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ABSTRACT

Schatz, Robert Alfred. Ph. D., University of Rhode Island, June, 1972.
Pargyline, Succinic Acid and I-Ascorbic Acid as Protective Ageuts Against
Hyperbaric Oxygen Toxicity: Possible Involverent of Altered Gamma-
Aminobutyric Acid and Ammonia lMetabolism.

The wmuochanisms whereby pargyline, succinic acid and ascorbic acid
pretect ageinst hyperbaric oxvgen convulsions, pulmonary damage and
mortaiity followring hyperbaric oxygen exposure were investigated in re-
lation to the effects of these agents on hypcrbaric oxygen--inducced
alterations in brain gamnma-aminobutyric acid and armonia metabolism.

Exposure to hyperbaric oxvgen (60 pounds per square incl:, gauge
pressure) produced convulsions, post-crpozuse lethality and elevation in
lung weight, lung water content and lung hemoslobin content. Pargvline
succinic acid and ascorbic acid provided partial protection agaiunst all
of the ahove aspects of oxygen toxicity.

Comparison of the deses of pargvlinc, succinic acid and ascorbic
acid that provided merimal protection againet hyperbaric oxygen convul-~
siocos shoured that a?’l three agents were approximately eqgual, in the
doses used, with respect to their effectivencss in decreasing the inci-
dence of hyperbaric oxygen convulsions and increasing the latency to
their onsct. Pargyviine and succinic acid wvere appreximately equal, in
the doscs used, in their ability to rcdoce post-euposure lethality and
hyperbaric oxvgen-inducced increases in lung veight, water content and

hemogloiin content. Ascorbic acid was less effcctive in its ability to

reduce the above changes induced by hypeirbaric oxygen exposure.
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Hyperbaric oxygen decreased brain gamma-aminobutyric acid levels.
This decrease was due to inhibition of glutamic acid decarboxylase without
any effect on gamma-aminobutyric acid transaminase activity. Both
pargyline and succinic acid increased brain gamma—-aminobutyric acid levels
in room air-exposed mice and prevented the decrease in brain gamma-
aminobutyric acid produced by hyperbaric oxygen exposure. Pargylinc
increased gamna-aninobutyric acid levels by inhibiting gamma-aminobutyric
acid transanincse activity in room air- and hyperberic oxysen-ecuposced
mice. Succinic ccid increascd the activity of both glutamir acid decar-
boxylace and garna-aninobutyric acid transaminase, glutamic acid dacac-
boxylase to a greater degree than gamaa-—aminobutyric acid transaminase.
Glutamic acid decarboxylase activity was still slightly increased in
mice exposed to hyperbaric oxygen. These alterations in enzyme activity

vere responsible for the ability of pergvline ond succinic acid to
increase brain gamma-aminobutyric acid levels in rocm air-exposed mice
and to prevent the hyperbaric oxygen-induced decrease in brain gamma-
amincbutyric acid in animals exposed te hypcrbaric oxygen. There was a
significant cecrrelation between hyperbtaric oxygen seizure susceptibility
and brzin gamma-amninobutyric acid levels in pargyline- or succinic acid-
treated wmice.

In pargvlire- or succinic acid-treated mice there was a dose-
respoince relationship betwecn amount of drug administered and degreec of
elevation in brain gnmma-eminobutyric acid.

Ascorbic acid had no effect on brain gamna-aminobutyric acid levels
nov did it prevent the hyperbaric oxygen~induced decrease in brain

gamma-

aninobutyric acid. Ascorbic acid treatment had no effect on glutamic acid
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I. INTRODUCTION

With man's increasing quest for knowledge and search for natural
resources other than those found on land, it is becoming more and more
likely that man will encounter greater than normal partial pressures of
oxygen in vavicus situations such as diving operations, space travel and
use of hivperbaric oxygen in medicine.

In the field of medicine, 0P is being smploved in the treatment
of myocardial iufarction (Peter et al., 1969d) and shock (DelGuercio et
al., 196€C). Use of CHP to extend the safe-pericd cf circulatory arrest

durirg surgzrv (Meijne, 19665 Moor et al., 19€6), particularly of congen-

ital cardiac defects (Berrhavrd et al., 1966), has been considered a life-
saving procedure. OHP has also been used in the treatment cf anaerobic
infecticins (Hitchceck et al., 1967; Jones, 1967; Brummelkamp, 1966), in
burn therapy (Taber, 1967; Nelecon et al., 1966), in cancer chemotherapy
(Churchill-Davidson, 1966; Nathanson et al., 1966) and in treatment of
carbon mounoxide and cyanide poisoning (Norman et al., 1970; Shene et al.,
1966).

For these reasons, man has become increasingly aware of the possi-
ble value of OHP in many aspects of modern life. Man has, however, also
become aware of the toxic effects of OHP, which include muscle fascicu-
lations, convulsions, pulmonary damage and post-cxpesure lethality.

In recent years, investigators have begun to exzplore the mechan-
ism(s) of this toxic syndrome by using, as tools, drugs that ameliorate

one or more of the aspects of OHP toxicity. This apprcach will



provide us with further insight and information regarding the cellular
mcchanism(s)Aof OHP toxicity. Further, a drug capable of providing pro-
tection against QUP toxicity will be of immense value in that it will
permit widcr and more frequent use of OHP in a variety of clinical con-
ditions and may also prevent any toxic effects occurring during the
course of undersea and aerospace exploration.

We have selected to study the effects of three agents. The pro-
tective effects of two of these agents against sowe of the aspects of OHP
toxicity are well documented. These two agente are pargyline (Blenkarn
et al., 1939; Faiman et al., 1971) and succinic acid (Sanders et al.,
1969). Since preliminary investigations revealed that L-ascorbic acid
protected agairst OHP convulsions and sincc very little previous work
had been done with this agent in the area of OHP toxicity, we included
ascorbic acid in ouar investigation.

The protective effect of pargyline against OHP convulsions was
originally thought to be due to the ability of this agent to elevate
brain amines (NE, 5-HT aud DA) since it had previously been shown that
OHP exposure decrecased brain NE and 5-HT (Faimen and Heble, 19606).
Subsequent investigation revealed that the protective effect of the
MAO inhibitors was not altered by amine precursors or amine synthesis
inhibitors (Blenkarn et al., 1969; Faiman et al., 1971). The conclusion
reached by both groups of investigators was that the protective effect

of MAO inhibitors was unrelated to altercd turinover rates or absolute

brain levels of thcse amines (Blenkarn et al., 1669; Faiman et al.

3

1971).
Various MAO inhibitors have becn ehosit to elevate brain GABA

levels (Balzer et al., 1960; Popov aund Mattheis, 1969) and decercased



levels of brain GABA have been shown to be involved in the etiology of
OHP convulsions (Wood, 1970). There have been many reports in recent
years concerning the role of GABA as an inhibitory transmitter in the
CNS (Roberts, 1962; Kravitz, 1967). Aside from the fact that GABA's
role as a CNS transmitter has not yet been clearly elucidated, it has
been shown to have definite neuronal inhibitory properties in the CNS
(Roberts, 1962; Kravitz, 1967) and by virtue of this, may be expected
to plav a rola in the etiology of convulsive episodes. 1In brief, the
main points that support this hypothesis are the facts that OHP de-

creased

GABA, the decrease was specific for GABA and occurred prior to
OHP convulsions and GADA administration prevented OHP convulsions
(Wood, 1970).

It is now well accepted that ammonia is a convulsant agent
{"olfe and Elliott, 1962). Further, brain ammonia has been shown to be
significantly elevated during OHP exposure (Gershenovich and Krichen-
skoya, 1954; Szam, 1969) and the greatest elevation occurred concur-—
rently with the onset of OHP convulsions (Gershenovich and Krichenskoya,
1954). The MAO inhibitors may prevent the contribution of ammonia to
the ammonia pool by preventing the enhanced catabolism of biogenic
amines (Faiman and Heble, 1966) or inhibition of the Krebb's cycle by
OHP (Dickens, 1962) which may reduce the flow of ammonia acceptors
resulting in an elevation in brein ammonia.

This investigation was undertaken to investigate the effects of
the aforementioned drugs on various aspects of OHP toxicity with respect
to the possible involvement of altered brain GABA and/or ammonia metab-

olism in the protective phenomenon.
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IT. LITERATURE SURVEY

HYPERBARIC OXYGEN CONVULSTONS

The most dramatic manifestation of oxygen toxicity at pressures in
excess of 2 to 3 ATA (33 to 66 ft) is the onset of convulsions. The
first report concerning the effects of exposure to OHP was that of
Bert (1878), in which he described in detail the incidonce of convul-
sions in various animal species exposed te hyperbaric oxvgen., 7Tnis woric
was subseguently confirmed by numcrous other investigators whosce work

kas been reviewed by Bean (1945) and Haujacard (1908). The seizures take

4]

thie form of genereslized convulsions which are freguently, but not always,
preceded by minor twitching of the head and forelimbs.
OHP convulsions have also been recported to occur in man (Behnke

t al., 1934-5). TLambertsen (1965) described the course of progressive

symptons as follows:

The convulsions are usually but not always precedad

by the occurrence of localized muscular twitching,
especially about the eyes, mouth and forchsad. Small
muscles of the hands may be involved and incoordination

of diaphragm activity in respiration may ceccur. These
phenomena increase in severity over a period which may
vary from a few minutes to nearly an hour with essentially
clear consciousness being retained. Eventually an abrupt
spread of excitation occurs and the rigid tonic phase of
the convulsion begius. The tcuic phase lasts for about

30 sccs and ig accompanied by an abrupt loss of conscious-
ness. Vigorous clonic contractions cf the muscular groups
of head and neck, trunk and limbhs then occur becoming
progressivcely less violent over abeocut one minute.
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1944). The observations of Johnson and Bean (1957) and Wood et al.

(1965) that lung damage occurred in animals that had suffered severe
seizures raised the possibility that there may be a cause and effect
relationship betwesen seizures and this rapidly developing pulmonary

damage.

This possible relationship was discounted by Shilling and Adans
(1933) when they found that pentobarbital eliminated seizures but not
lung darage in CliP-exposed rats and that no lung damage occurred after
chemically induced (strychnine) seizures. Jamieson aud Van Den Brenk
(1962), however, found pentobarbital to be as effective in reducing
lung damage as it was in preventing the onset of seizures. Further,
severe lung damage has been rcported after scizures induced by thiocscemi-
carbazide (Tennekoon, 1954) or pentylenetetrazol (Riechert, 1941). Ecan
et al. (1966) found that anaesthetic agents protected against both
seizures and lung damage induced by chemical agents or 0dP whereas
sympatholytic agcnts protected against only pulmonary pathology. These
investigators suggestced that pulmonary damage was largely the result of
some neurocendccrinogenic component of the seizure.

It is still not established whether slow or rapid OHP-induced
pulmonary damage are brought about by the same mechanism, but microscopic
examination of both types of lung revecaled little qualitative diffecrence
between the two types of lung damage (Van Den Brenk and Jamieson, 1962).
It may be that development of pulmonary damage at less than 2 ATA oxygen
involves the sympathetic nervous system and that onset of seizures at
higher oxygen pressures stimulates this portion of the nervous system

thereby hastening the onset of lung damage.
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EFFECT OF ALTERATION OF BRAIN AMINES ON SE1ZURE SUSCEPTIBILITY

Schlesinger et al. (1965) found significant differences in brain
5-HT and NE in mice of certain seizure-susceptible strains (DBA/2J),
relative to seizure-resistant mice (C5781/6J), at the age when seizure
incidence was maximal (21 days). These investigators (Schlesinger et
al., 1968) also observed that agents that lowered brain amines (reser-
pine, alpha—methyl-p-tyrosine, p~chlorophenylalanine) increascd the sus-—
coptibility of wice to audiogenic seiéures, while agents which increase
brain amines (A0 inhibitors, S5-hydroxytryptophean) had a protective
effect against cudiogenic seizures., MAO inhibitors have been reported
ro inhibit various components of audiogenic seizuves (Pletinkoff et al.,
1963). Lehman (1967) obhserved that MAO inhibitors tendrd to protect

zainst audiogenic seizures in mice, while reserpine increased their

[§]

severity.

Reserpine, which releases brain amines, enhanced electroshock con-
vulsions, while MAO inhibitors, which incrcase brain amines, protected
against these convulsions (Prockop, et cl., 1959). Fxposure to OHF
lowered NE in both meouse (Faimen and Heble, 1966) and rat (Hacgendal,
1967; Haggendal, 1968) brain. Brain 5-HT was decreased in mouse (Faiman
and Heble, 1966) and increcased in rat (llaggendal, 1963). Reserpine
shortened the time to onsct of OHP convulsions in mice (Haggendal, 1968;
Oliver et al., 1970), while the MAO irhibitors nialamide (Haggendal,
1968), iproniazid and pargyline increased the latency to OHP seizures
(Blenkarn et al., 1669).

From the preceding it would appear that brain amines play a role
in OHP-induced convulsions, but this was rot found to be the case after

subscquent investigation. TInhibitors of XE syutiesis (alpha-methyl-p-
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tyrosine) and 5-HT (p-chlorophenylalanine) lowered brain KE and 5-HT
content but had no effect on OHP tolerance in rats (Blenkarn et al.,
1969) or mice (Faiman et al., 1971). The amine precursors 5-hydroxy-
tryptophan elevated 5-HT levels and 3,4-dihydroxyphenylalanine elevated
NE and DA levels without producing any significant effect on OHP
tolerance in rats (Blenkarn et al., 1969) or mice (Faiman et al.,
1971). 1Inhibition of dopamine-f-oxidase (EC 1.14.2.1) by disulfuram
elevated brain DA levels and increased OUP tolerance (Fairan et al.,
1971). OQur prelininary investigations, howewver, demonstrated that the
doponine-S-ouidace inhibitor diechyldithiccavbamate did not alter CHP
tolerance. Further, since disulfuram, upco absorption, has been shown
tc be converted tc its correspounding thiol diethyldithiocarbamate
(Stromme, 1965) and since diethyldithiocarbamate did not provide any
significant protection against OHP convuisions, it appcars that the
protective effect of disulfuram is not due te inhibition of dopamine-
B-oxidase or subsequent elevation of brain DA levels.

Altered turnover rates of NF and 5--HT have also becn implicated
in the etiology of the OHP-induced convulsion (Faiman and Heble, 19606;
Haggendal, 1967, 1968; Neff and Costa, 1967; Diaz et al., 1966).
Blenkarn and coworkers (1969), however, concluded from their studies
that a direct relationship between O!IP central nervous system toxicity
and 5-HT or NE turnover rates did not exist in rats. Since the findings
of Faiman et al. (1971) in mice concur with those of Blenkarn et al.
(1969), the same may be said to be true in the case of mice.

It appears, therefore, that no direct correlation exists between

OHP convulsicns and NE or 5-UT levels or turnover rates in rat or mouse
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brain. As will be seen in the following section, this may also be true
in the case of electroshock and audiogenic seizures.

GAMMA-AMINOBUTYRIC ACID AND HYPERBARIC OXYGEN

Wolfe and Elliott (1962) have reviewed the evidence for the role of
GABA in convulsions induced under a wide variety of conditions. Although
the role of GABA in the brain is not totally understood, a variety of
evidence points toward its neuronal inhibitory properties (see Roberts,
1952). There is considerable evidence for the involvement of GABA in
the causetion of seizures induced by OEP exposure. 7This cvidence can be
summarized as fcllous:
1. Exposure of animals to CiP decreased brain GARA (Vood et al., 1963;

Wood et al., 1967).

2. The decreased CABA and OlP convulsions were reversible (Wood and

Watson, 1963

~

3. The decrease in GABA occurred prior to convulsions (Weood and Watsoen,
1963).

4. Of the amino acids tested, the decrease was specific for GABA (Wood
and Watson, 1963).

5. Susceptibility to OHP convulsions correlated well witii the rate of
decline in brain GABA for different species, different pressures of

oxygen and different stages of developuent (Wood et al., 1967; Wood

6. GABA administration protected animals against OHP convulsions (Wood
et al., 1963; Wood et al., 1966; Wood and Watson, 1968; Vood, 1970).
The metabolic pathway of GABA is shown in Figure 1. CGlutanic acid

is metabolized to GARA by GAD and GABA is ther converted to succinic

semialdehyde by GABA-T. The final step in the pathway is the convercion
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of succinic semialdechyde to succinic acid by succinic semialdehyde de-
hydrogenase (EC 1.2.1.16). Both GAD and GABA-T are Pyr P dependent
enzymes (see Baxter, 1970).

The decrease in brain GAEA levcls during OHP exposure has been
shown to be due to inhibition of GAD (Wood et al., 1967; Myles and Wood,
1968). OHP had no effect on either GABA-T or succinic semialdehyde
dehydrogenase (Wood et al., 1967; lMyles and Wood, 1968).

Previouvsly, phenelzine (Popov and Mattheis, 1969) and iproniazid
(Balzor et al., 1960), two inhibitors of MAO structurally unrelated to
pargyline, were reported to elevate brain GABA. The elevation in brain
GABA after phenelzine was due to inhibiticn of the GABA degrading enzymc
G4BA-T (Popov and Mattheis, 1969). Thesc drugs protect against OUP con-
vulsions (Blenkarn et al., 1969; unpublishcd data). Reserpine decreased
both brain GABA (Balzer et al., 1960) and the latency to OUP convulsions
(Oliver et al., 1970). 1Iproniazid prevented both the decrease in the
threshold to electroshock seizures and the decrease in brain GABA caused
by rescrpine (Balrer et al., 1960). Amino-oxyacctic acid elevated brain

GABA, protected against audiogenic seizures (Schlesinger et al., 1968)

and decreased the incidence of severe OHP convulsions (Wood and Watson,
1962).

From the preceding, it appears that maintenance of normal brain
GABA levels is an important factor in the susceptibility of animals to
audiogenic, electroshock or OHP seizures and that the protective effects
of the MAO inhibitotrs on these three seizure types may be a consequence
of their ability to maintain normal levels of brain GABA.
AIONTA

The GAEA prccursor, glutamic acid, is also the precursor to
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glutamine. Glutamine synthesis (sez Figure 1) is the brain's ammonia
detoxication mechanisgn and thus is important in maintaining the intra-
cellular ammonia levels within a certain range (Katunuma et al., 1965).
"As mentioned in the introduction, ammonia is a convulsant agent
(see Dickens, 1962). Elevated brain ammonia levels produced by ammonium
acetate (Ugarte et al., 1968) or ammonium chloride (Salvatore and

. - - ," - 7" .
Bocchini, 1961) caused convulsions and pulmonary edema (Konig and Konig,

1949). Ammonia levels were increased during OHP exposure (Gershenovich

A

Nej

and Krichenshkova, 1954; Szam, 1969) and neutralized aummoniun chloride

«
1

y

tended tg decreass the latency to OHP coavulsions (Cotitleib and Cymerman,
1966). Gershenovich and Krichenskoya (2954) found that the OHP-induced
elevation in brain anmonia cccurred concurrently with the onsct of con-
vulsions. They also noted a marked decrease in brain glutamine
(Gershenovich and Krichenskoya, 1954). -
The bases for increased levels of ammonia during OHP are not known.
Enhanced catebelism of tiogenic amines in the brain (Faiman and Heble,
1966) may contribute some ammonia to the ammcnia pool. Inhibition of the
citric acid cycle by OUP (see Dickens, 1962) may reduce the flow of
ammonia acceptors resulting in an increase in brain ammonia. Increased
brain amuonia was reported when the citric acid cycle was interrupted by
fluoroacetate poisoning (Benitez et al., 1956). 1Inhibition of the gluta-
mine forming enzyme, glutamine synttetase (EC 6.3.1.2), by methionine
sulfoximine has been shown to result in convulsions (Warren and Shenker,
1964). These investigators and Folbergrova (1964) reported that methio-
nine sulfoxinine adninistraticin led to a markced and sustained decrease

in cerebral glutamine and a corresponding rise in ammenia levels. This

may alse be the case in the OUP-inducced increase in brain ammonia since
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it has been shown that OHP inhibitsg glutamine synthetasc (Cershenovich
et al., 1963).

In the CNS, the synthesis of glutamine exhihits priority over other
energy-consuning reactions and the synthesis of glutamic acid progeeds
in spite of the risk of a depletion of dicarboxylic acids, suggesting
that the brain must prevent intracellular accumulation of ammonia even
at a high cost (seec Weil-Malherbe, 1962).

Iproriazid has been shown to decreasc the elevated ammonia levels
in the blood of patients with severc hepatic damege (Pletscher et al.,
196J). Further, isoniazid, a structural analogue of iprouniazid possess-
ing no MAO inhibitery activity, does not decrease the elevated ammonia
levels in the blood of these patients (Pletscher et al., 1960) nor does

it protect against OUP toxicity (Blenkarn ¢t al., 1969).

From the vreceding, it appears that there is a relaticnship betwvecn
elevated ammonia levels and OHP convulsions. Possgibly, MAQ inhibitots

may alleviate OHP {oxicity by preventing this elcvation.

SUCCINIC ACID

OHP has been shown to decrease the concentration of ATP in rat
liver, kidney and brain (Sanders et al., 1966). ATP is considered to be
the primary source of chemical energy in brain tissue and is necessary
for maintenance of electrical activity and the "sodium pump" (Kramer et
al., 1968). Consideration of these facts wakes it apparent that the
decrcase in brain ATP levels during OHP exposure may be important in the
etiology of OHP convulsions. This decreasc in ATP may account for inhi-

bition of glutamine synthetase (Gershenovich et al., 1963) referred to

in the previcus section which considered ammonia involvement in OHP toxicity.



2]

The rationale for using succinic acid as a protective agent against
OHP convulsions lies in this agent's ability to provide reducing equiva-
lents for the mitochondrial electron transport chain with subsequent
production of ATP. Succinic acid prevented the OHP-induced decrease in
cerebral ATP and decreased the incidence of OHP convulsions (Woodhall
et al., 1971) thus supporting the hypothesis that decreased ATP levels
are involved in the etiology of OHP seizures.

It is, however, poseible that the decreased brain ATP levels in

thenmecelveg are net responsible for OHP convulsicns and that the actual

-ease in brain GARA and/o1r elevation in
brain ammonies lavole secondary to the ATT dzcrease.

For ewxample; the previously mentlionzd OHF-induced decrezse in
brain glutanine synthetase activity (Gershenovich et al., 1983) may be
enzyme inhibition could then result in the previcusly reported elevation-
of brain ammoria Jevels seen duritg OHP exposure (Gershenovich and
Krichenskoya, 1954; Szem, 1969).

Decreased GABA levels during OlIFP exposure are due to inhibition
of GAD (Vood et al., 1967; Myles and Vood, 1968) and GAD is a Pyr P
requiring enzyme (Baxter, 1970). Since pyridoxal kinase (EC 2.7.1.35)
requires ATP (Baxter, 1970), the inhibition of GAD and consequent decrease
in brain GABA during OHP exposure could be due to inhibition of conver-
sion of the Pyr P cofactor to its active form by pyridoxal kinase.

For this reason and since no onc, to our knowledge, has investi-
gated the effects of succinic acid on GABA or ammonia metabolism, we
studied the effects of succinic acid on OUHP toxicity in relation to

GABA and ammonia metabolism.



L-ASCORBIC ACID

In an attempt to reproduce the data of Oliver et al. (1970) which
showed that reserpine decreased the latency to OHP convulsions, it was
found that ascorbic acid markedly decreased the incideuce of OHP con-
vulsions. A 207 solution of L-ascorbic acid had been used to dissolve
the reserpine base and it was found that the vehicle-treated mice were

protected against OUP geizures.

It has been shown that OHP exposure markedly decreased adrenal

tyvpes of stress such as cold or hypoxia (Sayer and Sayer, 1949). It
nas alsc been demonstrated that ascorbic acid protected sgainst OHP-
induced pulmonary damnage but exhibited no protection agzainst OHP convul-
sione (Jamiesnn and Van Den Breank, 1964).

We, thcrefore, undertook to investigate the offect of ascorbic
acid on OHP toxicity in relation to GABA and ammonia metabolism in the

brain.
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ITI. EXPERTMENTAL

ANIMALS

Swiss albino, random-bred male mice, weighing 25-35 g (Charles
River Breeding Laboratories, Wilmington, Mass.) were uvsed throughout
this study. They were housed in animal quarters maintained at 21-23°C
with room lights alternated on a 12 h light~dark cycle. Commercial
laboratory chow and water were available ad libitum up to one hour
before each experiment. Animals were used not earlier than one weck

atter receipt from supplier via comrercial shipper.

Analytical grade chemicals or equivalent were used throughout the
study. Pargyline was supplied by Abbott Laboratories, North Chicago, 111.
Sodium succinic acid hexahydrate was obtained from Cal-Biochem (Los
Angeles, Calif.) and L-ascorbic acid from Fisher Chemical Co. (Fairlawn,
N. J.). NADP was obtained from P-L Biochemicals Inc., Milwaukee, Wisc.
and NADH {rom Cal-Biochem. GLDH (awmonia-free), GABase and glutaminase
{(EC 3.5.1.2) were obtained from Worthington Biochemicals, Freehcld,

N. J. L-glutamic acid-1-C-14 (sp. act. 52 mCi/mM) was obtained from
Cal-Atomic, Los Angeles, Calif. The cyanomethemoglobin assay system
was obtained {rom Hycel Research Products, Houston, Texas. Pyridoxal
phosphate was obtained from Cal-Biochem. Hyamine (10-X) was obtained
from New England Nuclear, Boston, Mass. All reagents, buffers and dilu-

tions werc made with deionized water.
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HYPERBARIC OXYGEN CHAMNBER

The hyperbaric chamber (Figure 2) was designed by Van Tassel (1965)
and constructed with slight modification by the University of Rhode
Island Instrument Shop. Modifications included stainless steel endplates,
an inch-thick plexiglass cylinder (ten in I.D.) two feet in length and an
elliptical door of one-inch-thick aluminum. The chamber contained three
ft of 1/8 in copper tubing to allow circulaticn of water for maintenance
of a conztant temperature (25 * 1°C). Soda lime and calcium chloride were
placed in the bottom of the chamber to absorb carbon dioxide and moisture,

respactively.

EXPOSURE T0 HYPERBARIC OXYGEN

Mice contained in individual plexiglass containers (3 x 3 x 3 in)

with perforated sides and tops to allow free circulation of charber

]
o
8t

were placed in the OHP chamber. The chamber was flushed with 1007
oxygen (USP) for three min after which the chawnber was compressed to
five atmospheres (60 psig) at the rate of 30 psig/min (two min). De-
compression was achieved in 15 min (three psig/min). During the studies

the flow rate was maintained at three liters/min. OHP exposures were

for a period of 90 min including flush, compression and decompressi

L
o]
=]

EXPERIMENTAL DESIGN

Mice were divided into four groups: control (vehicle-treated),
drug (pargyline, L-ascorbic acid or succinic acid-treated), OHUP exposcd

plus vehicle~treated and OilP exposcd plus drug-treated.
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PARAMETERS OF HYPERBARIC OXYGEN TOXICITY

Convulsions: Time to onset of convulsion was measured as time to
onset of any convulsive movement. Time to onset of a seizure-complex
was considered as time to onset of convulsions consisting of tonic pos-
ture, loss of righting reflex (supine posture on side or back) or other
seizure lasting 20 sec or more.

Puliwonary damage: After OHP exposure, both lungs were excised,
weighed, placed in tared containers and dried to a constant weight at

_75°C. Values were reported as lung weights, as percent body weight
CLEESWESE~WE;RQQ x 100) and percent water ccntent of lungs

boay weight

(lung vet weight - lung dry weight «

Tung wet weight 170). Lung hemozlobin was deter-

mired by the cyanomcthenoglobin method of Hainline (1958). The Hycel
standard contained 80 mg cyanometﬁenoglobin/loo ml. A preweighed vial
of Hycel cyanomethomoglobiﬁ reagent was dissolved in water to make one
liter of solution. Lungs were excised, weighed and homogenized in 25
volumes of ice-cold Hycel reagent. Samples were centrifuged at 10,000
rpm (Sorvall refrigerated centrifuge, rotor S5-34) for ten min as were
Hycel standards. One ml of supernatant was mixed with two nl of reagent
and read vs reagent at 540 mp on a Beckmen DB-G grating spectrophotoucter.
Values were reported as hemoglobin content (mg) of both mouse lungs.
Lethality following hyperbaric oxygen expcsure: Mortality was
recorded at 30 min intevvals for the first four hours after OHF expo-
sure. Mortality was then pcriodically recorded for up to 956 h after OlP

exposure.

Pargyline, succinic acid and L-ascorbic acid were administered
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intraperitoneally at several doses and tirme intervals pridr to OHP
exposure, The dose and time that afforded maximal proltection against
OHP convulsions was used in the pulmonary towicity and mechanistic
studies. All drugs were prepared just prior to use. Drug solutions
were made in saline and 10 ml/kg was administered. Drug solutions ad-
justed to pH 6.5 with 2M MNaOH or 217 HCl were also administered at the
dose and time intervals affording maximal protection in order to deter-

mina whethber oo not pi was a factor in the protective elfect of any of

MEASURIDIENT OF GUDMA-2MINOBUTYRIC ACID

The assay procedure was that of Greham and Aprison (1966). MMice
were frozea in liquid nitrogen and kept at -40°C for 20-24 h. The heads
were then rcmoved with an ice~cold hacksaw and cut longitudinally.
Whole brains were rapidly removed (45 sec), weiglied and homogenized in
20 volunes of ice-cold 757% (v/v) ethanol. Samples were then centri-
fuged at 5,000 rpm at 0°C for 15 min; The supernates were removed and
stored at 4°C while the pellet was resuspended in 20 volunes of 75%
ethanol and ceutrifured as above. Both supernate fractions were then
cormbined and mixed thoroughly. Two ml samples were added to sample
vials and evaporated to dryness at 60°C in a water bath with constant
air flow into each vial. Samples were kept at -40°C for 24 h at which
time GABA was measured. The contents of each vial were suspended in
five ml cof water. Two ml of sample was shalien with an equal volume of
chlorofern and centrifuged in a clinical centrifuge (International

Fguipment Co.) at 3500 rpm for 20 min.
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The substrate solution!

contained 1.4 ml pyrophosphate buffer

(0.1 M, pH 8.4), 0.2 ml NADP (0.005 M in water), 0.2 ml alpha-ketoglutaric
acid (0.1 M in buffer), 0.2 ml mercaptoethanol (0.06 M in buffer) and

ten mg GABase enzyme. Incubation mixtures contained 0.1 ml brain sample,
standard or water; 0.1 ml pyrophosphate buffer and 0.04 ml substrate
solution. Tissue blanlis wvere prepared in the same manner except that no
GARase was added. Incubations were for 45 min at 37°C in a Dubnoff meta-
bolic shalker. ffter incubation, 0.2 m1 alkaline phosphate2 wes added to
the tubes and wixed thoroughly. Tubes were heated at 60°C for 15 min,
then 0.2 ni of KaOH—H2023 was added, mized thoroughly and the tubes were
heated at 6C°C for ten min. One ml of water was added to the tubes which
were then mixed thoroughly and the fluorescence was read immediately in
an Aminco-DBovman spectrophotofluoroneter {excitation 360 mu, emissjion

460 my, sensitivity eetting at 50 and elit width of 1/64 in). Values

were reported as pmoles GABA/g brain (wet weight).

MEASURIMENT OF GAI2A-AMINORUTYRIC ACID

TRANSAMINASE ACTIVITY

The GABA-T assay procedure was that of Salvador and Albers (1959).

Brains were removed rapidly with the aid of other investigators, weizhed

lprepared by dissolving 4.46 g Na,P;05-10H,0 in 80 ml water.
Norit-A was added and the solution stirred for 15 min after which the
solution was filtered through Celite. The pH was adjusted to 8.4 with
IN HC1 and the volume adjusted to 100 ml. The buffer was stored in an
amber bottle at 4°C and was prepared fresh 24 h prior to each assay.

2Prepared by dissolving 15.2 g Na3P0,-1211,0 and 2.68 g Na,HPO,
in sufficient water to make 100 ml. Solution was stored in an amber
bottle at roow temperaiure.

3prepared fresh just prior to usc by adding 0.2 ml 3% H,0, to
ten ml 10 N NaOH.
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and homogenized in three volumes of ice-cold 1.257 Triton X-100. Five
ml of GABA-u-KGl! mixture was added to 0.2 ml of homogenate. One-half
ml samples of this mixture were added tc 0.5 ml of DAB reagent?
(Salganicoff and DeRobertis, 1965) and storad on ice for use as tissue
blanks. The removal of brains, weighing and homogenization procedures
took no longer than 45 min for 20 mice.

The succinic senialdehyde standard was prepared according to
Prescott eud Wesilasch (1946). Twenty rg ninhydrin was mized with 1.4 ol
glutanic acid colutien (0.001 g/ril in 0.5N acetic acid) after which tinme
2.6 ml of 0.5Y acetic acid was added. Reazenl blanks contained four rl
of 0.5% acetic acid and 20 mg ninhydrin. Reazont blanks and standards
were placed in boiling water for ten rin. After the tubes were ccoled
in ice, the following reagents were addcd at five min intervals: 0.4
ml guanidine czrtonate (147 in watey), one ml lead acetate (12% in water,
prepared fresh each day), 0.5 nl of 58 NaOH and 0.1 ml water. Tubes
were centrifuged at 3,000 rpm for ten min in a clinical centrifuge.
After centrifugation, 0.5 ml aliquots of reagent blank and standard
were added to 0.5 ml of DAB reagent, mixed and stored on ice.

The GABA-z:-XG mixture containing brain homogenate was incubated
in a Dubncoff metabolic shaker under room air at 37°C for 60 min. After

incubation, 0.5 ml aliquots were added to 0.5 ml DAB reagent.

lPrepared by dissolving 2.575 g GABA and 1.46 g «-KG in 50 ml
water. The pH was brought to 8.4 with 5N Na0OH and the volume adjusted
to 100 ml with water. This mixture was prepared fresh daily and was

0.25 M in GABA and 2.1 M in o-IG.

2prepared by dissolving 2.8 g 3,5-dianinobenzoic acid HC1 in 25
ul 1 M potassiun phosphate buffer (pll 5.9) (1 vol of 1 M K,oHFOQ, plus
9 vol of 1 M KH;PO,). The pH was brought to 5.9 with 5Y¥ NaOil and ad-
justed to a final volume of 50 ml with phcesphate buffer.
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Samples, tissue blanks, recagent blanks and standards were heated
at 60°C for 60 min. Nine ml water was added to each tube and tubes were
centrifuged at 3,000 rpm for ten min. Forty ul of supcrnatant was mixed
with ten ml water and samples were read in an Aminco-Bowman spectrophoto—
fluorometer (excitation 405 mp, emission 505 mu, sensitivity setting at
50 and slit width of 1/64 in). Values were reported as umoles succinic

semialdehyde/g brain/h.

The assay procedure was that of Roberts and Simonsen (1963). The
C~34~T~glutanic acid substrate solution was made by combining one ml of
1-C-14-L-glutamic acid (25 microCi), 25 ml of 0.2 ¥ L-glutamic acid
adjusted to pH 6.5 with KOH, 10 ml of 5% (v/v) Triton X-100, 36 ml of
0.4 M potassiun phosphate buffer! (pH 6.5) and five mg pyridoxal phos-
phate. This solution was adjusted to a final volume of 100 ml with 0.2

potassium phosphate buffer? (pil 6.5). The sclution was 5 x 10 2 M

in 1-C-14 glutamate (sp. act. 5 pc/mmole), 2 x 10_4 1 in pyridoxal phos-
phate, 0.5% in Triton X-100 and 0.2 M in phosphate. The final pH was
6.5 and the mixture was stored in 25 ml portions at ~-40°C until use.

The procedure for collection of brain samples was as described in
the GABA-T assay except that brains were homogenized in seven volumes

of ice~cold deionized water. One ml of homogenate was added to a

scintillation vial that was used as an incubation flesk and one ml of

1Preparcd by adding 0.4 ! dibesic potassium phosphate to 0.4 M
monobasic potassium phosphate until pll 6.5 was reached.

2Prepared by adding 0.2 ¥ dibasic potassium phosphate to 0.2 M
monobasic potassium phosphate until a pll of 6.5 was reached.
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Hyamine (10-X) was added to another vial. The unit! was assembled and
the homogenates were preincubated at 37°C for ten min during which time
each flask was flushed with 1007 nitrogen for two min. The reaction
was started by the addition of one ul ef sulstrate solution (warmed to
37°C) by means of a hypodermic syringe. The needles were immcdiately
removed to seal the unit and the samples were incubated at 37°C in a
Dubnoff metcbolic sheaker.

At the end of enactly 15 rmin, 0.2 cc of 410 sulfuric acid was added
to stop the reaction. The units were alloved to shake for another 60
min to insure complete absorption of the C-14-0, by Hyamine (10-X).
The counting viel vas detached and ten ml of scintillation solution?
was added. Radioactivity was counted in a Paclard Tri-Carvb licuid
scintiliation specitroneter (25% gain setting). Internal standards of

s

C-14 toluene (new Enzland luclear) verc added to every cther sanmple for
\ 2 3 F

9]

determination of percent efficiency. All samples were counted for ten

min. Values were reported as pmoles CO,/g brain/h

sample cpz = blanli com x 32

( piliaibiiel

percent efficiency x 110

). GAD catalyzes the conversion of omne

mole of L-glutamic acid to one mole of CO; and onc mole of GABA.

IThe unit consisted of two counting vials connectzed bv a glass U
tube (1/4 in 1.D.). The vials aud U tube were connected by means of 1/2
in lengths of high pressurce tubing (soft rubber, 1/4 in I.D., 5/8 in 0.D.).
Two needles (23 gauge, 1 in) per unit were inserted through the tubing
and removed after addition of C-14 substrate. Sulfuric acid was intro-
duced through the tubing by means of a needle and syringe at the end of
the incubation pericd. During pre-incubation and after nitrogen fiush,
needles were stoppercd with 1/& in 0.D. glass tubing sealed at both cnds.

2Prepared by dissolving 1 g POPOP (1,4-bis [2-(5-phenyloxzzolyl)]
benzene) and 0.1 g PPO (2,5 diphenyloxazole) in sufficient tolucne to
malke one liter.
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MEASUREMENT OF BRAIN AMMONIA

Brain samples were collected as described in GABA methods except
that brains were homogcnized in three volunes of ice~cold 1N perchloric
acid. Samples were centrifuged at 15,000 rpm for 15 min at 0°C. One ml
of supernate was adjusted to pH 5 with 2N KOil and samples were again
centrifuged at 15,000 rpm for 15 min. This supernatant was used for
determination of ammonia and glutamine. The assay procedure was that
of Buttery and Roswell (1°271). The sﬁbstrate solution was made by con-
binirg 27 ml glvecerol, 0.85 ml GIDH (100 wg/5 ml), 10 mg NADH, 0.121 g
a-KG (dissolved in a sizall amount of buffer and adjusted to pH 7.8 with
1IN NaOH). The volune of this solution was adjusted to 100 ml with pl
7.8 potassiur phosphate buffer! (0.133 M).

This mixture contained 8.3 x 10-_3 M a-¥G, 0.1 M phosphate, 0.166
mg/m1 CLDE, 0.] mg/ml NADH and 0.24 g/l glvcercl and was pH 7.8.

This solution was pre—incubated at 37°C for 30 min in order to remove
endogenous ammonia. A 2.6 ml portion of this pre-iuncubated mixture was
added to 0.4 ml of brain extract and incubations were resumed at 37°C
for a further 45 min. Nonenzymic controls were run as follows: 0.4 ml
samples were incubated at 37°C for 45 min with 2.6 ml of a pre-incubated
mixture as described but with GLDH replaced by buffer. For each assay
series enzymic and nonenzymic reagent blanks were also incubated in
which 0.4 ml water replaced the tissue sample. All tubes were stoppered
to prevent absorption cf atmospheric ammonia. After the 45 min incuba-
tion period, six ml water was added to each tube, extinctions were

mecasured at 340 mp in a Beckman DB-G spectrophoteneter and the ammonia

1Prepared by adding 0.133 M nonobasic potassium phogphate to 0.133 M
dibasic potassiun phosphatce until pil of 7.8 was reached.
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content of ezch sample was calculated as follows:

Incubation Extinction, 340 mp

Enzymic, water
Enzymic, sample
Nonenzynic, water
Nonenzymic, sample

o O w

Armonia content of sample = (A - B) - (C - D) x x 3 umole

_1
6.22
The calculation utilized the molar extinction coefficient of NADH

(6.22 x 103 cm?) and values werc reported as umoles armonia/g brain

et wgeoiont
e WelTor ).

MEASURIIICUT O REATN L--GLUTAMINE

L-glutamine was measured by the method of Buttery and Roswell
(1971). Deasuvercats of ¢lutamine vtilized portions of the brain ex-
tracts prepared for the ammonia assay so that both ammonia and glutamine
wvere sinultanecously reasured in each brain.

Samples of brain extract (0.2 ml) were incubated at 37°C for 90 min
each with 0.4 ml of 0.1 If citrate-phosphate buffer?, pH 4.9, and 0.2 ml
glutaminase (2 mg/m1 buffer). A 0.4 ml portion of each incubation was
then added to 2.6 ml of pre-incubated enzymic ammonia assay mixture and
maintained at 37°C for 45 min, diluted with six ml water and read at
340 mp. This same procedure was followed in a control incubation with
0.2 ml water replacing the brain extract. The initial ammonia content
of each sample was taken into account by including incubations contain-
ing 0.2 ml brain extract or 0.2 ml water in which buffer replaced

glutaminase.

lPrepared by adding 0.1 M citric acid to 0.2 M disodiun phosphate
until a pH of 4.9 was reached (MeIlvaine, 1921).
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IV. RESULTS

PARGYLINE

Pilot studies were conducted tc ascertain which pretreatment tima
and dose of pargyline produced the largest decreasc in the incidence of
OYP conviulsicns., The results of this preliminary study are found in
Table 1 ol the appendix. The optimal eficct in decreasing OHP convul-
sions was provided =y the intraperitonecal injoction of 100 wmg/kg pargy-

line 30 min prior to OFP exposure (apperdix Tahle 1). The incidence of

-

0+ convulsions was significartly decreasad by this dose of parzylite

p

(Figure 3). PRoth the latency to convulsicn onset and the latency to

L

seizure complax were prolonged by prior pargyline treatment (Figuve 3).
Further, the percentage of animals that bad convulsed at the end of the
90 min OHP exposure was 40% and 207 for convulsion onset and seizure
complex, respectively, in pargyline-treated mice, whereas all vehicie-
treated mice had convulsed prior to the end of the OHP test period
(Figure 3). That this decreased incidence of OHIP convulsions was nct
due to the pH of the pargyline solution (pHl 3.8) is shown by the fact
that a pargyline solution adjusted to a pH of 6.5 was as effective in
increasing the latency to CHP scizures end decreasing their incidence
as was the more acidic pargvline solution {appendix Table 1).

Pargyline also significantly decrecased pozt-OUP mortality (Figure
4. After OUP esposure, 907 of the control mice died within four u as
opposed to a ten” mortality in tle case of the pargyline-treatoed mice

(Figure 4).









38

OHP significantly increased lung weight and lung water content
(Table 1). Pargyline decreasced these changes approximately to control
levels (Table 1). There was also significantly less pulmonary hemorrhage
in pargyline-treated mice as evidenced by the fact that OHP exposure
elevated lung hemoglobin content by 98% in vehicle-treated mice as
opposed to only the 157 increase scen in pargyline-treated mice (Table
2).

Brain C*BA levels were significéntly decreased (357) after 90 min
of OH? eixposure (Figure 5). Paxgyline significantly elevated brain GABA
(427 in room air-exposed mice and prevented the CHP-induced decrease
in brain GABA levels (Figure 5). Since GABA levels were highest 120
min after pargyline injection (Figurc 5), this tire period was vsed for
the dose-response curve (Figure 7). Actual means, standard errors,
levels of significance and percent chavoes 4n brain CAPA arc showvm in
Table 2 of the appendix. There was a significant correlation betwezn
brain GABA levels and the susceptibility of the individual mice to OHP
convulsions in that the vechicle-treated mice had lower GABA levels and
shorter latencics to seizures than did the pargyline-treated mice (Figure
6). The correlation coefficicents were 0.71 and 0.80C for latency to con-
vulsion onset and latency to seizurc complex, respectively (Figure 6).
There was also a significant cor}elation (r = 0.83, p < 0.0005) between
the dose of pargyline administered and the elevation in brain GADA levels
(Figure 7). The increase in GABA was near its maxirum at 100 mg/kg
since increasing the dose of pargyline to 200 mg/kg produced only a
further seven percent elevation in brain GARA (Figure 7). Actual means,
standard errors, Jevels of siznificsnce and percent changes in brain

GABA are shown in Table 3 of the appeundix.



Table 1. EFFECT OF PARGYLINE ON HYPERBARIC OXYGLEN-INDUCLD ALTERATIONS IN LUNG WEIGHT AND
LUNG WATER CONTENT

Lung as %

. - Body Waeigh ! % Water Conten o
Trcatment Time (min) {Mean * S.E()( % Change (Mean # S.E.) % Change
faline 120 0.46 + 0.014 - 77 £ 0.4 —
Saline + 120 a a

.72 + 0.06 +5 81 = 0. +
OHP (60 psig) 90 0.72 0.065 7 0.3 5
. .. b : b
Pargyline 120 0.47 £ 0.016 +2 76 + 0.3 -1
Pargyline + 120 Laa,b , . a,b
onp 90 0.50 + 0.011 +9 79 £ 0.4 +3

®Significantly different from saline controls at the 0.05 level using the Student "t" test.
bSignificantly different from saline + OliP at the 0.05 level using the Student "t" test.
CPargyline (100 mg/kg) or saline (10 ml/kg body weight) was injected intraperitoneally.
dMean of six pairs of lungs.

e . . .
Percent change from saline controls. Plus represeunts increase and minus, decrease.

6¢



Table 2. EFFECT OF PARGYLINE ON HYPERBAPIC QOXYGEN-INDUCED
ALTERATIONS IN LUNG HEMOGLOBIN CONTENT

mg Hemoglobin/lunga

Treatmentb Time (min) (Mean £ S.E.) % Changee
Saline 120 8.55 £ 0.50 —
g;;i‘ggozsig}c 120 16.97 = 2.4 +98.5
iiéé‘ig;fg 120 8.39 + 0.40° 1.8
pareyiine ¥ 1;8 9.85 + 0.255¢ +15.3

a . . 4
Each value represcnts thie mesn of five pairs of lungs.

Saline or pargyline (10 mli/kg body weight) was injected intraperi-
toneally. Dose is given in parentheses.

CSignificantly different from saline controls at 0.05 level
(Student "t" test).

dSignificantly different from saline + OIP al the 0.05 level
{Student "t" test).

e R . . .
Plus indicates increase and minus, decrease.

40
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The activity of the GABA degrading enzyme, GABA-T, in mouse brain
was not altered by OlP exposure (Tables 3, 8 and 13). Pargyline de-
creased GABA-T activity in the brains of mice exposed to room air at
normal atmospheric pressure and also in those of mice exposed to OHP,
although the degree of inhibition was less in the pargyline-treated, OHP-
exposed mice (Table 3). The inhibition of GABA-T in pargyline-treated,
room air—exposed mice was not significantly different from that observed
in pargyline-treated mice exposed to OHP.

0P exposure (90 min) decreased the activity of the GABA syunthoesiz-
ing cnzyme, CAD, by about 207 (Tables 4, 9 and 14), and pargyline treat-

ment did not significantly alter this OHP~induced decreasc in enzywe

,,
o
e
)
[}
T
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activity (Table 4). Pargyline treatment had pno effect or brai
activity in mice exposed to rvoom air (Table 4).

OHP exposure elevated brain amvoui£ lovels and decreased hrazin
glutamine levels (Tablgs 5, 10 and 15). The maxinzl elevation in emmonia
(1737%) occurred after 20 min of OLP exposure (Table 5) which was tho
time at which mest saline-treated nice beran to demonstrate severe
convulsive activity (Figurc 3). The decreased glutanine levels, on the
other hand, were greatest after 69 nmin (377) and 90 min (3¢%) of 0U®
exposure (Tables 5, 10 and 15). Pargyline nad no effect on brain
ammonia or glutamine levels in mice exposed to room air (Table 5).
Pargvline trcatment significantly lessened the elevation in brain
ammonia produced by QIP exposure and partially prevented the OHP—induced
decrease in brain glutamine (Table 5).

There was a significant correlation between brain awmonia levels
and the susceptibility of the individual mice to OHP seizuves after par-

gyline treatment (Figure 8). The correlaticon coelficients were -0.73 and



Table 3. ALTERATION OF MOUSE BRATN GAMMA~ANINOBUTYR1C ACID TRANS-

AMINASE ACTIVITY BY PARGYLINE

AND HYPERBARIC OXYGEN

b ‘?riatmeni e oa umo?es%g briipéh J o
Drug-tiire OIP-tine (Mean * S.7.) F 7 Change
Saline ~120 6 229 = 9.3 - -
Saline -&0 e 227 £ 3.8 >0.05 -3
Salipe -&) 60 225 + 2.5 >0.05 -2
Saline -120 90 223 + 3.2 >0.05 -1
Pargylins ~30 0 190 4 6.1 <G. 005 =17
Pargyline -60 0 154 £ 9.5 <0.0005 -33
Pargyline - 120 0 1/1 £ 5.2 <0.0605 =25
Pargyline -60 20 196 £ 4.5 <0.01 -13
Pargyline =90 60 1836 + 4.0 <0.0025 ~19

£ 4.6 <0.01 -13

Pargyline -120 20 201

a,. .
Minutes.

b . . .
Saline (10 ml/kg body weight) or
intraperitoneally.
C .
OUP exposure at 60 psig.
d
Student "'t" test.

e . R
pnoles succinic semialdehyde.

pargvline (100

f . .
Each value represents mean of five mice.

gMinus represents decrease.
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Table 5. EFFECT OF PARGYLINE ON HYPERBARIC OXYGEN-INDUCED ALTERATIONS

IN MOUSE BRAIM ARMONIA AND GLUTAIINE

Treatment 9 9
Drug(;-timea Ouﬁitimea Amnonia Changee Glutamine Changee
Saline - 60 0 0.318 + 0.0¢ - 4.63 + 0.12 —
Saline -€0 30 0.863.x 0.035 4173 3.74 = 0.437 19
Pargvline - 00 0 6.23¢ = 0.05°% -0 4,72 £ 0.27% 40
Pargyline -£0 30 0.472 + 0.07% =48  4.86 + 0.25% 43
Saline -9 0 0.323 £ 0.05 — 4,14 + 0.25 -
Saline -e9 67 0.810 ¢ 0.14°  +140  2.60 + 0.327 37
Pargyline -90 0 0.309 =« 0.04% -2 3.81 + 0.137 -3
Pargyline -90 66 0.402 = 0.05% 446  3.95 = 0.158 -5
Saline  -12C 0 0.320 = 0.09 - L.68 % 0.20 —
Saline  ~120 90 0.677 + 0.060 4112 3.01 + 0.30° 36
Pargyline ~120 0 0.343 = 0.03% +7 4.82 + 0.17% 43

£ 0,945 451 3.68 + 0.3200% oy

Pargyline ~-120 20 0.484

a, ..
Minutes.

vmoles/g brain + S.E. Meau of five mice.

“saline (10 ml/kg body weicht) or parevline (100 ng/kg) was

intraperitoneaily.

d .
OHP exposure at 60 psigz.

injected

e . . . :
Percent change compared to saline controls. Plus represents increase

and minus, dacrease.

Significantly different {rom saline contvols at the 0.05 level

t'' test).

(Student

gSignificantly different from saline + OHP at the 0.05 level (Student

"t" test).
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-0.80 for convulsion onset and seizure cemplex, respectively (Figure 8).
The correlation between decreased levels of glutamine and OlIP seizure
susceptibility (r = 0.21) was not significant in the case of latency to
convulsion onset. There was, liowever, a significant correlation (r =
0.65, p < 0.01) betwecen decreased glutamine levels and seizure suscepti-

bility in the case of sgeizure complex (Figure 9).

SUCCINIC ACTD

Prelirminary scudies shoved that the intraperitoneal injection of
12 mmoles/kg (1.39 g/kg) succinic acid 60 win prior to CHP exposure
dacreased the incidence of OHE coavulsions more than did other doses given
at other tire intcrvals (appendix Table 4). Both the latency to convel-
sion onset and the latency to seizure conplex were prolonged by prior

i

succinic acid treatment (Figure 10). The percentage of animals that had
convulsed at the end of the 90 min 0OHP exposuvre was approximately 607
and 40% for convulsion onsel and scizure complex, respectively, in
succinic acid-treated mice, whereas all saline-trcated mice had convulsad
prior to the end of tha GiiP test period {Figure 10). As in the case of
pargyline, the decreased incidence of OHP seizures after succinic acid
treatment was not dus to the plH of the drug solution (pH 7.2) since a
succinic acid solution adjusted to pH 6.5 was 2s effective as the more
basic solution in decreasing the incidence of OHP seizvres (appendix
Table 4).

Succinic acid significantly decreased pest-CHP mortality (Figure
11). After OUP exposure, 857 of the saline-trealed mice died within 4 h
as opposed to only 207 in the casc of succinic acid-treated mice {Figure

11).












Table 6. EFFECT OF SUCCINIC ACID ON HYPERBARIC OXYGEN-INDUCEDR ALTERATIONS IN LUNG
WEIGHT AND LUNG WATER CONTENT

Lung as 7%

. Body Weight d . 7 Water Content

Treatment Time (min) (Mean % S.LE.) % Change' (Mean * S.E.)d % Changee
Saline 150 0.52 + 0.014 ~—— 74 + 0.6 -
Saline + 150 a a
0P (60 psig) 00 0.81 + 0.047 +56 76 £+ 1.0 +6

- . b b
Succinic acid 150 0.49 + 0.008 -6 74 + 0.2 0
Succinic acid + 150 b b

4 /)

OHP 90 O.6l.t 0.047 +17 74 + 0.7 0

T, 1

aSignificantly different from saline contrcis at the (.05 level using the Student 't test,

bSignificantly different from saline + OHP at the 0.05 level using the Student 't~ test.

“Succinic acid (12 mmoles/kg) or saline (10 ml/kg body weight) was injected intraperitoneally.

dMean of five pairs of lungs.

e . R .
Percent change from saline controls. Plus indicates increase.

€S
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Succinic acid treatment significantly decreased the OHP-induced
increase in lung weight and lung water content (Table 6). There was
also significantly less pulmonary hemorrhage in succinic acid-treated
mice as evidenced by the fact that OHP exposure elevated lung hemoglobin
content by 987 as opposed to the 15% increase seen in the succinic acid-
treated mice (Table 7).

Brain GABA levels were significantly decreased (357) at the end of
the OHP test period (Figures 12 and 19). GARA levels were elevated by
about 20% 150 =in after succinic acid injection (Figure 12). The maxi-
mal elevarion ia CADA levels was seen at 90 min after succinic acid
treatment (Figure 12), and this time perlicd was used in the dose-
response curve (Figure 14). After 30 min of OHP exposure, GAB: levels
were still elevated by 207 in the cuccinic acid-treated mice but this
level decreasad to that of saline-treated, room air-exposed mice at the
end of 90 min of Ol exposure (Figure 12). Actual means, standard
errors, levels of signiiicance and pervcent changes in GABA levels are
shown in Table 5 of the appendix. There was a significant correlation
between brain GABA levels and the susceptibility of the individual mice
to OHP convulsicns in succinic acid-treated mice (Figure 13). The cor-
relation coefficients were 0.56 and 0.77 for latency to cenvulsion cnsct
and latency to seizure complex, respectively (Figure 13). There was
also a significant correlation between the dosec of succinic acid admin-
istered and the degree to which brain GABA was elevated (r = 0.86,

p < 0.0005) (Figure 14). Although the highest dose of succinic acid
(24 mmoles/ks) elevaied GARA levels by 607, one of the five mice died

before sacrifice and the remaining four mice appeared sick (Figure 14).
L4



Table 7. EFFECT OF SUCCINIC ACID ON HYPERDARIC OXYGEN-INDUCED
ALTERATIONS IN LUNG HIMOGLOBIN CONTENT
mg Hemoglobin/lung®

Treatment Time (min) (Mlean * S.E.) 7 Change
Saline 150 8.55 + 0.50 ——
Saline + 150 c

. £ 2.4 g8.
Succinic acid . a

. 2 0.4/ -4,
(12 mmoles/kg) 150 §.17 % 0.44 e
Succinic acid + 150 ’ .

+ /,

P 90 9.87 + 0.56 +15.4

a
Each value represents the mean of

b . . .
Saline or succinic acid (10 ml/kg
intraperitoneally. Dose is given

five pairs of lungs.

body weight) was injected
in parentheses.

CSignificantly different from saline controls at the 0.05 level

(Student "t" test).

dSignificantly different from saline + OHP at the 0.05 level

(Student "t" test).

e . .
Plus represcnts increase and minus, cecrease.
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Actual means, standard errors, levels of significance and percent changes
in GABA levels are shown in Table 6 of the appendix.

GABA-T activity was significantly increased (15%) 150 min after
succinic acid treatment; however, the CARA-T activity of succinic acid-
treated mice exposed to OlIP was not significantly different from that of
saline-treated, room air-exposed animals (Table 8).

GAD activity was also increased (457) 150 min after succinic acid
treatment (Table 9). There was no OHP-induced decrease in GAD activity
in succinic acid-treated mice (Tdble 9); in fact, GAD activity was sig-
nificantly increased (237%) in succinic acid-treated mice after 30 min
of OHP exposure. This increase in GAD activity was reduced to about 10%
after 90 min of OHP exposure (Table 9).

The OHP-induced increase in brain ammonia levels was significantly
less in succinic acid-treated mice than in caline-treated mice, and
succinic acid-treated mice did not exhibit significantly greater annonia
levels than did saline-treated, room air-exposed animals (Table 10).

The OHP-induced decrease in brain glutamine levels was also significantly
less in succinic acid-treated mice (Table 10). Glutamine levels were

not significantly decreased in succinic acid-treated, OllP-exposed mice
when compared to saline-treated, room air-exposed controls (Table 10).

As in the case of pargyline, there was a significant correlation between
elevation in brain ammonia levels and the susceptibility of the indivi-
dual mice to OHP seizures in succinic acid-treated nice (Figure 15).

The correlation coefficients were -0.76 and -0.81 for latency to con-
vulsion onset and latency to seizure complex, respectively (Figure 15).
The correlation between decreased glutamine levels and OIlIP seizure sus-

ceptibility (r = 0.27) was not significant in the case of convulsion



Table 8. ALTERATION OF MOUSE BRAIN GAMMA-AMINOBUTYRIC ACID TRANS-
AMINASE ACTIVITY BY SUCCINIC ACID AND HYPERBARIC OXYGEN

b T;eatment B A umoleé?g brain/h d
Drug-time OHP=time (Mean + S.E.) P % Changeg
Saline -150 0 224 + 3.6 _— ——
Saline -a0 30 227 + 3.0 >0.05 +1
Saline -120 60 © 225+ 2.5 >0.05 0
Saline ~150 90 223 £ 3.3 >0.05 0
Suceinic g 0 247 + 5.3 <0.01 +10
acid
Succinic g, 0 262 = 7.6 <0.005 +17
acid
Q ‘a‘:_l- ‘ ~ } _
SUCCInIC 959 0 258+ 7.6 <0.005 +15
acid
Suceinic 4, 30 2202 4.4 >0.05 0
acid
Succinic ), 60 224+ 3.0 >0.05 0
acid
Suceinic 4, 90 223+ 3.3 > 0.05 0
acid
aMinutes.

bSaline (10 ml/kg body weight) or succinic acid (12 mmoles/kg) was
injected intraperitoneally.

“oup exposurc at 60 psig.

dStudent "t" test.

eUmoles succinic semialdehyde.

fEach value represents mean of five mice.

Bplus represents increase.



Table 9. ALTERATION OF MOUSE BRAIN GLUTAMIC ACID DECARBOXYLASE
ACTIVITY BY SUCCINIC ACID AND HYPERBARIC OXYGEN

b T;eatment A umoles CO,/g brain/h d P
Drug—-time OHP-t ime (Mean = S.E.)® P % Change
Saline -150 0 15.5 + 0.56 - —_—
Saline -90 30 13.7 + 0.70 <0.05 -12
Saline -120 60 12.9 * 0.47 <0.0025 -17
Saline ~150 90 12.8 + 0.81 <0.0125 -18
Suceinic g 0 18.2 + 0.84 <0.01 +17
acid
Succinic g, 0 21.2 + 0.88 <0.0005 +37
acid
Succinic ;4 0 22.5 + 0.03 <0.0005 +45
acid
Succinic g 30 19.1 + 0.82 <0.0025 +23
acid .
Succinic 419 60 17.0 + 0.57 <0.05 +9
acid
Succinic 45 90 16.9 + 0.80 >0.05 +9
acid
aHinuLes.

bSaline (10 ml/kg body weight) or succinic acid (12 mmoles/kg) was
injected intraperitoneally.
c

d

OHP exposure at 60 psig.
Student "t" test.
®Each value represents mean of five mice.

Plus represents increase and minus, decrease.
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Table 10. EFFECT OF SUCCINIC ACID ON HYPERBARIC OXYGEN-INDUCED
ALTERATIONS IN MOUSE BRAIN AMMONIA AND GLUTAMINE

Treatment

c,.. a g L. a .. b 7 e . b A e
Drug-time OHI'™-time Ammonia Change Glutamine Change
Saline -90 0 0.32 + 0.09 — 4.63 £ 0.12  ---
Saline -90 30 0.87 + 0.03% 4173 3.74 + 0.43% 19
zgiglnlc -90 0 0.31 + 0.06% -3 4.55 % 0.15 -2
suectrit 90 30 0.44 = 0.07% 437 474 + 0.15% 42
Saline  -120 0 0.34 * 0.05 — 4.14 + 0.25  ——-

£

Saline  -120 60 0.81 + 0.14° 4140  2.60 + 0.327  -37
zgiglnlc -120 0 0.34 + 0.03% 0 3.88 + 0.15% -6
zzgglnlc -120 60 0.50 + 0.07° +48 3.88 + 0.228 -6
Saline  -150 0 0.32 * 0.09 — 4.68 + 0.20  ——-
Saline  -150 90 0.68 + 0.06° +112 3.01 + 0.17F  -36
izfglnlc -150 0 0.40 + 0.07% +25 4.60 £ 0.248 0
zﬁgglnlc -150 90 0.42 + 0.048 31 3.74 + 0.248  -20
aMinutes.

b . . .
umoles/g brain * S.E. Mean cf five mice.

c . .. A .
Saline (10 ml/%g body weight) or succinic acid (12 mmoles/kg) was
injected intraperitoneally.

dOHP exposure was at 60 psig.

e . .
Percent cheonge conpared to saline controls. Plus represents increase
and minus, decrease.

fSignificantly different from saline controls at the 0.05 level (Student
"t" test). '

gSignificantly different from saline + OHP at the 0.05 level (Student
"t" test).
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onset. There was a significant correlation betwcen glutamine levels and
seizure susceptibility (r = 0.66, p < 0.005) in the case of the seizure

conplex (Figure 16).

L-ASCORBIC ACID

Preliminary studies (appendix Table 7) showed that the intraperi-
toneal injection of 12 mmoles/kg (2.11 g/kg) of L-ascorbic acid 60 min
prior to COHP exposure decreased the incidence of OHP convulsions more
than did orher decses given at other time intervals (appendix Table 7).
I~ascorpic acid significantly decreased the incidence of OHP convulsions
and significantly incressed the latency to CiP scizures when compared
to saline~treatcd mice (Figure 17). 1In the case of convulsion onset
and seizure complex, approwimately 20% of the ascorbic acid-treated mice
had convulsed at the end of the OHP test period as opposed to 1007 of
the saline-treated animals (Figure 17). The decreased incidence of
OHP seizures after ascorbic acid treatment was not due to the pH of the
drug solution (pH 2.5) since an ascorbic acid solution adjusted to pi
6.5 was as ecffective as the more acidic solution in decreasing the in-
cidence of OHP convulsions (appendix Table 7).

Ascorbic acid-treated mice demonstrated significantly less post-
OHP mortality than did saline-treated mice for up to 12 h after OHP
exposure (Figure 18). At the end of 72 h, however, post-OHP mortality
was about 907 in both groups of mice (Figure 18).

Ascorbic acid treatment significantly decreascd the OHP-induced
increase in lung weight when compared to saline-treated mice (Table 11).
In spite of ascorbic acid treatment, however, lung wcights were signifi-

cantly higher than those of saline-treated or ascoibic acid-treated,






Figure 17.
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EFFECT OF L-ASCORBIC ACID ON HYPERBARIC OXYGENM CONVULSIOXNS.

C)— ascorbic acid {12 mmoles/kg), © - saline.

Open symbols

denote significant difference from corresponding saline
value at the 0.05 level using chi-square test in groups of

18--19 mice.






Table 11. EFFECT OF L-ASCORBIC ACID ON HYPERBARIC OXYGEN--INDUCED ALTERATIONS IN LUNG
WEIGHT AND LUNG WATER CONTENT

Lung as 7%

o Body Weight a o 7 VWater Content
Treatment Time (min) (Mean %= S.E.) 7 Change (Mean * S.E.)d % Changee
Saline 150 0.52 + 0.014 — 74 + 0.5 -—
Saline + 150 a a
OHP (60 psig) 00 0.81 £ 0.047 +56 78 + 1.0 +6
Ascorbic acid 150 0.53 + 0.022° +2 71 + 0.5° -4
g:;orblc acid + 128 0.67 + 0.044%°° 129 78 + 1.9° +6

aSignificantly different from saline controls at the 0.05 level using the Student "t" test.

bSignificantly different from saline 4 OHP at the 0.05 level using the Student "t' test.

“L-ascorbic acid (12 mmoles/kg) or saline (10 ml/kg body weight) was injected intraperitoneally.

dMean of five pairs of lungs.

e . . .
Percent change from saline controls. Plus represents increase and minus, decrease.

89
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room air-exposed mice (Table 11). Ascorbic acid treatment had no signi-
ficant effect on the OlP-induced increase in lung water content (Table
11). Ascorbic acid-treated mice exhibited less pulmonary hemorrhage
after OlP exposure when compared to saline-treated mice (Table 12).
There was still, however, a 347 increase in lung hemoglobin in the ascor-
bic acid-treated mice (Table 12) as opposed to only a 15% increase in
lung hemoglobin seen after pargyline (Table 2) or succinic acid treat-
ment (Table 7).

Ascorlic acid treatment had no effect on brain GAEBA levels in
roon air-exposed mice ner did it prevent the OHP-~induced decrease in
brain GABA levels (Figure 19). Actual mezans, standard errors, levels

of significance and

"y

crcent changes in brain GABA levels are shown in

h | 1

Table 8 of the appendix. TFurther, there was no significant correlation
between brain GA3A levels and individual susceptibility of the mice to
OHP seizures. The correlation coefficients for latency to convulsion
onset and latency to seizure complex were 0.23 and 0.27, respectively.

Ascorbic acid treatment had no effect on GABA-T activity in ONP-
or room air-exposed mice (Table 13). Also, ascorbic acid treatment had
no effect cn GAD activity in room air-exposed mice nor did it prevent
the OMP-induced decrease in GAD activity (Table 14).

The OHP-induced increase in brain ammonia levels was significantly
less in ascorbic acid-treated mice, and ascorbic acid-treated mice dem-
onstrated no significant increase (357) in brain ammonia levels when
compared to saline-treated, room air-cxposed animals (Table 15). The

\]
OHP-induced decreasc in brain glutamine was also significantly less in

ascorbic acid-treated mice (Table 15). There was no significant decrease

in brein glutanine in ascorbic acid-treated mice after 30 or 60 min of



Table 12. EFFECT OF L-ASCORBIC ACID O HYPERBARIC OXYGEN-
INDUCED ALTERATIONS IN LUNG HEMOGLODIN CONTENT

mg Hemoglobin/lunga

Treatmentb Time (min) (Mean * S.E.) A Changei
Saline 150 8.55 * 0.45 R
32;1?20+psig) 138 16.95 * 2.41° +98.5
‘z‘igciggei‘;ig) 150 8.93 + 0.259 +. b
gfnforbic peid + 1;8 11.49 + 0.45° +34. 4

a., . . .
Eacn valune represents mean of five pairs of lungs.

b . . . . -
Saline or ascorbic acid (10 ml/kg hodv weight) was injccted
intraperitoncally. Dose is given in parentheses.

CSignificantly different from saline controls at the 0.05 level
(Student "t" test).

dSignificantly different from saline controls at the 0.05 level
(Student "t" test).

e .
Plus represents increase.
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Table 13. ALTERATION OF MOUSE BRAIN GAMMA~AMINOBUTYRIC ACID

TRANSAMINASE ACTIVITY BY L-ASCORBIC ACID
AND HYPERBARIC OXYGEN
b T;eatment . R umoleé?g brain/h d
Drug~time OHP-time (Mean + S.E.)E P V3 Changeg
Saline -150 0 224 + 3.6 - -
Saline -90 30 227 + 3.0 >0.05 +1
Saline  -120 60 225 + 2.5 >0.05 0
Saline  -150 90 223 + 3.3 >0.05 0
N 'l";. .
Ascorble g, 0 296 + 4.3 >0.05 +1
acid
Ascorbic g 0 223 + 1.3 >0.05 -1
acid
Ascorbic g, 0 226 + 3.7 >0.05 +1
acid
Ascorbic g4 30 223 = 3.5 >0.05 -1
acid
Ascorbic 4, 60 223 + 2.8 >0.05 -1
acid
Ascorbic g4 90 220 + 3.4 >0.05 -1
acid
aMinutes.

bSaline (10 ml/kg body weight) or ascorbic acid (12 mmoles/kg)

was injected intraperitoneally.

onp exposure at 60 psig.

dStudent "t'" test.

eumoles succinic semialdehyde,

fEach value represents mean of five mice.

gPlus represents increase and minus, decrease.



Table 14, ALTERATION OF MOUSE BRAIN GLUTAMIC ACID DECARBOYYLASE
ACTIVITY BY L-ASCORBIC ACID AND HYPERBARIC OXYGEN

b Trzatment . A umoles CO,/g brain/h 4 ¢
Drug-time OHP-time (Mean *+ S.E.)® P % Change
Saline  -120 0 15.6 + 0.80 — —
Saline -90 30 13.7 + 0.70 >0.05 -12
Saline =120 60 12.9 + 0.47 <0.01 -18
Saline =150 90 12.8 + 0.81 <0.025 -18
Ascorblc g, 0 15.9 + 0.66 >0.05 +2
acid
A i~
fscorole g0 0 15.4 + 0.53 >0.05 -1
acid
R .

Ascorbic g4, 0 15.9 + 0.36 >0.05 +1
acid

Ascorbic 45 4 13.7 + 1.10 >0.05 -12
acid

ascorbic 4,4 60 12.1 + 0.91 <0.0125 -23
acid

Ascorbic ;59 g i2.8 + 0.87 <0.025 18
acla

aMinutes.

b
Saline (10 ml/kg body weight) or L-ascorbic acid (12 mmoles/kg) was
injected intraperitoneally.

“onp exposure at 60 psig.

d

Student "t' test.

e . .
Each value represents mean of five mice.

f . .
Plus represents increase and minusg, decrease.



Table 15. EFYECT OF L-ASCORBIC ACTID ON HYPERBARIC ONYGEXN-INDUCED
ALTERATIONS IMN MOUSE BRAIN AMMONTIA AND GLUTAMINE

Treatment o -
% %

Drugc—timea OHﬁLLimea Ammoniab Change Glutamineb Changee
Saline  -90 o 0.32 + 0.09 -—- 4.63 + 0.12  -—-
saline  -90 30 0.87 + 0.035 4173 3.74 + 0.43t 19

Ascorbic - g g

I -90 0 0.28 + 0.065 418 4.72 + 0.27 +2
scorh.

B g0 3 0.43 + 0.048 436 4.86 + 0.25% 45

Saline =120 0 0.34 * 0.05 --- 4,14 + 0.25  ——-

Saline -120 60 0.81 + 6.145 4140  2.60 + 0.32F  -37

Ascorbic " o g , o4

iy ~120 0 0.38 + 0.055 411  4.16 + 0.29 0

Ascorbic 1A an / g 1 7 ) g

by -120 &0 0.47 + 0.07 38 4.17 + 0.20 0

Saline -150 0 0.32 % 0.0690  —- 4.68 + 6,20  ——-

Saline  -150 20 0.65 + 0.060 +112  3.01 + 0.300  -36

fecarbic L1 0 0.33 + 0.028 44 4.81 * 0.27% 443
A i 2

giigrblc -150 S0 0.43 = 0.01% 434 3.82 + 0.18%  -18

aMinutes.

b . . . .
ymoles/g brain £ S.E. lean of five mice.

“Saline (10 m1l/kg body weight) or ascorbic acid (12 mmonles/kg) was
injected intraperitoneally.

OHP expeosure at &0 psig.

e . .
Percent change compared to saline contvrols. Plus represents increase
and minus, decreacse.

P C e .
Significantly differ=nt from saline controls at the 0.05 level
(Student "t" tesz).

gSignificantly different from saline + QHP at the 0.05 level {(Student
"o
t" test).
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OHP exposure when compared to saline-treated, room air-exposed animals,
but there was a significant decrease of 18% after 90 min of OHP exposure
(Table 15). There was a significant correlation betwzen brain ammcnia
levels and the susceptibility of the individual mice to OHP seizures in
ascorbic acid-treated animals (Figure 26). The correlation coefficients
were ~0.76 and -0.86 in the case of latency to convulsion onset and
latency to seizure complex, respectively (Figure 20). There was no sig-
nificari correlation botween glutamine levels and seizure susceptihility
(r = 0.35) in tha case of latency to convulsion onset. The correlation
between glutanine levels and seizure susceptibility (r = 0.75, p < 0.001)

a owever ignifica in > case ¢
was, h -, signif nt the cas

o
1

latency to seizure complex

(Figure 21).



Figure 20.
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HYPERBARIC OXYGEN SEIZURLS IN ASCORBIC ACID-TREATED MICE.

O - OHP (60 psig), O - ascerbic acid (12 mmoles/kg, IP).
The animals not convulsing within 90 min were assigned an
arbitrary convulsion latency of 20 min. P value represents
rejection of the hypothesis that the correlation coefficient
(r) equals zero.
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V. DISCUSSION

HYPERBARIC OXYGEY CONVULSIONS

That pargvline protected against OHP-induced convulsions (Figure
3) is in agreement with the findings of previous investigators (Blenkarn
et al., 1969; Faiman et al., 1971). Fuvther, the pretreatment time and
dose of pargvline that provided the greatest degrec of protection against
OHP séizures in mice was the same as that employed by Faiman et al.
(1971).

The pretreatment time and dose of succinic acid that provided max-—
imal protection against OHP-induced convulsions (Figure 10) was the same
as that employed by Woodhall et al. (1971). Blenkarn et al. (1969) re-
ported that succinic acid was a more effective protective agent against
OUP seizures than was pargyline; however, we did not find this to be
true. Although equimolar doses of pargyline (0.5 mmoles/kg) and succinic
acid (12 mmoles/kg) were not used in our study or in that of Blenkarn
et al. (1969), comparison of the doses qf agent that were most effective
in preventing OHP convulsions showed that pargyline (Figure 3) was more
effective in increasing the latency to convulsion conset than was succinic
acid (Figure 10). Beth agents in the doses used were, however, approx-
imately as effective in their ability to increase the latency to seizure
complex. This discrepancy may be due to the fact that we did not use
fasted animals as did other investigators (Woodhall et al., 1971) since

we were able to demonstrate significart protection against OHP
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convulsions after succinic acid treatment in non-fasted mice (Figure 10).
DeFeudis and Elliott (1967) have reported that the injection of large
volumes of hypertonic solutions of diverse substaunces will also increase
tolerance of animals to OHP convulsions and thus, obscure the basic
actions of the protective agents being tested. Although we concur that
our succinic acid solution is indeed hypertonic, we do not consider the
dosage volume injected (10 ml/kg) to be a large quantity for use in mice
since it is the volute usually employed in studies conducted in most
laboratories. Further, injection' of hypertonic solutions of NaCl pro-
duced the sane degree of brain dehydration as did hypertonic succinic
acid solutions, but the protective effect of Nall against OHP seizures
was inconsistent compared to the protective effect of succinic acid
(DeFeudis and Ellictt, 1967). Thus, we fecel that possible artifacts due
to fasting or injection of large volumes of hypertonic solutions are not
responsible for the protective effects against CHP convulsions in the
case of any of the three agents that we have tested.

Qur results also showed that L-ascorbic acid protected against OHP
convulsions (Figure 17). Jamieson and Van Den Brenk (1964), however,
reported a slight decrease in the latency to OHP convulsions after ascor-
bic acid treatment. This discrepancy may be due to two factors. First,
the dose of ascorbic acid (1.74 g/kg) used by Jamieson and Van Den Brenk
(1964) was lower than the dose of ascorbic acid used in our studies
(2.11 g/kg). Second, Jeuieson and Van Den Brenk (1264) used a 10 min
pretreatment tirme as opposed to the 60 min pretreatment time used in
our studies. TFurther, our preliminary results (appendix Table 7) showed
that a 30 min pretreatment time was not as effective in reducing the

incidence of OUP seizures compared to the 60 min pretreatment time.
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1n a recent paper, Serrill et al. (1971) reported that ascorbic acid
decreased the latency to OHP convulsions in mice. Again, the dosage
employed (0.5 g/kg) was lower than that used in our studies. Also, the
ascorbic acid was given in combination with an equal dose of acetylsali-
cylic acid (Serrill et al., 1971). We feel that these differences are
due to either the low desage of ascorbic acid employed or to the fact
that both drugs were given in combination since higher doses of ascor-
bic acid (Figure 17) or acetylsalicylic acid (Puglia ot al., 1970)

given individually protected against OUP convulsions.

Comparison of the protective effects of pargyline, succinic acid
and ascorbic acid were based on the doses of the agents that were most
effective in decreasing the incidence of OHP convulsions. That the doses
of ascorbic acid and succinic acid employved in the study were equimolar
is coincidental.

Ascorbic acid increased the latency to convulsion onset (Figure
17) more than did pargyline (Figure 3) or succinic acid (Figure 10),
but all three agents wcre approximately equal in their effectiveness
in increasing the latency to the OHP seizure complex.

Since two of the protective agents used in our studies were
acidic when in solution, we undertook to determine if protection against
OHP convulsions was related to a pl! change caused by injection of the
acidic solutions into the peritoneal cavitv. Our results showed that
solutions of pargyline (appendix Table 1), succinic acid (appendix
Table 4), or ascorhic acid (appendix Table 7) adjusted to pH 6.5 with
2N NaOH or ZN HCl did not decrease the effectiveness of these drugs as
protective agents against OHP convulsions. We, therefore, suggest thot

the protective effect of these agents against OHP convulsions is not due
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to any pH change produced by intraperitonecal injection of an acidic
substance or basic substance.

Since OHP exposure decreased body temperature and pargyline en-
hanced this decrease (Puglia et al., 1970), the protective effect of
pargyline against OHP convulsions may have been due to hypothermia.
Since our hyperbaric chamber was not equipped to monitor body tempera-
ture, we were not able to measure body temperature in our studies. It
is knom, hoirever, that phenacetin, like pargyvline, enhanced the de-
crease in rectal temperature produced by OHIP, but phenacetin, unlike
pargyline, did not protect against OHP convulsions (Puglia et al., 1970).
Further evidence against the protective eiiect of pargyline, succinic
acid or ascorbic acid as being due to their ability to enhance OHP-
induced hypothermia is provided by the finding that acetylsalicylic
acid, which protected agzainst OHP convulsions, partially prevented the

OHP-induced hypothermia (Puglia et al., 1970).

LETHALITY FOLLOVING HYPERBARIC OXYGEN EXPOSURE

That pargyline increased the number of animals surviving after OHP
exposure (Figure 4) is in agreement with the results of previous investi-
gators (Blenkarn et al., 1969). We have not seen any investigations con-
cerning the effect of succinic acid on post-OHP mortality, but our studies
have shown that succinic acid, like pargyline, increased the number of
animals surviving after OUP exposure (Figure 11). Jamieson and Van Den
Brenk (1964) reported that ascorbic acid treatment did not alter sur-
vival times of mice exposed to OHP; however, these animals were left in
the hyperbaric chamber until death, and hence, the results are not a

measure of post-0HP mortality. We have found that ascorbic acid
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decreased post—OHP mortality for about 12 h, but at the end of 72 h the
nunber of ascorbic acid-treated mice surviving OHP exposure was the same
as that of saline controls (Figure 18). The possible reasons for this
lack of protection against post-OHP mortality after ascorbic acid_treat—
ment will be discussed later in relation to the effect of ascorbic acid

on QHP-induced alterations in brain GABA and ammonia levels.

HYPERBARIC OXYGEN-INNUCED PUTMONARY DAMAGE

To our knowledge, no investigations have been undertaken to study
the effects of pargyline or succinic acid on OHP-induced pulmonary
damage.

Since adrenergic blocking agents decreased OlP-induced pulmonary
toxicity (Gerschman et al., 1955; Johnson and Bean, 1957) and since MAO
innibitors can veduce peripheral sympathetic aqtivity via production of
"false neurotransmitters" (Kopin et al., 1965), we had at first thought
that pargyline protection against OHP pulmonary toxicity (Tables 1 and
2) may have been due to a similar inhibitory effect on peripheral and/or
central sympathetic activity. The time required for the production of
"false neurotransmitters'" is, however, much longer (Kopin et al., 1965)
than that required for pargyline to exert its protective effect against
OHP-induced pulmonary damage (Tables 1 and 2). Further, it has already
been established that no apparent correlation existed between absolute
levels or turnover rates of brain NE, DA or 5-HT and susceptibility to
OHP convulsions (Blenkarn et al., 1969; Faiman ct al., 1971), and

possibly, this is also truec in the case of pulmonary damage. As men-

tioned in the literature review, it is not firmly established whether
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pulmonary damage is of central origin and a result of seizure activity
or i1s due to a direct toxic effect of OHP on the ilung.

Both pargyline (Tables 1 and 2) and succinic acid (Tables 6 and 7)
were equally effective in preventing the CiP-induced increase in lung
weight, lung water content and lung hemozlobin content.

The fact that ascorbic acid prevented the OHP-induced increase in
lung weight (Table 11) is in agreement with previous findings (Jamieson
and Van Den 3real:, 1964). Comparison of the effect of ascorbic acid on
OHP-induced pul.cnary damage (Tables 11 and 12) to the effects of suc-
cinic acid (Talles 6 and 7) or pargyvline (Tables 1 and 2) shows that
ascorbic acid was not as effective as the other two agents in preventing
the OHP-induced increase in lung weight, lung water content and lung
nemoglobin content. Possible reasons for this difference will be dis-
cussed later in regard to the effect of ascorbic acid on OUP-inducad
alterations in brain GABA and ammonia levels.

GAIRA-AMINOBUTYRIC ACID, GLUTAMIC ACID DECARRBONYLASE
AND GAMMA-ATYNORPUTYRIC ACID TRANSAMINASE

The OHP-induced decrease in brain GABA shown in Figures 5, 12 and
19 is in agreement with previous findings (Wood et al., 1963; Weood et
al., 1966).

To our knowledge, the elevation in brain GABA levels after pargy-
line treatment (Figure 5) has never been reported before. This effect
was due to inhibition of GABA degradation by GABA-T (Table 3). Pargy—
line had no effect on the GABA synthesizing enzvme, GAD (Table 4). These
data are in agreement with Popov and Mattheis (1969) who found that
other MAO inhibitors elevated brain GABA by inhibiting GABA-T, and these

MAO inhibitors in the doses used had no effect on GAD activity.
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Succinic acid, on the other hand, elevated GARA levels (Figure 12) by
increasing GABA synthesis (Table 9). Although the activity of both GAD
(Table 9) and GADA-T (Table 10) were increased by succinic acid treat-
ment, GAD was stimulated to a greater degree than was GABA-T. We estab-
lished a dose-response relationship between the dose of pargyline or
succinic acid administered and the degree of elevation in brain GABA
(Figures 5 and 12) although by different mechanisms. The ability of
parzyline or succinic acid to prevent the OHP~induced decrease in brain
GA3%A  (Figures 5 and 12) is responsible, at least in part, for the pro-
tective effccts ¢of these agents against OHP toxicity. There was also

a signiiicant correlaticn betwecn OHP? seizure susceptibility and brain
GABA levels in pargyline- (Figure 6) or succinic acid-treated mice (Fig-
ure 13). Further support for decreased levels of CABA being invelved

in OHP towicity is provided by the findings that GARA admiristration
decreased OHP convulsions (Vood et al., 1963) and pulmonary damage (Wood
et al., 1965).

Results obtained using succinic acid may be explained in relation
to ATP availability. Since ATP is decreased duringz OHP exposure
(Woodhall et al., 1971) and both GAD and GABA-T are Pyr P requiring en-
zymes (Baxter, 1970), OHP may inhibit pyridoxal kinase thus decreasing
the availability of the Pyr P cofactor. That OHP inhibits GAD prefer-
entially may be explained by the fact that the cofactor is only loosely
becund to GAD whereas Pyr P has a greater affinity to GABA-T (Baxter,
1970) and, therefore, decreased Pyr P availability might be expected to
have a greater effent on the activity of GAD than on that of GABA-T.
Succinic acid, by neans of increasing ATP levels, could incvease Pyr P

availability and consequently, elevate GAD and GABA-T activity.



Succinic acid could also maintain normal ATP levels during OHP exposure
and thus, prevent the OHP-induced decrease in CAD activity.

Pargyline, like other MAO inhibitors (Tania and Pasantes, 1971),
may inhibit GABA-T by preventing combination of the Pyr P cofactor with
the enzyme thus decreasing GABA-T activity. That pargyline preferenti-
ally inhibited GABA-T and was without effect on GAD may be explained in
light of the fact that GAD and GABA~T have a different subcellular
localization (Baxter, 1970). TFor this rcason, pargyvlinc may not be
allowed access te the subcellular compartment containing GAD and cannot,
therefore, inhitit GAD.

Although our experimnents were all in vivo studies and may not ac-
curately reflect cellular events, they do enable us to gain some insight
as to possible biochemical eveuts and enable us to make the preceding
speculations. Substantiation of.these speculations would require exten-
sive research on the in vitro aspects of OHP toxicity and the effects of
pargyline, succinic acid and ascorbic acid thereon.

The ability of pargyline to <levate brain G/BA may at first seem
paradoxical since pargyline is used as an antidepressant, whereas GABA
has neuronal inhibitory properties. It may be that GABA is not involved
in mood, and pargyline's effect on GABA is, therefore, not related to
pargyline's ability te cowmbat denression. Also, our studv involved the
administration of only one dose of pargvline and is, therefore, short-
term in nature, whereas chronic administration of pargyline is required
for this drug to exhibit it:. antidepressant effecct.

Other factors are involved in the precduction of CUP toxicity as
indicated by the fact that ascorbic acid protected against OIP toxicity

{(Figures 17 and 18&; Tables 11 and 12) but did not increase GARA levels
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or prevent the OHP-induced decrease in brain GABA levels (Figure 19).
Further, there was no correlation between GABA levels and OHP scizure

susceptibility in ascorbic acid-treated mice.

AMMONTIA AND GLUTAMINE

The elevation in brain ammonia levels during OHP exposure
(Gershenovich and Krichenslroya, 1954; Szam, 1969) is thoucht to be due
to inhibition of glutamine synthetase (Gershenovich et al., 1963). Glu-
tanine synthetase catalyzes the combination of glutamic acid and ammonia

to form glutenmine (Figure 1) and this reaction is, therefore, a means

~

of amnonia detoxication in CNS. This is believed to be the main path-
way for amnonia detowication in brain (see Weil-}Malherbe, 1962) especial-
lv since the CNS5 does not have all the eunzymes cf the urea cycle as does
the liver (FKatanwma et al., 1965).

The fact that the increase in brain ammonia levels during OHP
exposure (Tables 5, 10 and 15) was greatest at the time of maxital
seizure activity (Figures 3, 10 and 17) and that adsinistvation of am-
moniuw salts produced convulsions (Salvatore and Bocchini, 1961; Ugarte
et al, 1968) and pulmonary damage (K8nig and K¥nig, 1949) indicates that
elevated brain ammonia levels may be involved in the etiology of OHP
toxicity. Support for this hypothesis also lies in the ability of par-
gyline (Table 5), succinic acid (Table 10) cr ascorbic acid (Table 15)
to lessen the OllP-induced elevation in brain ammcnia and to protect
against OHP toxwicity. TFurther, there was a significant correlation be-
tween OHP seizure susceptibility and brain emmeria levels in pargyline-,
succinic acid- or ascorbic acid-treated mice (Figures 8, 15 and 20).

The decreasc in brain glutamine levels during OIIP exposure (Table 5, 10
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and 15) also correlated well with OHY seizure susceptibility in pargy-
line-, succinic acid- or ascorbic acid-treated mice (Figures 9, 16 and
21). This decrease is thought to be due to inhibition of glutamine syn-
thetase (Gershenovich et al., 1963); hence, the ability of the brain to
detoxify ammonia was impaired.

The source of this ammonia could be, in part, due to increased MAO
activity in the presence of elevated oxygen tension (Novick, 1966).

This would increase various deaminaticn reactions resulting in the ob-
sarved elevatica in brain ammonia levels and decrease in brain DA, NE
and 5-HT during OHP exposure (Faiman et al., 1971). Pargvline offset
this OHP-induced amnmonis elevation {Table 5) possibly by preventing the
OHP-induced increase in UAD activity.

Succinic acid prevented the OHP-induced decrease in brain ATP
levels (Woodhall et al., 1971) and may, therefore, prevent OHP-induced
inhibition of glutamine synthetase if the enzyme inhibition is due to
decreascd ATP availability.

Ascorbic acid, like succinic acid, can supply reducing equivalents
to the mitochondrial respiratory chain (Mapson, 1957) and could, there-
fore, alsc prevent the OliP-induced decrease in brain ATP levels. Both
succinic acid ard ascorbic acid ray in this manner allow the brain's
ammonia detoxicetion pathway to function mornally during OHP exposure
and consequently. vrevent the OHpP-induced buildup in brain ammonia and
decrease in brain glutamine levels.

RELATTIONSHIP BETWEEN EBRATN AMMONTA
AND GAMIU-AUTNODUTYRIC ACID

As c¢an be secn in Figure 1, both ammonia and GABA are intimately

related in that tiney have the common precursor glutamic acid. Although
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pargyline, succinic acid or ascorbic acid all protected against OHP con-
vulsions, ascorbic acid was not as effective against the total OHP tox-
icity syndrome. This, and the fact that all three agents lessened the
OHP-induced elevation in brain ammonia, but ascorbic acid, unlikeApargy—
line and succinic acid, did not prevent the OllP-induced decrease in
brain GABA, may point to a relationship betwecen ammonia and GABA in the
etiology of OHP toxicity. We feel that decreased brain GABA levels and
increased ammonia levels are primarily responsible for the QHP toxicity
syndrone.

There is another common link between these protective agents in
that they all have an effect on the mitochondria whose function is im-—
paired early in the course of OHP toxicity (Haugaard, 1968). Mitochon-
drial dysfunction could, therefore, account for the reported decrease

in brain ATP levels (Weodhall et al., 1971) and consecquent inhibition

of glutamine synthetase (Gershencovich gg_gl,,‘1963).and pyridoxal kinase
(Baxter, 1970). This inhibition could, therefore, account for the
altered brain GABA and ammonia metabolism observed in our studies and

by others (Wood et al., 1966; Wood et al., 1969; Gershenovich and
Krichenskoya, 1954; Gershenovich et al., 1963).

If increased !fAO activity contributes to mitochondrial dysfunction,
then pargyline could prevent this effect. Also, MAO is asscociated with
the outer leaf of the mitochondrial wmembrane (Sottocasa, 1967; Schnaitman
et al., 1967) and pargyline could maintain mitochondrial integrity by
binding to this membrane-associated enzyme possibly stabilizing the
mitochondrial mewbrane. In either case, stabilization of wmitochondrial
function could be the result, and consequently, normal ATP levels could

be maintained.
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Normal ATP levels are maintained after succinic acid treatment in
OHP-exposed animals (Sanders et al., 196€), and this may also be true
in the case of ascorbic acid since both agents can supply reducing equiv-
alents to the mitochondrial respiratory chain for ATP production. The
decreased protective effect of ascorbic acid compared to succinic acid
could be due to the fact that ascorbic acid enters the respiratory chain
at a later step than does succinic acid (Mapscon, 1967) and consequeintly,
would not provide for as much ATP production as would succinic acid.

Therefore, although decreased brain GABA and increased ammonia
levels may be recponsible for the actual OHP toxic syndrone, the common
underlyin; cause of thesc biochemical changes in GABA, ammenia and glu-
tamine and GAB:A enzymes could be due to decreased ATP production or
availability, and pargyline, succinic acid or ascorbic acid could exert
their protective effect by maintaining normal ATP levels during OHP

exposure.
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VI. SUMARY AND CONCLUSIOI'S

Hyperbaric oxygen produced convulsions and post-OHF mortality and
increased weight, water content and hemoglobin content of the lungs.
Pargyline, succinic acid or ascorbic acid protected against all of
the above aspects of OHP toxicity to varying degrees. The doses of
pargyline and succinic acid that were maximally effective in pro-
tecting against OHP convulsions were approximately equal in their
ability to reduce the severity of the rest of the OHP toxicity syn-
drome. The dose of asccrbic acid providing maximal protection
against OHP convulsions was as effective as was pargyline or suc-
cinic acid in decreasing OHlP convulsions but was less effective in
reducing the severity of the other aspects of oxygen poisoning.

OHP exposure decrcased brain GABA levels and brain CGAD activity but
had no effect on GABA-T activity. Both pargyline and succinic acid
increased brain GABA levels and prevented the OHP-induced decrcase
in brain GARA. The ability of these agents to elevate brain GABA
correlated well with the dose of the agent administered. There was
also a correlation between GABA levels and OHP seizure susceptibility
in pargyline- or succinic acid-treated mice.

Pargyline elevated brain GABA and prevented the OHP-induced decrease
in GABA via inhibitioq of GABA-T activity in mice exposed to room
air or OHP. Pargyline had no effect on GAD activity nor did it pre-

vent the OHP~induced decrease in GAD activity.
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Succinic acid increascd GABA-T and GAD activity in room air-exposed
mice.

Succinic acid increased brain GAEZA levels by increasing the activity
of GAD. The increase in GABA-T activity after succinic acid was
less than that of GAD, and GABA-T activity returned to control levels
during OHP exposure while GAD activity remained slightly elevated.
Ascorbic acid had no effect on brain GABA levels nor did it prevent
the OHP-induced decrease in brain GABA. Ascorbic acid had no eliesct
onn the GABA enzymes nor did it prevent the OHP-induced decreasz in
brain GAD activity. There was no correlation betwcen GARA levels
and OHP scizure susceptibility in ascorbic aclid-treated mice.
Hyperbaric oxygen exposure increased brain ammonia and decreased
brain glutamine levels.

Pargyline, succinic acid or ascorbic acid had no effect on brain
ammonia or glutamine levels in room air-exposed mice.

Pargyline, succinic acid and ascerbic acid markedly reduced the
OHP-induced increase in brain arwonia levels and also reduced the
degree to which brain glutamine levels were decreased by OHP expo-
sure.

There was a correlation betwecon brain ammonia levels and CHP seizure
susceptibility in pargyline-, succinic acid- or ascorbic acid-
treated nice. This was also true for glvtawine levels and OHP sci-
zure susceptibility.

The effectiveness of pargylive, succinic acid and ascorbic acid as
protective agents against OHP toxicity is related to their ability

jai
a

to alter the deleterious effects of OUF enpesure con brain ammoni

and GAPA metabolism.
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Table 1. EFFLCT OF PRETREATMINT TIME AND DOSE OF PARGYLINE ON
HYPERBARTIC OXYGEN CONVULSIONS
Minutes of QHP Exposure
a 10 20 30 40 50 60 70 80 S0
Dose Pretreatment
(mg/kg) time (min) N % Convulsed
CONVULSION ONSET
0 30 30 0 23 37 60 70 93 100 100 100
50 30 7 0 13 13 43 57 86 85 86 100
100 30 26 0 0 0 19 19 23 35 35 39
200 30 13 0 C 15 15 23 23 46 60 60
160 60 7 0 C 15 13 29 43 43 57 71
100 120 10 0 0 10 20 20 40 60 70 70
100 240 7 0 0 13 29 29 57 71 71 86
100° 30 7 0 0 0 13 13 29 29 29 43
SEIZURE COMPLEX
0 30 30 0 0 7 23 51 81 100 100 100
50 30 7 0 0 0 13 29 29 57 71 91
100 30 26 0 0 0 4 4 8 12 12 12
200 30 13 0 0 0 8 15 23 38 54 54
100 60 7 0 0 0 0 13 29 43 57 57
100 120 10 0 0 0 10 1C 20 20 20 40
100 240 7 0 0 0 13 13 29 29 57 57
lOOb 30 7 0 0 0 13 13 13 13 29 290
P

aPargyline or saline (10 ml/kg body weight) was injccted intraperi-

toneally.

bPargyline solution was adjusted to pH 6.5 with 2N NaOi.
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Table 2. ALTERATION OF MOUSE BRAIN CAMMA-AMIMNOBUTYRIC ACID BY
PARGYLINE AND HYPERBARIC OXYGEN
a Tgeatment . b umoles GABA/g brain 4

Drug-time OHP=time (Mean * S.E.)*® P 7 Change
Saline -120 0 2.1 + 0.065 - -—=
Saline =60 30 1.85 + 0.1C8 <0.05 -16
Saline -90 60 1.43 = 0.124 <0.005 -32
Saline -120 90 1.43 £ 0.142 <0.005 -35
Pargyline =30 0 2.47 2 0.057 <0.01 +13
Pargyline =60 0 2.83 £ 0.142 <0.005 +30
Pargyline -120 0 3.12 + 0.081 <0.001 +42
Pargyline =60 30 2.32 £ 0.064 >0.05 +€
Pargyline -90 60 2.46 * 0.077 >0.05 +13
Pargyline -120 20 2.35 + 0.091 >0.05 +7

8saline (10 ml/kg body weight) or

intraperitoneally.

b...
Minutes.

“oup exposure was at 60 psig.

pargyline (100 mg/kg) was injected

dSignificantly different from saline controls at the 0.05 level
(Student "t" test).

e . .
Each value represents mean of six mice.

£ . .
Plus represents increasc and minus, decrease.



Table 3. EFFECT COF VARIOUS DOSES OF PARGYLINE
BRAIN GAMMA-AMINOBUTYRIC ACID

ON MOUSE

. umoles GABA/g bra%n, . 4
Treatment Mean * S.E. (N) P 7% Change
Saline 2.08 £ 0.079 (5) - —
Pargylire

el 2.24 £ 0.08 >0.05 +8
(25 mg/kg) 903 0.05
Pargyline 2.48 + 0.094 (5) 0.0 119
(50 mg/kg) : - :
Pargyline N B

(100 mg/kg) 2.76 = 0.089 (6) <0.001 +33
Pargyline N

2.91 £ 0.107 (5) <0.001 +40

(200 mg/kg)

#3aline or pargyline (10 ml/kg body weight) was injected

intraperitoneally 120 min prior to sacrifice.

given in parentheses.

b . .
Values were obtained from duplicate samples.

Dose 1is

CSignificantly different from saline controls at the (.05
level (Student "t" test).

d .
Plus represents increase.
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Table 4. EFFECT OF PRETREATMENT TIME AND DOSE OF SUCCINIC ACID ON
HYPERBARIC OXYGEN CONVULSIONS

Minutes of OHP Exposure

Dose? Pretreatment 10 20 30 40 50 60 70 80 90
(mmoles/kg) time (min) N % Convulsed
CONVULSION ONSET
0 60 20 0 30 40 70 80 90 100 100 100
6 60 7 0 0 13 13 43 43 57 71 71
12 60 18 0 6 11 39 44 50 57 57 57
15 60 7 0 13 13 29 43 43 57 57 57
12 30 7 0 13 13 13 29 57 71 71 71
12 120 7 0 0 13 29 29 29 43 57 57
12 240 7 0 13 29 29 57 57 71 86 g6
12b 60 7 0 0 0 13 29 43 43 43 57
SEIZUPE COMPLEX

0 60 20 0 0 0 30 80 90 90 100 100
6 60 7 0 0 0 13 29 29 43 43 57
12 60 18 0 0 0 6 11 11 22 33 33
15 60 7 0 0 0 0 0 13 43 43 43
12 30 7 0 0 0 13 13 57 71 71 71
12 120 7 0 0 0 13 13 13 29 29 43
12 240 7 0 0 0 29 29 43 57 57 71
le 60 7 0 0 ¢ 13 13 13 29 29

I )
| w0

Succinic acid or saline (10 ml/kg bodv weight) was injected intraperi-
toneally.

bSuccinic acid solution was adjusted to pR 6.5 with 2N HCL.



Table 5. ALTERATION OF MOUSE BRAIMN GAMMA-AMINOBUTYRIC ACID BY
SUCCINIC ACID AND HYPERBARIC ONYGEN

Triatment . umoles GABA/g brain 4 ¢
Drugatime OHP=time (Mean * S.E,)€ P % Change
Saline =150 0 1.97 + 0.037 - —
Saline  -90 30 1.72 + 0.072 <0.005 -13
Saline -120 60 1.48 *+ 0.067 <0.001 25
Saline -130 90 1.33 + 0.080 <0.001 -33
Succinic g4 0 2.40 + 0.097 <0.005 +22
acid
Succinic g4 0 2.58 + 0.128 <0.005 +31
acid
Suceinic 54 0 2.36 + 0.061 <0.001 +20
acid
Suceinic _qq 30 2.42 + 0.158 <0.02 +23
acid
Succinic 1,4 ¢q 2.23 + 0.068 <0.01 +13
acid
Succinic ;54 g 1.91 + 0.049 >0.05 -3
acid

®saline (10 ml/kg body weight) or succinic acid (12

injected intraperitoneally.

bMinutes.

“onp exposure was at 60 psig.

mmoles/kg) was

dSignificantly different from saline controls at the 0.05 level

(Student "t'" test).

e . .
Each value represents mean of six mice.

f . .
Plus represents increase and minus, decrease.
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Table 6. EFFECT OF VARIOUS DOSES OF SUCCINIC ACID O MOUSE
BRAIN GAMMA-AMINOBUTYRIC ACID

pmoles GABA/g brain,

Treatment? mean * S.E. (N) 2 % Changed
Saline 2.03 + 0.063 (5) - ——
?‘;ﬁ“i:lfsh*f 2.12 + 0.103 (5) >0.05 +4
i‘”f*l;Sf:;‘ 2.37 £ 0.098 (5) <0.01 +17
??;C;fj;is;;g) 2.63 % 0.135 (5) <0.005 +30
Sueeinic acid 3.25 % 0.098 (4)° <0.0005 +60

(2& mmoles/kg)

a. .. .. . ; . . s
Saline or succinic acid (20 ml/®: body weight) was injected
intraperitonecally 90 min prior to sacrifice. Dose 1is given
in parentheses.

One out of five mice was dead prior to sacrifice and the ,re-
maining four appearcd sick.

CSignificantly different from saline controls at the 0.05
level (Student "t" test).

d .
Plus represents increase.
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Table 7. EFFECT OF PRETREATMENT TIME AND DOSE OF L-ASCORBIC ACID ON
HYPERBARIC OXYGEN CONVULSIONS

Minutes of OHP Exposure

oce?  Pretrestment 10 20 30 40 50 60 70 80 90
(mmoles/kg) time (min) N % Convulsed
CONVULSION ONSET

0 60 19 0 42 47 53 74 100 100 100 100

6 60 7 0 13 43 71 71 71 71 71 71

12 60 18 0 o0 0 17 17 28 28 28 28

15 60 7 0 0 0 13 29 29 29 43 43

12 30 70 43 43 43 57 57 57 57 57

12 120 7 0 0 0 13 13 29 29 29 43

12 240 7 0 0 13 13 29 29 43 43 43
12° 60 7 0o "0 0 13 13 13 13 29 29

SEIZURE COMPLEX

0 60 19 0 0 5 26 74 95 100 100 100

6 60 7 0 0 13 29 29 71 71 71 71

12 60 18 0 0 o0 0 6 6 17 17 17

15 60 7 0 0 0 0 13 13 13 29 29

12 30 7 0 0 13 13 29 29 29 43 43

12 120 7 0 0 0 13 13 13 29 29 29

12 240 7 0 0 13 13 13 29 29 43 43

12° 60 7 0o o0 o0 0 13 13 13 13 29

#pscorbic acid or saline (10 ml/kg body weight) was injected intraperi-
toneally.

bAscorbic acid solution was adjusted to piH 6.5 with 2N NaOH.
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