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Evidence from this laboratory amnd others indicates that endotoxin shock
is a form of arnaphylactic shock mediated through natural antibody end
characterized by complement-fixation in vivo; that resistance to endotoxin
shock can be increased by the ecquisition of further antibody; and that
intestinal bacteria may influence susceptibility to endotoxin by their
effect on the production of both natural and acquired autidbeldy. These
immunologic factors in the production of endotoxin shock were investigated
further Ly the following studies:

A. A Systemstic Analysis of the Reaction Between Endotoxin and Complement.
The inactivation of complement by an endotoxin varied with the bacterial speciles
from which the endotoxin was derived and with the individual serum examined.
Consicd~rable aifferences in the depression of complement levels were observed
cmong different endotoximsand different subjects. Each individual, however,
exhibited its own unique pattern of complement inactivation with the battery
of endotoxins employed and the susceptibility to complement inactivation was
stable from week to week. A good correlation was fcund between antibody
(hemagglutinins) to endotoxin and complement inactivation by endotoxin; but
lethality of endotoxin could not be related to its anticomplementary action
in vitro. In experimental bacteremic shock .from E. coli, however, the same
drop in C' levels in vivo vere observed a&s in animals given lethal doses of
endotoxin. In subtletbal joint infections with E. coli the circulating levels of
endotoxin produced transient falls in C' levels ir half the enimals and
eventual elevations in circulating complement in all. These results strengthen
the thesis that complement is involved in reactions with endotoxin in vivo
and in vitro through a reaction with natural antibody; but the role of complement
in mediating the lethal reactlon in endotoxin shock requires further study to
explain vhy C' depression in vitro and letbality of endotoxin could not be
correlated with each other.




3. Immunigation Against Pacteremic Shock by Feeding Viable E. coll.
Feeding E. coll 03113 for 3 vweeks stimulated antibody 12‘ the BomoYogous
endotoxin and protected animals with complete neutropenis against
bacterenie o.riaing from throubophledbitis of pelvic veins. Antidody to
endotoxin appeared to roduce the invasiveness of E. coli.

Ce The Influence of Immunologic Paralysis Induced by Mitomyecin C
On Suscaptibility to Endotoxin.
The DNA entagonist, Mitomycia C, which inhibited antivody formation to
endotoxin, lowered resistance to infection by Gram negative bacteris and
to the lethal effects of their endotoxin.

D. A Comparison of the Toxic and Antigenic Properties of Endotoxin
Purified by Density Gradient Zone Ultracentrifugation.

The major toxic and entigenic activities wers found together in purified
fractions of endotoxin that localized in the dense portions of the gradienmt,
while the bulk of the material was least dense and showed little biologic
activity. These studies further 1llustrated the parallelism of the toxic
and antigenic properties of endotoxin and imply that a single moleculsr
configuration is responsible for both properties. This new evidcace that
toxicity end entigenicity go hand in hand is consistent with the viev that
endotoxie shock 1is a form of enaphylactic shock.

Copies of this report are filed with the Armed Services Technical
Information Agency, Document Service Center, Knott Bullding, Dayton 2,
Ohio, and may be obtained from that agency by qualified investigators
working under Government Contract.
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INTRODUCTION

Evidence from this laboratory and others i{ndicates that endotoxin

shock is a form of anaphylactic shock mediated through natural antibody and

characterized by complement-fixation in vivo; that resistance to endotoxin

shock can be increased by the acquisition of ZYurther antiboly; and that

intestinal bacteria may influence susceptibility to endotoxia by their

effect on the production of both natural and ecquired entibody. These

immunologic factors im the production of endotoxin shock were investigated

further by the following studies:

A.

C.

A systematic analysis of the reaction between endotoxin

end complement.

Immunization against bacteremic shock by feeding viable

E. coli.

The influence of lmmunologic paralysis induced by

Mitomyecin C on susceptibility to endotoxin.

A comparison of the toxic and antigenic properties of

endotoxin purified by density gradient zone ultracentrifugation.




A. Analysis of the Reaction Between Endotoxin and Complenment.

1. Comparison of the Action on Complement of Endotoxins from

Different Bacterial Syecies.

The original studies from this laboratory, reported last year,
demonstrated that lethal doses of endotoxin from E. coli, 0:113 end Proteus
consistently depressed serum complement levels in rabdit dlood in vivo.
This depression of serum complement in vivo was duplicated in vitro by
incubating serum with these two endotoxins in concentrations present
in the circwlation blood of rabbits immediately after injection of 5.0 mg.,
the minimal 100% letbal dose (MLDyjpg). In order to determmine the extent
of this phenomenon among different endotoxins, end in different animal
species, complement levels were measured in sera from rabbits, rats, and
humans before and after exposure to endotoxin in vitro.

Blood was drawn from the heart of rabbits and rats and from the
antecubital vein of healthy adult humans into tubes placzd in an ice

bath. Serum was separated by centrifugation at 4° C. and stored at

-70° C. The serum was thawed just before the test at 4° C. and warmed by

incubating at 37° C. for 5 minutes. The effect of endotoxin on serum




complement was determined by aixing 0.9 ml. serum with 0.1l ml. of &
solution of endotoxin in saline. The complement level was compared with
that in a portion of the same serum to vhich salins elons was added. The
serum plus erdotoxin, and serum plus saline were incudbated for 1 hour at
37 C. in a water bath and transferred immediately thereafter to an ice
bath for determination of complement levels by the method of Osler,
Strauss, and Mayer (1). The endotoxins were obtained from the Difco
Company, where they were extracted from the various bacterial species
with trichloracetic acid by the method of Boivin. The final
concentration of endotoxin in serum was .066 mg./wl. This concentration
of endotoxin is equivalent to the concentrations present in the
circulating blood of 3.0 Kg. rabblts immediately after injection of

5.0 mg., the MIDyg5q. Previous studies (2) with E. coli 0:113 endotoxin
had shown that complement levels were consistently depressed in vivo
only with consistently lethal doses.

The results are shown in the following figures end tables:



i

‘ON WNUSS 3aq0N Ol 6 8 2 © S

'8‘8

q 3

fTO'
N

°©R9888

3
m
A
W
:

Lol

O €8 L2 G b i
inba snyogp ‘g unuaI . SIpyUliud 'S

vadIS 1iggvy LN3H3HHIa OF NI NIXOLOONZ A8 NOLLVALLOVNI
INIANTIGWOD NO S3IDIAS IVIHALOVE 40 30ON2NT1-EN




‘ON WNI8S UDWNE

:
g
3
.
:
:

11

8L 9Gsbeg 2|
S!pI4dUe 'S

vy3S NVIANNH LN3E3S-HIA OF NI NIXOLOAN3 AS NOILLVAILOVNI
ANINIIHNOD NO SIID3dS viM310vE8 4O 3ON3MTIENI




RABBIT SERA
Per Cent Fall in C' level After €0' Incubation With Endotoxin
Salmonella  Salmonella  Salmonella Shigella E. coli
Sexrum #  enteritidis typhimurium sabortus equi flexmeri 055:B5 026:B6 O0111:Bh
1 83.2 33.6 100.0 100 17.6  39.2
2 23.9 16.6 42.3 9.2 11.0 11.7 22.1
9.6 3.7 17.4 63.3 1.7
b c1.0 12.0 100.0 86.4 9.0  13.7 16.6
5 59.6 30.9 80.0 100 3.0 39.4 £€9.1
6 32.1 27.4 100.0 21.7  13.2  23.6 33
7 100.0 66.7 100.0 16.7 15.6 ol 15.6
8 100.0 87.5 100 7.9 1.2 9.9 100
9 63.9 23.8 100 100.0  37.7 L) 63.9
10 18.8 16.4 37.2 60.4L 10.6 18.4 32.L
ADULT HUMAN SERA
Per Cent Fall in C' Level After 60' Incubdation With Endotoxin
Serua f  omevislils syphimariva aborous equi fleserl 055:35 TS OLLL:Bk
1 59.3 63.1 84.5 8L.2 36.5  b41.3 40.1
2 8.1 3.5 32.3 37 .2 33.6 8.5
3 87.4 35.1 93 82.4 21.9 39.3 33.5
X 4 k9.2 30.9 94.3 39.9 18.3 28.8 30.9
5 78.4 hy.2 90.3 58.9 37.9 45.8
6 100 42.0 100.0 T7L.5 20.4 W3
7 95.8 33.7 100.0 k9. 2b.2
8 1.6 4s.h 683.1 by b 30.6
9 10.8 32.4 100.0 35.4 2.9 28.7 25.9

10 8.7 38.3 89.6 45.7 18.2 L0.3 3.8




These results show that endotoxins from different bacterial species
vary greatly in their action on complement. Endotoxin from S. abortus equi
is the gost active in depressing couplement in vitro in both human and
rabbit serum, and is equally active in rat serum. The order
of complement-depressing activity of different endotoxins is as

follows in human and rabbit serum:

Human Rabbit
1. S. abortus equi S. abortus equi
2. S. enteritidis and S. enteritidis
5. flexneri A ——
3. S. flexneri
L. 8. typhimurium E. coli Olll:B4
5. %6%% co);;lngh, S. typhimurium

o
]

E. coli 026:B5 and 055:B5

The similarity i1 the order of anticomplementary activity of different
ecdotoxins in rabbit and human serum ie surprising because {t is not
Teadily expiained on the basis of & resction of endotoxin with natural
antibody arquired through prior exposure {subclinicel infection) to the
wacillus from which the endotoxin was derived. [luman beings are much
more conatantly exposed to E. col{ than 8. sbortus equi, yet endotoxins
froa various specles of B. coli exhibited far less adbllity to inactivate

complement. It would alao scem unlikely that rabbits and man would develop




the same pattern of patural antidody to eadotoxina, since rgbbits usually |
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possess no E. 22}1 in their bowel and are not exposed to the same bacteria
as humen beings.

These experiments also show that individual rabbits and people show
a unique pattern of reaction between their serum complement and different
endotoxins. These unique individual patterns are shown in Figures 1 and 2.
They illustrate marked individual differences in susceptibility to an
effect of endotoxin that have not been previously appreclated.

2. Comparison of EEE Reaction Between Different Endotoxins and

Complement in Sera Obtained at Different Times from the

Same Person.
In crder to determine the constancy of the reaction between
endctoxin and complement in the serum of individual subjects, 50 oml.
of blood vas dravn from two volunteers 3 times at weekly intervals and
‘e the serum stored at -70° ¢. as described above. After all samples had been
collected they were examined simultaneocusly for the effect of T endotoxins
in concentrations of .060 mg./ml. on the complement levels with the

follovwing results:




Per Cent Decrease in C' levels After 1 Hour
Incubation With Endotoxin

Co Endotoxin Pirst Week Second Week Third Week

‘ S. enteritidis 38.5 1.1 55 .4
S. typhimwrium 41.5 8.8 63.7
Subject #1 S. abortus equi 4.2 100.0 86.5
ST S. flexneri 48.0 47.6 45.0
; E. coli 095:B5 31.7 29.1 27.2
. E. coli 026:86 35.5 35.2 33.1
; E. coli OLlll:B4 32.1 34.0 31.3
S. enteritidis 57.4 64.8 Th.2
S. typhimurium 35.6 38.3 37.5
Subject #2 S. sbortus equi 100.0 1C0.0 100.0
5. tlexneri L7.2 58.9 56.4
E. coll 055:B5 35.1 26.7 26.
E. colil 026:B6 26.8 38.1 34.9
0l11:B4 26.8 26.3 27.0

The results indicate that the pattern of individual complement
depression by different endotoxins represents a stable reaction with the
serum of any given individual. The complenent levels in untreated serum

- are also stable. I[n Subject 1, they were 46.7, 47.7, Ard 49.6 units
respectively during the 3 consecutive weeks; in subject 2 they vere
i 48.1, 45.7, and 39.2 units during the 3 consecutive weeks.

; 3. Titration of Enlotoxins for Anticomplementary Dose-Response

Curve.

The reaction of complement vith different doses of

endotoxin wag determined by measuring complement uctivity after incubation
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of Juman and rabbLit serwa with serinl dilutions of endotoxin.

rrocodure was the same as that used in the preceding experiments.

The

\ Tte 5 sera that displayed a lincar type of inactivation curve

for complement are chown in Figure 3.

The following summary gives the

resulis of the titration for the 1l sera examined with either

S. abortus equi, S. enteritidis, or S. flexneri.

Icr Cent Decrease in C' Levels After ). Hour Incubation
With Endotoxin

S. abortus equi

S. enteritidis

8. flexneri

Joncentrations Human Sera  Rabbit Sera  Human Sera Rabbit Sera Rabbit Sera
micrograms/ml. L 2 1 2 1 2 L 2 1 2 3

66 100 100 39.3 91 Lo 9.8 18.2 3.6 30.5 38 100

33 63.6 81.7 32.5 91 4o 51.% 8.8 2%.7 43 38 100

16 2.5 55.6 26.5 21.5 30 ho.h 114 18.9 32 32.8 100

8 30.6 38.6 18.8 27.8 21 3.9 10.6 15.2 22 29 50

" 17.3  21.6 13.7 19.4 12 21.9 12.1  T.4 o0 0 0

2 10.5 15.3 10.3 16.0 10 1.9 10.6 8.2 © o 0

1 7.7 13.8 8.5 11.8 10 12.4 10.6 8.2 0 0 0

The curves obtained in this experiment (Fi_sure

that the reaction between sera and endotoxin varies

‘.e., serum or endotoxin.

ond the others are irregpular in shape.

3) illustrate further

with either reagent,

The linear reactions have variadle slopes (Figure 3)

An interesting feature of certain



sera (Human 1 S. enteritidis; Rabbit 2 S. flexneri) is that progressive

increase in dosage does not always lead to further iractivaticn of

complement beyond a certain fraction.

Relationship Between Complement Inactivction by Endotoxin,

Heterophile Qgtibqu, ggg Natural Antibody to Endotoxin.

In order to determine whether complement is inactivated
in vitro as » result of & reaction between natural antibody and endotoxin,
a comparison was made between the titer of natural antibody to endotoxin

and the amount of complement depression. Docouse Shigells floxner!

endotoxia is antigenically related to the heteraonhile antigen in

gheep cells, hetervphile antibody in normal rabbit serum was also examined

far any possible role it may play in the inactivation of complement by

endotoxin.

The sers of 26 rabbits vere divided into & portions. These were
examined as follovs: (1) Natural a..ibody to S. flexneri endotoxin vas
detcrmined by measuring the titer of hemogglutinins to human group O red
cells sensitized 4ith that endotoxin by the technique of Neter (3). The

heterologous agglutinins for husan group O red cells were firat removed froa




rebbit sera by absorption with group O cells. (2) Complement levels were
determined after incubation for 1 hour at 37° ¢. with 65 micrograms

S. flexneri endotoxin and compared with the levels in portions of the

same sera incubated without endotoxin. (3) The heierophile titer was
measured by hemagglutination of sheep red cells. The sera were inactivated
for 30 minutes at 560 C. snd .25 ml. was serially diluted with .25 ml.
saline. Then 0.1 ml. of a 2% washed suspension of sheep cells was added
to each tube and hemagglutination observed after ’ncubu“ion at 37° C.

for 1 hour and at 40 C. overnight. (&) Inhibition of ~he~p cell

agglutination vas ettempted by incubating each serum with 66 ulcrogrems

S. flexneri endotoxin for 1 hour at 37° C. before the heterophile test;

and the heterophile titer then compared with that in portions of the

same sersa incubatsd similarly but without endotoxin.

The folloving results vere odbtained:




1l

(a) Relationship between complement inactivation by endotoxin to titer of

natural antivody (Eemegglutinins) to S. flexneri endotoxin is shown in

tre following table.

Hemagglutinin titer to j

¢ Fall in Complement After Endotoxin Sensitized
Rabbit Incubation With S. flexneri Red Cells
1 100 64
2 100 6L
3 100 16
L 100 3
5 100 o -
6 100 8 f
1 100 8
8 100 3
9 9 8
; 10 Lu 8
! 1l 100 o
12 1Q0 4
: 13 130 4
! 1 100 i
15 6 4
. 16 53 .
{ 17 50 N
18 29 “
19 23 _
' 20 10 N
a2l 11 2
22 6.y Q
23 13.7 Q
24 3.9 0
25 0 2
26 0

This table can be summarized ss foll-—-3:

Fer Cent
Number Average Deprexaion in C' Level Sera Showing a
Antibody Titer of Sera After Incubation With Endotoxin C' Fall 3%

0-2 6 164 16
Y 12 Shg 60
8 and above 8 g 87
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A correclation is thus suggested between antibody titer to endotoxin

{as measured by hemagglutination) and the degree of inactivation of

complemcnt by endotoxin. It is consistent with the view that complement

inactivation by endotoxin results from complement fixation by natursl

anvibody to endotoxin.

(v) Relationship between complement depression by endotoxin end heterophile
antibody:

Reciprocal of Serum

Titer or Sheep Cell Agglutinins - Depression of C' level
Rabbit With Endotoxin Without Endotoxin By Endo%toxin

1 8 8 100

2 4 4 100

3 8 8 100

L 8 8 6L .5

5 2 2 575

6 L L 29.0

T 2 L 14

8 8 8 1.1

9 8 8 10
10 i L 9
11 4 L 3.5
12 8 8 0

These results demonstrate that the inactivation of complement by -
S. flexnerl was not related to reactions with heterophile antibody because
it was independent of the heterophile titer of the serum; and because this

endotoxin did not block sheep cell agglutination in sera that lost C' activity



af.er exposure to endotoxin.

Relationship Between In Vitro Complement Inactlvation and Iethality

of Endotoxin.

In previous studies we have reported that endotoxin produced &

censistent fall of complement levels in vivo only with consistently

lethal doses. This raised the question of how complement depression was

relvted to the lethal effect of endotoxin -~ Was complement depres.ion a

causal factor, was it coincidental, or was it a result of lethal

intoxication? This question was difiicult to answer when changes

C' were measured 13 vivo because direct correlations could not be

in individual animals between complement changes and lethality in

of the act that removal of blood for C' asnay after injection of
endotoxin affected lethality. Instead it vas nccessary to meazure C°
levels and lethality scparately and correlate the results between the
two groups of animala. In order to relate changes in €' with lethality
in the same animal, 1t was necessary to compare the fall of serun C°

induced by endotoxin in vitro wich letimlity to endotoxin injected into

rabdbits after they had recovered from removal of blood for C' as:ay.




1k

Blood was removed by cardiac puncture from 52 rabbits. Each serum was

incubated with 66 micrograms of Shigella flexneri endotoxin per ml. for 1

hour at 37° C. end the fall in complement level determined by the method
described in A-l. The lethality in rabbits whose sera showed a sharp
fall in C' level was thLen compared with that in rabbits resistant to the
anticomplementary effects of S. flexneri endotoxin. The following
results vere obtained:

Marked Fall in C' in vitro Little, if any, Fall in C' in vitro
% Fall Survival Time % Fall Survival Time
Mse Endotaxin Rabbit in €' (Hr. After Endotoxin) Rabbit in C' (Hr. After Endotoxin)

(mg)

5 100

100
100
100

100

ot 3y
ONCDO & =3

o e

Survived
a8
12
Survived
Survived
16
s

T

[l =
~ O
oo

.

DIapxwOoO=EXC
-
08@0

>
&0

Survived
12
Survived
Survived
Survived
Survived
Surv.ved
Survived
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P

MM <C
C;:3Cthgu::1D‘:
w
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The LDSO of 8. flexneri endotoxin in the two groups were:
Group I Marked fall in C' = ,525 mg. L5
Group II Little, if any fall in C' = .74l mg. LD5O
These results show that complement inactivation in vitro was not
related to lethulity of endotoxin.

6. Complement levels During Infection by Gram Negative Bacteria

That Contain Endotoxin.

In order to determine whether circulating endotoxin affected
complement levels during infection by Gram negative tacteria, rabbits ware

subjected to two types of infection with F. enli: (2) Jethal bacteremic

shock. In this type of infection, in which lethal doses of endotoxin are
held responsible for the fatal bacteremia, C' levels would be expected
to fall as they do in rabbits given lethal doses of purified endotoxin.

(b) Septic arthritis of the knee due to E. coli. 1In this type of infection

sublethal doses of endotoxin are prescnt in the cireculation and would not
be expected to reduce C' levels consistently.

(a) Lethal Bacteremic Shock.

‘fhe effect of lethal bhacteremic shock on complement was




studied ip the model developed during the last 2 years in this laboratory
(Annual Reports 1960-1961, and 1961-1962). It is based on the discovery thst
most rabbits are naturally free of coliform bacilli so that E. coli of

known serotype and pathogenicity can be introduced Into the intestinal tract
by feeding. Bacteremic shock due to E. coll of intestinal origin is then
produced by two steps: (1) Intravenous injection of 3.0 mg./kg. nitrogen
mustard and (2) rectal temperatureés vith probes* containing thermometric
elerments. At 90-100 hours after injection of nitrogen mustard, when

granulocytopenis is moct scvere, animals develep hizh fever, overvhelaing

E. coll bacterenla and fatal shock. The originm of the bactereaia is

treced to iavasion of the rectal mucosa by rectel bacteria; from there the

bacteria spread to the pelvic velins and {nduce pelvic¢ thrombophleditis.

In the present experiwents coliforw-fres rabdits vere fed 1.0 ml. of

& Eitber therwistor probves (Glass ei_losed thermometric element used vith
thermistor therwoweter manufacturcd by E.H. Sargent Company) or soft
internal (Esophageal-Nectal) piote covered vwith vinyl sanufactured by
Yellos Soring Instrument Company (See Figure 1, Annual Report 1900-1961).




an 18-hour culture of E. coli 0:113 in their drinking vater for 3 days
before administering nitrogea wustard and beginning rectal temperature

probing. Blood was obtalned for complement levels: (1) before feeding

E. coli, (2) Just before injecting nitrogen mustard, and (3) upon the

appearance of a spike in fever. The blood for the complement
determinations was placed in an ice bath immediately and the serum stored
in the deep freeze at -70° ¢. until complement determinations were
performed. The remaining serum was inactivated at 56° C. for 30 minutes and
examined for antibody to endotoxin by the hemsggluiiwavicn methid.

In addition tov the animals fed E. coli 0:113, 3 additional groups
fed no E. coli, were examined for C' levels after neutropenia wvas
produced by HNp. The 3 additiomal groups were: (1) coliform-free
rabbits; (2) coliform-free rabbits subjected to roctal probing; (3) rabbits
with naturally heavy populations of E. coll in their stools. The following

changes in complement levels were found:




Fever (Degrees F)
Group Animel # When Bled for C'

Nunber
0f Colonies

Per ml. Blood

Change in

C' level (%)

Over-
whelming
Bactercmia
Due to
0:113

WA\ & B0 &
» e e o o o @ . o
POWUVWFHFOWWWw

O M~ O Flw o

} od

Innumerable
L8o
2
600
3000
720
1320
22
11,885
16,200

+15.7
« 0
+35.9
+21.8
+11.3
+ 8.9
-11
+70
-20
+T75

Over-
vhelming
Bacteremia
Due to

E. coli
Normally
Present in
Rabbits
Own Stool

600

5
L500

+20.4
0

12

+30.6

+29

- 8.4

Neutropenia

L days after
nitrogen mus-
tard in
coliform-.ree
rabbits not fed
E. coli; no
rectal proving

Neutropenia &
days after
nitrogen
wustard in
coliform-free
rabbits not fed
E. coli, but
szgg rectal
nrobiqg

ND
ND
o

ND
Sterile
Low
Sterile
56%
Sterile

KD = Not Determined

# n Bo E. coll — Only Streptococcus virfdans and Streptococcus fecalis




The average change in C' level in 16 rabbits undergoing bacteremic shock
wes a swmall rise of 17.5%. In controls given the same manipulation
without E. coli in stool and no E. coll bacteremia the average rise in C'
was T8.4%. Interpolating from these control velues, it can be
concluded that the proctitis of rectal probing proauced a marked rise in
complement levels, from which a sharp fall develops when overwhelming
bacteremia occurs. The mean fall in C' level would be: 78.4-17.5 = 60.9%.

Experimental bacteremic shock due to E.

coli, like endotoxin shock,

is thus assocleted with » sharp drop in complement levels.

Blood was removed by cardiac puncture from six normal

rablits in order to obtain baseline complement levels. Then 109 viable

bacterial cells of an 18-hour culture of E. coli 0:113 was injected into

the knee after the bLacteria had dcen washed 3 times in sterile pyrogen-free
saline. All rabbits developed severe arthritis with sublethal quantities of
E. coll endotoxin circulating in thu blood stream {(%). DPleod from the

heart wvis obtuined for complement levels at intervals of 1, 2, and 7 daye

afler Infeelion vith the folloving recults:




Interval After
Inocuwlation of B. cold 9 Change in
Rabbit Into Knee (Days) Complement lLevel

A -34
-1.9
+36.5
- 6.9
-38.8
6.1
+22.6
+19.4
+13.5

+2h.1
+104.3
+116.3

+26.8
+104.9
+104.1

-13.6
0
+40.6

1
2
7
1
2
7
1
2
7
1
2
7
1
2
7
1
2
7

It is apparént that all rabbits eventually developed a rise in

C' levels, although aalf displayed an initial drop during the first

24-43 hours.

Summ.ry of Qbservations on the Effects of Endotoxin on Complement

T™e inactivation of complement by an endotoxin varied with the
bacterial species from vhich the endotoxin was derived and wvith the
individual serun examined. Considerable differences in the depression
of complement levels vere observed among different endotoxins and
different subjects. BEach individual, hovever, exhibited its ovn unique

pattern of cowplement inactivation vith the battery of endotoxins




enployed and the susceptibility to complement inactivation was gtadle from
week to weak. A good correlatlon was found between antibody (hemagglutinins)
to endotoxin and complement inactivation by endotoxin; but lethality of
endotoxin could not be related to its anticouwplementary action in vitro.
In experimental bacteremic shock from E. coli, however, thc same drop

in C* levels in vivo were observed as in animals given lethal doses of
endotoxin. In sublethal joint infections with E. coli, the circulating
levels of endotorin produced transient falls in C' levels in half the
animals and eventual elevations in cireculating complement in all. Taese
results strengthen the thesis that complewent is involved in reactions
with endotoxin in vivo and in vitro through a reaction with natural
antibody; but the role of complement in wediating the lethal reaction

in endotoxin shock requires further study to explain why C' depression

in vitro and lethality of endctoxin could not be correlated with

each other.




B. Protection Against Overwhelming Bacteremic Shock by Feeding E. coli.
Injection of sublethal doses of endotoxin not only stimulates

antibodies to endotoxin, but also resistance to lethal doses. last year

we reported (Annual Report, 1962) that feeding E. coli also stimulated

antibody formaticn to E. coll endotoxin and suggested that resistance

to bacteremic shock due to E. coli might bte increased by feeding that

organism. The following experiments describe such an attempt to increase

resistance to overvhelming bacteremla by feeding E. coll.

Twenty-four coliform-free rabbits were fea L. coii by placiug

1.0 ml. of an 16-hour broth culture of E. coll 0:113 in their drinking

vater daily for 3 weeks before injection of nitrogen mustard (HNQ). A

control group of 2 rabbits vere fed E. coll in the same fashion but for
only 3 days before receiving HN,. Blood for antibody titers to E. coli
endotoxin was taken by cardisc puncture before feeding vas started and
again just before HN> vas injocted. Forty-eigh® hours after each aniwal
had received EN; (3 mg./kg.), the rectum vas traumatized by taking

continuous temperatures wvith the internal soft vinyl probe. The probe
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was washed first with Zephiran solution, rinsed in tap water, dried

with gauze and sterilized with 70% alcohol before temperatures were

T ——

started each day. These precautions prevented transfer of intestinal
bacteria from test animals to control animals. Fe<al cultures showed
that all rabbits had heavy populations in the stools when rectal
temperatures were started. As soon as each animal developed fever,
blood was dravn for culture and antibody titer. This fever usually
took the form of a sudden spike 48 hours after rectal probing began.
(See Figure Y, Annual Report, October, 1961).

The following tables compare the incidence of bacteremia,

the height of fever, and the antibody titers in the two groups of

rabbits.
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Oral Immunization: E. coll 0:113 Fed For 21 Days

Reciprocal Hemagglut. Titer to E. coli 0:113 Endotoxin
Maximum Blood Culture nefore After

Rabbit # Fever (F) Colonies E. coli/ml. Feeding E. coli Feeding E. coli Rise in Titer*

A B | A B

A-249 o} . N 32 8

B-249 3.8 12 ND 16 ND

c-249 4.5 Sterile 2 8 8 N L
D-249 2.8 Sterile 2 32 -8 16 L
E-249 3.5 Innumerable 0 16 I 16 L
F-249 3.5 2 0 32 8 32 8
G-249 D + 4 8 2

H-249 3.1 Sterile L 32 16 8 L
I-249 3.0 1 0 4 2 4 2
J-249 2.6 Sterile 0 16 8 16 8
K-249 D Sterile 0 8 8

L-249 D Sterile 2 L L

A-253 2.5 - Sterile 8 128 16 16 2
B-253 1.5 Sterile L 16 8 L 2
C-253 1.k Sterile 8 128 128 16 16
D-253 3.0 Sterile 2 256 256 128 128
E-253 1.5 Sterile i 1A 16 L L
F-253 1.9 Sterile 2 32 32 16 16
M-253 2.2 Sterile 2 32 L 16 2
N-253 2.5 Sterile 16 512 128 32 8
0-253 3.1 Sterile 0] 16 L 16 I
P-253 D Sterile 0 32 32

R-253 3.6 Sterile 0 8 8

D = Died from Nitrogen Mustard Before Rectal Probing Began

-+
1]

Positive Culture of Heart Swab Post Mortem -~ No Plate Count
s No Determination Because of Accident

Just Before HN>

W o> 3

= 3-4 Days After HNp When Fever Spike Occurred

Titer Before Feeding E. coli
“MTer After Feeding E. coll

*x
1]



Non-immunized Controls: E. coll 0:113 Fed For 3 Days

Reciprocal Hemagglut. Titer to
E. colil 0:113 Endotoxin
Maximum Fever Blood Culture Before After
Rabbit # Degrees (F)  Colonies E. coli/ml. Feeding E. coli Feeding E. coll

A B

720 4
<+
Sterile
1320
Sterile

22
Sterile

11,880

16,200
Sterile
Sterile
Sterile

-~
.
w

M-249
N-249
0-249
P-249
Q-249
R-249
$-249
T-249
U-249
v-249
w-2ug
X-249

[ nd

EEFPOND DO FOCNE

O FFwvounownwo o
WM @O W WU

Innurerable
Innumerable
Innumerable
Innumerable
Innumerable
Innuncrable
+
2040
Sterile
'
Innumerable
Sterile

G-253
H-253
I-253
J-253
K-253
L-253
$-253
T-253
U-253
v-253
W-253
X-2953

e

o o]

oW EwWwW

»

D E ORWMO
omooomN

WD Oww
W

Died from Nitrogen Mustard Befors Rectal Probing Began

Positive Culture of Heart Swad Post Mortem - No Plate Count

No Deterwination Because of Accident

Just Before N>

3-4 Days After HN> When Fever Sprke Occurred




The results of the two tables mey te summarized as follows:

Oral Immunization: Non-immunized Controis:

Fed E. coli 21 Fed E. coll 3
Days Before HNo Days Before HNo

Total Inclidence of Bacteremia 20.8% 67%

*Corrected Tucidence of 21 ¢ 83%
Bacteremia

Average Fever Maximum 2.8° r. L.,1° F.
A rerage Antibody Titer to 1:99 1:3

E. coli 0:113 Endotoxin

Just Before :Ti:

Average Antibody Titer to

E. ecoll 0:113 Endctoxin

At Height of Fever
(3-4 Days After HNo)

*Incidence is corrected for animals that died from
Nitrogen Mustard before rcctol temperaturss vome
taken.

These studies clearly demonsirate that bacteremic shock can be
prevented by oral imzunization. This oral immunization is accompanied
by a sbarp rise in specific antibody titer to E. coll endotoxin and would
seem to offer protection by neutralizing endotoxin at the surface of the
cell wall and thereby preventing sustained invasion of the blood strean.
The protection by antitody against endotoxin cannot te the result of

better rhagocytosis by polymorphonuclear leukocytes because blood counts
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showed that these cells had virtuslly disappeared from the blood of all
animals in both groups on the fourth day after nitrogen mustard when
fever spiked and blood cultures were performed. It is more likely that:
(1) antibody reduced the ability of E. coli in the ractum to invade the
traumatized pelvic veins aud to establish tbrombophlebitis, the
essential preliminary to overvhelming bacteremia; (2) antibody increased
the clearance of E. coll by the fixed macrophages of the RE system.

The RE cells are resistant to HN,, which does not impair clearance of

E. coli or endotoxin from the blood (Annual Report, Octoder 11, 1961).

These results also have three other important implications. First,

they suggest for the first tim? a decisive {mportance of antidbedy to

endotoxin in preventing infection. Previous studics with antibody have

been concerned primarily wvith reducing toxicity of endotoxin. Sccond,

they emphasize the importance of prior contact with Gran negative bacteria

(lov grade wvound infecticn, intestimal colonization) in conferring

resistance to bacteremic shock. Third, they suzgest & possidle role of

prolonged antibviotic therspy in lovering resistance to bactercmia by

eliminating from the bovel Grom negative bacteria “hat might othervice




wa.atain immunity against blood stream invasion by antibiotic-resistant
Gram negatives of the same bacterial species.

Summary of Oral Immunization Studies

Feeding E. coli 0:113 for 3 weeks stimulated antibody to the
homologous endotoxin and protected animals with complete neutropenia
agalnst bvacteremia arising from thrombophlebitis of pelvic veins. Antibody

to endotoxin appeared to reduce the invasiveness of E. coli.
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C. The Influence of Immunologic Paralysis Induced by Mitomyein C on
Susceptibility to Endotoxin.

In order to gain more insipght into immunologlc factors
responsible for resistonce to cndotoxin, an attempt was made to induce
imnunologic paralysis with Mitomycin C, an antagonist to the synthesis
of DNA. Mitomycin is superior to nitrogen mustard and other alkylating
agents for studies in mice and rats. These animals readily survive doses
of Mitomycin C that produce the desired immunologic affect, but die
quickly from comparable doses of HN, and related alkylating agents.

1. Influence of Mitomycin C on Lethality of Endotoxin.

Mitomycin C was dissolved in sterile saline and sublethal
quantities given subcutaneously to groups of 35-40 mice in 3 different
dosage schedules: (1) 0.1 mg. daily for 5 days; (2) 0.1 mg. for 1 dose
only; (3) 0.2 mg. for 1 dose only. On the seventh day the treated mice,
and corresponding numbers of untreated controls, were challenged by graded
intravenous doses of endotoxin to determine the LDgp. In an additional

gcoup the LD5° was determined 24 hours after one subcutaneous injection ¢

0.1 mg. Mitomyein C. The dosage schedules of Mitomycin, the types of endotoxin,
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their LDSO'a, and the change in susceptibility are summarized in the

following table:

Interval Between Increased
1st Dose Mitomycin Susceptibility
Dose And Challenge LD50 Controls
Experiment # Mitomycin (mg) (Days) Endotoxin LD (mg) IDcn Mit.-Tr. Mi.
1 0 (Control) E. coli 0:113 .155
0.1 daily for 5 7 E. coli 0:113 .05 3.1
days
2 0 (Con*rol) E. coli 0:113 Abl
0.1 for 1 dose 7 E. coli 0:113 046 3.1
3 0 (Control) E. coli 0:113| .158
0.1 for 1 dose T E. coli 0:113 .0312 5
0.2 for 1 dose T E. coli 0:113 0312 5
4 0 (Control) S. flexneri .125
0.1 for 1 dose T S. flexneri .08 1.4
5 0 (Control) S. flexneri ATT
.1 for 1 dose T S. flexneri 071 2.5
0.2 for 1 dose T S. flexneri 0312 5.7
6 0 (Control) E. coli 0:113 .155
0.1 for 1 dose 1l E. coll 0:113 .125 1
0.1 for 1 dose 7 E. coli 0:113 .08k 1.8
7 0 (Control) S. typhimurium| .250
0.1 for 1 dose T S. typhimurium} .Ohk 5.7




These results show that Mitomycin C lowers resistance to endotoxins

of E. coll, Salmonelia typhimurium, and Shigella flexneri; that a single

dose is as effective as multipie doses of Mitomycin; and that mere than
2k hours is required for lowering resistance to endotoxin. In view of the
known antagonism of Mitomyecin to DNA, and to protein synthesis, the
results are consistent with suppressed production of a protective protein
such as gamma globulia which has a half-life of 2 days in the mouse.

Effect of Mitomycir € on Antibody Formation to Endotoxin.

In order to determine whether Mitomyein C could depress antibody

formation in mice this drug wus given to mice immunized with Proteus

mirabilis endotoxin. The endotoxin was preparcd in this laboratory by

the Brivin technlque frem bacteria grown in & synthetic medium containing
ouly glucose, saits, and water (b).

Twenty-four Swiss-Webster mice were tied from the retroorbital
capillary bed with a caplllary plpette to obtain sera for precipitin ond
agglutination titers and then glven an immunizing dose of .05 mg.

Proteus endotoxin intruperitoneaily. Twelve of the mice werc then injectod




subcutaneously with .05 mg. Mitomycin C daily and blood was obtained weekly
thereafter for precipitin tests with Proteus endotoxin and agglutination
tests with boiled Proteus bacilli.

The precipitin test was performed in capillary tubes measuring
1.5-2 mm. in diameter. A solution containing 1 mg. endotoxin/ml. saline
was drawn into the tubes with cerial 2-fold dilutions of sera pcoled from

3 mice. The capillary tubes with serum and endotoxin were incubated at

37° ¢. for 2 hours, and overnight at L2 ¢. Then they were examined for

precipitation and graded so that 1 mm. of precipitate = l+. The

agglutination test vas done with cultures of Proteus mirabilis grown for

18 hours on plain agar vashed off with saline and killed by placing the
tubes in boiling water for 1 hour to destroy all antigens except the
resistant "0" antigen (1.e. endotoxin). The suspension of dead hacteria
ves diluted with saline to a turbidity allowing 34% transmission at 610 mam.
in the Beckman Jr. Spectirovhotometer. One drop of tie suspension waa
placed on glass slides with one drop of a serial dilution of poulud

mouse serum &nd cbserved for macroscopic agglutination.

The following results were ottained:




PRECIPITIN TESTS

Week After Serum Dilution
Pool # Mitomycin  Immunization N

1 Yes




AGCLUTTNATION TESTS

Reciprocel Agglulinin Titer
Pool # Mitomycin Before Immunization 1 Week 2 Weeks

Yes
Yes
Yes
Yes

No
No
No
No

ND = No Determination

These precipitin and agglutination tests both demonstrate clearly
that Mitomycin C blocks the formation of antibody to endotoxin (0" antigen).
The major ovs2rvable gross effect in these mice given Mitomynin in this
experiment was marked atrophy of the spleen at 2-3 wecks.

When the dose of Mitomycin was cut in half (.025 mg.) only clight

inhitition of aniibody formation was noted.

3. Distribvution of Mitomycin in Viscora.

In order to determine whether Mitomycin localized in the
reticuloentothelial organs responsible for inactivation of endotoxin,
ussays for Mitomycin vere porformed with various tissues st 2 and b

bours after injection of Mitomycin.




Four Swiss-Webster mice, weighing 20 grams, were inoculated

intravenously with 0.5 ml. of a 3 hour culture of Proteus vulgeris

(Strain #6731). Immediately aftervards, 2 of these mice each received
subcutaneous injections of .25 mg. Mitomyecin C in the shoulder. The
otner 2 mice served as controls. Two hours later 1 mouse inoculated with
Mitomycin and 1 control were exsanguinated through the retroorbital
plexus and the liver, spleen, and kidneys removed. Four hours later

the remalrning 2 mice were treated similarly. The tissues were minced,
placed in 5 ml. trypticase soy broth and alloved to stand at 4° C.
overnight. The next worning the suspensions vere centrifuged at 2000 rpm
for 5 minutes and the supernates transferred to sterile test tubdes.

These tubes vere incubated at 379 C. and growth measured
turbidivetrically every hour in the Colewan Jr. Spectrophotomater at

610 mm. The amount of Mitomycin C in tissues was determined by

measuring the reduction of turbidity from bacterial grovth (increased

light transmission). The assay* wvas thon repeated but the Mitomycin

® This assay for Mitomycin in vivo vas developed in this laboratory after
preliminary etudies showed that Mitomycin would not diffuse from tissue
extracts vlaced in oxford cups on plates seedcd with bacteria or into
gupcrnatedt broth subsequantly inoculated with bacteria. The picsent assay
measursd Mitomycin's action against Proteus in vivo.




was given 1 hour after inoculation of P. vulgaris. 1In addition to the

2 mice receiving .25 mg. Mitomyein C, 2 others received .10 mg.

Mitomycin €. The following results were obtained:
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Growth Turbidity After

Dose Hours After Hours Incubation at 37° ¢. % Inhidition
Tissue  Mitomycin Inoculation of After (% Transmission) 0f Growth By
Supernate  (mg.) P. vulgaris Mitomycin Initial 11 Hours Mitomycin C*
Blood .85 2 2 T3 66 3¢
Kidneys T1 67 35
Liver 64 b6 36
Spleen T2 66 Lk
Blood o] 2 2 Th 37
Kidneys 67 28
Liver 65 11
Spleen Th 24
Blood .25 L b T2 47 5
Kidneys 72 46 5
Liver 46 37 43
Spleen T0 60 34
Blood 0 b 4 70 Lo
Kidneys 67 36
Liver 99 T
Spleen 69 25
Blood .10 3 2 63 52 2l
Kidneys 60 59 18
Liver 57 36 19
Spleen 65 L5 24
Blood 25 3 2 67 59 20
Kidneys 60 59 22
Liver 59 53 34
Spleen 60 42 26
Blood 0 3 2 59 21
Kidneys 53 30
Liver L6 6
Spleen 60 16
Blood 10 S b 63 by 6
Kidoneys 60 56 12
Liver 6l 55 35
Spleen 6L 49 26
Blood 25 5 b 63 66 22
Kidneys 55 51 12
Liver L2 32 k)
Spleen 67 58 34
Blood o 3 b 64 39
Xidneys (Control) 65 49
Liver S 13
Spleen 64 2
# ¢ Iohibition of Grovth « Changs in turdidity of test ¢ tures mi change in

turbidity of comtrol culturcs 0 Mitomycin




There was marked inhibition of bacterial growth by Mitomycin
(through DNA {nhibiticn in Proteus) in supernates of the liver and
spleen (especially apparent &t 4 hours after Mitomycin had been
excreted from the blood of several animals). This demonstrates
heavy localizatlion of Mitomyecin in liver and spleen, the organs
primarily involved in inactivation of endotoxin. Iucreased susceptibility
to endotoxin after 1 injection of Mitomyein could thus be explained
by inhibition of DNA synthesis in liver and spleen with suppression
of norwal mitosia of phagocytic and antibody producing cells. Norwal
DNA synthesis thus appears to be essential for full resistance

to endotoxin.

L. Effects of Mitomycin C on Circulating leukocytes and

Lyophatic Tissues.

Mice were given daily subcutaneous injection of Mitomycin

in doses of eitber 0.l wg., 0.5 mg., 0.25 wg., or .0l mg.; and blood

obtained weekly for WBC and differential counts from the retroorbital

plexus with the following results:
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i Weeks After Mitomycin:

Dose 2 L 2 3
towe §_(ag)NEe ha e am e Toel  Total T
1 +100 hho;J 1496 5400 1404 | Died
2 <100 5850  1k62 6400 2112 900 90
3 .050 1250 2420 | 2250 698 1125 180
4 050 7600 2660 | 1400 210
5 .025 8100 2430 | 5300 196i 2650 3N
6 .025 8550 4983 | 5350 1605 1125 371
7T .010 5100 1122 1800 450
8 .010 5825 1250 2750 798

The leukopenia was accompanied by a comparable thrombocytopenia
and atrophy of the spleen, cecum, and other lymphatic tissues. It should
be noted that no leukopenia developed in the peripheral blood until after
the first week of injections.

Another 15 mice were given 5 daily injections of .100 mg.
Mitomycin C subcutaneously and sacrificed 3 days after the last dose.
The spleen weights ranged from .02-.03 mg. and the average was .02 mg.
The spleens of normal controls weighed .135-.185 mg. with an average of
.156 mg. The cecums of mice treated with Mitomycin were also markedly

atrophic but other tissues appeared normal end the total body welghts of
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treated mice were not reduced. Spleens began tc regain their

weight ebout 11 days after ths last of 5 doses of .100 mg. of Mitomycin C.
Because one injection of 0.l mg. Mitomycin lowered resistance to

endotoxin one week later, a study was made of mice receiving this

dosage of Mitomycin. Six Swiss-Webster mice, age 3 months, and weighing

30-39 grams were given an injection of 0.1 mg. Mitomycin C subcutaneously

and blood counts teken from the retrocrbiial plexus before, and 1 wveek after

the injection. No significant change vas found at one week in blood

hemoglobin levels und body weight. Spleens of mice wvith Mitomycin C did

not veigh leas than the controls. The only change occurred in the WBC

of four mice as follovs:

Total WBC Po nuclears
Mouse § Before Mitomycin I Wk. After Nit. Before E‘Kfou,ycgn g WKk. After Mit.

7 11,300 3164 L100 205
9 15,000 2550 6875 1581
1n 10,000 3600 6425 2249
12 10,750 1828 5000 1100

These leukocyte changes vere not considered great enough to account

for the increased susceplidbility of mice to endotoxin because the counts

after Mitomycin vere not belov the levels seen in noreal control animals.
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4. The Effect of Mitomyoin C on Resistance to Lethal Salmonella Infection.

In viewv of the lowered resistance to Salmonella endotoxin after
the injection of 0.1 mg. Mitomyecin, a study was made to determine whether
Mitomycin similarly lowered resistance to Salmonella infection. If
this were the ccse, it would substantiate the impression (gained from
studies with bacteremic shock in Section B) that resistance to endotoxin
parallels resistance to infection by Gram negative bacteria.

Preliminary studies had shown that 10-8 and 10"9 dilutions of 18-hour

trypticase soy broth cultures of Salmonella typhimurium were lethal for

mice approximately 2 weeks after intraperitoneal inoculation. The
following experiment was conducted to determine if 0.1l mg. Mitomycin

would accelerate the death rate from these small numbers of S. typhimurium.
A group of thirty 8-week-old white Swiss mice were given 0.1 mg. Mitomycin
éubcuxaneously and one week later were challenged with S. typhimurium.
Fifteen of these mice received 0.5 ul. of a 10’8 dilution and 15 received
0.5 nl. of & J.O'9 dilution of an 18-hour brotb culture of S. typhimurium.

An equal numbe.' of control uice received each of the 2 doses of Salmonelle

and the m.rtality rates compared with those in the mice that had received
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0.1 ug. Mitomycin 7 days previously.

Figure 4 shows that mice treated with Mitomycin dled faster thac
coatrols given either 1078 or 10 allutions of Salmonella cultures. This
ipcreased susceptibility to S. typhimurium infection parallels the
increased susceptibility to §. typhimurium endotoxin induced by Mitomyein C.

Summary of Observations with Mitomycin C

The DNA antagonist, Mitomycin C, vhich {nhibited antibody formwation
to endotoxin, lovered reaistance to infection by Gram negative bacteria

and to the lothal effects of their endotoxin.
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D. A Comparison of the Toxic and Antigenic Properties of Endotoxin Purified

By Density Gredient Zone Ultracentrifugation.
The parallelism between the immunnlogic and toxic properties

of endotoxin implies a single molecular configuration respounsible for
buth properties. In order to obtain further information on the association
between toxicity and antigenicity, endotoxin was subjected to
ultracentrifugation in a sucrose gradient. If the endotoxin prepauration
vere a mixture of two different substances, one a toxin and the other ax
antigen, they might be separadble in a density gradient.

In order to detect the distribution of the endotoxin in the gradient
it was labelled internally with d-glucose labelled uniformly with C-14.
For this purpose E. coli 0:113 was selected as the source of endotoxin
because it can be grovn in a synthetic medium providing glucvse as the
sole source of carbon. The endotoxin was extracted with trichloroacetic
acid by the standard method in this laboratory, and possessed radiocactivity
equivalent to 6000 couns per minute in the Packard Tricarb Liquid
Scintillation Counter. The LDgn in 8-week old white mice vas .217 wg.

The ID5o of nen-labelled endotoxin prepared simultaneously was .218 uwg.
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Sucrose gradients from 1 M to .2 M were prepared by adding pyrogen-free
distilled water to a mixing chamber containing a 1 M pyrogen-free sucrose
solution in pyrogen-free distilled water with continuous stirring by a
magnetic stirrer. The sucrose solution of decreasing molarity was carefully
layered into a centrifuge tube by means of a polyvinyl tube to a volume of
approximately 28 ml. The sample containing 1 mg. of endotoxin dissolved
in 1 ml. 5% glucose was layered on the top by means of a syringe.

Ultracentrifugation was carried out in a Spinco Model L
ultracentrifuge using a SW 25.1 swinging bucket rotor for 17 hours at
25,000 rpm, with the running temperature +5° C.

After centrifugation the bottom of the centrifuge tube was perforated
and fractions of 1 ml. vere collected, so that the densest material appeared
in tube 1 and the least dense in tube 29. Absorbance was measured et 254 mu
and radioactivity was determined by suspending eliquots of the fractions in
thixotropic gel and counting in the Packard Tricarb Liquid Scintillation Counter.

The toxicity and antigenicity of each of the 29 fractions collected

from ¢the sucrose gradient were determined by inoculating rabbits intravenously

«ith serial 10-fold dilutions. The minimal pyrogenic dose of each fractlion
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vas agsayed Ly the motbod of Keene et al. (5), and the pyrogenic ectivity
por micxogram of muterial was then deterwined from the radioactivity on the
basis of GO0 cts/minute/mg.

The minimal antigenic dose was determined by ealculatirg the highest
dilution that produced a 4-fold rise in serum titer of hemagglutinating
antibodies against red cells sensitlzed with endotoxin. The minimal
antigenis dose was assayed in rabbits at the same time that the minimal
pyrogenic dose was measured. Euch rabbit thus received one injection of
the material from the sucrose gradient; and blood for antibody wes drawn
before and 1 week after the pyrogen test. The rises in titer at 1 week
vere plotted against the dilution of test material on graph paper in
order to determine the highest dilution that produced a 4-fold rise.

The results are shown in Figure 5. Radioactivity and eabsorbancy at
254 mu give zood agreement for distribution through the gradient. The
bulk of the materlal was of low density, relatively non-toxic (tubes

18-29), &nd constituted impurities from which the active purified fraction

vas geparated by virtue of 1ts greater deasity.
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Toxicity (pyrogcnieity) was present primerily in the denser fractions, at
the middle and lover portions of the gradient (Figure 5). Antigenicity
vas also concentrated in the denser material in the lower section of the

gradient (tubes 1-16) as the following teble 1llustrates:

Minimal Antigenic Minimal Antigenic
Tube voses Per Microgran Tube Doses Per Microgram
1 100 17 6
2 600 18 0
5 100 19 60
6 100 20 5
T G 22 120
15 100 25 5
16 300 26 0.3
27 10
28 0
29 1000

A notable exception it the presence in tube 29 of a very light
non-toxic material possessing consideiadble entigenicity. This
corresponds to the non-toxic antigen previously isolated in this leboratory
by treatment with LiAlE, (6), to the lightweight antigenic, but non-toxic

preparation observed in immunodiffusion studies by Chedid and Skarnes (7),

and to ths non-toxic antigen extracted by Ribi with Dioxan (8).
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This technique offers considerable promise for obtaining a purified

endotoxin becsuse the antigenic and toxic (pyrogenic) activity in the most

active portion of the gredient is 50-100 times greater than that in the

parent material.

Summary of Experiments With the Sucrose Gradieat

Purified fractions of endotoxin with high toxic and antigenic activity
vere concentrated in the dense portions of the gradient and separated frcam
the bulk of the less dense waterial. These studies further illustrate
the parallelism of the toxic and antigenic properties of endotoxin apl
imply that a single molecular configuration is responsible for both
properties. This nev evidence that toxicity and antigenicity go band

in hand 1s comsistent with the view that endotoxic shock is a form of

anaphylactic shbock.
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