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Postmortem diagnostics play an important role in the ability to understand the cause of death of
an animal. However, removal from oxygen supply, either by surgical excision or at death, leads
to cell and tissue decomposition. Knowledge about factors impacting reliability of test results is
extremely important for accurate diagnostics. This thesis examined two common diagnostic
assays and the effect of environmental temperature and time ex vivo or postmortem on samples
quality and assay performance. Chapter 1 examined the enzymatic properties of alkaline
phosphatase (ALP), a diagnostic tissue marker of canine osteosarcoma. Samples known to
express ALP (liver) or not (kidney and muscle tissues) were tested at both room temperature and
4 °C. Samples were obtained for both temperatures at 0 h, 24 h, 48 h and an additional sample
was collected 96 h for the refrigerated sample. Liver samples produced the expected enzymatic
response ex vivo up to 48 h, after which point degradation of the samples precluded proper
visualization of intact hepatocytes with staining in the canaliculi. Chapter 2 examined staining
intensity of commonly used immunohistological markers in formalin-fixed paraffin-embedded
tissues samples collected at 3 different time points and 2 different storage temperatures
postmortem. The staining for cytokeratin and vimentin diminished gradually both in intensity
and percentage of cells staining; the 48 h 21 ˚C sample showed no staining. The PAX5 and
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CD79 𝛼 stains showed some non-specific staining, and had weak intensities at early time points
and lower temperatures, and little to no staining at later time points and higher temperatures. For
all target molecules, there was a decrease in the amount and percentage of staining with
increasing time, as well as increasing temperature; however, some markers were more sensitive
to degradation.
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Introduction
Within the medical community, it is not always possible to determine the exact issue a patient is
facing before the patient expires. Therefore, postmortem diagnostics can be an essential part in
understanding what illness was affecting a patient. One of the largest challenges to overcome in
respects to the quality of results from postmortem examinations, are environmental conditions
and the time that has lapsed between death and examination. This challenge is not limited to the
examination of bodies (autopsy in human medicine, necropsy in veterinary medicine) but also
affects tissue samples removed from live patients (ex vivo samples). Once removed from the
body, tissues and cells ex vivo experience a lack of nutrients, most notably oxygen, that will
quickly lead to degradation and cell death. While tissue decomposition and cell autolysis are, in
principle, well established processes, the effects of time and temperature on the integrity of
specific tissues and cells have been insufficiently characterized. Decomposition of tissues and
cells postmortem and ex vivo can impact accuracy and reliability of test performance and results.
Some reactions can only be reliably measured a few hours ex vivo whereas others may provide
accurate test results for days, under the correct conditions. Without a solid understating of the
impacts of environmental factors on tissue and cell preservation and accuracy of test
performance, the assurance of correct diagnoses is lost. Here, we examined the impact of
environmental time and temperature on test performance of ex vivo and postmortem samples
using two assays routinely used in veterinary diagnostics. The results from this study may form
the basis to establish guidelines for veterinary practitioners and diagnosticians for sample
preservation and the interpretation of test results from assays in ex vivo and postmortem
diagnostics.
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CHAPTER 1 – Effect of Time and Temperature on Alkaline Phosphatase Activity in Ex
Vivo Tissue Samples

Introduction
Alkaline Phosphatase
Alkaline Phosphatase (ALP) is a non-specific metallo-enzyme that is anchored to cell
membranes by glycophosphatidylinositol (GPI) proteins. ALP is produced by cells throughout
the body; including hepatocytes, normal osteoblasts, intestinal cells, and certain cancer cells.
ALP is produced in healthy osteoblastic activity in young animals, and is thought to have a role
in bone ossification. Detection of ALP in neoplastic cells can be employed to improve accuracy
in diagnosing osteosarcomas (OSA) (Barger et al., 2005; Sharma, Pal, & Prasad, n.d.).
Fine Needle Aspirates (FNA) have been utilized as a minimally invasive procedure to collect
cells from tissues. FNA can be used to detect ALP in collected cells with the use of the colorless
substrate, nitro-blue tetrazolium chloride/5-bromo-4-chloro-3-indolyl phosphate toluidine-salt
(NBT/BCIP). This substrate turns from colorless to a dark purple/black precipitate in the
presence of ALP activity and can be readily visualized using bright field microscopy. One now
widely used application of light microscopic NBT/BCIP reaction in combination with FNA is to
determine the presence of ALP in cytological preparations of OSA cells.
Osteosarcoma
In dogs, osteosarcoma (OSA) is a malignant primary bone tumor that is responsible for 90% of
all primary bone tumors. 75-85% of the time the affected bone is in a limb, referred to as
appendicular osteosarcoma, but they can occur in any bone in the body (Barger et al., 2005;
Ehrhart et al., 1998; Sharma et al., n.d.). In OSA tumors there is high ALP activity as it is
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thought to have a role in bone ossification and is present in high levels in young animals that are
growing. There is a high likelihood of metastasis, most commonly to the lungs and lymph nodes.
OSAs may also resemble Other Primary Bone Tumors (OPBT), making the positive diagnosis
not always straightforward (Barger et al., 2005). The high levels of ALP in OSA tumor cells are
unique compared to OPBT.
Osteosarcoma Diagnostics
The current standard of care for diagnosis of OSA is biopsy with histological evaluation. This
method provides challenges due to the invasiveness of the surgical procedure. The use of FNA
and cytological evaluation is less invasive, and more time-effective, and may improve diagnostic
accuracy if combined with assays for ALP activity. There is increasing usage of FNAs for
diagnostics in recent years. As well NBT/BCIP can be applied over other stains and will still
show ALP activity. Processing tissues to paraffin blocks leads to loss of ALP activity, and,
therefore, ALP activity cannot be utilized on histological sections from formalin-fixed paraffinembedded (FFPE) tissues. The delivery and trimming of surgical samples, especially from
amputated limbs, can be delayed for hours. The disruption of blood flow and oxygenation leads
to cell death, degradation and autolysis of cells including cancer cells. Autolysis is the process by
which cells begin to degrade themselves by releasing enzyme into their cytoplasm. These
enzymes begin to break down complex molecules, such as proteins and the phospholipid
membrane, into their building blocks. When the structure of these macromolecules changes, they
can no longer carry out their original functions. It has not been determined how long ALP
activity can be identified reliably in tissue samples and cells ex vivo, after removal from the body
and before collection of samples for histopathological examination.
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This study had two main objectives, the first to determine how long ALP activity is detectable in
cells collected from ex vivo tissue samples, and second to determine the impact of environmental
temperature on these outcomes. This study used an array of tissues commonly sampled by FNA.
We included tissues that are known to express ALP (liver) and tissues that were expected to lack
ALP expression (muscle and kidney; negative controls). ALP expression in the liver is found in
the canaliculi between rafts of hepatocytes, as it is excreted by the canalicular membrane ALP
works at an alkaline pH to hydrolyze phosphate esters when in the presence of zinc and
magnesium ions (Sharma et al., n.d.). ALP in the serum is used as a way to detect various
diseases such as cholestasis, hyperadrenocorticism, and non-hepatic neoplasia. In dogs however,
ALP can be induced in other parts of the liver by corticosteroids leading to an increased serum
level (Sharma et al., n.d.).
Methods and Materials
Tissue samples: Samples were collected from bodies submitted for routine necropsies to the
Oregon Veterinary Diagnostic Laboratory (OVDL). Not all animals submitted and used for this
study were euthanized at the Oregon State Small Animal Hospital, therefor initial time points
varied depending on when the sample was received. All time points were from time of death not
time of necropsy or arrival to the OVDL. Kidney, muscle and liver samples were obtained
(except for the first specimen where only liver and muscle were obtained) from dogs (n=3) and a
cat (n=1) undergoing necropsy for reasons other than liver disease. One of the four animals
presented with the clinical diagnosis of OSA, and samples were collected from the tumor tissue
as well.
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Cytological Preparations of Fresh Tissue Samples
Cytological preparations of fine needle aspirates (FNA) and imprints were generated following
routine procedures. For FNAs each sample was immobilized using forceps and an 18 g needle
attached to a 5cc syringe. The needle was inserted directly into the sample, and was then moved
through each sample three to five times. The needle was removed from the sample. The syringe
was then disconnected from the needle. The syringe was filled with air, then reconnected to the
needle. The air-filled syringe was then emptied, forcing air through the needle and pushing the
contents onto a clean histological slide. The slide was then gently smeared using a second clean
slide. For imprints a new cut was made in the sample to expose a new layer of cells. The face of
the new cut was then pressed against a clean slide in two separate locations. Two samples of
each of the organs were taken. Paired sets of samples of liver, muscle and kidney were placed in
petri dishes, one set was held at room temperature (approximately 23 °C) and the other at 4 °C.
FNA were taken from both samples at 0 h, 24 h, and 48 h; the samples held at 4 °C. FNAs were
also collected at 96 h. The slides were allowed to air dry, and approximately 400 µL of
NBT/BCIP were added to each slide and allowed to react with the sample for fifteen minutes. At
this point the slides were rinsed with tap water to stop the reaction and allowed to air dry.
Microscopic Analysis
All FNAs were examined using a light microscope. Positive reaction for the presence of ALP
was defined as a dark purple/black precipitate that was located within the cytoplasm of cells, or
between the cells arranged in rafts. Results were recorded as positive or negative for each slide.
Slides were also evaluated for the degree of autolysis that was observed. A scale of 0 to 3 was
utilized, 0 meaning no visible autolysis with all cells intact, 1 meaning less than 25% showing
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some degree of autolysis, 2 meaning approximately 25-50% showing autolysis, and 3 meaning
over 50% showed autolysis.
Results
Samples
The study had a total of four animals, with three dogs and one cat. All of varying breeds and
ages, ranging from ten months to fourteen years of age. All subjects presented to the OVDL for
various reasons unrelated to this study. The overview of the subjects including their sex, age,
concern prior to death and important finding are presented in Figure 1.2.
ALP staining
Samples from Dog 1 (Figure 1.3) and Dog 3 (Figure 1.4) showed positive staining in the liver
samples from all time points and temperatures, 0 h, and at 24 h and 48 h time point for both the
refrigerated (4 °C) and room temperature (RT; 21 °C) samples. The muscle tissue showed no
staining of cells at any time point (Figure 1.5). For Dog 2 there was only staining at the 24 h 4 °C
time point, while the cat had staining at both 24 h time points for 4 °C and room temperature
(Figure 1.7). The samples from Dog 3 (Figure 1.8) also included a tumor sample. In tumor cells,
intracellular precipitate was observed in cells at the 24 h 48 h and 96 h after refrigeration, and the
24h and 48 h samples at RT. For the FNAs taken from the OSA tumor tissue that was kept at
room temperature, some precipitate was located within cells, however, most precipitate was
located outside of the cells. This is consistent with the increasing levels of degradation seen. No
other tissues showed staining consistent with NBT/BCIP in the presence of ALP for any time
point or temperature. Non-specific pigment was observed in some of the muscle cells from dog 2
and was interpreted as myoglobin due to the red hue, instead of the dark purple/black that the
NBT/BCIP shows (Figure 1.9).
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Discussion
For all tissue samples taken there was increasing degradation with both increasing time and
temperature. Degradation was seen as increasing percentage cell fragments compared to intact
cells. For most of the samples at later time points and higher temperatures, there were decreasing
numbers of cells showing staining in expected locations, such as the canaliculi of the hepatocyte
rafts. Only liver samples from Dog 1 show staining at all examined time points. When viewed
under a light microscope, dog 2 had few intact cells even at the 48 h time point. When the
necropsy was reviewed the findings showed severe liver autolysis to confirm the observations
that were made on review of the slides. Due to this degradation, the later time points did not have
any intact hepatocytes in linear rafts to observe for staining, instead only cell fragments were left
on the slide. The primary concern upon necropsy for dog 2 was asphyxiation, this means that the
cells could have been starved of oxygen much longer than the time points suggest. This lack of
oxygen would have increased the speed of degradation even without the animal having fully
expired. Non-specific pigment was observed in some of the muscle cells and was interpreted as
myoglobin due to the red hue, instead of the dark purple/black that the NBT/BCIP shows (Figure
1.8). For inexperienced users of this assay, such non-specific staining may lead to
misinterpretation and false-positive results. The tumor cells of Dog 3 showed a very large
amount of black precipitate throughout the cytoplasm and continued to show specific staining
even into the later time points. This is best explained by the very high levels of ALP activity
characteristic of OSA cells. Even when the cells began to autolyze there was enough activity for
the staining to persist. In the cat sample, there was some initial staining in the hepatocytes,
similar to ALP staining in samples of canine liver, however staining fell off extremely quickly.
Dog 1 was the only sample that was obtained at time of death, unlike the other samples which
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had around 24 hours between death or euthanasia and the collection of samples. When an animal
dies, the body temperature begins to rise, speeding up enzymatic activity, however the samples
taken from dog 1 were not exposed to this rise in temperature as they were removed directly after
euthanasia. This increase in enzymatic activity could lead to higher levels of autolysis even at the
lower time points. This could have impacted the samples of dog 2 and 3 as well as the cat as
more autolysis was seen at the shorter time points.
The findings of this study support the theory that once cells are removed from their source they
are highly susceptible to autolysis and that autolysis interferes with the ALP activity assay
examined here. Further research into the speed of degradation of liver cells could be carried out
using shorter time intervals to fully understand when the autolysis begins to negatively impact
results from the ALP assay. The sample size of this study was smaller than anticipated so another
study should be carried out with a larger sample population.
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Figures
Figure 1.1 Summary of all collected samples for each animal in the study, broken down by the
specific animal and further by tissue type and the time/temperature. Positive indicates the
presence of dark purple/black precipitate associated with the presence of ALP. Negative
indicates no precipitate was able to be identified on the slide. NA indicates that the sample was
not available to sample, usually due to time between death and examination.
Animal
Tissue
4 °C
RT
0 hour

24 hours

48 hours

96 hours

24 hours

48 hours

Liver

Positive

Positive

Positive

Positive

Positive

Positive

Muscle

Negative

Negative

Negative

Negative

Negative

Negative

Liver

NA

Positive

Negative

NA

Negative

Negative

Muscle

NA

Negative

Negative

NA

Negative

Negative

Kidney

NA

Negative

Negative

NA

Negative

Negative

Liver

NA

Positive

Positive

Positive

Positive

Positive

Muscle

NA

Negative

Negative

Negative

Negative

Negative

Kidney

NA

Negative

Negative

Negative

Negative

Negative

Tumor

NA

Positive

Positive

Positive

Positive

Positive

Liver

NA

Positive*

Negative

NA

Positive

Negative

Muscle

NA

Negative

Negative

NA

Negative

Negative

Kidney

NA

Negative

Negative

NA

Negative

Negative

Dog 1

Dog 2

Dog 3

Cat 1

*No staining was found in the FNA, however the imprint showed weak staining
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Figure 1.2 Overview of animals involved in the study including their ID, sex, age, primary
concerns prior to death and important findings
ID
Sex
Age Postmortem Primary Concern
Important findings
Interval
Dog Male
10
0h
Salmon poisoning –
Lymphadenitis
1
infection with
Thymitis
Neorickettsia
Macrophage and Kupffer cell
helminthoeca
hyperplasia
Necrotizing gastroenteritis
Dog Female 10m 24 h
Asphyxiation due to
Foreign material completely
2
foreign material
occluded the proximal trachea
Lung edema with secondary
congestion
Dog Female 14
24h
Teleangiectatic
Osteosarcoma in scapula with
3
Osteosarcoma
teleangiectatic features
Chronic Blood
Metastasis not identified
resorption
Cat 1 Male
11
24h
Jejunum, primary
Primary neoplasia stemming
neoplasia from wall of the jejunum
Metastasis to the lymph
Lymphoma
nodes, liver, kidney and
spleen
Bone marrow hyperplasia
Chronic bronchopneumonia
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Figure 1.3 Dog 1 Liver Sample 0 hour, stained with NBT/BCIP. Magnification 10x and 40x
respectively.
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Figure 1.4 Dog 3 Liver 24 hour at 4 °C, stained with NBT/BCIP. Magnification 20x and 40x
respectively. Arrows on the lower image point to areas of staining, which is located in between
hepatocytes in the bile canaliculi.
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Figure 1.5 Dog 1 Muscle Sample 0 hour, stained with NBT/BCIP. Magnification 10x

Figure 1.6 Dog 3 Kidney Sample 24 hour 4 °C, stained with NBT/BCIP. Magnification 10x.
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Figure 1.7 Cat 1 Liver Sample 24 hour 4 °C, stained with NBT/BCIP. Magnification 10x and
40x respectively Staining is found faintly between hepatocyte rafts in the bile canaliculi.
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Figure 1.8 Dog 3 Tumor Sample 24 hour 4 °C, stained with NBT/BCIP. Magnification 4x, 10x
and 40x respectively. Staining is located through the cytoplasm of the cells.
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Figure 1.9Dog 2 Muscle tissue sample 24 hours at room temperature, stained with NBT/BCIP.
Magnification 10x and 20x respectively.
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CHAPTER 2 – Effect of Time and Temperature on Immunohistochemical Staining in
Postmortem Samples

Introduction
Immunohistochemistry
Immunohistochemistry (IHC) is routinely used for phenotypic characterization of cells in
formalin-fixed, paraffin-embedded tissues (FFPE). This method is a microscopy-based technique
that aids in the visualization of different cellular components. It is commonly used for detection
of epitopes expressed by a single protein-target within a tissue. An epitope is the part of the
target molecule that an antibody can recognize, and attach itself to. IHC utilizes a primary
antibody that has a high specificity for the target protein. After washing off excess primary
antibody, colorimetric detection of the primary antibody can be accomplished in various ways;
the two most widely employed approaches are use of a secondary antibody linked to an enzyme
(reporter molecule), or use of a polymer that also functions as reporter molecule. Either way, it is
the Fc end of the primary antibody, more specifically the species-specific portions, that provides
specificity for the second step. If a secondary antibody is introduced that binds to the primary
antibody, the secondary antibody is coupled to a reporter molecule such as phosphatase or
peroxidase. In the polymer based method, antibodies and enzymes and conjugated to a polymer
backbone. The increased number of both antibodies and enzymes that are conjugated to the
polymer allow for enhanced sensitivity and specificity (Novus Biologicals, n.d.). The polymer
based method also allows for the staining to be completed in just one step. After the binding
event, a chemical substrate is added that can react with the reporter molecule and produce a
colored precipitate at the site of the epitope-antibody complex. The identification of proteins can
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be useful in the classification of tumor cells as primary tumors and metastases may share the
same pattern of protein expression as fully differentiated counter parts in the tissue of origin.
Effects of postmortem changes on protein and epitopes
Once a cell is removed from its source of nutrients, it will begin to autolyze. Autolysis, (auto for
self, lysis for digestion) is the process by which a cell degrades structural and functional
elements including cell membranes and proteins. Autolysis is the cell’s way of breaking down its
more complex structures into their basic parts so that they may be recycled. In autolysis, the
lysosomes and peroxisomes inside of the cell begin the process of self-digestion through the
release of their enzymes into the cytoplasm of the cell. The released enzymes will begin breaking
down the structural and functional proteins into their molecular building blocks such as amino
acids. Proteins have primary, secondary and tertiary organizations, these play a large role in what
the protein can attach to and react with. Once digestion ensues, secondary and tertiary
organization of proteins is altered, this changes the shape of the protein, and they may no longer
be able to carry out their normal functions. Most enzymes work faster at higher temperatures that
are closer to the normal temperature range of the body. Therefore, autolysis will proceed more
rapidly when the tissue is left at room temperature compared to when it is refrigerated.
Specific proteins under investigation
Vimentin is a class III intermediate filament that is found in various non-epithelial cells,
especially mesenchymal cells. Vimentin is involved in neuritogenesis and cholesterol transport.
Neuritogenesis is the process of developing new neurites which develop into axons and dendrites
of the nerve cell. Vimentin also functions as an organizer for proteins involved in cell
attachment, migration and signaling. Vimentin is expressed in cells undergoing epithelial to
mesenchymal transformation (EMT) and cytoskeleton remodeling, processes observed during
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metastatic progression. Vimentin staining is limited to the cytoplasm of mesenchymal cells in all
tissues; is not seen in epithelial, smooth muscle, or hematopoietic cells/leukocytes (Figure 2.4).
Vimentin can be used to identify mesenchymal cells in tissues and can also serve as a control
marker for other markers such as cytokeratin.
Cytokeratin is an intermediate filament forming protein that provides mechanical support to the
cell and aids in the epithelial cells’ ability to maintain mechanical and non-mechanical stress, as
well as being highly involved in mitosis and apoptosis. Cytokeratin staining is deposited along
the cell membrane and in the cytoplasm of epithelial cells (Figure 2.5). There are multiple
classes of cytokeratin, basic and acidic. The identification of cytokeratin can be useful in the
identification of epithelial tumor cells and the classification of epithelial tumors, as primary
tumors and metastases share a pattern of cytokeratins similar to that of differentiated counter
parts in their tissue of origin.
PAX5 is a member of the paired box family, and encodes a transcription factor. This
transcription factor holds important regulatory functions for early development, and alterations to
this gene are thought to contribute to neoplastic transformation, which is the conversion of
normal cells into tumor cells. PAX5 staining is primarily expressed in lymphoid cells of the B
cell lineage; its expression is limited to the cell nucleus (Figure 2.6).
CD79𝛼 is commonly used for the detection of B cells. CD 79 is expressed early in B cell
differentiation when pro-B cells mature to pre-B cells, and is also expressed in plasma cells. This
marker interacts with the B cell antigen receptor complex-associated protein beta chain or the
initiation of signal transduction cascades through the B cell antigen receptor complex. CD79 𝛼 is
located in the cytolemma, also known as the cell membrane, and, consequently, staining for
CD79 𝛼 by IHC is found at the periphery of B lymphocytes and plasma cells (Figure 2.7).
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This study examined the effect of postmortem interval and environmental temperature on tissue
preservation and immunohistochemical staining for cell markers commonly used in diagnostic
pathology. This study examined 4 markers, cytokeratin, vimentin, PAX5, and CD79 𝛼.
Methods and Materials
Rabbits were culled for reasons unrelated to this study and kept at room temperature (RT) or
under refrigeration (4 °C) until collection of tissues samples for histological analysis as follows.
Rabbit 1 was collected at 0 h. Rabbit 2 and Rabbit 3 were kept refrigerated and samples were
collected at 48 h and 5 d, respectively. Rabbit 4 and 5 were kept at RT and samples were
collected at 48 h and 5 d, respectively. (Figure 2.1) Tissues sampled included eyelid, large
intestine, lymph node and sacculus rotundus. The sacculus rotundus is located at the ileocecal
junction, it is an enlargement of the large intestine and contains lymphoid tissue as well as tissue
types commonly found in the large intestine such as epithelium and smooth muscle. Samples
were fixed in 10% formalin for 24-48 h, processed overnight, and embedded into paraffin.
Paraffin sections were cut at 3-5 micrometer, placed on Super Frost charged slides and baked at
37 °C.
Immunohistochemistry (IHC) was performed on an autostainer (Dako Autostainer Universal
Staining System; Dako, Carpinteria, CA) according to standard operating procedures. Paraffin
sections were high-temperature antigen retrieved with BDTM Retrieval A solution (Dako)
except sections stained for cytokeratin. Endogenous peroxidase activity was blocked by
immersing slides in methanol containing 3% hydrogen peroxide for 10 minutes. The following
primary antihuman antibodies (Dako Cytomation, Carpinteria, CA) were applied for 30 minutes
at room temperature: mouse monoclonal against cytokeratin (AE1/AE3), vimentin, PAX5, and
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CD79a (Dako M7051; clone HM57). These antibodies have been used for the characterization
of cells in a wide spectrum of species.
MaxPoly-One Polymer HRP Mouse Detection solution (MaxVision Biosciences, Bothell, WA)
was applied for 7 minutes at room temperature and Nova Red (SK-4800; Vector Labs,
Burlingame, CA) as chromagen was used with Dako hematoxylin (S3302) as counterstain. Serial
sections of tissue incubated with Dako Universal negative serum served as negative controls.
Serial sections of a normal canine tissues (skin, lymph node) and incubated with the primary
antibodies/antisera or incubated with Dako Universal negative serum were used as positive or
negative methods controls, respectively.
Histological slides were evaluated by light field microscopy. Photographs of the sacculus
rotundus were taken of each slide for all markers using a bright-field (light) microscope and cell
phone. The sacculus rotundus was chosen as it would contain cells for each of the markers being
observed. Images from different tissue sets were compiled into one document for each stain.
Staining was defined as a brown red, cell-associated precipitate. Staining was considered specific
when the expected cell population was stained in the expected subcellular distribution pattern
(cytokeratin: cell membrane and cytoplasm of epithelial cells; vimentin: cytoplasm of
mesenchymal cells; PAX5: nucleus of B lymphocyte; CD79a: membrane of B lymphocytes).
Staining was considered non-specific when it occurred in any other cell population, especially
when subcellular distribution pattern was different from that expected. Each slide was rated on
intensity of staining 0, +, ++, or +++ indicating no staining, weak intensity staining, moderate
intensity staining, and high intensity staining, respectively. Weak intensity staining was defined
as a faint red or brown staining in the expected location. High intensity staining was defined as a
deep red or brown in the expected cells. Moderate intensity staining was defined as in between
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faint and deep staining the expected cell types. The samples were also examined for how many
of the correct cells presented with staining: 0%, <50% or >50%. A composite score was recorded
as 0, 1, 2, 3 indicating no staining, weak staining in <50%, weak staining in >50% or moderate
staining in <50%, or intense staining in any cells. If only a few scattered cells stained +/- or no
stained cells, the stain was considered negative for the antigen.
Results
For all four markers, both the intensity (Figure 2.2) and percentage of correct cells showing
staining (Figure 2.3) decreased with both longer times and higher temperatures. For the
cytokeratin and the vimentin, the staining for both 0 h samples started very intense (+++) with
the staining presenting with over 50% of the cells showing proper staining. For vimentin, the
refrigerated 48 h and 5 d sample showing high intensity staining with over 50% of the cells
showing staining. The RT 48 h showed moderate intensity staining with approximately 50% of
the cells showing staining, while the RT 5 d sample had weak intensity staining, with less than
50% of the proper cells showing staining. Cytokeratin showed a similar pattern, the refrigerated
48 h and 5 d samples showed high and weak intensity staining respectively, and was present in
over 50% of the cells for both time points. The room temperature 48 h sample showed moderate
intensity staining with over 50% of the cells showing the proper staining. The RT 5 d sample was
weak intensity with less than 50% of the cells staining. The PAX5 samples started at weak
intensity, with more than 50% of the cells showing proper staining. The rest of the samples
showed no staining at any time point or temperature. Lastly, for CD79⍺, the 0 h sample had
moderate intensity staining with over 50% of the cells showing proper staining. The refrigerated
48 h and the room temperature 48 h samples both had weak intensity staining with less than 50%
of the cells showing proper staining. The 5 d samples both refrigerated and room temperature
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showed no staining in the proper cells. CD79⍺ showed consistent non-specific staining in the
brush border of enterocytes as well as in the modified sebaceous glands. Staining was of high
intensity in the 0 h sample, but dropped to moderate intensity for both 48 h samples and weak
intensity for both 5 d samples.
Discussion
There was an obvious decline of both the intensity of staining as well and the percentage of cells
that showed the proper staining with longer times and higher temperatures. This is intuitive, the
longer the cells were without a supply of nutrients, and the warmer their conditions, the faster
they decompose or self-digest (autolyze). Depending on the antigen, there was a difference in
how quickly the staining signal and presumed epitope degradation occurred and the extent to
which it occurred.
Staining for vimentin initially showed little difference in the intensity and the percentage of cells
showing staining. The room temperature (RT) 48 h, and refrigerated 5 d samples showed lower
percentages, but staining was still of moderate to high intensity respectively. The RT 5 d sample
however, was relatively weak in intensity and had low percentages of cells showing staining. It
appears that the vimentin epitope has a higher ability to resist the effects of degradation than the
other epitopes investigated here. In this case temperature proved more important in the rate of
degradation than time did, as the 5 d refrigerated had more intense staining than the 48 h room
temperature did. .
Cytokeratin showed a similar pattern with very little difference between the first two time points
in both intensity and staining. From there the staining trended down in both intensity and
percentage with the last time points showing weak staining making identification of stained cells
much harder to make with certainty. In the case of cytokeratin, it is time that has a greater impact
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rather than temperature. There was a significant drop between the 48 h 4 °C and the 5 d 4 °C
going from high intensity staining to weak intensity staining. Similarly, there was a drop between
the room temperature 48 h and 5 d sample though it was not as drastic. It is important to note
that we used tissues of the digestive tract, which are exposed to higher temperatures due to
continuing fermentation by gut microbiota postmortem. In other tissues, especially skin, staining
for cytokeratin could be preserved well beyond the timeframe examined here.
Staining for PAX5 was poor even at the zero-hour time point. The PAX5 monoclonal antibody
was raised against a synthetic human PAX5 peptide and has been shown to yield strong staining
in canine lymphoid tissues. Our results show that PAX5 may not be suitable for characterization
of lymphocyte populations in rabbit tissues. Given that PAX5 was not detected at the 48 h time
point ex vivo, this marker is not suitable in postmortem diagnostics of rabbit tissues. Reasoning
for the poor staining could be either that PAX5 in rabbits is extremely susceptible to time and
temperature and degradation occurs within 48 h, or that the IHC process for PAX5 is not suitable
in rabbits.
The last marker, CD79 𝛼, showed moderate intensity in over 50% of cells, and still showed weak
intensity with less than 50% of the cells at the 48 h time point. Based on the limited findings
here, it would appear that CD79a is a more reliable B lymphocyte marker in postmortem
diagnostics of rabbit lymphoid tissues than PAX5. CD79α showed non-specific staining of the
epithelial cells in sebaceous glands and smooth muscles cells in the intestinal wall and arteries
with high and moderate intensity, respectively. The monoclonal antibody used here was raised
against a synthetic peptide of amino acids 202-216 of mb-1 protein, the intracytoplasmic Cterminal part of CD79 𝛼 and has shown broad cross-reactivity in a wide range of mammalian
species ((Jones, Cordell, Beyers, Tse, & Mason, 1993)). Non-specific binding to protein epitopes
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is the most plausible explanation for the non-specific staining observed in rabbit cells other than
B lymphocytes and can be observed in FFPE of other species including dog (CV Löhr, personal
communication).
Due to the nature of the parent study, rabbits were only sampled from once to reduce the oxygen
exposure to the anaerobic environment of the digestive tract. Therefore, there could be issues
with in individual rabbits that would have impacted results. Future studies could take two
potential pathways to avoid the potential of misleading data due to an innate malformation in a
single rabbit. The first is to have a single rabbit that tissue is remove from, kept at the two
temperatures and then sampled from at the time points. This could be done with multiple rabbits
to negate any misinformation that might arise. The second option is to follow the same
procedures as this study followed, but using multiple rabbits for each time and temperature to
compare between different organisms. Having multiple rabbits would allow for a reduction in the
noise of data with higher levels of certainty that the results were accurate.
Conclusions
IHC is widely used to aid identification of specific cell types in tissues. The effect of time
elapsed after death and temperature postmortem on the reproducibility and reliability of these
assays has not been elucidated and was the focus of this study. Of the four antigens examined by
IHC on postmortem samples collected from rabbits, vimentin proved to be the most robust
marker, with staining still readily identifiable even days after death. The detection of
cytokeratins decreased with increased time independent of temperature and may serve as a
marker in characterization of the postmortem interval. Of the two B lymphocyte markers, CD79a
but not PAX5 has proven suitable for characterization of rabbit lymphoid tissues. An area of
future research is to look into the PAX5 IHC pathway, a study could be carried out with shorter
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time intervals to determine if PAX5 is just susceptible to the impacts of time and temperature, or
if it is the IHC staining that cannot correctly target the PAX5 epitope.
Tables and Figures
Figure 2.1 Sample Time point Schematic
Refrigeration at 4°C

48 hours

5 days

48 hours

5 days

0 hours

Room Temperature

Figure 2.2 Intensity of IHC Staining for all markers and time points. Rated from 0 to +++ where
0 indicates no staining and +++ indicated intense staining
Marker
Refrigeration (4 ˚C)
Room temperature (21 ˚C)
0 hour

48 hours

5 days

48 hours

5 days

Vimentin

+++

+++

+++

++

+

Cytokeratin

+++

+++

+

++

+

PAX 5

+

0

0

0

0

CD 79a

++

+

0

+

0

Figure 2.3 Percentage of Cell Staining for IHC. Determined as cytoplasm of mesenchymal cells
for vimentin, along cell membranes and cytoplasm I epithelial cells for cytokeratin, the nucleus
of B cells for PAX5 and the periphery of B lymphocytes and plasma cells for CD79a.
Marker
Refrigeration (4 ˚C)
Room temperature (21 ˚C)
0 hour

48 hours

5 days

48 hours

5 days

Vimentin

>50

>50

>50

~50

<50

Cytokeratin

>50

>50

>50

>50

<50

PAX 5

>50

0

0

0

0

CD 79a

>50

<50

0

<50

0
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Figure 2.4 Composite score for IHC staining. Scale of 0-3 where 0 means no staining, 1 is weak
staining with less than 50% showing proper staining location, 2 is either weak staining with over
50% showing proper staining or moderate staining with less than 50% showing proper staining,
and 3 is intense staining with or without over 50% of the cells showing proper staining.
Marker
Refrigeration (4 ˚C)
Room temperature (21 ˚C)
0 hour

48 hours

5 days

48 hours

5 days

Vimentin

3

3

3

2

1

Cytokeratin

3

3

2

2

1

PAX 5

1

0

0

0

0

CD 79a

2

1

0

1

0

Figure 2.5 Specific location of Vimentin IHC staining taken from the 0 h sample. Stained with
Nova red and counterstained with hematoxylin. Magnification 40x. Arrows point to proper
staining locations.
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Figure 2.6 Specific location of Cytokeratin IHC staining taken from the 0 h sample. Stained with
nova red and counterstained with hematoxylin. Magnification 40x. Arrows point to proper
staining locations.

Figure 2.7 Specific location of PAX5 IHC staining taken from the 0 h sample. Stained with nova
red and counterstained with hematoxylin. Magnification 40x. Arrows point to proper staining
locations.
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Figure 2.8 Specific location of CD79a IHC staining taken from the 0 h sample. Stained with
nova red and counterstained with hematoxylin. Magnification 40x. Arrows point to proper
staining locations.
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Figure 2.9 Immunohistochemistry staining for vimentin in rabbit tissues. Stained with Nova red
and counterstained with hematoxylin. All images from the sacculus rotundus. Magnification
labeled at the top of each column, with the left column at 4x, the middle at 10 x and the right at
20x. Note the intense cytoplasmic staining of connective tissues cells such as fibroblasts,
endotheliocytes and smooth muscle cells in all samples except 5d room temperature.
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Figure 2.10 Immunohistochemistry staining for cytokeratin in rabbit tissues. Stained with Nova
red and counterstained with hematoxylin. All images from the sacculus rotundus. Magnification
labeled at the top of each column, with the left column at 4x, the middle at 10 x and the right at
20x. Note the intense cytoplasmic staining of epithelial cells, i.e., enterocyte, at 0 h and 48 h at
refrigeration in contrast to the weak staining at 48 h at room temperature and samples from the
5 d time point.
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Figure 2.11 Immunohistochemistry staining for PAX5 in rabbit tissues. Stained with Nova red
and counterstained with hematoxylin. All images from the sacculus rotundus. Magnification
labeled at the top of each column, with the left column at 4x, the middle at 10 x and the right at
20x. Note the weak nuclear staining of lymphocytes in gut-associated lymphoid tissue (GALT)
at 0 h. No staining is present in GALT from later time points irrespective of temperature.
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Figure 2.12 Immunohistochemistry staining for CD79𝛼 in rabbit cecum. Stained with Nova red
and counterstained with hematoxylin. All images of the sacculus rotundus. Magnification labeled
at the top of each column, with the left column at 4x, the middle at 10 x and the right at 20x.
Note the weak membrane-associated staining of lymphocytes in gut-associated lymphoid tissue
(GALT) at 0 h and 48 h at refrigeration. No staining is present in GALT from later time points
irrespective of temperature. Staining seen at 5 day refrigerated ignored due to improper location.
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Figure 2.13 Immunohistochemistry staining for CD79𝛼 in rabbit cecum. Stained with nova red
and counterstained with hematoxylin. Non-Specific staining of epithelial cells of a modified
sebaceous gland (top) and enterocyte brush border (bottom) for CD79 𝛼. Magnification for top
image is 10x, bottom image is 20x.
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Overall Discussion
Both experiments confirm our hypothesis that autolysis has an effect on postmortem diagnostics
and assays. We clearly demonstrated that both increasing time and temperature lead to decreased
staining in the examined assays, presumable due to degradation of the tissue samples. This is of
importance to diagnosticians as autolysis negatively impacts the ability to make accurate
postmortem diagnoses. Our study also shows that different markers have different sensitivities to
postmortem changes; some can still be detected multiple days ex vivo, some become
undetectable within a few hours. This knowledge is critical in the accurate interpretation of assay
results as it is important to know when certain markers will no longer be visible in a particular
assay whether or not they are present. The understanding that certain markers are sensitive to
both time and temperature for both ex vivo and postmortem samples allows for extra care during
sample collection and preservation. As an added benefit, a diagnostician can focus on markers
that are likely to work under certain conditions and save both time and money. Chapter 1 also
shows distinct differences in the histological location of ALP in liver once exposed to
NBT/BCIP. This aids in evaluating liver function postmortem by demonstrating ALP activity in
the cytoplasm of hepatocytes from a dog with steroid hepatopathy in contrast to staining of bile
canaliculi in healthy livers.
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