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Isoflurane and CO, anesthetics used in brain tissue collection and electrolytic impacts
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ABSTRACT

The use of gaseous inhalation agents for animal euthanasia offers rapid action due to easy access to the
arterial circulation. The neuroprotective property of postmortem brain tissue collection was investigated
using isoflurane and carbon dioxide (CO,) on the serum bioindicators of sodium and potassium. Serum
samples were collected from 3 groups of animals (n=8) and donated to this study, previously approved by
the Ethics Committee on the Use of Animals (CEUA 173/2020). The serum groups analyzed were named
isoflurane, CO, and cannabidiol (CBD/CQO,). The results demonstrated that the three groups had elevated
potassium levels compared to the control group (*, p<0.05), indicating hyperkalemia, while no difference
was observed in serum sodium. Furthermore, the CO, and CBD/CO, groups differed significantly from
the isoflurane group (#, p<0.05), which had the highest level of hyperkalemia. These findings contribute
to our understanding of the physiological effects of different euthanasia methods on the biochemical
profiles of animals. In conclusion, the use of CO, is recommended as a euthanasia method for collecting
brain tissue due to the lowest impact on potassium levels.
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RESUMO

O uso de agentes inalatorios gasosos para a eutandsia de animais oferece acao rapida devido ao facil
acesso a circulacdo arterial. A propriedade neuroprotetora para a coleta de tecido cerebral post mortem
foi investigada utilizando-se isoflurano e dioxido de carbono (CO,) sobre os bioindicadores séricos de
sodio e potassio. Amostras de soro foram coletadas de trés grupos de animais (n=8) e doadas para este
estudo, previamente aprovado pelo Comité de Etica no Uso de Animais (CEUA 173/2020). Os grupos de
soro analisados foram denominados isoflurano, CO, e canabidiol (CBD/CO,). Os resultados
demonstraram que 0s trés grupos apresentaram niveis elevados de potassio em comparacdo ao grupo
controle (*, P<0,05), indicando hipercalemia, enquanto nenhuma diferenca foi observada no sodio
sérico. Além disso, os grupos CO, e CBD/CO, diferiram significativamente do grupo isoflurano (#,
P<0,05), que apresentou o maior nivel de hipercalemia. Esses achados contribuem para a compreensdo
dos efeitos fisioldgicos dos diferentes métodos de eutanésia sobre os perfis bioquimicos dos animais.
Como conclusdo, recomenda-se 0 uso de CO, como método de eutandasia para coleta de tecido cerebral
devido ao menor impacto sobre os niveis de potéassio.

Palavras-chave: coleta de cérebros, CO,; euthanasia, isoflurano.

INTRODUCTION public perception is also crucial (Guidelines...,
2013).
Euthanasia method development requires
ongoing research in laboratory animal settings, Neurochemical  evaluation, including the
emphasizing practicality, speed, effectiveness, assessment of neurotransmitters released by
and humane treatment (Seymor and Nagamine, neurons in brain signaling pathways, presents a
2016). Prioritizing human safety and addressing challenge due to rapid changes post-collection,
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particularly with neuropeptides (Fridjonsdottir et
al., 2018). Following the sacrifice of the animal
and tissue extraction, proteases quickly break
down larger proteins into smaller fragments,
frequently  within the mass range of
neuropeptides (Sturm et al., 2010).

Commonly used anesthesia/euthanasia methods
for brain collection (Ko et al., 2019) include
ketamine, often in conjunction with xylazine
(Réus et al., 2014); isoflurane, an alternative
associated anesthetic with potential
neuroinflammatory effects and increased c-Jun
N-terminal kinase (JNK) phosphorylation (Altay
et al., 2014); CO, asphyxiation, inducing a
hypoxic state activating mitogen-activated
protein kinases (MAPKS) signaling for cell
survival (Risbud et al., 2005); and rapid
decapitation without anesthesia, potentially
eliciting a stress response and influencing MAPK
signaling in the pre-frontal cortex and
hippocampus (Meller et al., 2003).

In this study, we employed two inhalation
anesthetics, isoflurane and CO,, for brain
collection. Inhaled anesthetics act within the
central nervous system by enhancing signals to
chloride channels (GABA receptors) and
potassium  channels  while  simultaneously
depressing neurotransmission pathways (Miller
et al., 2023). These pathways involve various
neurotransmitters, such as acetylcholine affecting
both muscarinic and nicotinic receptors,
glutamate acting on NMDA receptors, and
serotonin influencing 5-HT receptors (Deng et
al., 2014).

Therefore, the impact of isoflurane and CO, on
serum sodium and potassium concentrations was
assessed to identify a preferable euthanasia
anesthetic for brain collection. Electrolytes play
a crucial role in various cellular metabolic
processes, which can be influenced by anesthesia
(Hardman and Hahn, 2017).

MATERIAL AND METHODS

Male Wistar rats, weighing between 290-300 g,
were purchased from Anilab Animais para
Laboratério (Paulinia, SP, Brazil). The rats were
housed in cages (2 rats/cage) at the Lapetox
(Toxicological Research Laboratory) vivarium at
the University of Sorocaba. The facility was
equipped with an environmental micro

ventilation system (Alesco®) ensuring proper
exhaust and ventilation. Light/dark cycles were
maintained every 12 hours with controlled
timing. The rats were provided with chemical-
free wood shavings for bedding, and food
(Neovia Nutricdo e Saide Animal Ltda, Paulinia,
S8o Paulo, SP, Brazil) and water were available
ad libitum. The study received approval from the
Ethics Committee on Animal Use — CEUA of the
University of Sorocaba — SP, under protocol
173/2020.

The groups of animals (n=8 each) were: 1)
Control isoflurane: serum from animals
subjected to chronic daily administration of
water via gavage (1 mL) for 90 days, with access
to rat food and water ad libitum. Subsequently,
the rats were anaesthetized with isoflurane
(Instituto Biochimico Ind. Farm. Ltda, Rio de
Janeiro, RJ, Brazil) within a plastic cylinder and
then euthanized by decapitation. 2) Control CO.:
serum from animals subjected to chronic daily
administration of water via gavage (1mL) for 90
days, with access to rat food and water ad
libitum.  Subsequently, the rats  were
anaesthetized with CO,, within a chamber
(Chamber W/Dump Door Med, Harvard
Apparatus®), and then euthanized by
decapitation. 3) Experimental group: serum from
animals subjected to chronic daily administration
of 50 puL cannabidiol (200 mg/mL from Prati-
Donaduzzi, Parana, PR, Brazil) completed with
water up to 1 mL, administered via gavage (1
mL) for 90 days, with access to rat food and
water ad libitum. Subsequently, the rats were
anaesthetized with CO,, within a chamber
(Chamber W/Dump Door Med, Harvard
Apparatus®), and then euthanized by
decapitation.

Serum from the above three groups of animals
euthanized with either isoflurane or CO, (n=8
each) was provided for this research. The
samples were obtained from a study led by
K.C.O., where brain samples were collected for
neurochemical evaluation following chronic
exposure to cannabidiol over 90 days (Oliveira et
al., 2023). Blood samples for sodium and
potassium determination were collected during
decapitation ~ without  anticoagulant,  then
centrifuged, and stored at -80 °C until use.

The results were expressed as the mean =+
Standard Error of the Mean (SEM) and
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statistically analyzed using Anova One-way,
followed by Tukey's test. The significance level
was 5% for all experiments (p<0.05), analyzed
using Origin 9.5 statistical software (OriginLab
Corporation, Northampton, MA, USA).

RESULTS AND DISCUSSION

Dysfunctions associated with sodium (Na*) and
potassium (K*) are common  metabolic
abnormalities ~ frequently  encountered by
anesthesiologists. These issues can stem from
various pathological conditions and, if left
untreated, can swiftly escalate into life-

threatening situations. Despite the
straightforward fundamentals of evaluation and
therapy, the underlying  physiology is

occasionally inadequately understood. Errors in
managing these conditions are prevalent and can
exacerbate the underlying issues (Freshwater-
Turner et al., 2008).

Na* and K* distribution in the body is inverse,
with sodium predominantly present in the
extracellular fluid (ECF), while potassium is the
primary intracellular cation. Sodium typically
has an ECF concentration of 140 mmol/L,
contrasting with its intracellular concentration of
only 10 mmol/L. Conversely, potassium exhibits
a high intracellular ~ concentration  of
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approximately 150 mmol/L, with only about 1%
found in the plasma, maintained between 3.5 to
4.5 mmol/L (Freshwater-Turner et al., 2008).

The sodium concentration gradient between
extracellular and intracellular fluid is maintained
by the sodium-potassium ATPase pump. Total
body sodium levels are regulated through renal
excretion (Bradshaw and Smith, 2008).
Conversely, even slight increases in serum
potassium levels can quickly become life-
threatening. Rapid expulsion of excess potassium
from oral intake by the kidneys is not feasible,
highlighting the importance of intracellular
buffering for balance. As the kidneys eliminate
surplus potassium and serum levels decrease,
potassium is again released from the cells
(Freshwater-Turner et al., 2008).

In this study, we measured sodium and
potassium electrolyte levels in response to the
administration of inhalation anesthetics during
the collection of rat brain tissue samples. As
depicted in Fig. 1, there was no statistically
significant difference in Na" level (in mmol/L)
among the groups exposed to isoflurane (154.7 +
6.4) or CO, (148 + 8.2 alone or 1426 + 1.1
CBD/CO,) anesthesia compared to the control
group (138.8 £ 0.2).

Control Isoflurane Co,

CBDICO,

Figure 1. Serum Na* level in rats. Reference values for rats typically range between 133-144 mmol/L
(Houtmeyers et al., 2016). It’s noteworthy that the isoflurane group exhibits a higher value than animals
anaesthetized with CO, although the data did not show statistical significance.
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Sodium, a crucial nutrient, serves as the primary
extracellular fluid cation, playing a vital role in
maintaining extracellular volume, osmolality,
membrane potentials, and facilitating
transmembrane transport processes (Gomes et
al., 2017). Excessive dietary sodium intake is
associated with elevated blood pressure
(Farquhar et al., 2015). Of relevance to
anesthesiologists are calcium’s impacts on the
myocardium, vascular smooth muscle, and blood
coagulation (Aguilera and Vaughan, 2000).
However, the interaction with anesthesia in cases
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of mild to moderate hypertension does not
warrant surgery postponement (Hanada et al.,
2006). Our results indicate that anesthesia does
not interfere with serum sodium levels.

Figure 2 presents a statistically significant
difference in K* levels (in mmol/L) among the
groups exposed to isoflurane (6.9 + 0.3) or CO,
(55 £ 0.3 alone or 56 = 0.1 CBD/CO,)
anesthesia compared to the control group (3.2
0.05).
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Figure 2. Serum K" levels in rats. Reference values for rats ranged between 3.6 to 5.3 mmol/L
(Houtmeyers et al., 2016). Notably, the isoflurane group exhibits a higher value than animals
anaesthetized with CO,. *, p<0.05 compared to control. #, p<0.05 compared to CO, groups.

Maintaining  high intracellular and low
extracellular potassium levels is crucial for
cellular functions and the stability of the cell
membrane electrical gradient. Recently, there has
been an increasing number of reports
documenting unanticipated hyperkalemia during
anesthesia in dogs, leading to consequences
ranging from brady-dysrhythmias to cardiac
arrest (Taylor et al., 2018; Louro et al., 2020;
Pye and Ward, 2023).

Despite this, CO, inhalation remains the
predominant method of euthanasia for laboratory

rats and mice. Furthermore, it is commonly used
for subsequent terminal blood sampling in the
context of clinical biochemical assays
(Khokhlova et al., 2022) or brain tissue
collection (Ko et al., 2019), as performed in the
CBD/CO, group.

Inhaled anesthetics induce skeletal muscle
relaxation and impact sensory nerve conduction
(Miller et al., 2023). While neurological
complications linked to hyperkalemia are
relatively rare, they can manifest as muscle
weakness and paralysis. Such paralysis is
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occasionally observed in individuals with
familial periodic paralysis or can occur
sporadically in cases of severe hyperkalemia (Ko
et al., 2019).

Conversely, hyperkalemia’s beneficial impact in
cardioprotection  extends  to  preventing
reperfusion  malignant  arrhythmias.  This
preventive action is attributed to factors such as
the ability to forestall or reverse myocardium
ischemic  contracture, restore  myocardial
contraction diastolic function, and alleviate
calcium overload and intracellular potassium loss
during reperfusion (Takata et al., 2013). By
targeting the reduction of calcium overload,
hyperkalemia presents a novel avenue for
therapeutic intervention in the management of
acute cerebral ischemic stroke and subsequent
reperfusion (Qin et al., 2018).

The current investigation has limitations as it is
restricted to the analysis of electrolytes Na* and
K*, revealing hyperkalemia in the isoflurane
group. The CO,-euthanized groups did not
exceed the upper limit of K* levels (5.3mmol/L)
(Houtmeyers et al., 2016). In line with the
findings of Ko et al. (2019), we lean towards
considering CO, as the preferred method for
brain tissue collection, especially as these
authors provide additional data on minimal naive
mitogen-activated protein  kinases (MAPK)
activation.

CONCLUSION

According to our findings, carbon dioxide
asphyxiation emerges as the preferred method for
terminal euthanasia when aiming for brain tissue
collection compared to isoflurane.
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