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Bymposium on HYPERBARIC MEDICINE

Eflects of Hyperbaric Oxygen on
Anaerobic Organisms
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®n the basis of their gaseous jequirements,
hactaria are divided into serobes, obligate anasrobes
and facultative anacrabes, The distinction lies
chlgtly in the response of the orgamsm o molecular
pyyien and carbondioxide Dependence upon oxygen
ig due to the presence of cylochrome oxidase sys-
tems which provide a great part of the cell’s ATP by
ultimate reduction of molecular oxygen 1o water,
Anperobes are dictinguished by their need for the
eclusion of molecular oxygen from  tha growth
medium. Probably, oxygen is loxic to these organi-
sme because 1t is reduced by their flavoproteinsg 1o
hydrogen peroxide which is toxic,

Itis generally assumed that growth of anacrobe
ig. facilitated by the lowering of the O - R potential
In foci of necrosis produced by bactanal toxins,
gimple chemicals or by interruption of blood  supply
due to pressuie and  frauma,  Concomitant second

~grily infeeting organisms, whether aerohes, or anaero-
bes induce similar changes in the O-R potential dus to
local proliferation or by destroving host lissue, What-
ever be the reason the simple logic of providing
oavgen in ils hyperbaric state In cases of anasrohic
infections has aiven fruitful results.  Effictency of
traatment with hyperbaric oxygen has been demons-
trated against clostridial infection specislly thoss of
ges gangrene and tetanus,

While noticing the inhibitory effect of HEQ an
anagrobic arganisms, the question arose as to what
would be the effect of hyperbaric oxygen on serabic
organisms. As marly as 1B78. Bert® had described
ha toxic effects of HBO on most of the living thinas

JUNE 7DR2

inclyding bactena and yeasts.  First clinical dpplica-
tion was made in 1887 when a Spanish physician
successfully wsed oxygen at pressure of 2 almos-
gherss in weating @ youngman with pnaumaonia,
Later, Bean' also cited soveral reports of its antimi-
crobial powers. Mc Allister and  his colleagques!?
subjected strains  of Pseudomonas pyocyanen,
Staphylococcus aureus, Streptocacei, Escherichia and
Proteus arganisms to oxygen at 1 atm and 2 atm and
observed that the results varied with  different
microorganisms  though Ps. pyocyanea,  Staph.
aureus and Escherichia coli were most affecied.
These appeared to be permanently altered by their
exposure to HEQ and tailed to attain the appearance
of the controls, HBO is bacteriostatic rather than
cidal Mo significant ehanage in antibiotic sensitivity
pattern was observed.  Similar observations were
made by Hopkinson and Towers™

Ross and Me Allister® investigated 1the possibil-
ity of producing significant asrobic bactarial inhibi-
tign in acutely infectad animals without incurring
the risk of oxygsn poisoning Basically, the experiment
demonstrated that working within the limits imposed
oy oxygen toxicity,. HBO can exert a protective
affect on the infected host provided the organism
is sensitive to HEBO and infection is located at a site
where 2 atm of oxygen is attainable.  |In this study,
the toxic effects of infection were due to direct
bacterizl invasion of blood and beneficial effects
werg explained from a direct contact batween intra-
vascular bacteria and high arterial axygen tension,

Schreinetl  studied the sffeel of HBO on
antibiotic sensitivity of Staphylococcus, Out of g
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large number of antibiotics used, penicillin and
furadantin showad maximum response where sensiti-
vity of organisms, as determined by conventional
disc method, was greatly enhanced under HBO,
Howsver, minimum effective dose of penicillin in
liquid culture, gave no indication of being attectad,
It was suggested that growth retardation by antibiotic
ig additive 1o but not potentiated by the bacteriostetic
action of HBO, Bornside? and Brown et al®* have
conducted extensive studies on this problem  and
showad enhancement of activity ol antibiotics ke
polymixin B against Ps. peruginosa under HBO,
Bornside and Nance" again showed augmentation of
effect in axperimental bBurns, However, hope of
tinding a good adjunct to trealment of aerohic
infections in the form of HBO received a set back
when 1t was postulaled thal unknown pathogenic
nature of asrobic bactaria may be produced by this
gxposute thet enhanced mortality rates* = |rvin et
al’'* showed that response of broth cultures of Staph,
aureus was dependent upon the depth of medium
and, though 8 bacteticstatic effect was produced, a
high proportion of organisms  survived prolonged
exposure,  In vive studies on animals infected with
various bacteria showed no inhibition of organisms
when treated with HBOY. The legical therapeutic
applications thus appeared to be in the local
treatmant of superficial infections® only,  Clinical
axperience on the subject was limited, Sjack et al®
reported 5 cases of osteomyelitis treated suceessfully
with HBO. Parrins®™ also reported similar beneficial
effects in 24 cases of osteomyelitis, Goulon et alll
treated 5 caszes of suppurative pseude arthrosis Lot
Meljne® did not get encouraging results with his
cases., Progressive cutanenus gangrene,  when
treated with HBO, yielded the best results, Reduction
in secondary wound infections has been obzervad (n
burn patients treated with HBOM,

So far, most of the vino expsriments on
bacterial cultures were done by sxposure 1o pro-
longed and continuous HBO, the duration sng
intensity of such exposures far exceeding those
which are therapeutically attainable, Brown ¢t aif
studied Staph. sureus and Ps. aeruginosa by sxposing
them for 60 minutes to 2 atm at & hourly
intervals and observed that no morphological  or
culture variations occurred and that the effect af
antibiotics nsad wes unallersd under HEQ,
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We arae, fherefors, confronted with 2 relativaly
contraversial situations, l.e.,

a) though prolonged exposures to HBD o
hibit bacterial growth and alter thei
antibiotic sensitivity pattern the effects are
negligible with short duration exposuraes,

bB) irrespective of controversial results of in
vitrg' studics. therapeutic response of expe-
rimantal  animals/patients  suffering  from
infections by aerobic organisms is abwayg
good whan HBO s used as adjuvant 1o
conventional treatment,

A paossible mechanism for alteration in bacterisl
growth 15 the formation of superoxide ion nducing’
axygen toxicity in bacterla®. Exposure o HBQ
increases intracellular supsr oxide dismutase cause
ing an increased resistance of bactleria, and rasuits
fm an incraasad esistance of bacteria o the lathal
effects of HBO.  Crucial factor is the actual oxygen
tension reaching the bacteria which will be ditterent
in various Situations. A more thorough study of
this problem may give us certain ready-made prafiles
based upon which HBO treatment and simultanecgs
use of antibiotics in infection with different organisms £
can be attempted,
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