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ABSTRACT 
 

Contentions still exist as to the most humane method of sacrificing experimental animals. Beyond 
humaneness, there is also the issue of appropriateness of a method of sacrifice with regards to 
organ safety. This study compared four common methods of rodent sacrifice used in Nigeria and 
their effects on the brain. Twenty male Wistar rats weighing 150 to 180g were randomly separated 
into four groups of five rats each. After a two week period of acclimatization, the animals were 
sacrificed; Group A by Cervical dislocation (CD) which also served as control, Group B by 
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chloroform inhalation (CI), Group C by diethyl ether inhalation (DEI) and group D by Formalin 
inhalation (FI).  The time taken for the animals to pass out was documented and the brains were 
harvested. Four of the brains from rats in each group were homogenized in phosphate buffer 
solution and centrifuged at 10000rpm. The supernatant were used for antioxidant studies. The 
remaining one brain from each group were fixed in 10% formal saline and after 48 hours, the 
cerebellum (CB) and hippocampus (Hp) were used for histological studies using the H & E method. 
Our results show although CD was the quickest, it gave the least quantity of blood. Meanwhile CI 
was the most humane, gave the most blood and saved time compared to DEI and FI. None of the 
methods of sacrifice showed adverse effect on the antioxidant parameters of the rats. However, 
histological studies showed that while CD and CI showed no adverse effects on the hippocampus, 
only CD was completely safe for the CB. The other methods showed various levels of cell death. It 
is therefore expedient to consider these factors in making the choice of an appropriate method of 
sacrifice and to use the most humane and safest method with reference to the organ studied.   
 

 
Keywords: Brain; euthanasia; cervical dislocation; diethyl ether; chloroform. 
 

1. INTRODUCTION 
 
Animal sacrifice is any procedure used in 
inducing humane death in an animal resulting in 
rapid loss of consciousness and death of the 
animal for research purposes [1]. Sacrificing 
research animals is one of the most challenging 
tasks in animal studies because of the 
technicality required [2]. Errors at this time can 
impact negatively on the outcome of the 
research. Methods of animal sacrifice include 
inhalation of anesthesia, cervical dislocation, 
decapitation, injectable barbiturate and 
exsanguinations [3]. Regulations exist in different 
countries on the acceptable methods for animal 
euthanasia. This study was carried out in Nigeria 
and highlights common acceptable practices in 
Nigeria. Researchers are of the opinion that 
particular methods of animal sacrifice are more 
suitable for certain research protocol and not for 
others.  
 
Cervical dislocation has been acclaimed a 
humane method for the sacrifice of small 
rodents, but has shown a surprisingly high failure 
rate [4]. Also, observation of the procedure puts 
a question mark to its humaneness considering 
the level of physical exertion on the animals. 
Some scientists consider the procedure harsh 
and barbaric. Inhaled anesthetics were first 
introduced into clinical practice in the 1840s. 
Chloroform sedation has been used to sacrifice 
animals reportedly with no undesirable effects 
although other reports have shown that 
chloroform has significant toxicity, including 
hepato- and nephrotoxicity [5]. In the mid-17

th
 

century, diethyl ether was first introduced as an 
anesthetic agent [6]. Formalin is a common 
chemical used in fixing tissues for histological 

studies and for embalmment of human and 
animal remains.  
 

2. MATERIALS AND METHODS 
 
A preliminary research was carried out to 
ascertain the commonest animals used for 
research among clinical anatomists and the 
prevalent method of sacrifice used by them. A 
questionnaire was distributed at the 18th annual 
conference and AGM of the Society of 
Experimental and Clinical Anatomists of Nigeria 
(SECAN) held at Enugu State University of 
Science and Technology (ESUT) between 28

th
 

and 30th of November, 2019. Participants for this 
conference were drawn from across Nigerian 
Universities. A total of 141 questionnaires were 
distributed randomly among the participants out 
of which 126 were retrieved, representing 89.4%. 
 
Twenty adult male Wistar rats weighing between 
150 to 180g were used for the animal study. The 
rats were housed in standard wooden cages with 
wire guaze all around and chipping saw dust as 
bedding. The rats 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. 
 
After acclimatization, the rats were sacrificed as 
follows: Group A by cervical dislocation, Group B 
by chloroform inhalation, Group C by diethyl 
ether inhalation and Group D by formalin 
Inhalation. 
 
For cervical dislocation, the animals were 
suspended by their neck and pulled on the tail 
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until the crack sound indicating dislocation of the 
atlantoaxial joint was confirmed. 
 
For the inhalation groups B, C and D exposed to 
chloroform, diethyl ether and formalin 
respectively, the animals were introduced into 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. After 30 minutes, the 
formalin exposed rats were not knocked off and 
so were sacrificed by cervical dislocation. All 
chemicals used were manufactured by SIGMA-
ADRICH, INC., P.O. Box 14508, St. Louis, MO 
63178, USA. 
 

2.1 Anti-oxidant Assay 
 
Brain samples from each group were taken for 
anti-oxidant tests to examine the activities of 
superoxide dismutase (SOD), catalase (CAT), 
reduced glutathione (GSH) and malondialdehyde 
(MDA) which is a measure of lipid peroxidation. 
The brain samples were collected and weighed. 
Phosphate buffer solution was prepared and 
poured into the specimen bottle containing each 
brain sample for homogenization using a 
homogenizing machine. The sample was 
centrifuged with cold centrifuge at 10,000 rpm 
(rounds per minute) and the supernatant was 
collected. The rest of the assay was done using 
the supernatants.  
 
The protein concentrations of the samples were 
determined by the Biuret method as described by 
Gornal et al., [7]. Assessment of lipid 
peroxidation was carried out by the method of 
Varshney and Kale [8]. The level of SOD activity 
was determined by the method of Misra and 
Fridovich [9]. Catalase activity was determined 
according to the method of Sinha A., [10].The 
level of reduced glutathione (GSH) was 
estimated using the method of Beutler et al., [11].  
  

2.2 Histopathological Studies 
 
After 48 hours of fixation, the brains were 
removed and the cerebellum and hippocampus  
excised from each one for histological 
assessment using H&E. Tissues were placed in 
ascending grades of alcohol (70%, 80%, 90%, 
and absolute). The time for each grade of alcohol 
is one hours and in absolute (100%) it is put 
twice, one hour each time. 
 

Xylene was used to remove alcohol which itself 
removed water from the tissue because paraffin 
wax used in embedding is not miscible with 
alcohol. The tissue was passed twice for one 
hour each time. The tissues were embedded in 
molten paraffin wax at constant temperatures of 
36-60ºC in an oven of paraffin bath, changing it 
four times, 1 hour for each change. Metal blocks 
were filed with paraffin wax and tissues were 
placed in it immediately with forceps, the face to 
be cut facing downward. When the paraffin cools, 
a thin scum of solid paraffin is formed on the 
bottom of the block which is now immersed in 
water to solidify. Afterwards it was removed, 
ready for sectioning. The section was cut thin to 
5µm using a rotary microtome after excess 
paraffin wax was trimmed off. A slice of the 
section was taken and one side of the glass slide 
was made sticky by rubbing albumin of egg. The 
section was put in the centre of the slide so that 
the section starts floating. The section was 
immersed in water bath, keeping temperature 
between 50-55ºC so that sections become 
straightened and wrinkles disappear. 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 technique: 
Procedure for H&E stain as described by Drury 
and Wallington [12] was adopted. The sections 
were dewaxed in two changes of xylene for 
2minutes each, rehydrated in descending grades 
of alcohol, 100%, 95%, 90%, 70%, 50% ethanol 
for 2 minutes each, rinsed in distilled water, 
stained in haematoxylin for 10-15 minutes, 
washed well in running tap water for 2-3 minutes 
and 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 color 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. 
 

2.3 Statistical Analysis 
 
Data obtained were analyzed using Microsoft 
excel and the means were compared using one-
way ANOVA and expressed as Mean ± SD of 5 
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rats in each group. Differences between means 
were regarded significant at P < 0.05. 
 

3. RESULTS AND DISCUSSION 
 

3.1 Preliminary Results 
 

The result of our preliminary studies shows that 
90% of our researchers use rat models for their 
studies. The other 7.5% and 2.5% use mice and 
rabbit respectively. This informed our choice of 
using rats for this study. We also found that 
16.25% of our respondents sacrifice their 
animals by cervical dislocation, 50% by 
chloroform inhalation, 6.25% by diethyl ether 
inhalation while 15% reported to use formalin 
inhalation. Over 55% of the respondents have 
been in active research for upwards of 6years 
and have used these methods over time. Majority 
of the respondents affirmed that their choice of 
method of sacrifice was based on availability of 
chemical in the laboratory where they conducted 
their animal sacrifice.  
 

3.1.1 Physical observation 
 

Physical observation was made following rat 
sacrifice with reference to humaneness of 
procedure, time of knockout, blood yield and cost 
of chemicals. 
 

Our assessment of humaneness was based on 
the impact of the process of sedation on rat 
behaviour, and especially the physical 
manifestation of the rat just before passing out. 
Based on these criteria, chloroform was the 
mildest agent as the rats quietly passed out. 
Sometimes it required a careful look to notice the 
rats were already knocked out. Cervical 

dislocation was harsh in our judgment. The rats 
screeched in pain at the point of dislocation. The 
inhumaneness is more pronounced if the 
procedure fails at the first attempt (which is 
reportedly a frequent occurrence with this 
method). Formalin quieted the rats and left them 
gasping for breathe without knocking them off 
even after 30 minutes. We considered the pain 
the rats were subjected to within this long 
exposure period without any accompanying 
anesthetization inhumane. Diethyl ether was 
considered the most inhumane in this study as 
the rats had to writhe and spin and stretch before 
they pass out. Upon handling after passing out 
we also observed that rat body was rigid and the 
furs stood. We considered these hard on the 
rats.  
 
Blood was collected from each rat after sedation 
and these constituted our second criteria for 
assessment of suitability. Cervical dislocation 
gave the least quantity of blood by cardiac 
puncture. For some of the rats the blood for 
congealed at the point of collection. Rats 
sacrificed by formalin and diethyl ether inhalation 
gave moderate quantities of blood, higher than 
what was obtained from cervical dislocation. 
Chloroform sedation gave the highest quantity of 
blood as the animals bleed freely. Therefore, if 
the study in view requires blood collection after 
sacrifice and much blood is needed, the 
researcher may have to look towards chloroform 
inhalation. Note that in this research, the blood 
had to be collected post-sedation and not before. 
Assad et al., [13] reported that chloroform and 
diethyl ether inhalation gave more blood 
compared to ketamine injection and the process 
was a lot easier.  

 
Table 1. Result of time lapse for rat knockout 

 
Group Method Time taken (in Mins:secs 
A Cervical dislocation 00mins:04secs 
B Chloroform inhalation 00mins:35secs 
C Diethylether inhalation 02mins:98secs 
D Formalin inhalation 30mins:00secs 

 
Table 2. Results of physical observation 

 
Parameter Cervical 

dislocation 
Chloroform 
inhalation 

Di-ethyl ether 
inhalation 

Formalin 
inhalation 

Humaneness ++ + +++ ++ 
Time of knockout + ++ +++ ++++ 
Blood yield + +++ ++ ++ 
Cost  - + ++ + 
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One of the important factors in research is time 
economy. Due to the numerous procedures 
being carried out at the same time, researchers 
seek for methods of sacrifice that saves time 
while still giving good results. We find that 
cervical dislocation was the quickest as it 
required an average of 5 secs to sedate each rat. 
This was followed by chloroform inhalation which 
took an average of 35 seconds to sedate each 
rat. Diethyl ether required an average of 2 mins 
and 98 secs for each rat. Formalin did not sedate 
any rat even after 30 minutes of exposure and so 
is not a recommended method under normal 
circumstances.  
 
It is therefore important for the scientist to put 
these several factors into consideration and 
make the best decisions in the choice of method 
of sacrifice. Cervical dislocation was more rapid 
but requires the application of some level of force 
and exertion on the rat. This threatens its stands 
as a humane method although it is for a short 
period. Also, we see that the animal may not die 
after the first attempt at cervical dislocation, 
thereby requiring a second induction. This is 
however the cheapest of all the methods used as 
no chemical was required. Africa as we know 
(Nigeria inclusive) is facing serious shortage of 
research funding such that the average 
researcher makes use of personal                          
funds in carrying out research. Therefore, it is 
important to minimize cost and so there               
may be a natural inclination towards cheaper 
procedures with less concern on its 
appropriateness.     
 
Diethyl ether sedation lasted longer than cervical 
dislocation and chloroform sedation and 
characteristically produces a spinning and 
constricting effect on the rats in the last minute of 
exposure. The spinning is immediately followed 
by death of the rat. When brought out from the 
inhalation chamber, the body of the rat is 
stiffened and the hairs and furs stand. Apart from 
these, diethyl ether is more expensive than all 
the other chemicals used in this study. It was 
about 20% more expensive than its equivalent 

quantity of chloroform and about 25% costlier 
than formalin. 
 
3.1.2 Result of antioxidant studies 
 
The result in Table 3 shows that there was no 
significant impact of the methods of sacrifice 
compared to the control group. The result 
obtained from the antioxidant studies shows that 
there was no statistically significant difference 
between MDA levels in the experimental groups 
compared to the control group. Increase in MDA 
levels indicates increase in lipid peroxidation and 
presence of oxidative stress. This was              
found absent for the results of this study [7][14]. 
 
The result also shows no statistically significant 
difference in SOD levels between the 
experimental groups and the control group. 
Under oxidative stress, SOD levels are depleted 
as they are involved in the body antioxidant 
defense mechanism. This result shows that there 
was no oxidative stress in the rats [14]. However, 
this result show statistically significant increase in 
CAT levels in Group D compared to group A. 
CAT levels was also increased in group C              
although the increase was not statistically 
significant. 
 
Also, we observed that the GSH levels of the 
experimental animals were not significantly 
different from those of the control group except 
for group C where it was statistically increased.   
GSH is formed in the liver from three amino acids 
which are: glycine, glutathione and cysterie. 
Cysterie is the rate limiting step in GSH 
synthesis. The active form of GSH is a strong 
antioxidant that protects the brain cells against 
damage caused by free radicals and it also 
recycles vitamins (C and E) [15]. GSH depletion 
under continuous oxidative stress causes 
oxidation and damage of lipids, proteins and 
DNA by reactive oxygen [16]. Also, significant 
decrease in GSH levels in the prefrontal cortex of 
rats causes mild stress [17]. Stress is 
characterized by decreased antioxidant status, 
as evidence by lowered tyrosine, albumin, 

 
Table 3. Result of antioxidant analysis 

 
Parameter A B C D 
MDA 0.70±0.01 0.68±0.02 0.63±0.11 0.65±0.02 
SOD 0.22±0.07 0.23±0.05 0.26±0.08 0.22±0.02 
CAT 0.85±0.42 0.32±0.08 1.39±0.39 2.22±0.86 
GSH 0.48±0.13 0.42±0.08 0.78±0.11 0.61±0.20 

 



zinc and vitamin E [18]. Exposure to stress 
induces marked disturbances in oxidative 
parameters and decreases in the activity of 
antioxidant enzyme [19]. Also GSH dependent 
enzyme is involved in detoxifying process and 
responsible for removing hydrogen peroxide and 
formation of oxidized glutathione [20
 
Our results show that chloroform inhalation had 
no significant effect on the antioxidant 
parameters of rats in this research. 
were not significantly altered between the 
experimental groups compared to the control 
group. This implies that the animals were 
not under oxidative stress. The same goes for 
the other parameters studied: SOD, CAT and 
GSH. 
 

 
Plate 1. Representative photomicrograph of rat hippocampus from group A showing normal 
pyramidal (PCs) stellate (SCs) and fusiform (FCs) cells. B represents rat hippocampus from 

group B sacrificed by chloroform inhalation.  It shows normal cellular outline and nor
pyramidal cells. C represents micrograph of rat hippocampus in group C showing numerous 

dying pyramidal cells (DPCs).  D shows several dying stellate (DSCs) and pyramidal cells 
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Our results show that chloroform inhalation had 
no significant effect on the antioxidant 

s of rats in this research. MDA levels 
were not significantly altered between the 
experimental groups compared to the control 
group. This implies that the animals were                 
not under oxidative stress. The same goes for 

ed: SOD, CAT and 

Assad et al., [13] however reported that 
Hemoglobin (Hb) and red blood cell (RBC) 
values were significant reduced in 
sacrificed by chloroform inhalation
with control. 
 
3.1.3 Result of histological studies
 

The results of our histological studies show that 
cervical dislocation and chloroform sedation had 
no adverse effect on the hippocampus of Wistar 
rats. However, the histological slides of the 
diethyl ether sedated group showed few necr
pyramidal cells. The formalin group showed 
numerous necrotic pyramidal as well as stellate 
cells. The photomicrographs of the cerebellum 
shows that apart from cervical dislocation group 

Representative photomicrograph of rat hippocampus from group A showing normal 
pyramidal (PCs) stellate (SCs) and fusiform (FCs) cells. B represents rat hippocampus from 

group B sacrificed by chloroform inhalation.  It shows normal cellular outline and nor
pyramidal cells. C represents micrograph of rat hippocampus in group C showing numerous 

dying pyramidal cells (DPCs).  D shows several dying stellate (DSCs) and pyramidal cells 
(DPCs) X500 
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The results of our histological studies show that 
cervical dislocation and chloroform sedation had 
no adverse effect on the hippocampus of Wistar 
rats. However, the histological slides of the 
diethyl ether sedated group showed few necrotic 
pyramidal cells. The formalin group showed 
numerous necrotic pyramidal as well as stellate 
cells. The photomicrographs of the cerebellum 
shows that apart from cervical dislocation group 

 

Representative photomicrograph of rat hippocampus from group A showing normal 
pyramidal (PCs) stellate (SCs) and fusiform (FCs) cells. B represents rat hippocampus from 

group B sacrificed by chloroform inhalation.  It shows normal cellular outline and normal 
pyramidal cells. C represents micrograph of rat hippocampus in group C showing numerous 

dying pyramidal cells (DPCs).  D shows several dying stellate (DSCs) and pyramidal cells 



 
Plate 2. Representative photomicrographs of rat cerebellum. 

cerebellar cortex layers: molecular layer (ML), Purkinje cell layer (PCL) and granular layer (GL) 
as well as normal purkinje cells (NPCs). B Represents photomicrograph of rat cerebellum in 

group B showing some dead Purkinje cells (
cerebellum in group C showing more dying Purkinje cells (DPCs). D is photomicrograph of rat 
cerebellum in group D showing numerous necrotic Purkinje cells (NPCs), several of which are 

 
(control), the rest of the groups B,C and D 
showed increasing degrees of purkinje cell 
necrosis. Our result is contrary to the report of 
Marceau [21] which portrays di ethyl ether as 
safe as an inhalant anesthetic for rodents. 
However, they agree that diethyl ether takes time 
to sedate animals. They considered the slow 
speed of sedation with diethyl ether an 
advantage in that there are lesser chances of 
organ damage. This advantage however was not 
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Representative photomicrographs of rat cerebellum. A (control) shows normal 
cerebellar cortex layers: molecular layer (ML), Purkinje cell layer (PCL) and granular layer (GL) 

as well as normal purkinje cells (NPCs). B Represents photomicrograph of rat cerebellum in 
group B showing some dead Purkinje cells (DPCs). C is representative photomicrograph of rat 
cerebellum in group C showing more dying Purkinje cells (DPCs). D is photomicrograph of rat 
cerebellum in group D showing numerous necrotic Purkinje cells (NPCs), several of which are 

pyknotic X500 

(control), the rest of the groups B,C and D 
showed increasing degrees of purkinje cell 
necrosis. Our result is contrary to the report of 

] which portrays di ethyl ether as 
safe as an inhalant anesthetic for rodents. 

hey agree that diethyl ether takes time 
to sedate animals. They considered the slow 
speed of sedation with diethyl ether an 
advantage in that there are lesser chances of 
organ damage. This advantage however was not 

evident in our study. Assad et al., [
that ether had no adverse effect on the liver and 
kidney of rats. This also contradicts the report of 
Aguwa et al., [22].  His work claims di ethyl ether 
is safer due to its poor volatility and the relatively 
longer time it takes to anaesthetize r
reported that the method of sacrifice employed 
affects lipid and carbohydrate metabolism in 
experimental rats.  Mike Clark [24
that method of sacrifice affects adenosine levels 
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cerebellar cortex layers: molecular layer (ML), Purkinje cell layer (PCL) and granular layer (GL) 

as well as normal purkinje cells (NPCs). B Represents photomicrograph of rat cerebellum in 
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cerebellum in group C showing more dying Purkinje cells (DPCs). D is photomicrograph of rat 
cerebellum in group D showing numerous necrotic Purkinje cells (NPCs), several of which are 

evident in our study. Assad et al., [13] reported 
that ether had no adverse effect on the liver and 
kidney of rats. This also contradicts the report of 

].  His work claims di ethyl ether 
is safer due to its poor volatility and the relatively 
longer time it takes to anaesthetize rats. Kral [23] 
reported that the method of sacrifice employed 
affects lipid and carbohydrate metabolism in 

24] also reported 
that method of sacrifice affects adenosine levels 
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in rat brain. Therefore, the method of sacrifice 
adopted in a research protocol must be 
considered based on the peculiarity of the 
research protocol and other prevailing 
circumstances peculiar to the research. 
 

4. CONCLUSION 
 
The result of our studies show that the four 
methods of sacrifice used for this study showed 
comparative advantage in different regards 
except formalin inhalation which showed no 
particular advantage over the other methods. 
Caution must however be applied when choosing 
methods with reported adverse effects on the 
organ studied.  
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