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Although physiological changes resulting 
from their injection have been described, the 
lethal mechanism of lipopolysaccharide mate- 
rials derived from gram-negative bacteria is 
not known. Indeed, until recently, there has 
been no good qualitative technic for in vivo 
detection of minute qualities of endotoxins. 
Such a technic has been developed by Braude, 
et al.( 1) who have shown that CrC1 can be 
used as a reliable tag. This study was under- 
taken in the hope that changes in distribution 
could be correlated to toxicity and that this, 
in turn, would provide some insight as to 
mode of action of endotoxins. 

Materials and methods. The endotoxin 
preparation used was prepared from a strain 
of E .  coli isolated from a fatal human sep- 
ticemia. The bacteria were grown in synthetic 
medium with aeration, harvested by centrifu- 
gation and killed and dried with acetone. 
Endotoxin was removed by extraction with 
trichloroacetic acid and was further purified 
by ethyl alcohol-salt (NaCl) fractionation 
(2). Nitrogen content of endotoxin was 2.3% 
by weight. All dilutions were made with 
0.9% NaCl solution. Tagging of the endo- 
toxin was carried out as follows: Approxi- 
mately 1 mc of sterile Cr51C13 (Abbott Labs., 
Oak Ridge, Tenn.-specific activity approxi- 
mately 1 mc/mg) was added to saline solu- 
tion of 1 0  mg endotoxin and kept at room 
temperature. After 24 hours the mixture was 
dialyzed a t  room temperature against 500 
ml volumes of 0.067 M phosphate buffer, pH 
7.2, which was changed at  24-hour intervals 
until appearance of Cr5' in the dialysate was 
negligible, usually 72 to 96 hours, Tagging 
by this procedure did not alter the origina1 
toxicity of the endotoxin. All mice were Bagg 
strain albino, obtained from Walter Reed 
Army Medical Center colony. The mice were 
housed in glass jars where food (containing 
no antibiotics) and water were available. 

* Presented in part before S O ~ .  Am. Bact., Chicago, 
Ill., Apr. 1958. 
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Some mice were injected with trypan blue to 
alter their susceptibility to endotoxin by 
intraperitoneal administration of 2.5 mg 
trypan blue in distilled water daily for 
3 successive days. On the fourth day mice 
were injected with endotoxin. To meas- 
ure radioactivity, entire organs were re- 
moved and each was digested by boiling in 
2 ml of concentrated HN03. Foaming was 
prevented by adding small amount of anti- 
foam (Dow Corning Silicone Defoamer- 
Antifoam A) to each digestion tulbe. Blood 
was obtained by cardiac puncture and di- 
gested as above. All measurements of radio- 
activity in blood were based on total blood 
volume, considered to be 8% of body weight. 
Radioactivity of each sample was measured 
in well-type scintillation counter which had 
an efficiency of approximately 3%. The 
counting error at the 10.95 level was 23 to 28 
cpm for the 2-minute counting intervals. 

Results. Comparison of distribution pat- 
terns in mice of Cr51 tagged endotoxin and 
free C r T &  one hour after intravenous ad- 
ministration showed that most CrZ1 bound to 
endotoxin was in the liver and remained there 
for long periods. Free CrS1C13 was more gen- 
erally distributed and appeared early in urine 
in considerable amounts. Toxicity studies 
showed that routes of injection greatly inffu- 
enced lethality of this preparation. The LDS0 
dose was 145 pg intravenously and intracrani- 
ally, 2910 pg intraperitoneally and 588 pg in- 
tramuscularly. Distribution studies were car- 
ried out to explain these differences. 

Distribution of endotoxin following intra- 
venous administration. There was an appre- 
ciable rise in amount of endotoxin in the 
blood when the amount of toxin administered 
exceeded the lethal level, i.e., 150 pg (Table 
I ) .  However, it should be noted that this 
does not necessarily represent overflow endo- 
toxin because it is apparent that amounts in 
the organ continued to increase with increases 
in dosage. Using larger groups of mice, showed 
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TABLE I. 1)ifitribution of Cr5' Tagged Eiiclotoxin 
Administered Intravenously in 20-22 g Mice (Sac- 

rificed 3 Hr after Injection). 

Toxin dosci Eiidotosiii Enclotosiit 
# of niicch ( p g  ) iii blood ( p g  ) iu  l ivw (pg 1 

that most injected endotoxin was found 
in the liver within 5 minutes following injec- 
tion and the amount detectable remained con- 
stant for long periods. An experiment was 
carried out to determine length of time (as 
measured by radioactivity) the endotoxin dis- 
tribution pattern remained unchanged. Three 
groups of mice were injected intravenously 
with 1. 5. or 50 p g  of endotoxin. sacrificed at 
intervals, when various organs were checked 
for radioactivity. Measurable radioactivity 
in livers and spleens remained constant for 30 
days while most of the radioactivity disap- 
peared from blood and lung specimens much 
earlier. Approximately 60% of injected ra- 
dioactivity was still present in the liver 60 
days after injection of endotoxin. 

Distribution of endotoxin following intru- 
cranial administration. Vsing a 27 guage 
needle, mice weighing 18 to 20 g were in- 
jected intracranially with 0.2 ml saline con- 
taining varying dosages of endotoxin and 
sacrificed as described earlier. The LD5(, dos- 
age of 150 pg was used in most instances. 
The results showed that distribution pattern 
of LDoo dose by this route was similar to 
the same LD,,, dose by intravenous route. 
Egress from the cranium was rapid. It was 
not determined whether the 20 to 40% of in- 
jected dose remaining in the head was bound 
by brain tissue. When endotoxin is adminis- 
tered by other routes it is not found in appre- 
ciable amounts in the head and in rabbits. 
at  least none is found in the brain. It 
is of interest to note that dosage and 
time of death by intracranial route was 
very similar to dosage and time of death by 
intravenous route. When the overwhelming 
dosage of 870 pug/inouse was used, percentages 
of injected dosages found in blood were again 

strikingly similar to that found using intra- 
venous administration. It is tempting to pos- 
tulate a threshold liver or blood concentration 
above which death from endotoxin occurs and 
below which survival is the rule. Such a hy- 
pothesis, however, did not hold when intra- 
muscular route of administration was used. 

Distribution of tagged endotoxin following 
iuttramusculnr administration. The LDSo of 
this endotoxin prepartaion by intramuscular 
route was about 580 pg/mouse, which was the 
dosage used to study distribution by this 
route of administration. The distribution 
pattern was quite different by this route than 
by intravenous or intracranial routes (Table 
11). From one-third to one-half of the in- 
jected toxin remained at  site of injection and 
not more than 47% of the toxin was found in 
all other areas assayed. Blood levels of endo- 
toxin increased rather than decreased with 
time but total amount detected in the liver 
was far less than that following intravenous 
or intracranial injection. Thus lethality by 
this route could not be correlated to liver 
saturation of endotoxin. 

Effect of premeditation with trypan blue on 
rndotoxin distribution. Administration of 
trypan blue reportedly blocks the reticulo- 
endothelial system and results in greater 
susceptibility to endotoxin. The increased 
susceptibility was confirmed, ranging from 
increase of 4-fold to 10-fold depending on 
route of administration of endotoxin. Table 
I11 gives a comparison of the distribution 
pattern in normal mice and mice premedicated 
with trypan blue when the intravenous route 

TABTIE IT. IXstributioii of C P  Tagged E.  coli 
Eiiilotoxiii" in Korrn:il Mice after Intramuscular t 

Injection. 

# of Tiirie of ,-- \ 

iiiice sacrific(1 Blood Lungs Liver Site of iiij. 

Endotoxin (pg )  

ti .j mill. .ci 
ti ::(I 1.8 
4 1 111. 1.8 
4 2  1.8 
4 :3 1.8 
(i 1 1.8 
4 5  5.0 
2 6  3.6 
(i 24 3.0 

.G 3.6 

.(i 4.8 

.ci 7.8 

.(i 5.4 

.(j 8.4 

.(i 9.0 

.ci 13.8 
6.6 6.0 

. t i  14.4 

393.2 
377.0 
372.1 
366.0 
345.1 
835.2 
349.2 
315.5 
301.0 

* 580 p g .  
t Inj. vol was 0.2 1111 into gluteal area. 
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TABLE 111. Comparison of Endotoxin Distribution in Normal Mice and Mice Preniedicated 
with Trypan Blue. 

Time of 
sacrifice Toxin Routeof \ 

# of inice Prernedication (hr) admin. (pg)  adrnin. Blood Liver Site of inj. 

pg of endotoxin in 

10 
17 
6 
6 
4 
5 
4 
6 

Trypan blue 3 

Trypan blue 3 
Saline 3 

Idem 3 
Saline 3 
Trypan blue 24 
Idt?rn 24 
Saljiie 24 

145 
145 
145 
290 
580 
1-45 
290 
580 

I.V. 14.1 66.9 
6.4 79.8 

I.M. .1 1.9 
.9 2.0 
1.8 8.4 345 
3.8 3.9 50 
5.5 6.1 97 

? 9  3.0 14.4 301 

Y ?  

Y I  

9 )  

1 )  

Y ?  

of administration was used. The amount 
found in blood was increased in the trypan 
blue mice, but the amount in other organs 
assayed was not appreciably altered. When 
trypan blue mice were injected intramuscu- 
larly, distributimon 3 hours after injection was 
similar to that 'of normal mice. At  24 hours 
after injection, however, the blood level of 
trypan blue mice was as great or greater than 
that of normal mice even when dosage ad- 
ministered to the trypan blue mice was 257% 
that of normal mice (Table 111). 

Discussion. A number of technics have 
been used to detect in vivo endotoxins. 
Braude (3) and his co-workers working with 
rabbits found that following intravenous ad- 
ministration, endotoxin was present in plasma 
but not the erythrocytes. It then passed to 
the buffy coat and liver. Accumulation in 
the buffy coat was accompanied by a pro- 
nounced leucopenia, primarily a fall in 
lymphocytes and neutrophils. Very little of 
the endotoxin could be found in spleen or 
lung and none in the brain. In  a continua- 
tion of this study Carey et d ( 4 )  studied the 
effect of tolerance on distribution. They 
found that although normal and tolerant ani- 
mals both cleared sublethal doses of endo- 
toxin rapidly and a t  approximately equal 
rates, a great difference was noted between 
tolerant and non tolerant animals. Hepatic 
localization and plasma cIearance of massive 
quantities of endotoxin were much more rapid 
in tolerant animals. The authors felt that 
tolerance to lethal doses of endotoxin depends 
on permanent removal of circulating endo- 
toxin into hepatic and other cells. 

Rowley e t  aZ.( 5)  found that when 5-60 pg 
of phosphorus labelled endotoxin was in- 

jected intravenously into mice, 60 to 75% 
was eliminated from the circulation in 8 min- 
utes and that a t  least half of the removed 
radioactivity appeared in liver and spleen and 
smaller amounts appeared in lungs, adrenals 
and kidneys, They noted that endotoxin re- 
moved by reticuloendo thelial cells appeared 
to be firmly held by them. Using the fluores- 
cent antibody technic Cremer and Watson (6) 
studied distribution of endotoxin in rabbits 
following intravenous injection. In  normal 
animals the toxin was removed from the cir- 
culating blood quickly by the reticuloendo- 
thelial system. There was a reduction of 
toxin with time in spleen and lungs. but the 
liver maintained a rather constant pattern. 
In cortisone-treated or irradiated animals the 
amount of endotoxin remained high in spleen 
and lungs as well as in liver. When pre- 
medicated with thorotrast, little or no endo- 
toxin was removed by the reticuloendothelial 
system and there was an increased death rate. 

The above studies suggest that lethality of 
endotoxin is associated with failure of the 
reticuloendothelial system to remove circu- 
lating endotoxin. Some results in this study 
tend to support this theory. These are: 1) 
Partial blockade of the reticuloendothelial 
system by trypan blue increased susceptibility 
of mice to endotoxin and resulted in high 
blood levels of endotoxin. 2 )  Amounts of cir- 
culating endotoxin increased rapidly when 
lethal amounts of endotoxin were injected via 
intravenous or intracranial routes. The latter 
finding, however, does not necessarily repre- 
sent reticuloendothelial system saturation be- 
cause the liver continued to take up endotoxin 
when greater amounts were injected. There 
is, of course, the possibility that this in- 
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creased endotoxin is in hepatic cells rather 
than Kupffer cells. 

The relatively constant percentages of ra- 
dioactivity remaining in liver and spleen sug- 
gest a number of possibilities. First, radio- 
activity in liver represents cleaved CPI. This 
seems unlikely because it has been shown that 
free Cr51 does not tend to accumulate in liver 
or spleen. A second possibility is that the 
Cr51 is attached to some degraded or detoxi- 
fied endotoxin in these organs. The possi- 
bility of a liver “endotoxinase” must be con- 
sidered. A third possibility is that the cell5 
of the reticuloendothelial system protect the 
animal by holding the endotosin and releas- 
ing it very slowly over long periods. One 
finding in this study that is difficult t3 relate 
to reticuloendothelial system saturation as a 
factor in death from endotoxin is the pattern 
of distribution following intramuscular ad- 
ministration of endotoxin. .4mount and dis- 
tribution of radioactivity. and presumably 
endotoxin. found in the reticuloendothelial 
system following intramuscular injection is 
compatible with life as demonstrated by intra- 
venous injection of sublethal amounts of endo- 
toxin. yet the animals injected intramuscu- 
larly, died. One possible esplanation is that 
the tag is cleaved in muscle tissue with the 
Cr51 being excreted or more generally dis- 
tributed and the CF-free endotoxin is present 
but undetectable in liver. ,4nother possible 
explanation is that a lethal mechanism of 
endotoxin is its persistence in the blood. Tni- 
tially blood levels of endotoxin follow- 
ing intramuscular injection are low. but, 
in contrast to the pattern seen when 
other routes of injection were used, levels 

continued to rise and persist for at least 
24 hours. The lethal mechanism of endotoxin 
may be vascular in this instance. Some evi- 
dence for such a time-dose type of theory is 
that mice rarely die from a barely lethal dose 
of endotoxin within the first 8 hours after 
injection and most are dead within 24 hours 
after injection. 

Summary. I .  Intravenous injection of Cr51 
tagged endotoxin into mice resulted in marked 
increase of circulating endotoxin as dosages 
reached the lethal range. 2. Distribution pat- 
tern of endotoxin in mice injected intracrani- 
ally was similar to that of mice injected intra- 
venously. 3 .  Distribution pattern of endo- 
toxin in mice injected intramuscularly dif- 
fered markedly from those found in mice in- 
jected intravenously or intracranially. 4. 
I’remedication of mice with trypan blue re- 
sulted in greater susceptibility to endotoxin 
and increased amounts of circulating endo- 
toxin in mice injected intramuscularly or 
intravenously. 5. Using the technique de- 
scribed, lethality of endotoxin for mice could 
riot be related to any one distribution pattern. 
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Chromatography of McCQslan Pole Bean Hemagglutinin on 
DEAE-Cellulose. (24526) 
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Phytohemagglutinin of McCaslan Y d e  ( 1 ) observed that i t  agglutinates cells of blood 
groups A, 33, and 0 (all Rh positive). Part 
of the interest in this material stems from its 
utility in preparing high purity leukocyte sus- 

Bean ( P h a s e o h  vulgaris) has been a material 
of interest since discovery of its ability to ag- 
glutinate human erythrocytes (rbc) . Boyd 


