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ABSTRACT 

The population of Sunda porcupine (Hystrix javanica) declines each year since it is rarely found in nature. The 

present study aimed to obtain information about the distribution of carbohydrate residues contained in immature and 

mature of Sunda porcupine’s testes and to discuss its relevant functions. This study used six testes obtained from 

four immature and two mature Sunda porcupine originated from Ngawi Regency, East Java Province, Indonesia. 

Testis tissues were stained with hematoxylin and eosin and lectin histochemistry of Lens culinaris agglutinin (LCA), 

Phaseolus vulgaris leucoagglutinin (PHA-L), Pisum sativum agglutinin (PSA), Sophora japonica agglutinin (SJA), 

and Wheat germ agglutinin (WGA). Data were analyzed with descriptive and semi-quantitative method. Lectin 

histochemical staining with LCA, PHA-L, SJA, PSA, and WGA indicated the presence of alpha-D-mannose and 

alpha-D-glucose, N-acetylgalactosamine, mannose, and N-acetylglucosamine residues in the immature and mature 

testes with weak to very strong intensity. In the immature testes of Sunda porcupine, there was positive reactivity 

with PHA-L for Leydig and Sertoli cells, N-acetylgalactosamine may play an important role in the development and 

maturation of Leydig and Sertoli cells. Mature testes showed a strong positive reaction to the LCA, SJA, PSA, and 

WGA which indicated the significant roles of alpha-D-mannose and alpha-D-glucose, N-acetylgalactosamine, 

mannose, and N-acetylglucosamine residues on the maturation process of early spermatid to the late spermatid. 

These results can be used as basic data to be implemented in the conservation efforts of Sunda porcupine. 
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INTRODUCTION 

  

Hystrix javanica is an Indonesian endemic porcupine, commonly called the Sunda porcupine. Taxonomy of Sunda 

porcupine is: kingdom Animalia, phylum Chordata, class Mammalian, order Rodentia, family Hystricidae, genus Hystrix 

and species H. javanica. Based on the International Union for Conservation of Nature (IUCN), Sunda porcupine is 

classified in least-concern category which means that is still relatively spread, abundant and no major threat to the 

existence of Sunda porcupine. The Convention on International Trade in Endangered Species (CITES) which regulates 

the trade of endangered species of wildlife and plants, includes the Sunda porcupine in the appendix III list which means 

it has not been considered endangered category (Aplin, 2016). 

Testes are reproductive organs that amount to one pair. The testes are in the scrotum and enveloped by tunica 

albuginea. The seminiferous tubules are present in the testes bounded by complex epithelium of spermatogenic cells and 

Sertoli cells. Spermatogenic cells produce spermatozoa (Bacha Jr and Bacha, 2012). The Sertoli cell is located in the 

terminal segment of the seminiferous tubule having functions as fluid transport and secretory activity as well as 

phagocytosis and intracytoplasmic spermatozoa degradation (Ahmed, 2005). The Sertoli cell has a pale or triangular 

nucleus that is a high cell extending from the basement membrane to the tubular lumen (Bacha Jr and Bacha, 2012). 

Interstitial tissue fills the space between seminiferous tubules with blood vessels, lymph vessels, and nerves of the 

testicular parenchyma (Setchell, 1986). Leydig cells are a very important source of androgens. More than 90% of the 

androgens in the organism are produced in testes (Ahmed, 2005). 

Lectins can be defined as non-immune carbohydrate-binding proteins that can agglutinate and or form the 

precipitates of glycoconjugate. Glycoconjugates play a role in cell differentiation, cell maturation, cell recognition, cell 

adhesion, and cell interactions. The distribution of glycoconjugates in animal tissues can be investigated using 

histochemical lectin staining (Dias et al., 2015). 
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Information on testicular biology of Sunda porcupine has not been previously reported. Limited data on the 

reproductive biology of Sunda porcupine was an important reason for this study. This information can be used to support 

Sunda porcupine breeding efforts in Indonesia. The aim of this study was to provide Information on carbohydrate 

residues of immature and mature testes of Sunda porcupine to determine the role of glycoconjugate in the 

spermatogenesis process.  

 

MATERIALS AND METHODS 

 

This study used the testes from the male Sunda porcupine (two adults and four immature) originated from Ngawi, East 

Java, Indonesia. Testes samples were trimmed by dividing three parts of the testis according to the location of epididymis 

which is caput, corpus, and cauda.  

 

Hematoxylin and eosin staining   

Conventional Hematoxylin and Eosin (H&E) staining, which has been used by histologists for more than 100 

years, is the gold standard of histology structure (Li et al., 2018). The first stage of H&E staining was deparaffinization. 

The slides were dipped into the Harris Hematoxylin solution then dipped into the eosin solution. The next step was 

dehydration. The clearing process was done by inserting the slides into xylene. The mounting process was done by 

closing the tissue using glass decks and Entellan as an adhesive. 

 

Lectin histochemical staining  

The first step of lectin histochemical staining was deparaffinization with xylene and rehydration with ethanol. The 

slides were incubated in 3% H2O2 solution in methanol as endogenous peroxide inhibitor for 30 min and wash with PBS, 

then background sniper was applied to block non-specific proteins for 30 min. Fifteen microliter solution of Lens 

culinaris agglutinin (LCA), wheat germ agglutinin (WGA), Sophora japonica agglutinin (SJA), Phaseolus vulgaris 

leucoagglutinin (PHA-L), Pissum sativum agglutinin (PSA) and PBS was dropped as a negative control, then incubated 

overnight in 4
0
 C. The positive reaction of lectins was visualized by diaminobenzidine (DAB) substrate, followed by 

Hematoxylin Harris solution for counterstain. Then slides were dehydrated with ethanol, cleared with xylene and 

mounted. The semi-quantitative analysis as a parameter was based on the brown color visualized in the cells with five 

criteria as negative (-), weak (+), moderate (++), strong (+++), and very strong (++++). 

 

RESULTS AND DISCUSSION 

 

Lectins play an important role in the processes associated with the recognition and interaction of cells, protein synthesis 

and transport, cell division regulation, fertilization, innate immunity, etc. (De Schutter and Van Damme, 2015; Feizi and 

Haltiwanger, 2015). Lectins are specific to certain carbohydrate structures. Some lectins can interact only with mannose 

or glucose residues and others only with galactose. There are other lectins specific to fucose, sialic acid, and other 

monosaccharides (Kobayashi et al., 2014; Nagdas et al., 2014). 

The LCA reactivities on mature Sunda porcupine testicles detected strong on the early spermatids in caput (Figure 

1A), corpus (Figure 1B), and cauda (Figure 1C). LCA reactivities detected on late spermatids only in caput (Figure 1A). 

The LCA reactivity was not shown in spermatogonia, primary spermatocytes, early spermatids, late spermatids, Leydig 

cells and testicular Sertoli cells in the caput (Figure 1D), corpus (Figure1E), and cauda (Figure 1F) in immature Sunda 

porcupine. According to Barre et al. (2019), LCA is specific to detect alpha-D-mannose and alpha-D-glucose sugar 

residues. Lectin histochemical staining of LCA in mature male Sunda porcupine detected in early spermatid and late 

spermatid shows that alpha-D-mannose and alpha-D-glucose sugar residues are needed at the early stages until the final 

stage of spermatid differentiation. While, lectin histochemical staining of LCA not detected in immature testicles  

indicates that the immature Sunda porcupine testicles did not require alpha-D-mannose and alpha-D-glucose sugar 

residues. Research on mice (Lee and Damjanov, 1984) showed different results in which LCA reacted positively to 

Sertoli cells, spermatogonia, spermatocytes, spermatozoa, and Leydig cells.  

The PHA-L reactivity on mature Sunda porcupine was detected weak to testicular spermatogonia in corpus (Figure 

2B), and negative in caput (Figure 2A) and caudal (Figure 2C). In late spermatid, PHA-L reactivities were weak in 

corpus (Figure 2D).  Reactivity of PHA-L in Leydig cells was weak in caput (Figure 2A) and corpus (Figure 2C). 

Immature Sunda porcupine, PHA-L in Leydig cells showed positive reactivity in caput (Figure 2D), and weak reactivity 

in corpus (Figure 2E). Sertoli cells showed weak PHA-L reactivity in caput and corpus. According to Zhang et al. 

(2014), PHA-L bound N-acetylgalactosamine. Lectinhistochemical staining PHA-L detected in Leydig cells, 

spermatogonia, and late spermatids on mature and immature Sunda porcupine shows that N-acetylgalactosamine sugar 

residues are required in the process of differentiation and maturation of these cells. According to Arya and Vanha-

perttula (1985), the need for glycoconjugate in small portions of Sertoli cells is thought to be closely related to the 
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phagocytic ability and the process of forming residual bodies in the final stages. According to Ahmed (2005), Leydig 

cells are an important source of androgen hormones and 90% of the androgen hormones in the animal body are produced 

by the testes. N-acetylgalactosamine sugar residue is required for optimal development of Leydig cell so that Leydig 

cells can produce testosterone. PHA-L staining in mice (Lee and Damjanov, 1985) showed that PHA-L reacted 

positively to spermatogonia, spermatocytes, spermatids, and spermatozoa. 

 

 
 

Figure 1.  Testicular micrographs of Hystrix javanica (lectin histochemical staining with LCA). A: positive LCA 

reactivity in the early spermatid (black arrow) and the late spermatid (blue arrow) in caput of the mature Sunda 

porcupine testicle. B: LCA reactivity in the early spermatid (black arrow) in corpus of the mature Sunda porcupine 

testicle. C: LCA reactivity in the early spermatid (black arrow) in cauda of the mature Sunda porcupine testicle. 

Negative LCA-reactivity in caput (D), corpus (E) and cauda (F) regions of immature Sunda porcupine’s testicle. 

 

 

 
 

Figure 2.  Testicular micrographs of Hystrix javanica (lectin histochemical staining with PHA-L). A: positive lectin 

reactivity in Leydig cells (yellow arrow) of testicle of mature Sunda porcupine in caput region. B: positive lectin 

reactivity in spermatogonia (green arrow), late spermatid (blue arrow) and Leydig cell (yellow arrow) of mature Sunda 

porcupine in corpus region. C: negative lectin reactivity in caudal region of mature Sunda porcupine testicle. D: PHA-L 

reactivities detected in Leydig cells (yellow arrow) and Sertoli cell cytoplasm (purple arrow) of immature Sunda 

porcupine testicle. E: an immature Sunda porcupine testicle in the corpus show positive PHA-L reactivities in the Leydig 

(yellow arrow) and Sertoli cell cytoplasm (purple arrow). F: the immature Sunda porcupine testicle in cauda showing 

negative PHA-L reactivity. 
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Lectin histochemical staining with PSA for primary spermatocytes of mature Sunda porcupine showed week 

reactivity in cauda region (Figure 3C). PSA reactivity was detected moderate in primary spermatocyte, early spermatid in 

caput region (Figure 9A) and weak in corpus (Figure 3B) and cauda (Figure 3C).  PSA reactivity was detected moderate 

in late spermatid in caput (Figure 3A), and weak in cauda (Figure 3C). Lectin histochemical staining with PSA of testis 

of immature Sunda porcupine showed weak reactivity in Leydig cells in caput (Figure 3D). According to Zhang et al. 

(2014), lectin histochemical PSA binds to mannose. PSA reacted positively to primary spermatocytes, early spermatids, 

and late spermatids of mature Sunda porcupine, and reacted positively to Leydig cells of immature Sunda porcupine. 

According to Novelina et al. (2010), glycoconjugate plays an important role in various metabolic processes of the body 

such as regeneration, cell differentiation, adhesion, and intercellular communication as well as other functional 

processes. Cells that react positively to PSA indicate that the cell requires a residual sugar mannose in its development. 

According to Wahyuni et al. (2016), the detectable glycoconjugate in spermatids indicates the importance of 

glycoconjugate in spermatogenesis, especially in spermiogenesis. 

 

 
Figure 3.  Testicular micrographs of Hystrix javanica (lectin histochemical staining with PSA). A: the testicles of 

mature Sunda porcupine in caput region showing PSA reactivities in the early spermatid (black arrow) and late spermatid 

(blue arrow). B: mature Sunda porcupine testicle in the corpus showing PSA reactivities in early spermatid (black 

arrow). C: testis of mature Sunda porcupine in caudal part showing PSA reactivities in primary spermatocyte (red 

arrow), early spermatid (black arrow) and the late spermatid (blue arrow). D: the immature Sunda porcupine testicle in 

caput showing positive PSA-reactivity in Leydig cell (yellow arrow), whereas the negative reactivity in corpus (E) and 

cauda (F)  

 

Histochemical lectin staining with SJA in early spermatids of mature Sunda porcupine showed strong reactivity in 

cauda (Figure 4C), moderately positive reactions in caput (Figure 4A), and weak reactions in corpus (Figure 4B). The 

late spermatid showed moderate SJA reactivity in caput (Figure 4A). The immature Sunda porcupine’s Leydig cells 

showed weak SJA reactivity in caput (Figure 4D). According to Zhang et al. (2014), SJA binds N-acetylgalactosamine. 

SJA showed positive reactions in the early spermatids and late spermatids of mature Sunda porcupine, and immature 

Sunda porcupine’s Leydig cells. Cells that react positively to SJA show that the cell requires N-acetylgalactosamine for 

its development. The positive pattern was found from the early stage to the late stage of the spermatid. Although in the 

final stages, the intensity of the positive reaction decreased, the positive affinity pattern of Sunda porcupine was similar 

to that of the horse (Verini-Supplizi et al., 2000). 

Lectin histochemical staining of mature Sunda porcupine showed that WGA reacted positively strong in 

primary spermatocytes, early spermatids and late spermatids in caput (Figure 5A) and cauda (Figure 5C), whereas in 

corpus (Figure 5B) was positively weak. In immature Sunda porcupine, WGA reacted positively weak on Leydig cells in 

the corpus (Figure 5E). According to Wahyuni et al. (2016), WGA binds with N-acetylglucosamine sugar that is 

necessary for differentiation process of spermatocyte and spermatid cell. WGA reactivity in rats was detected in 

spermatogonia, spermatocytes, spermatozoa, Sertoli cells, Leydig cells, and lamina propria (Lee and Damjanov, 1985; 

Shegedin et al., 2017). In Syrian hamster,  WGA reactivities were detected in spermatogonia (Hernández et al.2018). 

Lectin histochemical staining with LCA, PHA-L, SJA, PSA, and WGA indicated the presence of alpha-D-mannose 

and alpha-D-glucose, N-acetylgalactosamine, mannose, and N-acetylglucosamine residues (Murakami et al., 2014; 

Belicky and Tkac, 2015) in the immature and mature testes. 
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Figure 4. Testicular micrographs of Hystrix javanica (lectin histochemical staining with SJA). A: testicles of mature 

Sunda porcupine in caput region showing SJA reactivities in primary spermatocyte (red arrow), early spermatid (black 

arrow) and the late spermatid (blue arrow). B: mature Sunda porcupine testicle in the corpus show SJA reactivities in 

primary spermatocyte (red arrow), early spermatid (black arrow). C: testicle of mature Sunda porcupine in caudal 

regions show SJA reactivities in primary spermatocyte (red arrow), early spermatid (black arrow). D: immature testicle 

in caput show SJA reactivities in Leydig cells (yellow arrow), while show negative SJA-reactivity in corpus (E) and 

cauda (F). 

 

 
Figure 5. Testicular micrographs of Hystrix javanica (lectinhistochemical staining with WGA). The mature Sunda 

porcupine testicles in caput (A) and corpus (B) show positive WGA reactivities in early spermatid (black arrow) and the 

late spermatid (blue arrow). C: the testicle of Sunda porcupine in caudal regions show positive WGA reactivity in  

spermatids (black arrows). The immature Sunda porcupine in caput part (D) and cauda (F) show negative WGA 

reactivity, while in corpus region. E: show positive reactivity in the Leydig cells. 

 

CONCLUSION  
 

In conclusion, the present study showed that lectin histochemical staining with LCA, PHA-L, SJA, PSA, and WGA 

indicated the presence of alpha-D-mannose and alpha-D-glucose, N-acetylgalactosamine, mannose, and N-

acetylglucosamine sugar residues in the immature and mature testes of Sunda porcupine with weak to very strong 

intensity. In the immature testes, N-acetylgalactosamine may involve in the development and maturation of Leydig and 

Sertoli cells, whereas in the mature testes, alpha-D-mannose and alpha-D-glucose, N-acetylgalactosamine, mannose, and 
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N-acetylglucosamine residues play important roles in the maturation process of early spermatid to the late spermatid. 
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