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Hereinafter, we evaluate argon’s neuroprotective and immunomodulatory properties after experimental subarachnoid hemorrhage (SAH)
examining various localizations (hippocampal and cortical regions) with respect to neuronal damage and microglial activation 6, 24 and 72
hours after SAH. One hour after SAH (endovascular perforation rat model) or sham surgery, a mixture of gas containing 50% argon (argon
group) or 50% nitrogen (control group) was applied for 1 hour. At 6 hours after SAH, argon reduced neuronal damage in the hippocampal
regions in the argon group compared to the control group (P < 0.034). Hippocampal microglial activation did not differ between the treat-
ment groups over time. The basal cortical regions did not show a different lesion pattern, but microglial activation was significantly reduced
in the argon group 72 hours after SAH (P = 0.034 vs. control group). Whereas callosal microglial activation was significantly reduced at 24
hours in the argon-treated group (P = 0.018). Argon treatment ameliorated only early hippocampal neuronal damage after SAH. Inhibition of
microglial activation was seen in some areas later on. Thus, argon may influence the microglial inflammatory response and neuronal survival
after SAH; however, due to low sample sizes the interpretation of our results is limited. The study protocol was approved by the Govern-
ment Agency for Animal Use and Protection (Protocol number: TVA 10416Gl1; initially approved by the “Landesamt fiir Natur, Umwelt und
Verbraucherschutz NRW,” Recklinghausen, Germany, on April 28, 2009).
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INTRODUCTION

Subarachnoid hemorrhage (SAH) is a less common subtype
of stroke accounting for about five percent of all of the stroke
cases.! Patients suffering from SAH are usually younger than
those affected by ischemic stroke.? Nevertheless, the case fa-
tality after SAH is around 50% and the mortality rates of the
survivors are enormous (indicated by standardized mortality
ratios of 1.7 (95% confidence interval 1.4-2.1) overall and 3.2
(95% confidence interval 0.8—13.1) for patients < 40 years).’

Spontaneous SAH is usually caused by the rupture of a cere-
bral aneurysm.* The rupture of an intracranial aneurysm causes
a sudden impact with arterial pressure into the subarachnoid
space. This results in a sudden increase of the intracranial pres-
sure (ICP), in a short-term global ischemia and in a destruction
of the blood-brain barrier.

The damaging mechanisms in the first 72 hours after the
event of bleeding are summarized under the term early brain
injury.’ The extent of damage within this timeframe also de-
termines the likelihood of secondary damage such as delayed
cerebral ischemia, which is a major cause of secondary mor-
tality and morbidity and still comprises an entity difficult to
treat.® So far, no specific therapeutic options for the treatment

of early brain injury have been established in clinical practice.

Argon is an inert noble gas that is not chemically reactive,
and thus it easily overcomes the blood-brain barrier. However,
it shows biological effects, in particular neuroprotective ef-
fects, which could be detected in previous studies. The exact
mechanism behind these effects and their temporal dynamics
is not yet clear.”?

Using in vitro experiments with organotypic hippocampus
sections, these neuroprotective effects could be demonstrated
both in a model of traumatic brain injury and in an ischemic
model with oxygen and glucose deprivation.’

In vivo, this neuroprotective effect also has been confirmed
in the middle cerebral artery occlusion ischemia model'®!! and,
later on, also for the SAH model showing a decreased neuronal
damage in the hippocampal region for the argon-treated ani-
mals.!? Both neuroprotective effects as well as the reduction of
the secondary inflammation in terms of microglial activation
have also been demonstrated for xenon treatment after experi-
mental SAH.!* However, argon has distinct advantages over
xenon applied as a therapeutic. It does not show any narcotic
effects and it is financially more cost-effective, which makes
subsequent use much more realistic.
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We therefore aim to analyze the neuroprotective effect of
argon after experimental SAH depending on time after SAH
as well as localization examining various cortical and hip-
pocampal regions of interest in order to depict more detailed
and accurate patterns of the effects after treatment with argon.
Further, the influence of argon on the delayed activation of
microglia determining to a major extent secondary injury will
be examined.

MATERIALS AND METHODS

Study design

This is a subanalysis of a randomized controlled animal trial
examining the neuroprotective effects of argon inhalation
(50% for 1 hour) with treatment initiation 1 hour after SAH
induction. Three observation times were applied resulting
in a total of 12 groups. The primary outcome was neuronal
damage on the left hemisphere. The secondary outcome was
microglial activation.

Ethical statement

All of the experiments were conducted in accordance with
the Guide for Care and Use of Laboratory Animals (National
Research Council, and the Committee for the Update of the
Guide for the Care and Use of laboratory Animals; 8" edition
2011). The study protocol was approved by the Government
Agency for Animal Use and Protection (Protocol number: TVA
10416Gl1; initially approved by the “Landesamt fiir Natur,
Umwelt und Verbraucherschutz NRW,” Recklinghausen, Ger-
many, on April 28, 2009). “The Animal Research: Reporting
of In Vivo Experiments guidelines™* were used as criteria for
adequate performance and reporting of experiments.

Animals

Sprague-Dawley rats (male, age around 9 weeks, body weight
300-400 g, Charles River, Sulzfeld, Germany) were used for
the experiments. They were kept in a specific pathogen-free
shelter under a 12-hour light/dark cycle for at least 1 week
prior to the start of the experiments. Appropriate food was
provided. Before starting the experiments, the animals were
first randomized by drawing a lot to a sham or a SAH group
and second to a treatment and a control group. The experi-
mental groups were defined as follows: sham nitrogen (N,)
(ventilation with 50% O,/50% N, 1 hour after sham surgery
for 1 hour), sham Ar (ventilation with 50% O,/50% Ar (argon)
1 hour after sham surgery for 1 hour), SAH N, (ventilation
with 50% O,/50% N, 1 hour after SAH induction for 1 hour)
and SAH Ar (ventilation with 50% O,/50% Ar 1 hour after
SAH induction for 1 hour).

Experimental procedure

To induce SAH we used the modified endovascular perfora-
tion model.'>!® During the entire procedure ICP and cerebral
blood flow were monitored. To initiate anesthesia, the animals
received midazolam (2 mg/kg), medetomidine (0.15 mg/kg)
and fentanyl (0.0075 mg/kg) via intraperitoneal injections.!’
Anesthesia was maintained by further regular injections of
a quarter of the induction dose in 30—45-minute intervals.
Postoperatively, analgesia with metamizole (20 mg/kg) was

continued via intramuscular injections until euthanasia (6,
24 or 72 hours after SAH induction). To maintain the physi-
ological body temperature of 37°C, a heating pad (Physitemp
Instruments, Inc., Clifton, NJ, USA) was used. One left and
one right laser Doppler flowmetry probes were placed in prox-
imity of the bregma to measure regional cerebral blood flow
(Moor Instruments, Axminster, Devon, UK). Parietal on the
left side, an ICP probe was implanted in order to measure the
ICP continuously (Microsensor/Codman ICP Express Monitor,
Codman/De Puy, Raynham, MA, USA). SAH was induced
by the modified endovascular perforation model initially
described by Park et al.!® First, the common carotid artery on
the left side was dissected and the internal carotid artery was
identified. Subarachnoid hemorrhage was then induced by
vascular perforation with a wolfram wire after intravascular
advancement of a tube (containing the wire) into the internal
carotid artery on the left side. A successful induction of sub-
arachnoid hemorrhage was demonstrated by a sudden increase
in ICP and a bilateral decrease in regional cerebral blood flow.
For the sham operated animals, the exact same procedure was
carried out except for vascular perforation.

One hour after SAH induction or sham surgery, the ventila-
tion was switched to either a mixture of 50% O,/50% argon
(Air Liquide, Paris, France) or 50% O,/50% N, (control group)
for 1 hour. Euthanasia was performed 6, 24 or 72 hours after
SAH induction by decapitation after exsanguination under
deep anesthesia. The brains of the animals were then removed
and cut into 2 mm coronal slices. These slices were then fixated
in paraformaldehyde and embedded in paraffin.

Histology/immunohistochemistry

Paraffin embedded brain slices were cut in 2 pm thick sec-
tions. Two slices were selected from the area 3.6 mm caudal
of the bregma. After placing the sections on silane-coated
slides they were deparaffined. One section per animal was
hematoxylin-eosin stained. The other section was incubated
with anti-ionized calcium-binding adapter molecule 1 (Iba-1;
1:500; Wako Chemicals, Neuss, Germany) as primary anti-
body diluted in blocking solution after rehydration, blocking
of the endogenous peroxidase activity and heating in citrate
buffer for antigen retrieval and after blocking of non-specific
binding by incubation in phosphate buffer saline containing
2% normal goat serum. Finally, an appropriate biotinylated
secondary rabbit antibody was used (1:200; Vector Labora-
tories Ltd., Peterborough, UK) for visualization via a DAB
Peroxidase Substrate Kit (Vector Laboratories Ltd.).

Neuronal cell damage

Hematoxylin-eosin sections were made to assess neuronal
damage. Seven regions of interest (ROIs) were defined
(five hippocampal regions: cornu ammonis (CA)l, CA2,
CA2/3, CA3, and dentate gyrus and two cortical regions:
postero-lateral cortex (PLCo) and postero-medial cortex
(PMCo); selected according to Paxinos and Watson'®).
These regions were counted in a standardized fashion using
a 400-fold magnification. In the ROIs defined arcas were
photographed with an AxioScope Al microscope with an
AxioCam MRc (ZEISS, Jena, Germany) and the ZEN lite
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2011 software (ZEISS) for three times. Neuronal death was
assessed according to anatomical hallmarks such as nuclear
condensation (pyknosis), hypereosinophilic and shrunken
cytoplasm. Vital and dead neurons in the photographed
areas were distinguished, marked and counted using Adobe
Photoshop CS2 (Adobe Systems Software Ireland Limited,
Dublin, Republic of Ireland). A ratio of dead neurons/total
neurons was formed for each ROI examined. Furthermore,
the mean values of the single ROIs were summarized in the
anatomically defined areas. Sum scores were thus created for
the hippocampus and the basal cortex. To calculate the sum
scores, the mean values of the single ROIs were summed up
and averaged again.

Microglial activation

For the evaluation of the microglial activation, sections were
stained with the antibody against Iba-1. Here, the microglia
activation was quantified in eight regions of interest (five in
the hippocampal regions: CA1, CA2, CA2/3, CA3, and dentate
gyrus, two cortical regions: PLCo and PMCo and the corpus
callosum as a representative of the white matter).

For the quantification, an absolute cell count of activated
microglia in a high-power field (400-fold magnification) was
performed. The five hippocampal, the two cortical regions of
interest and the corpus callosum as a ROI were photographed
three times per animal. The absolute number of activated Iba-
1-positive cells was counted out in the CA1, CA2, CA2/3,
CA3, dentate gyrus, PLCo, and PMCo of the left hemisphere
and also in the corpus callosum. Additionally, sum scores were
created for the hippocampus and the basal cortex.

Statistical analysis

Sample size calculation was extrapolated from previous stud-
ies'?!® resulting in an estimated sample size of n =7 per treat-
ment group (effect size estimation according to the results of
neuronal damage after SAH after xenon treatment). Sample
size was estimated according to the previously depicted cal-
culation (G*Power 3.9.1.2 downloaded at http://www.gpower.
hhu.de/)."* All statistical analyses were performed using SPSS
v 25.0 (IBM SPSS Inc., Chicago, IL, USA). All graphics were
acquired using GraphPad Prism (GraphPad Software Inc., La
Jolla, CA, USA).

For statistical analysis of neuronal cell death and microglial
activation repeated measures analysis of variance was applied
analyzing the superordinate regions (hippocampus, basal cor-
tex and corpus callosum). For statistical analysis of the ICP an
unpaired 7-test was used. All data are presented as mean + SD
unless stated otherwise. A P-value of < 0.05 was considered
statistically significant.
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ResuLts
Baseline analysis of experimental animals
A total of 83 animals have been analyzed. One animal had to
be excluded due to premature death (not fulfilling the initially
planned observation period), six animals in the sham group
had to be excluded due to tissue damage caused by cerebral
blood flow probes, and ten animals had to be excluded as the
hippocampal region was not properly depicted in the available
brain slices. Finally, 66 animals were included (Figure 1).
During the induction of SAH the peak ICP was documented.
With regards to the experimental groups 6 and 24 hours after
SAH, ICP did not differ significantly between the treatment
groups, whereas the argon treatment group (observation time:
72 hours after SAH) showed a significantly higher ICP than the
control group (6 hours after SAH: P = 0.289; 24 hours after
SAH: P = 0.791; 72 hours after SAH: P = 0.014; unpaired
t-test; Figure 2). No adverse events due to argon administra-
tion were detected.

Effect of argon on neuronal cell damage in the brain of SAH
rats

Neuronal cell death was assessed using hematoxylin and eosin
stained section based on anatomical hallmarks such as nuclear
condensation (pyknosis), hypereosinophilic and shrunken
cytoplasm. Hippocampal and cortical ROIs were defined ac-
cording to the anatomical landmarks (Figure 3) and apoptotic
neurons per total neurons (within a single ROI) were counted
indicating neuronal damage.

' n=283 '
Exclusion:

- due to premature death (n = 1)
- due to tissue damage (n =6)

- due to inappropriate section
(low quality) or missing of
sections (n = 10)

Sham Ar Sham N, Sham Ar Sham N,
n=11 n=14 n=17 n=24
6h:n=2 6h:n=5 6h:n=7 6h:n=9
24h:n=5 24h:n=6 24h:n=5 24h:n=9
T2h:n=4 72h:n=3 72h:n=5 T2h:n=6

Figure 1: Flowchart of the animals in the study.

Note: Sham N, group: Ventilation for 1 hour with 50% O,/50% N, 1 hour after
sham surgery; Sham Ar group: ventilation for 1 hour with 50% O,/50% Ar 1 hour
after sham surgery; SAH N, group: ventilation for 1 hour with 50% 0,/50% N,
1 hour after SAH induction; SAH Ar group: ventilation for 1 hour with 50% O,/50%
Ar 1 hour after SAH induction. Ar: Argon; SAH: subarachnoid hemorrhage.

Figure 2: Peak ICP of the SAH rats with
argon or N, treatment at 6 (A), 24 (B) and
72 hours (C).

Note: Data are expressed as mean + SD. *P <
0.05 (unpaired t-test). SAH N, group: Ventilation
for 1 hour with 50% O,/50% N, 1 hour after SAH
induction; SAH Ar group: ventilation for 1 hour
with 50% O,/50% Ar 1 hour after SAH induction.
Ar: Argon; ICP: intracranial pressure; SAH:
subarachnoid hemorrhage.
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The detailed analyses are shown in Table 1.

Summing up the results for the specific regions 6 hours
after SAH a significantly less damage in the hippocampus
was seen in the argon-treated group (6 hours after SAH: P =
0.034; repeated-measures analysis of variance), which 24 hours
and 72 hours after SAH was no more detectable (P = 0.324;
P = 0.436; repeated-measures analysis of variance) (Figure
4). With regard to the cortical ROIs the sum score (PMCO +
PLCO) no significant difference was seen over time (6 hours
after SAH: P = 0.434; 24 hours after SAH: P = 0.305; 72
hours after SAH: P = 0.539; repeated measures analysis of
variance) (Figure 5).

Microglial activation in the brain of the SAH rats with argon
or N2 treatment

Iba-1 is a protein expressed in the cytoplasm, which is highly
specific for microglia. Activation of microglia is associated
with an increase of Iba-1 expression.!”* Therefore, Iba-1
expression has been used as a surrogate marker for microglia
activation. We analyzed the Iba-1 positive cells presenting a
microglial habitus in eight ROIs (five hippocampal regions,
two cortical regions and the corpus callosum) in order to iden-
tify the effect of argon treatment on secondary inflammatory
reaction after SAH. Iba-1-positive cells were quantified in the
CAl, CA2, CA2/3, CA3, dentate gyrus, PLCo, and PMCo
of the left hemisphere and also in the corpus callosum. The
detailed analyses are shown in Table 2.

In the early phase after SAH (6 hours) no significant dif-
ference with regard to microglia activation was seen most
probably due to the time-dependent activation of microglia
with a peak around 2 days after injury. Detailed results for
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Table 1: Neuronal damage in percent (%) in the
hippocampal CA1, CA2, CA2/3 and DG, and cortical PLCo
and PMCo regions of SAH rats

SAH Ar SAH N, P-value
6 h after SAH
CAl 17.51+22.87 40.08+32.48 0.142
CA2 23.45+22.86 53.11+26.45 0.034
CA2/3 33.96+21.96 57.64+22.91 0.056
CA3 36.73+£16.28 60.09+21.63 0.032
DG 44.38+18.60 54.33+28.96 0.444
PLCO 64.00£17.72 64.85+18.71 0.928
PMCO 38.93+22.88 54.17+£23.87 0.218
24 h after SAH
CAl 14.65+14.68 31.12+34.33 0.333
CA2 24.67£15.42 48.03+33.87 0.175
CA2/3 49.72+7.13 61.73+£26.35 0.345
CA3 42.69+20.19 44.68+23.52 0.876
DG 52.54+24.49 49.63£19.09 0.808
PLCO 59.60+11.83 75.08+23.63 0.2
PMCO 47.69+25.40 57.30+25.59 0.783
72 h after SAH
CAl 21.10£19.74 30.07+20.90 0.486
CA2 29.69+29.65 32.54+17.71 0.847
CA2/3 45.74+28.54 52.36+25.01 0.691
CA3 30.32+19.24 50.24+26.51 0.196
DG 50.31+£31.86 55.18+25.81 0.785
PLCO 66.43+12.46 77.59+13.05 0.183
PMCO 50.84+20.86 51.60+21.64 0.955

v

Note: Ar: Argon; CA: cornu ammonis; DG: dentate gyrus; PLCo: postero-lateral
cortex; PMCo: postero-medial cortex; SAH: subarachnoid hemorrhage. Data are
expressed as mean + SD and analyzed by repeated measures analysis of variance.

Figure 3: Effect of argon on the neuronal cell damage in the brain of SAH
rats.

Note: (A) Selected regions of interest. A high-power field was focused on five
regions of interest in the left hippocampus (CA1, CA2, CA2/3 CA3, DG) and
two in the left cortex (PLCo and PMCo) and one in the corpus callosum (CC).
(B) Upper: Microglial activation depicted by Iba-1 staining (exemplary section
of corpus callosum; yellow arrows: Iba-1 positive microglia); Lower: Neuronal
cell damage in hematoxylin-eosin staining exemplary for DG comparing SAH
vs. sham surgery (green arrows: vital neurons; red arrows: dead neurons). CA:
Cornu ammonis; DG: dentate gyrus; Iba-1: ionized calcium-binding adapter
molecule 1; PLCo: postero-lateral cortex; PMCo: postero-medial cortex; SAH:
subarachnoid hemorrhage.

Figure 4: Hippocampal neuronal cell loss (A) and
microglial activation (B) of the SAH rats with argon
or N, treatment.

Note: Cytomorphological quantification of neuronal
damage (A) and microglial activation (B) at 6, 24, and 72
hours after SAH. Microglial activation was expressed as
number of activated microglia in 400-fold field. Data are
expressed as mean + SD. *P<0.05 (repeated measures
analysis of variance). Ar: Argon; MG: microglia; SAH:
subarachnoid hemorrhage.
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each ROI are displayed in Table 2. Hippocampal microglial
activation did not differ between the treatment groups (6 hours
after SAH: P=0.270; 24 hours after SAH: P=0.192; 72 hours
after SAH: P = 0.485). At 24 hours after SAH the callosal
microglia activation in the argon-treated group was signifi-
cantly lower than in the control group (6 hours after SAH: P
=0.064; 24 hours after SAH: P=0.018; 72 hours after SAH:
P = 0.436; repeated-measures analysis of variance) (Figure
6), whereas 72 hours after SAH the difference was only seen
for the cortical sum score (6 hours after SAH: P = 0.574; 24
hours after SAH: P =0.471; 72 hours after SAH: P = 0.034,
repeated-measures analysis of variance) (Figure 5). The sum
scores are illustrated in Figure 5.

DiscussioN

Our data indicate an effect of argon administration after experi-
mental SAH on neuronal cell death and microglial activation
pattern. Microglia plays a major role in the pro-inflammatory
cytotoxic response and participates in the immunosuppressive
processes contributing to further tissue damage.*' Reduction
of microglial activation may attenuate secondary damage
due to early brain injury. There is data from human specimen
confirming this hypothesis: A causal link between microglia
accumulation and neuronal cell death has been proposed.?
However, microglial activation may represent both devastating
but also beneficial properties depending on its polarization.?
Thus, microglia might play a biphasic action due to its polar-
ization state. However, it has been argued that the concept of
microglial polarization depicts a black and white pattern which
does not properly reflect the physiologically smooth transition
or even coexistence of both states.* It becomes even more
complex if the multiple interactions of microglia with other
cell types and possible communication via various pathways
are taken into account.”
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Table 2: Microglial activation in the hippocampal CA1,
CA2, CA2/3, DG, cortical PLCo, PMCo regions and CC of
SAH rats

SAH Ar SAH N, P-value
6 h after SAH
CAl 2.11£0.75 3.28+1.85 0.184
CA2 2.39+0.61 2.78+1.53 0.576
CA2/3 2.67£1.76 3.17+2.08 0.663
CA3 2.78+1.97 3.17£2.09 0.748
DG 3.33£1.76 5.11£3.37 0.279
PLCO 5.72+1.00 5.44+0.34 0.532
PMCO 4.56+2.32 4.06+1.41 0.661
CC 2.56+0.83 4.06£1.56 0.064
24 h after SAH
CAl 3.42+1.34 3.58+1.44 0.851
CA2 2.17£1.75 3.46+1.65 0.239
CA2/3 3.17+1.04 2.794+2.02 0.739
CA3 2.83+1.23 4.54+2.88 0.291
DG 2.92+1.42 5.04+2.62 0.166
PLCO 3.75+1.71 6.54+3.19 0.138
PMCO 4.42+2.08 3.71+£2.83 0.669
CcC 2.33+£0.47 6.04+2.55 0.018
72 h after SAH
CAl 3.93+3.78 5.94+4.13 0.426
CA2 5.20+£2.65 4.50+1.21 0.574
CA2/3 4.27+3.38 4.06+2.21 0.903
CA3 4.00+3.21 6.28+3.70 0.309
DG 4.60+4.42 7.39+4.45 0.326
PLCO 3.734£3.69 7.50+3.34 0.110
PMCO 3.00+2.54 6.50+2.07 0.033
CcC 5.20+4.31 8.00+£6.55 0.436

Note: Microglial activation was expressed as number of activated microglia in 400-fold
field (mean £ SD). Ar: Argon; CA: cornu ammonis; CC: corpus callosum; DG: dentate
gyrus; PLCo: postero-lateral cortex; PMCo: postero-medial cortex; SAH: subarachnoid
hemorrhage. Data are expressed as mean + SD and analyzed by repeated measures
analysis of variance.

Figure 5: Cortical neuronal cell loss (A) and
microglial activation (B) of the SAH rats with argon
or N, treatment.

Note: Cytomorphological quantification of neuronal
damage (A) and microglial activation (B) at 6, 24 and 72
hours after SAH. Microglial activation was expressed as
number of activated microglia in 400-fold field. Data are
expressed as mean  SD. *P < 0.05 (repeated measures
analysis of variance). Ar: Argon; MG: microglia; SAH:
subarachnoid hemorrhage.

Cortex 72 h after SAH

Cortex 72 h after SAH

Figure 6: Microglial activation of the corpus callosum
6, 24 and 72 hours after SAH.

Note: Microglial activation was expressed as number of
activated microglia in 400-fold field. Data are expressed
asmean £ SD. *P<0.05 (repeated measures analysis of
variance). Ar: Argon; MG: microglia; SAH: subarachnoid
hemorrhage.

Corpus callosum 72 h after SAH
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We demonstrate a time-dependent activation pattern after
experimental SAH (with increase of microglial activation over
time), which is sporadically reduced in the argon treatment and
affects also remote, white matter locations such as the corpus
callosum. In contrast to our previously published data on xenon
treatment after experimental SAH' our currently published
study is more heterogeneous and more difficult to interpret: At
24 and 72 hours after SAH there is a reproducible tendency
of reduced microglial activation in the argon-treated group,
which most probably due to low sample size and therefore un-
derpowered experiments rarely reaches statistical significance.
As previously described microglial activation increases over
time. As previously depicted, the effect of argon treatment
on secondary inflammation seems to peak at 24 hours after
SAH."? However, there is no pronounced effect throughout the
entire observation period. Whether the observed reduction of
microglial activation represents a neuroprotective action of
argon is not yet clear. Thus, especially concerning the specific
localizations the data has to be confirmed examining a larger
sample size.

Neuronal cell death after SAH as the primary outcome was
significantly reduced in the hippocampal region 6 hours after
SAH. This is in line with multiple studies demonstrating a
neuroprotective effect by argon treatment (e.g., after experi-
mental stroke, SAH but also after cardiac arrest).?® However,
we were not able to confirm the previously stated neuropro-
tective effects 24 hours after SAH, particularly those recently
demonstrated for the dentate gyrus'? as the protective effects
seen here are rather located in other hippocampal areas but
not the dentate gyrus. Further, the effect of reduced neuronal
cell death diminishes with time, which may also represent a
lack of sustainability of the argon treatment. The short treat-
ment period (application of 50% argon for only 1 hour) also
may account for the short-term effect. Thus, future strategies
should evaluate a longer application of the noble gas. Alto-
gether, our study does not generate a consistent proof of argon’s
neuroprotective and anti-inflammatory properties, which are
most probably due to underpowered analyses (small sample
sizes). However, there are also controversial data on argon’s
proposed neuroprotective action: Using a rodent model for
cardiac arrest neither neurological nor histological improve-
ment by argon could be shown recently.?’ Thus, larger (maybe
multicentric) experimental studies and maybe in the future
clinical trials have to be conducted to elucidate the potential
of argon treatment.

Limitations
The relatively small number of cases in the individual groups,
in particular in the sham groups (as low as n = 2), but also
the treatment groups (not reaching estimated sample size) is
a main limitation. Due to technical issues (e.g. insufficient
quality of sections) animals had to be excluded resulting in
a small sample size. Further, animals were treated within the
framework of a controlled randomized study but analyses were
performed thereafter. Thus, further inclusion of animals could
not result in the mentioned small sample sizes.

Additionally, the sections were analyzed by one individual
who was blinded for the treatment. A bias derived from subjec-

tive interpretation is possible.

Further, no double staining to identify microglia has been
performed. Iba-1 is a robust but not a specific marker for
microglia. Further, no distinct NeuN staining to detect vital
neurons has been carried out. Cell death has been quantified
by morphological means.

Conclusion

The pattern of neuronal damage after experimental SAH seems
to be modified by argon treatment resulting in an early decrease
of neuronal damage, which unfortunately is not sustainable.
Microglial activation in some regions (corpus callosum; basal
cortex) is reduced in the argon-treated group 24 hours and 72
hours after SAH.
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