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Abstract 

The use of cadaver is most optimally simulated technique in surgical and anatomical training. The 

current standard formaldehyde fixation preserves cadaveric tissues for use for an extended period 

as compared to unfixed tissues. Still, it fails to maintain the natural color, texture, and 

biomechanical properties. Phenol based soft embalming methods were developed to preserve these 

qualities, while simultaneously reducing the biohazard risk. Soft embalming methods have made 

the bodies more ‘lifelike’ and better suited for training. There have been very few studies reported 

to date on the effects of phenol-embalming on tissue structure at the histological level. The current 

research project was designed to assess the preservation of the digestive tract with a phenol-based 

solution as compared with the classical formaldehyde fixation. The gross morphological changes 

and microscopic features of different parts of the digestive tube were noted. Various segments of 

the alimentary tract were harvested from adult rats. The fresh samples were dissected to obtain 

esophageal, small, and large intestinal tissues for phenol-based fixation and histological analysis 

after that. Control samples were fixed in routine 4% paraformaldehyde fixative. Following 

fixation, tissues were processed, stained with hematoxylin and eosin (H&E) or Masson’s trichrome 

(MT) for histologic analyses. Results showed that the digestive tract tissues fixed with phenol were 

much more flexible as compared to paraformaldehyde-fixation. Histologically, phenol-based 

fixation was comparable to that preserved by a paraformaldehyde-based solution. It was concluded 

that phenol-based solution is an excellent fixative used to preserve the digestive tract tissue for 

microscopic analysis. 
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Chapter 1 

Introduction 

1.1 Rationale 

The cadaver is used as the most optimally simulated technique in surgical and anatomical 

training. Fresh unfixed tissue is presently the gold standard for these purposes. However, the 

temporal constraints of this material do not permit the use for longer periods 1. Cadavers that 

have been donated to the institutes, necessarily require disinfection and preservation for future 

use 2. Formaldehyde, a substance frequently used in fixation, is able to maintain tissue by 

preventing degradation; though in the process, it alters the natural characteristics of the tissue 3. 

Formalin, a solution contains 1-10% formaldehyde, remains the commonly used tissue fixative 

for cadaveric specimens 4. Formaldehyde is low-cost and inhibits bacterial growth, however it 

has numerous linked health risks and hence classed as a carcinogen 5-7. 

Newer embalming solutions, known as soft-embalming fixatives, have been created in attempts 

to avoid the decay of tissue while simulating the in vivo characteristics. Phenol is a substance 

that works like a preservative, as well as a disinfectant 8. It is one of the main components of 

phenol-based embalming solution 8. Phenol-based embalming fluid has proven to preserve the 

biomechanical features, color, and texture comparable to that of fresh tissue 9. The traits of this 

kind of fixative provide a basis for usage in tissue research and anatomical education. Scientists 

are researching properties of this fixative to decide its potential use in anatomical education, 

surgical training and research applications. The outcomes from initial testing instances seem 

promising 9,10. Individual study stated that embalming with a phenol-based solution maintained 

the biomechanical features of the wrist joint comparable to that of fresh tissue 9. On a 

macroscopic level, soft-embalming solutions were found to have favorable applications; 
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however, microscopically, not enough has been explored. Researchers at Queen's University 

studied the histological characterization of neural tissue, cerebral vasculature, and porcine tendon 

and muscle 11-13. These studies provide the basis for expanding research histologically into other 

tissues. For the current study, it was decided to continue investigation into the preservation of 

digestive tract tissues at the microscopic level. The rationale of using digestive tissue for this 

study was to provide insight into the effects of soft-embalming techniques on this tissue type, as 

this had not previously been documented. Additionally, the use of digestive tissue provided the 

opportunity to explore the potential of the validity of soft-embalming techniques within the field 

of gastro-intestinal (GI) surgical training, education and research. Findings of this report will lay 

the foundation for potential research, expanding the body of information on phenol-based 

embalming procedure. 

 

1.2 Fresh and Fresh-Frozen Cadavers 

The quality of preservation obtained from embalming solutions is frequently compared to fresh 

or unembalmed specimens, as they most precisely represent in vivo conditions, particularly 

regarding tissue flexibility, coloration and pliability 1,6,14-18. The gold-standard of anatomical 

specimens are fresh or fresh-frozen then thawed cadavers 19. Lack of availability, decreased 

working time, cost and the potential for infectious disease spread have restricted the extensive 

use of fresh-frozen or fresh cadavers. However, they are still used for research and educational 

purposes when accurate anatomical representations are needed 1,15,17,18. Fresh cadavers are 

typically used as soon as possible after they are obtained as not embalmed or chemically-treated 

tissues 6. Fresh cadavers are not exsanguinated, though, to slow down the onset of decay, the 

abdominal organs may be removed as promptly as possible 17. At 4°C refrigeration, fresh 
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cadavers can be stored for a limited amount of time when they are not in use. If they are frozen at 

-20°C within one week, fresh-frozen cadavers can also be retained un-embalmed 16,17. Until a 

few days before use, they are defrosted at room temperature when required 16,17. These cadavers 

can undergo refreezing and thawing without substantial compromise to the tissues, which 

maximizes their potential to use, until the tissue has not started to decay 17. In surgical skills 

training, fresh cadavers have been revealed to be predominantly beneficial as they offer trainees 

the opportunity to learn clinical conditions as well as the underlying complex anatomical 

relationships 16-18. Not only understanding basic surgical skills, but also learning complex open 

and advanced laparoscopic techniques, fresh cadavers have shown strength as training models.  

Even though fresh and fresh-frozen cadavers are helpful due to softness, lifelike color, and 

pliability, they rapidly start to decay, as preservative chemicals are not used. Therefore, these 

cadaveric materials have a restricted work time on them (up to two weeks) as they start to 

decompose 15,18,20. Conceivably, fresh cadavers are linked with significant biohazard risks as the 

tissue is unembalmed. Therefore,  to minimize the possible exposure to dangerous pathogens, 

extensive safety measures are needed 19,21-23. They require ample storage room within freezers 

and refrigerators, increasing their logistical limitations 14. Fresh cadavers are still continually 

used for research and educational purposes, despite their disadvantages, as simulations in 

postgraduate surgical training 14,16,17. The reason for that is, frequently used alternative 

paraformaldehyde (PFA) fixation, can not produce comparable tissue quality for clinical 

conditions 20,21, such as realistic tactile feel and tissue dispensability 17. 
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1.3 Embalming Chemicals 

Embalming fluids are composed of broad variety of reagents, containing the similar essential 

components: disinfectants, preservatives, surfactants, modifying agents, anticoagulants, 

colouring and masking agents. Each of these elements will contribute in the overall functioning 

of the fluid 5. Many embalming chemicals have multiple functions and therefore may fall into 

more than one of the aforementioned categories. 

 

1.3.1 Preservatives 

Preservatives interact with tissue proteins, crosslink them together and inhibit decomposition. 

The most regularly used preservative is formalin, which is a solution of formaldehyde. In its 

natural state, Formaldehyde (CH2O) is a gas that is soluble in water and is called formalin in its 

liquid form. Paraformaldehyde (PFA) is another alternative fixative, which is a dimer of 

formaldehyde. It comprises of high percentages of formaldehyde stretching from 85% to 99% 

8,24. It acts identically as formalin for tissue preservation and has analogous associated health 

hazards 25. Formaldehyde has been a consistently used fixative since its discovery in the 1860s 

for the preservation of tissues 6,8,26. It creates crosslinks among proteins of the fresh tissue, as a 

result, converts them to insoluble resins. Unfortunately, those crosslinks reduce the flexibility of 

the tissue 3,27. Formaldehyde is relatively inexpensive and can rapidly penetrate the tissue. 

Though it serves as a disinfectant which safeguards against the bacterial growth, several health 

risks are linked with formaldehyde 8. Adverse effects can result from inhalation of formaldehyde 

fumes or contact with the skin. Skin contact may lead to inflammation or dermatitis. It is highly 

corrosive to the eyes and can result in corneal discomfort and eventually lead to complete vision 

loss. It has been found to be a carcinogen in 1987 26. Since that time, it has been linked to various 
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types of malignancies; prolonged fume exposure may be associated with increased risk of 

leukemia 28. Even there are numerous drawbacks to formaldehyde fixation; this remains 

frequently used as a tissue preservative. 

Phenol (C6H5OH), originated from coal tar, is a colorless crystalline solid and generally known 

as carbolic acid 8. It can penetrate tissues and bind with proteins promptly. Additionally, it acts 

as a disinfectant to shield against numerous viruses, bacteria, and fungi 5. One of the significant 

advantages of phenol is that it sustains the biomechanical properties and flexibility of the tissue 

8,9. Often it results in bleaching of the tissue due to its capacity to bind and denature protein 

effortlessly 5. Unlike formalin, phenol is not a carcinogen, yet it too has adverse implications on 

the health of users 7. It is corrosive to skin, mucous membranes and eyes and, if ingested, can 

result in nausea, vomiting, cyanosis and other severe side effects such as convulsions 29. There 

have also been several reports of cardiac arrhythmias and nervous system depression after 

exposure to fumes 29. 

 

1.3.2 Modifying Agents 

Modifying agents regulate the rate of action of preservatives to delay the firming action 

somewhat. These chemicals let the cells become saturated at a regulated rate and make sure that 

preservatives do not modify the tissue more than required 8. These modifying agents consist of 

humectants, buffers, and inorganic salts. By increasing the absorbed moistness, humectants 

hydrate the tissues. Glycerin and glycols are frequently used, as they often make tissue flexible 

and rubbery; they are also known as platinizing agents 8. After death tissue becomes acidic due 

to the onset of rigor mortis; buffers are capable to evenly neutralize the tissue pH 8. Buffers are 

generally alkaline complexes such as borates and carbonates. Inorganic salts regulate the 
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osmolarity and assist in pulling fluid into tissue spaces and cause dehydration. Collectively, these 

elements modify the preservative action 8. 

 

1.3.3 Disinfectants 

Germicides are applied to decontaminate the body tissues by destroying or inhibiting the growth 

of microorganisms that trigger disease. Most preservative chemicals can perform as 

disinfectants. They bind to the microbe proteins and prevent their action. They serve a significant 

role in the creation of embalming solutions 8. 

 

1.3.4 Surfactants 

Surfactants are added in embalming solutions to reduce the surface tension of the removed body 

fluid. This helps in the removal of residual liquid in blood vessels. It can perform this function 

due to its chemical structure, having both hydrophobic and hydrophilic groups. The structural 

alignment allows fluid to stream more smoothly all through the vessels, decreases surface tension 

in the capillaries, and permits the fluid to infiltrate the semipermeable walls of the capillaries. 

The combination of activities allows the embalming solution to replace the body fluid more 

readily and uniformly 8. 

  

1.3.5 Vehicles 

Vehicles act as solvents where the other elements of a solution get dissolved. They are composed 

of varying combinations of alcohols, glycerin-like materials, water and glycols 8. Alcohols such 

as methanol or ethanol are commonly used; however, they can lead to shrinkage of the tissue 30. 

Water only is frequently used, as it enhances diffusion and tissue penetration. It ensures the 
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density and osmotic action are at appropriate chemical proportions while creating the bulk of the 

fluid 8. 

 

1.4 Formaldehyde-Based Embalming 

The most commonly used preservative is formalin, formed from formaldehyde, a water-soluble 

gas. Formaldehyde based embalming has been the predominant method for cadaveric 

preservation and histological analyses since mid-1890 31. Apart from providing outstanding long-

term fixation, due to having biocidal properties, it also significantly reduces exposure to harmful 

pathogens 5,6,32. While fixation in formaldehyde has its definite advantages, there are also 

significant drawbacks of this agent as a preservative. Most notable of the adverse effects is 

marked alteration of the in vivo status of the soft tissues at the gross anatomical level. The 

published literature has widely documented the macroscopic alterations in formaldehyde-

embalmed tissues, and described increasing tissue stiffness and shrinkage. Moreover, the damage 

in tissue consistency, texture and discoloration of anatomical presentation have also been cited 

consistently as limitations of formaldehyde fixations 6,8,14,33-35. Besides, at the microscopic level, 

observable artifacts have also been associated with the use of formalin as histological fixative. 

Paraformaldehyde (PFA) is obtained as a white powder and contains a highly concentrated 

number of polymers consisting of 80 to 100 methanol units 24,36. The purity of PFA produced in 

this way is greater than that of industrial stock solutions 37. Paraformaldehyde solutions are 

frequently made fresh before use 11,12.  Differing concentrations of formaldehyde, in the 

embalming solution, influences tissue in a variety of ways. A high percentage of formalin is 

recommended to preserve and protect against bacterial growth more efficiently than smaller 

concentrations 38. One study reported the effects of variable concentrations on a histological 
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level. In this study, cancer cells were fixed with 4% paraformaldehyde, 10% neutral buffered 

formalin, 20% neutral buffered formalin or 99% ethanol 39. It was revealed that tissue fixed with 

4% paraformaldehyde demonstrated a distinct intracellular space, whereas those fixed with 10% 

and 20% neutral buffered formalin exhibited excellent morphological quality 39. These findings 

allow the investigation of variable formaldehyde-based fixatives on histological structure. It was 

decided that this study would include the analysis of 4% paraformaldehyde. The literature 

recommends that a lower quantity of formaldehyde perhaps more beneficial to one's health as it 

reduces the exposure to fumes 8. 

 

1.5 Soft Embalming 

Fresh tissues and formaldehyde fixation, therefore, represent two extremes of anatomical 

samples, neither of which adequately meet the needs of researchers, educators, and students. 

Recent attention has been shifted to soft embalming. Soft-embalming is a term that covers a wide 

range of embalming methods, though different in their chemical composition, complexity, and 

cost, all function to integrate the benefits of fresh and formaldehyde-fixed tissues, while reducing 

their drawbacks. Though this technique is mostly in their infancy, but reported to provide more 

accurate representations of tissues, described to be grossly comparable to fresh cadaveric tissues 

regarding consistency, tissue coloration, and joint flexibility 33,40,41. Moreover, it provides a great 

degree of tissue preservation and reduces the risk of infection 33,35. Though there are health 

hazards associated with the substances used in soft embalming solutions, they are considered 

safer than the carcinogenic elements used in formaldehyde-based solutions 35. Frequently, soft 

embalming is being used in research and education since it provides more realistic tissue 

characteristics by maintaining color, flexibility, and texture. It has been used in research studies, 
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emphasizing its use in surgical training 9,35. There are several soft embalming solutions used in 

research today. The focus of this paper, however, will remain on phenol-based embalming.  

 

1.5.1 Phenol-Based Embalming 

This embalming solution typically contains alcohol, which acts as a disinfectant, glycol, a 

humectant, and phenol, which acts as a preservative, germicide, and fungicide. Although phenol-

based embalming is still a relatively novel technique, preliminary research has produced 

favorable results, showing potential in its ability to preserve in vivo characteristics of soft-tissues, 

including tissue flexibility, consistency, and coloration 33. 

Researchers have focused on investigating the phenol-based embalming through explorations of 

the gross anatomy, histology, and biomechanical effects on various tissue types, including 

muscle, tendon, and cerebral vasculature 9,11,13. They have confirmed that phenol fixation 

preserves the gross as well as microscopic features, and therefore can be utilized for histologic 

studies 11. It is significant to note that the embalming solution used in these studies did not 

contain any formaldehyde, and yet still yielded exceptional levels of preservation both 

macroscopically and histologically. Most investigations into soft-embalming, including phenol-

based solutions, have been focused on the gross anatomical effects, with few analyses available 

on their impact at the histologic level. 

 

1.6 Relevant Digestive System Anatomy 

The GI tract of humans has much in common with most species of laboratory animals, especially 

at the level of microscopic study 42. Rat tissue is frequently used in research due to the 

similarities with human tissue. Moreover, rat tissue is much more accessible than humans. The 
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alimentary canal is a long hollow tube that extends from the esophagus to the rectum. It includes 

the esophagus, stomach, small intestine (duodenum, jejunum, ileum), large intestine (colon), and 

rectum 43. The primary purpose of the digestive system is to digest the ingested food and to 

absorb the nutrients and water. In addition, the inner layer of the digestive tract is a protective 

barrier between the content of the lumen and the internal environment of the body 44. 

 

1.7 Relevant Digestive System Histology 

The wall of the digestive lumen displays four layers that show a basic histologic arrangement. 

The layers are the mucosa, submucosa, muscularis externa, and serosa or adventitia. Because of 

the different functions of the digestive organs in the digestive process, the morphology of these 

layers exhibits variations 43-45. 

The mucosa is the innermost layer of the digestive tube. It comprises of a covering epithelium 

and glands that continue into the underlying layer of loose connective tissue called the lamina 

propria. A thin coat of smooth muscle cells, called the muscularis mucosae, forms the outer edge 

of the mucosa. 

The submucosa is positioned just external to the mucosa. It is made up of dense irregular 

connective tissue with copious blood and lymph vessels and a submucosal (or Meissner’s) nerve 

plexus. This nerve plexus includes postganglionic parasympathetic neurons. The neurons and 

axons of the submucosal nerve plexus regulate the motility of the mucosa and secretory actions 

of associated mucosal glands. In the upper portion of the small intestine, the duodenum, 

submucosa comprises numerous branched mucous glands. 

The muscularis externa is a thick, smooth muscle coating located external to the submucosa. 
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Except for the large intestine, this lamina is composed of an inner layer of circularly arranged 

and outer layer of longitudinally arranged smooth muscle cells. Situated between the two smooth 

muscle layers of the muscularis externa is connective tissue and another nerve plexus termed the 

myenteric (or Auerbach’s) nerve plexus. This plexus also contains some postganglionic 

parasympathetic neurons and regulates the motility of smooth muscles in the muscularis externa. 

The serosa is a thin layer of loose connective tissue that encloses the visceral organs. The 

visceral organs may or may not be coated by a thin outer layer of squamous epithelium called 

mesothelium. If mesothelium covers the visceral organs, the organs are within the abdominal or 

pelvic cavities (intraperitoneal) and it is named serosa. The serosa covers the outer 

surface of the abdominal portion of the esophagus, stomach, and small intestine. It also includes 

parts of the colon (ascending and descending colon) only on the anterior and lateral surfaces 

because their posterior surfaces are bound to the posterior abdominal body wall and are not 

covered by the mesothelium. 

When the digestive tube is not covered by mesothelium, it then lies outside of the peritoneal 

cavity and it is therefore referred as “retroperitoneal”. In this case, the outermost layer adheres to 

the body wall and consists of a connective tissue layer called the adventitia. The highlighting 

features of different parts of the alimentary canal have been summarised in Table 1.1 43,45. 
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Table 1.1 Salient Histological Features of Various Part of Digestive Tract 

Part of the Digestive 

Tract 

Cardinal Histological Points 

Esophagus 

- stratified squamous epithelium 

- plenty of glands in the submucosa 

- muscularis externa: skeletal muscle in upper one-third, skeletal 

and smooth muscles in middle one-third, smooth muscle in 

lower one-third 

Gastro-esophageal 

Junction 

- change of stratified squamous into simple columnar epithelium 

- glands in the lamina propria 

- gastric pits in the mucosa 

Duodenum 

- short, leaf-like villi 

- Brunner’s gland in the submucosa 

Jejunum 

- long club shaped villi 

- no Peyer’s patches 

- no Brunner’s gland 

Ileum 

- short slender finger-like villi 

- Peyer’s patches in submucosa 

Colon 

- absence of intestinal villi 

- presence of more crypts 

- presence of taenia coli 

  



13 
 

1.8 Preparation of Tissue for Histology 

The tissue preparation involves the following standard histological process: fixation, 

dehydration, clearing, infiltration, embedding, sectioning, and mounting 44,46. 

 

1.9 Histological Staining 

Stains are applied to highlight various cellular elements in histological sections. These are dyes 

that dispersed into the tissue by reagent affinity that ultimately covalently bind with particular 

components of the tissue 46. There are various ways through which stains interact with tissues, 

such as Van der Waal's forces, coulombic attractions, hydrogen or covalent bonding 46. The 

interactions lead the stain to act as an indicator to identify specific structures within a diverse 

cellular component in the tissue section. 

 

1.9.1 Hematoxylin and Eosin (H&E) 

The most extensively used stain is H&E, because of its simplicity and ability to highlight a wide 

variety of specific elements 47. Due to the efficient and compliant nature of this dye, it was 

incorporated in this study. 

 

1.9.2 Masson's Trichrome (MT) 

Trichrome stains are applied to differentiate several connective tissues such as muscle, collagen 

fibers, elastic fibers and fibrin. It facilitates the detection of tissue types by generating dark 

nuclei, red muscle fibers and blue Type I collagen fibers 47. Since trichrome can highlight 

various kinds of connective tissue it was decided to incorporate MT in this study. 
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1.10 Hypothesis 

Digestive tissue fixed by using phenol-based solutions will display a comparable level of 

macroscopic and microscopic preservation to the formaldehyde-based solutions. 

 

1.11 Purpose 

The focus of this study was to examine the effects of phenol-based embalming on the 

preservation of digestive tissue at the gross and histological level to evaluate its potential 

applications in research and education. 

 

1.12 Objectives 

Using rat tissue, qualitatively compare the effects of phenol-based embalming solution on the 

anatomical characteristics of the digestive tract in comparison to formaldehyde-based solution. 
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Chapter 2 

Methods 

 

2.1 Animal Model 

Adult male Wistar rats (n=6) weighing about 250-275 grams were chosen for tissue sample 

collection. These rats were sacrificed for the collection of the respiratory tract organs for a 

practical session in a Physiology course. Later, those rats were transported to the histology 

laboratory for collecting tissues from the alimentary canal. Dissection and tissue collection were 

done within two hours of initial anesthesia to avoid decaying. 

 

2.2 Dissection 

A midline incision was made through the skin and muscles of the abdominal wall up to the 

xiphoid process to gain access to the digestive tract structures. Different parts of the alimentary 

canal were harvested from each of the six rats in two sets, as summarised in Table 2.1. 
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Table 2.1 Tissue Sampling for Histological Analysis 

Embalming Solution Tissue Sampled 

4% Paraformaldehyde (PFA) 

- Esophagus 

- Gastro-esophageal junction 

- Duodenum 

- Jejunum 

- Ileum 

- Colon 

Phenol-Based solution 

- Esophagus 

- Gastro-esophageal junction 

- Duodenum 

- Jejunum 

- Ileum 

- Colon 

 

 

2.3 Fixative Solutions 

Table 2.2 Phenol-Based Solution Formula 

Chemical Quantity 

Liquid Phenol 1.8L 

95% Ethanol 8L 

Glycerin 4L 

Water 4L 
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Table 2.3 Paraformaldehyde (PFA) Solution Formula 

Chemical Quantity 

Paraformaldehyde 40 gm 

Sodium Hydroxide 0.3 gm 

Nanopure Water 1000 mL 

 

2.4 Preparation of Fixatives 

The phenol-based embalming solution consisted of a mixture of phenol, 95% ethanol, glycerin 

and water, as used by previous studies 9,10. A large amount (~20L) of the solution was kept at 

room temperature (21°C) until use. One liter of fluid was collected and stored in a sealed plastic 

container at room temperature until required for further use. Paraformaldehyde was prepared by 

mixing 40 g of paraformaldehyde to 1000mL of water. A small amount of sodium hydroxide (0.3 

gm) was added to dissolve paraformaldehyde into a clear solution. Afterward, it was stored in a 

fridge at 4°C until required for use within seven days. 

 

2.5 Tissue Fixation 

Studies completed by Moore and Martyniuk indicated that immersion in the solution for seven 

days provided adequate time for soft-embalming solutions to diffuse into various organs and 

tissue types 10,11. Typically, soft embalming is completed by arterial perfusion. Logistically it 

was not feasible to complete the perfusion by embalming. Based on this logistical constraint, and 

the previously completed testing, in which embalming was successfully completed via 

immersion, it was decided to proceed for embalming by immersion. Sets of harvested tissues 
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were immersed into either paraformaldehyde solution or phenol-based solution for fixation. Both 

sets of tissues were kept on a shaking surface for one week for adequate diffusion and fixation. 

 

2.6 Tissue Processing 

After fixation, the tissue samples were placed in the individually labeled cassettes. The samples 

were then placed in the automated tissue processor for overnight processing. At first, the samples 

were processed in 70% ethanol twice for 30 minutes. Then, the tissues were placed in increasing 

concentration of alcohol to minimize shrinkage. Initially, immersed in 80% ethanol and then in 

90% ethanol for 30 minutes each. This was followed by three changes of 100% ethanol, each for 

30 minutes. After dehydration in ethanol, tissue samples were immersed in 1:1 ratio of ethanol 

and toluene twice, each for 15 minutes, followed by two changes of 100% toluene, each for 30 

minutes. The samples were then transferred to a 100% paraffin wax bath (560 C) for 30 minutes, 

and then into a second 100% paraffin wax bath (560 C). The second wax bath containing the 

tissue samples was transferred to a vacuum oven. The specimens were left in the oven overnight 

to allow for full infiltration with wax, under a pressure of 10 PSI. Finally, each specimen was 

embedded into a paraffin wax mold using an embedding station. Digestive tract luminal samples 

were oriented to provide a transverse section on sectioning. The paraffin blocks once cooled 

were trimmed for the removal of excess wax and stored in a refrigerator at 40 C until use. 

 

2.7 Slide Preparation 

Sections were cut from the paraffin wax blocks into 5µm thick slices using an 820 Spencer 

Microtome. Sections were floated onto a warm deionized water bath (490 C) and were 

subsequently mounted onto labeled poly-L-Lysine coated glass slides. The slides were placed on 
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a drying rack and were left overnight to air dry. In order to melt the paraffin wax and allow the 

tissue to adhere to the slides, they were baked overnight in a microprocessor-controlled 

hybridization oven at 600 C. The slides were then deparaffinized by placing them in 100% 

toluene twice for five minutes each. The tissue was then rehydrated through a series of 

decreasing concentrations of ethanol. This process began with two rounds, each of 100%, 95%, 

70% and 50% ethanol, each for two minutes. Lastly, the slides were rinsed with water. 

 

2.8 Staining 

After the slides were rehydrated, they were stained either with Weigert’s Hematoxylin and 

Eosin, or Masson’s Trichrome. Weigert’s Hematoxylin and Eosin stain consists of Weigert’s 

Iron Hematoxylin and Eosin Y. Masson’s Trichrome requires a multistep process that involved 

Bouin’s Solution, Weigert’s Iron Hematoxylin, Biebrich Scarlet-Acid Fuchsin, Aniline Blue 

Solution and working Phosphotungstic/Phosphomolybdic Acid Solution. The protocols for both 

stains are courtesy of Drs. Stephen C Pang and Yat Tse of the Department of Biomedical and 

Molecular Sciences at Queen’s University (Appendix). 

 

2.9 Histological Analysis 

Light microscopy was used for the qualitative histological analysis in this study. A comparative 

analysis of tissues from the same rat was completed to ensure consistency. PFA fixed tissue was 

used as a control in this study, as it is a commonly used fixative in histological examination. The 

overall morphology was inspected for larger changes; artifacts and areas of shrinkage were also 

reported. Any variation in the staining pattern was noted. Various qualitative features easily 

observable at the level of the light microscope were assessed. The morphology of the entire 
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tissue section was also examined. The examination focused on the structure of various layers of 

the digestive tract lumen.  

 

2.10 Slide Imaging 

All histological images were captured using Nikon Eclipse E800 microscope with Motic Images 

Plus 2.0 software (Kowloon, Hong Kong, China). Images were acquired at various magnification 

and scale bars added to each image. 
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Chapter 3 

Results 

 

3.1 Gross Anatomical Characterization of Digestive Tissues 

3.1.1 Paraformaldehyde-fixed Digestive Tissue 

The overall gross anatomical structure of the rat alimentary canal was maintained by the PFA 

embalming solution (Figure 3.1). The esophagus, duodenum, jejunum, ileum and colon were 

well preserved gross anatomically. The lumen and wall were structurally well maintained. After 

one week of fixation, the digestive tract tubes as a whole appeared more compacted than the 

fresh tissue, which is suggestive of tissue shrinkage. The PFA embalming most noticeably 

altered the coloration and texture of the digestive tract tissue. The lumen walls remained white in 

appearance, although the color was slightly duller than in the fresh state. Upon handling the PFA 

fixed sections, it was noted that the tissue was much stiffer, lacking the same pliability and 

fragility of its fresh state. The PFA-embalmed tissue was able to endure more rigorous handling 

than the fresh tissue. 

 

3.1.2 Phenol-fixed Digestive Tissue 

The harvested digestive tract subdivisions in phenol fixation showed good preservation, similar 

to the PFA fixation (Figure 3.1). Slight alteration in color and texture was noted. The luminal 

walls remained pinkish-brown in appearance, close to the color of the fresh state. Tactile 

appearance revealed slightly stiffer than the fresh state. But, in comparison to the PFA fixation, 

phenol fixed tissues were softer and more pliable. 
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Figure 3.1 Gross appearance of fixed Digestive Tissues 

A: PFA and B: Phenol 

Both fixations provided good structural maintenance of the digestive tract tissues. Note the 

preservation of the coloration is better, brownish pink in phenol-based solution, whereas, whitish 

discoloration in PFA fixed tissues. 
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Table 3.1 Summary of Gross Anatomical Results (One Week After Harvest) 

Gross Anatomical Analysis 

Embalming Type 

PFA Phenol 

Digestive Tract Tissues 

Overall structural 

preservation 

- Good 

- Some tissue shrinkage 

evident 

- Good 

- Some tissue shrinkage 

evident 

Tissue coloration Brownish pink White 

Tissue quality 

(pliability/stiffness, texture) 

- Produced most tissue 

stiffness 

- Tissue lack pliability 

compared to fresh specimens 

- Stiffer than fresh, but 

pliable than PFA embalmed 

tissues 

- Pliability closer to fresh 

tissue 
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3.2 Histological Characterization of Phenol-Fixed Digestive Tissues 

3.2.1 General Histology Results 

The histological analysis focused on comparing differently embalmed tissues (4% PFA and 

phenol-based) to one another. The 4% PFA was the control as it is a universally used 

preservative in histology. Both the PFA and phenol-based solution proved to preserve the 

digestive tract tissues at the microstructure level. A comparison of the phenol-based fixative to 

the PFA control revealed some qualitative differences. The phenol-based fixed tissue proved to 

have: 

1) Good structural and morphological preservation of the digestive tract tissue relative to the 

PFA control. 

2) Disparities in the staining patterns, colors, and intensities of both phenol-embalmed H&E and 

Masson’s Trichrome-stained tissue sections. 

3) More separation artifacts, especially in the muscle layer of the digestive tract. 

Aside from the presence of more space in the muscle layers, the structural preservation of the 

phenol-embalmed tissue was comparable to the structural preservation seen in the control 

sections. All the layers of the digestive tract were distinguishable even at low magnification. The 

fixation quality of the gut wall layers appears to be comparable to the control. The phenol-fixed 

tissue was more pink in color, eosinophilic, compared to the control. The separation artifact in 

the phenol-fixed tissue appeared to be more than that of the control tissue, suggesting that PFA 

preserves the digestive tract connective tissues more effectively than the phenol. 
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3.2.2 Histological Characterization of Phenol-Fixed Esophagus 

Overall, the phenol-embalmed esophagus showed comparable levels of structural preservation in 

comparison to the PFA control. From low magnification (10X), the three layers of the esophagus 

were easily distinguishable, with the mucosa being the innermost (Figures 3.2, 3.3). The surface 

epithelium was multilayered, stratified squamous. Layers of keratin covered the epithelial lining. 

As the rodents eat hard substances, their esophageal mucosa is keratinized 48, whereas human 

esophageal lining is non-keratinized stratified squamous type. The other two mucosal layers: 

lamina propria and muscularis mucosa were also visible. The submucosal layer was loosely 

organized in both PFA and Phenol embalmed sections. The muscularis externa was the thickest 

and prominent displaying multiple layers of organization. All the layers showed good structural 

preservation, similar to the PFA control. The H&E stained control sections were consistently 

lightly stained with eosin, whereas the phenol-embalmed sections were darkly eosinophilic 

(Figures 3.2 and 3.3). It appeared that there were fewer separation artifacts in the muscle layer in 

the phenol-embalmed tissue relative to the control. In general, the staining quality of the phenol-

embalmed tissue was good; the intense eosinophilic nature of the section resulted in less contrast 

between smooth muscle cells. Higher magnifications from 4X to 10X to 20X made the 

differentiation easier (Figures 3.2, 3.3) 

 

3.2.3 Histological Characterization of Phenol-Fixed Gastro-Esophageal Junction 

The low-magnification (10X) photomicrograph showed the junction between the esophagus and 

stomach. At the esophagogastric junction, analysis of the layers indicated good structural 

preservation and typical staining patterns relative to the control tissue (Figures 3.4 and 3.5).  The 

stratified squamous epithelium of the esophagus ends abruptly, and the simple columnar 
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epithelium of the stomach mucosa begins. Inferior to the epithelium is the lamina propria, below 

which is the smooth muscle muscularis mucosae. The lamina propria indents the undersurface of 

the esophageal epithelium to form the connective tissue papillae. The surface of the stomach 

contains numerous and relatively deep depressions called gastric pits that are formed by the 

surface epithelium. The glands in the vicinity of the esophagus, the cardiac glands, extend from 

the bottom of these pits. The fundic (gastric) glands similarly arise at the base of the gastric pits 

and are evident in the remaining part of the mucosa. Note the relatively thick muscularis externa 

in low magnification 4X image (Figure 3.6). The H&E stained control sections were consistently 

lightly stained with eosin, whereas the phenol-embalmed sections were darkly eosinophilic 

(Figures 3.4 and 3.5). Separation artifacts in the mucosal layer of phenol-fixed sections were 

prevalent than that of the control. 

 

3.2.4 Histological Characterization of Phenol-Fixed Duodenum 

In a transverse section, four layers of the duodenum were easily distinguishable at low 

magnification (10X). The luminal surface of the duodenum exhibited villi (Figure 3.4) that were 

covered by simple columnar epithelium with a brush border. The core of each villus contained 

lamina propria, which is made up of loosely arranged connective tissue, contained several 

connective tissue cells. Inferior to the muscularis mucosae was the dense irregular connective 

tissue of submucosa. In the duodenum, the mucosa was filled with light-staining, mucus-

secreting duodenal glands (Figure 3.7). Surrounding the submucosa and the duodenal glands was 

the muscularis externa, having outer longitudinal and inner circular layer. Separation artifacts in 

the muscular layer were seen to some extent in both types of fixed sections. The phenol-fixed 

sections were darkly eosinophilic in comparison to the control PFA slides, yet the structures 
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were well preserved. The Masson’s Trichrome (MT) staining showed less of a contrast between 

the two embalming methods (Figure 3.8). Also, MT stained the collage fibers dark blue and the 

smooth muscles bright red. These features were more evident in higher magnification (20X) 

(Figure 3.9) 

3.2.5 Histological Characterization of Phenol-Fixed Jejunum 

The histological analysis of jejunum revealed generalized structural dislodgement of the villi. 

However, the microscopic and cellular structures were prominent in different levels of 

magnification. This orientation remained the same in phenol as well as PFA sections. The villi 

were longer than other parts of the small intestine (Figure 3.10). There were more goblet cells in 

between the simple columnar type lining epithelium. The MT staining showed less of a contrast 

between the two fixation methods (Figure 3.11). In addition, MT also stained the collagen fibers 

dark blue and the smooth muscles bright red. These features were more obvious in higher 

magnification (20X) (Figure 3.12). All other histological features were similar to the PFA 

control. 

 

3.2.6 Histological Characterization of Phenol-Fixed Ileum 

Ileum, the terminal part of the small intestine, displayed the histological structure well preserved 

in both sections. A characteristic feature of the ileum, the aggregations of lymphatic nodules 

called Peyer’s patches, were identified (Figure 3.13). Peyer’s patches originated from submucosa 

and diffused into the mucosa as well. Other microscopic features of the small intestine, slender 

villi, epithelium, plenty of goblet cells, muscularis externa, serosa were also illustrated (Figure 

3.14, 3.15). The MT staining revealed a similar pattern of histology as displayed in proximal 

sections of the small gut. 
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3.2.7 Histological Characterization of Phenol-Fixed Colon 

The low-magnification photomicrograph illustrated a portion of the colon wall with temporary 

folds (Figure 3.16). The simple columnar epithelium contained the absorptive columnar cells and 

numerous mucus-filled goblet cells (Figure 3.17). The intestinal glands in the colon were plenty, 

and extended through the lamina propria to the muscularis mucosae. The lamina propria and 

submucosa were filled with aggregations of lymphatic cells (Figure 3.18). The four layers of the 

wall that were continuous with those of the small intestine- the mucosa, submucosa, muscularis 

externa, and outermost serosa. Villi were absent in the colon, but temporary folds were present 

formed by the indentation of lamina propria. Features were almost consistent among the fixed 

tissue sections; however, staining appeared at various contrasts. 
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Figure 3.2 Histology of Esophagus, H&E 

A. PFA control, B. Phenol. A comparable level of morphology is visible. The overall disparities 

in stain are obvious, phenol-embalmed section showing intense eosinophilic stain. Thick 

muscularis externa (ME), loosely arranged submucosa (SM), muscularis mucosa (MM), 

stratified squamous epithelium (E), keratin layer is indicated by the arrowhead. 
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Figure 3.3 Histology of Esophagus, H&E 

A. PFA control, B. Phenol. A comparable level of morphology is visible, however, the intense 

eosinophilic nature of the phenol resulted in less contrast between smooth muscle. Smooth 

muscle nuclei are shown by arrow.  
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Figure 3.4 Histology of Gastro-Esophageal junction, H&E 

A. PFA control, B. Phenol. A comparable level of morphology is visible. Typical staining pattern 

relative to the control. Abrupt transition of stratified squamous into simple columnar epithelium 

at EG Junction indicated by arrowhead, Cardiac glands (CG), Gastric glands (GG). Separation 

artifacts in the mucosa of Phenol-embalmed section.  
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Figure 3.5 Histology of EG Junction, H&E 

A. PFA control, B. Phenol. The H&E stained control sections were consistently lightly stained 

with eosin, whereas the phenol-embalmed sections were darkly eosinophilic. Separation artifacts 

in the mucosal layer in the phenol-embalmed sections pointed by arrowhead.  
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Figure 3.6 Histology of EG Junction, H&E 

A. PFA control, B. Phenol. Low magnification of EG junction shows thick muscularis externa 

(ME) and separation artifacts, arrow-headed in the ME of phenol embalmed section. 
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Figure 3.7 Histology of Duodenum, H&E 

A. PFA control, B. Phenol. A comparable level of morphology is visible; however, overall 

disparities in stain are obvious. Bi-layered muscularis externa (ME), Duodenal glands (DG) in 

the mucosa are highlighted in section A. The arrowhead indicates simple columnar epithelium 

(E) with brush border in section B.  
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Figure 3.8 Histology of Duodenum, MT 

A. PFA control, B. Phenol. A comparable level of morphology is visible, however overall 

disparities in stain are obvious. Bi-layered muscularis externa (ME), submucosa (SM), Duodenal 

gland (DG) in the mucosa (M) highlighted in section A, Simple columnar epithelium (E) with 

brush border is indicated by the arrowhead in section B.  
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Figure 3.9 Histology of Duodenum, H&E 

A. PFA control, B. Phenol. Separation artifacts in the muscular layer in the phenol-embalmed 

sections pointed by arrowhead. 
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Figure 3.10 Histology of Jejunum, H&E 

A. PFA control, B. Phenol. Generalized structural dislodgement of the villi, however, the 

microscopic and cellular structures are identifiable, and the orientation is similar in both sections. 

Bi-layered muscularis externa (ME), no glands in the submucosa (SM), epithelium contained 

goblet cells (E) in section A, longer villi (V) indicated by the arrowhead in section B.  
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Figure 3.11 Histology of Jejunum, MT 

A. PFA control, B. Phenol. Generalized structural dislodgement of the villi, however, the 

microscopic and cellular structures are identifiable, and the orientation is similar in both sections. 

Bi-layered muscularis externa (ME), no glands in the submucosa (SM), epithelium contained 

goblet cells (E) in section A, longer villi (V) indicated by the arrowhead in section B.  
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Figure 3.12 Histology of Jejunum, MT 

A. PFA control, B. Phenol. MT stained the collage fibres dark blue in submucosa (SM) and the 

smooth muscle cells bright red in muscularis externa (ME).  
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Figure 3.13 Histology of Ileum, MT 

A. PFA control, B. Phenol. Histological structures preserved in both embalmed sections. 

Characteristics feature of ileum, Peyer’s Patches are seen originated from submucosa (SM) and 

infiltrated in the mucosal (M) layer. 
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Figure 3.14 Histology of Ileum, H&E 

A. PFA control, B. Phenol. Histological structures preserved in both embalmed sections. 

Microscopic features of ileum; slender villi (V), epithelium rich in goblet cells (GC), submucosa 

(SM), muscularis externa (ME) are illustrated. 
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Figure 3.15 Histology of Ileum, MT 

A. PFA control, B. Phenol. Histological structures preserved in both embalmed sections. 

Microscopic features of ileum; slender villi (V), epithelium rich in goblet cells (GC), submucosa 

(SM), muscularis externa (ME) are illustrated. 
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Figure 3.16 Histology of Colon, H&E 

A. PFA control, B. Phenol. A portion of the colon wall with temporary folds in low 

magnification.  
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Figure 3.17 Histology of Colon, H&E 

A. PFA control, B. Phenol. Features are almost consistent among the different embalmed tissue 

sections; however, staining appeared at various contrasts. Plenty of intestinal glands (IG) in the 

lamina propria of the colon; seen in both sections. Bi-layered thick muscularis externa (ME), no 

villi, epithelium (E) rich in goblet cells are illustrated. 
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Figure 3.18 Histology of Colon, MT 

A. PFA control, B. Phenol. Features are almost consistent among the different embalmed tissue 

sections; however, staining appeared at various contrasts. Plenty of intestinal glands (IG) in the 

lamina propria of the colon; seen in both sections. Bi-layered thick muscularis externa (ME), no 

villi, submucosa (SM) are illustrated. 
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Chapter 4 

Discussion 

The purpose of this study was to evaluate the effects of phenol-based soft-embalming techniques 

on digestive tissue at histological levels with gross anatomical orientation. It was hypothesized 

that the impact caused by the soft embalming would be observable microscopically and 

macroscopically. The phenol-fixed tissues demonstrated the most precise representation of the in 

vivo qualities relative to the PFA-fixed tissues. Histologically, similarities were evident between 

the phenol fixed tissues and the PFA control. The microscopic findings of this study suggest that 

the phenol-based fixation offered good structural preservation of the rat digestive tissue, despite 

of some separation artifacts. 

 

4.1 Rat Model 

The rat digestive tract tissues proved to be a suitable model for this study. Due to the easy 

accessibility, these tissue materials were chosen for study. Moreover, having gross anatomical 

and histological similarity between the rat and human digestive tract tissue had prompted us to 

select this model. 

 

4.2 Gross Anatomical Characterization of Phenol-Fixed Digestive Tissue 

Previous studies suggest that porcine tissue can be a sufficient supplement for human tissue in 

research 11,12. The gross anatomical features of rat digestive tissue were included in this study as 

it had not been previously investigated. The findings from this study provided preliminary 

direction that phenol-based digestive tissue fixation could be a feasible alternative to fresh and 

formaldehyde-fixed tissues. The texture and coloration of the phenol-fixed sections displayed 
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variations from the fresh tissue. More tissue stiffness and pinkish brown discoloration of the 

digestive tract lumen were observed. Nevertheless, it is vital to note that the phenol-fixed tissue 

coloration was most analogous to the fresh tissue compared to the PFA.  By the one-week time 

point, the phenol-fixed tissue showed discolored, acquiring a pink-brown tinge. The tint of the 

tissue was not entirely unanticipated, since it has been stated in the literature that phenol-

embalming causes tissue to turn into brownish, by acting as a bleaching agent 12. An additional 

essential point evaluated was the level of tissue shrinkage and hardening caused by the fixation 

methods. Both the PFA and the phenol-embalmed digestive tract lumens were found to have 

undergone some degree of shrinkage, which is suggestive of tissue dehydration. Tissue shrinkage 

in the phenol-embalming was likely due to a high concentration of ethanol present in the 

solution. Perhaps reducing the amount of ethanol could lessen the extent of tissue shrinkage. 

Phenol, being a drying agent, may have also enhanced the tissue shrinkage 12. Both the phenol 

and PFA fixed digestive tract were stiffer and less pliable than the fresh tissue. Comparatively, 

the phenol-embalmed tissue was more flexible and less rigid than the PFA-fixed tissue. 

 

4.3 Soft-Embalming: Surgical Applications 

Education and research within clinical and surgical aspects rely significantly on the use of 

cadaveric models, where the fresh and formaldehyde-fixed specimens are widely used  33,49. Yet, 

both types of cadaveric models do not adequately fulfill the research and educational demands 

within the surgical setting. Even though fresh samples provide optimal tissue stiffness and 

appearance, these materials can only be used for a brief period before it begins to decay 49. The 

PFA-fixed alimentary canal are also not appropriate, especially for surgical workshops in 

performing endoscopy or colonoscopy as the lumens hardened and not permit the instruments 
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passing through, making them imprecise models for clinical situations 21,50. Although the phenol-

embalmed tissue displayed some alterations from their fresh state, provided a more flexible 

representation of the gut lumen, it indicates its utility in GI surgical approaches. The results from 

this study suggest that the soft-embalming technique characterizes a viable alternative for 

developing surgical models. As the soft-embalmed tissues proved to be valuable clinically, it 

would be essential to extend this research to see the extent of viability in maintaining histological 

features. 

 

4.4 Histological Characterization of Phenol-fixed Digestive Tissue 

The PFA tissue sections presented in the literature 43,51,52 displayed images having distinctive 

morphological preservation and staining patterns.  As any variations from this standard are 

detectable histologically, PFA was taken as the control. The findings of this study indicate that 

phenol-fixation impacts digestive tract tissue histology, visible using regular histological 

methods and stains. The key effects seen were changes in the staining pattern between the PFA 

and the phenol-fixed sections and the presence of separation artifacts in the wall of digestive 

tract. Regardless of these variances, the phenol-fixation yielded good quality microscopic images 

that were comparable to those of the control. In many instances, the phenol-fixed images seemed 

to be superior to the PFA control; for example, the cellular clarity displayed better in phenol. The 

separation artifacts in the tissue layers were seen more in the phenol-fixed digestive tract 

sections. This indicates that the phenol-embalming produced some shrinkage of the tissue at the 

histological level. Though, visible tissue shrinkage at the microscopic level has commonly been 

reported artifact associated with control PFA fixation 53,54. Therefore, this was an anticipated 

outcome of fixation methods. The effects of phenol on histological digestive tract wall thickness 
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have not previously been documented, hence further quantitative study at the tissue level would 

be revealing to better quantify any differences in tissue morphology amongst two fixation 

methods. Although the staining disparities were evident in the H&E sections, differences were 

less obvious between the Masson’s Trichrome tissue sections. These staining differences 

included generalized intense eosinophilic staining of the phenol-embalmed H&E-stained 

sections. Both the phenol-embalmed and the PFA tissue were stained simultaneously, using the 

same staining solutions, and was performed in several batches; all displayed the same results. 

This supports that it is unlikely to have errors in the staining protocols causing the differences in 

staining results. While additional research is needed to define the potential reasons for different 

staining patterns, some possible explanations relate to the effects of chemical fixation on the 

tissue by phenol. Histological staining is a complex process that depends on several chemical 

and physical factors. There is a possibility that the acidophilic property of the tissue increased by 

the phenol, causing in the intense eosinophilic staining seen in the H&E sections. Prolong 

exposure of the tissue to acidic agents can result in poor nuclear staining. Additionally, it is 

probable that the pH of the phenol-based solution had an impact on the staining of the nucleic 

acids. Lack of fixation of specific tissue components could be another possible explanation for 

staining disparities. Since the tissue fixation may get affected by numerous properties (pH, 

temperature, and duration of fixation), potential studies could explore how changes to these 

parameters impact the staining patters of phenol-embalmed tissue. The degree of nucleic acid 

preservation could be tested by molecular methods to assess the phenol-based solution relative to 

formaldehyde. As phenol-embalming proved to be valuable for histological analysis, optimizing 

those staining agents to minimize staining disparities, remains an important avenue to 

investigate. 
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4.5 Limitations 

The key limitation of this study was using rat tissue instead of human tissue. Though the rat 

model has been proved to be analogous both anatomically and histologically to human tissue, it 

is not possible to conclude that similar results would have been observed in human materials. 

Moreover, embalming was done through immersion rather than perfusion. Since achieving whole 

animal embalming by perfusion was not logistically feasible, it was decided to perform the 

embalming via immersion. Usually, in cadaveric embalming, the perfusion method is used where 

a fluid is distributed through the vascular system to perfuse the tissues to obtain embalming. In 

contrast, in immersion embalming, solution diffuses into the tissues when they are submersed in 

the fluid. In both methods, the results would not have differed, yet, it is not possible to reach an 

absolute inference. Furthermore, microscopic analysis using basic staining methods were done in 

this study allowing only limited histological observations to reach. Newer and complex staining 

techniques that would provide a detailed visualization of cellular components could allow a 

comprehensive assessment of the impacts of soft-embalming at the microscopic level. 

 

4.6 Future Directions 

Further investigation on alternative fixatives would extend the scope of histological practices. 

Moreover, the use of more complex immunohistochemical staining methods in phenol-fixed 

tissue could also be a potential research focus. Furthermore, electron microscopic analysis would 

allow a more detailed and extensive understanding of the ultra-structural changes to the phenol-

embalmed digestive tract tissue. Quantitative histological methods could also be done to explain 

the tissue shrinkage caused by the phenol-embalming solution. Likewise, staining pattern 

disparities could have been revealed by investigating the acidity differences of the fixatives. 
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Further studies to examine the effect of phenol or other soft-embalming techniques on various 

tissue types, both gross and histologic level, would be a viable research area, due to lack of the 

current literature. 
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Chapter 5 

Conclusion 

The objectives of the study were attained while the hypotheses were supported with several 

novel findings. The rat model proved to be an appropriate choice for this initial study of 

examining the effects of soft embalming on digestive tissue. At the macroscopic level, phenol-

fixed digestive tract tissue demonstrated apparent differences in comparison to the PFA tissue. 

The gross changes were in the tissue flexibility and coloration. Besides, the impacts of phenol-

fixation could also be noted histologically. There were distinct staining variations between the 

phenol-fixed and the PFA control tissue. Additionally, separation artifacts were evident in the 

phenol-fixed microscopic sections. Despite these variations, the phenol-fixation revealed good 

structural preservation in the acquired histological images, analogous to those of the control 

tissue. Soft-embalming procedures are important as they represent a potential substitute method 

of preservation by avoiding the drawbacks of formaldehyde-fixed as well as fresh tissues, while 

maintaining their benefits. Currently, research on soft-embalming has largely been focused on 

the gross effects of the technique as a method for developing surgical models. The histological 

analysis of the phenol-fixed tissue supported further evidence that this method provides good 

overall structural preservation of the digestive tract tissue. At large, this study demonstrated key 

insight into the effects of phenol-fixation by providing a robust understanding of their impacts on 

digestive tissue. 
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Appendix A 

Weigert's Iron Hematoxylin and Eosin 

Weigert's Iron Hematoxylin and eosin staining required the use of two staining solutions: 

Weigert's Iron Hematoxylin, and Eosin Y (Sigma-Aldrich, Oakville, ON, Canada). 

 

The Weigert's Iron Hematoxylin stain consisted of a 1:1 ratio of Solution A and Solution B: 

 

Weigert's Iron Hematoxylin stain 

Solution A: 

 1) 0.6g Ferric Chloride (BioShop Canada Inc., Burlington, ON, Canada) 

 2) 0.75 mL Hydrochloric acid (Sigma-Aldrich, Oakville, ON, Canada) 

 3) 100 mL nanopure water 

Solution B: 

 1) 1g Hematoxylin (BioShop Canada, Inc., Burlington, ON, Canada) 

 2) 100 mL 95% ethanol 

 

Eosin Y stain 

 1) 500 mL Alcoholic Eosin Y (VWR International, Mississauga, ON) 

 2) 150 mL 80% ethanol 

 3) 0.25 mL Acetic Acid (Fisher Scientific, Nepean, ON, Canada) 

 OR 

 1) 200 mL Eosin Y Intensified (VWR International, Mississauga, ON) 
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Weigert's Iron Hematoxylin and Eosin Staining Protocol: 

Weigert’s Iron Hematoxylin Solutions A and B were mixed just prior to use. The sections were 

deparaffinized as previously outlined (Section 2.6 Slide Preparation and Staining), and then 

stained in Weigert's Iron Hematoxylin for five minutes. The slides were then quickly rinsed in 

deionized water and stained in eosin Y for two minutes. The slides were dehydrated through a 

series of ethanol concentrations for 30 seconds each: 30%, 95% and 100%, before returning them 

to 100% toluene for one minute. The sections were mounted on slides using with SHURmount 

(VWR International, Mississauga, ON, Canada) liquid mounting medium and a glass coverslip 

(UltiDent, St. Laurent, QC, Canada). After drying overnight, the slides were placed in a slide box 

until required for imaging. 
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Appendix B 

Masson’s Trichrome Stain 

Masson’s Trichrome protocol required a multistep procedure involving Bouin’s solution, 

Weigert’s Iron Hematoxylin, Biebrich Scarlet-Acid Fucshin, Aniline Blue Solution and Working 

Phosphotungstic/Phosphomolybdic Acid Solution. 

 

Weigert's Iron Hematoxylin stain 

Solution A: 

 1) 0.6g Ferric Chloride (BioShop Canada Inc., Burlington, ON, Canada) 

 2) 0.75 mL Hydrochloric acid (Sigma-Aldrich, Oakville, ON, Canada) 

 3) 100 mL nanopure water 

Solution B: 

 1) 1g Hematoxylin (BioShop Canada, Inc., Burlington, ON, Canada) 

 2) 100 mL 95% ethanol 

 

Working Phosphotungstic/Phosphomolybdic Acid Solution: 

 1) 40 mL Phosphotungstic Acid Solution (Sigma-Aldrich, St. Louis, MO, USA) 

 2) 40 mL Phosphomolybdic Acid Solution (Sigma-Aldrich, St. Louis, MO, USA) 

 3) 800 mL deionized water 

1% Glacial Acetic Acid Solution: 

 1) 2 mL Glacial Acetic Acid (Fisher Scientific, Nepean, ON, Canada) 

 2) 198 mL deionized water 

 



59 
 

Masson's Trichrome Stain Protocol: 

After the slides were deparaffinized and rehydrated according to section 2.6 Slide Preparation, 

they were transferred into Bouin's Solution (LabChem Inc, Pittsburgh, PA) and was subsequently 

placed in a water bath heated to 56°C for 15 minutes. After, the slides were cooled with water 

(18-26°C) and washed with running tap water to remove any yellow colouration. A 1:1 ratio (80 

mL each) of Solution A and Solution B of Weigert's Iron Hematoxylin solution were mixed just 

before use. The slides were immersed in the solution for 5 minutes. This was followed by the 

slides being washed in running tap water for five minutes. Next, the slides were rinsed in 

deionized water before being immersed in the ready to use Biebrich Scarlet-Acid Fucshin (Sigma 

Aldrich, St. Louis, MO, USA) for 5 minutes. They were rinsed in deionized water before being 

placed immediately in working Phosphotungstic/Phosphomolybdic Acid Solution for 5 minutes. 

This was followed by immersion in Aniline Blue Solution (Sigma Aldrich, St. Louis, MO, USA) 

for 5 minutes and 1% Glacial Acetic Acid Solution for 2 minutes immediately after. Slides were 

rinsed in deionized water and dehydrated through a series of graded alcohol concentrations as 

follows: 30%, 95%, 100% ethanol each for 30 seconds and 100% toluene for one minute. The 

sections were mounted on slides using with SHURmount (VWR International, Mississauga, ON, 

Canada) liquid mounting medium and a glass cover slip (UltiDent, St. Laurent, QC, Canada). 

After drying overnight, the slides were placed in a slide box until required for imaging. 
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Appendix C 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.1 Histology of Esophagus, HE 

A. PFA control, B. Phenol. All the layers of esophagus can be seen in this low magnification. 
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Figure 5.2 Histology of Duodenum, HE 

A. PFA control, B. Phenol. All histological layers of the duodenum are seen. 

  

B 

ME A 

BG 

100 µm 

100 µm 



62 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.3 Histology of Duodenum, MT 

A. PFA control, B. Phenol. Histological structures preserved in both embalmed sections. 
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Figure 5.4 Histology of Duodenum, MT 

A. PFA control, B. Phenol. Histological structures preserved in both embalmed sections. 
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Figure 5.5 Histology of Jejunum, HE 

A. PFA control, B. Phenol. Histological structures preserved in both embalmed sections. 
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Figure 5.6 Histology of Jejunum, MT 

A. PFA control, B. Phenol. Histological structures preserved in both embalmed sections. 
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Figure 5.7 Histology of Jejunum, HE 

A. PFA control, B. Phenol. Histological structures preserved in both embalmed sections. 
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Figure 5.8 Histology of Ileum, HE 

A. PFA control, B. Phenol. Histological structures preserved in both embalmed sections. 
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Figure 5.9 Histology of Ileum, HE 

A. PFA control, B. Phenol. Histological structures preserved in both embalmed sections. 
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Figure 5.10 Histology of Ileum, MT 

A. PFA control, B. Phenol. Histological structures preserved in both embalmed sections. 
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Figure 5.11 Histology of Colon, HE  

A. PFA control, B. Phenol. A comparable histological structure in both embalmed sections. 
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Figure 5.12 Histology of Colon, MT  

A. PFA control, B. Phenol. Histological structures preserved in both embalmed sections. 
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