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Introduction: Formaldehyde is one of the most common chemicals used for embalming 
and as a result teaching anatomy. Because of the adverse effects of formaldehyde on human 
health and also its environmental complications, this study was conducted to investigate a new 
solution containing zinc chloride for fixation and preservation of anatomical specimens. 

Methods: In this study, we used 40% zinc chloride solution (400 g in 1 liter of tap water) 
combining with 1 liter of glycerin and 200 g thymol per 10 liters solution. One equine (donkey), 
two carnivores (dog) and one ruminant (goat) were embalmed with the mentioned solution. 
Two another dogs were also embalmed with only 40% zinc chloride solution. The specimens 
were dissected after three weeks.

Results: Muscular tissue as well as joints were remained soft and flexible. The vessels and 
nerves were dissected and detected easily. No sign of tissue desiccation was seen. Color 
of muscular tissues and internal organs were similar to formalin-embalmed specimens. 
Sedimentation of salt on skin or internal organs was not seen. Similar results were obtained 
from specimens which embalmed with only 40% ZnCl2 solution. 

Conclusion: It seems that 40% ZnCl2 solution could embalm and preserve anatomical 
specimens as well without using formalin, alcohol, glycerin, or thymol.
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Anatomical Sciences. 2018; 15(1):25-30.
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1. Introduction

adavers and animal carcasses are used to 
teach macroscopic anatomy curriculum in 
medical and veterinary schools. One of the 
most important prerequisites for using hu-
man cadavers and animal carcasses is their 

proper preservation [1]. Thus, anatomical specimens 
must be protected from decomposition by some methods 
like embalming with certain chemical substances. Try-
ing to embalm and preserve the human body dates back 
to 3000 years ago. Then, the main motive for embalm-
ing was religious beliefs. Many ancient cultures believed 
that eternal life was associated with an intact body and 
rotten bodies are deprived from the afterlife. According 
to this belief, cadavers do not corrupt if be preserved un-
der certain conditions and using natural methods such as 
freezing and heat or cold drying [2]. 

Well-embalmed cadavers for teaching anatomy must 
have the following characteristics: the organs and tissues 
should be preserved for a long time with the minimal 
shrinkage, deformation, and hardening, as well as main-
taining flexibility [3]. Formaldehyde is one of the most 
important chemicals commonly used for preservation of 
the cadavers. A German chemist, August Wilhelm von 
Hofmann, discovered formaldehyde in 1869 and Las-
kowski introduced phenol for embalming in the mid-19th 
century (1886) [4].

At that time, formaldehyde was recognized as an ex-
cellent preservative and used as a basic material for em-
balming solutions. The exact concentration of formalde-
hyde used was a controversial topic. Some recommended 
a concentration of 3% and some others 10%. In addition, 
side effects of formaldehyde such as skin and respira-
tory irritation, conjunctivitis, and headache was marked. 
So far, several modified formulae have been suggested 
for embalming in the literature. Kieserling method was 
introduced in 1897 for maintaining color and shapes and 
still is widely used. However, this method is mainly ap-
plicable for separated samples and is not suitable for ana-
tomical dissection [5]. Jaurès presented another fixative 
solution containing chloral hydrate and formaldehyde 
[6]. In 1952, Woodburne and Lawrence applied a modi-
fied formulation with common compounds, including 
alcohol, glycerin, formaldehyde, and phenol [7]. 

Richins et al. [8] used a new solution for embalming 
that contains potassium pyrophosphate and magnesium 
chloride to reduce formaldehyde fixation-induced stiff-
ness. Moreover, they replaced the phenol with sodium 
pentachlorophenate to eliminate unpleasant cadaver 

odor and look better its color. In 1983, Logan described 
a guidance for fixing the cadavers that was different 
from several aspects compared to the common meth-
ods. In this procedure, fresh cadaver is frozen at -35ºC, 
thawed for two days then the venous system is rinsed 
with a blood diluent and a preservative solution contain-
ing alcohol, glycerin, phenol, and finally a small amount 
of formaldehyde is injected in the arteries [9]. Thiel pre-
sented a new method for the preservation of the cadaver 
with natural color [10, 11]. 

The most important advantage of this method was sat-
isfying the high standards of preservation without releas-
ing harmful substances into the environment. However, 
this method is quite complex and includes several ex-
pensive materials. In this method, the flexibility of the 
preserved corpses is comparable with fresh ones and 
their color is also well preserved. These specimens can 
be used in various surgical trainings such as arthrosco-
py, laparoscopy, oral surgery, and implants [12, 13, 14]. 
Despite the diverse formulas that have been presented 
for preservation, formaldehyde is still used as the basic 
material. Considering the actual and potential negative 
effects of formaldehyde for the health of the students, 
teachers and staff who are exposed to it as well as en-
vironmental contamination, we attempted to examine a 
new solution containing high amounts of ZnCl2 salt for 
fixation and preservation of the anatomical specimens. 
The results of the present study would be helpful to in-
troduce a cleaner and safer solution and consequently a 
better experience of dissection. 

2. Materials and Methods

The embalming solution used in this study consisted 
of ZnCl2 powder, glycerin, and thymol. About 400 g of 
ZnCl2 salt was solved in 1 liter of water. Then, 1 liter of 
glycerin (emollient) and 200 g of thymol (anti-fungal) 
were added per 10 liters of the solution. An equine (dog), 
four carnivores (dog) and a small ruminant (goat) were 
used for embalming. Two dogs were embalmed with the 
solution described above and the two others were inject-
ed just with 40% ZnCl2 solution without using glycerin 
and thymol.

The animals were anesthetized by injecting ketamine 
and xylazine (5 mg/kg ketamine + 0.5 mg/kg xylazine 
IM in dogs, 5 mg/kg ketamine + 0.1 mg/kg xylazine 
IM in goat, 2 mg/kg ketamine + 1 mg/kg xylazine IV in 
dog). The carotid artery was identified through an almost 
10-cm incision in the upper third of the neck and ligated 
with two scissors. Then a small incision was made on 
the arterial wall through which a cannula with the same 
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diameter of the artery was inserted. Then, the lower scis-
sor (which was near to the heart) was opened to allow 
blood to flow out through the cannula. After complete 
bleeding, 20, 5, and 5 liters of the solution was pumped 
into the carotid artery and the circulatory system of don-
key, dogs, and goats, respectively. Pumping was stopped 
after viewing the foam in the body’s natural openings 
like the nostrils and anus and the artery was closed with a 
thread. At the end, the limbs extremities were covered by 
the cloths soaked in glycerin and the animals were trans-
ferred to the 4ºC refrigerator. Carnivorous and ruminant 
specimens were dissected after one week and equine 
specimen was dissected after three weeks.

3. Results

The results showed that 40% ZnCl2 solution can be 
properly used for embalming of animals. As in dissec-
tion, the muscular tissue and joints were found to be 
quite soft and flexible. Color of the muscles and internal 
organs was quite similar to those embalmed with com-

mon solution containing formalin (Figure 1). Vessels and 
nerves were easily dissected and detected (Figure 2, 3). 
There were no sign of drying and salt deposition over 
the skin or internal organs. It is worth noting that similar 
results were obtained in the cases which were preserved 
with 40% ZnCl2 solution without thymol and glycerin 
and there was no sign of fungal growth, too. Therefore, 
antifungal and softeners substances are not be needed. 

4. Discussion

Concern is rising about the dangers of formaldehyde 
use in the workplace. On the other hand, the attempts to 
find a practical solution in accordance with the health and 
safety regulations is necessary for setting a standard limit 
for exposure to formaldehyde. The other complication 
is that university officials and health security of medical 
schools may be faced with major lawsuits if employees 
contact with excessive amounts of formaldehyde [15]. 
The chemical compounds that had been used for em-
balming for decades, now are inapplicable and imprac-
tical. The search for a solution with a small amount or 
without formaldehyde is an urgent issue. However, this 

Figure 1. Superficial dissection of the thoracic limb muscles 
in ruminant
1: Trapezius m; 2: Latissimus dorsi m; 3: Deltoid m; 4: Su-
praspinatus m; 5: Triceps m; 6: Tensor fasciae antebrachii m; 
7: Brachial m; 8: Extensor digitorum communis m; 9: Flexor 
carpi radialis m.
Abbreviation: m: muscle

Figure 2. Superficial dissection of nerves and vessels of axil-
lary region in ruminant thoracic limb
1: Subscapular n; 2: Thoracodorsal n; 3: Axillary n; 4: Radial 
n; 5: Ulnar n; 6: musculocutaneous n; 7: Brachial a; 8: Median 
n; 9: Median a. 
Abbreviations: n: nerve; a: artery



28

Winter & Spring 2018, Volume 15 Number 1

issue has been widely neglected and limited efforts have 
been made to reduce the concentration of formaldehyde 
or use a substitute in embalming solutions [16, 17]. In 
the present study, excellent results were obtained with 
complete elimination of formaldehyde and replace it 
with ZnCl2 salt. 

The idea of using common salts as the main compound 
of the embalming solutions originates from its applica-
tion in food industries. Salt has been used as a great and 
cheap preservative in food industries for centuries. High 
levels of salt in many processed foods such as meat, 
fish and vegetables are common and create an environ-
ment that minimizes the growth of bacteria and fungi. 
Ambroise Pare (1510-1590), an anatomist and one of 
the pioneers in surgical techniques, introduced the com-
mon salt as a component of his embalming solution [18]. 
Coleman and Cogan [3] offered a solution to embalm 
corpses. Their solution contains a high concentration of 
salt and small quantities of formaldehyde. Logan modi-
fied their solution with adding formaldehyde, glycerin, 
phenol, isopropyl alcohol and a large amount of sodium 
chloride. They stated that salt prevents the cadavers from 
excessive drying and maintains the natural color of tis-
sues. Moreover, tissues remain soft and flexible while 
their deformation is minimized. The obtained results in 
the study confirm these findings, as muscles were quite 
soft and flexible and no sign of drying or salt decom-
position was found in the specimens. However, the 
muscles color was gray similar to the color of formalin 
fixed samples. In addition, ordinary salt are available 
with low cost. Considering these features, it seems that 

saturated salts solution are very suitable for embalming 
animal corpses. Muscles make up 40%-50% of the body 
weight. Salted or cooked muscles remain soft and have 
a good resistance against drying and microbial contami-
nation. In a study, various methods of embalming with 
saturated salt solution, Thiel solution, and traditional 
formaldehyde-based solution were compared and inves-
tigated for surgical training. Traditional methods based 
on formaldehyde, despite having benefits such as the 
least risk of infection and good quality for histological 
studies, have some disadvantages such as hardening of 
tissues and joints, change of tissues color, low quality 
of imaging and health risks (carcinogenic). Instead, by 
using a Thiel solution, tissues and joints remain soft and 
flexible with natural color and appearance and imaging 
capability is also high. However, this method is costly 
and very time consuming with difficult technique. On 
the other hand, the saturated salt solution maintains natu-
ral color of tissues, provides high quality images, and has 
low cost. The disadvantages of this solution for surgical 
training compared to Thiel solution are low flexibility 
and softness of tissues and joints and also edema forma-
tion, especially in the subcutaneous tissues [19].

The obtained results showed that 40% ZnCl2 solution 
can embalm and preserve anatomical specimens prop-
erly, i.e., the muscles and joints remain soft and flexible, 
besides vessels and nerves can be easily dissected and 
detected.
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