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The antiendotoxic activity of lipid A antiserum was studied in rabbits, using
lipid A (lipopolysaccharide)-induced fever and skin necrosis as test systems. It
was found that lipid A antiserum had no significant antipyretic effect when it
was incubated with lipid A or injected intravenously before lipid A challenge.
However, in animals that were pretreated (day 0) with a single dose of lipid A
(lipopolysaccharide), a significant protective effect of passively transferred anti-
serum (day 1) to lipid A (lipopolysaccharide fever) (day 2) was observed. Also,
the lipid A (lipopolysaccharide)-induced local Shwartzman reaction could be pre-
vented by lipid A antiserum. In the fever system, the degree of protection
depended on the preparative and the challenge doses as well as on the amount of
antiserum transferred. The fever protection mediated by lipid A antiserum
seemed to be lipid A (lipopolysaccharide) specific with regard to both the
preparative and the challenge injections. Lipid A specificity of the protective
factor present in the antiserum was indicated by the fact that it could be
absorbed from the serum with lipid A. Preliminary experiments suggest that the
factor might be identical with lipid A-specific immunoglobulin. The significance
ofthe preparative injection is not understood at the present time. It is concluded,
however, that in the fever protection system described, besides specific humoral
factors, other factors, perhaps cellular, are involved.

Bacterial lipopolysaccharides are known to
be potent toxins (endotoxins). Their injection
into higher organisms leads to the development
ofa variety ofpathophysiological effects includ-
ing fever, leucopenia, leucocytosis, the
Shwartzman reaction, and, in larger doses,
shock and death. Chemically, lipopolysaccha-
rides consist of a heteropolysaccharide (0-spe-
cific chain, core) and a covalently bound lipoi-
dal component (lipid A). The O-specific chain
determines the serological specificity, whereas
the lipid A component represents the toxic prin-
ciple of the molecule (16, 17).
The possible role of endotoxins in gram-nega-

tive sepsis (intravascular coagulation, irrevers-
ible shock) has prompted studies aimed at an
immunological control of endotoxicity. Earlier
workers showed that serum from endotoxin-
immunized animals conferred passive protec-
tion against endotoxin effects such as lethality,
pyrogenicity, and Shwartzman reactivity (for
summary, see reference 9). Greisman et al.
(10), using the fever test, found that protection
was maximal with sera raised against the ho-
mologous S-form lipopolysaccharides and that
it was mediated by 0-specific antibodies (im-

munoglobulins M and G). (O specificity of pas-
sive protection was also found by others [see
reference 9].) However, when larger amounts of
serum were transferred and with antisera
against R-forms, a certain degree of cross-pro-
tection to lipopolysaccharides with different 0
specificities was observed (10). Such a heterolo-
gous protection has also been described by
Braude et al. (2, 3), who used the local and
generalized Shwartzman reaction as a test sys-
tem. These findings suggested that cross-pro-
tection was mediated by antibodies directed
against determinants shared by lipopolysaccha-
rides of different 0 specificities. Such common
structures are present in the lipopolysaccharide
core and also in the toxic lipid A component,
which, according to chemical studies, is struc-
turally similar in various bacterial.groups (11).
The existence of protective lipid A antibodies

has been postulated by Kim and Watson (13-
15), but only recently have the preparation and
quantitation of lipid A-specific antisera been
described (6). At this time lipid A antibodies
were observed to cross-react with lipid A of
lipopolysaccharides from various bacteria. The
availability of lipid A antisera allowed investi-
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gations on their potential protective power
against endotoxicity.

In the present paper, the possible antiendo-
toxic activity of lipid A antiserum on lipid A
(lipopolysaccharide)-induced fever and skin ne-
crosis (local Shwartzman reaction) was ana-
lyzed in rabbits. It will be shown that lipid A
antiserum, after passive transfer, confers sig-
nificant protection against skin necrosis and
against fever, provided the test animals have
been pretreated with endotoxin.

(Parts of the results were presented at the
International Workshop on Immunological and
Biological Properties of Peptidoglycan and Re-
lated Bacterial Cell Wall Polymers, Munich,
1974 [23] at the Pharmacology Meeting, Graz,
1974 [20], and at the American Society for Mi-
crobiology Conference on Pathogenic Mecha-
nisms in Bacterial Diseases, New Orleans, 1975
[21].)

MATERIALS AND METHODS
Animals. For pyrogen assays, female and male

hybrid rabbits (white Vienna x Alaska), weighing
between 1.7 and 2.2 kg and bred under specific-
pathogen-free conditions, were used. The local
Shwartzman reaction was produced in white New
Zealand rabbits weighing approximately 2 kg. The
animals were housed in an air-conditioned room, in
which biological tests were performed.

Pyrogens. S-form lipopolysaccharides from Sal-
monella typhi and S. abortus-equi were prepared by
phenol-water extraction (26), and R-form lipopoly-
saccharides from Salmonella Minnesota (Re), Shi-
gella flexneri 5b (Re), Escherichia coli EH100 (Ra),
and E. coli (Re) were prepared by the phenol-chloro-
form-petroleum ether method (5). The origins of the
corresponding bacteria have been described (7, 11).

Lipid A was isolated from lipopolysaccharides of
S. Minnesota R60 (Ra) and S. Minnesota R595 (Re)
by mild acid hydrolysis (7). It was shown to be free of
KDO and heptose. Lipid A/bovine serum albumin
(BSA) complexes contained lipid A and pyrogen-free
BSA in a ratio of 1:1 (wt/wt) (7).

Lipid A vaccine (acid-treated S. Minnesota Re
coated with additional lipid A in a ratio of 10:1 [wt/
wt]) was prepared as described earlier (6).

Viral double-stranded ribonucleic acid (dsRNA)
was a gift of Janet Dewdney (Beecham Research
Laboratories, England). The pyrogenicities (MPD-3
values) of the different pyrogens used in this study
are summarized in Table 1.

Stock solutions of pyrogens in pyrogen-free,
deionized water were kept at 40C and diluted with
phosphate-buffered saline (pH 7, 0.15 M) before the
experiment. Buffers, deionized water, glassware,
syringes, and other equipment used in this study
were sterile and pyrogen free.

Antisera. Lipid A antiserum was prepared by in-
travenously (i.v.) immunizing 10 rabbits with in-
creasing doses (in micrograms per kilogram) of lipid
A vaccine as follows: 100 (day 0), 200 (day 7), 400

TABLE 1. Pyrogenicity (MPD-3) ofpyrogens used

Pyrogenicity
Pyrogen (MPD-3)

(Oug)
Salmonella abortus-equi (S) 0.002
LpSa

S. typhi (S) LPS 0.005
Chromabacterium violaceum (S) 0.002
LPS

S. minnesota (Re) LPS 0.005
Shigella flexneri (Re) LPS 0.005
Escherichia coli (Re) LPS 0.005
Lipid A/BSA (S. Minnesota) 0.008
Lipid A vaccine 1.0
dsRNA 0.01

a LPS, Lipopolysaccharide.

(day 14), and 800 (day 21). These animals were toler-
ant (fever test) to 100 MPD-3 of the vaccine or lipid
A/BSA per kg when tested on day 23. The animals
were bled on days 28 and 35 by cardiac puncture, and
the sera obtained were pooled. Three pools of anti-
sera were prepared, all exhibiting similar serologi-
cal anti-lipid A activity (reciprocal hemolytic titer,
2,000 to 4,000). In sera of all normal (untreated)
rabbits, no anti-lipid A hemolytic activity could be
detected. All antisera used in this study were found
to be nonpyrogenic.

Goat lipid A antiserum was prepared by immu-
nizing a goat with three doses (in milligrams) of
lipid A vaccine as follows: 2 (day 0), 5 (day 60), and 5
(day 360). For each immunization, the vaccine was
administered in incomplete Freund adjuvant and
divided into subdoses, which were injected into four
different parts of the body. Two weeks after the last
injection, the animal was exsanguinated under an-
esthesia. The serum obtained was precipitated with
ammonium sulfate (2 M, final concentration), the
precipitate was dialyzed against phosphate-buffered
saline, and the volume was adjusted to that of the
starting serum. Its hemolytic anti-lipid A activity
(reciprocal titer) was 8,000. BSA antiserum (1 mg of
anti-BSA antibody/ml) and antiserum raised
against cross-linked polysaccharide from S. typhi
lipopolysaccharide were gifts of H. Mossmann and
W. Falk of this institute.

Antibody determinations. Anti-lipid A activity of
lipid A antisera was determined by passive hemoly-
sis, using erythrocytes (human B, Rh+) coated with
alkali-treated lipid A in the presence of comple-
ment, and is expressed as hemolytic titers (6). Anti-
S. typhi activity was tested similarly (passive he-
molysis) with erythrocytes sensitized by alkali-
treated S. typhi lipopolysaccharide. The sera ana-
lyzed for anti-S. typhi activity had been previously
absorbed with lipid A (see below).

Absorption of lipid A antiserum with lipid
A. Absorption of lipid A antiserum with lipid A has
been described (6). Briefly, formalinized erythro-
cytes (0.1 ml of sediment, human B, Rh+) were
coated with alkali-treated lipid A (0.5 mg, 1 h, 370C)
and washed five times with water. The coated eryth-
rocytes were mixed with lipid A antiserum (1 ml;
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titer, 1:2,048) and kept for 1 h at 40C. The absorbed
serum, obtained after centrifugation, exhibited no
detectable anti-lipid A activity (hemolytic titer <
1:4) and was not pyrogenic.
Pyrogen assay. Pyrogen assays in rabbits were

performed in an air-conditioned room as described
(25). At least four animals were used per test. Fever
responses were measured rectally using thermistor
probes connected to a recording temperature-meas-
uring device (Hartmann und Braun, Frankfurt).
Pyrogenicity was quantitated by determining the
minimal pyrogenic dose causing a 0.60C rise in tem-
perature 3 h after i.v. injection (MPD-3), as de-
scribed previously (22, 25). In most experiments, a
dose corresponding to 100 MPD-3 of pyrogen per kg
was used. This dose is known to induce a biphasic
fever response in normal rabbits, the maximal fever
(second fever peak) occurring 3 h after i.v. injection
of the pyrogen (Fig. 1A). Therefore, in the figures of
this paper, the change in temperature after 3 h (AT-
3) is given as a measure of fever or protection
against fever. Figure 1B shows a typical (mono-
phasic) fever response to 100 MPD-3 of pyrogen per
kg in protected (tolerant) rabbits (25).

Local Shwartzman reaction (2). New Zealand
white rabbits (2 kg) were prepared with lipopolysac-
charide (40 ug in 0.25 ml of phosphate-buffered sa-
line) at four different skin sites. The reaction was
provoked 24 h after preparation by i.v. injection of
either lipid A/BSA (40 ug) or lipopolysaccharide (S.
abortus-equi, 10 lg; S. typhi, 20 pg). Hemorrhage or
necrosis of the skin after provocation was recorded
as a positive reaction.

Statistical methods. Student's t test was used to
determine whether the effect of incubation of lipid
A/BSA with lipid A antiserum (as compared with
that of incubation with normal rabbit serum [NRS])
or whether the effect of lipid A-absorbed antiserum
(as compared with that ofNRS or nonabsorbed anti-
serum) was significant.

RESULTS
Incubation of lipid AIBSA with lipid A anti-

serum. Lipid A/BSA (0.8 gg = 100 MPD-3) was
incubated (3700, 1 h) with lipid A antiserum (1
and 7.5 ml). Lipid A/BSA alone and lipid A/
BSA (0.8 ,g) treated with 7.5 ml ofNRS served
as controls. The incubation mixture was then
injected i.v. into groups of rabbits. Preincuba-
tion with NRS had no effect on the pyrogenicity
of lipid A/BSA (AT-3 = 1.8 + 0.30C) (Fig. 2).
(Fever response of lipid A/BSA alone: AT-3 =

1.9 + 0.300.) After incubation with antiserum,
pyrogenicity was partly reduced, but not signif-
icantly (1 ml:P < 0.1; 7.5 ml:P < 0.1). It is clear
from Fig. 2 that the pyrogenicity of lipid A/BSA
was not or was only slightly effected by preincu-
bation with either NRS or lipid A antiserum.
Passive transfer of lipid A antiserum.

Groups of rabbits received lipid A antiserum
i.v. (7.5 ml/kg), simultaneously with or 1, 5,
24, and 48 h before a challenge with lipid A/
BSA (0.8 /xg/kg). In no case was the 3-h fever
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response significantly different from that of
control animals injected i.v. with NRS (7.5 ml/
kg) 5 h before challenge (Fig. 3, lower panel).
Anti-lipid A antibody titers were determined
just before lipid A/BSA injection in animals
that had received the antiserum 24 and 48 h
before challenge. In both groups, hemolytic ti-
ters were on the order of 1:200. Thus, despite
the presence of circulating lipid A antibodies,
rabbits passively immunized with lipid A anti-
serum were not protected against lipid A pyro-
genicity.

Passive transfer of lipid A antiserum in
lipid A/BSA-pretreated rabbits. In another se-
ries of experiments, the possible protective ef-
fect of lipid A antiserum was examined in lipid
A-pretreated animals. Rabbits were given 100
MPD-3 of lipid A/BSA (i.v.) per kg on day 0. A
normal fever response was observed (AT-3 = 1.9
+ 0.200). After 24 h (day 1), the animals re-
ceived lipid A antiserum (0.25 ml/kg, i.v.).

After another 24 h (day 2), the animals were

° 2.0j

0)

v 1.5
a)

< 1.0o

1 2 3 4 5
Time in hours

FIG. 1. Typical fever response to a 100 MPD-3
dose (i.v.) of lipid AIBSA ofnormal rabbits (A) and
rabbits made tolerant to lipid A (B) (22, 25).

Lipid A BSA (0.8 jig OOMPD- 3 3 Hour Fever Response &T (C)
incubated (1hr.37'C) with 3_HourFevrRespons

o05 1.0 1,5 2.0

No Serum (Control)

Normal Rabbit Serum (7.5 ml)

Lipid A Antiserum (1 ml)

Lipid A Antiserum (7.5 ml)

FIG. 2. Effect of incubation of lipid A antiserum
with lipid AIBSA on lipid AIBSA pyrogenicity.
Shown are the fever responses (AT-3) in groups of
rabbits to lipid AIBSA (100 MPD-3/kg, i.v.) previ-
ously incubated with NRS (7.5 ml/kg) or lipid A
antiserum (1 and 7.5 m1lkg).
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Preparation Dose /kg Hours 3 Hour Fever Response AT (IC)
injected(iv.)__

0 0. 1.0 1.5 2.0

Lipid A Antiserum 7.5 ml 0

Lipid A - BSA 0.8Mpg 1(100 MPD -3)

Lipid A Antiserum 7.5 ml 0

Lipid A BSA 0.8pug 5

Lipid A Antiserum 7.5 ml 0

Lipid A BSA 0.8 pg 24

Lipid A Antiserum 7.5 ml 0

Lipid A BSA 0.8 pig 48

NRS 7.5 ml 0 CONTROL

Lipid A* BSA 0.8 ig 5

FIG. 3. Effect ofpassively transferred lipidA antiserum on lipid AIBSA pyrogenicity. Shown are the fever
responses (AT-3) to lipid AIBSA (100 MPD-3/kg, i.v.) in groups of rabbits preinjected (iv.) with lipid A
antiserum (7.5 ml/kg) or NRS (7.5 ml/kg, lower panel) at the times indicated.

challenged with 100 MPD-3 of lipid A/BSA
(i.v.) per kg. The animals treated in this way
did not respond with fever to this second, other-
wise pyrogenic dose (AT-3 = 0.2 0.10C) (Fig.
4A). That this protective effect was caused spe-

cifically by the lipid A antiserum was demon-
strated in control experiments where no serum,

NRS, or BSA antiserum was given under other-
wise identical conditions. In each case a normal
(biphasic) fever response was seen (Fig. 4B-D).

It was found that as little as 0.25 ml of lipidA
antiserum per kg was sufficient to afford signif-
icant protection. Higher amounts of antiserum
(up to 7.5 ml/kg) also gave good protection,
whereas lower amounts (0.1 ml/kg) were not
effective.

Rabbits that had been given lipid A/BSA (100
MPD-3/kg, day 0) and lipid A antiserum (0.25
ml/kg, day 1) did not show any detectable he-
molytic anti-lipid A activity in their sera on day
2 before challenge.

It should also be mentioned that lipid A anti-
serum from other species conferred protection
to lipid A fever in rabbits. Lipid A antiserum
from goats was as effective as antiserum from
rabbits (AT-3 = 0.6 + 0.30C). Also, lipid A
antiserum from vervets was found to be protec-
tive in rabbits (L. Helm, U. Hagele, and 0.

Westphal, personal communication).

These results show that lipid A antiserum
exhibits a protective effect on lipid A/BSA-in-
duced fever, provided the test animals have
been pretreated with lipid A/BSA.
Time of lipid A antiserum transfer. In the

previous experiment (Fig. 4A), lipid A antise-
rum had been transferred on day 1, i.e., be-
tween the preparative (day 0) and challenge
(day 2) injections of lipid A/BSA. To gain infor-
mation on the optimal time of transfer, lipid A
antiserum was given to groups of rabbits si-
multaneously with the preparative injection of
lipid A/BSA (day 0, Fig. 5A) or with the lipid A/
BSA challenge (day 2, Fig. 5D) as well as at
times between the two pyrogen injections (Fig.
5B, C). In all cases, a similar degree of protec-
tion was observed. However, when lipid A anti-
serum was given 1 h after the lipid A/BSA
challenge (day 2, Fig. 5E), an almost normal bi-
phasic fever response was observed.

Thus, no difference with regard to the degree
of protection was seen when the lipid A antise-
rum was given simultaneously with or between
the preparative or the challenge dose of lipid A.
In some of the following experiments the anti-
serum was transferred on day 1, and in others 1
h before challenge.
Duration of the effect of lipid A/BSA pre-

treatment. Rabbits were pretreated with 100
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injected(iv) Dose/kg Day 3Hour Fever Response AT ("C)
0 0.5 1.0 1.5 2.0

Lipid A - BSA 10 MPD-3) 0

Lipid A Antiserum 0.25 ml 1 A

Lipid A* BSA 0.8 Pg 2

Lipid A BSA 0.8pg 0

NRS 0.25 ml 1 B

Lipid A * BSA 0.8 Pg 2

Lipid A * BSA 0.8Pg 0

-i C
LipidA *BSA 0.8 Pg 2

Lipid A BSA 0.8 fg 0

BSA Antiserum 0.5 ml 1 D

Lipid A * BSA 0.8 Pg 2

FIG. 4. Tolerance to lipid AIBSA fever induced by lipid A antiserum in lipid AIBSA-pretreated rabbits.
Shown are the fever responses (AT-3) to lipidAlBSA (day 2, iv.) in groups ofrabbits pretreated (i.v.) on day 0
with lipid AIBSA and on day 1 with lipid A antiserum (A), NRS (B), no serum (C), orBSA antiserum (D).
Doses of lipid AIBSA and amounts of sera transferred are as indicated on the figure.

Preparation
injected (iv.) Dose / kg Day

Lipid A BSA and 0,8 jig o
Lipid A Antiserum 0.s ml

Lipid A BSA 0.8 pg2_
(100 MPD-3)

Lipid A BSA 0.8 jig

Lipid A Antiserum 0.5 ml 1

Lipid A BSA 0.8 jug 2

Lipid A BSA 0,8 jig 0

Lipid A Antiserum 0,5 ml
and 1 hr later 2

Lipid A BSA 0.8 jig

LipidA BSA 0.8 jig

Lipid A BSA and 0.8 jig
Lipid A Antiserum 0.5 ml

Lipid A BSA 0,8 j9g

Lipid A BSA 0.8 jig
and 1 hr later

Lipid A Antiserum 0,5 ml

3 Hour Fever Response AT (IC)

6 0,5 1,0 1.5 2.0

FIG. 5. Determination of optimal time of lipid A antiserum transfer to induce fever tolerance in lipid Al
BSA-pretreated rabbits. Shown are the fever responses (AT-3) to lipid AIBSA challenge (day 2, i.v.) in groups
of lipid A/BSA-pretreated (day 0, i.v.) rabbits to which lipid A antiserum was given (i.v.) simultaneously
with pretreatment (A), between pretreatment and challenge (B, C), simultaneously with the challenge (D),
and 1 h after the challenge (E). Doses oflipid AIBSA and amounts ofantiserum transferred are as indicated
in the figure.

I
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MPD-3 of lipid A/BSA per kg on day 0. Groups
of these animals were given lipid A antiserum
(0.5 ml/kg) on days 2 through 7. Each group

was then challenged with 100 MPD-3 of lipid A/
BSA per kg 1 h after antiserum transfer (Fig.
6). A protective effect of the antiserum, al-
though decreasing, could be observed in those
animals that had been pretreated with lipid A
2, 3, 4, or 5 days before challenge. When the
time between pretreatment and challenge was

extended to 6 or 7 days, the antiserum did not
express a protective activity. Thus, the effect of
pretreatment with 100 MPD-3 of lipid A/BSA
per kg lasts approximately 5 days.
Dose dependency of protection. The de-

pendence of the degree of protection on the pre-

parative lipid A/BSA dose (day 0) is shown in
Fig. 7. In rabbits pretreated with only 1 MPD-3
of lipid A/BSA per kg (day 0) and lipid A antise-
rum (0.25 ml/kg, day 1), no significant protec-
tion was observed on challenge (day 2) with 100
MPD-3 of lipid A/BSA per kg (Fig. 7A). Pre-
treatment of rabbits with 10 MPD-3 of lipid A/
BSA per kg led to partial protection (Fig. 7B),
whereas injection of 100 MPD-3 of lipid A/BSA
per kg gave maximal protection (Fig. 7C, 4A,
and 5A-D). Lipid A antiserum-mediated resist-
ance to fever was also dependent on the chal-
lenge dose (Fig. 8). When rabbits pretreated
with 100 MPD-3 of lipid A per kg (day 0) and
lipid A antiserum (0.25 ml/kg, day 1) were chal-
lenged on day 2 with 1,000 MPD-3 (8 1Lg) of lipid

Preparation 3 Hour Fever Response aT (0C)
injected (i.v.) Dose/ kg Day I I I

___ _ _ _ _ _ __ _ _ _ _ _0 0.5 1.0 1,5 2.0

LipidA BSA 0.8 pg 0
(100 MPD-3)

Lipid A Antiserum 0.5 ml
and 1 hr later 2

Lipid A BSA 0.8 pg

LipidABSA 0.8 pg 0

Lipid A Antiserum 0.5 ml
and 1 hr Later 3

Lipid A BSA 0.8 pg

LipidA BSA 0.8 pg 0

Lipid A Antiserum 0.5 ml
and 1 hr later

Lipid ABSA 0,8 pg

LipidA BSA 0.8 pjg 0

Lipid A Antiserum 0,5 ml
and 1 hr later 5

Lipid A BSA 0.8 pg

LipidA BSA 0.8pg 0|

Lipid A Antiserum 0,5 ml
and 1 hr Later 6

Lipid A. BSA 0,8 pg

LipidA BSA 0.8pq 0

Lipid A Antiserum 0.5 ml
and l hr later 7

Lipid A- BSA 0.8 gA

FIG. 6. Duration of effect of lipid AIBSA pretreatment on lipid A antiserum-mediated fever tolerance.
Shown are the fever responses (AT-3) in groups ofrabbits pretreated with lipid AIBSA (day 0, i.v.) to a lipid
AIBSA challenge (i.v.) on days 2 through 7. Lipid A antiserum was injected 1 h before challenge. Doses of
lipid AIBSA used and amounts ofantiserum transferred are as indicated in the figure.
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FIG. 7. Dependency of the degree of lipid A antiserum-mediated fever tolerance on the pretreatment dose.
Shown are the fever responses (AT-3) to lipid AIBSA (day 2, 100 MPD-3lkg, i.v.) ofgroups ofrabbits that had
been pretreated (day 0, i.v.) with 1 (A), 10 (B), and 100 (C) MPD-3 oflipid AIBSA per kg. LipidA antiserum
(0.25 mllkg) was given on day 1.

Preparation
Prjeparate~ion Dose/kg Day 3 Hour Fever Response AT (0C)injected(iv.)__

0 0.5 1.0 1.5 2.0

Lipid A * BSA (10 MPD -3)

Lipid A Antiserum 0.25ml 1 A

Lipid A* BSA 0.8pg 2 _ .
Lipid A BSA 0.8 Pg 0

Lipid A Antiserum 0.25 ml 1

Lipid A BSA (lOOOMPD-3 2

Lipid A* BSA 0.8ug 0

Lipid A Antiserum 2.5 ml 1 C

Lipid A* BSA 8pg 2

FIG. 8. Dependency of the degree of lipid A antiserum-mediated fever tolerance on the challenge dose and
the amount of antiserum transferred. Shown are the fever responses (AT-3) in groups of rabbits pretreated
with lipid AIBSA (day 0,100 MPD-3Ikg, i.v.) and lipid A antiserum (day 1, 0.25 ml/kg, i.v.) to 100 (A) and
1,000 (B) MPD-3 oflipid AIBSA per kg (day 2, i.v.). Panel C shows that larger amounts oflipidA antiserum
(2.5 mllkg, day 1, i.v.) suppressed fever induced by 1,000 MPD-3 oflipidAiBSA per kg (day 2, i.v.) in lipid Al
BSA-pretreated (100 MPD-3/kg, day 0, i.v.) rabbits.

Preparation Dose/kg Day 3 Hour Fever Response &T (C)
injectedOmi~.)__

0 0.5 1.0 1.5 2.0

LipldABSA 0.0084ug
Lipid A BSA | (1 MPD-3)
Lipid A Antiserum 0.25ml 1A

LipidABSA ~0.8,ug 2
Lipid A * BSA (100 MPD-3)

0.08 ,ugLipid A *BS A 0.0 uLipidABSA (10 MPD-3)

Lipid A Antiserum 0.25 ml 1 B

Lipid A BSA 0.8,ug 2

Lipid A BSA 0.8,ug 0

Lipid A Antiserum 0.25 ml 1 C

Lipid A BSA 0.8,ug 2

INFECT. IMMUN.
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A/BSA per kg, no protection was seen (Fig. 8B).
With larger amounts (2.5 ml/kg) of antiserum,
however, protection could be achieved against
challenge with 1,000 MPD-3 of lipid A/BSA per

kg (Fig. 8C). Thus, the degree of fever immu-
nity in the system described is dependent on

the preparative and the challenge doses as well
as on the amount of antiserum transferred.

Cross-protection. The question was then
asked whether lipid A antiserum would me-

diate protection against fever induced by S- and
R-form lipopolysaccharides. Rabbits were pre-

treated with 100 MPD-3 of lipid A/BSA per kg
and, after receiving lipid A antiserum, chal-
lenged on day 2 with 100 MPD-3/kg doses of
lipopolysaccharides from Salmonella abortus-
equi (S), S. typhi (S), S. minnesota (Re), Shi-
gella flexneri 5b (Re), and E. coli (Re). Cross-
protection was readily achieved to all lipopoly-
saccharides tested (Fig. 9). In another set of

experiments, it was shown that rabbits pre-

treated with S. abortus-equi lipopolysaccharide
(100 MPD-3/kg, day 0) and lipid A antiserum
(2.5 ml/kg, day 1) were protected as well
against lipid A/BSA (Fig. 10C) as against lipo-
polysaccharide-induced fever (Fig. lOB). It
therefore seems that lipid A antiserum me-

diates protection against pyrogenicity of both
lipopolysaccharides and lipid A in rabbits that
have been pretreated by lipopolysaccharide or

lipid A.
Since lipid A is known to be a B-lymphocyte

mitogen (1), capable of inducing a polyclonal
antibody stimulation, the question arose

whether lipid A antiserum contained 0- and R-
specific antibodies, naturally or stimulated by
lipid A as a mitogen. These immunoglobulins
could be responsible for the protection against
lipopolysaccharide fever. To test this possibil-
ity, lipid A antiserum was analyzed for the

Preparation 3 Hour Fever Response aT (C)
injected (i.v.) Dose/kg Day5 1, 5 20

Lipid A * BSA 0.8 jpg 0

Lipid A Antiserum 1 ml 1 A

S abortus equi LPS (1002PD3) 2
Lipid A BSA 0,8 )jg 0 _-

Lipid A Antiserum 1 ml 1 B

S. typhi LPS (0 M5PDg3) 2

Lipid A BSA 0,8 pg 0

Lipid A Antiserum 1 ml 1 C

S. minnesota Re LPS (10 PD-3) 2

Lipid A * BSA 0,8 jig 0

Lipid A Antiserum 0,5 ml K

and I hr later 0,5 Ua 2
Shigella flexneri ReLPS (100 4P-3)

Lipid A BSA 0.8 0ig°

Lipid A Antiserum 0,5 ml E
and 1 hr later 0,5 pg 2

E coli Re LPS (100 MPD-3) _

FIG. 9. Cross-tolerance to lipopolysaccharide fever induced by lipidA antiserum in lipid AlBSA-pretreated
rabbits. Shown are the fever responses (AT-3) in groups of rabbits pretreated with Salmonella lipid AIBSA
(day 0, i.v.) and Salmonella lipidA antiserum to 100 MPD-31kg doses (day 2) oflipopolysaccharides from S.
abortus-equi (A), S. typhi (B), S. minnesota (C), Shigella flexneri (D), and E. coli (E). Doses oflipid AIBSA
and lipopolysaccharides used as well as amount and time bf transfer of antiserum are as indicated in the
figure.
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Preparation
injected(i.v.) Dose / kg Day 3 Hour Fever Response AT (0C)
_ 0.5 1.0 1.5 2.0

Lipid A - BSA 0.80 g-(100 MPOD-3)

Lipid A Antiserum 2.5 ml 1

S.ab. equi LPS 0.2pg 2
(lOOMPD - 3)

S.ob. equi LPS 0.2 pg 0

Lipid A Antiserum 2.5 ml 1

Soab. equi LPS 0.2pg
2

B
S.oib. equi LPS 0.2 jug o

Lipid A Antiserum 2.5 ml 1 C
Lipid A BSA 0.8 pg 2

FIG. 10. Reciprocal cross-tolerance oflipid AIBSA (lipopolysaccharide) fever induced by lipidA antiserum
in lipopolysaccharide (lipid AlBSA)-pretreated rabbits. Shown are the fever responses ( T-3) ofgroups of
rabbits, where the pretreatment (day 0) and challenge (day 2) injections consisted of lipid AIBSA and S.
abortus-equi lipopolysaccharide (A), lipopolysaccharide and lipopolysaccharide (B), and lipopolysaccharide
and lipid. AIBSA (C). Lipid A antiserum (2.5 ml/kg) was given on day 1. The doses of lipid AIBSA and
lipopolysaccharide used are as indicated in the figure.

presence of 0- and R-specific antibodies (S.
typhi), and a hemolytic anti-S. typhi activity of
1:160 was found. This lipid A antiserum, when
given to S. typhi pretreated rabbits, conferred,
as expected, good protection against S. typhi
lipopolysaccharide-induced fever (Fig. liD). To
a second group of rabbits, also pretreated with
S. typhi lipopolysaccharide (day 0), anti-S. ty-
phi antiserum (1 ml/kg) was given on day 1.
This antiserum, which had been prepared in
rabbits against nonpyrogenic, lipid A-free
cross-linked polysaccharide from S. typhi lipo-
polysaccharide, exhibited a hemolytic anti-S.
typhi activity of 1:256. On challenge of the
treated rabbits with 100 MPD-3 ofS. typhi lipo-
polysaccharide per kg on day 2, a normal fever
response was obtained (Fig. 11C). Since lipid A
antiserum conferred significantly better protec-
tion to pyrogenicity of S. typhi lipopolysaccha-
ride than did the homologous antiserum in the
doses used, we conclude that polysaccharide-
specific antibodies, possibly present in lipid A
antiserum, play a minor role, if any, in the
mediation of cross-protection. The upper panels
of Fig. 11 represent control experiments in
which S. typhi lipopolysaccharide-treated rab-
bits (day 0) were given no serum (Fig. 11A) or
NRS (Fig. liB) on day 1. In both cases, a nor-
mal fever response was obtained on challenge

(day 2) with S. typhi lipopolysaccharide.
Specificity of protection. Specificity of this

system of fever immunity could be demon-
strated in several ways.

First, the protective factor could be removed
from the antiserum with lipid A. Lipid A anti-
serum was absorbed with erythrocytes coated
with alkali-treated lipid A. The absorbed serum
(hemolytic titer < 1:4), which was not pyro-
genic, was transferred (day 1) to lipid A/BSA-
pretreated (day 0) rabbits, and the febrile re-
sponse to 100 MPD-3 of lipid A/BSA per kg was
determined on day 2. A fever response not sig-
nificantly different from that of controls was
obtained (Fig. 12B), indicating that the antise-
rum after absorption had lost the ability to
confer immunity. This absorption was lipid A
specific, since absorption of 0 antiserum (S.
abortus-equi) with lipid A did not result in any
loss of anti-O serological activity (F. Jay and C.
Galanos, unpublished data). Absorption of the
antiserum with nonsensitized erythrocytes did
not alter its protective power (Fig. 12C). The
control experiment with untreated antiserum is
shown in the upper panel of Fig. 12.
The specificity of Salmonella lipid A antise-

rum became obvious when it was tested with
Chromobacterum violaceum lipopolysaccha-
ride. This pyrogen was investigated because
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FIG. 11. Role of0 antibodies in tolerance to lipopolysaccharide fever induced by lipidA antiserum in lipid
AIBSA-pretreated rabbits. Shown are the fever responses (AT4) ofgroups of rabbits to S. typhi lipopolysac-
charide (day 2, 100 MPD-3/kg, i.v.) pretreated on day 0 with lipopolysaccharide (100 MPD-3Ikg, i.v.) and on

day with no serum (A), NRS (B), 0 antiserum (C), and lipid A antiserum (D). Also shown is the anti-S.
typhi activity (reciprocal hemolytic titers) ofthe sera tested. Doses of lipopolysaccharide used and amounts of
sera transferred are as indicated in the figure.

Preparation Dose /kg Day 3 Hour Fever Response AT (°C)
injectedCOim.)15

Lipid A Antiserum

(Titer 1 2024) 0.25ml 1 A |

Lipid A *BSA 0.8 pg 2

Lipid A * BSA 0.8Bug 0

Lipid A Antiserum absorbed with

Lipid A - OH sensitized SR BC S 0.25 ml 1 B

( Titer <1204)A

Lipid A BSA 0.8 pg 2

Lipid A BSA 0.8 Pg 0

Lipid A Antiserum absorbed with 0.25 ml 1

SRBCS ( Titer 1:2024)

LipidA BSA 0.8,g 2

FIG. 12. Effect of lipid A antiserum absorbed with alkali-treated lipid A on lipid AIBSA pyrogenicity in
lipid AIBSA-pretreated rabbits. Shown are the fever responses ofgroups ofrabbits (&T-3) to lipidAIBSA (day
2,100 MPD-3lkg). Rabbits were pretreated with lipid AIBSA (day 0,100 MPD-34kg, i.v.) and on day 1 with
025 ml of nonabsorbed serum per kg (A), with serum absorbed with erythrocytes coated with alkali-treated
lipid A (B), and with serum absorbed with erythrocytes (C).

43

Preparation Anti-S.typhi 3 Hour Fever Response aT (IC
injected (i.) Activity Dose /kg Day I

|______________ (RecTiters)S- 0 0.5 1.0 1.5 2.0
S typhi LPS 0.5 Ag 0 |

(100 MPD-3)

NRS 0 1 m 1 A

S typhi LPS 0.5 jig 2

S. typhi LPS 0.5 Pg 0 |

NRS 20 l 1Bt

S typhi LPS 0.5 pg 2 |

Styphi LPS 0.5j~ig 0

0-Antiserum 256 1 Mt 1I

S. typhi LPS 0,5 pg 2

S. typhi LPS 0.5 jig 0

Lipid A Antiserum 160 1 ml 1 D

S typhi LPS 0,5 pg J 2
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Watson and Kim (25) had shown that rabbits
made tolerant to E. coli 08 lipopolysaccharide
did not exhibit cross-tolerance against C. viola-
ceum lipopolysaccharide. They further found
that animals made tolerant to C. violaceum
were tolerant to E. coli (nonreciprocal cross-
reaction). These findings were confirmed in the
present study with lipid A antiserum. In lipid
A/BSA-pretreated rabbits (day 0), lipid A anti-
serum did not confer protection to pyrogenicity
of C. violaceum lipopolysaccharide (Fig. 13C).
However, when animals were pretreated with
100 MPD-3 of C. violaceum lipopolysaccharide
per kg, transfer of lipid A antiserum provided
substantial protection against lipid A/BSA fe-
ver (Fig. 13A).

Finally, attempts were made to abolish fever
caused by nonendotoxic pyrogens such as
dsRNA by using lipid A antiserum. Rabbits
were prepared in the usual way with lipid A/
BSA (100 MPD-3/kg; day 0) and lipid A antise-
rum (0.25 ml/kg; day 1). The animals were then
injected (day 2) with pyrogenic dsRNA in doses
of 50 and 5 izg/kg, respectively. The fever re-
sponses obtained (Fig. 14A and B) were not
significantly different from those observed after

injection of the same doses of dsRNA into non-

treated rabbits (Fig. 14, upper panel). The re-

sults of reciprocal experiments are shown in
Fig. 15. Groups of rabbits received pyrogenic
dsRNA in the doses indicated (10-fold dilutions
from 50 to 0.005 pg/kg) on day 0. After antise-
rum administration (day 1), the animals were

challenged (day 2) with 100 MPD-3/kg doses of
lipid A/BSA. All animals showed normal fever
responses, indicating that preinjection of
dsRNA did not allow the lipid A antiserum to
express its protective power against lipid A fe-
ver. The fever immunity mediated by lipid A
antiserum therefore was lipid A (endotoxin)
specific with regard to both preparation (day 0)
and challenge (day 2).
Prevention of the local Shwartzman reac-

tion. The biological significance of lipid A anti-
serum was also evaluated in a second test sys-

tem, namely lipopolysaccharide-induced skin
necrosis (local Shwartzman reaction). Groups
ofNew Zealand white rabbits were prepared for
the reaction by intracutaneous administration
of S. abortus-equi lipopolysaccharide at four
different skin sites (40 ,ug/site). Twenty hours
later, the prepared animals were given NRS (4

Preparation 1 3 Hour Fever Response aT (TC)
injected(i.v.) Dose/kg Day

15 20

Ch. violaceum LPS 0,2 pg 0 _

Lipid A Antiserum(S) 0,5 ml A
and 1 hrLater2

Lipid A BSA (S.) 0.8 pg

Lipid A BSA (S.) 0,8 pig 0

Ch violaceum LPS 0.2 pg 2

Lipid A* BSA (S.) 0.8 pg 0

Lipid A Antiserum (S.) 0,5 ml C
and 1 hr later 2

Ch violaceum LPS 0,2p2

FIG. 13. Inability of lipid A antiserum (Salmonella) to suppress fever induced by Chromobacterium
violaceum lipopolysaccharide in lipid AIBSA-pretreated rabbits. Shown are the fever responses (AT-3) to C.
violaceum lipopolysaccharide (day 2, 100 MPD-3/kg, i.v.) in groups of rabbits pretreated on day 0 with
Salmonella lipid AIBSA (100 MPD-3/kg, i.v.) and Salmonella lipid A antiserum (C) or no serum (B). (A):
After pretreatment (day 0) with C. violaceum lipopolysaccharide and lipidA antiserum (Salmonella), rabbits
were challenged with lipid AIBSA (Salmonella). Doses of lipid AIBSA and lipopolysaccharide as well as
amount and time of transfer ofantiserum are as indicated in the figure.
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inPreparation Dose/kg Day 3 Hour Fever Response &T(OC)
0 0.5 1.0 1.5 2.0

as RNA 50Mg

ControLs

ds RNA 5 ug

LipidA BSA 0.8g |oLipid- BSA (100 MPD-3)

Lipid A Antiserum 0.25ml 1

ds RNA 50Mg 2

Lipid A BSA 0.8M9g 0

Lipid A Antiserum 0.25 ml .B

ds RNA 5Mg 2

FIG. 14. Inability of lipid A antiserum to mediate tolerance to fever induced by pyrogenic dsRNA in lipid
AIBSA-pretreated rabbits. Shown are the fever responses (AT-3) in groups of rabbits pretreated with lipid A/
BSA (day 0, 100 MPD-3/kg, iv.) and lipid A antiserum (day 1, 025 ml/kg, i.v.) to a challenge (i.v.) of
dsRNA on day 2 '50 pglkg [A]; 5 pglkg [BD. The upperpanel shows the fever responses ofnontreated rabbits
to pyrogenic dsRNA (50 and 5 uglkg).

ml, i.v.) or lipid A antiserum (4 ml, i.v.). The
reaction was provoked 2 h after serum transfer
by i.v. injection of either lipid A/BSA (20 yg) or
lipopolysaccharide (S. abortus-equi, 10 Pg; S.
typhi, 20 jxg).

Lipid A/BSA did not elicit skin necrosis in
animals pretreated with lipid A antiserum (Ta-
ble 2). When S. abortus-equi or S. typhi lipo-
polysaccharides were used for challenge in anti-
serum-treated rabbits, 9 of 10 and 9 of 12 ani-
mals were protected, respectively, whereas
about 90% of control rabbits, which had re-
ceived NRS, reacted positively. Thus, lipid A
antiserum exhibits a significant protective ef-
fect on lipid A/BSA- and lipopolysaccharide-
induced skin necrosis.

DISCUSSION
The experiments described in the present pa-

per were performed to evaluate possible antien-
dotoxic properties of lipid A antiserum. In a
first series of experiments, using lipid A-in-
duced fever as a test system, it was found that
the antiserum exhibits no significant direct
neutralizing activity. It was then shown that
lipid A antiserum confers protection to lipid A
fever in rabbits that had been pretreated with a
single dose of lipid A or lipopolysaccharide.
This unexpected finding indicated that the an-
tiserum possesses the potential to mediate re-

sistance to lipid A fever, but that this activity is
only expressed in animals previously exposed to
lipid A. In this respect, lipid A antiserum dif-
fers from antisera specific to the polysaccharide
portion (0-specific chain and core) of lipopoly-
saccharides. With these sera, suppression of
lipopolysaccharide pyrogenicity is achieved by
incubation (19). Furthermore, protection to li-
popolysaccharide-induced fever is, after passive
transfer, observed in normal rabbits without
pretreatment (10). This indicates that the
mechanisms underlying the antiendotoxic ac-
tions of anti-lipid A or anti-polysaccharide anti-
sera are distinct. Why pretreatment is neces-
sary in lipid A antiserum-mediated protection
is not understood. It is evident, however, that
the pronounced effect of the antiserum on lipid
A activity is not merely due to a classical anti-
toxin-toxin interaction. Apparently there are,
besides humoral factors (present in lipid A anti-
serum), other factors, perhaps cellular, in-
volved in the protection system described here.
With Salmonella lipid A antiserum, protec-

tion was seen not only against pyrogenicity of
Salmonella lipid A but also against that of S-
and R-form lipopolysaccharides from Salmo-
nella species. Furthermore, cross-protection to
lipopolysaccharides from other bacterial groups
(Shigella flexneri, E. coli) was demonstrated.
This cross-protection was to be expected in view
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\iPnr~eepatradtion ) Dose/kg Day 3 Hour Fever Response &T (MC)
injected (i.) __________

0 0.5 1.0 1.5 2.0

Lipid A BSA 0.8 jug
(100 MPD - 3) 0

Lipid A Antiserum 0.25mL Control)

Lipid A BSA 0.8,ug 2

ds RNA 50 ug 0

Lipid A Antiserum 0.25 ml
Lipid A BSA 0.8 Mg 2

ds RNA 5Mug 0

Lipid A Antiserum 0.25 ml 1

Lipid A BSA 0.8, g 2

ds RNA 0.5 pg_

Lipid A Antiserum 0.25 ml 1

Lipid A BSA 0.8Mg 2

ds RNA 0.05,ug 0

Lipid A Antiserum 0.25 ml 1

Lipid A* BSA 0.8,ug 2

ds RNA 0.005,Mg 0

Lipid A Antiserum 0.25 ml 1

Lipid A* BSA 0,8 Mg j 2

FIG. 15. Inability oflipidA antiserum to mediate tolerance to lipid AIBSA fever in rabbits pretreated with
pyrogenic dsRNA . Shown are the fever responses (AT-3) to lipidAlBSA (day 2, 100 MPD-3/kg, i.v.) in groups
ofrabbits pretreated (day 0) with graded doses (10-fold dilutions from 50 to 0.005 pg/kg, i.v.) ofdsRNA and
lipid A antiserum (day 1, 025 ml/kg, i.v.). The upper panel shows a control experiment with lipid AIBSA
pretreatment (compare Fig. 4A, 7C, 8A, and 12A).

of the structural similarities and serological
cross-reactions existing between lipid A's of
various bacterial groups (11). However, fever
elicited by pyrogenic dsRNA could not be in-
hibited. Also, rabbits pretreated with dsRNA
were, after transfer of lipid A antiserum, not
resistant to lipid A fever. These results point to
a lipid A specificity of the protection system
described. Since lipid A is common to most
pyrogenic lipopolysaccharides (endotoxins),
this specificity could also be termed "inter-

endotoxin" specificity (9). Lipid A specificity
possibly refers to two distinct features of lipid
A. The capacity of lipid A to act as a prepara-
tive agent (day 0) could be related to its "endo-
toxic" properties. The specificity seen with the
challenge (day 2 after serum transfer), how-
ever, is related to the antigenic properties of
lipid A. Thus, the structures in lipid A deter-
mining endotoxicity may be different from
those determining (serological) specificity. Be-
cause of its lipid A (endotoxin) specificity, the
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present system could be used to discriminate
between fever caused by endotoxin (lipopoly-
saccharide, lipid A) and that induced by other
(non-endotoxin) pyrogens.

The necessity of performing reciprocal cross-

testing, however, is indicated by the experi-
ments involving lipopolysaccharide from C.
violaceum. Rabbits pretreated with this lipo-
polysaccharide could be protected with lipid A
antiserum (Salmonella) against subsequent
Salmonella lipid A challenge. But Salmonella
lipid A-pretreated animals, despite passive
transfer of lipid A antiserum (Salmonella), re-

acted to challenge with C. violaceum lipopoly-
saccharide with a normal fever response. This
nonreciprocal cross-protection had already been
noted by Watson and Kim, who studied actively
induced endotoxin tolerance (25). It is tempting
to assume that the lack of cross-protection is
due to a structural difference of lipid A of C.
violaceum from that of enterobacterial lipid A.
Results of first chemical analyses seem to sup-
port this hypothesis (S. Hase and E. Th. Riet-
schel, unpublished data).
The duration of protection in the system de-

scribed was not studied systematically. Dura-
tion depends, however, on the preparative lipid
A injection, the effect of which gradually van-

ishes within 5 days. Therefore, lipid A-pre-
treated rabbits tested on day 6 react like non-

treated (normal) animals. Evidently, the dura-
tion of protection also depends on the presence
of a protective factor. Studies on the elimina-
tion of hemolytic lipid A antibodies in rabbits
after application of lipid A antiserum (10 ml,
i.v.; titer, 1:10,000) showed that after 8 days the
titer was still significant (hemolytic titers,
1:256), whereas after 16 days no activity could
be detected. Similar kinetics of elimination
were found in lipid A-pretreated rabbits.
Experiments concerning the time of transfer

of lipid A antiserum showed that it can be given
simultaneously with the preparative (day 0)
and the challenge (day 2) doses of lipid A/BSA
or at times between the injections. However,

when lipid A antiserum was given 1 h after the
lipid A/BSA challenge, no protection was ob-
tained, indicating that the antiserum has no

effect on the lipid A-induced mechanisms lead-
ing to fever, but rather that it inhibits lipid A
from triggering these mechanisms.
The nature of the protecitve factor in lipid A

antiserum remains to be elucidated. As shown
above, it can be removed from the antiserum by
erythrocytes coated with alkali-treated lipid A
and thus appears to be lipid A specific. It should
be mentioned that on absorption of lipid A anti-
serum with lipid A (coated on erythrocytes), the
detectable serological activity (anti-lipid A an-

tibody) was completely removed. Despite this,
the absorbed serum still conferred a certain
degree of protection as compared with the effect
ofNRS (Fig. 12B and 4B; P < 0.025). Neverthe-
less, it is evident from Fig. 12A and 12B that
the absorbed serum was significantly less pro-

tective than nonabsorbed lipid A antiserum (P
< 0.005).
As preliminary experiments show, the pro-

tective factor can be precipitated with half-sat-
urated ammonium sulfate, suggesting that it
might be identical with immunoglobulin. How-
ever, in sera of lipid A-pretreated rabbits that
had received small amounts of lipid A anti-
serum (0.25 to 0.5 ml/kg) and were resistant
to lipid A fever, no hemolytic lipid A anti-
bodies could be demonstrated. This could mean
either that very small amounts of antibodies,
not detectable by the method available, provide
protection or that the protective immunoglob-
ulin is distinct from hemolytic lipid A anti-
body (mainly immunoglobulin M). Since Greis-
man et al. (10) have demonstrated the existence
of cytophilic anti-lipopolysaccharide antibod-
ies, the possibility should also be considered
that the protective factor acts (in lipid A-pre-
treated rabbits) primarily on a cellular level,
and that it is therefore not detectable in sera

of pretreated and passively immunized rabbits.
Kim and Watson have postulated that anti-

bodies specific to the common toxic moiety of

TABLE 2. Prevention of the local Shwartzman reaction in rabbits with lipid A antiserum

Prepn (intracutaneous) Challenge (intravenous) Incidence of positive Shwartzman re-
actions after:a

LPS Dose PS (pid A) Do NRS Lipid A antiserum(g~g) LP (iidA (g

Salmonella abortus-equi 40 Lipid A/BSA 20 6/6c 0/6
S. abortus-equi 40 S. abortus-equi 10 5/6 1/10
S. abortus-equi 40 S. typhi 20 9/10 3/12

a NRS (4 ml) or lipid A antiserum (4 ml) was given 2 h before the challenge injection of lipid A or

lipopolysaccharide (LPS).
b Based on the lipid A content of the complex.
c Number of rabbits with positive reaction/number of rabbits tested.

47VOL. 15, 1977



48 RIETSCHEL AND GALANOS

lipopolysaccharides could mediate tolerance
and especially cross-tolerance, which was in-
duced by several daily injections of lipopolysac-
charide or lipid A (13-15, 25). These antibodies
were thought to be induced by the daily injec-
tions of lipopolysaccharides or lipid A. In sera
of rabbits rendered actively tolerant with lipid
A/BSA (22), we have detected small but signifi-
cant hemolytic anti-lipid A activity (titers, 1:4
to 1:64). The latter finding seems to support
their hypothesis. In the light of the experi-
ments described in this paper, in actively in-
duced tolerance the daily administration of li-
popolysaccharide or lipid A could mean optimal
"preparation" of the test animals. Lipid A anti-
bodies are engendered concomitantly with the
repeated injections, which would mediate toler-
ance and cross-tolerance in the "pretreated" an-
imals. It is worthwhile to note that tolerance
induced with several daily lipopolysaccharide
injections exhibits lipid A specificity similar to
*that described in the present paper (14, 25). On
the other hand, Braude et al. (4), Milner and
Rudbach (Bacteriol. Proc., p. 96, 1968), Milner
(18), and Greisman et al. (8, 9) have demon-
strated that a single injection of lipopolysaccha-
ride (day 0) will render rabbits transitorily tol-
erant to a subsequent (day 1) lipopolysaccha-
ride challenge. This "early refractory state"
also shows lipid A specificity (8, 9, 12, 18, 24;
Milner and Rudbach, Bacteriol. Proc., p. 96,
1968). Assuming that normal rabbits have
small amounts of lipid A-specific factors not
detectable by the methods available, it can be
expected that rabbits, after a "preparative"
endotoxin injection (day 0), will be protected
against a second endotoxin challenge (adminis-
tered 24 h later).

It is tempting to speculate that all three
types of fever tolerance, early refractory state,
cross-tolerance actively induced by several
endotoxin injections, and the protection system
described in the present communication, are
mediated by the same mechanisms. In these
mechanisms, as discussed, humoral factors
(specific to lipid A) play an essential role. How-
ever, other factors, induced or activated by a
single or several endotoxin injections, are also
involved; their nature remains to be analyzed.
Evidence was provided in this study that the

local Shwartzman reaction, provoked with lipid
A or lipopolysaccharides, could also be pre-
vented by lipid A antiserum. Thus, two typical
endotoxin effects, fever and local skin necrosis,
can be suppressed by the antiserum, a finding
which indicates that lipid A antiserum may
also provide protection against other endotoxin
activities. Its possible ability to prevent endo-
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toxin-induced leucopenia and irreversible
shock is presently being investigated.
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