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ABE?IWCF. D~dotoxin greatly reduces lung injury and pleural e f h -  
ions i n  adult r a t s  exposed to normobaric hyperoxia (> 98% oxygen 
for 60 hours). This study reports that  serum from endotoxin treated 
donor ra t s  protects serum recipients against hyperoxic lung injury 
without altering lung superoxide dimtase (SOD) activity. Rats 
pretreated with endotoxin alone were protected and exhibited an 
increase in lung SOD activity as  previously reported by others. 
Protection by serum was not due to the transfer of residual 
endotoxin o r  SOD. These results show that  protection from oxygen 
toxicity can occur in  r a t s  without an increase in lung SOD and 
Suggest that  a Serum factor may be involved. o 1988 Society for Experimental 

Biology and Medicine 

 DUCTI ION. Rats develop massive 
bilateral  pleural effusions during the 
third day of exposure to nombar ic  
hypemxia (> 98% oxygen a t  1 ATA) . 
Their lungs are m r r h a g i c  and death 
typically occurs a t  60 burs. In con- 
t ras t ,  r a t s  pretreated with endotoxin 
(1 q / k g  body weight, i . p. ) exhibit 
only sl ight  pleural effusions during 
the third day of hyperoxia. Their 
lungs a-ar normal and survival ex- 
tends w e l l  beyond 60 hours (1-4) . 

The abi l i ty  of endotoxin to protect 
r a t s  from m x i a  was f i r s t  reported 
by Frank, Yam and Roberts (4)  . These 
investigators observed increased anti- 
oxidant enzym activity (e. g. , super- 
oxide dismtase, SOD) in  the lungs of 
endotoxin protected ra t s  and proposed 
that  the -ism of protection 
involved antioxidant enzyme induction. 
Acaording to this hypothesis potent- 
i a l ly  damaging free radicals are 
quenched by the increased antioxidant 
enzyms during hyperoxia and lung 
in jury is prevented. 

Interestingly, endotoxin alone, or 
sera from endotoxin treated mice, Also 
prevents free radical in  juy during 
whole body irradiation (5,6) . The 
similarity be-tween radiation and oxygen 
toxicity (7) p q t e d  us to examine the 
possibility that  sera from endotoxin 
treated r a t s  may protect recipients 
from oxygen toxicity. 

MATE= and METHOIS. Animals: Male 
Sprague-Dawley ra t s  (200-350 g) were  
obtained from S h n s e n  (Gilroy, CA.) 
and maintained an standard laboratory 
dxxrJ and water ad l i b i t u m .  Rats were 
acclimatized to the laboratory for a t  
leas t  10 days prior to use. 

Serum collection: Colonic tenper- 
atures an8 body weights were recorded 
from serum h o r  r a t s  imrediately prior 
to vehicle (1 ni l  s te r i l e  0.9% NaC1, 
i . p. ) o r  endotoxin administration (E . 
col i  055:B5, Boivin extraction, Difao, 
1 q/kg body wight,  i .p.).  Donor ra t s  
were sedated lightly with Fluothane 
(Fbrt Dodge Laboramries, Fort Dodge, 
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Iuwa) a t  the tim of saline or  endotoxin 
administration and three burs l a w  
&m~ sodium pentobarbitol (Veterimq 
Laboratories, ZRnexa, Kansas) was used 
as a general anesthetic (45 mg/kg body 
weight, i. p. ) during blood collection. 
Unheparinized blood ms collected fmn 
the abdanindl aorta and clotted on ice, 
w i t h  occasional stirring, for 75 
minutes. Serum was harvested by cen- 
trifugation (4,000 g's for 10 minutes), 
pooled, and inmediately injected via 
tail vein into recipients. Selected 
-1es of pooled serum were frozen a t  
-20 OC for l a te r  masuemnt  of 
residual enatoxin. 

Serum administration and oxygen 
exposure: Serum recipients received 
fresh serum (15 ml/kg body wight,  i.v. ) 
via a lateral  tail vein W a t e l y  
prior to oxygen exposure. Other ra t s  
received either s t e r i l e  saline (1 ml, 
i.p. ) , endotoxin dissolved in saline 
(1 mg/kg body wight,  i .p.), or  low- 
dose (residual) endotoxin dissolved in  
saline (15 ml saline/kg body wight  a t  
a concentration of 2, 4, 6, or  8 pgranrj 
endotoxin/ml). Rats were housed indiv- 
idually in a plexiglass &mhr during 
exposure. Oxygen was mintained a t  a 
ooncentration > 98% a t  1 ATA (sea 
lael) and C02 levels were below 0.25% 
as meafl;lred by mss spectrcaeretry 
(Perkin-Ehr, Mxkl 1100) . A l l  r a t s  
were fasted during the exposure period 
but each had access to water. Pre- 
treatmmt and exposure of &/saline 
control r a t s  was the s x e  as for the 
oxygen e x p o d  F u p S  -pt that cam- 
pressed a i r  replaced pure oxygen. 

D e t e n n i n a t i a n  of total lung SOD 
activity: R a t s   we^ mmved fram the 
oxygen chamber folluwing the 60 bur 
exposure period, anesthesized as above 
and exsanguhated. Their lungs were 
renrwed, rinsed, tr- and blotted. 
The right lobe was weighed and haarrog- 
enized in iced 0.017 M phosphate 
buffered saline (pH = 7.8, 10:l V:W) 
using a polytmn h q e n i z e r  (Poly- 
science! Gorp., N i l e s ,  11.). hmg- 
enate was then frozen (-20 OC) and 
stored overnight prior to further 
treatmmt. Lung hmmgemtes There 

f r e e z e / M  twice in a dry ice/ace- 
tone bath, centrifuged a t  4,000 g ' s  for 
10 minutes, and the supmatant assayed 
hmdiate ly  for total SOD activity 
using the standard f e r r i q t d x m e  c 
assay (8). The reaction mixture for 
this assay misted of 100 EMIA, 
10 W cymchmm c, and 50 pM xanthine 
dissolved in 0.05 M pbsphate buffered 
saline (pH = 7.8) . A t  these concen- 
trations the addition of 0.01 units 
xanthhe oxidase to 3 m l  reaction mix- 
ture produced a rate of change a t  550 
nanmters  equal to 0.025 absorbance 
units/minute (Beckman spectmphotameter, 
Mxkl 35). SOD activity in  the sample 
w a s  detambed by finding the volume of 
hxrcgenate (usually 7-20 m) which 
produced a 50% reduction in  reaction 
rate (calculated as the slope of the 
l ine of best f i t )  frnan 1 1/2 to 4 
minutes folluwing the addition of xan- 
thine oxidase; this volume contained 
one unit of SOD by definit im (8). The 
1 1/2 to 4 minute time period was 
-sen because of the presence of 
oxidase activity during the f i r s t  20 
seconds follawing the addition of lung 
lmmigenates to the reaction mix ture .  
These changes were sl ight (about 10% of 
the absorbance change produced by xan- 
thine oxidase alone aver 4 minutes) and 
were of simil-ar magnitude in sanples 
f m  the five different groups. 
Because of these similarities, and the 
linearity of the absorbance change 
during the 1 1/2 to 4 minute time per- 
iod, the mtbd of calculation is 
believed to accurately reflect  changes 
in  SOD activity betwen samples. Pro- 
tein concentration was measured in lung 
htcgenates using a hand-held refrac- 
mter (Atago Co. Ltd., Japan) stan- 
dardized w i t h  albumin. SOD activity 
was expressed as units SOD/grpn lung 
m e n a t e  protein or as units 
=/right lung. 

A t  the reactant concentrations 
used 1 unit of SOD activity in lung 
bmgenates was  found to equal 1 unit 
of activity in Sigma SOD (Siqn Chew 
icd .  Co., St. Inuis, Mo.). Boiling 
abolished SOD activity in  both homog- 
enized lung tissue and Sigma SOD. 
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TABLE I. P a r a t e r s  shawing protect ion o f  fasted adult rats against 
hyperoxia by endotoxin or by serum from donors treated w i t h  
endotoxin (ES) 3 hours p r i o r  to s e m  collectiona. 

P leura l  
-UP 60 hour Changes i n  bcdy effusion Hematocrit 

su rv iva l  tenp. ( o c ) ~  ~ 1 .  ( ~ ~ ~ l / k g )  (%I  

Endotoxin 100% -0.9 + 0.2' 1.7 + 1.0' 45.4 + 1.1' 
(i.p.1 14/14 ( 14) (14) (14) 

Serum 77.8% -4.2 + 0.3 35.8 + 1.7 70.4 + 2.7 
(i.v.) 14/18 (16) (18) (16) 

Saline 74.1% -4.9 + 0.3 35.6 + 1.1 68.1 + 1.8 
(i .p.  1 2 0/2 7 (21) (25) (21) 

Residual 100% -4.2 - + 0.5 30.9 + 3.8 63.1 + 2.8 
mdotoxine 4/4 (4) (4) (4) 

(i.v.1 

a A l l  values are m a n s  + SEM and were obtained f m  rats surviving 
the 60 hour -sure period o r  a t  the t i n e  o f  death. N u n h e r s  in 
-thesis indicate the n-r o f  rats. 

%st-oxygen exposure colonic  temperature minus pre-oxygen exposure 
colonic  temperature. 

' ~ i f f e r e n c e s  from amparable  values  f o r  Serum, Saline, or Residual 
Endotoxin groups are s i g n i f i c a n t  a t  p < 0.005 by the unpaired, 
group t-test. 

'~roup receiving serum f m n  donors treated w i t h  endotoxin (1 mg/kg 
body weight) a t  a dose o f  15 nil sercno/kg body weight. 

receiving endotoxin dissolved i n  s a l i n e  (2, 4, 6, o r  8 ~ g / m l )  
a t  a b s e  of  15 m l  sa l ine/kg body weight. 

Freeze/thawing did not affect the sate (LAI;) assay (E-toxate research 
activity of Sigma SOD but did produce a k i t ,  Sigma Chemical Co.) . Prior to 
slight (about 10%) increase in lung perfoxming the endotoxin assay possible 
hmgenate SOD activity. This increase inhibitor (s) in serum samples were 
in  SOD activity probably resulted from inactivated by dilution-heating (9) . 
a greater release of MSOD by  mi^- 
cbndria during f reeze/thaw hduced RESULTS. Serum fmm rats  injectedwith 
cell lysis. endotoxin 3 hours prior tn sem 

Residual endotoxin in  serum: collection recipients fmn 
Endotoxin levels in serum w;ere deter- oxygen toxicity (Table I, ES group) . 
mined using the limulus a m b c y t e  ly- Treatmnt with endotoxin alone was also 
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TABLE 11. Superoxide disrutase (SOD) activity in lung hosrogena* 
f ran a i r  and oxygen-expsed ratsa. 

Units SOD Units SOD 
Right lung gram protein 

OXYGEN 

Serum 513 + 4 1  
(11) 

Saline 

aAll values are mans + EDl and represent the sam? 
groups as in Table I. W r s  in parenthesis indicate 
the n u h e r  of rats. 

bbifferences ompred to the other groups in  the col- 
are siqnificant a t  p < 0.001 by the unpaired, group t-test. 

bifferences ompared to the other groups in the c o l m  
are significant a t  p < 0.005 by the unpaired, group t-test. 

protective. Residual endotoxin levels 
in FS serum (administered i.v.) were 
1.3 + 0.3 ugrams/ml (mean 5 SEM, n = 4 ) .  
ms-level of endotoxin was not pro- 
tective when administered i.v. a t  a 
dose equal to (or up to 6 fold greater 
than) the total aImunt introduced w i t h  
protective sera (Table I). Protection 
was not due to a transfer of SOD since 
SOD activity was not detected in  pro- 
M v e  sera by our assay. 

The lungs of ES recipients, al- 
though p m M  frcnn oxygen toxicity, 
did not exhibit SOD induction. Lung 
SOD activity for pmtectd E S  rats did 
not differ significantly f m n  values 
for unprotected Saline or Serzrm cantml 
rats (Table 11) . Endotoxin alone (i .p. ) 
did induce SOD during hypemxia recon- 
firming mrk by others (2-4) . The 

observed lack of SOD induction in the 
protected ES group was not a lung edercla 
or  homgemte protein ar t i fact  because 
post-expsure right lung weights and 
homqenate protein values for ES and 
endotoxin ra ts  did not differ signif- 
icantly (p > 0.05). 

DISCUSSION. This study reports that 
serum from endotoxin treated rats 
p r o w  recipients f rom oxygen toxic- 
i t y  without SOD induction. EVeviously, 
Block e t  al .  (10) reported that  endo- 
toxin prevents oxygen toxicity in 
cultured endothelial cells wi tbu t  SOD 
induction. Phan et al. (11) have also 
found that SOD induction does not occur 
during endotoxin protection fm pos- 
sible free radical injury during bleo- 
qcin-induced pulrrPnary fibrosis. 
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w t l y ,  W h i *  e t  al. (12) protected 
rats £ram hyperoxia by cmkined treat- 
mt with tmr necrosis factor/cachec- 
t i n  and interleukin 1 ( W / C  + I1 1) 
and again obsemed protection wi tbu t  
increases in  lung SOD activity. The 
results of this study are supported by 
the work of these investigators and 
suggest that the role of SOD induction 
in encbtoxin pmtection f m  oxygen 
toxicity may require reemluation. 

The observation that  serum frwn 
endotoxin treated rats prevents hyper- 
oxic lung injuxy supports the hypth- 
esis that  ce l ls  of the reticuloendo- 
thelial  system (RES) play a role in 
e n d o w  protection fm oxygen tox- 
icity. Earlier mrk in our laboxatnry 
(1) suggesting that end0Imci.n lessens 
the abil i ty of phapcytes to release 
free radicals in  vim, also supports 
a possible RES involvement. 

bbrk by others on entbtoxin pro- 
tection £ram whole body irradiation m y  
prrwide insights into the identity of 
possible serum mediators. E3ehling e t  
al. (6) detect& high levels of colony 
s t indat ing factor (GI?) in radiopro- 
tective sera and proposed that this 
sec~tory product m y  confer protection. 
Pddison and Berry (5) have confined 
that endotoxin-triggered sera is radio- 
protective but have questioned a central 
role for CSF. Work showing that I1 1 
is radioprotective (13) suggests that 
th i s  cytokine may be involved. The 
recent report by White e t  al. (12) 
further strengthas a putative role for 
11 1 in protection from hyperoxia al- 
though, interestingly, I1 l did not 
provide protection unless given with 
'IEJF/C. These reports, and the results 
of this study, fllpport the hypothesis 
that endotoxin may generate a FES sec- 
r e r y  factor (s) which confers protect- 
ion £rum oxygen toxicity. Whether this 
factor (s) is CSF, I1 1, TNF/C, o r  a 
different (possibly unidentified) RES 
secretory product remains to be 
determined. 
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