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Title

Neuroprotective effect of Ceftriaxone on the penumbra in a rat venous ischemia model

Laboratory investigation

Abstract

Objective. Glutamate transporter-1 (GLT-l) maintains low concentrations of

extracellular glutamate by removing glutamate from the extracellular space. It is
contréversial, however, whether upregulation of GLT-1 is neuroprotective in the
ischemic penumbra. Recently, a neuroprotective effect of B-lactam antibiotics such as
ceftriaxone (CTX) that iﬁcreases expression of GLT-1 has been reported. On the other
hand, it is said that CTX does not play a neuroprotective role in an in vitro study. Thus,
we examined the effect of CTX on ischemic injury in a rat modél of two-vein occlusion
(2VO) that is known to have a large penumbra.

Methods. CTX (100mg/kg, 200mg/kg per day) or vehicle (0.9% NaCl) was

intraperitoneally injected into Wistar rats for 5 days before venous ischemia (n=57).

Then, animals were prepared for occlusion of 2 adjacent cortical veins (2VO) by

photothrombosis with rose bengal that was followed by KCl-induced cortical spreading




depression. Infarct volume was evaluated with H-E staining 2 days after venous
occlusion. ‘[SH]MK-SOL [3H]AMPA and ["H]Muscimol ligand binding were examingd
autoradiographically in additional 2 groups without 2-VO (n=5/group). Animals {J\}ere
injected either with NaCl (vehicle) or CTX 200mg/kg for 5 days ip order to evaluate
whether NMDA, AMPA and GABA receptor expression was affected.

Results. CTX pretreatment reduced inférct volume compared to vehicle pretreafment
(p< 0.05). Thg effect of CTX p'retreatmer;t was attenuéted by administration of the
GLT-1 inhibitor, dihydrokainate (DHK) 30miﬁs before 2VO. CTX had no effect on the
number of spontanebus si)reading depressions. Analysis of quantitative receptor
autoradiography showed no statistically significant difference between rats after
administration with CTX compared to control rats.

Conclusions. Pretreatment with CTX has neuroprotective potential without effect on
NMDA, AMPA and GABA receptors. This effect can be abolished by GLT-1 inhibition,
indicating that upregulation of GLT-1 is an important mechanism for neuroprotective

action in penumbra-like conditions.

Key Words: Ceftriaxone, cortical . spreading depression, glutamate transporter-1,

penumbra, venous ischemia




Introduction
Glutamate is the major excitatory synaptic transmitter in the mammalian central
nervous system. On the other hand, rises in the extracellular concentration of

glutamate lead to neurotoxicity ! therefore, it is important to maintain glutamate at a

low level. Normal concentrations of extracellular glutamate are maintained by

glutamate transporters >*. At least five subtypes of excitatory amino acid transporters

(EAATs) have been confirmed of which GLT-1 —EAAT?2 mainly exists in astrocytes 2023

The predominant EAAT subtype in humans is EAAT2 and in rodents it is GLT-1 7,
Antisense knockdown of GLT-1 exacerbates transient focal ischemia-induced neuronal

22 Some reports have shown that GLT-1 blockers can attenuate

damage
ischemia-induced glutamate release *%. Thué, the function of GLT-1 for the brain in
ischemic conditions is discussed controversially esbecially in the ischemic penumbra
where lesion development progresses. Recently a ;fleuroprotective effect in the ischemic
penumbra via upregulation of GLI-1 has been shown for the beta-lactam antibiotic

ceftriaxone **’ which easily crosses the blood brain barrier. In contrast, ceftriaxone

exposure did not result in neuroprotection against oxygen—glUcoée deprivation 8




contradicting efficacy of elevated GLT-1 under ischemia-like conciition in vitro. Thus, in
this study, we examined whether CTX-pretreatment reduces infarct growth in a rat
venous ischemia model using rose bengal and focussed fiberoptic illumination ™%, This
2-vein occlusion (2VO) model produces widespread reduction of cortical cerebral bléod
flow (CBF) W1th a rather large penumbra area. Therefore, this venous ischemia model is
suited to study penumbra pathophysioldgy.

Furthermore, we evaluated by quantitative in-vitro receptor autoradiography whether
altered NMDA, AMPA and GABA receptor expression by .CTX 1s involved in

neuroprotection after 2VO.

Material and Methods
Animal preparation

All studies"were performed according to the German animal protection legislation.
We ﬁsed 67 male WiStar rats '(Weighing 260-340 g; Charles River Laboratories, Sulzfeld,
Germény) for the experiments. Rats were kept in individual animal cages and allowed
free access to food and water.

At first, rats were injected with CTX or vehicle intraperitoneally as a pretreatment for

w




successive 5 days before venous ischemia. At the 6" day, féts were anesthetized with an
intraperitoﬁeal “injection of chlorai hydrate (36 mg/100g body weight) before
premedication with 1.0mg atropine. Anesthesia was maintained with chloral hydrate (12
mg/100g body weight/h) through a peritoneal silicon catheter. All animals were
intubated with silicon tubing (outer diameter, 2.5mm) and mechanically ventilated with
30% O, using a rodent ventilator (Médel ‘683; Harvard Apparams, South Natick, MA)
while monitoring énd tidél CO, (Artema MM206C; Heyer, Sundbyberg,‘ Sweden).
Rectal temperature was kept at about 37.0°C using a feedback-controlled heaﬁng pad
(Harvard Apparatus). Polyethylene tubing (oﬁter diameter, 0.80 mm; Portex; Smiths
Industries Medical Systems Co.,London,UK) was inserted into the tail artery to measure
mean arterial blood pressure (MABP) and arterial blood gases with a blood gas analyzer
(ABL System 615; Radiometer, Copenhagen, Denmark). Another polyethyléne tlibing
was inserted into the left femoral vein. After rats were mounted in arstereo'taxi‘c frame
(Stoelting, Wood Dale, IL), a 15 cm midline skin incision was set up, and a small hole
was made by a 18G needle 2mm right laterai from midline, and 2mm below the bregma.
The lateral ventricle cannula was made from an L shaped 26G needle connected to
polyethylene tubing (Volur'né:IOuI, length 7cm+1mm). The cannula was inserted with a

micromanipulator. A left parietal cranial window was opéned by using a high-speed drill




(GD 604; AESCULAP, Tuttlingen, Germany) under an operating microscope
(OP-Microscope; Zeiss, Wetzlar, Germany). During the craniotomy, the drill tip was
cooled continuously with physiological saline to avoid thermal injury to the cortex. The

dura mater was left intact.

Cortical Vein Occlusion by Photqghemical Thrombosis

The occlusion of two adjécént bcortical Véins was induced by means of rose bengal
dye (50 mg/kg body weight, Sigma Chemical Co., St. Louis, MO) and fiberoptic
illumination ﬁsing a 50W mercury lamp (650077500 1x? 540 ﬁm) and a 100 pum fiber
directly positioneci over the Vveins, thus avoiding illumination of surrounding brain tissue
1213 Only rats with similar venous anatomy (i.e., with two prominent adjacent veins
connecting into the superior sagittal sinus) were used (Fig. 1). The diameter of the
occluded veins Wés approximately 100um. After the first vein was occluded for 10-20
min from starting of illumination, half of the initial rose bengal dose was injected

intravenously and the second vein was illuminated until occlusion.

Measurement of CBF and Tissue Impedance

CBF was measured by laser Doppler flowmetry (Model BPM 403a; Vasomedics, St.




Paul, MN) with a 0.8-mm needle probe 1213 CBF which is expres.sed'in LDU ( (Laser
Doppler units) was measured at 25 points with the occluded f/eins lateral to the scanning
field by using a stepping-motor-driven and computer-controlled micromanipulator.lz’m.
Thus, one scanning procedure yielded information from 25 different locations (square of
5 x 5 points) 300 um aﬁart from each other. Scanning was performed before and every
5min for 75 min after venous ischemia. The median of observation frequency
h'i:stolgrams correlates with absolute regional blood flow as determined by hydrogen
clearance *!. Two impedance electrodes were inserted into the cortex (depth, 0.4-0.5
mm; distance, 3mm) (Fig. 1) to measure cell swelling that occurs during induced
cortical spreading depression and venous ischemia '’. The impedance electrodes were
made from two stainless steel wires (outer'diameter, 0.5 mm) covered with polyvinyl
chloride for electrical insulation except for the 0.3-mm sharp-pointed tips. Impedance

was measured at 1 kHz (10 mV, bias-free) throughout the experiment with using a

precision LCR monitor (4284A; Hewlett-Packard, Avondale, PA).

- Induction of Cortical Spreading Dépr‘ession
After insertion of impedance electrodes, a glass micropipette for KCl injection was

placed into the lateral parietal cortex (Fig. 1). The micropipefte which was linked to a




microinjection pump (CMA/100; Carnegie Medicine, Stockholm, Sweden) was filled
with 150 mmol/L KCl solution, and ten 5.0-ul KCI injections were administered every 7
min to induce cortical spreading depression . Injection of KCl started after

completion of 2 vein occlusion and ended 70 minutes thereafter.

Experimental Design and Treatment Groups
Effect of CTX on CBF and infarct volume.
45 rats were randomly assigned to the following five groups. Group A:

vehicle-pretreatment (0.9% NaCl, n=9); Group B: CTX 100 mg/kg-pretreatment (n=10);

Group C: CTX 200 mg/kg-pretreatment (n=10); Group D: vehicle-pretreatment together '

with the GLT-1 inhibitor dihydrokainate (DHK, 0.14mg/kg) (n=8); Group E: CTX 200
mg/kg-pretreatment together with DHK 0.14mg/kg (in 20ul saline) (n=8) (Fig. 2). All

rats received CTX or vehicle intraperitoneally for 5 successive days before - venous

ischemia. In group D and E, DHK was intraventricularly injected once 30 minutes

before venous occlusion. All drugs were purchased from Sigma Chemical Co.

Effect of CTX on cortical spreading depression

12 rats wérevrandomized into 2 groups. Group 1: vehicle-pretreatment (0.9% NaCl;




=6); Group 2: CTX 200mg/kg-pretreatment (n=6).

Histological Preparation for infarct volume

After surgery, the incised skin was closed with a skin stapler. The rats were returned
to individual cages, and sacrificed after 2 days. All rats were perfusion-fixed with 4%
paraformaldehyde under deep .ane'st‘hesia with chloral hydrate, and the brain was
carefully removed froni the skull. Brains were embedded in paréfﬁn, and coronal
sections were sliced in parietal region including the infarct area. Sections were stained
with hematoxylin—¢osin. The histological evaluation of the infarct volume waé
accomplished using a light microscope connected to a CCD carhera (Sony, Tokyo,
Japan) and Optimas 6.51 software (Optimas Corp., Seattle, WA). The infarct area was
evaluated in serial sections of 200-um steps. Finally, the infarction volume was
calculated from the sum of all measured lesion areas (mm?2) multiplied with the distance

between sections (0.2 mm).

Effect of CTX on receptor density
Quantitative in-vitro receptor autoradiography was performed on 10 Wistar rats

which were assigned to two groups, one injected (i.p.) with 200mg/kg CTX and one




with vehicle for 5 days. No venous ischemia was induced.

After decapitation brains were frozen in isopentane at —30°C for 10 min, and stored at
—SOOC until analysed. Coronal cryostat sections of 12 pum thickness were serially cut at
—20°C at the level of the dorsal hippocampus and mounted on TESPA-coated slides.
Quantitatiye in vitro receptor autoradiography studies were performed using
[3H]MK-801, PHJAMPA and [3H]Muscimol for labelling of NMDA, AMPA and
GABAA receptors, respectively 10,1829 Ligands were i)urchased from NEN™ Life
Sciences Products Inc (Boston, MA, USA). Labelling and incubation procedures for the
different binding sites were performed accordiné to the protocols of Zilles et al. 3 as
previously described ‘

Incubation with [3H]MK-801, [3H]AMPA and [BH]Muscimol was always preceded by a
preincubation period with the respective bﬁffer to remove endogenous ligands. In order
to demonstrate the maximum binding of ["H]MK-801 to NMDA receptors, the binding
assay was performed with 5 nM [SH]MK-SOI (specific activity 20.0 Ci/mmol) in a
magnésium— and zinc-free solution (50 mM Tris-HCI buffer, pH 7.2) n the presence of
30uM glyéine and 50 uM spermidine at 22°C for 60 min. Incubation was terminated by
washing in cold buffer (2 x 5 min) and in H,O (2 ). AMPA receptors were labeled with

10 nM [*HJAMPA (specific activity 45.5 Ci/mmol) in 50 mM Tris-acetate buffer (pH




7.2, containing 100 mM KSCN) for 45 min at 4°C. Incubatioﬁ was terminated by
rinsing (3 x 4 s) with cold buffer and fixation rinsing (2 x 2 5) with acetone/
glutaraldehyde solution. GABA4 receptors were incubated rwith 3 nM [3H]Muscim_01
(specific activity 22.0 Ci/mmol) in 50 mM Tris-citrate buffer (pH 7.0) for 40 min at
4 °C. Incubation was terminated with 3 x 4 s rinses in cold buffer. Unspecific binding
was determined by cofincubgtion of alterriéting secﬁons with labeled ligahds and excess
of an appropriaté unlabeled competitor. Subsequent to the final riﬁsing proceduré, slides
were carefully dried in either a stream of cool air ([BH]MK-SOI and [3H]Muscimol) or
hot air (PHJAMPA). Air-dried, tritium-labeied sections were -vco-expose.d with
[3H]p1astic standards (Microscales®; Amersham, Freiburg, Germany) to a [*H]-sensitive
film (Amersham Hypérﬁhn-3H, GE Healthcare UK Ltd.) for five (CHJAMPA) or six
weeks (["HJMK-801 and [3H]Muscimol)— Autoradiographs were scanned in equal light
cor.;/ditions with the digital CoolSNAP camera (Roper Scientific, Photometrics
CoolSNAP™&cf, Ottobrunn/Munich, Germany) and digitized with the MCID image
analysis system (Imaging Research Inc, St. Cétharines, Ontario, Canada). Gray value
images of the coexposed plastic standards were used to compute a nonlinear calibration
cufve, which defined a relationship between gray values in the autoradiographs and

concentrations of radioactivity. Final values were normalized to vehicle treated control



Jevels (mean + SD)
Mean ligand binding density was analyzed within layers I to VI of the frontal cortéx,
area 1 (Frl), parietal cortex hindlimb area (HL) and parietal cortex area 2 (Par2) as well

as in the hippocampal subfields CA1, CA3 and dentate gyrus (DG) in both hemispheres.

Statistical Analysis

Data are expressed as means + standard error of the mean (mean + SEM). A one-way
analysis of variance test was used to compare data. Statistical significance was assumed
at an error probability of P< 0.05 (Sigmastat 3.1, Systat Software Inc.).
Ligand binding in vehicle and CTX treated rats was analyzed by calculé.ting mean
concentration values for each ligand and region. Significant group effects were
confirmed by analysis of variance (ANOVA) and least significant difference (LSD)
error protection. A P value < 0.05 was considered statistically significant. Apalysis was
performed using the general statistiés module of Analyse-it™ for Microsoft Excel
(Analyse-it. Software, Ltd., Leeds, UK). Values are presented as % of NaCl-treated

control rats.




- Results
Physiological Variables

Blood gas analysis (PaO,, PaCO,, and pH) were within norrﬁal ranges in all groups
throughout this sfudy. MABP, rectal temperature, and brain temperature were not
significantly changed before and after 2VO. Only MABP of group E (CTX + DHK)
showed a éigniﬁcént increése by 5 mmHg after 2VO (fabl'e 1). Physiological dafa from
group 1 and 2 (Effect of CTX on cortical L;*preadz'ng depression) di‘d bnot shop any

statistical difference between both groups (data not shown).

Changes of Regional CBF

Regional CBF (rCBF) calculated as the median flow from the 25 locations in each

animal did not show significant differences between groups during the control phase

before venous ischemia. rCBF Valges were 39.5+4.4, 50.1+5.8, 41.6+5.3, 43.5+£9.5, and
44.245.8 LD units in groups A, B, C, D, and E, respectively (F 1g 3). rCBF values were
reduced to 17.9+4.4, | 12.6+1.5, 14.5+£2.4, 16.1£2.4, and 15.2£3.2 LD units in the
respective groups 70 minutes after 2VO. Again there was no statistical difference

between allvgroups after 2VO (Fig. 3).




Changes of tissue impedance and number of CSD

Impedance and number of CSD Was measured in group 1 and 2. Coﬁical impedance
values showed no significant difference between both groups (vehicle, 4.4+0.27kQ;
CTX, 4.1£0.22kQ)) at baseline conditions. After venous écolusion a wave of CSD
occurred spontaneously.- before any injection of KCI. After each KCl injection into the
cortex, a soiitary WaVe of CSD was always ébServed as a sudden increase of tissue
impedance (Fig. 4A). Thgre was no 'signiﬁcant differéhce between the 2 groups
(vehicle:‘ 4.3+0.23kQ; CTX: 3.9+0.22kQ). The total number of KCl-elicited and
spontaneously occurring CSDs was not significantly different between groups (saline:

20.1£2.2 ; CTX: 18.33.1 ) (Fig. 4B).

Infarct volume

All rats had venous infarction. In group B (CTX100mg) and group C (.C"fX 200mg)
infarct volume was significantly reduced to 7.48+0.64mm’and 6.44+0.95mm’,
- respectively, when compared with 8.84+1 94mm” in group A (vehicle) Lesion volume of
the two CTX dosages did not differ statistically from each other (Fig. 5A). The
reduction of infarct volume was significantly attenuated by intraventricular injection of

DHK in group D (9.04+2.4mm’ ) when compared to treatment W’ithv CTX 2001i1g/kg in




group C (6.44:+0.95mm’) (Fig. 5B).

Quantitative in vitro receptor autoradiography

Analysis of [3H] MK-SOI, [3 H] AMPA and [31-1] Muscimol ligand l?inding values in the
six cortical layers of the frontal cortex area 1 (Frl), the parietal cortex hindlimb area
(HL), the parietal cortex area 2 (Pér2) as well as in the hippocampal subﬁelds CAl,
CA3 and in the .dentate gyrus (DG) showed no signiﬁcaﬁt differences between rats

treated with cefiriaxone in comparison to saline-treated control rats (Fig. 6, Table 2).

Discussion
In this study we showed that a pretreatment with ceftriaxone reduced infarct volume
in a rat venous ischemia model without influencing local cerebral blood flow and the

number of spreading depression waves induced by KCL injection and ischemia. This

neuroprotective effect was attenuated by the GLI-1 inhibitor DHK. These results

suggest that malfunction of GLT-1 function furthers neuronal death in this model

whereas induction of GLT-1 with CTX offers neuroprotection as seen in previous

327

reports ~'. Quantitative receptor autoradiography showed no influence of 5 days




ceftriaxone preconditioning in absence of ischemia on expression of NMDA, AMPA

and GABA receptors. This excludes the possibility that the induction of GLT-1

transporters via ceftriaxone, and, thereby reduced extracellular availability of glutamate

might have caused upregulation of excitotoxic NMDA receptors. -

Astrocytes play a crucial role in removal of extracellular glutamate to preverit
g1u£amate excitotoxicity 22326 GLT-1 is ‘the rat equivalent to the human homologue
EAAT? %% EAAT?2 is responsible for more than 90% of the total glutamate uptake °.
On the other hand, glgtamate uptake may turn into release if the transporter reverses

transport direction in ischemic conditions, and neuronal death is induced **°. In

consequence, an increased availability of transporter molecules after upregulation of

GLT-1 could also be dangerous.

There are indeed reports suggesting that GLT-1 is essential for uptake of extracellular
- glutamate to protect neurons in ischemic conditions: transient focal ischemia
downregulates GLT-1, and antisense knockdown of GLT-1 exacerbates

2.2 Ischemic

ischemia-induced neuronal damage' and causes infarct growth
preconditioning diminishes the increase in extracellular glutamate caused by

- oxygen-glucose deprivation and increases cellular glutamate uptake and expression of

GLT-1 3, Conversely, reversal of GLI-1 may contribute to the ischemia-induced



increase of extracellular glutamate since glutamate upiake is electrogenic and reversed
at elevated extracellular potassium and glial cell depolarization — conditions to be
expected in the ischemic core *°. Indeed, the GLT-1  blocker,
DL-threo-B-benzyloxyaspartate reduces ischemia-induced glutamate release in a model
of forebrain ischeinia 1 These consideration; underline that glutamate transport is to be
considéred neuroprotebtive pa@icﬁlaﬂy in the penumbra zone, where glial cells are
expected t>0 still maintain their potential and are still able to repolarize after spreading
depression. Indeed glutamate release in less severely ischemic brain occurs mainly via
* volume activated channels and not via GLT-1 reversal °. In our venous ischemia model
CBF mapping shows a widespread low flow region, whereas the ischemic core is hardly
detectable in the acute phase '”. Thus, this venous ischemia model has 1b‘een proposed as
a penumbra model 61217 The current data show that using this model upregulation of
GLT-1 by pretreatment with CTX suppressed infarct growth which is very well in line
with the idea that glutamate removal in the penurhbra is acting protectively.
Spreading depression is known ‘;o be induced by increased extracellular glutamate *%.
Therefofé, We assumed that upregulation of GLT-1 could have an effect on spreading
~depression generation in the penumbra. However, our data did not show any significant

changes in the number of spreading depressions after CTX pretreatment. As a possible




explanation it is suggested that in our model potassium ions could be the major source

of spontaneous spreading depressions occurring rather than glutamate which is mostly -

released in the small ischemic core. This remains to be verified in future experiments.:
Currently, a clinical randomized trial whether the preventive use of ceftriaxone
improves functional outcome in patients with stroke is progressing . We suggest
additional trials in neurosurgery, where an intentional venous sacrifice is often
necessary particularly in tumour surgery. Here a preoperative treatmen‘; with CTX may
actually improve patient outcome when venous sacrifice can be expected preoperatively.
Likewise, CTX treatment might also be envisaged in conditions such as sinus-vein

thrombosis..

Conclusions
This study provides evidence that pretreatment with CTX has a neuroprotective effect
on the ischemic penumbra via upregulation of GLT-1. A future clinical use is suggested

in conditions where an impaired venous drainage can be expected to occur.
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Figure legends

FIGURE 1: Schematic drawing of the experimental setup after craniotomy. The location
of scanning area for CBF measurement, impedance electrodes, KCL microinjector, and
occlusion points of two adjacent veins are shown. Every instrument was placed in

parietal cortex to ensure that each distance was comparable.

FIGURE 2: Experimental time course showing administration of drugs, vein occlusion,

and KCl injections.

FIG 3. Successive CBF change before and after cortical venous occlusion in group A
(vehicle pretreamten), B (CTX 100 mg/kg pretreatment), C (CTX 200 mg/kg
pretreatment), D (vehicle pretreatment + 0.14 mg/kg DHK) and E (CTX 200 mg/kg
pretreatment + 0.14 mg/kg DHK). An approximately 50% reduction of rCBF after
venous occlusion can be observed in all groups. There is no statistical significance
between all groups. Values are given as mean + SEM. CTX = cefiriaxone, DHK =

dihydrokainate



FIGURE 4: Typical impedance change of KCl-induced CSDs (top) and number of
CSDs in NaCl (vehicle) or CTXZOOmg/kg pretreatment group (bottom). There is no

statistical significance between groups. Values are given as mean + SEM.

FIGURE 5. Infarct volume 2 days after venous ischemia without (top panel) and with
inhibition of GLT-1 by 0.14 mg/kg dihydrokainate (DK; lower panel). Values are given
as mean += SEM. Infarct volume was reduced by CTX pretreatment compared with

vehicle administration group. *p<<0.05 versus CTX200.

FIGURE 6: Representative colour-coded autoradiographs of [PH]MK-801, [PH]JAMPA
and [3H]Muscimol binding in rats after treatment with ceftriaxone compared to controls.
The scale on the right indicates thé relative densities from low (=purp1ej to high (red)
density. Ligand binding values show no significant differences betwéen rats after

treatment with ceftriaxone compared to controls.




TABLE 1: Physiological variables before and after venous ischemia

MABP (mmHg)  pH PO, (mmHg)  PCO,(mmHg)

Vehicle (group A)

Before 2VO 95.241.5 7.41%0.01 117.9+1.7 40.7+0.5

After 2VO 94.6£1.6 7412001 117.7+1.4 413404
CTX100 (group B)

Before 2VO. 98.042.5 7.41+0.02 120.141.3 41404

After 2VO 94.542.9 7.42+0.01 120.3+1.1 40.9%0.3
CTX200 (group C)

Before 2VO 94.8+1.5 7.4120.01 121.5+12 415403

After 2VO 93.5+1.8 7.40+0.02 122.0+1.6 41.0£0.4

- Vehicle with DHK (group D)

Before 2VO 98.0+3.3 7.41%0.02 119.942.4 41.040.2

After 2VO 96.842.5 7.39+0.02 120.1+1.8 40.50.4
CTX200 with DHK (group E)‘

Before 2VO 99.0+3.2 7.40+0.02  120.1x1.4 414203

After 2VO 104.742 4% 7.4120.01 121.1+1.8 40.7+0.6

Vehicle=0.9% NaCl; MABP=mean arterial blood pressure; PO,=partial pressure of oxygen; PCO,=partial

pressure of carbon dioxide; 2VO=two vein occlusion; CTX=ceftriaxone; DHK=dihydrokainate. The data

‘are expressed as mean = SEM. *p<0.05




TABLE 2: Values are means of ligand binding densities in ceftriaxone-treated rats

presented as % of vehicle-treated rats = SD. Mean control value = 100% (data not

- shown). Abbreviations: Prl: frontal cortex area 1; HL: hindlimb area; Parl: primary

somatosensory  cortex/parietal Cortex; Or: stratum oriens, Rad: stratum radiatum; Py:

stratum pyramidale; DG: dentate gyrus; Mol: molecular layer; Gr: granular layer; SD:

standard deviation.

PHIMKS01 PH]AMPA [PH]Muscimol
Fr1 Mean [%] |SD |Frl Mean [%] |SD |Frl Mean [%] | SD
I 108.3 19.1 |1 114.3 383 |1 98.0 14.4
I '108.0 202 |0 107.9 374 | 1L 108.6 1139
i 102.0 14.3 |11 105.5 374 |10 - 113.7 16.8
v 95.4 9.5 |1V 107.9 29.8 |1V 107.8 26.0
v 98.7 105 |v 106.3 27|V 98.9 17.6
VI 97.7 13.3 VI 99.6 52.6 | VI 104.9 157
HL Mean [%] |SD |HL Mean [%] |SD |HL Mean [%] |SD
I 97.8 15.6 |1 130.3 479 {1 99.6 18.9
I 100.8 11.7 |11 137.9 447 111 102.3 14.9
I 1015 19.3 |1 144.1 40.7 | III 96.4 14.9
v 107.0 11911V 134.6 552 |1V 95.6 25.7
v 98.6 1381V 125.4 5331V 101.5' 17.7
VI 104.8 202 | VI 119.9 57.1|VI 105.5 20.3
Par2 Mean [%] |SD |Par2 Mean [%] |SD |Par2 Mean [%] | SD
I 105.7 (2121 99.65 65.6 |1 118.5 215
I 108.3 14111 104.2 61.7 |II 114.7 17.6
il 106.9 15.0 | 1II 1154 56.3 | II 109.1 15.2
v 106.3 16211V 107.7 5751V 107.6 17.1
v 102.6 137V 108.4 66.0 1V 116.1 14.7
VI 107.4 19.9 | VI 104.3 71.6 | VI 119.8 234
Hippocampus Me_z:in [%] | SD |Hippocampus | Mean [%] SD | Hippocampus | Mean [%] | SD




CAl Or 1106.3 16.8 | CA1 Or 97.9 37.7 | CAl Or 111.8 16.9
CAl Rad 106.9 18.5 |CAl Rad 96.8 38.9 | CAl Réd 1143 16.9
CAlPy 95.7 13.8 |CAl Py 99.9 38.3 |CAlPy 114.1 14.4
CA3 Or 110.0 14.7 |CA3 Or 118.4 159.9 | CA3 Or 109.9 31.2
CA3 Rad 105.8 17.6 | CA3 Rad 96.6 49.2 | CA3 Rad 122.4 35.8
CA3 Py 98.5 14.7 | CA3 Py 112.0 45.9 |CA3 Py 101.4 354
DG Mol 102.5 10.6 | DG Mol 90.6 34.5 | DG Mol 1102 13.4
DG Gr 100.0 20.1 | DG Gr- 82.8 37.4 | DG Gr 110.5 17.8
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