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High Resistance of Rhesus Monkeys to 90 Plus Per Cent Oxygen.
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The use of very high oxygen concentrations
for clinical purposes has for many years been
restricted by the inability of the lower mam-
mals to live safely in continuous oxygen con-
centrations exceeding 70%. Barach! has
shown that rabbits can live in 60% concen-
trations even as long as 3 months. He? con-
siders 70% the safe top level for them. Oxy-
gen mixtures between 80 and 1009% produce
irritant inflammatory lesions in the lungs of
rabbits, dogs, cats, mice, rats, birds and other
small laboratory animals, when used continu-
ously for 2 to 5 days.® 3> The animals em-
ployed in these experiments had high meta-
bolic rates and rapid respiratory rates. Rab-
bits have a respiratory rate of about 100 to
150 per minute. It is interesting to note that
turtles and frogs® with extremely slow
respiratory rates, are able to live safely in
oxygen concentrations of 904 % for months,
when the temperature is maintained at 70° F.
However, when the temperature of the oxy-
gen is raised to 99.5° F, they develop pul-
monary edema. The Rhesus monkey* with
a normal’rate of 24 to 40 gives us an animal
with a respiratory mechanism anatomically
and physiologically more closely resembling
the human. With one exception, in which one
monkey was employed, no workers have used
Rhesus monkeys in their experiments. In
our work 14 rabbits were used as controls,
2 at a time being exposed to the same atmos-
pheres as the monkeys.

Experiments. Four Rhesus Monkeys and
2 rabbits were placed in a Barach-Thurston
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oxygen tent containing soda-lime, with a
specially sealed canopy, and the concentra-
tion was raised to 90-95% and maintained at
this level continuously for 20 days. Every
4 days 2 rabbits died and were replaced by
2 new controls. On the fourth day the
monkeys developed slight anorexia. On the
fifth day one of them coughed and developed
dyspnea. On the sixth day all 4 monkeys
appeared bright again and regained their
appetites. On the eleventh day 3 monkeys
were active and eating well. On the sixteenth
day the first monkey died. On the eighteenth
day another died. After 20 days the concen-
tration was gradually reduced and 2 monkeys,
apparently healthy, were removed. Roentgeno-
grams of the chest were checked. One was
entirely negative and the other showed 2
small areas of infiltration.

Eight Rhesus Monkeys (6 new ones and
2 survivors of the previous experiment) and
4 rabbit controls (two at a time every 4 days
as in the previous experiment) were placed in
90-95% oxygen atmosphere. One monkey
coughed on the third day, all appeared well
and active on the fourth day. On the fifth
day they developed anorexia, were apathetic,
and a few of them had labored breathing.
On the sixth day one died; on the seventh
another died and 4 were active and normal.
Two more died on the eighth day and 2 on the
tenth day. Two were removed in good health
and remained well. These 2 monkeys were
survivors from the first experiment. Dur-
ing this experiment the tent temperature fre-
quently dropped to 60°. In both experiments
oxygen and carbon dioxide analyses were per-
formed 5-15 times daily. Humidity per cent
and tent temperature were simultaneously ob-
served.

Autopsy Findings. The significant findings
at autopsy were confined to the lungs. The
other organs were normal and showed only
passive congestion.



ActioN oF PENICILLIN In Vitro

In the rabbits the process in the lungs was
diffuse and involved all the lobes. The sur-
faces were purple red except at the margins
where the tissue was pink and crepitant. The
lobular markings were distinct. The bronchi
and bronchioles contained a pink frothy fluid
and the cut surfaces were wet. Scattered
throughout were numerous granular raised
areas. Microscopically the lung preparations
showed extensive congestion and edema with
numerous foci of pneumonia.

In the monkeys the process was patchy and
far less extensive, The greater portion of the
lungs were pink and air-containing. The cut
surfaces, however, were moist and the bronch-
ioles contained some pink frothy fluid. Some
granular areas were also noted, particularly
in the lower lobes. Microscopically the lungs
showed congestion with some edema and a few
small foci of pneumonia. There were also
some small areas of emphysema.

Summary and Conclusions. Ten normal
Rhesus Monkeys continuously exposed to
90+% oxygen appeared to maintain good
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health for a 5-day period. Then the reaction
was variable. Anorexia first appeared, then
apathy, drowsiness, cough and dyspnea. Sur-
vival periods ranged from 6 to 18 days in 8
monkeys. Two were alive at the end of 20
days and remained in good health. Pairs of
rabbits used as controls died after 4 days and
were replaced by new controls who again died
after 4 days. Autopsies were performed and
showed a slight amount of congestion and
exudate in the lungs resembling a mild pneu-
monia in the monkeys, while the rabbits
showed extensive pneumonia. The marked
difference in reaction of the two sets of
monkeys suggests that there may be a dif-
ference of resistance to 90+ % oxygen in dif-
ferent strains, or that lowering the tent tem-
perature to 60° may have played a role in
diminishing their resistance. The reaction of
the Rhesus Monkeys suggests the possibility
that it may be safe for human beings to be
exposed continuously, if necessary, to a 90-
95% oxygen concentration for periods up to
5 days.
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The meningococcus is highly susceptible to
penicillin although it is gram-negative. In
this respect as in its reaction to certain germi-
cides, it resembles the gram-positive bac-
teria.l A preceding communication® reports
a study of the action of penicillin on meningo-
coccus in vivo.

Methods.  Suspensions of meningococci
grown for 6 hours on agar slants were made
up in gelatin-Locke’s solution or broth to con-
tain approximately 10® microorganisms per
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ml. After the addition of other ingredients
the tubes were slanted on a rack and in-
cubated in that position to expose the maxi-
mum surface to the air. Samples were with-
drawn at frequent intervals and 10-fold dilu-
tions made in gelatin-Locke’s solution. Loop-
fuls were cultured from appropriate dilutions
by careful streaking onto the surface of blood
agar plates. Each bacterial count was based
on 3 platings. Repeated checks on the accu-
racy of this method showed it to be adequate
for the purposes at hand and better for men-
ingococci than the ordinary methods involv-
ing the use of poured plates. Plate cultures
were examined after 24 hours’ incubation in



