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O X Y G E N  I M M U N O S U P P R E S S I O N :  MODIFICATION OF 
E X P E R I M E N T A L  ALLERGIC ENCEPHALOMYELITIS  IN R O D E N T S  1 

JOEL WARREN, MIRIAM R. SACKSTEDER, AND CLAIRE ANN THUNING 

From the Leo Goodwin Institute for Cancer Research, Nova University, 3301 College Avenue, Fort Lauderdale, Florida 33314 

Using  protoco l s  that  incorporated  double  blind exam- 
inat ion  o f  an imals  sens i t ized to  CNS antigen,  w e  con-  
f irmed and amplif ied earl ier f indings o f  the  complete  
suppress ion  o f  EAE in rodents  by  hyperbaric  oxygen .  
The effects  o f  02 w e r e  related to  the  gas  pressure  and 
durat ion  o f  treatment .  The deve lopment  o f  paralyt ic  dis- 
ease  w a s  prevented  for 34 days  after sens i t izat ion (the 
longes t  interval  studied).  Compressed  air or normobar ic  
02 adminis tered  under  s imilar condi t ions  did no t  modi fy  
the course  o f  i l lness.  Within 7 to  10 days  after the dis- 
cont inuance  o f  o x y g e n  therapy  the majori ty  o f  treated 
g~linea pigs deve loped  typical  s igns  o f  EKE wi th  char- 
acterist ic  l es ions  in the  CNS. The re lapses  occurred 
sooner  in the Lewis  rat. The deve lopment  o f  the de layed 
hypersens i t iv i ty  react ion  to  mye l in  basic  prote in  and to  
tubercul in  is a lso  suppressed  by 02 therapy  indicat ing 
that  its effects  upon  a u t o i m m u n e  encephalomyel i t i s  in- 
vo lve s  fundamenta l  a l terat ions  o f  the cel lular compo-  
nents  of  the  i m m u n e  response ,  some  or all o f  wh ich  are 
reversible .  

Investigations conducted over the past  3 years have demon- 
s t ra ted that  prolonged exposure of rodents to hyperbaric oxygen 
results in the suppression of several cell-mediated immune 
phenomena including allergic encephalomyelit is  (1), the tuber- 
culin reaction, adjuvant  disease (2), and allograft rejection (3). 
Here we amplify our prel iminary observations on experimental  
allergic encephaloymelit is  (EAE) 2 in the guinea pig and rat. 
This  acute, cell-mediated autoimmune syndrome has been 
widely used as a research model  for multiple sclerosis and its 
neurologic and vascular characteristics are well described (4). 
Because the  clinical and histologic signs of EAE can be com- 
pletely prevented when oxygen therapy is s tar ted after sensiti- 
zation of lymphocytes  has occurred, this phenomenon may 
prove useful as a probe for the s tudy of delayed hypersensit ivity 
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and as a therapeutic modal i ty  in cell-mediated autoimmune 
disease. 

MATERIALS AND METHODS 

Animals. Female, 450 to 500 g, outbred, Har t ley  strain guinea 
pigs (Buckberg Lab Animals, Inc. and Camm Research Insti tute 
Wayne, N. J.) were used. Lewis rats  of both sex (Microbiological 
Associates, Bethesda, Md.) weighed 150 to 200 g at  the t ime of 
sensitization. Animals were maintained on laboratory animal 
chow (Purina) and water. Paralyzed guinea pigs were hand fed 
as necessary. 

Antigens. Frozen guinea pig spinal cord (Pel-Freez, Rogers, 
Ark.) was homogenized in physiologic saline, then emulsified 
with an equal volume of complete Freund adjuvant,  CFA 
(Difco, Detroit,  Mich.). Addit ional  killed Mycobacterium tu- 
berculosis was added so that  the final preparat ion contained 25 
mg wet wt. cord extract  and 0.5 mg M. tuberculosis per dose of 
0.1 ml. Fresh antigen preparat ions consistently produced 90% 
clinical disease and at  least an 80% mortal i ty  in guinea pigs 
inoculated intradermally into the sole pad of one hind foot. 

For  the measurement  of dermal sensitivity, myelin basic 
protein (MP) from guinea pig brain was diluted in physiologic 
saline solution and 0.1 ml was injected intradermally at  concen- 
trat ions of 5, 25, and 50/zg. Tuberculin, first strength, (PPD, 
Parke Davis, Detroit ,  Mich.) was used at  a concentration of 5 
pg/0.1 ml in saline solution. The indurated wheal on shaved 
dorsal skin was measured with a caliper 24 hr  after injection. A 
response to BP with an average diameter  of 0.5 cm or greater 
accompanied by erythema was considered as positive. The  
severity of the tuberculin reactions was compared on the basis 
of lesions of any size. 

Scoring of clinical encephalomyelitis. A grading system was 
used wherein mild ataxia ffi 1, part ial  paralysis of one or both 
hind legs -- 2, complete paralysis of one or more extremities 
and usually associated with incontinence and posterior soiling 
ffi 3. The  mean daily indices were plot ted over the duration of 
clinical disease. Animal cages were coded and the individual 
grading the disease was unaware of the t rea tment  received by 
a specific group. 

Preparation of material for histologic examination. Animals 
were killed with chloroform, and brain, portions of the encased 
lumbar  and thoracic spinal cord, lung, and spleen were fixed in 
10% formaldehyde. Sagittal  sections of the thalamus, mid-brain, 
cerebellum, and pons and longitudinal sections of the spinal 
cord were stained with hematoxylin and eosin or in some cases 
with Luxol fast blue. In certain experiments, the inoculated foot 
was sectioned longitudinally and similarly stained. Perivascular, 
inf lammatory lesions of the central nervous system were scored 
on the basis of their  intensity and number. 

Exposure to hyperbaric oxygen. (HBO). Animals, caged in 
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TABLE I 
Suppression of EAE in the guinea pig by HBO at 2 A TA 

Oxygen Treatment Median Onset of EAE Clinical Signs ~ CNS Lesions 

Stop Total Control O~ Control O~ Control O~ 
days 

+1 +10 10 10.5 17.5 12/12 0/11 ND ND 
+ t  +14 14 10.2 27 8/8 0/10 ND ND 
+1 +17 17 10.5 29.3 73/85 0/77 35/35 ~ 1/38 c 
+1 +34 d 17 9.0 48 7/7 0/9 ND ND 

+6 +14 8 9.6 12 7/8 0/9 5/5 1/4 
+6 +23 17 12.5 27.5 20/30 0/25 ND ND 

+10 +14 5 11 11 17/18 14/16 9/9 7/7 

a Paralysis appearing during 02 treatment. 
b O2 started day 0. 
c Animals sacrificed on day 18 for histologic examination. 
d 02 administered on alternate days. 

groups of 6 to 10 were exposed to HBO in steel pressure 
chambers fi t ted with observation windows, loading ports, a 
floor plate, and a t ray holding silica gel as the moisture absorb- 
ent. ~ 

Oxygen tanks, set  to deliver 99% 02 at  100 psi, fed purge gas 
into the chambers at  5 psi. After 10 rain of flushing, the exhaust 
valve was closed and oxygen flow was adjusted so tha t  the rate  
of compression to the preset  l imit never exceeded 1 to 2 psi/rain. 
The  tanks were decompressed at  a slightly slower (0.5 to 1.0 
psi/rain.) rate. Food and water  were withheld from both control 
and oxygen-treated groups during periods of t reatment.  

Design of experiments. Rodents  were sensitized to spinal 
cord tissue in CFA and one-half of each group was exposed to 
oxygen or compressed air at  various pressures at  different 
intervals before or after the inoculation of antigen. Trea tment  
was continued for varying periods extending up to 5 weeks. As 
indices of suppression of EAE, we have used median time of 
onset, the extent  and severity of clinical signs, histopathologic 
lesions in the central nervous system (CNS), mortal i ty  and 
survival time, and the response to the dermal injection of MP 
or PPD. 

RESULTS 

Suppression and reappearance of encephalomyelitis in the 
guinea pig. When guinea pigs were kept  in oxygen daily at a 
pressure of 2 atmospheres absolute (2 ATA, 1520 mm Hg or 15 
psi) for a period of 6 hr  beginning 1 day after vaccination with 
cord-CFA emulsions and continuing for at  least 10 days, the 
development of EAE was completely suppressed and the ani- 
mals remained symptom-free for as long as oxygen was contin- 
ued. In nine experiments involving 107 guinea pigs, none devel- 
oped EAE during this period, whereas in the untreated controls, 
the incidence of encephalomyelit is  was 100/112 (Table I). 

When therapy was delayed for 6 days, HBO w a s  ~ able to 
suppress completely EAE in each of 34 guinea pigs for as long 
as oxygen was continued. If HBO was not s tar ted until  symp- 
toms had begun to appear,  day 10, it prolonged the median 
survival t ime over that  of the controls but  did not  block the 
progression of disease. 

Animals that  received HBO and failed to develop encepha- 
lomyelitic signs had none of the  pathologic CNS changes that  
characterize EAE. When 35 control rodents in three consecutive 

3 Details of construction of the hyperbaric chambers will be provided 
upon request. 

experiments were sacrificed 18 days after sensitization, all had 
typical, extensive perivascular and glial lesions in sections of 
the brain and spinal cord. In contrast, similar lesions were 
present in only one of 38 oxygen-treated guinea pigs that were 
symptom-free at this time. 
Seven to 10 days after the discontinuance of hyperbaric 

therapy, typical signs of EAE appeared in the oxygen-treated 
guinea pigs. The lesions were identical in appearance to those 
that occurred earlier in the untreated controls and there was a 
similar degree of perivascular infiltration although the severity 
of illness was frequently decreased (see below). 

Suppression and reappearance of encephalomyelitis in the 
Lewis rat. Oxygen immunosuppression of EAE was also de- 
monstrable in the  Lewis rat. However, the durat ion of suppres- 
sion was shorter,  being delayed in the ra t  for only 4 to 8 days, 
and eventually appeared in rodents undergoing daily oxygen 
treatment .  Although a high incidence of clinical disease (37 of 
40) developed in the controls, cases of fatal EAE were rare (4 
of 40). Continued HBO invariably resulted in a significant 
ameliorat ion of  paralyt ic  illness. A typical  experiment in which 
the effects  of  hyperbaric  and normobaric oxygen are compared 
is shown in Figure 1. 

Toxic effects of  prolonged HBO in rodents. Lewis and 
Fischer 344 rats  and several strains of mice were exposed to O2 
at  2 A T A  dAVy for 3 weeks or more without clinical evidence of 
toxicity. However, prolonged exposure of guinea pigs to HBO 
resulted in oxygen poisoning in a significant proport ion (75 to 
90%) of the  animals. This rarely appeared before 10 days of 
t rea tment  and was associated with rapid loss of weight and 
appet i te  and an increased respiration rate. When death oc- 
curred, it w a s  often sudden and with signs of a respiratory block 
caused by extensive hemorrhagic atalectasis and a diffuse pneu- 
monia as has been described by others (5). 

Relation of the duration and initiation of oxygen exposure 
to suppression of  E A E  in the guinea pig. Two critical factors 
in oxygen immunosuppression were the duration of repeated 
exposures and the t ime at  which oxygen t rea tment  was ini t iated 
in relation to the  inoculation of antigen. The  reduction in 
paralyt ic  disease was roughly proport ional  to the number  of 
daffy, 6-hr t rea tments  and maximal when oxygen was begun 1 
day after sensitization and continued for a t  least 10 days. Figure 
2 i l lustrates the chronological relationship between initiation of 
t reatment ,  onset and severity of EAE and occurrence of fatal  
oxygen toxicity in a large group of animals sensitized at  the 
same time. The  pat tern  of encephalomyelit is  in five of six 
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unt rea ted  animals (line 1) is typical of a larger series of 184 
untreated,  sensitized guinea pigs. The  course of disease was not  
significantly altered when oxygen was administered to heal thy 
guinea pigs 7 days before and through 1 day before the injection 
of cord antigen (line 2). As the period of HBO t rea tment  was 
extended to 2 weeks or longer (lines 3 to 7), and part icularly if 
ini t iated 24 hr after sensitization, the incubation t ime to para-  
lytic disease was lengthened. Even when therapy was begun as 
late as 1 day before the appearance of clinical signs (line 7), it  
modified the survival pattern.  

Effects o f  interrupted H B O  therapy on EAE.  One measure 
proven effective in man as a means of reducing oxygen toxicity 
is the  intermit tent  interruption of oxygen t rea tment  by expo- 
sure to a normal inspired pO2. Suppression and significant 
ameliorat ion of EAE, but  without fatal oxygen poisoning, also 
could be achieved in the guinea pig by this procedure. The  
results of such an experiment are shown in Figure 3. All of the 
untreated animals had succumbed by the 12th day. When 
oxygen was administered daily for 17 days, 6 of 10 animals died 
of oxygen-induced pneumonia before day 25, three had EAE 
and one remained symptom-free for more than 100 days. In 
contrast,  none of 10 guinea pigs given oxygen every other  day 
developed pneumonia,  three died of EAE (onsets on days 17, 
48, and 48), four were paralyzed but  survived, and three remain 
symptom-free for longer than 100 days. Similar results have 
been obtained in adjuvant  disease of rats  t reated with 02 on 
al ternate days (2). 

Relation o f  oxygen pressure to immunosuppression. A series 
of experiments has been performed in which guinea pigs or rats  
with EAE were exposed to pressures of 3 and 4 ATA (2280 to 
3040 mm Hg). At  these higher pressures, the duration of daily 
t rea tment  was necessarily l imited to I hr. Table  II summarizes 
results when HBO was s tar ted 1 or 4 days after sensitization. 
When t rea tment  was continued for 18 or 24 days, there was a 
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Figure 1. Effect of HBO and normobaric oxygen on EAE in Lewis 
rats. Groups of 10 sensitized animals were treated for 18 days with 02 
at pressures of i (normobaric) or 2 ATA. A similar number of rodents 
served as controls. The onset of paralysis was delayed by 4 days and 
the median clinical severity reduced by HBO. Oxygen (99%) at 1 ATA 
did not modify the course of disease. 

co) 
Io 

._E 

~6 

E 
Z 

NO 01 

r-a2--, 

n Clinical EAE 
• Confirmed Folal EAE 
m Fatal Oxygen Toxicity 

Duration of Trso~n~nt 

Sk~VlV~I • I / 6  

' W  

$orvlvoCl • 2 / 8  

i 

. A I  
t~" U ' "  

S~vlvorl • 0 /8  

S~I¢ vl,*'~'ll • 118 

• S~rvivml • 116 

I • I~I ~ • t~ 

L,, i ~ m  ~ 

Sur~v~ | *3 /9  

I - -  

Sur vlvm's • 3/IO 

-6 o .16 z'o 3 ' o - -  4'o 
t 

Sensit izat ion 

Days 

Figure 2. Relation of initiation and duration of oxygen treatment at 
2 ATA to clinical EAE in the guinea pig. The onset and incidence of 
EAE and fatal oxygen poisoning is modified with the duration of 
therapy after, and not before, sensitization. When oxygen treatment 
was initiated as late as the 10th day, when symptoms first appeared, it 
still modified the pattern of illness as compared with that in untreated 
controls. Fatal 02 poisoning developed in eight animals before the 
appearance of EAE in this study. None of these had histologic evidence 
of encephalopathy at that time. 

consistent, small prolongation of the median survival time and 
a reduction in the severity of illness but no increase in the 
survival rate. As daily treatment progressed at these higher 
pressures all animals developed signs of pneumonia, and many 
succumbed with both EKE and oxygen-induced respiratory 
disease. 

Normobaric pure oxygen or compressed air  at  2 A T A  will  
not  suppress EAE.  The effects of HBO could not  be duplicated 
in sensitized rodents exposed to either normobaric air, com- 
pressed air  a t  2 ATA, or oxygen at  1.5 ATA in chambers  under  
identical conditions (Table III). Although paralyt ic  disease was 
less severe in the  group given oxygen at  1.5 ATA, these findings 
suggest tha t  a threshold for sustained elevation of the tissue 
pO2 is required for complete inhibition of delayed hypersensi- 
t ivi ty and tha t  hyperbaric pressure per  se is not a factor. 

Suppression o f  the dermal  response to antigens in the vac- 
cine. The  development of skin reactivi ty to MP and PPD in 
guinea pigs reaches a maximum at about  10 days and almost 
simultaneously with the onset of clinical encephalomyelit is  (6). 
Oxygen-treated animals did not respond to the int radermal  
injection of 5 to 50 #g of MP when tested on the 7th day. Both 
of these immunologic events failed to appear  by the 10th day in 
animals continuously t reated from the 1st day after the injec- 
tion of ant igen-adjuvant  emulsion, and tuberculin responsive- 
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ness was suppressed after 17 days of therapy (Table IV). De- 
layed hypersensitivity to PPD reappeared 1 week after the 
return of each of four guinea pigs to air breathing. 

Suppression of  the granulomatous response to CFA antigen. 
The  earliest clinical evidence of the suppressive effect of oxygen 
on EAE was marked reduction in the inflammatory response to 
the CNS antigen-adjuvant mixtures inoculated into the footpad• 
After 4 to 6 days of therapy, when there was extensive swelling 
and inflammation of the foot and ankle of the untreated ani- 
mals, those receiving oxygen had only a slight, pale enlargement 
of the palmar surface. Histologic sections of the foot and ankle 
joint  made after 18 days of oxygen t reatment  revealed a corre- 
sponding decrease in the inflammatory exudate and associated 
mononuclear cell infiltration present in the footpads of un- 
treated guinea pigs (Fig. 4). Compressed air t reatment  had no 
effect on the lesion indicating that  vasocompression was not 
responsible for the regression of the adjuvant-induced granu- 
loma. 

' io ' & ' ' ,6o 

Days After Sensitization 
Figure 3. Effect of daily or intermittent oxygen treatment at 2 ATA 

on clinical EAE in the guinea pig. All untreated controls succumbed by 
the l l th  day after sensitization. When O2 was administered daily for 18 
days beginning 1 day after sensitization, six of nine anirnAh died of 02 
poisoning (no CNS signs) within 34 days; one died of EAE and two 
survived with posterior paralysis for 100 days. In contxast, when the 
same amount of 02 was administered on alternate days, Oz toxicity was 
avoided, three died of EAE, four developed moderate paralysis, and 
two remained symptom-free. 

DISCUSSION 

To recapitulate briefly these findings, oxygen irnmuno- 
suppression of EAE is a reversible process requiring prolonged 
exposure to relatively low pressures of pure oxygen for 6 to 10 
days. The reactivation of delayed hypersensitivity responses 
(DHR) upon discontinuance of oxygen requires a similar inter- 
val. 

Optimum suppression of EAE was obtained when therapy 
was started within 24 hr after vaccination with neuroantigen 
and was continued for 17 days or longer. When shorter intervals 
were employed or when oxygen was given before sensitization, 
the time to relapse after the return to air breathing was 

TABLE II 

Effect of prolonged, daily HBO at 3 and 4 ATA o n  EAE in the guinea pig and rat 

Rodent Expt. 
OxyS~ 

Pressure Treatment 
Clinical Signs Median Onset Survival ° T i m e  Survivors 

Guinea Pig 

Rat 

days 

A None 
3 ATA 1-18 

B None 
3 ATA 1-18 

C None 
4 ATA 4-24 

D None 
3 ATA 1-18 

days 
9/14 12 17.6 4/14 
6/14 12 19.3 4/14 
7/10 11 18.7 3/10 
5/10 14 20.5 3/10 
9/10 11 16.5 2/10 
7/8 11 17.0 0/8 

9/10 10 24.0 8/10 
7/8 11 8/8 

° Survival time refers to animals with clinical EAE, calculated from time of sensitization. 

Rodent 

TABLE IL 

Effect of compressed air or oxygen at pressures <2 ATA on EAE 

Treatment Days 1 through 17 Median On- Clinical Signs CNS Lesions set Survivors at 30 Days 

Guinea pig 

Guinea pig 

Guinea pig 

Lewis rat 

None 10 27/30 24/24 
Compressed air at 2 ATA 10 27/30 21/21 
None 10 8/10 10/10 
Normobaric air, 1 ATA, in chain- 10 8/9 9/9 

ber 
None 10 7/7 10/10 
Oxygen at 1.5 ATA 13 7/8 7/7 
None 11 10/10 ND 
Normobaric oxygen (1 ATA) 15 8/10 ND 

1/10 
0/10 
Sacrificed, day 18 
Sacrificed, day 18 

Sacrificed, day 18 
Sacrificed, day 18 
9(10 
6/9 
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shortened. A state  of oxygen-induced nonresponsiveness to 
CNS antigen could be maintained for a considerable t ime by 
the continuation of oxygen therapy.  

I t  is noteworthy that  HBO modified EAE when t rea tment  
was ini t iated as late as 6 days after injection of antigen. By this 
time, mobilization and sensitization of lymphocytes is well 
advanced, vascular permeabil i ty  of the  capillaries in the  CNS 
is increased, (7) the  abili ty to transfer passively EAE by sensi- 
tized lymphocytes  and dermal sensitivity to myelin antigen are 
demonstrable shortly thereafter  (6). Thus, within 4 days, (i.e., 
from days 6 to 10), oxygen therapy had arrested the cell- 
media ted  events leading to tissue damage. The  reduction in the 
granulomatous response at  the site of antigen deposition is a 
significant element in the effects of HBO. Even though droplets 
of  oil emulsion (CFA) persisted at  the  site of inoculation, the  
surrounding infiltration of mononuclear  cells was minimal. Not  
only did oxygen therapy completely suppress central nervous 
symptoms if delayed until  6 days after sensitization, but  21 of 

TABLE IV 
Suppression of delayed hypersensitivity response to M.P. and to 
tuberculin following prolonged exposure of guinea pigs to HBO 

Treatment 

Reaction to 

Sensi- M.P. a, 50pg PPD b, 5/tg 
tizing 

Interval Median 
No. Reaction No. diameter 

days mm 

None 7 3 3 N.D. N.D. 
02, days 1-7 7 3 0 N.D. N.D. 
None 10 5 3 4 1.48 
02, days 1-10 10 5 0 2 0.4 
None 17 N.D. N.D. 2 1.46 
02, days 1-17 17 N.D. N.D. 2 0.5 
None 28 N.D. N.D. 5 2.14 
02, days 14-28 28 N.D. N.D. 5 1.66 

a For M.P., a wheal and erythema of 5 mm or greater was considered 
as a "positive reaction." 

b For PPD, the cross diameters of all reactions in the group were 
averaged. 

25 (84%) animals t reated at  this t ime were still alive at  30 days 
or 12 days after returning to air breathing. 

The  total  absence of clinical signs of encephalomyelit is  in 
optimal oxygen immunosuppression is due to a block in the 
antigen directed, mononuclear  infiltration of the CNA; perivas- 
cular infiltration and demyelination, the hallmarks of autoim- 
mune encephalomyelit is,  do not  occur. The  absence of even 
minimal  glial invasion together  with the failure of t reated 
guinea pigs to develop MP sensitivity at tests  to the complete- 
ness of the block. Although similar immunosuppression is de- 
monstrable in the Lewis rat, it  differs in its duration and extent  
from tha t  in the guinea pig. This may be due to differences in 
species susceptibili ty to 02 (8) and /o r  to differences in the 
pathogenesis of EAE in the ra t  and guinea pig. Each of the 
foregoing phenomena suggests tha t  i t  involves interference with 
mobilization of the host  inflammatory response but  not T cell 
sensitization to myelin antigen. This hypothesis was 
s trengthened by a recently completed prel iminary passive 
transfer experiment with myelin sensitized ra t  lymphocytes.  
The  development  of histologic lesions of EAE was completely 
blocked in HBO-treated recipients and not in the untreated 
control rats. (These studies, performed in collaboration with 
Dr. P. Y. Paterson, will be descAbed elsewhere. 

In an earlier investigation by Prockop on the course of EAE 
in Har t ley  strain guinea pigs t reated with oxygen at  3 ATA, 
daily 2-hr exposures on the 7th to 16th days post-sensitization 
prolonged survival by 1 to 2 days (personal communication). 
With  the exception of this observation, oxygen immunosuppres- 
sion in vivo does not  appear  to have been reported. 

Two nonexclusive mechanisms whereby HBO could modify 
cel l-mediated responses are under  consideration: a direct effect 
of oxygen on one or more cell populations and /o r  an indirect 
result  of endogenous steroids induced by the stress of hyperox- 
ygenemia. 

Several  reports  describe the detr imental  effects of 02 on 
phagocytic cells in vitro (9-11). We have speculated that  this 
may be related to the intracellular reduction of oxygen to 
superoxide (02-) and H202, both of which have been suggested 
as key factors in bactericidal activity of phagocytes (12). The  

Figure 4. Suppression of granuloma formation 
by HBO. Sections through the foot of guinea pigs 
sacrificed 18 days after the inoculation of guinea 
pig spinal cord emulsion in CFA into the pad. The 
section on the right was from an animal treated 
with HBO for 17 days beginning 1 day after sensi- 
tization. Although droplets of oil-antigen are still 
present in the subcutaneous tissues of the treated 
rodent, there is only a minimal granulomatous 
reaction as compared with tbe acute inflammation 
and monocytic infiltration in the control (× 2.5). 
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possibility that  an increase in tissue pO2 could result in super- 
oxide levels in the activated macrophage that  exceed the ca- 
pacity of its protective oxidases is under study in our laboratory. 
Bean and Smith (13) observed that adrenocortical activity was 
stimulated by HBO, and that  hypophysectomy diminished 02 
toxicity in rats. Adrenocortical hyperplasia and elevated serum 
levels of corticosterones occurred in rats exposed for 2 to 3 days 
at 1 atmosphere (14) and return to air breathing was followed 
by a drop in steroid levels within a few hours (15). 

Exogenous corticosteroids are capable of suppressing essen- 
tially all DHR including EAE (16). A partial list of specific 
immunocomponents  that  are affected by steroids includes the 
uptake and digestion of particulates (17), the reduced ability of 
IRES cells to destroy phagocytized bacteria (18), suppression of 
generation of sensitized cytotoxic lymphocytes (19), suppression 
of macrophage migration inhibitory factor (MIF) (20), and the 
loss of cortical thymocytes (21). 

Certain characteristics of oxygen suppression of EAE resem- 
ble those of steroid immunosuppression, in particular the re- 
duction of granulomata and the reactivation of inflammation 
after discontinuance of therapy. However, ascribing the effects 
of oxygen in blocking EAE to steroid activity requires resolution 
of certain inconsistencies. Pretreatment  with HBO before sen- 
sitization (Fig. 2, Line 2), or exposure of guinea pigs to normo- 
baric oxygen for 17 days after sensitization, procedures that  one 
would expect to increase serum steroid levels, did not modify 
the course of EAE. Although the guinea pig is comparatively 
resistant to steroid effects, as measured by thymic depletion 
(22), O2 completely suppresses EAE in this rodent. In contrast, 
encephalomyelitis in the rat, a corticosensitive species, was only 
delayed and "broke through" during HBO treatment. Clarifi- 
cation of the mechanism of oxygen immunosuppreesion and its 
possible relation to steroid physiology will require dissection of 
the effects of oxygen on various components of cellular and 
humoral immunity  in parallel with measurement of its effects 
on adrenocortical activity. 

It is appropriate to emphasize that our findings do not  justify 
the immediate use of prolonged hyperbaric therapy in those 
human diseases presumed to have an autoimmune basis and 
multiple sclerosis, in particular. The lack of correlation between 
their clinical course and that  of their experimental analogs in 
rodents, the hazards of prolonged, daily oxygen therapy, and, of 
greatest importance, our ignorance of the fundamental  nature 
of the effects of oxygen on the immune response, all argue 
against any immediate application of these flDdirt~ to pro- 
longed, repeated HBO therapy of autoimmune disease in man. 
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