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The effect of olfactory bulb lesions on the induction time of sevoflurane has never been studied. We aimed to investigate this issue. In this
study, we found that the volume of olfactory bulbs and the pore of the fila olfactoria were significantly lower with the fibrosis of olfactory
bulbs in animals subjected to olfactory bulbectomy. Volatile anesthetics induction times were measured in all groups. Prolonged induction
was observed in olfactory bulbectomy group. It was concluded that increased induction times of sevoflurane may be due to the olfactory
bulb lesion.
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INTRODUCTION

Volatile anesthetics have been widely used over decades in
the clinical practice of anesthesiology.'” They have been the
mainstay of general anesthetics for millions of patients each
year.* There have some benefits from volatile anesthesia over
intravenous anesthesia, e.g. the ability to continuously monitor
alveolar concentration, and potential organ protective proper-
ties. Volatiles are important agents in anesthesia practice.

Sevoflurane [2,2,2-trifluoro-1-(trifluoromethyl) ethyl fluo-
romethyl ether], as a volatile anesthetics, has been extensively
employed for induction and maintenance of general anesthe-
sia, because it has ideal pharmacokinetic properties and few
adverse effects. It is an important volatile anesthetic with
anti-inflammatory and neuroprotective effects.’

The main goal of anesthesiology is to achieve the best
level of analgesia and rapid recovery of consciousness after
anesthesia.® The preservation of spontaneous breathing during
general anesthesia with anesthetic gases is practiced by many
anesthesiologists.® The human brain has important anatomic
structures.” One of these structures is the olfactory bulb (OB).
The olfactory function requires intact olfactory and cortical
structures, which may be destructed in some pathologic condi-
tions and during cranial or transnasal surgical approaches to
the anterior skull base.

Currently, coronavirus disease 2019 (COVID-19) is an im-
portant global problem.*® Millions of people worldwide have
been infected with the COVID-19 virus, and anosmia after
COVID-19 infection is the leading cause of olfactory dysfunc-
tion in adults, accounting for up to 40% of all cases.!’ These
patients with olfactory dysfunction after this infection have

undergone surgical procedures under inhalational sevoflurane
anesthesia. Interestingly, olfactory dysfunction or anosmia has
been observed in many patients with COVID-19 infection.
The clinical pharmacokinetic outcomes for inhaled anesthetic
drugs in an anosmic patient after COVID-19 infection may
affect systemic plasma concentrations of sevoflurane. The ef-
fect of sevoflurane may be changed by anosmia or olfactory
dysfunction after COVID-19 infection, and this undesired
pharmacokinetic profile of sevoflurane in anosmic patients
after COVID-19 infection will lead to diminished concentra-
tion in the target brain area. In this pandemic, elucidation of
the mechanisms of altered induction time of sevoflurane seems
to be imperative.

Olfactory bulb lesions (OBL) in experimental animal studies
may also lead to olfactory dysfunction. Olfactory bulbectomy
(OBX) may cause changes and dysfunction of olfactory cells."
The effect of OB injury on the induction time of sevoflurane
has never been studied. The effect of sevoflurane was tested
after OBL.

MeTHoDS

Animals

This study was reviewed by the Institutional Animal Care
and Use Committee/Animal Experimentation Committee of
Ataturk University (No. 2010/9, on October 22, 2010). All
experiments were designed and reported according to the
Animal Research: Reporting of /n Vivo Experiments (AR-
RIVE) guidelines.? A total of 29 female adult Wistar rats,
10—12 months old, weighing 260-310 g were used. The rats
were obtained from Ataturk University. Animal models are

.© 2023 Medical Gas Research | Published by Wolters Kluwer - Medknow




187ZIMNZ[DBPXZOBBAROATIAEIOYIHSALLIAIPOOAEIEAHIDII/AD AU

MY TXOMADYOINX7OHISABZIY 10 +8rNIOITWNOFZTABMHARSHNAYE Aq seBu/wod mm| sfeunol//:diy woij papeojumoq

€20¢/€2/0T uo

Abhiskalioglu et al. / Med Gas Res

www.medgasres.com

essential new pharmacotherapies.' Sex differences can be seen
in animal studies. In this study, female rats were used because
Ruda-Kucerova et al.”® reported the advantage of female rats.
The rats were obtained from Ataturk University and housed in
single cages under standard conditions (23 + 3°C).

Animals were randomly divided into three groups by blinded
experimenters. 0.2 mL/kg of the anesthetic combination (ket-
amine HCI, 150mg/1.5mL; xylazine HCL, 30 mg/1.5mL;
and distilled water, 1 mL) was subcutaneously injected before
surgery to reduce animals’ pain as reported in the study by
Kanat et al."* The animals were fixed in a stereotactic frame
(Stoelting Co., Wood Dale, IL, USA). Volatile anesthetic
sevoflurane was administered using a modified anesthesia unit.
Sevoflurane (Sevorane®, Abbott, North Chicago, IL, USA) was
given via a face mask. In clinical practice, estimation of the
depth of anesthesia is often quantified as minimum alveolar
concentration or measured variables such as bispectral index
scores. In this study, sevoflurane was administered using a
calibrated vaporizer at a concentration of 1 minimum alveolar
concentration with an expiratory fraction of 2.5%.' The pres-
ence of the toe-pinch reflex was sought, but animals had to
be able to tolerate ventilation without distress. The depth of
anesthesia was tested every 30 minutes in case of respiratory
distress as previously used in a study.'® If the rat was in an
abnormal posture (four limbs upward) and failed to actively
return to a normal posture; this was used to define the induc-
tion time of anesthesia.'” There were nine rats in the control
group (n = 9). No intervention was performed in the control
group. In other animals, the frontal portions of the skull were
shaved, and a burr hole over the midline of the frontal bone
above the OBs was removed." and the OBs were ablated by
aspiration. In this technique, only one burr-hole on the midline
of the frontal bone, 7 mm anterior to the bregma, was made.
The animals in the sham group (n = 8) only received frontal
burr holes at the level of the OB, and OBL was not made by
clamping the OB. Immediately after exposure to the OBs, the
burr holes were plugged and the skin incision was sutured.
However, in the third group (n = 12), mechanic compressions
of OB were applied by using a micro clamp, and bilateral OBL
was performed, and during this procedure, care was taken to
avoid damage to the frontal cortex. After this procedure, the
animals of the study group were expected to be anosmic or
hyposmic. The animals were observed for 8 weeks and then
decapitated. Following the burr hole by using an appropriately
sized facemask, before decapitation, the induction measures
of sevoflurane were remeasured. If the rat was in an abnormal
posture (four limbs upward) and failed to actively return to a
normal posture; this was used to define the anesthesia induc-
tion time.'®

Evaluation of the induction phase of sevoflurane in the
experimental groups

The sevoflurane (Sevorane®, Abbott) was applied by a face
mask and its induction time of sevoflurane was obtained. Mean
induction time was assessed based on the time interval between
the placement of the face mask and the loss of eyelash reflex.'
As the mean induction time was found to be 135 seconds, the
higher value of 165 seconds was accepted as a late induction
time. The instant when the first signs of inactivity appeared

was recorded to estimate the depth of anesthesia. We measured
the time until the first inactivity signs such as no awakening
reaction to sevoflurane anesthesia (1 point); the disappearance
of the movement of limbs (2 points), lips (3 points), and whis-
kers (4 points); closing of the palpebral fissures (5 points); and
loss of light reflex (6 points) via pain stimulation, and these
examination parameters constituted the unconsciousness index
of sevoflurane anesthesia. The sum of the criteria values was
21 points. A value higher than 15 points was accepted as the
beginning of anesthesia. Unconsciousness index values and
induction times were compared. A pain stimulator applied
pressure (kg/point) on the tails of the rats. 250 g/point was
enough for pain stimulation.'" In the comatose state, no animal
reacted to 1 kg pressure.

Histopathological analysis

At 2 months after the whole surgery, the OB and pores of fila
olfactoria sections were extracted, fixed with 0.9% formalin
solution for 2 days, then embedded in paraffin blocks and cut
into 5-um thick sections using a microtome and stained with
hematoxylin-eosin, glial fibrillary acidic protein immunofluo-
rescence and terminal deoxynucleotidyl transferase dUTP nick
end labeling dye staining for the examination of OBL-related
alterations. Specimens were evaluated stereologically to mea-
sure fibrotic/occlusive variations in the pores of fila olfactoria
per cubic centimeter and compared with OB volume values
and sevoflurane induction times statistically.

The surface of olfactoria pores was estimated via the sum-
mation of each pore surface. Each pore surface was taken as
an ellipsoid and surfaces were calculated. The surface value
of each pore was estimated with the following formula:

TISOP =3 nur? (1)

where SOP indicates total surface values of all olfactory
pores of each animal; p indicates pores in the phyla olfactory;
n indicates number of pores in phyla olfactory.

In the formula, the total surface area of n pores was calcu-
lated as nmr?. Because olfactory pores are circle shaped, their
surface area values were estimated as the 2.

The physical dissector method was used as in the study Aydin
et al.”® Two consecutive sections (dissector pairs) taken from
reference tissue samples were mounted on each slide. The
paired reference sections were reversed to double the number
of dissector pairs without having to cut new sections. The mean
numerical density of the olfactoria pores per/cm? fila olfactoria
(Nt/Gt) per mm? was calculated using the following formula:

Nt N
o=/ @)

where ZQ-N is the total number of calculated pores found
only in the reference sections, d is the section thickness, and
A is the area of the counting frame. X4 for the set of dissectors
can be estimated from £4 = XPa. P is the total number of
counting set frame points, and « is a constant area associated
with a set point. The total number of pores in each specimen
was obtained from the Cavalieri volume estimation method
as in the studies of Aydin et al.?*?!
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Statistical analysis

All data are expressed as mean =+ standard deviation. The
SPSS® statistical software package version 21 (IBM Corp.,
Armonk, NY, USA) was used to compare the differences in the
induction time of sevoflurane in the control, Sham, and OBL
groups. The P-value was accepted as significant at the level
of 0.05. Kruskal-Wallis test showed statistically significant
differences among three groups.

ResuLts

Histopathological findings

The total number of fila olfactoria pores was estimated as 3
+ 1 in all animals. Foramina did not close totally in animals
subjected to OBL, but near-total obstruction of only soft tissues
and not bone occurred due to fibrogliotic membrane-duro-
arachnoid adhesions. The study group showed more obliterated
or closed foramina than the control or sham groups. Meningeal
inflammation, pia-arachnoid thickening, olfactory-fila losing,
and nasal mucosal inflammatory bands were detected in the
OBL group (Figure 1).

L LaLs v Spoe oy T , = e

Figure 1: Histopathological view of an animal in the study group.

Note: Severely inflamed (In), deformed and degenerated olfactory glomerulus
(G) is seen histopathologically in this figure. Thickened olfactory fila extensions
(A), inflammation cells (B)), conjoined, deformed appendages of the fila olfactory,
surrounded by inflammatory cells (C) (hematoxylin-eosin staining, original
magnification 10x; immunofluorescence staining, original magnification 4x).

The gross anatomical appearances of OBs and histological
appearance of olfactory fila and glomerulus of OBs in a control
group rat areshown in Figures 2 and 3.

Quantitative results

The volume values of OBs and pore numbers significantly were
diminished with the fibrosis of OBs in animals subjected to
OBL (P <0.005; Table 1). The induction time of sevoflurane
was the longest in the study group, moderate in the sham group,
and shortest in the control group (P < 0.001).

Discussion

This study indicates that rodents receiving OBL have a longer
inhalation induction time than controls. Validity in research
refers to how accurately a study answers the study question or
the strength of the study conclusions.?? Here, validity refers to
how the induction time of sevoflurane changes after OBX. This
is one of the first scientific explanations based on some ancient
theories about how spiritual or tangible things could pass to the
brain via the nasal route. The induction time was prolonged in
rats with BL. This finding has clinical implications.

Figure 2: Gross anatomical appearances of lesioned OBs (A), destructed
olfactory fila (OF), degenerated glomerulus (G) of OBs and apoptotic
degeneration of OBs in an OBL rat (hematoxylin-eosin staining, original
magnification 10x; terminal deoxynucleotidyl transferase dUTP nick end
labeling dye staining, original magnification 10x).

Note: OB: olfactory bulb; OBL: olfactory bulb lesion.

i VAN B S e
Figure 3: The pathological structure of OBs in control and study groups.
Note: Left: Gross anatomical appearances of OBs (A), olfactory fila (OF, arrow),
and glomerulus (G) of OBs in the control group (hematoxylin-eosin staining, original
magnification 10x, scale bar: 200 ym). Right: Gross anatomical appearances of
lesioned OBs (A), destructed olfactory fila (OF, arrow), degenerated glomerulus (G)
of OBs (hematoxylin-eosin staining, original magnification 10x, scale bar: 200 ym)
and glial neuronal degeneration of OBs (marked with glial fibrillary acidic protein,
original magnification 10x, scale bar: 200 um) in OBL rat. (C) Gross anatomical
appearances of lesioned OBs (A) under the burr hole defect illuminated cranium
(yellow square) (A), destructed/regenerated olfactory fila (OF) surrounded by
gliotic fibrotic materials (red star) and degenerated glomerulus (G) of OBs in OBL
rat (hematoxylin-eosin staining, original magnification 10x, scale bar: 100 pum).
(D) Histopathological appearances of partially-totally closed olfactory pores (OP;
1-n) among deformed olfactory files at the right-left sides of falx cerebri in a study
animal (immunofluorescence staining, original magnification 40x). OB: olfactory
bulb; OBL: olfactory bulb lesion.

Table 1: The number of fila olfactoria pores, and OB
volume, and induction times

Number of fila OB volume Induction
olfactoria pores (mm’®) time (s)
Control group  10+£3 4.51+0.99 124.44426.17
(n=9)
Sham group 8+2 4.04+0.87 112.37+11.28
(n=238)
OBX group 5+1 2.34+0.42 164.334£30.92
(n =12)

Note: Data are expressed as mean + SD and were analyzed by the Kruskal-Wallis
test. OB: olfactory bulb; OBX: olfactory bulbectomy.

The “nose-to-brain delivery” seems to be a potential route for
drugs targeting the brain. We investigated the effect of OBL on
the induction time of sevoflurane, based on a hypothesis that
the olfactory route would be a possible pathway for the entry
of inhalational anesthetics, and found that the induction time of
sevoflurane was increased in the OBL group compared with the
control and Sham groups. Our results have clinical implications.

-Medical Gas Research | March | Volume 14 | Issue 1
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Certain anatomical structures in the skull base called for
detailed study because of their functional importance,?** such
as OB which is a paired oval-shaped neural structure of the
anterior cranium base. The cribriform plate provides a passage
between the OB and the brain. Subarachnoid space around
the fila olfactoria connected to the brain ventricles via neural
foramina of the cribriform plates.

Sevoflurane exposure may induce neuronal cell changes in
the brain by rapid equilibration between the alveolar and ef-
fect site (brain) concentrations, but the mechanism of action
of sevoflurane is still not known. Though the exact mecha-
nism of absorption of sevoflurane from the intra-nasal route
is unknown, many established proven studies are showing
perineural and perivascular paths around the olfactory and
trigeminal nerve.” There is a question. What is the difference
that sevoflurane is taken up by the olfactory mucosa and what
is the evidence that OB injury may compromise that uptake?
The main finding of this study is that the induction time of
sevoflurane was increased in the OBL group. If we consider
the nervous system as a great orchestra with complex har-
monic combinations,? we will find it easier to understand how
any OBL will be translated into an alteration of the effect of
sevoflurane. All sensory information, except for the sense of
smell, passes through the thalamus before processing by the
cortex, so smell is the only one of the five senses, which is
transmitted directly into cortical areas from the bulb without
passing through the thalamus.?” Interestingly, we found that
damaged fila olfactoria could cause delayed induction time
of sevoflurane. The explanation of this finding may be that
inhalation anesthetics could move into the brain ventricles via
fila olfactoria and show their effects.

Currently, medicine has gone through moments of great
renewal,”® despite these recent developments in technology,?
the main effects of sevoflurane are still not well known; the
established mechanism of pulmonary transport involves the
movement of drugs across the alveolocapillary membrane
into the blood and reaching the required terminal centers to
induce the first anesthetic effect. The blood-brain and blood-
cerebrospinal fluid barriers are important functional structures
of the brain.’* We hypothesized that sevoflurane could be ab-
sorbed from nasal cavities and respiratory tracts and transmit-
ted into the blood circulation and contact surfaces. The drugs
may show their effects after crossing the blood-brain barriers
at required cerebrospinal fluid concentrations. To prove our
hypothesis, OBs were crushed using a surgical clamp to create
a closed fila olfactoria to prevent sevoflurane from passing
into the brain. Sevoflurane has been in clinical use for inhala-
tion anesthesia. Despite the detailed characterizations of the
molecular and cellular pharmacology of sevoflurane, there is
no study on whether volatile agents pass into the cerebrospi-
nal fluid via fila olfactoria. So, we investigated whether there
was any relationship between the induction time of inhalation
anesthetics and open/closed conditions of fila olfactoria pores
in OBL-performed animals, and found increased induction
time of sevoflurane. Our finding could be attributed to the
blocking of transport route by closed fila olfactoria in OBL
performed animals. This is a novel finding that has not been
reported previously. It was found an increased induction time
in OBL rats and concluded that increased induction times of

sevoflurane may be due to the OBL.

Several limitations of our study should be acknowledged.
The main result of this study is that the induction time is
increased in OBL rats, so the methodology of measuring the
induction time accurately is necessary. It is not possible to
analyze similar histopathological changes in vivo or through
autopsy, because it is not possible to OBL in a man. There are
some limitations to the present study. The dose of the anesthetic
agents and induction phase measurement techniques, OBL
application methods, and histological analysis of specimens
were been done using currently available methods whereas
superior modern techniques might be used. For example,
anesthetic agents might be given with rat-specific anesthetic
devices, and histopathological analyses might be done via
electron microscopy. It may ask whether there is a sufficient
amount of diffusion of sevoflurane at the nasal mucosa to cause
neural effects except for smelling, considering big differences
in the structure and the size of the surface area between the
pulmonary alveolar membrane and the nasal mucosa. In this
study, a single burr hole technique was used. In our studies of
OBX, we think that one burr hole, rather than two, is sufficient
to perform olfactory bulbus lesion. For that reason, we used
one burr-hole as in our previous studies.'!® There is no other
cause for using one burrhole. This technique should be com-
pared to the "conventional technique" involving two frontal
burr holes overlying the OBs. Also, it should be remembered
that there are some differences in olfactory structure in rats.
Rats seem to have a highly developed sense of smell compared
to humans. These differences in the sense of smell between
rats and humans can affect the results of the present study.
The “higher value” of 165 seconds was arbitrarily accepted
as “late induction time.” The relevance of a “late induction
time” is prolonged induction time. As can be seen from the
table, some changes in the Sham group were observed. In this
study, we used an extremely traumatic injury that not only
caused olfactory-fila loss but meningeal inflammation, and
pia-arachnoid thickening may have occurred. Sevoflurane may
have anti-inflammatory effects. Such changes in neuroinflam-
mation may have caused unanticipated global changes in the
brain that may have affected the results such as in the Sham
group. Immunity is an important issue for the central nervous
system.?"* The immunological impact of the anesthetic agents
may lead to changes in the overall mortality and morbidity of
patients. In the present study, we did not measure biomarkers of
inflammation and oxidative stress. The disparity in the sample
size of the control and sham groups and the experimental group
may be another limitation. We know that the sample size is
important in an experimental study. Equal sample sizes can
give a greater power to detect differences. The intended sample
size should be equal to the population.®

In conclusion, damage to the OB prolongs the induction
time for sevoflurane, suggesting that its transport into the
brain is impaired compared to control animals. We observed
alveoli-capillary tight junction-like structures in fila olfactoria.
Even though the induction phases of inhalation anesthetics
were almost the same in all animals, the induction time was
prolonged in the study group rats with OBL. histopathological
analysis proved that tight junctions and fila olfactoria orifices
were closed secondary to developed fibrogliotic membranes

Medical Gas Research | March | Volume 14 | Issue 1 -
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over the cribriform plate in animals with OBL. That is, closed

fila olfactoria orifices could not allow the transmission of

inhalation anesthetics to the cerebrospinal fluids or the brain,
and as a result, the tightly closed cribriform lamina orifices
cause longer induction phases of inhalation anesthetics. The
increased induction time of sevoflurane after OBL in rats is an
important finding of this study which is reported for the first
time, because the present study suggests that OBX blocks the
olfactory transport of intranasally applied drugs to the central
nervous system. More observational experimental studies are
required to identify best practices, and understand disparities
in access to and delivery of sevoflurona.
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