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Table 6.1

Animal Experimental Studies of the Effect of HBO on Brain Lipoperoxide Levels

Authors and year Pressure Effects

Zirkle et al (1965) 4 ATA Clinical level of CNS$ toxicity correlated with elevated lipoperoxide content; convulsions

were considered to be due to raised AChE (acetylcholinesterase) activity

Galvin (1962) 2 ATA Cerebral peroxide level not elevated; no difference in the peroxide level between convuls-
ing and nonconvulsing animals

Jerrett et al (1973) 5ATA H,0; levels were elevated except in those animals given supplemental o-tocopherol
Yusa et al (1987) 3 ATA Rise of H0; level in brain by 300% when symptoms of CNS toxicity became apparent
Torbati et al (1992) 5ATA Direct demonstration of reactive oxygen species before onset of CNS convulsions
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Metabolism of oxygen Figure 6.1

via free radicals Summary of the hypothesis of oxygen
toxicity. SH = sulfhydryl. (Reproduced
from Chance and Boveris 1978, by per-
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Effects of Oxygen Toxicity Figure 6.2
High inspired oxygen pressure The effects of oxygen poisoning. (Re-
produced from Clark 1974, by permis-

Toxic effects upon enzymes and  $ion.)
cells of central nervous system
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PULMONARY OXYGEN TOLERANCE CURVES IN NORMAL MEN
(BASED ON 4% DECREASE IN VITAL CAPACITY)
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Figure 6.3

Individual variation in susceptibility to oxygen poisoning. Curves designated as pulmonary limits are inspired pO2 exposure duration
relationships for occurrence of one or more neurologic signs and symptoms listed in Table 6.5. (From Clark JM, Fischer AB: Oxygen toxicity
and extension of tolerance in oxygen therapy. In Davis JC, Hunt TK (Eds.): Hyperbaric oxygen therapy, Bethesda, MD, Undersea and
Hyperbaric Medical Society 1977. By permission.)
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Table 6.2
< for C

o
¥
Used Oxygen Therapy Tables (Bardin & [ambensen 1970)

Therapy table UPTD?

- Chronic osteomyelitis/radionecrosis
120 min oxygen at 33 fsw 300
90 min oxygen at 45 fsw 270

« Anaerobic infection 401
45 min oxygen/15 min air/45 min oxygen
at 60 fsw
45 min oxygen at 60—0 fsw with 8 min
at 20 fsw and 27 min at 10 fsw

« CO intoxication 445
45 min oxygen at 60 fsw
30 min oxygen at 60—30 fsw
15 min air/60 min oxygen at 30 fsw
30 min oxygen at 30-0 fsw

- USN 6 645
* USN 6 extended
20 min oxygen/5 min air at 60 fsw 718
15 min air/60 min oxygen at 30 fsw 787
20 min axygen/5 min air at 60 fsw and
15 min air/60 min oxygen at 30 fsw 860
= USN 6A 690
= USN 6A extended
20 min oxygen/5 min air at 60 fsw 763
15 min air/60 min oxygen at 60 fsw 833
20 min oxygen/5 min air at 60 fsw and
15 min air/60 min oxygen at 30 fsw 906
- [IFEM 7A (air and oxygen) 1813

« IFEM 7A alternating 50/50 Nitrox with air
30 min on/30 min off from 100-70.fsw 2061

UPTD value indicates duration {min) of oxygen breathing at 1.0
- ATA that would cause equivalent degree of pulmonary intoxica-
tion (measured as decrease in vital capacity)
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Table 6.3
Enhancers of Oxygen Toxicity
« Gases Disulfiram
Carbon dioxide Guanethidine
Nitrous oxide + Trace metals
+ Hormones Iron
Insulin Copper
Thyroid hormones * Morbid conditions
Adrenocortical hormaones Fever
+ Neurotransmitters Vitamin E deficiency con-
Epinephrine and norepine- vulsions
phrine Congenital spherocytosis
+ Drugs and chemicals « Physiological states of in-
Acetazolamide creased metabolism
Dextroamphetamine Physical exercise
NH4Cl Hyperthermia
Paraquat Diving
Aspirin
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Table 6.4

y ited by Hyperoxia at 1-5 ATA

1.

[~

W

IS

b4

«

-

®

©

Embden-Meyerhof pathway
Phosphoglucokinase

Phosphoglucomutase
Glyceraldehyde-phosphate-dehydrogenase*

. Conversion of pyruvate 1o acetyl-CoA

Pyruvate oxidase

. Tricarboxylic acid cycle

Succinate dehydrogenase*
o-ketoglutarate dehydrogenase®
Malate dehydrogenase*

. Electron transport

Succinate dehydrogenase®

Malate dehydrogenase™
Glyceraldehyde-phosphate dehydrogenase™
DPNH dehydrogenase*

Lactate dehydrogenase*

Xanthine oxidase

D-Amino acid oxidase
Neurctransmitter synthetic enzymes
Glutamic acid decarboxylase
Choline acetylase

Dopa decarboxylase

5-HTP decarboxylase
Phenylalanine hydroxylase

Tyrosine hydroxylase

Proteolysis and hydralysis

Cathepsin

Papain

Unspecified proteases and peptidases
Unspecified in autolysis

Arginase

Urease

Ribonuclease

. Membrane transport

NA*, K*-ATPase*

. Molecular oxygen reduction pathway

Catalase

Others

Acetate kinase
Cerebrosedase

Choline oxidase

Fatty acid dehydrogenase
Formic acid dehydrogenase
Glutamic dehydrogenase
Glutamic synthetase
Glyoxylase

Hydrogenase

Isocitrate lyase

Malate syntase

Myo kinase (adenylate kinase)
Phosphate transacetylase
Transaminase

Zymohexase (aldolase)

*Asterisks indicate enzymes containing essential sulfhydryl (SH)
groups, emphasized as being inactivated by oxidation of these
groups.
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Figure 6.4

Basic mechanisms of CNS oxygen
toxicity. ROS = reactive oxygen
species, NO = nitric oxide (by D.
Torbati, PhD).
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Table 6.5

Signs and Symptoms of CNS Toxicity

Facial pallor Acoustic symptoms
Sweating Music

Bradycardia Bell ringing

Choking sensation Knocking

Palpitations Unpleasant olfactory sensations
Epigastric tensions Unpleasant gustatory sensations
Sleepiness Respiratory changes
Depression Panting

Euphoria Grunting

Apprehension Hiccoughs

Changes of behavior Inspiratory predominance
Fidgeting Diaphragmatic spasms
Disinterest Severe nausea

Clumsiness Spasmodic vomiting

Visual symptoms Vertigo

Loss of acuity Fibrillation of lips

Dazzle Lip twitching

Lateral movement Twitching of cheek and nose
Decrease of intensity Syncope

Constriction of visual field Convulsions
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Table 6.6
Factors Protecting Against Generalized Oxygen Toxicity

Antioxidants, free radical scavengers, and trace minerals
allopurinol
ascorbic acid
glycine
magnesium
selenium
superoxide dismutase, SOD
tyloxapol
vitamin E
Chemicals and enzymes modifying cerebral metabolism
arginine
coenzyme Q10 and carnitine
gamma-aminobutyric acid, GABA
glutathionehemocarnisine
interleukin-6
leukotriene B4 antagonist SC-41930
paraglycine and succinic acid
sodium succinate and glutamate
Drugs
adrenergic-blocking and ganglion-blocking drugs
barbiturates
BCNU
chlorazepate
diazepam
ergot derivatives: lisuride and quinpirole
isonicotinic acid hydrazide
levodopa
lithium
milecide
MK-801 (a competitive NMDA receptor antagonist}
neuroleptics: chlorpromazine, thorazine
propranolol
Intermittent exposure to HBO
acclimatization to hypoxia
interposition of air-breathing periods
Endocrine factors
adrenalectomy
hypophysectomy
thyroidectomy
Gene therapy
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