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typhosa, were digested with pepsin. Extent of 
digestion was estimated by tyrosine present 
in dialyzable digest fragments. Digest frac- 
tions, which precipitated between 40%-60% 
ammonium sulfate saturation, had agglutinin 
titers equal to, or perhaps greater than, titers 
of undigested globulin. The major compon- 
ent of the 40%-60% fraction also migrated 
more slowly in the ultracentrifuge. This sug- 
gests that it has been possible to digest rabbit 
antibody globulin so that smaller molecules 
are obtained in a digest fraction which still 
maintains its agglutinin antibody activity. 
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Animals made tolerant to the lethal effects 
of endotoxin by pretreatment with these bac- 
terial extracts were found to show an in- 
creased phagocytic capacity of the reticulo 
endothelial system (R.K.S.) ( 1 . 2 ) .  These 
findings. together with reports that endotoxin 
tolerance to fever ( 3 )  and lethal effects( 4 )  
were abolished in rabbits by reticulo endo- 
thelial blockade, suggested ( 1 , 2 )  that the 
reticulo endothelial system, which phagocy- 
tizes these macromolecular toxins ( 5 )  , plays 
an iniportnnt role in protecting against their 

________ * T h a w  st udit-s were supported by 1J.S.P.H.S 

toxicity. However, Suter et a L ( 6 )  and Hal- 
pern et al. ( 7 )  reported recently that mice in- 
fected with B.C.G. become 50 to 100 times 
more susceptible to the lethal effects of endo- 
toxin. despite the fact that R.E.S. responds to 
the infection with increased phagocytic activ- 
ity (8) .  These observations emphasize that 
factors other than phagocytic activity of the 
R.E.S. are concerned with the resistance to 
endotoxin. The increase in susceptibility to 
toxic effects of endotoxin in tuberculous ani- 
mals, when first observed, was believed by 
Horrlet ( 9 )  to be related to presence of inflam- 



matory lesions. Another experimental model 
which would not involve infection or tuber- 
culin hypersensitivity could be helpful in de- 
termining the mechanism of this increased sus- 
ceptibility to endotoxins. During our experi- 
ence with the stimulating effect of the yeast 
extract, zymosan, on phagocytic function of 
the reticulo endothelial system( 2,10), a simi- 
lar state of increased susceptibility to endo- 
toxins was observed in mice receiving repeated 
injections of zymosan. Such a treatment 
causes also considerable hypertrophy of the 
R.E.S. due to proliferation of macrophage ele- 
ments ( 2 ) with granulomata formation in the 
liver and spleen( 10). The results of our ex- 
perimen ts on increased toxicity to endotoxin 
in zymosan treated animals and on the effect 
of cortisone on this phenomenon are reported 
here ; the relationship between hypertrophy of 
R .E .S. and adrenal function is discussed. 

Methods. Experiments were performed on 
white male Swiss Webster mice weighing 25 
to 30 g. Endotoxin toxicity: E .  coli endotoxin 
(0.1 11 B4) from Difco Laboratories was dis- 
solved in 0.9% sterile saline and the proper 
dose injected intravenously in the tail vein in 
0.2 ml volSme. Mortality was recorded at  24 
hours. Zymosan treatment: Zymosan, lot No. 
7B-340 from Standard Brands was used. 5 
mg/ml suspension in 0.9% saline was pre- 
pared, boiled in a water bath 10 minutes, then 
shaken with glass beads to ensure an homo- 
geneous suspension. One mg in 0.2 ml was 
injected intravenously every other day for a 
maximum of 5 doses. Endotoxin toxicity was 
investigated in groups of these mice 24 hours 
after the last injection of zymosan. In other 
zymosan treated mice, phagocytic activity of 
R.K.S. was investigated by measuring rate of 
clearance of carbon from blood. B.C.G. in- 
fection: B.C.G., Phipps strain, was grown 
on Dubos’ liquid medium and harvested 
after 12 days. Mice were injected intra- 
venously in the tail vein with 1 mg 
B.C.G. wet weight. Two weeks later, sen- 
sitivity to endotoxin was investigated. Car- 
bon clearance: Phagocytic activity of the 
R.E.S. was investigated by measuring rate 
of clearance of carbon from the blood by 
the liver and spleen ( 1 1 !12 ) . Clearance of 

colloids by R.E.S. follows an exponential func- 

; the con- tion of time K = 
Log c1 -Log c:! 

T 
stant K of this equation, called phagocytic 
index, measures phagocytic activity of the 
macrophages of the liver and spleen provided 
a suitable dose is used. K varies with rela- 
tive size of the liver and spleen according to -- T 

a third power relationship u = ~ vx; 
WLS 

; U ,  called 
W - Weight of body 
-- 
WLS Weight of liver and spleen 
corrected phagocytic index, measures phago- 
cytic activity per unit weight of liver and 
spleen ( 12 ) . Carbon suspension C1 I 143 1 a 
manufactured by Gunther Wagner, Hanover 
and suspended in gelatin as described( 11) was 
used. This preparation contains particles ho- 
mogeneous in size, measuring about 250 A. 
Sixteen mg carbon per 100 g body weight were 
injected intravenously, then 0.025 ml blood 
samples were withdrawn at  suitable times from 
the retroorbital venous plexus, with a cali- 
brated glass pipette previously washed with 
heparin, and lysed in 2 mlO.l% sodium carbo- 
nate; carbon concentration was read with a 
spectrophotometer a t  675 mp. After disappear- 
ance of carbon from the blood, the mice were 
sacrificed: by decapitation and liver and spleen 
weighed in the wet state. The clearance curve 
was drawn in each case and phagocytic in- 
dexes K and u were calculated. Adrenalec- 
tomy : Bilateral adrenalectomy was performed 
under ether anesthesia by the dorsal route in 
control animals and in animals having received 
4 injections of zymosan. Endotoxin toxicity 
was investigated 48 to 72  hours after adrenal- 
ectomy. Cortisone treatment: Control ani- 
mals, B.C.G. infected, and zymosan treated 
animals (4 injections) were pretreated with 
cortisone acetate or hydrocortisone before in- 
vestigating endotoxin toxicity. They received 
either 2.5 mg cortisone or 1 mg hydrocortisone 
24 hours and again 3 hours before testing. 

Results. Phagocytic activity of the R.E.S. 
is greatly stimulated by repeated intravenous 
injections of zymosan (Table I ) .  This effect 
is a t  its maximum level after 4 injections and 
is associated with considerable hypertrophy 
of the liver and spleen due to hyperplasia of 



TABLE I. XfTect o f  1 tng of Zyrnosan Every Otlwr 
Day on Phagocytic Activity of Reticulo Endnthv 
lial S p t e m  in Mice, Measured by Rate of Clearanw 
(K) of Carbon Particles from Blood. Carbon, 16 
tng/lOO g K - Phagocytir Tndcs a = Corrcctcd 

I T  Body n-1 
Phagocytic Index. -- -- . 
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phagocytic elements( 10,13). Susceptibility 
of mice to the lethal effect of endotoxin is con- 

siderably cnhancecl hy zyniosan injections and 
attains a level comparable to that. observed in 
B.C.G. infected animals(6,7) (Table T T ) .  
The effect of zymosan treatment is progres- 
sive and seems to attain its maximum after 4 
to 5 injections over a period of 7 to 9 days: 
it is negligible a few hours after the first injec- 
tion when the greatest decrease in properdin 
titer is generally observed. To understand the 
nature of this phenomenon, the increased sus- 
ceptibility (50 to 100 times) to the lethal ef- 
fect of endotoxin brought about by zymosan 
or B.C.G. infection is compared with that 
which follows adrenalectomy , which is of the 
order of 5,000 times. Cortisone protects mice 
nearly completely against the increased sus- 
ceptibility of animals treated with zymosan or 
K.C.G.. while in normal mice it shows only a 
minor protection against the lethal effects of 
endotoxin. a finding in accord with previous 
reports ( 14). 

An attempt was also made to compare the 
level of endotoxin toxicity in adrenalecto- 
inized controls and in animals adrenalecto- 
niized after 4 injections of zymosan. While 
control mice withstand bilateral adrenalec- 
tomy without mortality, 16 out of 20 zymosan 
treated mice died within 24 hours after 
adrenalectomy . The 4 remaining animals were 
injected with 0.1 pg  endotoxin without further 
mortality showing that when these animals 
survived adrenalectomy, they were not more 
susceptible to endotoxin than the adrenalec- 
tomized controls. 

Discussion. Increased susceptibility to en- 
dotoxin could be explained either: 1) on the 



‘l’ABJJ3 111. Effect of 2 X 2.5 aig of Cortisone or of 2 X 1 mg of Hydrocortisone on Hyper- 
sensitivit,y to Endotoxin in Mice Brought About by B.C.G. Infection or Zymosan Injections. 

Mortality 
f-- Controls - -B.C,G.--, Zymosan (4 mg, 7 days) 

Hydro- Hydro- 
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basis of hypersensitivity to endotoxins of the 
very cells of the R.E.S. which have been made 
to proliferate after B.C.G. infection or zymo- 
san treatment, or 2 )  in view of the predomi- 
nant role played hy the adrenal in resistance 
against endotoxin, on the basis of decreased 
resistance due to interference with the level 
of adrenal hormones. 

The data presented favor this last interpre- 
tation, since pretreatment with cortisone for 
24 hours before endotoxin to a large extent 
abolishes increased susceptibility to endo- 
toxin, while affecting only slightly endotoxin 
toxicity in normal mice. These experiments 
suggest, as far as utilization is concerned, a 
relative deficiency of adrenal hormone in these 
animals. If this hypothesis is correct, chronic 
infections or gramlomatous inflammation, 
such as follows zymosan injections, are asso- 
ciated with decreased secretion or increased 
utilization of cortic:osteroids. Thus, as a corol- 
lary to the known effects of hormones on R.E. 
function and inflammation, it is suggested 
that such alterations can in turn also affect 
adrenal function. The data presented do not 
exclude the possibility that cortisone exerts 
an inhilbiting effect on a hypersensitivity of 
the R.E.S. elements to endotoxin, as postu- 
lated by the first hypothesis. Further experi- 
ments are required to explore these possibili- 
ties. 

Summury. Zymosan renders mice highly 

susceptilble to the lethal effect of endotoxin at 
a time when activity of the R.E.S. is greatly 
stimulated. This effect is similar to that fol- 
lowing B C.G. infection. Pretreatment with 
cortisone abolishes nearly completely the in- 
creased toxicity to endotoxin caused by zymo- 
san or B.C.G. infection. 
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