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Abstract 

The embalming of a cadaver to study anatomy in humans, animals, and for expositions in biological museums is 

classically performed by formaldehyde injection. Despite its efficiency and wide application, this method delivers 

technical problems and high toxicity. Through an experimental model with Wistar rats previously embalmed in 

formalin, we developed two converting solutions (G1 and G2) to perform a macroscopic and qualitative analysis of 

the embalming maintenance, the color, the fungus proliferation, the pliability, and the post-conversion dissection of 

the specimens. This work aims to present the results of this experiment and discuss the data. After 365 days of the 

experiment, both solutions showed benefits in terms of reduction of toxicity, the use of a single solution to convert, 

storage without the need for containers with embalming solution, containment of fungus proliferation, and 

improvement of the color of the organs. Although these are the initial results without full achievement, we consider 

the G1 solution a suitable and advantageous alternative for the museology area.  
Keywords: Embalming; Wistar rats; Formaldehyde; Anatomy; Museums. 

 

Resumo  

A fixação de peças cadavéricas para o estudo da anatomia humana, animal, e para exposições em museus de biologia 

é classicamente realizada por meio da injeção de solução de formaldeído.  Apesar da sua eficiência e larga aplicação, 

a utilização dessa técnica revela problemas técnicos e relativos a toxicidade. Através de um modelo experimental 

utilizando ratos Wistar previamente fixados com formaldeído, elaboramos e testamos duas soluções conversoras (G1 e 

G2) para analisar macroscopicamente e qualitativamente a toxicidade, a manutenção da fixação da peça, a coloração 

das estruturas anatômicas, a proliferação fúngica e a flexibilidade das estruturas para possível dissecação pós-

conversão. O objetivo desse trabalho é apresentar os resultados preliminares desse experimento. Após 365 dias de 

experimento, ambas as soluções demonstraram benefício quanto: diminuição da toxicidade ao odor, utilização de 
solução única em peças já formolizadas, armazenamento sem necessidade de tanques contendo líquido fixador, 

contenção da proliferação fúngica e melhora da coloração. Embora o resultado preconizado inicialmente não tenha 

sido alcançado, consideramos a solução utilizada em G1 uma alternativa vantajosa para área de museologia.   

Palavras-chave: Fixação; Rato Wistar; Formol; Formaldeído; Anatomia; Museus. 

 

Resumen  

La fijación de piezas cadavéricas para el estudio de la anatomía humana, animal y para exposiciones en museos de 

biología se realiza clásicamente mediante la inyección de solución de formaldehído. A pesar de su eficacia y amplia 

aplicación, el uso de esta técnica revela problemas técnicos y de toxicidad. Mediante un modelo experimental 

utilizando ratas Wistar previamente fijadas con formaldehído, desarrollamos y probamos dos soluciones convertidoras 

(G1 y G2) para analizar macroscópicamente y cualitativamente la toxicidad, manteniendo la fijación de la pieza, la 

coloración de estructuras anatómicas, proliferación fúngica y flexibilidad de las estructuras para una posible disección 
posterior a la conversión. El objetivo de este trabajo es presentar los resultados preliminares de este experimento. 

Luego de 365 días de experimentación, ambas soluciones mostraron beneficios en cuanto a: reducción de la toxicidad 
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por olor, uso de una sola solución en piezas ya formalizadas, almacenamiento sin necesidad de tanques que contengan 

líquido fijador, contención de la proliferación de hongos y mejora del color. Aunque no se ha logrado el resultado 

inicialmente recomendado, consideramos que la solución utilizada en G1 es una alternativa ventajosa para el área de 

museología. 

Palabras clave: Fijación; Rata Wistar; Formaldehído; Anatomia; Museos. 

 

1. Introduction 

In the contexts of health colleges and biological museums, the use of human and animal cadavers occurs as a tool for 

education as well as to inspire future generations. Despite the modern virtual alternatives in education, the visualization and 

manipulation of cadavers remain as the gold standard in this matter, considered distinct, and there is still no viable alternative 

to change, especially in the surgical and clinical training (Burns et al., 2018; Hayashi et al., 2014; Homma et al., 2019; Patel & 

Moxham, 2008).  

Most of the human anatomy laboratories in Brazil inject a formalin solution in 10% to embalm cadavers and keep 

them immersed in the same solution for maintenance. Such procedures allow to avoid microbial proliferation, decomposition, 

and its efficiency is vastly recognized and long-lasting. However, this routine results in an unhealthy environment for 

professionals and students (Rodrigues et al., 2010) due to the high toxicity and degree of carcinogenesis of 

formaldehyde(International Agency for Research on Cancer, 2006). Although the harmful effects are related to the 

concentration and the exposure time, eye irritations, mucosal irritations, and skin lesions occur with a simple contact with the 

substance (Lorenzoni et al., 2017; Tamayo-Arango & Garzón-Alzate, 2018). 

In the biological museums, these aspects are more controlled and even attenuated with other methods, such as ethanol 

embalming, hermetically sealed containers, and controlled ventilation, even though the ethanol is highly flammable (Baptista 

et al., 2010; Hammer et al., 2012). 

Despite the great advancement of the primary methods in cadaver embalming with regular durability (Brenner, 2014; 

Hammer et al., 2015; Lombardero et al., 2017), there is a lack of knowledge about methods to convert or adapt formaldehyde-

embalmed cadavers to teach and to use in extension activities in the university (Chafin et al., 2013; Gilbert et al., 2007; 

Yörükoglu et al., 2013). 

 This work aims to present and discuss results from two solutions used to convert biological specimens embalmed in 

formalin (10%). Our original intention was to create a single solution capable to reduce toxicity and provide maintenance 

without the need for immersion and microbial control, to preserve the characteristics of flexibility, texture, and color of the 

anatomical structures, such in the living. 

 

2. Methodology  

This work was ethically reviewed and approved by the Institutional Ethical Committee in Animals (CEUA-UFES 

15/2014). Twelve male Wistar rats (Rattus norvegicus) with a mean age of 600 days and a mean weight of 320g were obtained 

from the animal colony of the Centro de Ciencias da Saude – UFES. These animals were euthanized with an overdose of 

sodium pentobarbital (100mg/kg) and dissected in the sagittal plane to expose their cavities (Figure 1). The standard 

embalming in 10% of formalin (standard solution) was performed through the left ventricle with pump perfusion. Thus, they 

were randomly divided into two experimental groups, G1 and G2.  

Each group provided 1 specimen to serve as Control, which was kept immersed in the standard solution until the end 

of the experiments – this methodology was employed to simulate the routine of the persistent majority of the anatomy 

laboratories in Brazil. The others were prepared individually using two experimental solutions (Table 1). 

 

http://dx.doi.org/10.33448/rsd-v10i1.XX


Research, Society and Development, v. 10, n. 1, e21510111575, 2021 

(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v10i1.11575 
 

 

3 

Figure 1 – Photographs of the specimens of Control group (C), G1, and G2 after 365 days of the experiment. 

 

Note the absence of fungus or signs of decomposition, and the difference in color over the methods studied. Scale bar 2cm. 
Source: Authors. 

 

Table 1 – Experimental groups and proposed solutions. 

Groups G1 (6 specimens) G2 (6 specimens) 

Control specimens 1 1 

Experimental specimens 5 5 

Solutions 

(2 liters for each specimen) 

30% water 

2% sodium chloride 

43% glycerin 

25% ethanol in 96 degrees 

pH 4 

10% water 

10% isothiazolinones and 

halogenated derivatives 

37% glycerin 

43% ethanol in 50 degrees. 

pH 7,6 after 28g sodium phosphate 

Source: Authors. 

 

Since the proposed solution has a fatty characteristic, the G1 and G2 specimens were kept individually in a closed 

recipient following their solution for 30 days at room temperature (24° Celsius). This methodology was important to attend 

daily to the natural submersion of the specimens and investigate the full change of the solution concentration in the specimens’ 

bodies. In sequence, they were suspended in a grid for 30 days at room temperature to drain the solution excess. 

After the solution drainage, the qualitative analysis was started and lasted 365 days. Each specimen was packed in 

semi-open recipients with identification by the group at room temperature. The routine of the evaluation was conducted 

biweekly with the simple inspection, manipulation, and comparison about: a) the embalming quality and decomposition 

process, b) the color, c) the fungus proliferation, d) the flexibility, and e) the pliability to dissect after conversion. The pliability 

was verified by performing a stratum dissection in the anterolateral abdominal wall, in all specimens, at the end of the 

experiment (Figure 2). 
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Figure 2 – Photographs of the specimens of Control group (C), G1, and G2 after 365 days of the experiment with 

partial dissection. 

 

Note the relative pliability of the specimens in the dissection of the skin, subcutaneous tissue, and anterior wall of the abdomen. 

Scale bar 2cm. Source: Authors. 

 

3. Results  

The natural submersion of the specimens occurred by the 30th day in the experimental groups with no differences 

between them. Both techniques allowed the specimens to remain in the environment without the occurrence of dryness, fungal 

proliferation, and decomposition. Likewise, these specimens showed no odor features compared to the control, not even the 

formalin initially infused.  

The decrease in pliability and the darkening of the viscera were verified in G1 when compared to the control. 

However, they still allowed free manipulation and dissection (Figure 1). The brownish and yellowish tones allowed a more 

natural appearance to the specimens. Organs such as the heart, the liver, and the kidneys were similar to the color of the living 

compared to control (Figure 1). 

The specimens in G2 were darker and stiffer when compared to G1, making it difficult to dissect after conversion: these 

attributes allowed us to choose the G1 solution as the most successful. In addition, the technique applied in G1 showed greater 

differentiation between the anatomical structures, being more appropriate for performing other dissections (Figure 2). 

 

4. Discussion  

The main result of this report was to present a solution as an alternative method to convert formalin-embalmed 

specimens into less harmful, odor-free, and color-realistic specimens for museums, expositions, and lectures made in low-cost 

and commercially- accessible materials. 

The proposition of a single solution able to convert a formalin-embalmed cadaver capable to eliminate any equipment 

or the maintenance in immersion, and still, maintain the texture and color of the anatomical structures such as in the living, is 

not a simple task, but have been extensively explored by several research groups in the world. 

The analysis of the specimen aspect depending on the embalming technique, the goal of the specimen, and, even, the 

observer perception (Joy Y. Balta et al., 2015). Thus, we focus on the analysis of the pros and cons of the most popular 

anatomical methods and reagents to develop the discussion, keeping the aim of the study. 
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The use of glycerin and ethanol to preserve biological materials are potential alternatives to formaldehyde and 

recognized as such for a long time. Since that, our experiment performed a balance between them. The main reason for that is 

the decreased level of toxicity and the long-term preservation that combines flexible tissues and good cosmetic appearance 

(Hammer et al., 2011, 2012). On the other hand, the exclusive use of ethanol as an embalming agent requires an expensive 

preparation of the laboratory to avoid incendiary accidents. For this reason, the use of glycerin has been better received in 

Brazil, although its solid use and in a long time results in extremely darkened visualization of the cadaveric material, which 

negatively impacts the study and the exposition. Also, the ambient temperature, which is in a tropical country like Brazil varies 

but usually has an average of 22-26ºC (72-79°F), culminates in wet and slippery specimens in the case of glycerin, and may 

increase the risk of fires with ethanol preservation.  

The Thiel method is recognized as being an alternative with a low level of toxicity and a high level of proximity to the 

texture and color of living tissue (Hammer et al., 2015; Hunter et al., 2014). The criticism of this method is in the high-cost for 

preparation, the low durability of the cadavers, the need for expensive maintenance to extend its durability, and paradoxically, 

the personal discomfort issues related to the very close appearance to the living (Joy Y. Balta et al., 2015). 

A saturated salt solution (35.89g sodium chloride per 100ml at 20º C) was also proposed for embalming, maintenance, 

conversion, and medical training. Showed great financial advantage by using only water and salt, keeping the texture and color 

of the cadavers of humans and animals very close to the living ones. However, there are uncertainties about their durability and 

there is a need for refrigerators or containers for immersion and cadaver maintenance, creating the necessity for lifting 

equipment (Burns et al., 2018; Hayashi et al., 2014; Homma et al., 2019; Lombardero et al., 2017). 

After visualized these aspects, our work aimed to initiate a study on methods to convert formalin-embalmed biological 

specimens to significantly decrease these elements, mainly considering the Brazilian reality. The proposed solutions had two 

basic characteristics: an antimicrobial substance and an embalm and/or maintainer substance. Although both characteristics 

were preliminarily achieved with formalin embalming (J. Y. Balta et al., 2019), the maintenance of the specimens without 

immersion in maintaining-solution, reduction of toxicity, and improvement of color and pliability were tested with the 

proposed solutions with satisfactory results.  

In G2 we mainly tested the influence of pH and the compound of isothiazolinones and halogenated derivatives which 

we could not find good results. We believed in these two elements to allow the optimization of the enzymatic activity 

responsible for the autolysis and decomposition of the tissue microenvironment, which would result in greater flexibility of the 

anatomical structures. It may have occurred that the isothiazolinones kept the control in fungus proliferation since the presence 

of fungus in the G2 specimens was not observed; however, this result was also archived in the G1 experiment with sodium 

chloride, as already recognized in the literature (Lombardero et al., 2017). Even though the isothiazolinones have recognized 

efficiency as formaldehyde substitute and as antimicrobials for industrial purposes (Lucchesi et al., 2012), including in the 

food industry, in our observations was not considered as a factor of distinction. In addition, our observations allowed us to 

believe that this compound may have been responsible to increase the rigidity and darkening of specimens in G2. 

In our search, we could found two types of techniques that are completely free of formalin in all embalming steps in 

the literature: frozen sections and the injection of N-vynil-2-pyrrolidone (NVP)(Haizuka et al., 2018). The first one adds the 

risk of infections by the decomposition and the need for large freezers for maintenance. The second one was recently published 

and we can consider that may have achieved a similar purpose of ours. The human cadavers were injected only with NVP and 

0.1% N, N'-dibutyl-phenylenediamine (mean concentration of 10% - body mass-dependent) and kept in plastic bags with 5 

liters of this solution at 5% concentration. This method showed an impressive advantage over articular mobility, dissection, 

and color of the specimens, with no signs of decomposition and no need for expensive equipment. Those results make us 

http://dx.doi.org/10.33448/rsd-v10i1.XX


Research, Society and Development, v. 10, n. 1, e21510111575, 2021 

(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v10i1.11575 
 

 

6 

believe that the NVP method achieves the aim purpose in our project, although they do not convert a previously formalin-

embalmed cadaver with this technique, which may be carried out in a further project. 

 The use of NVP is promising, especially for medical training although the technique has revealed that the keratinous 

layer of the skin was partially peeled off in all cases, the cadavers had the reduction of the subcutaneous fat in the orbit and the 

viscera, and the intercostal spaces in thoracic and abdominal walls sagged downwards (Haizuka et al., 2018). In comparison, 

our solution does not reveal any of these trammels in the specimens. 

 

5. Conclusion  

Our results showed a decrease in toxicity, a darkening in the viscera, and a decreased in pliability compared with the 

control: these points should be focused on the next experiments. On the other hand, after 365 days of the experiment, the 

specimens were not altered from the beginning state in the qualitative analyses, being considered stable, mainly in the G1. This 

allows us to state that this solution could be used in anatomical specimens for classes and expositions, effectively reducing the 

unhealthy environment, the risk of accidents with formalin or alcohol-containing containers, controlling the fungus 

proliferation and the decomposition process, and to convert the traditional formalin-embalmed specimens. Besides, institutions 

could isolate the embalming room from the specimens’ collection and/or exhibition area, reducing risks and unhealthiness in 

classes and visitations. 
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