretaria de Ciencia y Técnica, Universidad Nacional de La Plata 

(Proyect code V238) 

 

Author Contributions 

All authors have contributed to this article as follows: Mirta Alicia Flamini, Enrique Leo Portiansky 

and Claudio Gustavo Barbeito designed the study; Francisco Acuña, María Florencia Tano de la Hoz, 

Alcira Ofelia Díaz, and Mirta Alicia Flamini performed the experiments and analyzed data; Francisco 

Acuña, Claudio Gustavo Barbeito, Mirta Alicia Flamini, and Enrique Leo Portiansky drafted the 

manuscript. All the authors have read and approved the final manuscript as submitted. 

 

References 

Amari, S., Yonezawa, N., Mitsui, S., Katsumata, T., Hamano, S., Kuwayama, M., …Nakano, M. 

(2001). Essential role of the nonreducing terminal alpha-mannosyl residues of the N-

linked carbohydrate chain of bovine zona pellucida glycoproteins in sperm-egg binding. 

Molecular Reproduction and Development, 59, 221-226. DOI: 10.1002/mrd.1026 

Avilés, M., Martinez-Menarguez, J. A., Castells, M. T., Madrid, J. F., & Ballesta, J. (1994). Cytochemical 

characterization of oligosaccharide side chains of the glycoproteins of rat zona pellucida: an 

ultrastructural study. Anatomical Record, 239, 137-149. DOI: 10.1002/ar.1092390204 

Barbeito, C. G., Ortega, H. H., Matiller, V., Gimeno, E. J., & Salvetti, N. R. (2013). Lectin-

binding pattern in ovarian structures of rats with experimental polycystic ovaries. 

Reproduction in Domestic Animals, 48, 850-857. DOI: 10.1111/rda.12174 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

Benoff, S. (1997). Carbohydrates and fertilization: An overview. Molecular Human 

Reproduction, 3, 599-637. DOI: 10.1093/molehr/3.7.599 

Boonzaier, J., Van der Merwe, E. L., Bennett, N. C., & Kotze, S. H. (2013). Comparative 

gastrointestinal morphology of three small mammalian insectivores: Acomys spinosissimus 

(Rodentia), Crocidura cyanea (Eulipotyphla), and Amblysomus hottentotus (Afrosoricida). 

Journal of Morphology, 274, 615-626.  DOI: 10.1002/jmor.20118 

Cassel, M., Mehanna, M., Mateus, L., & Ferreira, A. (2013). Gametogenesis and reproductive 

cycle of Melanorivulus punctatus (Boulenger, 1895) (Cyprinodontiformes, Rivulidae) in 

Chapada dos Guimarães, MatoGrosso, Brazil. Neotropical Ichthyology, 11, 179-192.  DOI: 

10.1590/S1679-62252013000100021  

Delgado, MV., & Zoller, LC. (1987). A quantitative and qualitative cytochemical analysis of 

glycosaminoglycan content in the zona pellucida of hamster ovarian follicles. 

Histochemistry, 87, 279-287.  

Dravl, E., & Meizel, S. (1981). Stimulation of hamster sperm capacitation and acrosome 

reaction in vitro by glucose and lactate and inhibition by the glycolytic inhibitor α-

chlorohydrin. Gamete Research, 4, 515-523.  DOI: 10.1002/mrd.1120040605 

Felipe, A., Cavodevila, J. & Callejas, S. (1999). Anatomico-histological characteristics of the 

ovary of the Coypu (Myocastor coypus). Anatomia Histologia Embryologia, 28, 98-95. 

DOI: 10.1046/j.1439-0264.1999.00172.x 

Flamini, M. A., Barbeito, C. G., Gimeno, E. J., & Portiansky, E. L. (2009). Histology, 

histochemistry and morphometry of the ovary of the adult plains viscacha (Lagostomus 

maximus) in different reproductive stages. Acta Zoologica, 90, 390-400. DOI: 

10.1111/j.1463-6395.2008.00386.x 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

Flamini, M. A., Portiansky, E. L., Favaron, P. O., Martins, D. S. Ambrósio, C. E., Mess, A. M., 

Miglino, M. A., & Barbeito, C. G. (2011). Chorioallantoic and yolk sac placentation in the 

plains viscacha (Lagostomus maximus) a caviomorph rodent with natural polyovulation. 

Placenta, 32, 963-968.  DOI: 10.1016/j.placenta.2011.09.002 

Flamini, M. A., Díaz, A. O., Barbeito, C. G., & Portiansky, E. L. (2012). Morphology, 

morphometry, histochemistry and lectinhistochemistry of the vagina of the plains 

viscacha (Lagostomus maximus). Biotechnic & Histochemistry, 87, 81-94.  DOI: 

10.3109/10520295.2010.518497 

Florman, H. M., & Ducibella, T. (2006). Fertilization in Mammals. In J. D. Neill, T. M. Plant, 

Donald W. Pfaff, John R.G. Challis, David M. de Kretser, JoAnne S. Richards, & Paul M. 

Wassarman (Eds.), Physiology of Reproduction, 3rd ed. USA: Elsevier. 

Gil, E., Forneris, M., Domínguez, S., Penissi, A., Fogal, T., Piezzi, R. S., & Scardapane, L. 

(2007). Morphological and endocrine study of the ovarian interstitial tissue of viscacha 

(Lagostomus maximus maximus). Anatomical Record, 290, 88-794.  DOI: 

10.1002/ar.20556 

Goldestein, I. J & Hayes, C. E. (1978). The Lectins: Carbohydrate-Binding Proteins of Plants 

and Animals. Advances in Carbohydrate Chemistry and Biochemistry, 35, 127-340. DOI: 

10.1016/S0065-2318(08)60220-6 

Goudet, G., Mugnier, S., Callebaut, I., & Monget, P. (2008). Phylogenetic analysis and 

identification of pseudogenes reveal a progressive loss of zona pellucida genes during 

evolution of vertebrates. Biology of Reproduction, 78, 796-806. DOI: 

10.1095/biolreprod.107.064568 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

Gupta, SK., Chakravarty, S., Suraj, K., Bansal, P., Ganguly, A., Jain, MK., & Bhandari, B. (2007). 

Structural and functional attributes of zona pellucida glycoproteins. Society of 

Reproduction and Fertility supplement, 63, 203-16. DOI: 10.1007/s00441-011-1319-y 

Hautier L., Lebrun, R., Saksiri, S., Michaux, J., Vianey-Liaud, M., & Marivaux, L. (2011). 

Hystricognathy vs Sciurognathy in the rodent jaw: a new morphometric assessment of 

hystricognathy applied to the living fossil laonastes (Diatomyidae). PLoS ONE, 6, e18698. 

DOI: 10.1371/journal.pone.0018698 

Hyne, R.V., & Edwards, K. P. (1985). Influence of 2-deoxy-D-glucose and energy substrates 

on guinea-pig sperm capacitation and acrosome reaction. Journal of Reproduction and 

Fertility, 73, 59-69.  DOI: 10.1530/JRF.0.0730059 

Izquierdo-Rico, M. J., Jiménez-Movilla, M., Llop, E., Perez-Oliva, A. B., Ballesta, J., Gutiérrez-

Gallego, R., … Avilés, M. (2009). Hamster zona pellucida is formed by four glycoproteins: 

ZP1, ZP2, ZP3, and ZP4. Journal of Proteome Research, 8, 926-941.  DOI: 

10.1021/pr800568x 

Jensen, F., Willis, M. A., Albamonte, M. S., Espinosa, M. B., & Vitullo, A. D. (2006). Naturally 

suppressed apoptosis prevents follicular atresia and oocyte reserve decline in the adult 

ovary of Lagostomus maximus (Rodentia, Caviomorpha). Reproduction, 132, 301-308.  

DOI: 10.1530/rep.1.01054 

Jensen, F., Willis, M. A., Leopardo, N. P., Espinosa, M. B., & Vitullo, A. D. (2008). The ovary of 

the gestating South American plains viscacha (Lagostomus maximus): suppressed 

apoptosis and corpora lutea persistence. Biology of Reproduction, 79, 240-246. DOI: 

10.1095/biolreprod.107.065326 

Kempisty, B., Piotrowska, H., Bukowska, D. Wozna, M., Ciesiolka, S.  Wojtanowicz-

Markiewicz, K., & Zabel, M. (2015). Expression and cellular distribution of zonapellucida 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

glycoproteins in canine oocytes before and after in vitro maturation. Zygote, 23, 863-

873. DOI: 10.1017/S0967199414000549 

Kaufman, M. H., Fowler, R. E., Barratt, E., & McDougall, R.D. (1989). Ultrastructural and 

histochemical changes in the murine zona pellucida during the final stages of oocyte 

maturation prior to ovulation. Gamete Research, 24, 35-48. 

Lefièvre, L., Conner, S. J., Salpekar, A., Olufowobi, O., Ashton, P., Lenton, B., & Afnan, W. M. 

(2004). Four zona pellucida glycoproteins are expressed in the human. Human 

Reproduction, 19, 1580-1586.  DOI: 10.1093/humrep/deh301 

Lev, R. A., & Spicer, S. S. (1964). Specific staining of sulphate groups with Alcian Blue at low 

pH. Journal of Histochemistry & Cytochemistry, 12, 309. DOI: 10.1177/12.4.309 

Liquori, G. E., Mastrodonato, M., Mentino, D., Scillitani, G., Desantis, S., Portincasa, P., & 

Ferri, D. (2012). In situ characterization of O-linked glycans of Muc2 in mouse colon. Acta 

Histochemica, 114, 723-732.  DOI: 10.1016/j.acthis.2011.12.009 

Lopez, L. C., Bayna, E. M., Litoff, D., Shaper, N. L., Shaper, J. H., & Shur, B. D. (1985). 

Receptors function of mouse sperm surface galactosyltransferase during fertilization. 

Journal of Cell Biology, 101, 1501-1510. DOI: 10.1083/jcb.101.4.1501 

Lucas, H., Bercegeay, S., Le Pendu, J., Jean, M., Mirallie, S., & Barriere, P. (1994). A fucose-

containing epitope potentially involved in gamete interaction on the human zona 

pellucida. Human Reproduction, 9, 1532-1538. DOI: 

10.1093/oxfordjournals.humrep.a138744 

Maymon, B. B., Maymon, R., Ben-nun, I., Ghetler, Y., Shalgi, R., & Skutelsky, E. (1994). 

Distribution of carbohydrates in the zona pellucida of human oocytes. Journal of 

Reproduction and Fertility, 102, 81-86.  DOI: 10.1530/jrf.0.1020081 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

Maegawa, M., Kamada, M., Irahara, M., Yamamoto, S., Yoshikawa, S., Kasai, Y., … Gima, H. 

(2002). A repertoire of cytokines in human seminal plasma. Journal of Reproductive 

Immunology, 54, 33-42. DOI: 10.1016/S0165-0378(01)00063-8 

Mastrodonato, M., Mentino, D., Liquori, G. E., & Ferri, D. (2013). Histochemical 

characterization of sialic acid residues in mouse colon mucins. Microscopy Research and 

Technique, 76, 156-162.  DOI: 10.1002/jemt.22146 

McNatty, K. P., Smith, P., Moore, L. G., Reader, K., Lun, S., Hanrahan, J. P., …Juengel J. N. 

(2005). Oocyte-expressed genes affecting ovulation rate. Molecular and Celullar 

Endocrinology, 234, 57-66. DOI: 10.1016/j.mce.2004.08.013 

McManus, J. F. A. (1948). Histological and histochemical uses of periodic acid. Stain Technol, 

23, 99-108. DOI: 10.3109/10520294809106232 

Miller, D. J., Macek, M. B., &Shur, B. D. (1992). Complementarity between sperm surface P-

1, 4-galactosyl-transferase and egg-coat ZP3 mediates sperm-egg binding. Nature, 357, 

589-593.  DOI: 10.1038/357589a0 

Miller, D. J., Decker, G., &Shur, B. D. (1993). Egg cortical granule N-acetylglucosaminidase is 

required for the mouse zona block to polyspermy. Journal of CellBiology, 123, 1431-

1440.  DOI: 10.1083/jcb.123.6.1431 

Miranda, P.V., González-Echeverria, F., Marin-Briggiler, C. I.,  Brandelli, A.,  Blaquier, J. A.,  & 

Tezón J. G. (1997). Glycosidic residues involved in human sperm-zona pellucida binding 

in vitro. Molecular Human Reproduction, 3, 399-404. 

Nicolson, G. L., Yanagimachi, R., & Yanagimachi, H. (1975). Ultrastructural localization of 

lectin-binding sites on the zona pellucida and plasma membranes of mammalian eggs.  

Journal of Cell Biology, 66, 263-274. 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

Niwa, K., & Iritani, A. (1978). Effect of various hexoses on sperm capacitation and 

penetration of rat eggs in vitro. Journal of Reproduction and Fertility, 53, 267-271. DOI: 

10.1530/jrf.0.0530267 

Ortega, H. H., Díaz, P. U., Salvetti, N. R., Hein, G. J, Marelli, B. E., Rodríguez, F. M., Stassi, A. 

F., & Rey, F. (2016). Follicular Cyst: A single sign and different disease. A view from 

comparative medicine. Current Pharmaceutical Design, 22, 5634-5645. DOI: 

10.2174/1381612822666160804100941 

Ozgur, K., Patankar, M. S., Oehninger, S., & Clark, G. F. (1998). Direct evidence for the 

involvement of carbohydrate sequences in human sperm-zona pellucida binding. 

Molecular Human Reproduction, 4, 318-324. 

Parillo, F., Stradaioli, G., Dall´Aglio, C., & Supplizi, A. V. (1996). Characterization of the 

complex carbohydrates in the zona pellucida of mammalian oocytes using 

lectinhistochemistry. Veterinary Research Communications, 20, 225-236. 

Parillo, F., S. Diverio, S., Todini, L., & Fagioli, O. (2001). Histochemical detection of the lectin-

binding carbohydrates in the zona pellucida during oocyte growth in the wild boar (Sus 

scrofa scrofa). Veterinary Research, 32, 581-590.  DOI: 10.1051/vetres:2001147 

Parillo, F., Zelli, R., Supplizi, A. V., Fagioli, O., & Gargiulo, A. M. (2005). Topographical 

localisation of glucidic residues and their variations in the canine zona pellucida during 

folliculogenesis. Journal of Molecular Histology, 36, 131-137. DOI: 10.1007/s10735-004-

58204 

Parrish, J. J, Susko-Parrish, J. L., & First, N. I. (1989). Capacitation of bovine sperm by 

heparin: inhibitory effect of glucose and role of intracellular pH. Biology of Reproduction, 

41,683-699.  DOI: 10.1095/biolreprod41.4.683 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

Pearse, A. G. E. (1985). Histochemistry: theoretical and applied, 3rd ed. Edinburgh: Churchill 

Livingstone. 

Plaul, S.E., Barbeito, C. G., & Díaz, A. O. (2016). Histochemical differences along the intestine 

of Corydora spaleatus (Siluriformes: Callichthyidae). Revista de Biología Tropical, 64, 343-

356.  DOI: 10.15517/rbt.v64i1.18235  

Reid, P.E., Culling, C. F. A & Dunn, W. L. (1973). Saponification induced increase in the 

periodic acid Schiff reaction in the gastrointestinal tract. Mechanism and distribution of 

the reactive substance. Journal of Histochemistry & Cytochemistry, 21, 473-483. DOI: 

10.1177/21.5.473 

Rodgers, R. J., Lavranos, T. C., Van Wezel, I. L.  & Irving-Rodgers, H. F. (1999). Development 

of the ovarian follicular epithelium. Molecular and CellularEndocrinology, 151, 171-179. 

DOI: 10.1016/S0303-7207(99)00087-8 

Rodríguez, F. M., Salvetti, N. R., Colombero, M., Stangaferro, M. L., Barbeito, C. G., Ortega, 

H. H. & Rey, F. (2013). Interaction between IGF1 and IGFBPs in bovine cystic ovarian 

disease. Animal Reproduction Science, 140, 14-25.  DOI: 

10.1016/j.anireprodsci.2013.04.012 

Shalgi, R., & Raz, T. (1997). The role of carbohydrate residues in mammalian fertilization. 

Histology and Histopathology, 12, 813-822. 

Shimizu, S., & Yamada, K. (1986). The cytochemistry of glycoconjugates in the zona pellucida 

of murine ovarian oocytes and two-cell embryos. Histochemical Journal, 18, 357-363.  

DOI: 10.100/BF01675216 

Shur, B. D., & Hall, G. (1982). A role for mouse sperm galactosyltransferases in sperm 

binding to the egg zona pellucida. Journal of Cell Biology, 95, 574-580.  DOI: 

10.1083/jcb.95.2.574 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

Sinowatz, F., Koelle, S., & Toepfer-Petersen, E. (2001). Biosynthesis and expression of zona 

pellucida glycoproteins in mammals. Cells Tissues Organs, 168, 24-35. DOI: 

10.1159/000016803 

Skutelsky, E., Ranen, E., & Shalgi, R. (1994). Variations in the distribution of sugar residues in 

the zona pellucida as possible species-specific determinants of mammalian oocytes. 

Journal of Reproduction and Fertility, 100, 35-41.  DOI: 10. 1530/jrf0.1000035 

Soupart, P., &Noves, R. W. (1964). Sialic acid as a component of the zona pellucida of the 

mammalian ovum. Journal of Reproduction and Fertility, 8, 251-253. 

Stetson, I., Avilés, M., Moros, C., García-Vázquez, F. A., Gimeno, L. Torrecillas, A., 

…Izquierdo-Rico, M. J. (2015). Four glycoproteins are expressed in the cat zona 

pellucida. Theriogenology, 83, 1162-1173.  DOI: 10.1016/j.theriogenology.2014.12.019 

Supplizi, A. V., Monaci, M., Stradaioli, G., Greve, T., & Parillo, F. (1996). Identification of 

glycoconjugates in the zonapellucida of in vitro matured and tubal unfertilized bovine 

oocytes by lectinhistochemistry. Animal Reproduction Science, 43, 99-111. DOI: 

10.1053/rvsc.2001.0472 

Tadano, Y., & K. Yamada. (1978). The histochemistry of complex carbohydrates in the 

ovarian follicles of adult mice. Histochemistry and Cell Biology, 57, 203-215.  DOI: 

10.1007/BF00492080 

Talevi, R., Gualtieri, R., Tartaglione, G. & Fortunato, A. (1997). Heterogeneity of the zona 

pellucida carbohydrate distribution in human oocytes failing to fertilize in vitro. Human 

Reproduction, 12, 2773-2780. DOI: 10.1093/humrep/12.12.2773 

Tano de la Hoz, M. F.,   Flamini, M. A., & Díaz, A. O. (2014). Histological and histochemical 

study of the duodenum of the plains viscacha (Lagostomus maximus) at different stages 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

of its ontogenetic development. Acta Zoologica, 95, 21-31. DOI: 10.1111/j.1463-

6395.2012.00577.x 

Tano de la Hoz, M. F., Flamini, M. A., & Díaz, A. O. (2016). Comparative analysis of the 

morphology, ultrastructure, and glycosylation pattern of the jejunum and ileum of the 

wild rodent Lagostomus maximus. Anatomical Record, 299,630-642.  DOI: 

10.1002/ar.23335 

Tano de la Hoz, M. F.,   Flamini, M. A., Zanuzzi, C. N., & Díaz, A. O. (2017). The colonic groove 

of the plains viscacha (Lagostomus maximus): histochemical evidence of an abrupt 

change in the glycosylation pattern of goblet cells.  Journal of Morphology, 278, 1606–

1618.  DOI: 10.1002/jmor.20735 

Tulsiani, D.R., Yoshida-Komiya, H., & Araki Y. (1997). Mammalian fertilization: a 

carbohydrate-mediated event. Biology of Reproduction, 57, 487-494. DOI: 

10.1095/biolreprod57.3.487 

Van der Horst, C. J., & Gillman, J. (1941). The numbers of eggs and suviving embryos in 

Elephantulus. Anatomical Record, 80, 443-452. 

Van Zutphen, L., Baumans, V., & Beynen, A. (1999). Principles of laboratory animal science. 

Granada, España: Editorial SECAL. 

Volz, D., Reid, P. E., Park, C. M., Owen, D. A., & Dunn, W. L. (1987). A new histochemical 

method for the selective periodate oxidation of total tissue sialic acids. Histochemical 

Journal, 19, 311-318.  DOI: 10.1007/BF01680446 

Wassarman, P. M. (1999). Mammalian fertilization: Molecular aspects of gamete adhesion, 

exocytosis, and fusion. Cell, 96, 175-183. DOI: 10.1016/S0092-8674(00)80558-9 

Weir, B. J. (1971). The reproductive organs of the female plains viscacha, Lagostomus 

maximus. Journal of Reproduction and Fertility, 25, 365-373.  DOI: 10.1530/jrf.0.0250365 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

Yanagimachi, R. (1994). Mammalian fertilization. In E., Knobil, & J. D., Neill (Eds.), Physiology 

of Reproduction (pp.189-317). New York, Raven Press. 

Yonezawa, N., Kudo, K., Terauchi, H., Kanai, S., Yoda, N., Tanokura, M., …Nakano, M. (2005). 

Recombinant porcine zona pellucida glycoproteins expressed in Sf9 cells bind to bovine 

sperm but not to porcine sperm. Journal of Biological Chemistry, 280, 20189-20196. DOI: 

10.1074/jbc.M414242200 

Zuñiga, M., Tur Marí, J. J.,Milocco, S. & Piñeiro, R. (2001). Ciencia y Tecnología en Protección 

y Experimentación Animal. Aravaca, Mexico. Editorial McGraw-Hill Interamericana. 

 

 

  



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

Histochemical 

techniques  

Interpretation  Reference 

PAS GCs with oxidizable vicinal diols and/or glycogen McManus, 1987 

α-amilasa-PAS GCs with vicinal oxidizable diols Pearse, 1985 

K(OH)/PA*/Bh/PAS GCs with oxidizable vicinal diols and O-acyl sugars Volz et al., 1987 

PA/Bh/KOH/PAS GCs with sialic acid substituted in C7 to C9 and O-

acyls 

Reid et al., 1973 

AB pH 0.5 Highly sulfated GCs Lev & Spicer, 1964

AB pH 1 GCs with O-sulphated esters Lev & Spicer, 1964

AB pH 2.5 GCs with carboxylic groups and/or with O-

sulphated esters 

Lev & Spicer, 1964

 

Table 1. Histochemical techniques used for the visualization and identification of glycoconjugates 

(CGs). 

AB, alcian blue; Bh, borohydride; KOH, potassium hydroxide; PA, periodic acid; PA*, selective 

periodic acid oxidation; PAS, Schiff's Periodic Acid. 
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Lectin Acronym Affinity 

GRUPO I  Glc/Man

Concanavalia ensiformis Con- A β-D-Man; α-D-Glc 

GRUPO II  GlcNAc 

Triticum vulgaris WGA β-D-GlcNAc; NeuNAc 

GRUPO III  GalNAc/Gal 

Dolichos biflorus DBA α-D-GalNAc 

Glycine maximus SBA α-D-GalNAc; β-D-GalNAc 

Ricinus communis RCA-I β-Gal 

Arachis hypogaea PNA β-D-Gal (ß1-3)> D-GalNAc 

GRUPO IV  L-Fuc 

Ulex europaeus UEA-I L-Fuc 

 

Table 2. Lectins used, acronyms and glycosidic affinities. 

Glc, glucose; Man, mannose; Gal, galactose; GalNAc, N-acetylgalactosmine; GlcNAc, 

acetylglucosamine; NeuNAc, N-acetylneuraminicacid (sialic acid); L-Fuc, L-fucose. 
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Histochemical technique NPr (n=5) Pr (n=9)

PAS 3 3 

α-amilasa-PAS 3 3 

K(OH)/PA*/Bh/PAS 3 3 

PA/Bh/KOH/PAS 2 3 

AB pH 0.5 2 2 

AB pH 1 2 2 

AB pH 2.5 3 3 

 

Table 3. Histochemical analysis of the ZP in the ovaries of Lagostomus maximus. Semi-quantitative 

scale: 0, unlabelled; 1, light mark; 2, moderate mark and 3, intense mark. NPr: Non-Pregnant; Pr: 

Pregnant. 
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Lectin NPr (n=5) Pr (n=9) 

WGA 2 3 

PNA 0 0 

SBA 0 0 

DBA 0 0 

UEA-I 0 0 

RCA-I 1 0 

CON-A 0 1 

 

Table 4. Glycosylation pattern of the ZP of Lagostomus maximus. Semi-quantitative scale: 0, 

unlabelled; 1, light mark; 2, moderate mark and 3, intense mark. 
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Figure 1. Lagostomus maximus, general morphology of ovary. The cortical zona (CZ) and MZ can be 

observed. The CZ contains ovarian follicles (F) in different developmental stages, interstitial glands 

(IG) and corpora lutea (CL). Scale bar = 500 μm.  

 

Figure 2. Lagostomus maximus, histochemical characterization of ZP for both groups of females. (A) 

Labeling of ZP of NPr and Pr females using PAS, α-amilasa-PAS, K(OH)/PA*/Bh/PAS techniques. (B) 

Labelling of ZP of NPr using the PA/Bh/KOH/PAS technique. (C) Staining of ZP in NPr and Pr females 

using the AB, pH 0.5 and pH1 techniques. (D) Labelling of ZP of both female groups using the AB, pH 

2.5 technique. In all cases, arrow points to the ZP. Abbreviations: ZP, zonapellucida; NPr, non-

pregnant; Pr, pregnant. Scale bar = 100 μm. 

 

Figure 3. Lagostomus maximus, lectinhistochemical labelling of ZP of both female groups. 

Images are showing ovarian follicles incubated with WGA (A-B), RCA-I (C-D) and CON-A (E-F) 

of NPr (A, C, E) and Pr females (B, D, F). In all cases, arrow points to the ZP. Abbreviations: 

ZP, zonapellucida; NPr, non-pregnant; Pr, pregnant. Scale bar = 100 μm. 
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