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ABSTRACT 
 

Most inhalation methods of animal sacrifice target the respiratory and circulatory systems. Chances 
are that chemical inhalation methods of animal euthanasia for studies involving the heart and lungs 
may interfere with the outcome of the research. This study was done to evaluate the effect of the 
inhalation of chloroform, diethyl ether and formalin as methods of animal sacrifice on the 
cytoarchitecture of the heart and lungs of Wistar rats. Twenty adult male rats were divided into 4 
groups of 5 rats each and acclimatized for 2 weeks. After acclimatization, the rats were sacrificed 
by cervical dislocation (control), chloroform inhalation, diethyl ether inhalation and formalin 
inhalation for groups A, B, C and D respectively. The heart and lungs were removed from the rats 
and fixed in 10% formal saline for histological studies using the haematoxylin and eosin method. 
Results show that none of the chemical agents inhaled had adverse effects on the histology of the 
hearts of the rats. On the contrary, the chemicals inhaled showed adverse effects on the histology 
of the lungs, ranging from tissue and cellular necrosis, inflammation and cytoarchitectural distortion 
of lung tissues. We can therefore conclude that inhalation methods of sacrifice are not ideal when 
researching on the lungs but on the heart they can be used based on the findings of this research. 
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1. INTRODUCTION 
 

Every step in animal research is critical in 
determining the final outcome of a research. 
Starting from animal handling to the dosage and 
route of administration (where it applies), to the 
method of animal sacrifice, tissue harvesting and 
the handling and processing of harvested 
tissues, all are essential in determining the 
smooth ending of the research process [1,2,3]. 
 

Animal sacrifice amongst others is one of the 
most critical of the highlighted methods. The 
organs of experimental animals respond to toxic 
agents in minutes after exposure [4,5]. The 
period of sacrifice therefore is sufficient to induce 
toxicity on the target organs. This effect is 
capable of falsifying the real outcome of a 
research. There are reports showing that 
inhalation methods of sacrifice such as used in 
this research have shown adverse effects on the 
brain [6], liver and kidney [7] of Wistar rats. Other 
reports suggest that the use of CO2 or argon for 
rat sacrifice caused increased heart rate and 
blood pressure [8].  Although CO2 and argon 
both lead to death by hypoxia, CO2 directly 
depresses the central nervous system, causing 
cardiac suppression and loss of consciousness. 
Argon gas in contrast is an inert gas and results 
in death when O2 is displaced. Reports have 
shown that argon gas, when used at 
concentrations sufficient for euthanasia, led to 
behaviours including rearing, gasping, and 
seizure-like activity [8]. These behavioural 
responses suggest that rats experience distress 
prior to loss of consciousness during euthanasia 
with argon. This is similar to the report of Aguwa 
et al. [6] when rats were euthanized with diethyl 
ether. Reports suggest that argon at a 
concentration sufficient to cause death is 
stressful to rats as a sole euthanasia agent [9]. 
There is hardly any physiological change without 
a corresponding anatomical and cytological 
interference whether positive or negative [10]. It 
is therefore expedient to study the histological 
effect of these methods on the heart and lungs of 
Wistar rats. Most researches in the basic medical 
sciences review the histological of the target 
organ. Making histological inferences from error 
in animal sacrifice can lead to false positive 
results which may amount to scientific deception. 
Hence, in this research, without prior exposure of 
the rats to any agent, we sought to evaluate the 
impact of these common methods of rat 
euthanasia to the heart and lungs of Wistar rats.  
 

Researches on the heart and lungs have become 
very crucial in the light of current global trends. In 

recent years, the world has been faced with 
severe respiratory system-targeted diseases, 
ranging from severe acute respiratory syndrome 
(SARS), bird flu, Ebola virus, Nipah virus, 
influenza A, acute lower respiratory infections, 
tuberculosis [11] and the most recent covid-19. 
All of these diseases have symptoms that lead to 
respiratory distress and most deaths due to 
these diseases are associated with respiratory 
failure. The target of natural and artificial disease 
causing agents on the lungs and respiratory 
system have made research in this area of 
utmost important [12]. Cardiovascular diseases 
(CVDs) on the other hand are among the most 
frequent causes of mortality globally. An 
estimated 17.5 million people died from CVDs in 
2012, representing 31% of all global deaths, an 
increase from 30% in 2008 [13]. There is a 
paucity of data on the inhalational effects of 
formalin, diethyl ether and chloroform on the 
heart and lungs of Wistar rats. This study was 
undertaken to bridge that knowledge gap. 
 
2. MATERIALS AND METHODS 
 
Twenty adult male Wistar rats weighing between 
150 to 180g were used for this study. The rats 
were housed in well ventilated standard wooden 
cages. They were fed pelletized rat feed 
produced by Pfizer. Animals were separated into 
4 groups of five (5) rats each based on closeness 
to weight. The rats were acclimatized for 2 weeks 
under standard conditions for handling research 
animals. Research was approved by the 
research ethics sub-committee (Anatomy 
Department) of the Faculty of Basic Medical 
Sciences, Nnamdi Azikiwe University, Nnewi 
campus. Post- acclimatization, rats were 
subjected to their corresponding chemicals for 
inhalation, sedation and sacrifice as follows: 
Group A (control) were not exposed to any 
inhalable chemical agent but were sacrificed by 
cervical dislocation, Group B rats were exposed 
to chloroform, Group C rats were exposed to 
diethyl ether and Group D rats were exposed to 
formalin. All chemicals used were manufactured 
by SIGMA-ADRICH, INC., P.O. Box 14508, St. 
Louis, MO 63178, USA and bought from local 
accredited chemical dealers. 

 
Rats in groups B, C and D were introduced to a 
desiccator containing their corresponding 
chemical. Prior to exposure, the chemical was 
soaked in cotton wool and placed in the 
desiccator for 5minutes to ensure circulation. The 
time taken for the rats to pass out was recorded 
using a stop watch. Maximum time allowed was 



30 minutes, after which any unsedated rat was 
sacrificed by cervical dislocation. Afterwards the 
heart and lungs of the rats were excised and 
fixed in 10% formal saline for histological studies.
 

2.1 Histopathological Studies 
 

After 48 hours of fixation, tissues were processed 
using the H&E procedure according to the 
method of Drury and Wallington [13]. Tissues 
were placed in ascending grades of alcohol 
(70%, 80%, 90%) for one hour each and in 
absolute (100%) twice, one hour each time. 
Tissues were then transferred to two changes of 
xylene for one hour each. Tissues were 
embedded in four changes of molten paraffin 
wax at constant temperatures of 36
oven of paraffin bath for one hour each. Metal 
blocks were taken and filed with paraffin wax and 
tissues were placed in it immediately with forceps 
face. When the paraffin cools, the solid paraffin is 
formed ready for sectioning. Thin sections were 
cut at 5µm using a rotary microtome after excess 
paraffin wax was trimmed off. The sliced tissue 
ribbons were spread on water in the water bath 
maintained at 50-55

0
C and picked up with a pre

labeled glass slide already made sticky using 
egg albumin. Water was drained off and the slide 
is put in an incubator so that the section is 
completely fixed on the slide and becomes dry. 
Haematoxylin and eosin staining was done 
 

Plate 1. Representative photomicrograph of rat lungs from the control group A showing 
normal lung tissue with prominent respiratory bronchiole (RB) surrounded by pneumocytes 

(PC). Also present are alveolar sacs (AS). X400
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30 minutes, after which any unsedated rat was 
Afterwards the 

heart and lungs of the rats were excised and 
rmal saline for histological studies. 

 

After 48 hours of fixation, tissues were processed 
using the H&E procedure according to the 
method of Drury and Wallington [13]. Tissues 
were placed in ascending grades of alcohol 

80%, 90%) for one hour each and in 
absolute (100%) twice, one hour each time. 
Tissues were then transferred to two changes of 
xylene for one hour each. Tissues were 
embedded in four changes of molten paraffin 
wax at constant temperatures of 36-60ºC in an 
ven of paraffin bath for one hour each. Metal 

blocks were taken and filed with paraffin wax and 
tissues were placed in it immediately with forceps 
face. When the paraffin cools, the solid paraffin is 
formed ready for sectioning. Thin sections were 

µm using a rotary microtome after excess 
paraffin wax was trimmed off. The sliced tissue 
ribbons were spread on water in the water bath 

C and picked up with a pre-
labeled glass slide already made sticky using 

ned off and the slide 
is put in an incubator so that the section is 
completely fixed on the slide and becomes dry. 
Haematoxylin and eosin staining was done 

according to the procedure described by Drury 
and Wallington [13]. Sections were dewaxed in 
two changes of xylene lasting for two minutes 
each, rehydrated in descending grades of 
alcohol, 100%, 95%, 90%, 70%, 50% ethanol for 
two minutes in each grade and rinsed in distilled 
water. Sections were then stained in 
haematoxylin for ten to fifteen minutes and 
washed in running tap water for 2-
examined microscopically to confirm sufficient 
degree of staining. Tissue was differentiated in 
1% HCL acid for a few seconds to remove 
excess stain. Sections were then washed in 
running tap water for 15 minutes to regain the 
blue colour and then stained in 1% aqueous 
eosin for about 5 minutes. Surplus stain was 
washed off in running tap water and mounted in 
distrene plasticizer xylene (DPX) using clean 
glass cover slide. Tissues were then focused 
under Leica research light microscope and 
photomicrographs taken from each group and 
labeled using Microsoft power point.
 

3. RESULTS 
 

The results below are representative 
photomicrographs of rat heart and lungs from 
groups A-D. The heart tissues appear normal in 
all exposed groups compared to the control. The 
lungs tissues however had varying degrees of 
cytoarchitectural distortions. 

 

Plate 1. Representative photomicrograph of rat lungs from the control group A showing 
inent respiratory bronchiole (RB) surrounded by pneumocytes 

(PC). Also present are alveolar sacs (AS). X400 
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Plate 1. Representative photomicrograph of rat lungs from the control group A showing 
inent respiratory bronchiole (RB) surrounded by pneumocytes 



Plate 2. Representative photomicrograph of rat lungs comparing group B rats to the Control 
group A. The group A lungs appears normal. However, 

regions of tissue damage (arrow). X400

Plate 3. Comparing the micrograph of rat lungs in group C with the control group A. Group C 
lungs show sparse cellular distribution and cellular congestion in different regions 
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Plate 2. Representative photomicrograph of rat lungs comparing group B rats to the Control 
group A. The group A lungs appears normal. However, the group B lung microgragh shows 

regions of tissue damage (arrow). X400 
 

 

Plate 3. Comparing the micrograph of rat lungs in group C with the control group A. Group C 
lungs show sparse cellular distribution and cellular congestion in different regions 

X400 
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Plate 2. Representative photomicrograph of rat lungs comparing group B rats to the Control 
the group B lung microgragh shows 

 

Plate 3. Comparing the micrograph of rat lungs in group C with the control group A. Group C 
lungs show sparse cellular distribution and cellular congestion in different regions (arrow). 



Plate 4. Representative photomicrograph of rat lungs comparing group D with the control 
group. Group D lungs show areas of necrosis. X400

Plate 5. Representative photomicrograph of rat heart in group A (control) showing normal 
cardiac muscles (CM) and intercalated discs (ID).H&E X100
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Plate 4. Representative photomicrograph of rat lungs comparing group D with the control 
group. Group D lungs show areas of necrosis. X400 

 

 
Plate 5. Representative photomicrograph of rat heart in group A (control) showing normal 

muscles (CM) and intercalated discs (ID).H&E X100 
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Plate 4. Representative photomicrograph of rat lungs comparing group D with the control 

 

Plate 5. Representative photomicrograph of rat heart in group A (control) showing normal 



Plate 6. Representative photomicrograph of rat heart comparing Group A (control) with group 
B. Group A shows normal cardiac muscles (CM) and intercalated discs (ID). Group B shows 

normal heart tissue comparable to that in the control group A. H&E X100

Plate 7. Representative photomicrograph of rat heart comparing group C to Group A. the heart 
tissue of rats in group C show normal architecture
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Plate 6. Representative photomicrograph of rat heart comparing Group A (control) with group 
B. Group A shows normal cardiac muscles (CM) and intercalated discs (ID). Group B shows 

comparable to that in the control group A. H&E X100
 

 
Plate 7. Representative photomicrograph of rat heart comparing group C to Group A. the heart 

tissue of rats in group C show normal architecture 
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Plate 6. Representative photomicrograph of rat heart comparing Group A (control) with group 
B. Group A shows normal cardiac muscles (CM) and intercalated discs (ID). Group B shows 

comparable to that in the control group A. H&E X100 

 

Plate 7. Representative photomicrograph of rat heart comparing group C to Group A. the heart 



Plate 8. Representative photomicrograph of rat heart 
group A. Group D rats show normal heart tissue comparable to A.s

 

4. DISCUSSION 
 

The haematoxylin and eosin (H&E) analysis of 
the lungs and heart tissue reveal that only 
cervical dislocation was safe for the lungs. The 
rest of the methods showed several degrees of 
tissue damage. Chloroform inhalation (plate 2) 
resulted in tissue death as s
micrograph with an area of tissue inflammation. 
This is in line with the report of Aguwa et al., [6] 
which suggest that chloroform inhalation 
adversely affected the cytoarchitecture of the 
cerebellum [6] of Wistar rats. 
chloroform at concentrations in the range of 10 
100 gm-3 for few minutes was reported to induce 
anaesthesia in mice, rabbits, guinea pigs and 
cats with resulting cardiac effects including 
decreased diastolic pressure, reduction of stroke 
volume and decreased cardiac output
Svendsen [14] reported that chlorine inhalation 
damages the respiratory tract, including the 
airways and distal lung, and can result in acute 
lung injury. Acute exposures can result in 
symptoms of acute airway obstruction including 
wheezing, cough, chest tightness, and/or 
dyspnea [15]. 
 
Diethyl ether and formalin inhalation also showed 
tissue inflammation, sparse cellular distribution, 
cellular congestion and tissue necrosis. It was 
reported that diethyl ether as well as formalin 
inhalation adversely affected the histology of the 
cerebellum, hippocampus, liver and kidney of 
Wistar rats sacrificed by these methods [6,7]. In 
other reports, ether anaesthesia result
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Plate 8. Representative photomicrograph of rat heart comparing group D with the control 
group A. Group D rats show normal heart tissue comparable to A.s 

The haematoxylin and eosin (H&E) analysis of 
the lungs and heart tissue reveal that only 

the lungs. The 
rest of the methods showed several degrees of 
tissue damage. Chloroform inhalation (plate 2) 
resulted in tissue death as seen on the 
micrograph with an area of tissue inflammation. 
This is in line with the report of Aguwa et al., [6] 

uggest that chloroform inhalation 
adversely affected the cytoarchitecture of the 
cerebellum [6] of Wistar rats. Inhalation of 
chloroform at concentrations in the range of 10 – 

3 for few minutes was reported to induce 
inea pigs and 

cats with resulting cardiac effects including 
decreased diastolic pressure, reduction of stroke 
volume and decreased cardiac output. Hoyle and 

] reported that chlorine inhalation 
damages the respiratory tract, including the 

s and distal lung, and can result in acute 
lung injury. Acute exposures can result in 
symptoms of acute airway obstruction including 
wheezing, cough, chest tightness, and/or 

Diethyl ether and formalin inhalation also showed 
tissue inflammation, sparse cellular distribution, 
cellular congestion and tissue necrosis. It was 
reported that diethyl ether as well as formalin 
inhalation adversely affected the histology of the 

um, hippocampus, liver and kidney of 
Wistar rats sacrificed by these methods [6,7]. In 

ether anaesthesia resulted in 

increased cardiac output in dogs [1
Formalin, a commercial preparation of 
formaldehyde, has been used for animal 
sedation in researches [18]. Although classified 
by the IARC as "carcinogenic in humans" (class 
1) [19], it is still widely used in anatomy and 
pathology departments for the fixing and 
preservation of biological tissues. According to 
Gulec et al. [20], formalin inhalation stimulates 
oxidative stress and some secondary toxic 
effects in cardiac cells and tissue. 
 

Similarly, reports suggest that the use of CO
argon for rat sacrifice caused increased heart 
rate and blood pressure [8].  Although CO
argon both lead to death by hypoxia, CO
depresses the central nervous system, causing 
cardiac suppression and loss of consciousness. 
Argon gas in contrast is an inert gas and results 
in death when O2 is displaced. Reports have 
shown that argon gas, when used at 
concentrations sufficient for euthanasia, led to 
behaviors including rearing, gasping, and 
seizure-like activity [8]. These behavioral 
responses suggest that rats experience distress 
prior to loss of consciousness during euthanasia 
with argon. Reports suggest that argon at a 
concentration sufficient to cause death is 
stressful to rats as a sole euthanasia agent [9]. 
This is similar to our observation when rats were 
euthanized with diethyl ether.  
 
Because of the confounding variables affecting 
heart rate during euthanasia, we think behavioral 
observations provide a more sensitive measure 
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of the experience of rats during this procedure.  
All rats euthanized with argon demonstrated 
convulsive muscles spasms, and 3 of 7 arched 
their backs and exhibited open-mouth breathing 
while still appearing conscious. These behaviors 
suggest that rats euthanized with argon were 
experiencing stress before losing consciousness 
[21]. In contrast, rats exposed to CO2 did not 
exhibit any overt examples of distress such as 
gasping or seizures. These findings are in 
contrast to studies that have described altered 
respiration in rats during CO2 exposure such as 
“gasping and asphyxia”7and “gasping or labored 
breathing.”[22]. The current study is the first to 
demonstrate that rats euthanized with argon gas 
have pulmonary lesions, specifically hemorrhage 
into the alveoli, consistent with terminal 
asphyxiation. 
 

The heart of rats in all groups appeared normal, 
method of sacrifice notwithstanding. 
 

Aguwa et al. [6] reported that different chemical 
agents commonly used as sedatives for rat 
euthanasia in Nigeria showed adverse effects on 
the cerebellum and hippocampus in Wistar rats 
[6]. In another report, the same author also 
reported different degree of adverse effects of 
chloroform, diethyl ether and formalin on the liver 
and kidneys of Wistar rats [7]. It therefore 
became expedient to go further to investigate the 
effects of the same set of chemical agents on the 
heart and lungs. The present result is in 
conformity with these previous reports as our 
result showed adverse effects in rat lungs in 
groups B, C and D exposed to chloroform, diethyl 
ether and formalin respectively. The present 
result is however different for the heart tissue. 
The heart tissue of the rats in all groups 
appeared normal compared to the control group. 
This means that contrary to previous reports and 
the present report on the lungs, it may not be 
wrong to use any of the methods of sacrifice 
used in this study when studying the heart. 
Different researches abound to prove that the 
chemicals used as sedatives in animal sacrifice 
are not entirely safe [6,7]. Although they achieve 
humaneness to a great degree, there are reports 
that they may interfere with the outcome of the 
research. There is no clear standard as to which 
method of sacrifice to employ under a particular 
research protocol.  
 

5. CONCLUSION 
 

It can be concluded from this research that the 
inhalation methods of rat euthanasia used in this 
research posed no threat to the histology of the 

heart tissue. The same cannot be said of the 
lung tissue as several cytoarchitectural 
distortions were observed in all the inhalation 
methods. 
 

6. RECOMMENDATION 
 

It is therefore our recommendation that cervical 
dislocation is the best method out of the four 
common methods of sacrifice used by Nigerian 
researchers for serum chemistry as well as 
histology and histopathological studies of liver 
and kidney tissues. 
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