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Peripheral-type benzodiazepine Receptors (PBR) in the kidney and Central-type Benzodiazepine Receptors
(CBR) in the cerebral cortex were not affected in rats exposed to chronic hyperoxia (85% O,, ATA{,
6 days). Nevertheless, cortical CBR showed a significant decrease (29%) after hyperbaric hyperoxia
(100% O,, 3.5ATA, 2h) in rats at a preconvulsive stage, with no concomitant alteration of kidney PBR.
A similar down-regulation of striatal D, dopamine receptors was noticed (27%) — after hyperbaric
hyperoxia — without any modification of cortical PBR. On the contrary, an up regulation of liver PBR
was obtained in the same conditions (20%). It is likely that receptors implicated in neurotransmission are
particularly down regulated or altered under hyperbaric hyperoxia.

KEY WORDS: hyperoxia, oxygen toxicity, benzodiazepine receptors, dopamine receptors, rat, binding
parameters.

INTRODUCTION

It is widely thought that oxygen toxicity is a phenomenon caused by an increase in
the tissue concentration of oxygen radicals. It is well-established that oxygen radicals
can act as deleterious agents upon targets such as SH groups in enzymes, and
membrane lipids."> Therefore membrane receptors represent potential targets for
oxygen radicals, both because of their protein nature and of their location inside
the phospholipid membrane. Alteration of the lipid environment of a receptor is likely
to alter its functional properties. Several authors have studied, in different membrane
receptors, the functional changes induced by submitting biological membranes
to agents which modify the lipid structure. Membrane treatments, especially by
phospholipase 4,, enabled description of several changes regarding Central Benzo-
diazepine Receptors (CBR) and Peripheral Benzodiazepine Receptors (PBR) affinity
and/or density from diverse tissue sources.’

Those changes induced by submitting membranes to phospholipase A4, have been
connected with the release of arachidonic acid; the transformation of that acid into
peroxides by oxygen radicals might be responsible for the impairment of receptors.

t To whom correspondence should be addressed.
I1ATA = latm. abs. = 0.1 MPa.
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On the other hand, it has already been shown that exposing membranes to ascorbic
acid systematically altered numerous neurotransmitter receptors.®® In this case too,
close connection between ascorbate-induced lipid peroxidation and receptor-ligand
impairment suggests lipid peroxidation as an essential factor.

Those studies, as well as oxygen poisoning pathology, led us to further investi-
gations regarding the influence of hyperoxic in vivo exposures upon the behaviour of
several receptors.

MATERIALS AND METHODS

Our first investigation addressed the question of what happens to cerebral cortical
CBR and to kidney PBR in rats submitted to two different hyperoxic protocols
compared to control situations:

— A chronic hyperoxic protocol (model I), in which animals were housed for
6 days in a plexiglass chamber containing 85% oxygen at 1 ATA (or air at 1 ATA for
the control group I);

— An hyperbaric hyperoxic protocol (model II), in which animals were submitted
for 2 hours to 3.5 ATA pure oxygen (or to a normoxic 3.5 ATA Heliox exposure 94%
He, 6% O, for the control group II).

At the end of the exposures, the animals were quickly sacrificed by decapitation and
the cerebral cortex and kidney were rapidly dissected. A crude synaptosome-rich
fraction (P,) from cerebral cortex was obtained by initial homogenizing in 20 volumes
of 0.32 M sucrose and subsequent centrifugations described by Squires and Braestrup.’
A crude kidney homogenate was obtained by homogenizing in 30 volumes of 50 mM
Tris-HCI buffer, pH 7.4, and was filtered through gauze. P, cortical membrane and
kidney homogenates were subsequently washed and centrifuged 3 times in Tris-HCI
buffer.

In the second stage of our investigation, the same hyperbaric exposure protocol as
described previously was used. Cerebral cortex, striatum and liver were removed
under the same conditions, apart from the fact that mitochondrial fractions were
obtained from cortex and liver by differential centrifugation.'® The microsomal cell
fraction of striatum was obtained according to the procedure of Heikkila er al.’
Protein concentrations in all homogenates were determined by the 2,2’-bicinchoninic
acid protein assay (BCA Pierce) using bovine serum albumin as standard.

[’H] Flunitrazepam binding was measured on P, cortical membranes for CBR
assay. The final volume of the binding assay was 500 ul and contained 300 ul mem-
branes (0.100-0.160 mg protein) and 100 ul [’H] Flunitrazepam (final concentration
0.5-15nM) without (total binding) or with (non specific binding) 100ul of
Clonazepam (final concentration 3 uM). Incubation was at 4°C, for 30 min and the
reaction was ended by rapid filtration through Whatman GF/B filters, which were
then washed 3 times with 5ml of SO0 mM Tris-HCI buffer pH 7.4.

[*H] Ro 5-4864 binding was measured as described by Marangos et al.'' on kidney
homogenates and on mitochondrial-rich membrane fractions from cerebral cortex
and liver for PBR assay. The final volume of the binding assay was 500 ul (kidney)
or 300 ul (cortex, liver) and contained 100 ul ’H] Ro 5-4864 (final concentration
0.5-30 nM for kidney/0.25-15nM for cortex and liver) and 400 ul membranes (0.08-
0.11 mg protein for kidney) or 200 ul membranes (0.5-0.7 mg protein for cortex/0.15-
0.30 mg protein for liver).
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These membrane preparations were preincubated with SuM Ro 5-4864 (non
specific binding) or Tris-HCl buffer (total binding). Incubation was conducted at 4°C
for 90 min, and the reaction ended as described above.

[*H] Spiperone binding was measured for D, dopamine receptor assay. Binding
activity was tested in a final volume of 500 ul containing 300 ul membranes (0.02-
0.03 mg protein), 50 ul [*H] spiperone (final concentration 0.05-1 nM) in the presence
of 1 uM(~)-butaclamol (total binding) or of 1uM (+)-butaclamol (non specific
binding). The incubation was conducted at 25°C for 30 min and ended as described
above.

In all binding assays, after the washing step, filters were dried and placed into
scintillation vials with 10 ml Picofluor 15 (Packard) as scintillant. The radioactivity
retained by filters was measured in a Tricarb 4430 liquid scintillation spectrometer
(Packard).

The binding parameters (Bmax, Kd) were analysed for each structure individually
by a non linear regression analysis using a software package (MxN-FIT, Bureco
AG, CH-4310 Rheinfelden). A Wilcoxon two-sample test was used for intergroup
comparisons.

RESULTS

In the first part of our study, cortical CBR and renal PBR were analysed. Results are
shown in Table I. We did not observe any significant change in the affinity of any
receptor under any of the protocols used. Regarding the chronic hyperoxic exposure
(model I), none of the binding parameters for either cortical CBR or renal PBR
were modified. Concerning the hyperbaric hyperoxic exposure (model II), renal PBR
was not altered compared either to the hyperbaric control group II or to the air
control group I. On the other hand, there was a significant decrease in the cortical
CBR density of the hyperbaric oxygen group compared ecither to the hyperbaric
control group II (29%, p < 0.05) or to the air control group I (31%, p < 0.01). No

TABLE I
Binding parameters of [*H] flunitrazepam to cerebral cortical membranes (central benzodiazepine receptor,
CBR) and of [’H] Ro 5-4864 to kidney membranes (peripheral benzodiazepine receptor, PBR) from rats
exposed to different hyperoxic/normoxic conditions

B,.. + SEM. Kd + SEEM.

max —

Receptor Exposure conditions (pmol/mg prot.) (nM) n
Cerebral cortical CBR  He, O, 3.5ATA, 2h
normoxic (control group II) 2.25 + 0.30 1.73 £ 0.31 6
O, 100% 3.5ATA 2h (model II) 1.62 + 0.71%° 1.56 + 0.04 7
Air 1 ATA 6 days (control group I) 2.36 + 0.17 1.57 £ 0.06 6
0O, 85% 1 ATA 6 days (model I) 202 + 0.18 1.5t + 0.06 S
Renal PBR He, O, 3.5ATA, 2h
normoxic (control group II) 11.11 + 0.34 542 + 0.80 7
0, 100% 3.5 ATA 2h (model II) 11.54 + 0.39 4.60 + 0.37 7
Air 1 ATA 6 days (control group I) 11.06 + 0.34 541 £+ 0.39 6
0, 85% 1 ATA 6 days (model I) 11.62 + 0.42 5.01 + 0.36 5

B,...: Maximal binding capacity given as pmol/mg protein

Kd: Dissociation constant given as nM.

Significance using a Wilcoxon two-sample test: ® p < 0.05 O, 100% 3.5 ATA group compared to He,
O, 3.5ATA group. © p < 0.01 O, 100% 3.5ATA group compared to Air [ ATA group.
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TABLE II
Binding parameters of PH] Ro 5-4864 to cerebral cortical/liver mitochondrial membranes (peripheral
benzodiazepine receptor, PBR) and of [° H] spiperone to striatal membranes (D, dopamine receptor) from
rats exposed to different hyperoxic/normoxic conditions

B, + SEM. Kd + SEM.

Receptor Exposure conditions (fmol/mg prot.) (nM) n
Cerebral cortical PBR  He, O, 3.5ATA, 2h 316 + 28 8.20 + 1.09 7
normoxic {control group II)
0, 100% 3.5ATA 2h (model II) 304 £ 11 6.84 + 0.49 7
Liver PBR He, O, 3.5ATA, 2h 2,315 + 140 401 + 0.25 8

normoxic (control group II)

0, 100% 3.5ATA 2h (model 1I) 2,780 + 134* 4.60 + 0.37 8
Striatal D, receptor He, O, 3.5ATA, 2h 693 + 36 0.22 + 0.04 5

normoxic (control group II)

0, 100% 3.5ATA 2h (model II) 503 + 36°° 0.18 + 0.02 5

Air 1 ATA (control group I) 665 + 15 0.22 + 0.03 4

B,,..: Maximal binding capacity given as Fmol/mg protein

Kd: Dissociation constant given as nM.

Significance using a Wilcoxon two-sample test: ® p < 0.05 O, 100% 3.5 ATA group compared to He,
O, 3.5ATA group. O p < 0.05 O, 100% 3.5ATA group compared to Air 1 ATA group.

significant difference was observed between those last two groups, which suggests that
the cortical CBR density decrease in the hyperbaric oxygen group is due to hyperoxia
and not to the effect of pressure per se.

In the second part of our study, cortical PBR, liver PBR and striatal D, Dopamine
receptors were analysed in rats submitted to an hyperbaric hyperoxic protocol.
Table II shows the results obtained. For PBR, we investigated a mitochondrial
membrane fraction, since this receptor is located in the mitochondrial outer mem-
brane.'” Again, no significant change in the affinity of any receptor could be observed.
As regards cortical PBR, no significant alteration was observed in the hyperbaric
hyperoxic group whereas a significant enhancement of this receptor density was
measured in the liver of the same animals (20%, p < 0.05). On the other hand, a
significant decrease in striatal D, receptor density was observed out this same group
compared to the hyperbaric control group II (27%, p < 0.05) and to the air control
group I (24%, p < 0.05).

DISCUSSION

Our results lead us to conclude that hyperbaric oxygen causes a decrease in the density
of striatal D, receptors similar to that observed for cortical CBR in rats. By contrast,
hyperoxia does not alter PBR either in cerebral cortex or in kidney. The enhanced
PBR density observed in liver may be specific to that organ. Such differences between
PBR and CBR have already been observed by treating membranes with phos-
pholipase A,°, or by submitting animals to a pharmacological treatment like chronic
exposure to phenobarbital."®

PBR may not be involved in neurotransmission, but might play a role in the
regulation of mitochondrial oxidative phosphorylation as well as in the regulation of
steroid hormones synthesis.'*'> An increase in the density of liver receptors might be
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related to both hypertrophy and swelling of mitochondria observed under hyperbaric
hyperoxia.'® Indeed, such membrane disruptions could secondarily unmask PBR
receptors.

On the other hand, we observed that the two CNS receptors we studied (CBR and
D, Dopamine receptors) were both decreased under hyperbaric hyperoxia. Several
explanations for this phenomenon can be put forward. First, the receptors may be
directly damaged by oxygen. More likely, peroxidation of membrane lipids could
damage them.®~® Third, a decrease in the density of receptors involved in neurotrans-
mission may be a down-regulation due to an increasing release of neurotransmitters
under hyperoxia. Such processes of down-regulation are commonly observed during
long-term pharmacological treatment."

Some investigators have described a decrease in cerebral GABA or dopamine
concentrations in animals exposed to hyperbaric oxygen during the preconvulsive
stage.''® Other workers report an increase in dopamine and related metabolite
concentrations in the striatum of rats sacrificed after a first hyperoxic seizure."
However, we must stress the fact that those investigations dealt with global concen-
trations of neurotransmitters and not with receptors.

However, it is interesting to note that an up-regulation of GABA/benzodiazepine
receptor was recently discovered in the rat exposed to a relatively short-term hypoxia
(10% O,, 6h).?* The authors concluded that this phenomenon was related to a
decrease in GABA synthesis due to the inhibition of glutamic acid decarboxylase, the
presynaptic key enzyme of GABAergic neurons.

Our results show that further investigation of the different neurotransmission
pathways under hyperoxia is warranted.

Acknowledgements

This work was supported in part by grants from Direction des Recherches et Etudes Techniques (no. 88-
1011).

References

1. G.B. Kovachich and O.P. Mishra (1981) Partial inactivation of Na™, K*-ATPase in cortical brain
slices incubated in normal Krebs-Ringer phosphate medium at 1 and at 10atm oxygen pressures,
Journal of Neurochemistry, 36, 335-336.

2. M.B. Grisham and J.M. McCord (1986) Chemistry and cytotoxicity of reactive oxygen metabolites.
In Physiology of Oxygen Radicals (A.E. Taylor, S. Matalon and P. Ward, eds.), American Physiological
Society, Bethesda, pp. 1-18.

3. H. Havoundjian, R.M. Cohen, S.M. Paul and P. Skolnick (1986) Differential sensitivity of “central”
and *“‘peripheral” type benzodiazepine receptors to phospholipase 4,. Journal of Neurochemistry, 46,
804-811.

4. R.D. Schwartz, P. Skolnick and S.M. Paul (1988) Regulation of gamma-aminobutyric acid/
barbiturate receptor-gated chloride ion flux in brain vesicles by phospholipase A,: possible role of
oxygen radicals, Journal of Neurochemistry, 50, 565-571.

S. Y. Yoneda, K. Kurtyama and M. Takahashi (1985) Modulation of synaptic GABA receptor binding
by membrane phospholipids: possible role of active oxygen radicals, Brain Research, 333, 111-122.

6. R.E. Heikkila, F.S. Cabbat and L. Manzino (1982) Inhibitory effects of ascorbic acid on the
binding off [*H}-dopamine antagonists to neostriatal membrane preparations: relationship to lipid
peroxidation. Journal of Neurochemistry, 38, 1000-1006.

7. K. Kogure, H. Arai, K. Abe and M. Nakano (1985) Free radical damage of the brain following
ischemia, Progress in Brain Research, 63, 237-259.

RIGHTS

i,



Free Radic Res Downloaded from informahealthcare.com by Library of Health Sci-Univ of 1l on 11/10/11

For personal use only.

34

i1

12.

13.

14.

i9.

20.

A. COURTIERE ET AL.

S.F. Muakkassah-Kelly, J.W. Andresen, J.C. Shih and P. Hochstein (1983) Dual effects of ascorbate
on serotonin and spiperone binding in rat cortical membranes, Journal of Neurochemistry, 41,
1429-1439.

R.F. Squires and C. Braestrup (1977) Benzodiazepine receptors in rat brain, Nature, 266, 732-734.
R.M. Marchbanks (1975) Cell-free preparations and subcellular particles from neural tissues. In
Practical Neurochemistry (H. Mcllwain, ed.), Churchill Livingstone, Edinburgh, London and New
York, pp. 208-242.

P.J. Marangos, J. Patel, J.P. Boulenger and R. Clark-Rosenberg (1982) Characterization of
peripheral-type benzodiazepine binding sites in brain using [’H}-Ro 5-4864, Molecular Pharmacology,
22, 26-32.

R.R.H. Anholt, P.L. Pedersen, E.B. Desouza and S.H. Snyder (1986) The peripheral-type benzo-
diazepine receptor; localization to the mitochondrial outer membrane, Journal of Biological Chemistry,
261, 576-583.

F. Fares, A. Weizman, C.G. Pick, J. Yanai and M. Gavish (1990) Effect of prenatal and neonatal
chronic exposure to phenobarbital on central and peripheral benzodiazepine receptors, Brain
Research, 506, 115-119.

J.D. Hirsch, C.F. Beyer, L. Malkowitz, B. Beer and A.J. Blume (1988) Mitochondrial benzodiazepine
receptors mediate inhibition of mitochondrial respiratory control, Molecular Pharmacology, 34,
157-163.

K. Yanagibashi, Y. Ohno, N. Nakamichi, T. Matsui, K. Hayashida, M. Takamura, K. Yamada, S.
Tou and M. Kawamura (1989) Peripheral-type benzodiazepine receptors are involved in the regu-
lation of cholesterol side chain cleavage in adrenocortical mitochondria, Journal of Biochemistry, 106,
1026-1029.

J.D. Balentine (1974) Ultrastructural pathology of hyperbaric oxygenation in the CNS, Laboratory
Investigation, 31, 580-592.

J.D. Wood (1976) Oxygen and brain metabolism, In: Underwater physiology V (C.J. Lambertsen, ed.),
Federation of American Societies for Experimental Biology, Bethesda, pp. 455-465.

A K. Singh and E.W. Banister (1981) Relative effects of hyperbaric oxygen on cations and catechol-
amines metabolism in rats: protection by lithium against seizures, Toxicology, 22, 133-147.

P. Mialon, J. Caroff, L. Barthelemy and J.C. Bigot (1990) Ammonia and monoamine concentrations
in two brain areas in rats after one hyperoxic seizure, Aviation Space and Environmental Medicine, 61,
28-32.

H. Ninomiya, T. Taniguchi, M. Kameyama and M. Fujiwara (1988) Increased binding of [PH]
muscimol and [’H] flunitrazepam in the rat brain under hypoxia, Journal of Neurochemistry, 51,
1111-1117.

Accepted by Prof. B. Halliwell

RIGHTS

i,





