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Histological Alterations in the Internal Organs of
Wistar Han Rats (Rattus norvegicus) Euthanized
by Five Different Methods

Cicero Julio Silva Costa,? Danilo Wadt,! Luiza Cesar Conti,! Marina Frota de Albuquerque Landi,! Luciana Cintra,?
Fernando Anselmo de Oliveira,? and Claudia Madalena Cabrera Mori'*

Selecting a method of euthanasia is an important step in designing research studies that use animals; euthanasia methods
must be humane, cause minimal pain and suffering to the animal, and preserve the tissue architecture of the organs of interest.
In this study, we evaluated the histomorphology of the internal organs (lung, spleen, heart, kidney, liver, brain, and adrenal
gland) of rats submitted to five different methods of euthanasia, with the goal of determining which protocol caused the least
alteration of histomorphology. Twenty adult Wistar Han rats (Rattus norvegicus) were divided into 5 groups of 4 rats each
(2 females and 2 males) and were euthanized by CO, or isoflurane inhalation, sodium thiopental or xylazine plus ketamine
overdose, or decapitation. All euthanasia was performed in accordance with published guidelines and local legal require-
ments. Necropsy was performed immediately after euthanasia. Specific internal organs were removed and placed in formalin
and submitted for routine histologic processing. Histomorphological examination of hematoxylin and eosin-stained tissues
revealed circulatory alterations in multiple organs, predominantly congestion in multiple tissues, pulmonary hemorrhage, and
hepatic degeneration. The euthanasia methods that induced the most severe alterations were exposure to CO, and anesthetic
overdose with xylazine plus ketamine or sodium thiopental. Euthanasia by overexposure to isoflurane caused less damage,
and the alterations were of minimal severity. Decapitation resulted in the lowest incidence of lesions in multiple organs but
due its traumatic nature, it caused the highest incidence of pulmonary hemorrhage. In selecting a method of euthanasia, factors
to consider are the species of animal, the purpose of the research, and the practical ability to perform the procedure to achieve
maximal animal welfare without iatrogenic changes that could compromise the outcome and reproducibility of the study.

Abbreviations and Acroynms: H and E, hematoxylin and eosin; FMVZ-USP, School of Veterinary Medicine and Animal Science,
University of Sdo Paulo; CONCEA, National Council for the Control of Animal Experimentation; KX, ketamine plus xylazine
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morphologic and biomolecular analysis*!%; in such cases, the
animals must undergo a form of euthanasia that guarantees
total loss of consciousness without pain or suffering. Moreover,
for experiments that involve the interpretation of histopatho-
logic findings, the effects of a particular euthanasia method on
cellular architecture must be considered.!® To ensure accurate
analysis and avoid misleading interpretations that could affect

Introduction
Rats and mice are the mammals most commonly used in
biomedical research,>?® with approximately 120 million rodents
used annually for scientific purposes worldwide.®3 Despite the
technological development of experimental models designed
to reduce the number of animals used in research,® animals
are still needed to investigate how living organisms respond

to diseases and to elucidate aspects of pharmacokinetics and
pharmacodynamics of new drugs and genetic manipulations.?
The facile maintenance and handling of rats and mice, along
with their short lifespan and certain similarities with humans,
are all factors that support their use for studying diseases in
the long term and in different generations.>?® In this context,
the anatomic, physiologic, and genetic characteristics of these
rodent species justify their use in scientific studies. and data
collection from animals can revolutionize therapeutic and di-
agnostic approaches and promote the development of future
translational research.?2

Most experimental studies involving animals require
the collection of tissue from internal organs for subsequent
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research outcomes, high-quality tissue samples that preserve
the histologic architecture and minimize iatrogenic alterations
induced by the euthanasia procedure are essential.*!” Various
methods of physical or chemical euthanasia are generally ac-
ceptable; the choice depends primarily on the purpose of the
study, the species of animal, the target organ, and the ability of
the investigator to perform the technique.'

Some studies require that the extracted tissues remain free
of any chemical influence due to the use of drugs; this require-
ment would exclude the use of barbiturates and anesthetics in
the euthanasia procedure.” In other investigations, however, the
application of an overdose of anesthetic in the performance of
euthanasia is acceptable; this option benefits to the researcher
due to the ease of application of the drug.!® While numerous
studies delve into the possible postmortem effects of various
acceptable and applicable euthanasia methods, little detailed
information is available concerning the histomorphological
changes that occur in vital organs of rodents after different
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methods of physical and chemical euthanasia. Such information
would be useful for selecting the euthanasia method that would
to minimize artifacts and iatrogenic alterations that might alter
data interpretation.* In order to assist researchers in their choice
of alegal euthanasia procedure that would do minimal harm to
the microscopic architecture of biologic tissues, we investigated
the histomorphological injuries to the internal organs of male
and female Wistar Han rats (Rattus norvegicus) after euthanasia
induced by 5 different procedures, namely inhalation of CO,
or isoflurane, overdose with a barbiturate (sodium thiopental)
or with the combination of xylazine and ketamine (KX), and
decapitation.

Materials and Methods

Animals. This study was approved by the Ethics Committee
on the Use of Animals of the School of Veterinary Medicine
and Animal Science, University of Sao Paulo (FMVZ-USP),
Brazil, under protocol numbers 1362120819 and 3317270521.
Rats received humane care according to the criteria outlined
in the Guide for the Care and Use of Laboratory Animals issued by
the National Research Council.?” Ten female and 10 male adult
Wistar Han rats between the ages of 11 and 13 wk were used
in this study. The primary aim of this study was to provide a
detailed description of histopathological findings associated
with various euthanasia methods. Adhering to the principles of
the 3Rs, we made the choice to refrain from euthanizing a larger
number of rats in order to perform statistical analyses, although
we acknowledge the importance of such data in supporting our
findings. Instead, we prioritized producing a comprehensive
description of the histopathological findings associated with
different euthanasia methods by using a low but reasonable
number of rats. This approach allowed us to provide detailed
descriptive data on tissue artifacts resulting from euthanasia,
which is of paramount importance for experimental studies.

Rats were obtained from the animal breeding facility of the
Institute of Biomedical Sciences, University of Sao Paulo, Brazil,
and were maintained in the animal facility of FMVZ-USP for
at least one month before euthanasia. The health status of the
rats was monitored in accordance with FELASA guidelines?;
rats were free of the following pathogens: Kilham rat virus,
murine pneumonia virus, reovirus, and the ectoparasites and
endoparasites Mycoplasma pulmonis, Pasteurella pneumotropica,
Bordetella bronchiseptica, Helicobacter spp., Klebsiella oxytoca,
Klebsiella pneumoniae, Pasteurella Ratsmultocida, Pseudomonas
aeruginosa, Staphylococcus aureus, Streptococcus p-hemolytic spp.,
Streptococcus pneumoniae, and Salmonella spp.

Rats were maintained in the animal facility of the Department
of Pathology, FMVZ-USP, Brazil, in open-top polypropylene
cages (41x34 x 16cm; 2 or 3 rats per cage) containing auto-
claved wood shavings as bedding (Granja RG, Suzano, Sao
Paulo, Brazil) and paper towels for nesting material. The
environmental conditions at the animal facility were 22+2°C;
55+10% relative humidity; 12-h photoperiod; and continuous
air exhaustion throughout the experimental period. Irradi-
ated pelleted feed (Nuvilab CR1, Quimtia, Colombo, Parana,
Brazil) and filtered /autoclaved drinking water were provided
ad libitum. Cages were cleaned and the body weights of the
rats were recorded once a week.

Methods of euthanasia. The euthanasia methods used in this
study were those outlined in the Euthanasia Practice Guide-
lines issued in Brazil by the National Council for the Control
of Animal Experimentation (CONCEA; normative resolu-
tion #37),!3 which are based on the AVMA Guidelines for the

Euthanasia of Animals! and other international guidelines and
recommendations.”1%1! Five different protocols were selected
and performed by a team of veterinarians trained to carry out
these types of euthanasia. The methods used were inhalation of
CO, or an anesthetic agent (isoflurane), injection of anesthetics
(barbiturate or injectable dissociative agent plus a2-adrenergic
receptor agonist), and the physical method of decapitation.
Each form of euthanasia was performed on a group of 4 rats
(2 females and 2 males). Rats were euthanized individually, and
necropsy was performed promptly to reduce tissue artifacts that
develop due to the cascade of biotic and abiotic alterations that
occur in the cadaver immediately after death.

Carbon dioxide inhalation. Euthanasia by inhalation of CO,
was performed in the animal facility of the Pathology Depart-
ment, FMVZ-USP, Brazil, using a chamber for small rodents
(RED Inddustria e Comércio, Caieiras, Sdo Paulo, Brazil). The
rat was placed in the euthanasia chamber, which was filled at
a flow rate of 20% of the total chamber volume/min until the
chamber reached 100%. This euthanasia cycle required 7min,
including continuing the flow of CO, into the chamber for a
minimum of 1 min after the rat showed respiratory arrest. Gas
was exchanged between consecutive euthanasia procedures.

Isoflurane inhalation. In accordance with euthanasia guide-
lines issued by CONCEA, rats were transferred to a hermetic
chamber measuring 16 x 16 x 18 cm before receiving anesthetic
isoflurane (Isoforine, CRISTALIA - Produtos Quimicos Far-
macéuticos, Itapira, SP, Brazil). To prevent direct contact of the
rat with the anesthetic, a cotton wool ball soaked with isoflurane
was placed inside a 15-mL conical tube that was subsequently
placed in the chamber. Rats were kept in the chamber for a
minimum of 2min after they stopped breathing to ensure
cardiac arrest.

Xylazine plus ketamine (KX). A 300-mg/kg dose of a sterile
solution containing 100mg/mL of ketamine (Dopalen, Ceva
Satide Animal, Paulina, Sdo Paulo, Brazil) and a 30-mg/kg dose
of a solution containing 20mg/mL of xylazine (Anasedan, Ceva
Satide Animal, Paulina, Sdo Paulo, Brazil) were injected into the
peritoneal cavity in the lower right quadrant of the abdominal
region as recommended in the literature.!#%

Sodium thiopental. A 150-mg/kg dose of a solution containing
20mg/mL of sodium thiopental (Thiopentax, CRISTALIA -
Produtos Quimicos Farmacéuticos, Itapira, SP, Brazil) was
administered intravenously through the lateral tail vein. To fa-
cilitate administration, rats were restrained manually in sternal
recumbency with a surgical pad, and their tails were exposed to
a heat lamp to promote vasodilation of the lateral vein.

Decapitation. According to CONCEA guidelines, when
pharmacological exposure does not interfere with the research
results, administering a sedative before decapitation guarantees
better restraint of the animal and avoids execution errors and
operational accidents. In the present study, a 1-mg/kg dose of
a solution containing 5mg/mL of diazepam (Compaz, CRIS-
TALIA - Produtos Quimicos Farmacéuticos, Itapira, SP, Brazil)
was administered subcutaneously 10min before decapitation.
The decapitation procedure was performed using a guillotine
designed for small rodents (Bonther Produtos e Equipamentos
para Laboratorio, Riberdo Preto, Sao Paulo, Brazil).

Sampling and microscopic evaluation. Prior to necropsy,
rats were checked carefully to ensure that death had occurred.
Representative tissue samples of the lung, spleen, heart, kid-
ney, liver, brain, and adrenal gland were promptly collected
and submitted for fixation in 10% buffered formalin (pH, 7.0)
for 24 h or until fixation was complete. Tissues of interest were
then soaked in absolute alcohol and subjected to the histologic
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processes of dehydration, diaphanization, paraffin embedding,
sectioning, and staining with hematoxylin and eosin (H and E)
for subsequent micromorphological evaluation. During H and
E staining, slides were immersed in an alcoholic ammonium
hydroxide solution to reduce artifacts caused by formalin
pigments that could impair the quality of the material for mi-
croscopic evaluation.

Histologic lesions were evaluated by a veterinary patholo-
gist who had at least 2y of training in a veterinary anatomic
pathology residency program recognized by the Brazilian
Ministry of Education. This pathologist responsible for the
analysis was blind with respect to the type of euthanasia
that the rat had experienced. Lesions were classified using
a scale according to the intensity of alteration? as follows:
0 = absence of lesions, 1 = minimal, 2 = mild, 3 = moderate,
4 = marked, and 5 = severe.

Results

To assure that the euthanasia procedure caused total loss of
consciousness and termination of vital signs, the chemical-based
methods required a minimum exposure time of 7min for CO,
inhalation, 4 to 10 min for isoflurane inhalation, 30 min for KX
overdose, and less than 1 min for sodium thiopental overdose.
Performing euthanasia by decapitation caused immediate loss
of consciousness.

MODERATE

Histological injuries in the internal organs of euthanized rats

All methods preserved the macroscopic appearance of the
internal organs after euthanasia, with no visible gross changes
detected. Histomorphological analyses of the tissues revealed
the circulatory lesions in most organs, regardless of sex. Thus,
no alterations were observed in heart or spleen of any of the
rats, and the characteristics of these organs were well within
the physiologic limits. However, tissue from the pulmonary,
renal, hepatic, and nervous systems had different morphological
alterations after euthanasia. These alterations ranged from mild
to marked in intensity and were characterized in lung by areas
of alveolar congestion (multifocal or diffuse) (Figure 1A to 1C),
in liver by congestion in the sinusoid capillaries, with distribu-
tion mainly in the periportal and centrilobular areas (Figure 1D
to 1F), and in kidney by congestion (multifocal to coalescent)
of the corticomedullary areas (Figure 1G to 1I). Nerve tissue
showed vascular congestion, mainly in the subarachnoid
space (Figure 2A and 2B). Congestion in the zona fasciculata,
reticulata, and medulla was observed in the adrenal glands.
(Figure 2C).

Among the organs evaluated, inhalation of CO, was associ-
ated with the most frequent occurrence of lesions (Table 1). CO,
inhalation was associated moderate histopathologic changes in
most tissues (Figure 3) and produced the only cases in which he-
patic degeneration was observed (Figure 4A and 4B). In contrast
to the rats exposed to CO,, rats euthanized with a KX overdose

MARKED

CONGESTION

Severity scale

according to grade of severity. (A-C) Congestion of alveolar capillaries (*) in lung tissue; (D-F) sinusoid capillary congestion in periportal
and centrilobular areas (*) of liver tissue; and (G-I) multifocal corticomedullary congestion (*) in kidney tissue. Scale bars, 100 um (A-F, I) and

50um (G, H).
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Figure 2. Photomicrographs of H and E-stained tissues of euthanized Wistar Han rats showing (A, B) mild subarachnoidal vascular congestion
(*) in nervous tissue and (C) marked congestion (*) of the zona fasciculata, reticulata, and medulla of adrenal gland. Scale bars, 100 pm.

had predominantly mild lesions, even though this method
resulting in lesions in multiple organs (Figure 3). Intravenous
administration of sodium thiopental caused minimal lesions
in the majority of examined organs. However, this method
was associated with a high degree of pulmonary congestion
(Figure 3). Rats euthanized with isoflurane had minimal mor-
phologic lesions, limited to lung, kidney, and adrenal gland
(Table 1; Figure 3). Euthanasia by decapitation was associated
with minimal occurrence of lesions in most of the examined
organs (Table 1), and any detected alterations were of low
intensity (Figure 3). However, rats euthanized by decapitation
often displayed pulmonary hemorrhage that varied in inten-
sity from minimal to severe (Figure 5). Low-grade pulmonary
hemorrhage was also seen in rats euthanized by exposure to
CO, or by administration of KX but not in rats that underwent
euthanasia by isoflurane or thiopental.

Discussion
This study has provided a comprehensive description of
examination of tissue changes in Wistar Han rats that had
been euthanized by one of 5 methods. Histologic analysis of
the internal organs of these rats showed pathology that was
characterized predominantly by areas of congestion in multiple

organs, pulmonary hemorrhage, and hepatic degeneration,
with lesion severity ranging from mild to severe depending
on the euthanasia technique. Furthermore, our observations
are supported by photomicrographs that enhance the scientific
community's understanding of these findings.

Euthanasia by CO, inhalation is commonly used after experi-
mental or in breeding programs because it allows the euthanasia
of alarge number of animals at the same time.” However, in the
present study, the method was notable for its high occurrence
of relatively high-grade tissue alterations, mainly in the form of
hemorrhage and alveolar congestion in the lungs and systemic
congestion in other internal organs, including the kidneys, liver,
brain, and adrenal glands. In our study, using CO, inhalation
as the euthanasia method resulted in lung lesions similar to
those reported previously;® however, that investigation did
not report congestion in the brain or adrenal gland, unlike the
present study. Another study reported histologic damage in
the lungs of CO,-euthanized mice, typically characterized by
mild to moderate perivascular and peribronchial edema.* In
another study, hyperventilation caused by exposure to high
or low concentrations of CO, affected the respiratory, circula-
tory, and nervous systems.’! In addition, animals subjected to
high levels of CO, can develop bradycardia, hypertension, and
increased activity of the hypothalamic-pituitary-adrenal axis.?!

Table 1. Frequency of the main histologic alterations in the internal organs of Wistar Han rats euthanized by 5 different methods

Number of Rats with Lesions in these Organs Total Overall
Number of Total
Histologic Lesions in Number
Euthanasia Method Alteration Lung Kidney = Liver  Brain  Adrenal Gland  the 4 Rats of Lesions
CO, chamber Congestion 4 4 4 4 2 18 22
Hemorrhage 2 0 0 0 0 2
Degeneration 0 0 2 0 0 2
Isoflurane Congestion 2 4 0 0 1 7 7
Hemorrhage 0 0 0 0 0 0
Degeneration 0 0 0 0 0 0
Xylazine plus Congestion 4 3 1 2 2 12 14
ketamine Hemorrhage 2 0 0 0 0 2
Degeneration 0 0 0 0 0 0
Sodium thiopental Congestion 2 2 2 2 0 8 8
Hemorrhage 0 0 0 0 0 0
Degeneration 0 0 0 0 0 0
Decapitation Congestion 1 0 0 0 1 2 5
Hemorrhage 3 0 0 0 0 3
Degeneration 0 0 0 0 0 0

Data expressed an the number of rats (1 = 4) that were euthanized by each method. Heart and spleen tissue were evaluated but are
not included the table because no histologic alterations were detected in those organs after euthanasia by any of the methods

investigated.
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Figure 3. Graphical representation of the severity of histologic changes induced in lung, kidney, liver, brain, and adrenal gland tissues of Wistar

Han rats by the 5 methods of euthanasia investigated.

Such conditions generate the sensations of pain, fear, anxiety,
and respiratory distress, all of which affect animal welfare in
relation to this method of euthanasia.”!? As is the case for all
inhaled substances, the time required to achieve unconscious-
ness through CO, inhalation depends on the displacement
rate, the container volume, and the concentration of the agent.
In rats, exposure to 80 to 100% CO, induces unconsciousness
within approximately 12 to 33s, whereas exposure to 70% CO,
typically requires around 40 to 50s to produce the same effect.!
To minimize the possibility of pain resulting from the activa-
tion of nociceptors by carbonic acid before unconsciousness,
rodents should be exposed to CO, using a gradual-fill method
with a displacement rate of 20 to 70% of the chamber volume
per minute.!

In experimental situations, the choice of CO, inhalation as
a method of euthanasia is acceptable with restrictions, and
researchers must be aware of the possibility of pulmonary and
circulatory alterations that could be influence data in studies
that have these systems as the main pathways of interest.?
For example, an analysis of the central nervous system has
revealed that, in comparison with methods of euthanasia

Figﬁre 4. Photomicrographs of H and E-stained liver tissu

es of eutha

involving isoflurane or KX, rats euthanized by CO, inhalation
had less phosphorylation of a protein belonging to the family of
mitogen-activated protein kinases responsible for the prolifera-
tion, differentiation, and apoptosis of neurons.?! This discovery
underscores the benefits of using CO, euthanasia, which is less
detrimental to neural tissue analysis and mitigates challenges in
distinguishing pharmacological alterations (induced by chemi-
cal euthanasia) from pathogenic changes in mitogen-activated
protein kinase activity.?!

The administration of an overdose of the anesthetic isoflu-
rane may be a more humane method of euthanasia than CO,
in rats if the animals have not been previously exposed to the
anesthetic. Previous reports have indicated that rats, especially
females, with a prior history of isoflurane exposure exhibit a
heightened aversion to euthanasia by isoflurane.?® Although
male Wistar Han rats reportedly show some aversion to isoflu-
rane, the anesthetic is less aversive than COZ.1 However, to avoid
hypoxia, an adequate supply of air or oxygen is essential during
the induction period. Thus, in our study, rats were placed in a
large container with sufficient oxygen. Our results show that
euthanasia by isoflurane is associated with a lower occurrence

St B ik Sty
Wistar Han rats showing (A) multiple well-defined and intracy-

toplasmic microvacuoles in centrilobular hepatocytes, suggestive of lipid degeneration and (B) multiple poorly defined microvacuoles, with
indistinct limits and intracytoplasmic in centrilobular hepatocytes, suggestive of hydropic degeneration. Scale bars, 50 um.
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Figure 5. Photomicrographs of H and E-stained lung tissues of euthanized Wistar Han rats showing (A-C) alveolar space filled with red blood
cells (*) at mild, moderate, and marked intensity, respectively. Scale bars, 100 pm.

of lesions in internal organs and with minimal severity as com-
pared with those found in rats that were euthanized by CO,
inhalation. This finding indicates that euthanasia by isoflurane
inhalation is a less damaging alternative than CO, and affords
a higher capacity for tissue preservation. An earlier study?*
demonstrated that mice euthanized by exposure to CO, had
higher levels of plasma adrenaline and noradrenaline than did
mice euthanized by using isoflurane. In this context, our study
found that euthanasia by CO, induced the highest intensity of
alterations in the adrenal glands. On this basis, euthanasia by
isoflurane can be advantageous for research that requires mini-
mal tissue alteration and hormonal imbalance, especially in male
rats that had not been previously exposed to this anesthetic.

Although intraperitoneal injection of a KX overdose is
sometimes used for rodent euthanasia, iatrogenic injuries of a
traumatic nature to the internal organs of the abdominal cavity
can occur.2® For example, a previous study' found that 8 of a
group of 127 rats that had received intraperitoneal injections had
lesions in the abdominal cavity, most frequently in the cecum.
This organ, which is the largest in the cavity, is usually dilated
due to the presence of gas and fecal material. Accidental punc-
ture of this organ may release its contents into the abdomen,
possibly generating local inflammation or even peritonitis. In
the present study, a single trained operator performed all intra-
peritoneal injections in the lower right quadrant of the abdomen,
as recommended.!** With this protocol, no operational errors
occurred, and no macroscopic injuries to the abdominal viscera
were observed in any of the rats.

Microscopic evaluation of rats euthanized by intraperitoneal
administration of KX revealed a low occurrence of low-grade
lung lesions, thereby indicating better tissue preservation
with this method. Moreover, other organs, such as the liver,
brain, and kidneys, showed low occurrences of circulatory
alterations. However, this method of euthanasia was the most
time-consuming, with more than 30 min required for respiratory
arrest. A previous publication tried to document the adequacy of
KX for euthanasia by investigating how different administration
protocols affected pulmonary pharmacokinetics.®® That study
showed that administration of KX via retro-orbital or intrave-
nous caused death more rapidly than did the intraperitoneal
injection; retro-orbital application was particularly promising
because it was fast, reproducible, and had a low risk of execution
errors and operational accidents. The study concluded that the
retroorbital administration would be an appropriate choice in
studies that cannot use intraperitoneal administration in order
to ensure protection to the abdominal organs.>

As with other barbiturates, thiopental induces central nerv-
ous system depression with minimal discomfort, particularly

after rapid administration. After the onset of unconsciousness,
apnea and asystole typically ensue due to hypoxia resulting
from the suppression of the cerebral cortical, respiratory, and
vasomotor functions.?? Administration of sodium pentobarbital
by intraperitoneal injection is reported to damage local tissue,
causing histologic alterations in organs distant from the site
of administration, including focal congestion of the intestinal
serosa, pulmonary vein congestion, subcapsular necrosis in the
liver and pancreas, lung emphysema and edema, and renal hy-
peremia.2? Moreover, the drug is highly alkaline, with pH levels
ranging from 10 to 11, and intraperitoneal administration can ir-
ritate the peritoneum and surfaces of visceral organs, potentially
causing discomfort and pain.?> Considering the disadvantages
associated with intraperitoneal administration of barbiturates,
we administered thiopental intravenously via the lateral tail
vein in our study. However, if the drug is administered ex-
travascularly, it may lead to pain and necrosis, mandating that
intravenous administration be performed only by fully qualified
personnel.!3 In contrast to our study, a previous study examined
the histologic and molecular impacts of euthanasia performed
by using various doses of intraperitoneal sodium pentobarbital
at varying doses and followed by exsanguination.” That study
primarily identified vascular congestion and tissue degeneration
in the liver and kidney, with the severity of these effects cor-
relating with the administered dosage.?’ In our study, sodium
thiopental caused a notably higher degree of pulmonary conges-
tion, and similar to the other study, hepatic and renal congestion
were also observed despite our use of the intravenous route to
minimize local effects on abdominal organs.

Decapitation is the most invasive of the euthanasia protocols
investigated in this study and requires preparation to ensure
adequate performance and desensitization of the animal.* In
our study, a low dose of diazepam was administered prior to
euthanasia to promote mild sedation and to facilitate animal
restraint, thereby reducing procedural failures and eliminating
unnecessary suffering or stress. Based on the comparisons of
various euthanasia methods reported in this study, the admin-
istration of diazepam before decapitation did not appear to
induce histopathologic changes. However, our study did not
investigate the potential for diazepam to have a protective effect,
which might result in fewer histologic alterations. In particular,
the rats euthanized by this method had relatively few histologic
alterations in most of the internal organs analyzed, with the
exception of pulmonary hemorrhage. Decapitation can be use-
ful as an alternative method of euthanasia, especially in areas
of research that require the least possible influence of chemical
agents administered by intravenous, intraperitoneal, or inhala-
tional routes. However, traumatic injury during the decapitation
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process can be contraindicated for studies that target tissues
adjacent to the decapitation site, such as the upper respira-
tory tract, because of potential hemorrhage.®* Although some
researchers opt for euthanasia methods such as decapitation
or cervical dislocation that do not involve anesthesia, these
methods also induce cardiac arrest, resulting in biochemical
and physiologic changes.3?

In agreement with the literature,'® the present study showed
that lungs were affected to some extent by all of the euthanasia
methods we studied, with alterations ranging from mild conges-
tion of alveolar capillaries to significant intramural edema of
pulmonary arteries. In addition, lesions resulting from specific
euthanasia methods were consistent in male and female rats.

In conclusion, careful consideration and meticulous plan-
ning are necessary when selecting an appropriate euthanasia
method for rodents to ensure compatibility with the experi-
mental goals. Although the selection of the euthanasia method
should be based on the tissue of interest to the investigator,
the procedure must be performed in a manner that minimizes
exposure of the animal to unnecessary pain and suffering.
Histologic alterations resulting from physical, chemical, or
inhalation methods of euthanasia, when not evaluated in pilot
experiments, can compromise the quality and reproducibility of
data and invalidate study outcomes. Moreover, euthanasia by
CQO, inhalation causes histopathologic changes of moderate to
marked intensity in all internal organs, indicating that alterna-
tive euthanasia techniques may be more appropriate for studies
that require such analysis. Our results indicate that euthanasia
of rats by decapitation or overexposure to isoflurane may be
most suitable for avoiding pathologic changes in internal organs.
However, as evidenced in previous studies, when selecting
these euthanasia methods, one should always consider their
specific applications, such as avoiding the use of euthanasia
by isoflurane in female rats with a history of exposure to this
anesthetic. A properly trained professional should be involved
in the use of decapitation, and any protective or adverse effects
associated with prior sedative use in this technique should be
examined in the relevant tissue.
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