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Global demand for the water monitor’s skin, Varanus salvator, has made it a
valuable wildlife commodity. Leathercraft manufacturing must consider not only
beauty but also the strength and flexibility of the leather, which is determined by
its structure in the skin. Therefore, this study analyzed and evaluated the fiber

KEYWORDS: type characteristic of the water monitor’s skin. Skin samples were collected from
elastin, 10 Sumatra water monitors with a Snout-Vent Length size of 39-89 cm and were
leather, divided into small (39-59 cm) and large (60-89 cm) groups. The skins from the
skin, dorsocervical, lumbosacral, and ventral regions were proceeded for histological
structure, sections. Histochemical approaches utilized were Hematoxylin Eosin, Picrosirius
:E;f‘kﬁf;)k:r’ Red, and Elastin Verhoeff’s Hematoxylin staining methods. Thick fibers are the

main component in the skin, ranging from 69-73%, respectively, while thin fibers
varied greatly and were observed predominantly in the reticular dermis. Fiber
size in the reticular dermis of small lizards was lower than that of larger ones.
Elastic fibers were observed abundantly at the border of the reticular dermis
and subcutaneous layer in both small and large lizards. Moreover, the skin of
the small-sized lizard also has a lower morphometric than that of a large-sized
lizard, both in thickness and fiber type percentage. Therefore, the skin of small-
sized lizards was considered less tough than that of large-sized lizards.

1. Introduction included in Appendices II of The Convention on
International Trade in Endangered Species (CITES)
(Menteri Perdagangan 2013; CITES 2023). It is

categorized as least concern (LC) based on the

The demand for water monitor lizard, Varanus
salvator, has increased in the international leather

market. The raw leather found in the lizard,
specifically from the islands of Borneo and Sumatra,
Indonesia, is particularly desirable for exporters
compared to those from Java (Nijman 2016; Boscha
et al. 2020). Consequently, the water monitor
lizard in Sumatera is widely exploited to meet
the international trade demand, while the meat
and other remaining body parts are considered
waste (Arida et al. 2020). Although the Indonesian
government does not protect this species, it is
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International Union for Conservation of Nature
(IUCN) red list (Quah et al. 2021).

Leathercraft manufacturing must consider not
only beauty and delicacy but also the leather’s
strength, durability, and flexibility, which are
determined by its structure (Boonchuay et al. 2018).
The skin structure consists of two main layers, the
epidermis, and the dermis. The epidermis offers
protection from water and acts as a barrier, while
the dermis contains various appendages, including
hair, eyelashes, feathers, and glands, as well as
other tissues such as nerves and blood vessels. In
addition, the dermis provides suppleness, firmness,
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and elasticity to the skin through an extracellular
matrix composed of collagen fibers, microfibrils,
and elastic fibers embedded in hyaluronic acid
and proteoglycans (Breitkreutz et al. 2009). The
dermal connective tissue is the largest component
of the skin and consists of fibrous and non-fibrous
components. Meanwhile, the connective tissue's
composition determines the skin's properties and
characteristics. Connective tissues such as collagen,
elastin (fibrous components), proteoglycans,
and glycoproteins (non-fibrous components) are
involved in skin firmness, pressure, elasticity,
flexibility, and viscosity (Kent & Carr 2001; Akers &
Denbow 2008). The arrangement and composition
of collagen determine skin toughness, hence, the
greater the amount of collagen in the extracellular
matrix, the stronger the skin (Survana et al. 2013).

A previous study by Bonchuay et al. (2018)
provided insights into the skin's general structure
and cytokeratin properties in different areas of the
water monitor lizard skin, including the epidermis
and dermis. The thickness of the dermis ranged
from 562-856 pum, with the thinnest on the ventral
side and the thickest on the dorsal neck. Superficial
fibers were also smaller than deep ones. However,
this study did not further examine the types of fibers
found in the skin. In addition, differences between
body size groups were also not analyzed. This is
important because the age and body size of the
monitor lizard skin determine the optimal harvest
age for obtaining high-quality skin. In general, the
most common harvested monitor lizard for skin
production had 56.50+6.40 cm in SVL (Snout Vent
Length) and 3.5541.55 kg in body weight (Boscha et
al. 2020). A water monitor lizard of this size is often
preferred due to its minimal scarring and relatively
soft skin. Conversely, those with larger sizes are less
desirable because they are considered to have many
scars, which reduce skin quality (Setyawatiningsih
2018).

No study has established a correlation between
fiber characteristics and various body sizes of
monitor lizard skins. Therefore, this study was
conducted to characterize the fibers in the skin of
the water monitor lizard at various body sizes to
determine the fundamental differences affecting
skin quality as a leather industry product.

2. Materials and Methods

2.1. Animals

This experimental study used skin samples from 10
water monitor lizards obtained from a slaughterhouse
in Palembang, Sumatra, Indonesia. The skin was taken
from the lizard with SVL (Snout Vent Length) of small
(39-59 cm, N =5) and large (60-89 cm, N = 5) groups.
The area of specimen collection was the dorsocervical
(N = 9; small = 4, large = 5), lumbosacral (N = 10;
small = 5, large = 5), and ventral (N = 10; small = 5,
large = 5) regions, respectively. Additionally, ethical
clearance was obtained from the National Research
and Innovation Agency (BRIN) Republic of Indonesia
no. 022/KE.02/SK/9/2022.

2.2. Histological Preparation

The skin samples were fixed in a 10% Buffered
Neutral Formalin solution for 2 x 24 hours, transferred
to 70% ethanol solution, and then processed for
histological sections through dehydration step in serial
concentration of ethanol from 80-100%, clearing in
serial of xylene, and then embedded in the paraffin.
The tissues were serially sectioned at 8 um thickness
to observe collagen fibers. The sections were dewaxed
in xylene, rehydrated in serial concentration of
ethanol (100-70%), and aquadest, then stained with
Hematoxylin & Eosin (HE), Picrosirius Red (PSR), as
well as Elastin Verhoeff’s Hematoxylin - light green
staining methods. The HE staining was conducted by
treating the dewaxed sections in Mayer’s Hematoxylin
for 1 min followed by washing in a running tap for 5
min. The sample was further stained with Eosin for 2
min and then dehydrated in graded ethanol, cleared
in xylene, and mounted with Entellan™,

Meanwhile, the PSR staining was performed by
treating the dewaxed sections with 0.1% PSR for 60
min at room temperature and acid water (acetic acid
1%). The sections were dehydrated in three changes
of ethanol, cleared in xylene, and mounted with
Entellan™ (Junqueira et al. 1979a; 1979b). The Elastin
Verhoeff's Hematoxylin - Light Green staining method
was conducted by treating the dewaxed sections with
Verhoeff’'s Hematoxylin for 30 min, then rinsed quickly
in tap water, and differentiated in 2% ferric chloride.
The sections were subsequently treated in sodium
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thiosulfate for 5 min, washed in running tap water
for 3 min, and counterstained with light green in
acetic acid 1% for 30 sec, followed by dehydration in
ethanol (2 changes; 30 sec - 1 min each), clearing in
xylene (2 changes; 30 sec - 1 min each), and mounting
with Entellan™ (Percival and Radi 2016). Afterward,
the staining results were viewed under a microscope
(IScope 1153-EPL, Euromex, Holland) at 10x and 40x
objective lens magnification. The observation under a
polarized light filter was conducted using a modified
microscope with two linear polarized filters according
to Prawira et al. (2022) method.

2.3. Measurement of Fiber Histomorphometry
and Identification of Elastin Fibers

Histomorphometry was used to analyze the
thickness of the skin, the relative percentage of thick
and thin fibers, and the fiber size of the skin. The
thickness of the skin was measured in two skin parts,
i.e.,, the scales and interscales. The measurements
were performed using Image]® (Schneider et al. 2012)
processing software. Three serial sections of each body
region’s skin of water monitor lizards were used in the
thickness measurement.

The percentage of thick and thin fibers was
calculated from the average percentage of red
(thick fibers) and green color (thin fibers) coverage
areas. This was observed using the PSR staining
with polarized light filters. The measurements were
performed using Image]®. The percentage of thick
and thin fibers was measured by calculating the
coverage of red and green areas in 10 fields of view at
40X objective lens magnification. The stained images
were processed using Image]® and then converted
into greyscale images in red, green, and blue (RGB)
stack images. Afterward, red and green filters were
selected, and contrast was adjusted to optimize the
color conversion. The coverage area was measured on
both filters, associated with thick and thin fibers.

In addition, the size of collagen fibers was measured
in the reticular dermis. Fiber size was measured by
measuring the diameter or thickness in longitudinal
or transverse sections. There were 35-50 fibers in the
reticular dermis for each region of the animal body,
namely dorsocervical, lumbosacral, and ventral.

The elastin fibers were identified using preparations
stained with the Elastin Verhoeff’s Hematoxylin-light
green staining method. Identification was carried out
in the dorsocervical, lumbosacral, and ventral regions

as well as the papillaris dermis, reticular dermis, and
subcutaneous layer parts.

2.4. Scanning Electron Microscope (SEM)
Observation

The preparation of the sample followed Goldstein
etal. (1992) protocol. The skins were cut into 0.5 x 0.3
x 0.2 cm in size, then cleaned with cacodylate buffer
for 2 hr and agitated in an ultrasonic cleaner for 5
min. The skins were put in 2.5% glutaraldehyde for
7 hr and fixed in 2% tannic acid overnight. Then, the
skins were washed with caccodylate buffer for 4 x 5
min, continued by dehydrating in graded ethanol at
room temperature, and dried with tert butanol for 2
x 10 min, then frozen at -10°C. Later, the skins were
dried in a vacuum drier before being coated with
gold and observed in SEM (High Vacuum Scanning
Electron Microscope Quattro S, Thermoscientific,
USA). Fiber characteristics were observed on 5.00 kV
HV and 5000x magnification on papillaris dermis,
reticularis dermis, and subcutaneous layer of each
region (dorsocervical, lumbosacral, and ventral).

2.5. Data Analysis

The obtained data were analyzed descriptively
and statistically using Minitab Ver. 19 software.
Statistical analysis was performed using the general
linear model (GLM) with body size group (SVL), body
region, skin thickness, color percentage, and fiber
size as the variables and with the significant level
at p<0.05. The significant value proceeded to the
Tukey pairwise comparison method to identify the
significant differences in each variable. In addition,
the dataset was prepared by sorting complete data,
which contained the data of body size group (SVL),
body region, skin thickness, color percentage, and
fiber size (N = 9) for Principal Component Analysis
(PCA) to reduce the dimensionality and identify the
correlation between all parameters.

3. Results

In general, the microstructure of the skin was similar
in all regions but the dorsocervical and lumbosacral
regions exhibited more melanin pigment than ventral
region (Figure 1). The dermis of water monitor skin
consists of two layers, namely papillaris and reticular,
as shown in Figure 2. Fibers in the papillaris dermis
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Dorsocervical Lumbosacral Ventral

Brightfield

Polarized light

Figure 2. Picrosirius red staining of the skin of the water monitor lizard. The brightfield (A, B, C), under polarized light (A’,
B’, C'), and ultrastructure under SEM (A”, B”, C”). The microstructure of skin part, i.e. Fapillaris dermis (A, A, A”),
reticular dermis (B, B, B”), and subcutaneous layer (C, C, C”). The red-to-orange-yellow color in polarized light
indicates the thick fiber (TcF), while the green color represents the thin fiber (TnF). BsM: basal membrane, F:
collagen fiber, Pd: papillaris dermis, TcF: thick fiber, TnF: thin fiber. (Scale bars: 50 um)
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were composed of small, tight, arranged irregularly,
and directly bordered with the epidermis. Although the
fibers were small, almost all were thick, except for those
in the basalis membrane, which were directly attached
to the basal cells of the epidermis. These fibers appeared
dark (non-polarized) due to the effect of polarizing
light. The reticular dermis had large fibers arranged in
a 3-way orientation, namely longitudinal, transverse,
and vertical. They were predominantly composed of a
mixture of thick and thin fibers. Furthermore, fibers in
the subcutaneous layer were small-packed and more
loosely organized compared to reticular dermis.

Generally, the histomorphometric of the water
monitor’s skin showed differences between small and
large groups in skin thickness, fiber type percentage,
and fiber size. The small-sized lizard had lower
morphometric than large-sized lizard. The thickness of
the skin in small-sized and large-sized was significantly
different, with skin in the lumbosacral region of large-
size water monitor lizards being the thickest (Table 1).
The differences were observed both in the scale and
interscale part.

Moreover, thick fibers in the dorsocervical and
ventral regions were more numerous in the fiber type
percentage than in the lumbosacral region. Meanwhile,
the thin fibers observed varied greatly in all regions
as shown by the mean and standard deviation of fiber
percentage. According to the body size group, the small-
sized lizard had the lowest percentage of thick fibers
(red-orange color), while the large ones had the highest

percentage. The small-sized lizard had the highest thin
fibers percentage (green-yellowish color) compared to
large ones. Still, this difference was not significant due
to the high variation in the percentage of thin fibers.
The fibers in the reticular dermis of the dorsocervical
and ventral regions were larger than the lumbosacral
region, while differences were also observed in the
fiber between body size groups. The water monitor
lizard with large body sizes had the largest fibers,
while the smaller ones had the smallest fibers in the
reticular dermis (Figure 3). Based on PCA analysis, the
body size positively correlated with all the parameters
(Figure 4), and the percentage of thick fiber showed
the most closely related. The reticular fiber size was
closely correlated to skin thickness.

The elasticity of the water monitor lizard
skin was influenced by the distribution of elastin
fibers. The results showed that the elastin fibers were
predominantly distributed on the border of the reticular
dermis and subcutaneous layer. In contrast, those in
the reticular and papillaris dermis were significantly
smaller and less abundant (Figure 5). This finding
appears as a black line longitudinal across the skin.
This characteristic was found in the skin with full and
partly subcutaneous layers. The orientation of the
elastin fibers was longitudinal and transversal in the
subcutaneous layer. This characteristic was observed
consistently in all regions and size groups, as shown
in Figure 6.

Table 1. Histomophometric comparison of the water monitor’s skin

Group SVL Body region Skin thickness Color percentage Fiber size
(um, meanzSD) (%, meanzSD) (um, meanzSD)
Scale Interscale Red Green Reticularis dermis
Small Dorsocervical  938.08+153.30¢  427.78+118.43¢ 70.75+6.49* 2.7612.67¢ 10.89+2.43
(39-59cm) lumbosacral 1030.93+£215.11¢  485.65+137.00¢ 66.531+4.31" 5.21+3.99¢ 9.04+1.95¢
Ventral 955.40+£230.77¢  44717+144.74¢ 71.67+3.61° 4.94+4.17¢ 10.98+2.5"
Average 972.261208.058  455.37+135.80y 69.5748.56p  4.41+5.10y 10.2612.31a
Large Dorsocervical  1315.22%366.43" 574.14+175.184 73.63+1.892 5.7213.66¢ 13.27+1.26°
(60-89 cm) lumbosacral 1595.30£404.82* 669.21+£227.074 72.51%£1.79° 5.42+3.80¢ 10.78+1.6°
Ventral 1201.621209.26>  574.12+112.229% 73.90+3.40° 3.29%1.61¢ 14.06+1.41°
Average 1365.45+371.61a  611.65+189.10A 73.35+5.38a  4.81+4.85y 12.7+£1.96p

Different font (a/b/c/d/e) among the value of each parameter column (skin thickness/color percentage/fiber size) indicates
a significant difference at p<0.05
Different symbols (o/B/y/A) among the value in average of each parameter column (skin thickness/color percentage/fiber

size) indicates a significant difference at p<0.05
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Figure 4. The microstructure comparlson of the water monitor llzard skin between body sizes. The brightfield (A, B), under
Bolarlzed light SA‘ "), and under SEM (A”, B”). The microstructure of the water monitor lizard skin with small
ody size (A, A’) and lar?e body size (B, B’). The comparison of the fiber thickness/diameter (red dash line) of
reticular dermis in smal size (A”) and large 51ze (B”) lizard under SEM. E; epidermis, Pd: papillaris dermis, Rd:
reticular dermis, M: melanin (Scale bars: 50 pm)
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skin parts, papillaris dermis (B), reticular dermis (C), and subcutaneous layer (D). The elastic fiber was pointed
by red arrow. The elastic fiber was prominent in the subcutaneous layer. (Scale Bar A: 200 pm; B, C, D: 50 pm)

Dors_ogervical Lumbosacral Ventral

Figure 6. The prominent elastic fiber (red arrow) was found in the border of reticular dermis and subcutaneous layer in
all regions of the body, i.e. dorsocervical (A, A’), lumbosacral (B, B’), and Ventral (C, C'). The higher magnification
picture shown in A, B’, and C'. (Scale bars A, B, C: 200 um; A’, B’, C: 50 um)
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4. Discussion

The strength of raw and processed leather is
influenced by three factors: the fiber type and cross-
linking between the collagen fibrils, orientation,
and the fibril diameter (Oxlund & Andreassen 1980;
Wells et al. 2013). Collagen fibers play an important
role in tissue structure and function, specifically
for morphology, mechanical function, and wound
healing at the organ level (Cowin 2000, 2004;
Mosesson et al. 2001; Kjaer 2004; Lin et al. 2020).
Type 1 collagen is the primary structural component
of the skin that greatly affects its strength (Oxlund
& Andreassen 1980). In addition, keratin, type III
collagen, and elastin fibers also impact skin strength
on a smaller scale (Oxlund & Andreassen 1980; Wells
et al. 2013).

This study used a Histochemistry approach with
picrosirius red staining to identify the distribution of
thick and thin fibers, which can be associated with
type I and III collagen. It has been used in several
studies under polarized light to identify collagen
types according to their colors (Binnebdsel et al.
2010; Bayounis et al. 2011; Coen et al. 2013; Peeters
et al. 2013; Cavallo et al. 2014). The results showed a
strong yellow-red color associated with thick fibers
(collagen type 1), as well as a green color indicating
thin fibers (collagen type III) (Junqueira et al. 19793,
1979b). Although Lattouf et al. (2014) stated that
picrosirius red staining was unable to differentiate
collagen types due to color changes depending on
the orientation of the collagen bundles, however we
found that methods used in the study only stained the
tissue section for 30 minutes, whereas the standard
duration for picrosirius red staining is 60 minutes.
Junquiera et al. (1979b) stated 30 min of staining
with 0.1% picrosirius red is insufficient and should be
doubled. Therefore, according to Lattouf et al. (2014)
and Junqueira et al. (1979b), we differentiated the
fiber in the skin into thick and thin fiber to identify
different types of fiber-based on color in polarization
light. These terms are also used in the study of
Prawira et al. (2022) in the determination of fiber
type in Sunda Porcupine. However, the picrosirius
red staining can be used to measure the collagen
content in normal and pathological tissue (Ejeil et al.
2003; Sansilvestri-Morel et al. 2007). Caetano et al.
(2016) also demonstrated the comparability of the
picrosirius red staining and quantified methods by
measuring hydroxyproline and calculating the total
fibrillar collagen in wound healing.

This study found thick fibers in the skin of the
dorsocervical, lumbosacral, and ventral regions in the
lizard measuring 39-89 cm SVL ranged from 69-73%.
Differences in collagen percentage between regions
were also found in Sunda porcupines (Prawira et al.
2022). Based on the results, the lizard with a large
SVL size had a high percentage of thick fibers than
those with a small SVL. This has implications on the
skin's strength, which could be stronger in larger
water monitor lizard, making it more difficult to
transform into leather. Therefore, this might be one
of the reasons why leather production favors small-
sized water monitor lizards over large ones.

This study determined the orientation of collagen
fibers in various parts of the skin, namely the
papillaris, reticular, and subcutaneous layer. The
arrangement was observed through histological
observation with picrosirius red staining under
polarized light. Based on the results, the fibers
revealed a spectrum of colors depending on the size
and packing density, indicating obvious collagen fiber
orientation (Whittaker et al. 1994; Koren et al. 2001).
The green-to-greenish-yellow color of thin and
thick collagen fibers indicated that the collagen was
loosely packed, while the orange-red color implied
a dense package. The papillaris dermis exhibited a
dense and irregular arrangement of fibers, while the
reticular dermis was densely packed and consisted
of at least three longitudinal, transverse, and vertical
orientations. Under polarized light, the papillaris
layer was red in color despite the small size of the
fibers. On the other hand, the reticular layer had
variations with a green-yellow color, indicating the
presence of a thin or looser arrangement of fibers.
In the subcutaneous layer, collagen fibers were more
loosely arranged with smaller fibers than in the
reticular dermis. These characteristics were similarly
observed in all body regions and animal sizes.

The diameter of the fibers has been shown to
have varying effects on leather strength in various
animals. For example, in bovine leather, the fiber
diameter significantly affected its strength, while in
other leather such as goat, horse, pig, and sheep, no
significant correlation was found (Wells et al. 2013).
These characteristics can also be different among
tissue types, such as in human aortic valves and
tendons, wherein the strength of these tissues rises
as the diameters of the type I collagen fibers increase
(Michna 1984; Balguid et al. 2008; Biancalana Veloso
& Gomes 2010). Based on the results of the present
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study, the largest reticular dermis fiber size was
found in the lizard with a large SVL. Consequently,
the skin of the large-sized lizard is expected to be
stronger than the smaller ones. The composition of
type 1 collagen fibers and the smaller fiber size also
affect the leather production process.

All biological tissues and materials are generally
known to be visco-elastic (Li et al. 2009; Pissarenko et
al. 2019). Therefore, skin properties are significantly
determined by the structure of fiber bundles as well
as elasticity and relaxation (Ehret & Itskov 2009;
Pissarenko et al. 2019). In this study, elastin fibers
were identified mainly in the border of reticularis
dermis and subcutaneous layer, with orientations
parallel to collagen fibers, which were longitudinal
and transverse. Kielty (2006), stated that in general,
elastin fibers consist of three types namely oxytalan
at the dermo-epidermal junction, elaunin in the
papillaris layer of the dermis, and thick elastin
in the same position as the reticular layer. The
quality of the final leather is significantly affected
by elastin degradation, which improves properties
such as softness, area yield, and evenness (Ornes
et al. 1960; Alexander 1988). However, excessive
elastin degradation causes looseness and increases
mottling and veins in the final leather product
(Lowe et al. 2000). Although in the water monitor’s
leather process, the subcutaneous layer is mostly
separated from the skin along with other tissues
that are attached to the skin (Shine et al. 1996), the
elastin fiber in the border of the reticular dermis
and subcutaneous layer could still be attached to the
skin. The optimum separation of the subcutaneous
layer in the “good side,” both in dorsal or ventral cut,
may be an important step in water monitor lizard’s
leather production. The abundant presence of elastin
fibers in the subcutaneous layer could be a reference
for exploring methods to improve skin quality by
degrading elastin in this layer. Evaluating elastin
fiber degradation in the leather production process
can also help improve the quality of monitor lizard
leather.

In conclusion, this study revealed differences in
the distribution of fiber type in the skin of the water
monitor lizard in both the body regions and sizes.
The dorsocervical and ventral regions exhibited a
higher percentage of thick fibers, indicating stronger
and tougher skin than the lumbosacral region. The
skin in the small water monitor lizard was composed
of a lower amount of thick fiber compared to the

larger ones, suggesting softer skin, which is easier
to process. In addition, a significant amount of
elastic fiber was found in the reticular dermis and
subcutaneous layer border across all body regions
and sizes.
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