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Summary: Preparation and long-time preservation of reptile specimens need a meticulous work. Plastination is a convenient
method to create real-like and durable specimens. However, the basic steps of silicone plastination should be changed or modified
depending on the anatomical or histological features of the reptile species. Various species of scaled reptiles were plastinated for this
research. The aim of this study was to evaluate the silicone plastination of scaled reptiles in a detailed manner and to create a fast but
convenient protocol to obtain useful plastinates. Final products have revealed that padding with the acetone resistant and quick drying
polymers before the fixation step was quite effective to provide a better anatomic form and position especially in hollow structures.
Proper use of polyethylene glycol may help researchers to prevent superficial drying and adhesion of excess polymers and to inhibit
the mould growth during the fixation stage. It is considered that preparation of reptile specimens with this modified plastination method
will be efficacious for practical teaching of reptiles.
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Pullu siiriingen érneklerinin hazirlanmasi ve muhafazasi icin modifiye S10B silikon plastinasyonu
metodu

Ozet: Siirlingen preparatlarinin hazirlanmasi ve uzun siireli muhafazasi faaliyetleri, titiz bir ¢aligma gerektirir. Plastinasyon;
dayanikli ve gergege 6zdes goriiniimlii ornekler yaratabilmek i¢in amaca yonelik bir metottur. Fakat siirlingen tiirlerinin anatomik ve
histolojik ozelliklerine bagli olarak; silikon plastinasyonunun temel asamalarinda degisiklik veya modifikasyonlar yapilmasi
gerekebilir. Bu arastirma igin ¢esitli pullu siiriingen tiirleri plastine edildi. Bu ¢aligmadaki amag; siiriingen Ornekler igin silikon
plastinasyonu iglemini detayli bir sekilde degerlendirmek, faydali plastinatlar elde edebilmek adina hizli fakat amaca yonelik bir
plastinasyon protokolii gelistirebilmekti. Elde edilen son iiriinler, fiksasyon islemi 6ncesi drneklerde asetona dayanikli, hizl1 sertlesen
polimer dolgu malzemelerinin kullanilmasinin, 6zellikle bosluklu yapilarda daha iyi anatomik form ve pozisyonu saglayabilmek
bakimindan ¢ok etkin oldugunu ortaya c¢ikarmistir. Fiksasyon siireci boyunca polietilen glikol’iin 6rnekler iizerinde uygun
kullaniminin, yiizeyel kurumay1 6nlemesi, kiif mantar1 aktivitesini baskilamasi, fazla polimerin 6rnek yiizeyine yapismasint dnlemesi
acisindan arastiricilara yardimet olacagi diistiniilmektedir. Cesitli siirtingen 6rneklerinin belirtilen modifiye silikon plastinasyon metodu
ile hazirlanmasinin, siiriingenlerin uygulamali 6gretimi icin ¢ok faydali olacagi dngoriilmiistiir.

Anahtar sozciikler: Anatomi, plastinasyon, polietilen glikol, siiriingen.

Introduction

While the reptiles were becoming popular pets for
modern world (4, 18), diagnosis, treatment and care
services for reptiles also have come to the fore in recent
years. Several reptile units have been constituted private
or within the veterinary schools due to this increasing
demand (17, 30). Not only the clinical case reports, but
also the research articles focused on reptiles have been
significantly increased over the last decade (2, 15, 18, 33,
37). Thereby, updated lectures for reptile clinics have
being organized in the veterinary education establishments
considering these improvements mentioned above (35). In

this context, practical reptile anatomy lectures giving on
the purpose of supporting reptile clinics is a basic and
essential issue (18, 35).

Within the scope of exotic animal anatomy course,
14 hours of reptile anatomy lecture is given on the second
semester of undergraduate education in our faculty. Due
to the fact that the most of the scaled reptiles such as
iguanas, snakes, turtles etc. are endemic species (10),
continual providing of proper cadavers has been a problem
for our practical anatomy courses. Besides, manufacturers
are not in tendency to produce artificial models of reptiles
and current ones are insufficient for an effective teaching.
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Plastination of reptiles can be a convenient
alternative to create real-like, durable specimens (12, 25,
35). The main principle of plastination is to replace tissue
fluids in the specimen with a reactive polymer through an
intermediary solvent such as acetone or alcohol (12, 13,
24). The most well-known technique is silicone
plastination which can be considered as the most
convenient one for the preparation of organs and whole
body specimens (9, 27, 32). An ordinary low-temperature
silicone plastination is subsumed under five main steps
and these are briefly defined as specimen preparation,
dehydration, defatting, forced impregnation and gas
curing — hardening (22, 29, 32). However, these steps can
be changed or modified depending on the anatomical or
histological features of the specimen (5, 20, 26, 34, 36).

The class “reptilian” includes various cold-blooded
species. The largest order of this class is squamata or the
scaled reptiles. Dissimilarly to the rest of reptilia the skin
of the scaled reptiles forms various cornifications. These
scales, horns or plates cover overall surface of the skin and
hereby a specialized, dry skin forms. Substantial anatomic
differences especially on the digestive, respiratory,
cardiovascular and urogenital systems can be observed
when compared with the mammals (10, 21). Therefore, the
anatomic preservation, especially plastination, techniques
for the reptiles may indicate variations.

However, studies based on the plastination of the
squamata are quite limited according to our literature
search (16, 25, 35). The aim of this study is to evaluate the
silicone plastination of scaled reptiles in a detailed manner
and to discuss the plastination procedures of reptiles and
mammals in previous studies. It is also aimed to create a
fast but convenient protocol for the silicone plastination of
squamata.

Materials and Methods

A Jackson’s chameleon (Trioceros jacksonii), a
central bearded dragon (Pogona vitticeps), a yellow-
bellied puffing snake (Pseustes sulphureus), an Emerald
tree boa snake (Corallus caninus), two green iguanas
(lguana iguana), two Mediterranean chameleons
(Chamaeleo chamaeleon) and two Asian water monitors
(Varanus salvator) were plastinated for this study.
Samples had died of natural causes in a private reptile park
or in the national zoo and were brought to our faculty for
post-mortem examination.

Specimen preparation: After a small median incision
on the ventral part of the specimens, except the snakes, an
acetone resistant polyurethane filling chemical was
applied to the thoracic and abdominal cavities to avoid the
subsidence of hollow parts (Figure 1B and C). Meanwhile,
another acetone resistant, rapid hardening silyl modified
polymer was injected from the ventral part of the snakes

in every 3 cm equidistantly and from mouth throughout
the gastrointestinal tract as well (Figure 1A). After the use
of padding with polyurethane and silyl modified polymer,
specimens were immobilized in their natural position and
morphology with various piers such as plastic or metal
bands, needles, spheres and acrylic putties (Figure 2A and
B).

The polyethylene glycol (PEG) 400, a viscous liquid
fixation chemical, was brushed on to the outer surface of
the skin to provide a simple-superficial mould protection
and to avoid drying (Figure 1D). Besides, PEG 400 helped
us to prevent the adhesion of excess paddings to the skin
and also enhance the penetration ability of formalin
solution (6, 7, 14, 19). Polyethylene glycol 400 coated
cadavers were kept in +4 °C for 6 hours for full concretion
of padding. After hardening process, the excess solidified
polymers were removed easily from the specimens by the
help of PEG. Formalin solution (4%) was injected to the
skin and all the body cavities ventrally including cranium
by using 13 mm injection needle. Immediately after
injection, specimens were submerged into the formalin
solution just for 48 hours at +4°C and then rinsed in
running tap water for 6 hours.

Dehydration: Specimens were pre-cooled to +4°C
again and then submerged in pre-cooled 99.5% acetone
bath at -25°C. The species were put into different air-tight
containers to define the alterations on the dehydration
parameters of various species. The volume of the pure
acetone used was 10 times that of the specimens to be
dehydrated. The concentration of the acetone was
monitored with an acetone meter in every 24 hours for
verification of a proper and accurate dehydration. The
acetone bath was immediately changed when the
concentration was recorded same in two consecutive days.
Dehydration process was carried on until the
concentration was stabilized at > 97 %.

Although defatting is a standard procedure for
various tissues to be plastinated, this stage was skipped to
avoid specimens’ unnecessary exposure of acetone which
has negative effects on the pigmented tissues, and to
protect the morphology of reptile pads and the other
anatomic structures formed by adipose tissue.

Impregnation: The dehydrated specimens were
immersed in Biodur S10B/S3, 100:1, silicone polymer
mixture. Impregnation process was carried out in two
different ways to evaluate which one was more convenient
for reptile specimens. One of the monitors, iguanas and
Mediterranean chameleons were impregnated in room
temperature (+20°C) and the other individual of these
species was processed with low-temperature (-25°C)
impregnation. Besides, Jackson’s chameleon, central
bearded dragon, yellow-bellied puffing snake, and
Emerald tree boa snake which we could include only one
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Figure 1. A. Acetone resistant slyl modified polymer injection to Emerald tree boa snake, Polyurethane application to B. Central
bearded dragon and C. Jackson’s Chameleon, D. Polyethylene glycol 400 application to the Emerald tree boa snake.

Sekil 1. A. Emerald aga¢ boa yilani’na asetona dayanikli slyl modifiye polimer enjeksiyonu, B. Sakall1 ejder’e ve C. Jackson
bukalemunu’na poliiiretan uygulamasi. D. Emerald agag¢ boa yilani’na polietilen glikol 400 uygulamasi.

Figure 2. Specimens on which PEG applied and immobilized with various metal, plastic and acrylic piers. A. Green iguana and B.
Asian water monitor.
Sekil 2. Metal, plastik ve akrilikten imal edilmis malzemelerle desteklenmis ve PEG uygulanmis A. Yesil iguana ve B. Asya su varant.

individual to this study, were impregnated only in low deformation of immersed samples. Furthermore, samples
temperature. The S10B/S3 mixture had been pre-cooled to were impregnated separately to determine the exact
-25°C for room and low temperature impregnation either impregnation period for each species.

to avoid sudden outgassing of acetone and the unexpected
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After the vacuum had started, pressure in the
chamber was lowered by approximately one third per day.
However, the negative pressure in the vacuum chamber
was measured with a Bennert’s manometer, the
impregnation was carried out by observing the surface of
silicone where a few acetone bubbles were seen on at
every point. The pressure and the bubbling were regulated
with a chamber valve to ensure that the impregnation
process was being performed properly. Impregnation
process was maintained until no acetone bubbles were
seen at the highest vacuum.

Gas curing and hardening: Specimens were
removed from silicone polymer and kept on a strainer at
room temperature for 3 days. This period was quite
important for proper silicone oozing. The excess silicone
on the surface of the specimens was wiped with a towel
regularly. The specimens were positioned for their final
appearance and placed in a gas curing chamber containing
Biodur S6 in a small glass container at room temperature
for 10 days (Figure 3). After gas curing — hardening step,
specimens were kept in zip-lock bags for 2 weeks, because
the hardening reaction would probably carry on.

Figure 3. Green iguana in gas curing-hardening stage.
Sekil 3. Gaz kiirleme-sertlestirme agamasindaki yesil iguana.

The specified parameters such as temperature,
processing periods, concentration were monitored and
recorded at each step.

Results

After this modified low and room temperature
silicone plastination procedure, plastinates were quite
similar to their natural outlook and kept their previous
morphologic features. Plastinates were odourless and
flexible as well. Acetone resistant polyurethane and silyl
modified polymers gave worthwhile results for the
protection of hollow parts in their natural morphology.
Polyethylene glycol 400 application to the outer surface of
the specimens considered as efficient to avoid superficial
drying and mould activity. Dehydration parameters for
reptile species were indicated at the table (Table 1).

Table 1. Duration of the dehydration step for reptile species.
Tablo 1. Dehidrasyon asamasinin tiirlere gore siiresi.

Times of Duration
Species Acetone Bath at (Total
P 25°C Dehydration

(> 97 % purity) | Period - Days)
Mediterranean Chameleon 2 15

Green Iguana 3 22
Asian water monitor 2 13
Jackson’s chameleon 2 16
Central bearded dragon 3 20
;]e;lll(zw-bellled puffing 3 18
Emerald tree boa snake 3 21

Table 2. Duration of room temperature and low temperature
impregnation for reptile species.
Tablo 2. Oda sicakliginda ve diisiik sicaklikta impregnasyon
tekniklerinin tiirlere gore siiresi.

Low
Room
Temperature Temperature
Species - (-25°C)
Impregnation .
(Days) Impregnation
(Days)
Mediterranean Chameleon 6 9
Green Iguana 8 11
Asian water monitor 6
Jackson’s chameleon -
Central bearded dragon -
Yellow-bellied puffing ) 10
snake
Emerald tree boa snake - 11

Room temperature impregnation was accomplished
in a shorter time for all species - as it was expected - when
compared with the one in -25°C. The duration of two
different impregnation techniques were summarized in the
table (Table 2). Gas curing and hardening period was
standardized for all species as mentioned above. Even so
the final products were elastic and durable as required.

Discussion and Conclusion

In previous studies, it was mentioned that the hollow
organs should be hydrostatically dilated with an air
pressure or flushed with water and then fixed in a dilated
position to avoid the negative effects of fixation and
dehydration (9, 13). We observed that rapid hardening
polyurethane and silyl modified polymer padding, instead
of air pressure, was efficient as well. It dispersed and filled
all the gaps in the hollow parts of the specimens. Based on
experiences from our previous studies (11) and the current
one, we could state that silyl modified polymer padding is
convenient to fill the small numerous gaps apart from each
other like the body of the snakes with the organs inside.
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The concretion ability of the paddings at +4°C was
efficacious and keeping fresh specimens in this
temperature during concretion was also functional to
reprieve the putrification. Moreover, mechanic extraction
of paddings from the same incisions could be quite easy at
the end of plastination stages, as they were still elastic.
After extraction of paddings, incisions could be widened
to demonstrate the internal organs. Therefore, the use of
various piers and paddings to provide a better position was
very efficacious. Specimens were placed and kept in
desirable anatomic position easily during the tough steps
of plastination.

It was stated that PEG is not only an effective fixative
agent, but also it can prevent the mould growth in the
specimens and provide disinfectant activity as well via
increasing the penetration ability of formalin solution (1,
6,7, 14, 19). Although we couldn’t find a previous study
indicating the superficial application of PEG on
plastination process, covering with PEG 400 was
considered as efficacious not only to prevent the adhesion
of excess paddings to the outer surface of the skin, but also
to avoid drying and mould activity. For the further studies,
we planned to analyse the disinfectant and fixative effects
of PEG on plastinates with quantitative methods.

Although the fixation is not essential step for silicone
plastination (9, 23), our previous experience on mammals
(12) and reptiles (11) revealed that the fixated specimens
give better results on final products when compared with
the non-fixated ones. Wendel et al. injected formalin
solution to reptile specimens in their study (35). However,
formalin fixation has also negative effects on the colour
and volume of the tissues (23, 25, 28, 29), we’ve made a
simple formalin injection and a short term formalin
fixation either. Contrary to Wendel et al. (35), our fixation
period was quite shorter than the reported parameters in
their study. According to the study of Sirinivasan et al.
(31), the coefficient of diffusibility for 4% formalin
solution is approximately 0.78 mm. Therefore, the 48
hours of formalin fixation was considered as adequate for
the specimens in our study.

However, the dehydration step was carried out at -
25°C, the effects of pure acetone on the skin and the
shrinkage of the tissues that Brown et al. (8) had
mentioned was a problem for the specimens. Strictly
monitoring the acetone concentration helped us to
complete dehydration step as short as it could be. Unlike
Wendel et al. (35) and Pendovski et al. (25) defatting stage
was skipped due to protect the morphology of pads and the
other anatomic structures formed by adipose tissue.

In accordance with Sagoo and Adds (29), low-
temperature  dehydration and  room-temperature
impregnation of reptile specimens gave good results.
Room-temperature impregnation was shorter than the

low- temperature one as it was expected. The shrinkage
and colour alterations in plastinates impregnated in room
temperature were quite similar to that achieved during
low-temperature impregnation. The final colours of the
specimens were darker than their natural colour. But,
using of pigmented silicone polymer (S10B) was more
efficient to obtain closer colours to the natural look of skin
and especially internal organs when compared with our
previous studies (3, 11) which were performed with
common S10 impregnation polymer. It is considered that
the quantitative measurement of volume and the colour
alterations of specimens for each step should be planned
for further studies.

To conclude, it was revealed that this modified
silicone method can be an alternative for the proper
silicone plastination of reptile specimens. In addition,
quick hardening, acetone resistant polymers are
convenient paddings for the plastination of hollow
structures. It is considered that preparation of various
reptile plastinates for different reptile practices can be an
efficacious method for practical teaching of reptiles.
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