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Abstract:

Plastination is a method of preserving biological specimens by replacing the
tissue water and lipid with a curable plastic polymer. In this study this technique
was used to preserve gross specimens from sheep, ox, horse and camel. The
specimens were fixed in 10% buffered formalin, dehydrated in cold —25° C
acetone and impregnated with silicone at —25C° under vacuum. The final step
involved drainage of excess fluids and exposure of specimens to the curing agent
(Biodour™ S6). The plastinted specimens obtained by this method were dry,
durable, non-toxic, odourless and could be stored at room temperature.
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Introduction:

Formaldehyde has been in use for over a century as a disinfectant and
preservative. Medical students including veterinary students usually have a
first-hand experience with formaldehyde in their early days of study of
practical anatomy. However, there has always been a concern to the health
hazards of exposure to formaldehyde. Students exposed to formaldehyde
showed symptoms of irritation and cytogenic changes in epithelial cells of the
mouth and in blood lymphocytes (Kriebel et al, 1993; Suruda et al, 1993).

It has been reported that regular exposure of technicians of histology and
histopathology to formaldehyde induces irriation of the eye and upper
respiratory tract ( Main and Hogans, 1983; Chang and Gershwin, 1992;
Giordano, et al, 1995; Manuel, 1999) , reduction in pulmonary function
(Kilburn, et al, 1989) and as well increased the risk of nasal and lung cancer
(Sterling and Weinkam, 1989, Hansen and Olsen, 1996). In females, a
significant association was noted between exposure to formaldehyde and
delayed conception and increased the risk of spontaneous abortion; both
reflecting an adverse effect on fertility (Taskinen, et al,1999). Animal studies
indicated that formaldehyde is carcinogenic (Brown, 1985; McLauglin, 1994).
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In 1978, Dr. Gunther Von Hagens developed a unique technique of tissue
preservation known as plastination (Tiedemann and von Hagens, 1982). In this
process, water and lipids in biological tissues are replaced by curable polymers
(silicone, epoxy resins, polyester), which are subsequently hardened, resulting
in dry, odourless, non-toxic and durable specimens.

Plastination is carried out in many institutions worldwide and obtained
great acceptance particularly because of the durability and the high teaching
value of plastinated specimens (Tiedemann and von Hagens, 1982; von Hagens
and Tiedemann, 1987; Dawson et al, 1990, Pond et al, 1992; O'sullivan and
Mitchell, 1995; Sittel et al 1997;Weiglein,1997).

As teaching aids, plastinated organs offer advantages over models and
organs preserved in formaldehyde, the traditional method.

The plastination techniques originally developed for macroscopic
specimens are also modified for preparation of plastinated sections for
microscopic studies (Fritsch and Hegemann, 1991, Grondin, et al , 1994).
Preservation by plastination has so far been applied for human anatomy
(Bickley,et al, 1981; (Tiedemann and von Hagens, 1982; Bickley,et al, 1987;
Frenz, et al, 2000). The objective of this study is to establish the technique of
plastination suitable for sheep, ox, horse,and camel, which are often used for
research and teaching in departments of veterinary anatomy.

Materials and methods:
Materials:

Different organs ( heart, lung, kidneys, muscles of forelimb, testes, liver,
spleen, stomach ....etc.) from 6 sheep, 3 oxes, 2 horses and 4 camels, of either
sex and their ages ranged from 2 to 8 years, were used in this study.

Methods:

The plastination process consists of four steps:

1. Fixation was achieved using 10% buffered formalin at room temperature.
The organs were discected and were then perfused and / or immersed in the
fixative for 4-10 days.

2. Dehydration was achieved by a process known as Freeze substitution where
the specimens were placed into three bathes of cold —25° C solvent, acetone
over a period 4-6 weeks.

3. Forced impregnation of dehydrated specimens was achieved by submerging
the specimens in the liquid polymer (silicone rubber, Biodour ™ $10) mixed
with a 1% of the silicone hardener (Biodour™ hardener S3) and placed
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under vacuum. The dehydration and forced impregnation steps were carried
out in Plastination deep-freezer type HLO4.

4. Curing was achieved by exposing the polymer filled specimens to a gaseous
curing agent (Biodour™ hardner S6) in a gas curing unit (tightly closed
chamber) for 6- 8 weeks. The gas hardened the the polymer through the
specimen.

Results:

Of the different results of fixation used in this study, it was found that
large organs (e.g. liver of camel) that were first perfused with the fixative and
then immersed in it, need less time (4 days) to be well fixed as compared to
those which were fixed by immersion (up to 10 days).

Dehydration: at least, three bathes of cold —25° C solvent, acetone for 4-6
weeks is essential to remove the water and insure good dehydration.

Impregnation and curing: impregnation of the specimens in the silicone
under the vacuum for 4-6 weeks and hardening in a curing agent for 6-8 weeks
gave a good result.

The plastinated organs (Figs.1- 8 ) were dry, smooth in texture, clean,
odorless and most of them maintained their original shape and natural look.
The immersed fixed organs retained their close colour to the original after
plastination, while the perfused fixed ones showed slight paleness. Some
organs i.e. testes and kidneys showed slight decrease in size and some degree
of shirnkage (Fig. 2,8). The shrinkage was remakable in the testes. The
plastinated speciemens were easy to handle and could be stored at room
temperature.

Disscusion:

Formaldehyde which has been in use for over a century as preservative ; is
unpleasant, toxic ( Main and Hogans, 1983; Chang and Gershwin, 1992;
Giordano, et al, 1995; Manuel, 1999) and organs deteriorate quickly when
taken out of the liquid. This leads the research workers to look for anthoer
methods of preservations to minimized the use of formaldehyde. Plastination
which is a method of preserving biological specimens by replacing the tissue
water and lipid ; was carried out in many institutions worldwide and obtained
great acceptance particularly because of the durability and the high teaching
value of plastinated specimens (Tiedemann and von Hagens, 1982; von Hagens
and Tiedemann, 1987, Pond et al, 1992; O'Sullivan and Mitchell;1995, Sittel et
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al 1997). Plastination also allow the handling and examination of specimens
without the burden of gloves and toxic fumes e.g. formalin.

In this study the technique of silicone plastination was applied on several
organs from ruminants and horses. The optimal requrements for each step of
plastination were established and saticfactory resuts were obtained.The
plastinated specimens obtaianed were dry, clean, durable, odourless and non-
toxic. They can be written on, and dissected to highlight specific structure and
allow the study of anatomical function, textures and other properties of the
tissue which are lost with typical preservation technique. The results were in
confirmity with the previous studies (Dawson et al, 1990; O'Sullivan and
Mitchell, 1995,)

Although most of the organs maintained their original shape, however
some of the organs showed slight decrease in size and some degree of
shrinkage. This may be attributed to incomplete dehydration of these organs
and when cured they dried and shrink, or it may be due to the type of silicone
used. Since the parenchyma of most of the organs that showed remarkable
shirnkage is formed of very fine tubules i.e seminiferous tubules, the type of
silcone used (S10) may be not suitable to enter and fill them so they shrink
when cured resulting in reduced size of organs. It has been reported that some
specimens need certain type of polymer, and the class of polymer used
determines the optical and mechanical properties of the impregnated specimen
(Bickley,_et al, 1981; Weiglein,1997). Further investigation by different types
of polymers (silicone, epoxy or polyester resin) is needed in future studies to
determine the type of polymer suitable for each specimen.
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Fig. 1. Visceral surface of plastinated liver Fig. 2. plastinated left kidney of ox.
of sheep. L. lobules of the kidney.

1. gallbladder 2. hepatic vein 3. caudal vena

cava 4. left lobe of kidney. 5. caudate lobe of

kidney.

Fig. 3. plastinated kidneys of sheep. Fig. 4. plastinated longitudinal section of right
L. left kiney R. right kidney. kidney of ox showing the interior structures.
C.cortex. M. medulla. RA. Hepatic artery.
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Fig. 5. plastinated heart of sheep. Fig. 6. lateral view of plastinated left lung of
LV. left ventricle. RV. Right ventricle. sheep. Acr. Cranial part of apical lobe. Aca.
LV .left atrium. Caudal part of apical lobe. Ca. caudal lobe.

Fig. 7. plastinated transverse sections through  Fig. 8. plastinated kidney of camel ( showing
the ventricles of heart of sheep. LV. left shrinkage).

ventricle. RV. Right ventricl. SM.

Septomarginal trabecula.
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