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Supplementary Materials and Methods

Animals

This study complies with the ARRIVE guidelines and the Charité animal welfare guidelines. The
experimental protocols were approved by the State Office of Health and Social Affairs of Berlin
(G0264/14 & TO096/02). Before experiments, the animals had at least seven days for acclimation
in our animal shed. The accommodation was in groups of two with food ad libitum and a 12-h
light on/light off cycle.

Slice preparation, electrophysiology, and induction of seizure-like events and spreading
depolarization ex vivo

For experiments in cortical slices, 34 Wistar rats (22 males and 12 females, weight: 250-300 g,
age: ~8 weeks) were sacrificed. Coronal slices containing frontal cortex were stored in an
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interface chamber and perfused with artificial cerebrospinal fluid (CSF) containing (in mM): 129
NaCl, 26 NaHCOg3, 10 glucose, 3 KClI, 1.25 NaH2PO4, 1.6 CaCl,, and 1.8 MgCl: (flow 2 ml/min).
Experiments were started after two hours of recovery following slicing. For population spike
generation, single electrical stimuli were applied with a bipolar electrode in the white matter.
Recordings of field potentials and changes in [K*]o, [Na‘]o, or [Ca2*], were performed with
double-barreled ion-sensitive microelectrodes, manufactured, and tested as previously
described [1]. lonophore cocktails (Potassium lonophore | 60031, Sodium lonophore 11 71178,
or Calcium lonophore 1 21048) were provided all from Fluka, Buchs, Switzerland.

Seizure-like events were induced by continuous perfusion of Mg?*-free artificial CSF (without
MgCl; but similar ion concentrations as described above) during 40-60 min until stable seizure-
like events were established. Spreading depolarization was induced by repeated local
application of 3 M KCI with a glass micropipette before, during, and after treatment with
isoflurane.

Drugs

In brain slices experiments, isoflurane was applied with a calibrated vaporizer (Drager, Germany)
in a mixture with carbogen (flow 1 I/min). Isoflurane output was controlled with a Vamos® monitor
(Drager, Germany). Accordingly, the calculated concentrations of isoflurane in the solution were
0.24 mM for 1% and 0.72 mM for 3% isoflurane (using the water/gas partition of Bunsen (a) at
37°C) [2]. In experiments concerning the effects of isoflurane on interstitial ion changes in the
absence of synaptic activity and under blockade of 2-pore domain K* channels, tetrodotoxin
(1 uM), amlodipine besylate (50 uM), and doxapram hydrochloride (50 uM) were applied with
artificial CSF (Sigma-Aldrich, Germany). In in vivo experiments concerning the effects of mild
Na*/K*-ATPase inhibition, 10 uM ouabain octahydrate (Sigma-Aldrich, Germany) was solved in
artificial CSF and continuously applied to the open cranial window.

Na‘/K*-ATPase activity assay

To measure the effect of isoflurane on actual Na*/K*-ATPase activity, we performed a coupled
enzyme assay as previously described (Figure 3) [3, 4]. In short, acute brain slices were prepared
as described above and allowed to equilibrate for 120 min after slicing, and then exposed to
carbogen with or without 3% isoflurane gas for 60 min in an interface-type recording chamber.
The slices were collected, flash-frozen in liquid nitrogen, and homogenized. Tissue was then
homogenized in 10 ml solution per 1 g wet weight containing 0.25 M sucrose, 1.25 mM EGTA,
and 10 mM Tris, pH 7.0, at 25°C, by eight strokes in a precooled PTFE-glass Potter-Elvehjem
homogenizer. The brain homogenate was centrifuged at 750 g for 5 minutes (4°C). Analysis of
Na*/K*-ATPase activity was performed on the supernatant without further dilution. Stock
solutions of reaction buffer (with 10 uM, 10 mM, or without ouabain), auxiliary enzymes, and
substrates were prepared in advance. The final reaction mixture contained 125 mM Tris buffer,
1 mM EGTA, 120 mM NaCl, 12.5 mM KCI, 5 mM NaNs, 5 mM MgCl,, 5 mM ATP, 2.5 mM
phosphoenolpyruvate, 0.5 mM NADH, and 15 units each of lactate dehydrogenase (type XI) and
pyruvate kinase (type llI). Brain homogenate samples, auxiliary enzymes, and substrates were
added to the reaction buffer stock solutions omitting only ATP. The mixture was preincubated for
5 min at 37°C in the reading compartment of temperature-controlled Infinite 200 PRO (Tecan,
Mannerdorf, Switzerland) at 37°C. The reaction was initiated by adding 10 pl of ATP-Na, solution
to each well.

The enzyme assay couples the formation of adenosine diphosphate by ATPases to NADH
oxidation in the presence of excess pyruvate Kkinase, lactate dehydrogenase, and
2



Reiffurth et al. Isoflurane inhibits the Na*/K*-ATPase

phosphoenolpyruvate. The assay measures the rate of NADH absorbance decrease, which is
proportional to the rate of steady-state ATP hydrolysis. NADH oxidation was continuously
monitored spectrophotometrically at 340 nm in the presence and absence of ouabain. ATPase
activity was calculated from the slope of the linear portion of the tracing, the NADH millimolar
extinction coefficient, the volume of the reaction mixture, and the total amount of protein in the
reaction mixture. The Na*/K*-ATPase activity represents the ouabain-suppressible portion of
total ATPase activity. To distinguish between a1 and a2/3 isoforms of the Na*/K*-ATPase
different concentrations of ouabain (10 mM and 10 pM, respectively) were present in the reaction
mixture.

Additionally, to test for unspecific effects of isoflurane, such as modification of lipid bilayer
properties, we performed an independent run where we added isoflurane in liquid form to the
reaction mixture of untreated control whole brain homogenates to achieve isoflurane
concentrations that far exceed the clinical application (1 and 3 vol%).

In vivo preparation, electrophysiology recordings, isoflurane titration, and
characterization of hypnotic depth

20 male Wistar rats (~250 g, ~8 weeks) were first anesthetized with isoflurane and nitrous oxide
(1.5% and 70% respectively) in an induction chamber (15 animals were included in the analysis,
five animals were excluded as described below). Nitrous oxide was shortly applied during
anesthesia induction (3-5 minutes) to avoid high concentrations of isoflurane before
electrophysiological recordings and to minimize pain during local infiltration with lidocaine. After
induction, anesthesia was exclusively maintained with 1-2% isoflurane with a mask. Thereatfter,
anesthesia was maintained with 1-2% isoflurane through a nares mask. Pulse oximetry was
monitored (MouseOxplus, Starr Life Sciences, Oakmont, USA) during the surgical procedure
(total duration of preparation procedure was ~60+20min). Body temperature was maintained at
37.0+£0.5°C (Harvard Apparatus, Holliston, USA). Animals were mechanically ventilated after
tracheotomy (Harvard Small Animal Ventilator 683, Holliston, USA) and end-tidal carbon dioxide
was maintained at ~35 mmHg. Blood pressure was monitored after cannulation of the femoral
artery. For hydration, 8-10 ml saline per kg body weight per hour were infused. A mini craniotomy
in the frontal region 2 mm from the sagittal suture and 2 mm from the coronal suture was
performed after fixation in a stereotaxic system. To avoid stress, all skin incisions were performed
after local infiltration with 0.1-0.3 ml lidocaine 1% (Brown, Germany). A chamber was formed
with bone cement around the craniotomy for perfusion with artificial CSF containing (in mM) NaCl
127.5,KCI13.0,CaCl; 1.5, MgS0O4 1.2, NaHCO324.5, glucose 3.7, and urea 6.7, and was gassed
with 50% O, and 3-4% CO.,. After a small dura incision, an ion-sensitive microelectrode and a
stimulation electrode (if corresponding) were inserted into the frontal cortex at ca. 100 um depth
from the brain surface. Following registration of phase 2 anesthesia (alpha/delta band, 0-12 Hz)
in the electrocorticography, isoflurane was titrated (from 1-1.5% to 2.5-3.5%) to establish a burst
suppression pattern. Complementary to electrocorticography, a pinching test was performed and
guantified (1, strong flexion; 2, weak flexion; 3, no flexion observed) at regular time points to
check for anesthesia depth clinically. Animals were sacrificed under deep anesthesia. Brains
were removed and frozen at -80°C for future analysis. For experiments on stimulus-induced [K*]o
increases (group 1, total number of animals = 6; two animals excluded due to surgical
complications), a bipolar stimulation electrode was placed in the cortex ~2 mm from the recording
electrodes (stimulation parameters: 20 Hz, 2 s, 5 V). For experiments concerning changes in
[K*]o baseline (group 2), a total of seven animals were recorded, and one animal was excluded
due to ventilation problems. Effects of ouabain during phase 2 of general anesthesia were
studied in five animals (group 3, total number of animals = 7; two animals excluded due to cortical
3
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spreading depolarization during recordings). In four animals (group 2), data concerning changes
in tissue partial oxygen pressure and changes in regional cerebral blood flow during burst
suppression anesthesia were recorded and published in Berndt et al., 2021 [5].

Supplementary Table 1. Monitoring Data Group 1 (effects of Isoflurane on [K*]o clearance). MAP: mean
arterial pressure; ETCOz2: end-tidal carbon dioxide.

MAP Oxyggn ETCO, Respiratory Rectal Pinching

(mmHg) satlzg/oa)tlon (mmHg) rate/min temperature test* n

g 10 82.0+9.7 99.7+0.6 37.6x4.1 80.6+13.2 37.0+0.0 2/3 4
[%]

g 20 82.7+8.2 99.7+0.6 38.3x4.4 74.9+17.7 37.0+0.0 2/3 4

30 82.1+5.5 99.740.5 38.1+4.2 74.7+17.3 37.0+0.0 3/3 4

40’ 83.0+4.0 99.7+0.5 38.2+4.5 74.3%¥18.1 37.0+0.0 3/3 4

50’ 83.4+4.3 99.7+0.5 37.9+4.5 75.2£17.9 37.0+£0.0 3/3 4

'g 60’ 83.2+34 99.740.5 37.4+4.2 78.4+15.2 37.0+0.0 3/3 4
[

% 70 80.3+8.4 99.740.5 35.0+1.9 86.319.4 37.0+0.0 3/3 4

é 80’ 83.1+1.8 99.7+0.5 38.0+4.2 74.5%17.2 37.0+0.0 3/3 4
m

90’ 81.5+10.3 99.7+0.5 34.6+2.0 86.1+8.9 37.0£0.0 3/3 4

100° 81.7+12.1 99.7+0.5 34.5+2.2 85.6+9.8 37.0+0.0 3/3 4

10 87.0+8.6 99.7+0.6 34.622.0 86.3+9.3 37.0+0.0 3/3 4

*Pinching test: 1, strong flexion; 2, weak flexion; 3, no flexion observed.

Supplementary Table 2. Monitoring Data Group 2 (isoflurane effects on [K*]o baseline)

(mMn?l-'Tg) Oxygen(os/gturation (rE]-rrr?F?gz) Respiratory rate/min | Rectal temperature | Pinching test* n

g 10’ 80.5+9.1 98.5+1.3 34.6+1.2 86.3+8.6 36.9+£0.0 2/3 6
%)

g 20° 81.1+10.2 98.3+1.7 35.0+1.8 85.7+11.8 37.0+£0.0 2/3 6

30’ 83.1+9.4 98.7+1.1 35.4+2.6 90.7+12.1 37.0£0.0 2/3 6

40 80.9+8.5 98.5+1.2 35.5+2.4 86.6+10.0 37.0+£0.0 3/3 6

50’ 78.67.0 98.5+1.3 34.9+2.1 83.5+11.8 37.0£0.0 3/3 6

-% 60’ 80.77.4 98.5+1.4 35.0+1.9 83.2+13.4 37.0+£0.0 3/3 6
[0}

% 70° 76.1+5.8 98.4+1. 34.8+0.8 87.249.3 37.0£0.0 2/3 6

é 80’ 84.3+£8.2 98.6+1.2 35.4+2.7 89.6+£10.2 37.0£0.0 3/3 6
o

90’ 77.65.9 98.3+1.0 35.9+2.8 87.9+7.5 37.0+£0.0 3/3 6

100 | 77.445.7 98.1+1.2 35.6+2.4 84.419.6 37.0+£0.0 3/3 6

110 75.45.81 98.0+1.2 35.9+1.4 80.2+16.8 37.0+£0.0 3/3 6

*Pinching test: 1, strong flexion; 2, weak flexion; 3, no flexion observed.
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Supplementary Table 3. Monitoring Data Group 3 (effects of ouabain during Phase 2 anesthesia)

MAP Oxyggn ETCO; Respiratory Rectal Pinching

(mmHg) sattég/oa)tlon (mmHg) rate/min temperature test* n
) 10’ phase 2 80.1+16.0 99.0+0.7 36.3+2.5 84.9+7.4 36.9+0.0 2/3 5
§ 20’ phase 2 78.9+12.2 97.9+2.9 36.2+2.6 89.5+6.9 37.0+£0.0 2/3 5
30’ phase 2 80.4+10.4 99.2+0.8 35.4£1.6 91.1+15.2 37.0£0.0 2/3 5
40 phase 2 80.0+12.4 99.2+0.7 35.3+1.1 83.3+8.8 37.0+£0.0 2/3 5

c
g 50 phase 2 78.9+7.9 98.9+0.7 35.1+1.3 83.7+8.4 37.0+£0.0 3/3 5
© 60" phase 2 77.445.8 98.4+1.4 35.1+1.3 84.8+10.1 37.0+£0.0 3/3 5
70’ phase 2 78.9+6.7 97.8+0.5 34.9£1.3 86.6+11.0 37.0£0.0 3/3 5

*Pinching test: 1, strong flexion; 2, weak flexion; 3, no flexion observed

Biophysical computational model

We used an adaptation of the electrophysiological model by Berndt et al. [6, 7]. The model
describes the dynamics of the intra- and extracellular concentrations of the three ion species
Na*, K*, and CI, together with the membrane potential V .

Changes in ion concentrations in the extracellular space and the cellular lumen result from the
passive electro-diffusive movement of ions through voltage-dependent and voltage-independent

ion channels in the plasma membrane as well as active (ATP-dependent) transport of ions
through the plasma membrane by the Na*/K*-ATPase.

Passive transport of ions across the membrane includes basal leak currents |£ described by

basal permeabilities and ion currents through voltage-gated channels (Na*, K*) described
through the gated permeabilities PA;qa K- Excitation is achieved by the opening of ligand-gated

sodium channels (i.e. increase of the excitatory sodium permeability Pg%¢).

The model describes the time-dependent variation of the three ion species Na*, K*, and CI. The
change in cellular ion concentrations [X]..;; due to ion fluxes L, is given by

d[X]cen —— Ix (1)
dat Zx'FVolcenn

Here, zy is the charge of ion species X and F the Faraday constant. The change in the external
ion concentrations [X],,; due to ion fluxes I, is given by

d[x]out — Ix (2)

dt  zxF-Voleyt

The ion currents I, are the sum of the passive current I{ and the active current I}?

Le=If+1y ©)

The passive current I} describes the electro-diffusion of ions across the cell membrane and is
modeled via the Goldman-Hodgkin-Katz equation
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1}(’ =A-Py-U-F- Z}z{ [X]ceul'e_xi((;zcz':.)u-)[X]out )

Here, A is the surface of the cell membrane and U is defined by

_VF
" 1000-R'T

Q)

with V being the membrane potential, R the universal gas constant, T the temperature, and 1000
the scaling factor as the membrane potential is given in mV. The total permeability for the ion
species X and Py is the sum of the permeability of the basal channels Pg, the permeability of the
voltage-gated channels P/, and the permeability of the excitatory channels Pg*

Py =P) + P{ + Pg° (6)

The voltage-gated channels for Na® and K* are described by the standard model of Hodgkin and
Huxley

P =m*- pS° @)
PS =n3-h-PL ©)
where the gating variables g € {m,n, h} obey the ordinary differential equation
a
d_ét]: g(ag(l_g)‘l',gg'g) (9)

with C,being a constant and a, and f;being voltage-dependent functions.

The active transport of ions by the Na*/K*-ATPase is given by

Na_Na K"K
Ifakarpase = Viman 1 14%€ - A - <Na?311Vta :KOZI‘\IIa> ' <Kgﬁix,§:§> (10)
Nyg = 3 [8]
Ko, = 12.8 [§]
ng = 1.6 [9]
Ko, = 4.3 [9]

The membrane is modeled as a capacitor with total capacitance C related to specific capacitance
¢, and total charge Q via

C=cnd=2 (11)

Differentiation for time gives

av._1dQ _ Q de (12)
dt cdt Cc?dt
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Given that the membrane capacity is constant, % =0, and

av _ Ly dox _ 1
E - CZX dt CZXIX
Parameters and constants
Supplementary Table 4. Constants.
Name Value Unit Description
T 293 K Temperature
R 8.3 _J Universal gas constant
mol-K
F 96490 LI Faraday’s constant
mo
Supplementary Table 5. Geometry.
Name | Value Unit Description
To 10-° m | Cell radius
Lo 15-107° m | Celllength
A 2-ly -1y m? | Cell surface
Voleen lo-m 18 m? | Cell volume
Volgy: | 0.3-Voleep m? External volume

Supplementary Table 6. Initial ion concentration.

Name | Value | Unit | Reference | Description

[Cl]cell 8 mM | [10] Bulk CI concentration
[K]., | 140 mM | [10] Bulk K* concentration
[Na],, | 10 mM | [10] Bulk Na* concentration
[cl],,. | 150 mM | [10] External CI' concentration
[Klw |4 mM | [10] External K* concentration
[Na]out 145 mM | [10] External Na* concentration

Supplementary Table 7. Capacitance and voltage.

Name | Value | Unit | Equations Reference | Description

C,, 107 £ (1) [11] Specific membrane capacitance
m

V -70 mV | (5), (11) [12] Membrane potential

C c,-A|F (11), (12), (13) | - Total capacitance

Q - C (11), (12) - Excess charge

(13)
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Supplementary Table 8. Hodgkin-Huxley transition rates.

g Cy ag, B,
n 1000 | sl | oazsen( )
N[00 gy | 40ee(5)
h 1000 0.07 exp (7(\/2365)) exp ((307(V£65))/10)+1

Supplementary Table 9. Permeabilites.

Name Value Unit References | Description
Py 40-107° m [10, 13] Basal chloride permeability
P 20-107° é [10, 12] Basal potassium permeability
Pl 1.2-107° é [10, 12, 13] | Basal sodium permeability
P,f 750-107° é [14] Gated potassium permeability
P,\;C’a 225-107° é [14] Gated sodium permeability
S

Data Analysis and Statistics

To reduce subjective bias and other systematic errors of technical nature, we randomized animal
order and slice placement location. To generate random, uniformly distributed integers without
replacement, we employed a custom-written Python function based on a pseudo-random
number generator implementation from the Python standard library (random, v. 3.8.3). Animals
were randomized per cage to determine the order of experiments for all experimental paradigms
(in vivo, acute brain slices, enzyme assay). In acute brain slices experiments, the allocation of
slices to the available space in the recording chamber was randomized. In addition, we identified
coronal slicing planes according to a neuroanatomical rat brain atlas and only employed brain
slices from similar slicing planes for identical protocols to minimize the potential confounding
effects of varying slicing planes.

Analyses of brain slice data were blinded and carried out by a different researcher using a batch
processing approach of electrophysiological files carrying nondescript names. The sequence of
samples for Na*/K*-ATPase assay measurements was randomized. Both measurement and
data analysis of absorbance changes were blinded and carried out by different team members.
Blinding could not be applied in acute brain slice experiments with the application of tetrodotoxin,
doxapram, and amlodipine due to a shortage of personnel.

Sample sizes necessary for the comparison of the differences of two dependent means in a
matched pairs design in vivo experiments were calculated using G*Power (v. 3.1.9.2). Based on
our previous experience with the isoflurane effects during phase 2 and burst suppression
anesthesia we set the effect size (Cohen’s d) to 1.2. Power was set to 80%, we assumed a
normal distribution, chose paired two-tailed t-tests and arrived at 7-8 animals per group. Sample

8
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sizes for acute brain slice experiments and the ATPase activity assay were estimated based on
our previous experience. Based on the sample size calculation and the experimental designs,
we intended to collect at least seven observations (animals, slices) per condition. A summary of
all sample sizes is available in the Supplementary Results Tables.

A total of five animals had to be excluded from the analysis of the in vivo experiments: two rats
were excluded due to the occurrence of spreading depolarizations following cortical ouabain
application, one rat due to ventilation issues, and two rats because of complications during the
surgery. We had to exclude eleven brain slices based on poor viability during the initial testing in
the interface chamber.

Data Acquisition and Analysis

Analog signals were digitalized with Power1401 and recorded with Spike2 (Cambridge Electronic
Design Limited, Cambridge, UK). Data analysis and statistics were performed using Spike2,
Origin software (Version 6, Microcal Software, Northampton, MA, USA), and SPSS v.20.0 (IBM
Corporation, Armonk, NY, USA).

Ex vivo, absolute amplitudes of stimulus-induced population spikes were measured with Spike2
software (Cambridge Electronic Design Limited, Cambridge, UK), and [K*]o, [Na*], and [Ca?'],
were calculated using a modified Nernst's equation as described previously [1]. Incidence,
duration, amplitude, and the number of spikes per seizure-like event were quantified for at least
ten bursts during a baseline period of 20 minutes followed by the treatment with 1% and 3%
isoflurane. [K*]o increases per seizure-like event, Tlso, and T2so (calculated as described below)
were analyzed to assess K clearance. Spreading depolarization properties were assessed by
comparing the absolute amplitude and duration of the field potential direct current shifts and
spreading depolarization-associated changes in [K*]o and in [Na*],. To monitor the restoration of
[K*]o and [Na*], during spreading depolarization and seizure-like events, Tls, and T2s0 were
measured after the ion plateau as well.

In vivo, electrocorticography and related changes in absolute [K*], and [K*], clearance were
measured and analyzed using Spike2 (Cambridge Electronic Design Limited, Cambridge, UK).
We estimated [K*], clearance by measuring the time of [K*], decay after stimulation during two
distinct periods: an early decay time (first half decay from maximal amplitude or T1s) and a late
decay time (second half decay from maximal amplitude or T2s0). To minimize burst-associated
distortion of K* curves, stimulation was performed during suppression. Furthermore, T2s, was
sometimes measured before the return to the baseline before stimulation if burst-associated [K*]o
were registered. Early and established burst suppression stages (first 10 minutes and up to 40
minutes, respectively) were characterized by analyzing burst amplitude of electrocorticography,
burst interval, and characteristics of [K*], increases per burst (absolute [K*], increase per burst
and slope of [K*], clearance within a burst). To ensure accurate [K*], quantification, ion-selective
microelectrodes were tested once more after completing the recording using artificial CSF
containing 3 mM K*. In experiments concerning the effects of ouabain during phase 2
anesthesia, the total power of bursting activity over time was calculated using the power
spectrum function of the Matlab Signal Processing Toolbox (Mathworks, Natick, MA).
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Supplementary Results Tables

Supplementary Table 10. Changes in [K*]o and [Na']o baseline during 1% and 3% isoflurane in brain
slices. n: number of slices; N: number of animals. Shading colors apply for data from male (blue), and
female (orange) Wistar rats, and integrations of both sexes (green).

p-values
1% 3%
Coming isoflurane isoflurane WaShfSUItD Control | Control Control 3% n N
meanz mean+SD mean+SD meanz versus versus Versus versus
1% 3% washout washout

[K*Jo [mM] 3.0:0.0 3.240.2 4.0£0.7 2.9:0.3 0.007 | <0.001 0.488 <0001 |22 7

[K+o [mM] 3.0£0.1 4.240.1 3.940.3 3.040.2 0010 | <0.001 0.545 <0001 |17 | 6

[K*o [MM] 3.0:0.1 3.240.1 4.0:05 3.0:0.2 <0.001 | <0.001 0.827 <0.001 | 39 | 13

[Na‘lo [mM] | 153.3+1.0 149.2+53 142.7+8.4 1498+9.3 | 0089 | <0.001 0.182 0.008 11 6

[Nao [mM] | 153.5:0.7 151.4+15 146.9+3.0 1515+34 | <0012 | <0.001 0.184 <0001 | 17 | &

[Na‘lo [mM] | 153.4+0.8 150.6+3.5 145.2+6.0 150.9+61 | <0192 | <0.012 | 0.0409 <0078 | 28 | 12
Population

spike 1204076 | 1.05+0.823 0.59+0.45 0.90:056 | 0029 | <0.001 0.014 <0001 | 20 | &
amplitude
[mV]
Population
ik

Spike 1234059 | 1.13+0.68 0.65:0.39 0.02¢046 | 0101 | <0.001 | 0014 <0006 | 17 | 6
amplitude
[mV]
Population
ik

spike 1.2140.68 1.0840.75 0.62+0.42 0.91#0.51 | 0005 | <0.001 | <0.001 <0001 | 37 | 12
amplitude
[mV]

Supplementary Table 11. Effects of 3% isoflurane in interstitial [K*]o, [Na*]o, and [Ca®*]o in the presence
of Tetrodotoxin, amlodipine, and doxapram. n: number of slices; N: number of animals. Shading colors
apply for data from male (blue), and female (orange) Wistar rats, and integrations of both sexes (green).

p-values
S, | Thmtwe | e oowa [ G | % | | »
versus versus versus
3% washout | washout
[K*]o [mMM] 3.0+0.0 4.2+0.6 2.9+0.3 <0.001 0.194 <0.001 8 3
[K*]o [mM] 3.0£0.0 41405 3.4+0.8 0.004 0.382 0.014 10 4
[K*o [mM] 3.0£0.0 4.2+0.6 3.2+0.6 <0.001 0.509 <0.001 18 7
[Na*]o [mM] 153.9+0.7 146.6+2.7 150.0+2.7 0.001 0.0103 0.004 8 3
[Na*], [mM] 153.5+1.1 144.7+1.6 150.8+1.7 0.010 0.196 0.089 10 4
[Na*]o [mM] 153.7+1.0 145.6+4.2 150.4+4.0 <0.001 0.0257 0.0115 18 7
[Ca?*], [mM] 1.60£0.0 1.2+0.1 1.3+0.2 <0.001 0.044 0.168 6 3
[Ca?*], [mM] 1.6+0.0 1.2+0.1 1.5+0.1 <0.001 0.017 0.003 10 4
[Ca?]o [mM] 1.6+0.0 1.2+0.1 1.3+0.2 <0.001 0.002 0.001 16 7
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Supplementary Table 12. Effects of 1% and 3% isoflurane on seizure-like events (SLE) in rat brain

slices.
p-values
Control 1% isoflurane 3% isoflurane Control Control 1% n
meanSD mean+SD meanzSD
versus versus versus
1% 3% 3%
—

ncidence 9.20+2.97 3.45+0.93 1.24+0.51 0.029 <0.001 0.029 11

[SLE/min]
Incidence 10.46+1.73 4.54+1.56 0.93:0.50 <0.001 | <0001 | <0.001 | 10

[SLE/min]
Incidence 9.80+2.49 3.97+1.36 1.09+0.52 0.002 <0001 | <0002 | 21

[SLE/min]
Duration [s] 1.7+0.8 35:13 4.3+0.8 0.007 0.003 0.529 11
Duration [s] 1.6+0.5 41514 5.5:0.5 0.023 0.002 0.196 10
Duration [s] 1.76+0.6 3.941.2 4.9+0.9 <0001 | <0001 | 0172 21
AIK*]o/SLE [mM] 25+15 3.9+19 3.6+1.9 <0.001 0.069 0.028 11
AIK*]/SLE [mM] 25+15 35420 5.0+2.0 0.06 <0.001 | 0016 10
AIK*o/SLE [mM] 25+15 3.7+2.0 4.3+2.0 <0.001 | <0001 | 0.080 21
Tl [s] 1.6:0.6 26416 39423 0.029 <0.001 | 0.003 11
Tlso[S] 14+0.4 2.2+0.7 3.8+12 0.038 0.001 0.040 10
Tlso[S] 15+05 25412 3.8£1.9 0.002 <0001 | 0004 | 21
T2s[s] 37424 11.9+3.8 22.147.0 0.029 <0.001 | 0.030 11
T2s0[S] 4.4+ 26 10.6+3.2 23.3t6.6 0.129 0.001 0.026 10
T2%0[s] 41426 11.2+35 22.7+6.6 0.008 0.001 0.01 21
Spikes/SLE 15.04+12.09 34.92+12.39 42.79+10.09 0.005 0.005 0.083 10
Spikes/SLE 12.01+1.61 23.65+7.89 42.25+11.20 0.038 <0.001 | 0040 10
Spikes/SLE 13.53+8.54 29.28+11.65 42.52+10.38 <0.001 | <0001 | 0122 21

Supplementary Table 13. Effects of 1% and 3% isoflurane on spreading depolarization in brain slices.
n: number of slices; N: number of animals. Shading colors apply for data from male (blue), and female

(orange) Wistar rats, and integrations of both sexes (green).

2% p-values
Control 1% isoflurane . ? Washout
isoflurane Control Control 1%
meanzSD meanzSD meanzSD
mean+SD versus versus Versus n
1% 3% 3%
Amplitude
spreading -19.06+9.24 207049.79 | -15.25+10.14 | -24.29+9.88 | 0.459 0.793 0145 | 7
depolarization
[mV]
Amplitude
spreading -18.6+4.28 19174595 | -16.07+651 | -2456+8.45 | 0755 | 0340 | 0.0.036 | 7
depolarization
[mV]
Amplitude
spreading -18.83+6.92 19.04+7.83 | -15.66+8.10 | -24.34+884 | 0575 | 0401 0302 | 14
depolarization
[mV]
Duration [s] 411272 59.2+12.7 126.9+54.3 55.048.9 0085 | 0008 0086 | 7
Duration [s] 46.7+14.2 66.2+15.9 113.05+48.0 | 54.1+17.0 | 0.032 0.023 0033 | 7
Duration [s] 43.9+11.2 62.7+14.3 112.0+49.8 54.848.0 0013 | <0001 | 0014 | 14
AT/
spreading 31.6:6.5 30.15.4 20.845.7 30.3:6.4 0438 | 0.005 0015 | 7
depolarization
[mM]
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AT
spreading 33.9+14.2 33.2414.7 24.6+11.7 26.7+158 | 0.803 0.062 0029 | 7
depolarization
[mM]
Ao
S 32.7+10.7 31.7+10.8 22.749.1 29.745.9 0485 | <0001 | <0.001 | 14
depolarization
[mM]
[K*Jo T1so [8] 14.7+4.9 181458 31.4+13.7 22.3:8.1 0.085 0.008 0085 | 7
[K*To T1so [S] 16.5+5.2 21685 31.8+138 21.1+43 0.202 0.099 0099 | 7
[K*]o Tso [] 15.6+4.9 19.87.2 31.7+13.2 22.0+6.8 0031 | <0001 | 0069 | 14
[K*]o T250[5] 515+10.7 78.2422.7 200.1:80.7 | 121.3:+862 | 0.085 0.008 0008 | 7
[K*]o T2s0[s] 75.4+16.6 92.1+46.3 19244905 | 637+17.5 | 0.380 0.013 0037 | 7
[K*]o T2s0[s] 63.43+18.3 85.19+35.8 196.26+82.5 | 104.87+76.2 | 0031 | <0001 | 0013 | 14
AlNa']o/
spreading -50.1£17.2 -56.3+15.6 536£145 | -627+151 | 0.149 0.615 0615 | 7
depolarization
[mM]
AlNa*]o/
Szl 57.6:21.3 58.3+19.2 340+154 | -357+104 | 0.823 0.049 0049 | 7
depolarization
[mM]
AlNa']o/
spreading -53.9+19.0 57.3+16.8 431+17.6 | -55.0+186 | 0.265 0.151 0002 | 14
depolarization
[mM]
[Na*lo Tlso[s] 11.3+5.2 13.9+6.0 20.2+7.4 18.7+33 | 0.0944 | 0014 0078 | 7
[Na*lo Tlso[s] 13.4+23 15.9+4.8 21.9+7.0 142¢25 | 01446 | 0.034 0034 | 7
[Na*lo Tlso[s] 12.4+4.0 14,9453 21.0+7.0 17.4+36 | 00189 | <0001 | 0002 | 14
[Nalo T2s0[s] 25.5+7.0 32.45+0.9 83.5:68.7 321:101 | 0.202 0.099 0009 | 7
[Na*lo T2s[s] 29.2412.1 39.0+16.6 89.7+37.4 26.6:105 | 0438 0.022 0049 | 7
[Na*lo T250[s] 27.4+97 3574136 86.6453.2 305497 0.100 0.001 0047 | 14

Supplementary Table 14. Effects of isoflurane on stimulus-induced neocortical [K*]o-increases in vivo

(N=4).
r:::;:SZD BursrtnseL;[rle_atrSession Evaluated stimuli p-values
AlK*], [mM] 22.3+1.1 2.340.8 (17, 30) 0.9
Tlso [s] 3.9+1.1 5.7+1.2 (17, 30) 0.001
T2s5 [s] 14.0+2.2 30.7£1.0 (17, 30) 0.001

Supplementary Table 15. Baseline [K*]o during phase 2 and burst suppression.

[K*]o [MM] (mean+SD) N
Phase 2 3.0£0.1 6
10° 2.7+0.2 6
c
.g 20 2.7+0.6 6
%]
I 30’ 3.0£0.5 6
Q.
o
2 40 3.2+0.3 6
< 50 3.5:0.4 6
o
90’ 4.1+0.7 6
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Supplementary Table 16. Properties of early and established burst suppression.

Isoflurane inhibits the Na*/K*-ATPase

Early bur_st Established burst
suppression N p-values
mean+SD
mean+SD

Burst amplitude electrocorticography [mV] 0.98+0.46 1.38+0.43 6 0.001

AlK*]o/burst [mM] 0.3+0.2 0.50.2 6 0.022

Slope [uM.51] -55.4+14.6 -33.5+14.3 6 <0.001

Interval 8.2+2.9 17.0+9.0 6 0.037

Supplementary Results Figures

Supplementary Figures 1 and 2. Sex-specific results of acute brain slice experiments

visualized with boxplots displaying data from three groups (female, male, pooled). Boxplots are

arranged in columns to facilitate comparison between the corresponding groups and

assessment of the general trend. The matching figure of the main document displaying the

pooled data is specified at the top.
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