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Summary. The adjuvant action of lipopolysaccharide (LPS) on the IgE and
IgG1 antibody production by guinea-pigs was studied. It was observed that LPS
induces an early preferential production of IgE antibody. The optimal dose ofLPS
to cause this effect was of the order of 20 gg/kg. Low amounts of LPS as well as
low amounts of antigen favoured the production of IgE antibody whereas high
amounts of LPS or antigen favoured the production of IgGl. Later, in the course
of immunization, the IgE antibody content decreased and the IgGl antibody
content increased. Booster injection of antigen resulted in a considerable and
simultaneous increase in both IgE and IgGl. The preferential production of IgE
was consistently obtained when LPS and antigen were injected simultaneously.
Injection of LPS 24 hours after antigen resulted in a higher production of IgE
and IgGl but in the loss of the preferential production of IgE. Guinea-pig IgE
antibody was able to persist in homologous skin for at least 46 days.

INTRODUCTION
The fact that many Gram-negative bacteria exert an adjuvant effect is well known.

The adjuvant property of these micro-organisms is in great part due to their content in
lipopolysaccharide (LPS). The adjuvant effect of the purified LPS has been observed in
rabbits (Johnson, Gaines and Landy, 1956; Kind and Johnson, 1959), mice (Merrit
and Johnson, 1963) and guinea-pigs (Farthing and Holt, 1962). In all these papers the
adjuvant effect has been studied by determining the total antibody level without dis-
criminating the antibody classes. In the present paper we report the adjuvant effect of
bacterial lipopolysaccharide on the IgGl and IgE antibodies in guinea-pigs. It is shown
that LPS induces a preferential early production of IgE antibody.

MATERIAL AND METHODS
Animals
Outbred guinea-pigs of either sex weighing between 250 and 350g reared at the

Instituto Butantan animal farm were used throughout.

Antigen
Five times crystallized ovalbumin (Ov) purchased from Pentex Inc. (Kankakee, Ill.,

U.S.A.) was used as antigen.
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Lipopolysaccharide
LPS from Bordetella pertussis and Salmonella typhosa was prepared by the method of

Westphal and Luderitz (1954) as described by Kabat and Mayer (1961). In summary,
dried micro-organisms were suspended in 250 ml distilled water at 680, 250 ml of 90 per
cent phenol added and the mixture kept at this temperature with constant stirring for 20
minutes. The mixture was cooled to 5-10°, centrifuged and the upper aqueous phase
decanted. The phenol phase was again treated with distilled water at 680, cooled and
centrifuged and the aqueous phase separated. This treatment was repeated once more
and all the water extracts combined and dialized in the cold room against large volumes
of distilled water until free of phenol. The dialized extract was filtered and concentrated
by lyophilization to a small volume. The concentrated extract was then precipitated by
addition of 6 volumes of ethanol and a trace of sodium acetate, the precipitate dissolved
in distilled water, and the LPS purified by repeated centrifugations at 30,000 rev/min until
free of material absorbing at 2,600 gm. The physiological activity of this material was
assayed by the Schwartzmann reaction and by its toxicity in adrenalectomized mice.

Lipopolysaccharide B from S. typhosa 0901 and from Escherichia coli 2023 obtained from
Difco Laboratories were also used.

Technique for obtaining serum
Blood was obtained by cardiac puncture or by puncture of the ophthalmic plexus and

was allowed to clot in an ice bath. The serum was separated by centrifugation in a
refrigerated centrifuge. Serum samples were used as soon as possible or when necessary
were kept at -20°.

Passive cutaneous anaphylaxia (PCA)
Ovary's technique for PCA (1964) was employed for detecting and estimating anti-

bodies. The dorsal region of the animals was previously shaved with an electrical hair
clipper, care being taken to avoid irritation of the skin. Several intradermal injections
of antiserum or antiserum dilutions were made on each side of the dorsal skin with a
hypodermic needle. After a short latent period (18 hours) or a long latent period (72 hours
or 10 days) the animals were injected intravenously with 1 ml of 0 25 per cent solution of
Evans' blue in saline (0-15 M NaCl) containing 1 mg antigen. Twenty to 30 minutes after
antigen injection, the animals were killed, the skin inverted and the lesion diameter
measured on the inner surface of the skin with a transparent ruler. Antibody was estimated
by determining the highest dilution of antiserum which induced a PCA reaction. PCA
titres are stated as the reciprocal of the highest serum dilution giving a skin reaction. A
minimum of three guinea-pigs was used for each determination.

Criteria usedfor characterization and estimation of IgE and IgGl
Guinea-pig IgE antibody can be distinguished from other homocytotropic antibodies

of this species by its thermolability, inactivation by sulphydryl reagents and its ability to
remain in the passively sensitized skin for a long period of time (Catty, 1969; Mota and
Perini, 1970; Perini and Mota, 1972). In this paper two criteria are used to confirm the
presence of IgE antibody in a serum: the loss of its ability to induce PCA reactions after
heating (560 for 4 hours) and the long persistency in the passively sensitized skin (10 days).
Usually the total loss of the heated serum to produce a PCA reaction after 72 hours was

considered sufficient proof for the presence of IgE antibody in the serum. However, when
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the loss of PCA activity by heating was only partial, the PCA reactions were repeated
using a latent period of 10 days. Only antisera whose long latency PCA activity was
completely destroyed by heating and was able to persist in the passively sensitized skin
for at least 10 days were considered to contain IgE antibody. To detect IgGl type antibody
the antisera were heated for 4 hours at 560 to destroy PCA activity due to IgE and the
heated serum injected for PCA using a short latent period. To estimate the IgG1 antibody
content, the antisera showing heat resistant PCA activity were pooled and the PCA titre
of the heated pool determined using a short latent period. To estimate the IgE antibody
content, the antisera showing heat labile PCA activity were pooled and the PCA titre of
the pool determined using a long latent period.

RESULTS
PREFERENTIAL PRODUCTION OF IgE BY LPS

Guinea-pigs were injected intraperitoneally with 5 pg LPS from different sources plus
10 pig Ox. This amount of antigen was chosen because it elicited no detectable serum
antibody in control animals. Ten days later the animals were bled and the unheated and
heated individual sera diluted 1 :5 with saline and assayed for the presence of IgE and
IgGl antibodies as already described. The results of these experiments summarized in
Table 1 show that bacterial LPS induces a preferential early production of IgE antibody
when used as an adjuvant. The same results suggest that LPS obtained from S. typhosa is
more efficient in inducing the production of IgE than LPS obtained from E. coli or B.
tassis.

EFFECT OF DIFFERENT DOSES OF LPS ON IgE PRODUCTION

To find out the optimum dose of LPS to induce IgE antibody, groups of guinea-pigs
were injected intraperitoneally with a constant amount of antigen and different doses of
LPS, bled 10 days later and the IgE and IgGI content of their sera estimated. As can be
seen in Table 2 low doses of LPS tended to induce a preferential production of IgE anti-
body whereas high doses favoured the production of IgGl antibody.

EFFECT OF DIFFERENT AMOUNTS OF ANTIGEN

To find out the effect of different amounts of antigen on the induction of IgE antibody
guinea-pigs were injected intraperitoneally with 20 pg/kg LPS and different amounts
of Ox' and bled 10 days later. The results of these experiments shown in Table 3 indicate
that whereas low amounts of antigen favour the production of IgE antibody high amounts
favour the production of IgGl antibody. Indeed, when a high dose of Ov (1000 pg) was
used the percentage of antisera showing IgE was of the same order as that observed in
control animals injected only with the same amount of antigen.

EFFECT OF SEPARATION IN TIME BETWEEN THE INJECTIONS OF ANTIGEN AND LPS

In order to investigate how separate injections of antigen and LPS would affect IgE
and IgGI antibody production groups of guinea-pigs were injected either first with LPS
and second with antigen or first with antigen and second with LPS. Ten days later the
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TABLE 1

THE EFFECT OF LPS ON THE PRODUCTION OF IgE AND IgG1 IN GUINEA-PIGS. THE ANIMALS WERE INJECTED INTRA-
PERITONEALLY WITH OVALBUMIN (10 /,g) PLUS LPS (5 ,pg) OBTAINED FROM S. typhosa, B. pertussis OR E. coli, BLED 10

DAYS LATER AND THEIR SERA TESTED FOR PCA ACTIVITY DUE TO IgGI AND IgE

LPS from LPS from LPS from
S. typhosa B. pertussis E. coli

PCA activity PCA activity PCA activity

Anti- IgGl* IgEt Anti- IgGl* IgEt Anti- IgGl* IgEt
sera sera sera

1 0 + 1 + + 1 0 0
2 0 + 2 0 + 2 0 +
3 0 + 3 0 0 3 0 0
4 0 0 4 0 0 4 0 0
5 0 0 5 0 0 5 0 0
6 0 7% 0 46% 6 09% 0 36% 6 0 8% 0 25%
7 + + 7 0 + 7 0 0
8 0 0 8 0 0 8 0 0
9 0 0 9 0 0 9 + +
10 0 + 10 0 0 10 0 +
11 0 0 11 0 + 11 0 0
12 0 0 - - - 12 0 0
13 0 + - - - - - -

PCA titre
of pools 5 15 5 15 5 5

PCA activity not destroyed by heat.
t PCA activity completely destroyed by heat.

animals were bled and their sera content of IgE and IgG1 determined and compared
with that of animals injected simultaneously with antigen and LPS. As can be seen in
Fig. 1 when LPS was injected either 24 hours before antigen or 48 hours after antigen
no IgE or IgGl could be detected in serum. However, injection of LPS 24 hours after
antigen resulted in a considerable increase in both IgE and IgGl antibodies. This increase
was revealed by a higher percentage of animals showing IgE and IgGl in their antisera
and by a higher PCA titre for both antibodies. However, in this situation there was no
preferential production of IgE.

TIME-COURSE OF IgE IN SERUM

To follow the persistence of IgE antibody in serum of guinea-pigs immunized with

TABLE 2

THE EFFECT OF DIFFERENT DOSES OF LPS ON THE PRODUCTION OF IgE AND

IgGI ANTIBODIES BY GUINEA-PIGS. THE ANIMALS WERE INJECTED INTRAPERI-
TONEALLY WITH 10 pg Ov AND DIFFERENT DOSES OF LPS, BLED 10 DAYS LATER

AND THE PERCENTAGE OF ANIMALS SHOWING IgE AND IgG 1 IN THEIR SERA
DETERMINED

Per cent
LPS Number of
pg/kg sera tested IgGI IgE

10 20 0 0
20 12 7 50
40 12 1 36
60 12 1 30
120 20 15 0
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TABLE 3

EFFECT OF DIFFERENT DOSES OF ANTIGEN ON THE PRODUCTION OF IgE AND IgG1
ANTIBODY BY GUINEA-PIGS. THE ANIMALS WERE INJECTED INTRAPERITONEALLY
WITH DIFFERENT AMOUNTS OF ANTIGEN OR ANTIGEN PLUS A CONSTANT DOSE OF
LPS, BLED 10 DAYS LATER AND THE PERCENTAGE OF ANIMALS SHOWING IgE AND

IgG 1 DETERMINED

Per cent
Ovalbumin LPS Number of

pg pg/kg sera tested IgE IgG1

1 20 20 0 0
10 20 20 50(15) 10(5)
10 0 20 0 0

1000 20 20 16(5) 90(160)
1000 0 20 17(5) 50(40)

Figures in parentheses represent PCA titre of poois of positive sera.

0

di)

c
us

E
c

0

6C

i

D-

D-

D-

5C

4C

30

20

10

0

15

0

80

A B C D

FIG. 1. Effect of separation in time of antigen and LPS injection on the production of IgE (open
column) and IgGI (stipple column) antibody in guinea-pigs. The animals were injected intra-
peritoneally with 10 pg Ov and 20 pg/kg LPS and bled 10 days later. (A) Production of IgE and
IgGl after simultaneous injection ofantigen and LPS. Production of IgE and IgGl in animals injected
first with: (B) LPS and 24 hours later with antigen; (C) antigen and 24 hours later with LPS; (D)
antigen and 48 hours later with LPS. Figures over columns represent PCA titre of pools of positive
sera.
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antigen plus LPS, animals were injected intraperitoneally with 10 Yug Ov plus 20
,ig/kg LPS and were bled after 10, 30, 60 and 90 days. For each bleeding time the
percentage of antisera showing IgE and IgG1 as well as the antibody content of the same
were determined. As indicated in Fig. 2, up to 10 days after immunization both the per-
centage of animals showing IgE antibody in their sera and the IgE content of the same
were higher than those of animals showing IgG1 antibody; from then on, though the
content of IgE antibody still increased up to the 30 days, there was no more preferential
production of IgE antibody since the percentage and the content of IgGl antibody
became higher than those of IgE antibody. After 90 days the level of IgE antibody
became very low whereas the level of IgGl was still high.
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FIG. 2. Time-course of IgE and IgG1 in guinea-pigs sensitized with antigen plus LPS. Presence of
IgE (open column) and IgG1 (stipple column) in antisera collected at different times after immuniza-
tion. The animals were injected intraperitoneally with 10 pg Ov and 20 pg/kg LPS. Figures over
columns represent PCA titre of pools of positive sera.

PERSISTENCE OF IgE ANTIBODY IN HOMOLOGOUS SKIN

In order to know how long after passive sensitization would guinea-pig IgE antibody
remain in homologous skin, guinea-pigs were injected with guinea-pig antisera containing
IgE antibody and challenged at different periods of time after sensitization. Thus, animals
were sensitized at days 0, 15, 25 and 36 and challenged 10 days after the last sensitizing
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injection. In this way PCA reactions with latent periods of 10, 21, 31 and 46 days could be
elicited in the same recipient animal. The results of these experiments summarized
in Table 4 show that guinea-pig IgE antibody can remain in the passively sensitized skin
for at least 46 days.

TABLE 4

SKIN PERSISTENCE OF GUINEA-PIG IgE ANTIBODY. THE ANIMALS WERE SENSITIZED AT
DAYS 0, 15, 25 AND 36 WrrH IgE CONTAINING ANTISERUM AND CHALLENGED 10 DAYS

AFTER THE LAST SENSITIZING INJECTION

Antisera Days after sensitization PGA reactions (mm)
dilutions

10 21 31 46

Und ND 20 x 20 20x 16 15x 15
25 12x12 13x11 10x10 0
50 8x8 10x8 + 0

Und = undiluted serum. ND = not done.

EFFECT OF A SECONDARY DOSE OF ANTIGEN ON IgE AND IgGi ANTIBODY PRODUCTION

To investigate the behaviour of IgE antibody after a second antigenic stimulation
guinea-pigs were injected intraperitoneally with 10 jg Ov plus 20 pg/kg LPS and 90 days
later when their IgE sera content was very low they were injected once more with 10 pg
Ov intraperitoneally and bled 8 days later. The results of these experiments showed that
after a secondary stimulus both the IgE and IgGi antibody content of the antisera
increased more than seventy times over their previous level.

DISCUSSION

It is now well established that guinea-pigs produce homocytotropic antibodies of the
IgG and IgE classes (Ovary, Benacerraf and Bloch, 1963; Catty, 1969; Mota and Perini,
1970; Parish, 1970; Dobson, Morseth and Soulsby, 1971; Levine, Chang and Vaz, 1971;
Perini and Mota, 1972). The IgE antibody can be distinguished from IgGl antibodies
by being heat labile and able to remain in the passively sensitized skin for many days.
Previous work has suggested that antigen and adjuvant are important in preferentially
inducing the production of each of these antibodies (Perini and Mota, 1972). Our present
findings showing that the use of LPS as an adjuvant results in a preferential production of
IgE antibody reinforces this conclusion. The IgE antibody induced by LPS has all the
characteristics of mammalian reagins, being heat labile and able to remain in the passively
sensitized homologous skin for at least 46 days, being routinely assayed after a latent
period of 10 days.
Our results show that the preferential production of IgE antibody is limited to the early

phase of the primary antibody response and that later in the course of the immune
response the IgE antibody decreases whereas IgGI antibody increases. A similar relation-
ship in the time-course ofIgE and IgGI antibody production has previously been observed
in mice (Mota, Wong, Sadun and Gore, 1969). These findings are in agreement with
previous observations showing that the production of IgE antibody is a transient event in
the early phase of the primary antibody response in many other species (Mota, 1963, 1964,
1967; Mota and Peixoto, 1966; Zvaifler and Becker, 1966) and suggest that IgG may
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exert a feedback regulation on the synthesis of IgE antibody in the guinea-pig. Indeed,
regulation of IgE antibody synthesis by IgG has already been described in rats by Tada
and Okumura (1970).
The preferential production of IgE antibody induced by LPS clearly depended on the

quantitative relationship between antigen and this substance. Thus, when guinea-pigs
were injected with 10 i'g antigen plus 40 yug or 60 ,ug/kg LPS and were bled 10 days later
reactive animals responded by producing almost only IgE antibody whereas animals
injected with a higher dose of LPS (120 jg/kg) responded by producing almost exclusively
IgGi antibody. It is also clear from these experiments that low levels of antigen favour
the production of IgE antibody whereas high levels of antigen favour the production of
IgGl antibody. The enhancing effect of low doses of antigen on the production of IgE
antibody agree with previous results by Vaz, Vaz and Levine (1970) and Levine, Chang
and Vaz (1971).
Although the mechanism of the adjuvant effect of LPS is of difficult interpretation

our results suggest that the time of administration of LPS is of great importance for the
preferential production of IgE antibody. Thus, while injection of LPS and antigen
simultaneously resulted in a preferential production of IgE antibody, injection of LPS
24 hours after antigen stimulated the production of both IgE and IgGl. In this case,
although the serum level of both antibodies was higher than when LPS and antigen were
injected simultaneously there was no preferential production of IgE. This fact suggests
that the induction of a preferential production of IgE antibody by LPS is restricted to a
very early phase of the induction period of antibody formation when antigen first contacts
antigen-sensitive cells. In this early phase, for some unknown reason, the stimulation and
proliferation of IgE antibody-forming cells predominates over the IgGl antibody-produc-
ing cells. In this regard, it is worth recalling that LPS is a mitogen specific for B-cells,
being able to stimulate the synthesis of DNA by these cells but not by T-cells; besides,
LPS has the interesting property of activating the proliferation of antibody-forming cells
specific for a number of unrelated antigens in their absence (Sjdberg, 1971; Ortiz-Ortiz
and Jaroslow, 1970; Moller, Anderson and Sjoberg, 1972). Therefore, it is possible that
the efficiency of LPS in inducing the production of IgE may be due to its ability to activate
the B-cells. In this case, the activation of antigen-stimulated B-cells by LPS may be more
efficient for the proliferation of IgE antibody-forming cells than the activation of these
cells by antigen alone. Alternatively, the preferential early synthesis of IgE antibody
induced by LPS may be due to by-pass of the regulatory effect of T-cells on antibody
production. Indeed, it has recently been shown that activated T-cells, in addition to their
well-known ability to co-operate with B-cells can exert a suppressor effect on antibody
formation (Gershon and Kondo, 1970; Gershon, Cohen, Hencin and Liebhaber, 1972)
and Okumura and Tada (1971a, 1971b) have presented evidence for a regulatory effect
of T-cells on IgE antibody production in rats. Further experimental data are required
for an adequate interpretation of this phenomenon.
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