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ABSTRACT 
 

Anaphylactic shock is a sudden and serious life-threatening systemic hypersensitivity leading to a 
rapid, irreversible fatal circulatory collapse. Postmortem diagnosis of fatal anaphylaxis is a 
very sophisticated task in forensic medicine; it is usually excluded as the cause of death due to 
lack of autopsy findings. This study aims to find more specific criteria for the postmortem diagnosis 
of induced fatal anaphylaxis in rats by assessing the levels of total tryptase, histamine, 
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immunoglobulin E (IgE) and histological changes in the larynx, trachea, lung, heart, and spleen 
using light and electron microscopes. Sixty adult albino rats were divided into three groups; each 
group consisted of twenty rats. The first (control) group received distilled water while the second 
and third groups received a single intravenous dose of ovalbumin and penicillin G, respectively, two 
weeks after active subcutaneous sensitization. The fatal anaphylactic shock led to a significant 
increase in the levels of total tryptase, histamine and immunoglobulin E (IgE) along with 
histological changes in the larynx, trachea, lung, heart, and spleen that vary its severity according 
to the anaphylaxis cause. Postmortem diagnosis of fatal anaphylaxis depends on multi- factorial 
criteria that include biochemical, immunological and histological findings. 
 

 
Keywords: Diagnosis; anaphylaxis; postmortem. 
 
1. INTRODUCTION 
 
Anaphylaxis is a severe, life-threatening 
systemic hypersensitivity; it is caused by 
multiple factors such as drugs, poisons, venoms 
and food [1]. Anaphylaxis is a spontaneous  and 
dangerous allergic reaction of the body to 
particular substances, which are called 
allergens, that lead to the production of 
antibodies when it enters the body via 
inhalation, ingestion, dermal contact or 
inoculation [2]. 
 
Anaphylactic shock is an unexpected event 
wherein 75% of the cases do not have a 
previous history of hypersensitivity [3]; it is an 
immediate type of hypersensitivity reaction 
causing a diffuse organ hypoperfusion. 
Anaphylactic shock is considered a peripheral 
circulation failure resulting from antigen-antibody 
reaction in persons sensitized to a foreign 
material, leading to rapid, irreversible fatal 
circulatory collapse [4]. 
 
Anaphylaxis is considered to be one of the 
causes of sudden death. It may occur within a 
short time from the contact with the allergen; it 
usually appears a few minutes after allergen 
exposure, i.e. within 15-20 minutes in most 
cases. Therefore, death may occur immediately 
or within one or two hours at the maximum [5]. 
 
Anaphylaxis usually is excluded as the cause of 
death because of the lack of specific findings at 
the autopsy. Until now, most of the published 
articles have not been able to establish specific 
postmortem findings in fatal anaphylaxis cases 
although there is an increasing incidence of 
anaphylactic death worldwide [6,7]. 
 
Postmortem diagnosis of fatal anaphylaxis is a 
very sophisticated task in forensic medicine 
because the medico-legal diagnosis of any 
disease should not  depend  only on one type of 

investigation; instead, it must rely on a cluster of 
integrated investigations [8,9]. Thus, we need to 
establish scientific criteria based on the 
morphological, biochemical and immunological 
parameters of fatal anaphylaxis for its 
postmortem diagnosis. 
 
Therefore, the present study aims to establish 
more specific and accurate criteria for the 
postmortem diagnosis of induced fatal 
anaphylaxis in rats. This study assesses the 
serum levels of mast cell tryptase, 
immunoglobulin E (IgE) and histamine, and 
histopathological changes in the larynx, trachea, 
lung, heart, and spleen using light and electron 
microscope examinations. 
 
2. MATERIALS AND METHODS 
 
Sixty male adult albino rats (weighing 200-300 
g) were maintained on a 12-h day and night 
cycles, and had free access to food and water 
during the experimental period. They were 
divided into three groups where each group 
consisted of twenty rats. The first (control) group 
received 0.5 ml of distilled water. Every mouse 
in the second and third group was actively 
sensitized twice by a single subcutaneous 
injection of ovalbumin (1 mg) and penicillin G 
(0.2 ml), respectively with a one-week time 
interval. One week after the rats’ sensitization, a 
skin test was performed using the sensitizing 
material to ensure that every mouse had an 
immediate active hypersensitivity reaction to the 
injected material. One week after the skin test, 
the second and the third group received a single 
intravenous dose of 1 mg ovalbumin dissolved 
in 0.5 ml of distilled water [10], and 0.2 ml of 
penicillin G (10.000 IU) [11], respectively. 
Anaphylactic shock was induced within thirty 
minutes to three hours after the last injection. 
 
At the end of the experiment, after the 
occurrence of death, blood samples from the 
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three groups were taken within 15 to 30 minutes 
of death. The blood samples were obtained from 
the right femoral artery; the samples were left at 
room temperature for 15-30 minutes to clot. The 
samples were centrifuged at 2000 rpm for 10 
minutes at 4°C to remove the clot and separate 
the serum samples that were stored at -20°C 
until the assay. 
 

Total tryptase was measured on ImmunoCAP 
100 that uses a fluorescent enzyme 
immunoassay and a unique solid phase to 
ensure optimal sites for binding of antibodies 
whereas all processing steps were fully 
automated to ensure the reliability and 
reproducibility of the test. Anti-tryptase that binds 
to ImmunoCAP reacted with the tryptase in the 
sample. After washing, enzyme- labeled 
antibodies against tryptase were added to form a 
complex. After incubation, the unbound enzyme-
anti-tryptase was washed and the bound 
complex was incubated with the developing 
agent. After stopping the reaction, the 
fluorescence in the eluate was measured. The 
response for the sample was compared with the 
antibody concentrations used for the calibration 
curve, and then the results were calculated 
automatically [12,13]. 
 

Histamine in the blood was measured by a 
radioimmunoassay using the succinyl-
glycinamide derivatization of histamine (acylated 
histamine) in the samples to mimic the 
immunogen used to generate the monoclonal 
antibody; it is considered one of the most 
sensitive assays. The assay exhibited a linear 
response from 0.01 to 5.0 ug/ml of histamine, 
and the monoclonal antibody used had partial 
recognition of only N-methylhistamine (other than 
histamine) [14,15]. 
 

Serum immunoglobulin E (IgE) was measured by 
an ImmunoCAP-specific IgE blood test that           
was a fluorescent enzyme immunoassay        
(FEIA) which measured allergen-specific 
immunoglobulin E (IgE) in the serum; the assay 
can measure IgE antibodies that are specific to 
animals, plants and other allergens [16]. 
 

At the end of the experiment, after the sacrifice 
of the first-group rats and the death of the 
second and third-group rats, the tissues 
samples from the larynx, trachea, lung, heart 
and spleen of the rats from the three groups 
were taken and fixed in 10% neutral buffered 
formalin. The fixed specimens were trimmed, 
washed and dehydrated in ascending grades of 
alcohol, cleared in xylene, embedded in 

paraffin, sectioned at 4-6 μm thickness and 
stained with toluidine blue, haematoxylin and 
eosin according to the method described in [17]. 
 
Ultrastructure studies were performed by using 
the transmission electron microscope, and the 
tissue specimens of different organs were 
prepared by soaking and fixating the specimens 
in 2.7% glutaraldehyde solution in 0.1 M 
phosphate buffer for 1.5 hours at 4°C. It was 
then washed in 0.15 M phosphate buffer (pH 7.2) 
and post-fixed in 2% osmic acid solution in 0.15 
M phosphate buffer for one hour at 4°C. 
Dehydration was done using acetone. They were 
then embedded in the epoxy resin Epon 812. 
The blocks were cut with an ultramicrotome type 
LKB at 70 nm thickness. The sections were 
differentiated with the solutions of uranyl acetate 
and lead citrate for analysis using an electron 
microscope [18]. 
 

2.1 Statistical Analysis 
 

Statistical analysis was performed using SPSS 
version 17. The data is expressed as mean ± SD 
and analyses were performed by using one-way 
analysis of variance (ANOVA) and post-hoc 
multiple comparisons tests (TUKEY) to 
investigate the difference between the biomarker 
levels among the different groups, where a P 
value of 0.05 was considered statistically 
significant. 
 

2.2 Ethical Considerations 
 

The most appropriate animal species was 
chosen for this research. Promotion of high 
standard care and animal well-being were  
exercised  at  all  times.  An  appropriate  sample  
size  was calculated using the fewest number of 
animals to obtain valid results statistically. Painful 
procedures were performed under anesthesia to 
avoid any distress or pain that could be inflicted 
on the animals. Our standards of animal care are 
consistent with the requirements and standards 
of international laws and regulations. It was 
approved by the Institutional Scientific Research 
Ethics Committee. 
 

3. RESULTS  
 

3.1 Biomarker Findings 
 

Table 1 shows the mean ± SD of anaphylaxis 
biomarker levels in the different groups of rats. 
Mean ± SD values of anaphylaxis biomarker 
levels (Tryptase, immunoglobulin E “IgE” and 
histamine) significantly increased in the second 
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group which was sensitized by ovalbumin in 
comparison to the control group, and the third 
group which was sensitized by penicillin G at P 
<0.001. 
 
3.2 Histopathological Findings Using a 

Light Microscope 
 
3.2.1 Laryngeal histopathological findings 
 
The examination of laryngeal sections of the rats 
in the first (control) group revealed a normal 
structure of the larynx (Fig. 1a) with a normal 
distribution of mast cells around the blood 
vessels (Fig. 1d). The laryngeal tissues of the 
rats in the second group which were sensitized 
by ovalbumin showed severe inflammatory 
cellular infiltration, epithelial destruction, 
submucosal gland swelling, and excessive 
mucous production (Fig. 1b) with a marked 
increase in the number of mast cells in the 
surrounding area of the laryngeal blood vessels 
(Fig. 1e). The laryngeal sections in the rats of the 
third group which were sensitized by penicillin G 
showed mild inflammatory cellular infiltration, 
epithelial thickness, submucosal gland swelling, 
and mucous production (Fig. 1c) as well as a 
mild increase in the number of mast cells       
(Fig. 1f). 
 

3.2.2 Tracheal histopathological findings 
 
The examination of tracheal tissues of the rats in 
the first (control) group showed a typical tracheal 
structure (Fig. 2a) with a classical distribution of 
mast cells (Fig. 2d). The tracheal tissues of           
the rats in the second group which were 
sensitized by ovalbumin showed significant 
histopathological  changes  in  comparison  to  
the  control  group;  however,  the  tracheal  and 
laryngeal histopathological changes in the rats of 
the second group were nearly similar (Fig. 2b) 
with a marked increase in the different types of 
mast cells (Fig. 2e). The tracheal tissues in the 
rats of the third group which were sensitized by 
penicillin G showed mild histopathological 
changes in comparison to the second group; 
however, the tracheal and laryngeal 
histopathological changes in the rats of the third 
group were almost similar (Fig. 2c) with a mild 
increase in the different types of mast cells       
(Fig. 2f). 
 

3.2.3 Pulmonary histopathological findings 
 
The examination of the lungs of the rats in the 
first control group showed a typical structure of 

the lung (Fig. 3a) with normal mast cell 
distribution around the lung blood vessels (Fig. 
3d). The lungs of the rats in the second group 
which were sensitized by ovalbumin showed a 
severe loss of normal alveolar wall architecture, 
fragmentation and degeneration of the alveoli, 
marked collapse of some alveoli and severe 
dilatation of others, marked thickening of the 
interalveolar septum, numerous areas of cellular 
infiltration in the area surrounding the lung 
bronchioles, and hemorrhagic blood cells in 
multiple blood vessels (Fig. 3b) with a significant 
increase in the mast cells around the pulmonary 
blood vessels (Fig. 3e). The lungs of the rats in 
the third group which were sensitized by 
penicillin G showed a lesser number of atrophic 
broken alveolar walls, slight erythrocyte 
accumulation between the alveolar cells, 
lymphatic infiltration inside and in-between the 
alveoli  together with peri-bronchial  lymphocyte 
infiltration  and  edema  (Fig.  3c),  and  a 
moderate increase in the number of mast cells 
(Fig. 3f). 
 
3.2.4 Cardiac histopathological findings 
 
The examination of cardiac tissues of the rats in 
the first (control) group showed a normal 
appearance (Fig. 4a) with normal mast cell 
distribution around the coronary blood vessels 
(Fig. 4d). The hearts of the rats in the second 
group which were sensitized by ovalbumin 
showed severe damage in the architecture, 
fragmentation and degeneration in the 
myocardial fibers along with congestion, and 
numerous areas of cellular infiltration 
surrounding the coronary arteries (Fig. 4b) with a 
remarkable increase in the mast cell number 
around the coronary blood vessels (Fig. 4e). The 
cardiac tissues of the rats in the third group 
which were sensitized by penicillin G showed a 
mild loss of normal architecture, cardiac muscle 
degeneration along with cellular infiltration in 
areas surrounding the coronary arteries (Fig. 4c) 
and a mild increase in the number of mast cells 
(Fig. 4f). 
 

3.2.5 Spleen histopathological findings 
 
The examination of spleen tissues of the rats in 
the first (control) group showed a classical 
structure (Fig. 5a) with normal mast cell 
distribution around the blood vessels (Fig. 5d). 
The spleens of the rats in the second group 
which were sensitized by ovalbumin showed 
hyalinization in the capsule, trabeculae and           
the central arterioles wall, lymphocytic infiltration, 
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subcapsular cloudy swelling, severe 
hemorrhage, congestion and dilatation of splenic 
blood sinuses in the red pulp, and white pulp 
atrophy (Fig. 5b) with a significant increase in the 
number of mast cells around the blood vessels 
(Fig. 5e). The spleen tissues of the rats in the 
third group which were sensitized  by  penicillin  
G  showed  mild  lymphatic  infiltration  with  a  
mild  congestion  and dilatation of splenic blood 
sinuses in the red pulp, and hyalinization in the 
wall of the central arterioles (Fig. 5c) along with a 
moderate increase in the number of mast cells 
(Fig. 5f). 
 

3.3 Histopathological Findings Using an 
Electron Microscope 

 
3.3.1 Larynx 
 
Examination of the larynges of the control group 
rats showed a normal ultrastructural appearance 
(Fig. 1g). The examination of the larynges of the 
second group rats which were sensitized by 
ovalbumin  showed  severe destruction  of the  
epithelium  and  goblet  cells  along with  severe 
cellular  infiltration  in  the  sub-endothelial  
lamina  propria  and  marked  increase  in  the  
total granulated and degranulated mast cells 
(Fig. 1h). The examination of the laryngeal 
section of the third  group  rats  which  were  
sensitized  by  penicillin  G  showed  a  mild  
destruction  of  the epithelium and goblet cells 
along with mild cellular infiltration in the sub-
endothelial lamina propria and a mild increase in 
the total granulated and degranulated mast cells 
(Fig. 1i). 
 

3.3.2 Trachea 
 
Examination of the trachea of the control group 
rats showed a classical ultrastructural 
appearance (Fig. 2g). The examination of the 
trachea of the second group rats which were 
sensitized by ovalbumin showed severely 
destructed mitochondria and necrotic nuclei, 

damage in the cilia and the goblet cells, and 
damaged basal cells with a significant increase in 
the vacuoles and mast cells (Fig. 2h). The 
examination of the tracheal section of the third 
group rats which were sensitized by penicillin G 
showed a mild damage in the ultrastructure of 
epithelium associated with a mild increase in the 
mast cells (Fig. 2i). 
 
3.3.3 Lung 
 
Examination of the lungs of the control group rats 
showed a typical ultrastructural appearance (Fig. 
3g). The examination of the lungs of the second 
group rats which were sensitized by ovalbumin 
showed collapsed alveoli, degenerated microvilli 
in the alveolar surface, marked pyknotic nuclei of 
pneumocytes type II with degenerative changes 
in the lamellar bodies and a significant increase 
in the vacuoles and mast cells (Fig. 3h). The 
examination of the lung sections of the third 
group rats which were sensitized by penicillin G 
showed mildly degenerated microvilli of the 
alveolar surface along with moderately pyknotic 
nuclei of pneumocytes type II and a mild 
increase in the mast cells in the surrounding area 
of the congested blood capillaries (Fig. 3i). 
 
3.3.4 Heart 
 
The  examination  of  the  hearts  of  the  rats  in  
the  first  (control)  group  showed  a  normal 
ultrastructural appearance (Fig. 4g). The 
examination of the cardiac tissues of the rats in 
the second   group   which   were   sensitized   by   
ovalbumin   showed   a   significantly   abnormal 
mitochondrial shape and distribution, markedly 
damaged and widely separated myofibrils with a 
loss of striations in some of them (Fig. 4h). The 
examination of the cardiac tissues of the rats in 
the third group which were sensitized by 
penicillin G showed a mild damage in myofibrils, 
a loss of myofibril striations along with          
abnormal shape and distribution of mitochondria 
(Fig. 4i). 

 
Table 1. Comparison between mean ± SD of anaphylaxis biomarkers in the different rat groups 
 

Group 
Parameter 

First 
M ± S.D 

Second 
M ± S.D 

Third 
M ± S.D 

F 

Tryptase (ug/l) 2.941 ±0.43 7.115 ± 0.55* 4.995 ±0.52** 347.150 
IgE (ug/l) 0.3285 ±0.02 24.19 ± 3.22* 11.32 ±2.05** 586.269 
Histamine (ug/ml) 0.0265 ±0.01 0.0895 ±0.02* 0.0582 ±0.01** 98.029 

Number of subjects per group: 20; IgE: Immunoglobulin E; M ± S.D: mean ± standard deviation; F: The value of 
the difference between the groups. The first control group received 0.5 ml of distilled water. The second group 
was sensitized by ovalbumin. The third group was sensitized by penicillin G, *P < 0.001 (significant difference in 
comparison to the first group), **P < 0.001 (significant difference in comparison to the second group) 
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Fig. 1. (a) Photomicrograph of a transverse section of a control rat larynx showing a typical 
pseudostratified ciliated columnar epithelium (E), goblet cells (g) with large masses of the 
gland (G) and cartilage (C) in the sub- endothelial lamina propria (L). (haematoxylin and eosin 
(H&E) X200).  (b) Photomicrograph of a transverse section of a second group rat larynx 
showing severe inflammatory cell infiltration (I), epithelial destruction (E), submucosal gland 
swelling (G), and severe submucosal mast cell infiltration (m). (haematoxylin and eosin (H&E) 
X200). (c) Photomicrograph of a transverse section in the third group rat larynx showing mild 
inflammatory cellular infiltration (I), epithelial thickening (E) with submucosal gland swelling 
(G), and mature mast cells (m). (haematoxylin and eosin (H&E) X200). (d) Photomicrograph of a  
transverse section of a  control rat  larynx showing the lining pseudostratified ciliated 
columnar epithelium (E) and goblet cells (g) with a normal distribution of mast cells (m) around 
the blood vessels in the subendothelial lamina propria (L). (Toluidine blue X1000). (e) 
Photomicrograph of a transverse section of a second group rat larynx showing severe 
epithelial destruction (E), goblet cells destruction (g), submucosal gland swelling (G) in the 
subendothelial lamina propria (L) with a marked increase in the number of granulated and 
degranulated mast cells (m). (Toluidine blue X1000). (f) Photomicrograph of a transverse 
section in the third group larynx showing mild epithelial destruction (E), submucosal gland 
swelling (G) in the subendothelial lamina propria (L) with a mild increase in the number of 
granulated and degranulated mast cells (m). (Toluidine blue X1000). (g) Electron microscopic 
picture of a control rat larynx showing ciliated cells (CC) and cilia (C) with mucus-producing 
cells (g) and basal cells (b) in the intact epithelial layer along with a few lymphocytes (i) in the 
connective tissue of the sub-endothelial lamina propria (L). (X10000). (h) Electron microscopic 
picture of a second group rat larynx showing severe destruction in the epithelium (CC) and the 
goblet cells (g) with severe cellular  infiltration (i)  in  the  sub-endothelial lamina  propria  (L)  
and  marked  increase  in  the  granulated  and degranulated mast cells (m). (X10000). (i) 
Electron microscopic picture of a third group rat larynx showing mild destruction in the 
epithelium (CC) and the goblet cells (g) with mild cellular infiltration (i) in the sub-endothelial 
lamina propria (L) and a mild increase in the granulated and degranulated mast cells (m) 
(X10000) 
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Fig. 2. (a) Photomicrograph of a transverse section of a control rat trachea showing normal 
pseudostratified ciliated columnar epithelium (E), goblet cells (g) with the large masses of the 
gland (G), cartilage (C) and the muscular trachialis layer (M) in the subendothelial lamina 
propria (L). (haematoxylin and eosin (H&E) X200). (b) Photomicrograph of a transverse section 
of a second group rat trachea showing severe epithelial destruction (E), inflammatory cell 
infiltration (I), submucosal gland swelling (G), and severe mature submucosal granulated and 
degranulated mast cells (m). (haematoxylin and eosin (H&E)  X200). (c) Photomicrograph of a 
transverse section of a third group rat trachea showing mild epithelial thickening (E) and 
inflammatory cellular infiltration (I) with submucosal gland swelling (G) and mature 
submucosal mast cells (m). (haematoxylin and eosin (H&E) X200). (d) Photomicrograph of a 
transverse section of a control rat trachea showing normal distribution of mast cells (m), 
classical pseudostratified ciliated columnar epithelium (E) and the subendothelial lamina 
propria (L). (Toluidine blue X1000). (e) Photomicrograph of a transverse section of a second 
group rat trachea showing significant increase in the number of the different types of mast 
cells (m) with a severe epithelial destruction (E). (Toluidine blue X1000). (f) Photomicrograph of 
a transverse section of a third group trachea showing mild increase in the number of 
granulated and degranulated mast cells (m) with a mild epithelial destruction (E). (Toluidine 
blue X1000). (g) Electron microscopic picture of a control rat trachea showing classical 
appearance of ciliated cells (CC) and cilia (c), normal nucleus (N) and mitochondria (M), 
mucus-producing cells (g) and basal cells (b). (h) Electron microscopic picture of a second 
group rat trachea showing severe epithelial destruction (CC), necrotic nuclei (N), destructed 
mitochondria (M) and basal cells (b), marked increase in the vacuoles (v) and mast cells (m), 
damaged goblet cells (g) and cilia (c). (X10000). (i) Electron microscopic picture of a third 
group rat trachea showing mild damage in epithelium (CC), cilia (c), goblet cells (g), basal cells 
(b), mitochondria (M), and necrotic nuclei (N) along with a low number of vacuoles (v) and 
mast cells (m) (X10000) 
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Fig. 3. (a) Photomicrograph of a transverse section of a control rat lung showing normal 
alveoli (A) and thin interalveolar septa (S). (haematoxylin and eosin (H&E) X200). (b) 
Photomicrograph of a transverse section in the second group rat lung showing severe loss of 
the normal pulmonary architecture, marked collapse of some alveoli (c), marked thickening of 
interalveolar septum (S), numerous areas of cellular infiltration (I) in the connective tissue 
surrounding the lung bronchioles (b) with multiple congested blood vessels (bv). 
(haematoxylin and eosin (H&E) X200). (c) Photomicrograph of a transverse section of a third 
group rat lung showing mild damage of normal architecture, a less number of the collapsed 
alveoli (c), numerous areas of cellular infiltration (I) surrounding the lung bronchioles (b) and a 
less number of congested blood vessels (bv). (haematoxylin and eosin (H&E) X200). (d) 
Photomicrograph of a transverse section of a control rat lung showing normal alveoli (A), thin 
interalveolar septa (S) and a normal distribution of mast cells (m) around the lung blood 
vessels. (Toluidine blue X1000). (e) Photomicrograph of a transverse section of a second 
group rat lung showing marked increase in the number of mast cells (m) around the lung 
blood vessels. (Toluidine blue X1000). (f) Photomicrograph of a transverse section of a third 
group lung showing moderate increase in the number of granulated and degranulated mast 
cells (m) with a less number of the collapsed alveoli (A). (Toluidine blue X1000). (g) Electron 
microscopic picture of a control rat lung showing normal microvilli (mv) on the surface of 
alveoli (A) with thin interalveolar septa(S), mitochondria (m) in the cytoplasm, rounded nucleus 
(N) of pneumocyte type II (P2) and the lamellar bodies (L) around the nucleus. (h) Electron 
microscopic picture of a second group rat lung showing collapsed alveoli (Ca) with 
degenerated microvilli (mv) on the surface of alveoli (A), pyknotic nucleus (N) of pneumocyte 
type II (P2), degenerated mitochondria (m) and lamellar bodies (L) in cytoplasm, a variable 
number of vacuoles (v), more congested blood capillaries filled with the blood (b) and a 
significant increase in total granulated and degranulated mast cells. (X12000). (i) Electron 
microscopic picture of a third group rat lung showing mildly degenerated microvilli (mv) on 
the surface of alveoli (A), a moderate pyknotic nucleus (N) of pneumocyte type II (P2), mild 
degenerated mitochondria (m) and lamellar bodies (L), vacuoles (v), less congested blood 
capillaries filled with the blood (b) and a mild increase in total granulated and degranulated 
mast cells (X12000) 
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Fig. 4. (a) Photomicrograph of a  transverse section of a  control rat  heart showing normal 
branching and anastomosis cardiac muscle fibers (B), normal central vesicular nuclei (n) and 
coronary blood vessels (c). (haematoxylin and eosin (H&E) X400). (b) Photomicrograph of a 
transverse section of a second group rat heart showing the congested and degenerated 
myocardial fibers (B), a maximum number of necrotic nuclei (N) along with a less number of 
normal nuclei (n), and the numerous areas of cellular infiltration (I) surrounding the coronary 
arteries (c). (haematoxylin and eosin (H&E) X400). (c) Photomicrograph of a transverse section 
of a third group rat heart showing moderate congestion and degeneration in the myocardial 
fibers (B), normal nuclei (n) along with a less number of necrotic nuclei (N), and the small 
areas of cellular infiltration (I) surrounding the coronary arteries (c). (haematoxylin and eosin 
(H&E) X400). (d) Photomicrograph of a transverse section of a control rat heart showing 
normal cardiac muscle fibers (B), central vesicular nuclei (n) and coronary blood vessels (c) 
with a normal distribution of mast cells (m) around the blood vessels (Toluidine blue X1000). 
(e) Photomicrograph of a transverse section of a second group rat heart showing severe 
increase in the number of mast cells (m) around the congested coronary vessels (c) in the 
degenerated myocardial fibers (B). (Toluidine blue X1000). (f) Photomicrograph of a transverse 
section of a third group heart showing mild increase in the number of granulated and 
degranulated mast cells (m) around the coronary vessels (C) in the degenerated myocardial 
fibers (B). (Toluidine blue X1000). (g) Electron microscopic picture of a control rat heart 
showing normal alternating dark and light bands (B) in myofibrils with the rows of 
mitochondria (M) and nucleus (N) in-between. (X10000). (h) Electron microscopic picture of a 
second  group  rat  heart  showing  marked  degenerative changes in  myocardial fibers  (B),  
significant abnormal mitochondria (M), necrotic nuclei (N) and marked increase in the mast 
cells (m). (X10000). (i) Electron microscopic picture of a third group rat heart showing mild 
degenerative changes in myocardial fibers (B) and mitochondria (M), necrotic nuclei (N) and a 
mild increase in the mast cells (m) (X10000) 
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3.3.5 Spleen 
 
The examination of the spleens of the control 
group rats showed a classic appearance of the 
nucleus and organelles (Fig. 5g). The 
examination of the spleens of the second group 
rats which were sensitized by ovalbumin showed 
a severe blood sinusoidal stasis in the red pulp, 
macrophage, lymphocyte, and mast cell 
infiltration with cytoplasmic vacuoles in some 
erythrocytes (Fig.  5h).  The examination  of  the 
spleens  of the third group  rats  which  were 
sensitized by penicillin G showed mild 
mitochondrial swelling, dilated rough 
endoplasmic reticulum, erythrocytes and 
eosinophils in the venous sinusoids with 
vacuoles in the cytoplasm of some cells (Fig. 5i). 
 

4. DISCUSSION 
 
Postmortem diagnosis of fatal anaphylaxis is 
considered a complicated issue for forensic 
experts because of the various causes of 
anaphylaxis and its effect on a large number of 
body systems. Hence, this study has tried to 
diagnose induced fatal anaphylaxis in rats 
postmortem, depending on specific and 
comprehensive criteria including biochemical, 
immunological and histological findings instead 
of focusing on the exclusion of the other causes 
of sudden death. 
 
This study showed that there is a statistically 
significant increase in the total serum levels of 
tryptase and immunoglobulin E (IgE), and the 
blood histamine level in the second group that 
was sensitized by ovalbumin in comparison to 
the control group and the third group that were 
sensitized by penicillin G. According to George 
and Caughey [19], serum mast cell tryptase and 
IgE are considered the biomarkers of mast cell 
activation in the different organs of anaphylaxis 
cases which is consistent with [20] that showed 
that the release of sensitive and specific markers 
such as tryptase from the mast cells stimulated 
by allergens, along with an increase in specific 
IgE levels proved antemortem sensitization. In 
addition to this, Salkie and his colleagues [21] 
clarified that the levels of immunoglobulin E (IgE) 
and tryptase are stable in the postmortem serum 
for several weeks; thus according to [22], 
anaphylaxis may be diagnosed as a cause of 
sudden death, based on the levels of 
immunoglobulin E (IgE) and tryptase that rise in 
parallel with increasing postmortem interval. 
Similarly, Simons [23] showed that specific IgE 
can be identified based on the most common 

causes of fatal anaphylaxis such as food or 
penicillin that is considered one of the iatrogenic 
agents. In our study, the biomarker values are 
significantly different between the second and 
third group, which is in agreement with [24] that 
showed that this difference is related to the 
cause and severity of anaphylaxis. 
 

Edston and Van Hage-Hamsten [25] indicated 
that the increase in postmortem total tryptase 
level often correlates with an increase in the 
histamine level which is another indicator of mast 
cell degranulation. According to Lieberman and 
Li [26,27], histamine is considered one of the 
major mediators of anaphylaxis despite its short 
half-life wherein it declines to the baseline within 
one hour because of its rapid metabolism. Thus, 
the high histamine level may support the 
diagnosis of anaphylaxis, which is consistent with 
our results. However, Edston and Van Hage-
Hamsten [28] demonstrated that the postmortem 
serum tryptase level or histamine level may rise 
in cases where sudden death is attributed to 
other causes such as trauma; thus according to 
[29,30], the postmortem serum tryptase level and 
histamine level are considered nonspecific 
markers for anaphylaxis diagnosis without other 
supporting findings. 
 

Our results showed a significant increase in the 
number of granulated and degranulated mast 
cells of the different organs of the rats in the 
second group that were sensitized by ovalbumin 
in comparison to those of the control group and 
the third group that was sensitized by penicillin 
G, which is in agreement with Fineschi et al. [31] 
who confirmed that there is an increase in the 
number of mast cells in fatal anaphylactic shock 
and the increase varies depending on the cause 
of anaphylaxis. Similarly, Lieberman et al. [32] 
clarified that the high levels of tryptase may be 
correlated with an increase in the number of 
mast cells, especially the degranulated type 
supporting the anaphylaxis diagnosis. Edston         
et al. [33] indicated that there is no correlation 
between the high level of tryptase and the 
increase in the number of mast cells; however, in 
agreement with [34], anaphylaxis may be 
associated with granulated or degranulated mast 
cells according to whether the cause of 
anaphylaxis is allergic or non-allergic. 
 

The current study noted severe histopathological 
and ultrastructural changes in the upper and 
lower airways of the larynx, trachea and lungs of 
the rats in the second group that were sensitized 
by ovalbumin. But, these changes were lesser in 
severity in the third group that was sensitized by
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Fig. 5. (a) Photomicrograph of a transverse section of a control rat spleen showing normal 
capsule (C), trabeculae (T), white pulp (W) and red pulp (R), central artery (a) in the white pulp, 
lymphoid nodule (n) and the marginal zone (m), and the splenic blood sinuses (s). 
(haematoxylin and eosin (H&E) X200). (b) Photomicrograph of a transverse section of a second 
group rat spleen showing the hyalinized capsule (c) and trabeculae (T), lymphocytic infiltration 
(if) with subcapsular cloudy swelling (cl), marked congestion and dilatation of the splenic 
blood sinuses (s) in the red pulp (R), hyalinosis in the wall of central arterioles (a) and white 
pulp destruction (W). (haematoxylin and eosin (H&E) X200). (c) Photomicrograph of a  
transverse section of a  third  group rat  spleen  showing capsule (c), trabeculae (T), mild 
lymphocytic infiltration (if), hemorrhage, mild congestion and dilatation of splenic blood 
sinuses (s) in the red pulp (R) with vacuolated cytoplasm in the white (W) and red (R) pulp, and 
hyalinosis in the wall of central arterioles (a). (haematoxylin and eosin (H&E) X200). (d) 
Photomicrograph of a transverse section of a control rat spleen showing normal mast cells 
distribution (m) around the blood vessels. (Toluidine blue X1000). (e) Photomicrograph of a 
transverse section of a second group rat spleen showing a severe increase in the mast cells 
(m) around the blood vessels with the vacuolated cytoplasm in the white pulp (W) and 
dilatation in the splenic blood sinuses of the red pulp (R). (Toluidine blue X1000). (f) 
Photomicrograph of a transverse section of a third group spleen showing mild increase in the 
granulated and degranulated mast cells (m) with a mild vacuolated cytoplasm in the white pulp 
(W), and the splenic blood sinuses dilatation in the red pulp (R). (Toluidine blue X1000) . (g) 
Electron microscopic picture of a control rat spleen showing normal nucleolus (n), nucleus 
(N), heterochromatin (ht), and mitochondria (m). (X8000). (h) Electron microscopic picture of a 
second group rat spleen showing severe vacuolation in the nucleus (N), mitochondria (m) and 
cytoplasm (v) of lymphocyte with an increase in the number of erythrocytes (e) and the 
granulated and degranulated (g) mast cells (M) around the sinusoidal area (s) . (X12000). (i) 
Electron microscopic picture of a third group rat spleen showing a mild vacuolation in the 
nucleus (N), mitochondria (m) and cytoplasm (v) of lymphocyte with a mild  increase in the 
number of erythrocytes (e) and the granulated and degranulated (g) mast cells (M) around the 
sinusoidal area (s) (X12000) 
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penicillin G in comparison to the second group. 
These histopathological changes are consistent 
with the results of [35] which indicated that there 
is increased upper and lower airway resistance 
during anaphylactic shock due to obstructions via 
edema, congestion, and mucous plugging that 
lead to breathing difficulty resulting in asphyxia 
and respiratory arrest, which is in agreement with 
the opinions of [36,37]. According to Pumphrey 
and Roberts [38], the severity of upper and lower 
respiratory histopathological changes depends 
on multiple factors such as the allergen type, the 
route of administration and the time passed 
between exposure and death. This explains our 
results that show a difference in the severity 
degree of histological changes between the 
second and the third group which used two 
different allergen types. However, Horn [8] and 
others showed that there are no specific airways 
histological changes in fatal anaphylactic shock 
and then postmortem diagnosis must be 
integrated with other findings. 
 
Regarding the heart, many histopathological and 
ultrastructural changes were observed in the 
second group which was sensitized by 
ovalbumin, such as severe damage in cardiac 
architecture, degeneration of myocardial fibers 
along with significantly abnormal mitochondria 
and marked cellular infiltration. These cardiac 
changes were lesser in severity in the third group 
that was sensitized by penicillin G in comparison 
to the second group. Our results are in 
agreement with [39] which found that cardiac 
arrest may occur as the direct effect of 
anaphylaxis mediators on the heart, leading to 
histological changes based on the time between 
exposure and death or may immediately follow 
the respiratory arrest while Lu et al. [40] showed 
that the mode of death may be different for each 
cause of anaphylaxis. Our results are also 
consistent with Kounis et al. [41] who confirmed 
that anaphylaxis leads to myocardial damage 
along with the inflammatory process causing 
cardiac histopathological changes. 
 
The present study observed serious 
histopathological and ultrastructural changes in 
the spleen of the  second  group  that  was  
sensitized  by ovalbumin,  such  as  capsule  and  
central  arterioles hyalinization, severe 
lymphocytic and macrophage infiltration, 
mitochondrial swelling with cytoplasmic 
vacuolization in erythrocytes, dilation of the blood 
sinuses and rough endoplasmic reticulum, 
hemorrhage and congestion in the red pulp, and 
white pulp atrophy. These changes were of 

moderate severity in the third group that was 
sensitized by penicillin G in comparison to the 
second group. The studies in [42,43] suggested 
that non-specific postmortem findings in systemic 
anaphylaxis are usually due to generalized mast 
cell degranulation which is attributed to an 
immunological reaction leading to the release of 
mediators from the mast cells causing 
vasodilatation along with an increase in vascular 
permeability, and then a generalized congestion 
and edema in the different body organs such as 
the spleen which is in agreement with [44,45,46]  
that  showed  that  the  mast  cell  quantification  
in  splenic  red  pulp  and  serum  tryptase 
assessment may help diagnose fatal 
anaphylactic shock with a high degree of 
sureness. 
 

5. CONCLUSION 
 
Postmortem diagnosis of fatal anaphylaxis 
depends on a multi-factorial criteria which 
includes biochemical, immunological, and 
histological findings such as increases in the 
levels of total tryptase, histamine and 
immunoglobulin E (IgE) along with non-specific 
histopathological changes in larynx, trachea, 
lung, heart, and spleen that vary in its severity 
depending on the cause of anaphylaxis. Further 
research in humans is recommended to verify 
our results. 
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