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Abstract: Lectin is often used to investigate the differentiation and maturation of spermatogenic cells in the testes of several wild
animals, facilitating the screening of mature individuals. Therefore, this study aimed to determine spermatogenesis activity using
lectin histochemistry in water monitor lizards (Varanus salvator) harvested from the wild. Testes of 43 comprehensively examined
water monitor lizards were collected from slaughterhouses in Palembang (Sumatra) and Banten (West Java), Indonesia, with snout-
vent lengths (SVL) ranging from 39 to 96 cm. Additionally, histologic, histomorphometric, periodic acid-Schiff (PAS) staining, and
lectin histochemistry (Con A, RCA, WGA, PNA, VVA, DBA, UEA-I) observations were performed. The results showed a positive
correlation between SVL, morphometry, and histomorphometry at p < 0.05 with Pearson’s correlation analysis. All specimens presented
a spermatogenesis process with different activities among various SVL sizes, with larger animals having higher spermatogenic activity.
Moreover, PAS-positive reactions in the testes were mainly observed in the cytoplasmic residues of spermatogenic cells, connective
tissue, Leydig cells, and blood vessels. The most dominant-reacting lectin bindings were ConA, RCA, and WGA, distributed in nearly
the entirety of the testes, including in spermatids and spermatozoa phases. PNA and VVA bindings were localized in Golgi and Cap
stage spermatids, while UEA-I and DBA lectins showed no binding reaction. Although the larger animals had more spermatogenic
cells, the lectin-binding patterns of all specimens were similar. The presence of lectin binding of PNA, VVA, and WGA in spermatids
and spermatozoa in spermatogenic cells signified that male monitor lizards harvested from the wild exhibited active spermatogenic
processes and were able to produce mature spermatozoa.
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1. Introduction

Lectin is a protein complex that specifically binds
carbohydrates in biological materials as glycoconjugates
(Spicer, 1993). These glycoconjugates play diverse roles
in cells for monitoring differentiation, maturation,
recognition, adhesion, disease, and interaction (Dias et
al., 2015). Lectin histochemistry has been used to study
the differentiation and maturation of spermatogenic cells
in the testes of several wild animals, including tilapia
(Tokalov and Gutzeit, 2007), banded bamboo sharks
(Gewaily et al., 2021), Spanish newts (Séez et al., 2000),
Tropidurus itambere lizards (Ferreira and Dolder, 2003),
deer (Wahyuni et al., 2016), Sunda porcupines (Budipitojo
et al,, 2020), and lesser mouse deer (Agungpriyono et al.,
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2009). Various studies have also found differences in lectin-
binding patterns in the testes and spermatozoa between
immature and mature animals, such as in Tropidurus
itambere lizards (Ferreira and Dolder, 2003) and Sunda
porcupines (Budipitojo et al., 2020).

Water monitor lizards (Varanus salvator) are the most
traded species in Asia and are often hunted for their meat
and skin and used as pets (Setyawatiningsih, 2018; Boscha
et al., 2020; Sy and Lorenzo, 2020). Wild water monitor
lizards are frequently harvested for the skin, with collectors
preferring males owing to their larger skin size and better
skin quality (Nijman, 2016; Setyawatiningsih, 2018; Arida
et al., 2020; Boscha et al., 2020). Lectin histochemistry can
characterize glycoconjugate distribution in testes, making
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it a valuable tool for assessing the status of testicular
development and maturation. Sufficient information about
lectin-binding patterns in the testes of water monitor
lizards is currently unavailable. Therefore, this study
aimed to investigate the distribution characteristics of
lectin binding and glycoconjugates and the developmental
status of spermatogenic cells in the testes of wild water
monitor lizards.

2. Material and methods

2.1. Animals and samples

The testes of 43 water monitor lizards obtained
from Palembang (Sumatera) and Banten (West Java)
slaughterhouses were used in this study. Samples were
collected in Palembang in August 2022 and between May
and June 2023 in Banten. All testes were collected from
dead animals that the slaughterhouse considered waste,
and no individual water monitor lizards were intentionally
killed for or in this study. Ethical approval (no. 138/KE.02/
SK/07/20230 was obtained from the National Research
and Innovation Agency of Indonesia.

The snout-vent length (SVL) of the animals ranged
between 39-96 cm, with body weights (BW) ranging from
1 kg to 14 kg. The samples were divided into four groups
based on SVL size, namely groups 1 (39-50 cm), 2 (50.1-
60 cm), 3 (60.1-70 cm), and 4 (>70 cm). The collected
testes were separated from attached connective tissue, and
the testes’ length (LT) and width (WT) were measured
using polypropylene tape and a microcaliper, respectively
(Mitutoyo, Japan). These were fixed in a 10% buffered
neutral formalin solution for 24-48 h and transferred to
a 70% ethanol solution before conducting histological
analysis.

2.2. Histologic preparation

Testes were cut into smaller sizes and processed into
histological slides using the standard paraffin method.
Tissue blocks were serially sectioned at a 4-5-um
thickness using a microtome rotary (Yamato-RV 240,
Japan). Testicular tissue slides were stained with routine
hematoxylin and eosin (HE), periodic acid-Schiff (PAS),
and lectin histochemistry was performed.

Routine HE staining was performed with
deparaffinization and rehydration of the tissue sections,
followed by Mayer’s hematoxylin for 1 min and immersion
in running tap water for 5 min. Eosin was added for 2 min,
followed by dehydration, clearing, and mounting.

PAS staining is often used to visualize the glycoprotein
in tissues, including the spermatozoa acrosome (Hess,
1990; Hess and de Franca, 2008). This was conducted
through deparaffinization and rehydration, followed by
treatment with 1% periodic acid for 5 min and rinsing
with distilled water. Schiff’s solution was added and
incubated for 5-10 min at room temperature, then washed

with distilled water. The slides were counterstained with
hematoxylin for 10 s, immersed in tap water for 5 min,
dehydrated, cleared, coverslipped, and mounted before
observation.

2.3. Lectin histochemistry

Dewaxed sections were incubated with 0.3% H,O,
in methanol for 20 min at -30 °C and washed with
phosphate buffer saline (PBS) pH 7.58. These sections
were further incubated with 10% donkey normal serum
(Abcam ab7475, Abcam, Waltham, MA, USA) for 30 min
at room temperature. The sections were then incubated
overnight at 4 °C with seven biotinylated lectins (Table
1; BK-1000, Vector Lab. Inc. Burlingame, CA, USA).
Subsequently, the sections were washed with PBS (pH
7.58) and incubated with an Avidin-Biotin Complex
kit (PK-6100, Vector Lab. Inc. Burlingame, CA, USA)
for 30 min at room temperature. The reaction product
was visualized by incubation in 3,3¢- diaminobenzidine
(Abcam ab64238, Abcam, Waltham, MA, USA) for 1-3
min. In addition, the sections were counterstained with
Mayer hematoxylin for 5 s, dehydrated in graded ethanol,
cleared in xylene, and mounted with Entellan (Merck,
Rahway, NJ, USA). The sections were then observed
under a light microscope (Olympus CX 31, Japan) at
200x magnification, and the intensity was compared by
a qualitative scoring graded as negative (-), weak (+),
moderate (++), strong (+++), and very strong (++++).
Qualitative scoring was conducted by comparing the
intensity of the reaction to the negative control section
and the darkest brown color in all sections. Negative
controls were present in the sections treated with PBS
only as a lectin substitute.

2.4. Histomorphometric measurement

HE-stained testes were examined under a microscope
(Olympus CX 31, Japan) at 300x. magnification. The
histomorphometric characteristics of the testes were
observed by measuring the cross-sectional surface area
of the seminiferous tubules (Cat), the thickness of the
epithelial layer in the seminiferous tubules (Tet), and
the number of spermatogenic cells in the seminiferous
tubules (Nsc) in ten randomly selected tubules showing
a cross-section (circular in the histological section).
Measurements were performed using Image] (Schneider
etal. 2012).

2.5. Data analysis

Histomorphometric data were analyzed using one-way
analysis of variance, nonparametric Kruskal-Wallis
analysis, principal component analysis (PCA), and
Pearson correlation using MiniTab version 20. Lectin-
binding data were analyzed descriptively by observing
the binding pattern and distribution of lectins to tissue
components in testes.
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Table 1. Lectin and glycoconjugate specificity.

Lectin Abbreviation Sugar specificity Concentration
Concanavalin agglutinin ConA a-D-Man, > a-D-Glc 10 ug/mL
Wheat germ agglutinin WGA BGIcNAc > > NeuNAc 20 pg/mL
Peanut agglutinin PNA Galp1,3GalNAc 20 pg/mL
Vicia villosa agglutinin VVA BGIcNAc > > NeuNAc 20 pg/mL
Riccinus communis agglutinin RCA GalP1,4GIcNAc 10 ug/mL
Ulex Europaeus agglutinin I UEAI a-L-Fuc 10 ug/mL
Dolichos biflorus agglutinin DBA a-D-N-GalNAc 10 pg/mL

3. Results

The results showed that the testicular structure of the water
monitor lizards was primarily composed of seminiferous
tubules, connective tissues, and interstitial Leydig cells
(Figure 1). All examined samples had a complete structure,
with only histomorphometric variation observed among
the SVL groups (Figure 2). The seminiferous tubules
consisted of a basement membrane, Sertoli cells, and
spermatogenic cells, including spermatogonia, primary
spermatocytes, secondary spermatocytes, spermatids,
elongated spermatids, and spermatozoa in the lumen.
Furthermore, spermatogenic epithelial cells in the form
of spermatogonia to early-stage spermatozoa were loosely
arranged and attached to the Sertoli cell cytoplasm. Many
immature sperm cells were observed attaching to the apex
of the Sertoli cell cytoplasm. This structure was present
in all samples, although larger samples (SVL >70 cm)
occasionally showed spermatogenic cells in the lumen.
Spermatogonia cells were observed in the basal region
of the tubules, whereas actively proliferating primary
spermatocyte (I) cells were identified through condensed
chromatin. Secondary spermatocytes (II) were numerous
and smaller than primary spermatocytes. The elongated
spermatids had a compacted nucleus, an oval shape
without a tail, and residual cytoplasm. The spermatozoa
had a long head with a pointed tip, a short body in the
middle section, and a visible tail. Some sperms were found
attaching to the cytoplasm of Sertoli cells, while others had
separated and were located in the lumen.

The bright magenta color of PAS staining signified a
strong positive reaction in the cytoplasm remaining from
spermatogenesis, suggesting that residual glycoproteins
were wasted (Figure 1d and le). However, no positive
reaction was found in the head or tail of spermatozoa, and
a PAS-positive reaction was observed in the connective
tissue. The basement membrane of tubules and blood
vessels in the interstitial tissue had a strong PAS-positive
reaction. Moreover, Leydig cells in the interstitial tissue
showed moderate positive reactions.

Based on morphometric analysis (Table 2), the
body size of the water monitor lizards and testicular
morphology had a substantial positive association with
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the Nsc. The PCA described approximately 89.2% of data
variance in principal component 1 (PC 1: 78.7%) and
principal component 2 (PC 2: 10.5%). PC 1 represents the
morphometric variables, including SVL, BW, WT, Cat, and
Tet, while PC 2 represents the Nsc variables. According to
the PCA plot, the size of the testes, seminiferous tubules,
and Nsc increased proportionally with body size (Figure
3). The plot graphic showed that most animals with an
SVL size smaller than 60 cm were plotted on the left side,
while animals with an SVL size larger than 60 cm were
plotted on the right side of the graphic (Figure 3). Analysis
confirmed a significant difference (p < 0.05) among the
SVL groups in several variables (Table 3). For nearly all
variables, no significant difference was detected between
SVL groups 1 and 2. However, significant differences (p <
0.05) were found between SVL groups 1 and 2 compared
to groups 3 and 4.

Observations of glycoconjugate distribution, identified
through lectin binding, showed specific patterns in the
spermatogenic cells of the water monitor lizard testes.
Generally, the distribution patterns of lectin bonds were
present in all SVL groups, with differences detected only
in specific samples based on variations in binding reaction
intensity (Table 4).

Basal spermatogonia and Sertoli cells reacted positively
to ConA, RCA, and WGA lectin binding, with the highest
intensity observed for ConA lectin binding (++++), while
the others reacted with moderate to strong intensity
(++~+++). These binding reactions were observed in
the cytoplasm and cell membrane. Spermatocyte cells
showed positive reactions to ConA, RCA, and WGA lectin
binding, with a strong intensity (+++) observed for ConA
binding and a weaker to moderate intensity (+~++) for
RCA and WGA (Figure 4). Spermatids reacted positively
to ConA, PNA, RCA, WGA, and VVA, with binding
intensity varying from weak to strong. The PNA binding
reaction was strong (+++), with distribution around the
cell nucleus at the Golgi-cap stage, characterized by dense
bodies that reacted more strongly than the nucleus. The
VVA binding reaction was similar to the PNA binding but
at an intensity varying from moderate to strong (++~+++)
(Figure 4). The ConA binding reaction was observed to
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Figure 1. Representative images of the tubulus seminiferous of water monitor lizards (Varanus
salvator). (a) HE staining of general structure of testes; (b) higher magnification of spermatogenic
epithelial cells (SEC) of seminiferous tubules; and (c) interstitial tissue of seminiferous tubules.
(d) PAS staining of general structure of testes; (e) higher magnification of SEC; and (F) interstitial
tissue of seminiferous tubules. BM: basement membrane; BV: blood vessels; CT: connective
tissue; CP: residual cytoplasm; ESp: elongated spermatozoa; Fb: fibroblast; L: Lumen; Lc: Leydig
cells; Spg: spermatogonia cells; Spc I: spermatocyte I; Spc II: spermatocyte II; Spt: spermatid.
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Figure 2. Histological comparison of spermatogenic cells among SVL groups of water
monitor lizards (Varanus salvator). (a) Group 1 SVL: 39-50 cm; (b) Group 2 SVL: 50.1-
60 cm; (c) Group 3 SVL: 60.1-70 cm; and (d) Group 4 SVL: >70 cm. ESp: elongated
spermatids; Spz: spermatozoa; Tet: thickness of epithelial tubules; L: Lumen.

have a strong intensity—although it lacked specificity—and
was distributed uniformly throughout the spermatocyte
and spermatid cells. RCA and WGA binding reactions
were observed at weak to moderate intensity (+~++), with
binding distribution in the cell membrane and nucleus of
spermatocyte and spermatid cells.

Elongated spermatids were observed to bind to lectins
ConA, PNA, RCA, WGA, and VVA (Figure 5). The
binding intensity was weak to moderate (+ ~ ++), with a
variable distribution of binding (Table 4). ConA binding
was observed in all cell (early-stage spermatozoa) parts,
including the nucleus, cytoplasm, and membrane, while
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Table 2. Correlation coefficient among the variables.

Variables SVL BW LT WT Sat Tet
Body weight (BW) 0.949

Testes length (LT) 0.789 0.756

Testes width (WT) 0.847 0.797 0.850

Cross-sectional surface area of tubules (Cat) 0.781 0.722 0.671 0.738

Thickness of epithelial tubules (Tet) 0.706 0.616 0.700 0.730 0.882

Numbers of spermatogenic cells (Nsc) 0.644 0.600 0.636 0.638 0.882 0.830

Note: All the correlation coeflicient values are significant at p < 0.05 with Pearson’s Correlation analysis.
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Figure 3. Plot graphic of (a) sample distribution based on variables and (b) variable correlation of water monitor lizard
(Varanus salvator) reproductive organs and body weight. PC 1 represents the testes’ morphometric variables, while PC 2
represents the number of spermatogenic cells variable. In the (a) sample distribution graphic, animals with an SVL size less
than 60 cm were plotted on the left side, while samples larger than 60 cm were plotted on the right side. In the (b) variable
correlation graphic, positive correlations were observed and clustered into two main variables: histomorphometric and
macromorphometric. (Tet: thickness of epithelial tubules; Nsc: number of spermatogenic cells; Cat: cross-sectional
surface area of tubules; BW: body weight; SVL: snout-vent length; LT: testes length; WT: testes width).

Table 3. Morphometric comparison among the SVL groups.

SVL Group
Variables <50 cm 50-60 cm 60.1-70 cm >70 cm
(n=6) (n=15) (n=12) (n=10)
BW (kg) 1.55+0.38 a 249+044a 543+091b 9.73+3.12 ¢
LT (cm) 2.44 +0.66 a 3.18+0.58a 4.24+0.73b 4.72+0.61b
WT (cm) 1.11+0.35a 1.61+0.29a 2.14+0.31b 247 +0.24 ¢
Cat (mm?) 0.054 £0.03 a 0.066 + 0.03 a 0.109 +0.02 b 0.144 £ 0.03 ¢
Tet (mm?) 0.062 £0.02 a 0.085 +0.02 b 0.111£0.01 ¢ 0.118 £0.01 ¢
Nsc (cells/surface area) 769.0 + 497.62 a 862.0 + 388.69 a 1511.3 + 340.23 b 1806.06 + 650.82 b

Note: Different fonts in a row show a significant difference at p < 0.05.

PNA, RCA, WGA, and VVA binding occurred mainly
in the residual cytoplasm. Spermatozoa comprising the
nucleus, midpiece, and tail reacted to ConA, RCA, and
WGA lectins, with bindings of weak to moderate intensity
(+~++) observed in the tail. The cytoplasm at the tip
of the spermatogenic tubule epithelium, which was a
combination of the residual cytoplasm of spermatid cells
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and Sertoli cell processes, showed varying reactions to
ConA, PNA, RCA, WGA, and VVA lectins (Figure 5).
ConA lectin exhibited the highest intensity, followed by
WGA and RCA and PNA and VVA.

Leydig cells in the interstitial tissue had strong to very
strong (+++~++++) ConA, RCA, and WGA lectin-binding
reactions, with scattered distribution in the cytoplasm
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Table 4. Lectin scoring of water monitor lizard testes.

Lectin Testicle part

Lc CT SC Spg Spc Spt ESp Spz CP
ConA F++ b4+ F+++ ++ +~ 4+ +++ ++ ++ +H+ ~ 1+
PNA - - - - - +++ +~++ - +~++
RCA +++ +++ ++~ A+t o~ +~++ +~++ +~++ + ++ ~ e+
WGA ++++ +++ ++~ .+~ +~++ + + ~++ + ++ ~ +++
VVA - - - - - ++ ~ +++ +~++ - +~++
DBA - - - - - - - - -
UEA - - - - - - - - -

Note: Lc: Leydig cells, CT: connective tissue, SC: Sertoli cell, Spg: Spermatogonia, Spc: spermatocyte, Spt: spermatid, ESp: elongated

spermatids, Spz: Spermatozoa, CP: residual cytoplasm.

é" 3 o /
S Bl g oo |

/ U9 k
N Bl 20U | [

Figure 4. Representative image of lectin-binding distribution pattern in spermatogenic tubule epithelium
of water monitor lizards (Varanus salvator).Various distribution and intensities of each lectin binding in
spermatogonia (Spg), spermatocyte (Spc), spermatid (Spt), and elongated spermatozoa (ESp)

(Figure 6). Additionally, ConA, RCA, and WGA induced
reactivity in connective tissues in the testes, including the
basement membrane and interstitial tissues. UEA-I lectin
interacted with Leydig cells in only one specimen, but
this reaction was determined to be nonspecific, and DBA
lectin showed no binding reaction to tissues in the testes.

4. Discussion

Lectin binding in animal testes was characterized by
several scientists to determine the distribution pattern
of lectin binding in each species and identify specific
lectins serving as markers for certain spermatogenesis
conditions (Spicer, 1993; Dias et al., 2015; Nakata et al.,
2017; Wakayama et al., 2022). Information on the general
morphological, anatomical, and histological characteristics

of male reproductive organs in water monitor lizards was
reported by Mahfud et al. (2015a, 2015b, 2016). However,
no further investigation has been conducted to analyze
spermatogenesis-specific characteristics.

The testes used in this study were obtained from
adult water monitor lizards, as indicated by the long SVL.
Sumatran water monitor lizards are considered mature
when an SVL of 40 cm is attained for males and 47 cm for
females (Shine et al., 1996); the Javan water monitor lizard
juveniles have an SVL of between 14-20 cm (Kurniati
et al,, 2023). In this study, the smallest specimen had an
SVL of 39 cm and could be categorized as an adult since
the process of spermatogenesis was observed as active.
The testes of water monitor lizards with spermatogenic
activity were characterized by spermatogenic cells actively
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Figure 5. Representative image of lectin binding distribution patterns in spermatozoa (Spz) and
residual cytoplasm (CP) in the lumen of tubules of water monitor lizards (Varanus salvator).

Figure 6. Representative image of lectin binding patterns and distribution of
Leydig cells (Lc) in testes of water monitor lizards (Varanus salvator).

dividing and differentiating into spermatozoa (Hess et al.,
2008; Mahfud et al., 2016). The loosely arranged structure
of the spermatogenic epithelium resembled the testicular
structure, as observed in Tropidurus itambere lizards
(Ferreira and Dolder, 2003). In this study, animal subjects
with SVL sizes between 39-60 cm had fewer spermatogenic
cells than those between 60-90 cm, suggesting that larger
water monitor lizards have a more active proliferation of
spermatogenic cells.
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PAS can stain neutral polysaccharides and
oligosaccharides, including glycogen and glycoproteins, in
tissues (Kumar, 2010). Since carbohydrates are specifically
dispersed in the form of glycoconjugates, which play
various roles in cellular processes, PAS staining is a
valuable tool for visualizing these cellular components.
A major application of PAS staining is determining the
reactivity of spermatogenic cells to this stain. Gewaily et al.
(2021) reported the distribution of neutral polysaccharides
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in interstitial tissues across spermatogonial, spermatocyte,
and spermatid zones, as well as Sertoli cells in the
spermatozoal cysts of the testes of banded bamboo sharks.
The neutral carbohydrate content found in testes or
spermatozoa signifies the process of spermatogenesis and
acrosome maturity as the acrosome is rich in glycoproteins
(Martinez-Menarguez et al.,, 1992; Verini-Supplizi et al.,
2000). Visualization of the acrosome using a conventional
method, such as PAS staining, is occasionally challenging.
Therefore, lectin staining is used to visualize acrosome
development in the spermatid to spermatozoa (Hess,
1990; Chiarini-Garcia and Russell, 2001; Hess and de
Franca, 2008; Meistrich and Hess, 2013; Nakata et al.,
2017). This study did not obtain a positive PAS reaction
in spermatozoa from any of the samples, which might
be a unique characteristic of water monitor lizards. This
result was further verified through lectin-specific staining
because of glycoprotein’s potential to bind lectin.

Most carbohydrates found in glycoconjugates,
specifically  glycoproteins  and  glycolipids,  are
polysaccharides or oligosaccharides containing linear or
branched sugar chains, mainly composed of mannose
(Man), fucose (Fuc), galactose (Gal), glucose (Glc),
N-acetylgalactosamine (GalNAc), N-acetylglucosamine
(GIcNAc), and sialic acid (NeuAc) (Gabius, 2001). This
composition provides the unique properties and functions
of carbohydrates observed in biological systems. Lectin is
a protein complex that selectively binds to carbohydrates
as glycoconjugates in biological materials (Spicer, 1993).

Since lectin-binding analysis of testicular organs in
nonmammalian animals, specifically reptiles in Indonesia,
has not been comprehensively investigated, this study
determined that lectin binding was positive for ConA,
WGA, RCA, PNA, and VVA at various sites in the testes.
Although larger water monitor lizards showed more
spermatogenic cells, the lectin-binding characteristics
were similar in all lizard sizes. The differences in the
number of spermatogenic cells might be influenced by
other factors, such as hormones and growth factors (Schlatt
and Ehmcke, 2014). The spermatogenic cell population
tends to be controlled by proliferation and antiapoptotic
activities (de Rooij and Russell, 2000).

The results showed that Sertoli and Leydig cells were
positive for ConA, WGA, and RCA lectin, indicating the
presence of the glycoconjugates D-mannose, D-glucose,
N-acetyl-d-galactosamine, N-acetyl-d-glucosamine, and
sialic acid. Furthermore, glucose and mannose sugar
residues were present in the glycoconjugates responsible
for ion transport (Spicer and Schulte, 1992; Blackmore
and Eisoldt, 1999). ConA lectin has been found to
label spermatogonia, Sertoli cells, and Leydig cells in
certain wild mammals, including the lesser mouse deer
(Agungpriyono et al., 2009), muntjaks (Wahyuni et al.,

2016), and Japanese shrew moles (Mizukami et al., 2001).
Additionally, ConA lectin binding was observed in the
Sertoli cells of tilapia, banded bamboo sharks, and Caspian
turtles (Ballesta et al., 1991; Tokalov and Gutzeit, 2007;
Gewayli et al., 2021). Several mammals, including lesser
mouse deer and muntjacs, present different WGA lectin
bindings in Leydig cells, which is classified as a strong
reaction (Agungpriyono et al., 2009; Wahyuni et al., 2016).
There is a difference in these reactions compared to the
type observed in water monitor lizard cells. RCA lectin
binding in the Leydig cells of water monitor lizards has a
strong similarity to the binding observed among several
mammals, including babirusas (Agungpriyono et al,
2007) and muntjacs (Wahyuni et al., 2016). However, this
binding pattern was not observed in fish species, such as
tilapia and medaka fish (Tokalov and Gutzeit, 2007).

Spermatogonia and primary spermatocytes showed
positive reactions to ConA, WGA, and RCA, suggesting
the presence of glycoconjugates such as D-mannose,
D-glucose,  N-acetyl-d-galactosamine, =~ N-acetyl-d-
glucosamine, and sialic acid on the cell membrane.
These glycoconjugates are presumed to participate in cell
adhesion and interaction, as evidenced by the attachment
to the cytoplasmic extension of members of Sertoli cells.
In other animals, such as tilapia, medaka fish, the Caspian
turtle, babirusas, and lesser mouse deer, spermatogonia
did not show any binding reaction to RCA lectin but had
reactivity to ConA and WGA lectins (Ballesta et al., 1991;
Tokalov and Gutzeit, 2007; Agungpriyono et al., 2007;
2009).

Spermatids and spermatozoa pass through a series
of transformations during spermiogenesis, resulting in
changes from round to oval and compact cell shapes.
Furthermore, the process starts with the Golgi and cap
stages in early spermatids, followed by the acrosome stage
(elongated spermatozoa) and maturation (spermatozoa).
PNA and VVA lectins specifically label spermatids
at the Golgi and cap stages, characterized by a dense
body resembling an acrosome cap, but cannot label the
subsequent stages. However, ConA, WGA, and RCA
lectins are able to label several parts of sperm, including
the tail. Some studies have reported that PNA lectin could
bind to the acrosome until maturation, making it a useful
marker of sperm maturity. Visualization of the acrosome
is crucial for determining the spermiogenesis stage. PNA
lectin is commonly used to label the acrosome because it
can recognize intraacrosomal glycoproteins (Nakata et al.,
2017; Wakayama et al., 2022). The results obtained in the
present study contradict observations reported in various
studies on the spermatozoa of lizards and fish. For instance,
a study by Ferreira and Dolder (2003) on spermiogenesis
found that PNA could label spermatozoa in the nucleus
and midpiece of Tropidurus itambere lizards, and PNA
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produced effective labeling in banded bamboo sharks
(Gewaily et al., 2021). The current study’s results require
further confirmation regarding the binding of PNA lectin
in the spermatozoa of water monitor lizards since the
binding pattern was different than in other lizards.

Ferreira and Dolder (2003) reported that WGA
and UAE-I lectins can bind to the fibrous sheath of the
flagellum of late spermatids and mature spermatozoa in
Tropidurus itambere lizards. Budipitojo et al. (2020) found
similar outcomes in the testes of Sunda porcupines, with
immature testes showing an adverse reaction to WGA
lectin, while mature testes responded positively. In our
study, a WGA lectin-binding reaction was detected in all
testes samples of water monitor lizards, suggesting that the
spermatozoa components were mature, but no binding of
UAE-I lectin to spermatozoa was found.

Lectins UAE-I and DBA did not bind to various parts
of the testes of the water monitor lizards, signifying the
absence of the glycoconjugates 1-fucose and aN-acetyl-
d-galactosamine. This absence of UAE-I lectin binding
was also observed in tilapia and medaka fish (Tokalov
and Gutzeit, 2007), Xenopus laevis (Valbuena et al., 2010),
babirusas (Agungpriyono et al., 2009), and muntjacs
(Wahyuni et al., 2016). However, DBA lectin binding was
also detected in the spermatogonia or Leydig cells in certain
animals, including lesser mouse deer (Agungpriyono etal.,
2009) and babirusas (Agungpriyono et al., 2007).

In conclusion, this study showed the specific structure
of the testes and its correlation with animal size. The water
monitor lizard testes showed reactivity to different lectins,
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