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CFW mice given submicrogram doses of endotoxins intravenously became
highly susceptible to the lethal effects of 0.5 mg of histamine given intraperito-
neally 1 to 2 h later. The histamine-sensitizing effects of the endotoxins were
transitory and disappeared within 6 to 8 h. L-Epinephrine administered intrave-
nously immediately after histamine challenge protected mice from death, but
arterenol and isoproterenol were ineffective. The histamine-sensitizing effect in
endotoxins was precipitated by anti-endotoxin sera with a concomitant eightfold
loss in activity. However, dissociation of the immune complex in 0.25 M acetic
acid fully restored histamine-sensitizing activity. The transitory nature of the
hypersensitivity produced by endotoxin and the high heat resistance of the
active material prove that it is different from the histamine-sensitizing effects of
pertussigen.

Previous investigations on the ability of
endotoxins to produce histamine sensitivity in
mice indicated that endotoxins were much in-
ferior to the histamine-sensitizing factor from
Bordetella pertussis in efficacy. Malkiel and
Hargis (5) found that 100 to 200 Ag of lipopoly-
saccharides from B. pertussis, Salmonella ty-
phosa, or Escherichia coli was required to pro-
duce lethal sensitivity to a histamine challenge
given intraperitoneally (i.p.) 4 days later (36 ,g
of histamine phosphate/g of body weight). Pi-
eroni et al. (8) obtained similar results with S.
typhosa endotoxin, but got only low-level sensi-
tization with large doses (1 mg) ofB. pertussis
endotoxin. It has been our experience too that,
when histamine sensitivity is tested 4 days
after endotoxin administration, there is usually
no sensitivity, although an erratic and low-
level sensitivity does occur infrequently.

Semipurified preparations of the factor from
B. pertussis, which we have named pertussi-
gen, when given intravenously (i.v.) to mice,
produced lethal sensitivity to 1 mg ofhistamine
90 min later (7). (A unified name, "pertussi-
gen," has been proposed for the factor inB. per-
tussis cells that produces a variety of biological
effects, i.e., for histamine-sensitizing factor,
lymphocyte-promoting factor, adjuvant factor,
factor that promotes development of hyper-
acute experimental allergic encephalomyelitis,
etc. [J. J. Munoz, Fed. Proc. 35:813, 1976]. We
believe that there is adequate proof that all of
these effects are produced by a single substance
from B. pertussis cells, and the name pertussi-
gen will be used in this paper to refer to the

substance from these cells that increases the
sensitivity of mice to histamine.) It was as-
sumed that the active principle was the same as
that which produces histamine sensitivity
4 days after i.p. administration and that the i.v.
administration merely provided a more rapid
distribution of the factor to the reactive tissues
in the mouse. Subsequent work revealed that
those crude preparations of pertussigen which
produced histamine sensitivity 90 min after i.v.
injection were still active after heating at 80°C
for 30 min (unpublished observations). This ob-
servation raised the question of whether the
early development of histamine sensitivity
after i.v. administration of pertussigen might
be mainly due to endotoxin contamination. We
report here our studies on the capability of
endotoxins to induce histamine sensitivity in
mice within 1 to 2 h after i.v. administration.

MATERIALS AND METHODS

Mice. CFW male and female mice reared in our
laboratory were used at 6 to 7 weeks of age. Males
from different hierarchical groups were not mixed.
Mice were housed in glass jars in groups of five on
wood shavings and allowed food (Purina Laboratory
Chow) and water ad lib.

Endotoxin preparations. Endotoxin from B. per-
tussis 04965, agglutinogen type 1, was obtained by
the trichloroacetic acid method as described by Ka-
bat (3), and B. pertussis 3779 BL2S4, agglutinogen
type 1, 3, 6, was extracted by either the trichloroace-
tic acid method (3) or the phenol-water method of
Westphal (10). E. coli 180 and Salmonella enteritidis
389 endotoxins, supplied by K. Milner, had been
prepared by the phenol-water (10) and aqueous
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ether (9) methods, respectively. The endotoxin prep-
arations were made up at the desired concentration
in physiological saline, and doses were given i.v. in
0.2-ml volumes.

Pertussigen. An alkaline saline extract of ace-
tone-dried B. pertussis cells was made as previously
described (6). Doses were made up at the desired
concentration in physiological saline and adminis-
tered i.v.

Histamine and serotonin challenges. The hista-
mine sensitivity of endotoxin-treated mice was
tested by administering 0.5 mg of histamine base
i.p. (given as histamine diphosphate, Sigma) in 0.2
ml of physiological saline at various intervals after
administration ofendotoxin. Serotonin was given as
5-hydroxytryptamine creatinine sulfate (Sigma),
but doses are expressed as the base and were given
in 0.2 ml of saline i.p.

Catecholamine treatment. L-Epinephrine, DL-ar-
terenol-hydrochloride (Sigma) and isoproterenol-hy-
drochloride (Winthrop) were dissolved at appropri-
ate concentrations in a vitamin C-physiological sa-
line solution (1 mg of ascorbic acid per ml of saline).
Two or three drops of 2 N HCI were added to the L-
epinephrine solution to promote solubility. Doses
are expressed as the amine base and were given i.v.
in 0.2-ml volumes.

Antisera. Two antisera were used to determine
whether the histamine-sensitizing activity in the
endotoxin preparations could be neutralized. One
was a pool of rabbit sera obtained from rabbits that
had been immunized with an extract fromB. pertus-
sis cells and known to contain precipitins against B.
pertussis endotoxin. The other antiserum was a pool
of sera from 20 rabbits that had been immunized
with S. enteritidis and had a high titer of antibodies
to S. enteritidis endotoxin.

RESULTS

Histamine sensitization. After preliminary
experiments had shown that small i.v. doses of
endotoxin induced a high degree of susceptibil-
ity to a histamine challenge given i.p. 90 min
later, more extensive experiments were per-
formed with different preparations and doses of
endotoxin. The results are ized in Ta-
ble 1. The 50% sensitizing dose (SD) for the
various endotoxins ranged from 0.007 ,ug forB .
pertussis 3779 BLAS4 endotoxin (phenol-water
extract) to 0.146 ,ug for B. pertussis 04965 endo-
toxin (trichloroacetic acid extract). Table 1
shows that there was frequently a poor dose-
response relationship in the induction of in-
creased histamine sensitivity by endotoxin.
This was further exemplified by measuring his-
tamine mean lethal dose (LD5) values in four
groups ofmice that received fourfold increasing
doses ofS. enteritidis endotoxin. Table 2 shows
that although the endotoxin dose increased 64-
fold, there was little, if any, change in the
histamine LDN values.

Transitory nature of endotoxin-induced

histamine hypersensitivity. An experiment
was performed to examine the histamine sensi-
tivity at various intervals after i.v. administra-
tion of endotoxin, heat-inactivated crude per-
tussigen (80CC for 0.5 h), and unheated crude
pertussigen. As shown in Fig. 1, the enhanced
sensitivity produced by 0.125 ,ug of S. enteriti-
dis endotoxin or 20 jig of heated pertussigen
was transitory and lasted only 2 to 4 h. Figure 1
also shows that the histamine hypersensitivity
produced by 20 gg of crude unheated pertussi-
gen is probably due to both the transitory ef-
fects of an endotoxin contaminant and the
longer-lasting hypersensitivity induced by per-
tussigen. That pertussigen can produce its ef-
fects within 2 h is shown in Fig. 2. The dose of
crude pertussigen was reduced to 2.5 ,ug, at this
dose, the endotoxin contaminant was too weak
to produce any significant histamine hypersen-
sitivity, as shown by the response to the heated
crude pertussigen, but the unheated material
produced significant sensitivity 2 h after ad-
ministration. However, at this low dose level
the response became biphasic, and there was a
decline to an unsensitized state for several
hours and then a rise to increased sensitivity at
4 days (Fig. 2).
Age of mice and susceptibility. The develop-

ment ofendotoxin-induced histamine hypersen-
sitivity was also influenced by the age of the
mice (Fig. 3). Male mice of different ages re-
ceived 0.125 pmg of S. enteritidis endotoxin and
were challenged i.p. 90 min later with 0.5 mg of
histamine. It can be seen that 3- to 4-week-old
mice did not develop a susceptibility to hista-
mine, 5- to 6-week-old mice had an intermedi-
ate response, and 7-week-old mice were highly
susceptible.
Serotonin and serotonin-histamine sensi-

tivity. Although the ability of endotoxin to in-
duce histamine sensitivity in mice was strik-
ing, it did not have the same enhancing effect
on serotonin sensitivity or on sensitivity to a
combination of histamine and serotonin. We
found no increase in sensitivity to serotonin
given alone after endotoxin treatment and only
about a twofold increase when a combination of
serotonin and histamine was given. The LD5o
decreased from about 0.05 mg of serotonin plus
0.2 mg of histamine for normal mice to about
0.027 mg of serotonin plus 0.11 mg ofhistamine
for endotoxin-treated mice. In another strain of
mice reared in our laboratory (RML strain),
endotoxin had little, if any, ability to induce
either histamine or histamine-serotonin sensi-
tivity.

Protection afforded by catecholamines. As
shown in Table 3, i.v. administration of 2.5 to
5.0 jig of L-epinephrine immediately after the
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TABLE 1. Histamine sensitivity in mice 90 min after receiving various doses of endotoxin

Sex Source of endotoxin Dose of endotoxin D/Ta SD50'1 (/Lg)(Fcg)
F B. pertussis 04965, trichioroacetic acid and ethanol 0.25 5/10~

extract

F B. pertussis 3779 BL2S4, trichloroacetic acid and
ethanol extract

M B. pertussis 3779
ethanol extract

BL2S4, trichloroacetic acid and

F B. pertussis 3779 BL2S4, phenol-water extract

M B. pertussis, 3779 BL2S4, phenol-water extract

M S. enteritidis 389

M E. coli 180

0.125
0.0625
None
0.125
0.0625
0.0311
0.0156
0.0078
None
0.0625
0.0311
0.0156
0.0078
None
0.0311
0.0156
0.0078
0.0039
None
0.5
0.125
0.0311
0.0078
None
0.0625
0.0311
0.0156
0.0078
None
0.0625
0.0311
0.0156
0.0078
0.0039
None

W(1M
1/10
0/10
7/10
13/20
4/10
4/10
0/10
1/20
6/10
5/10
5/10
1/10
0/10

10/10
14/15
5/10
3/10
0/10
9/10
8/10
5/10
2/10
0/10
7/10
6/10
7/10
7/10
1/10
8/10
4/10
5/10
5/10
1/10
0/10

0.146

0.042

0.027

0.007

0.035

0.011

0.018

a Deaths per total number of animals tested after a challenge with 0.5 mg of histamine.
b Calculated dose of endotoxin that would sensitize 50% of the mice to the lethal effects of 0.5 mg of

histamine.

TABLE 2. Histamine LD50, values in mice 90 min
after receiving different doses of S. enteritidis

endotoxin
Dose of endotoxin (jLg) Histamine LD50 (mg)

None >20
0.0078 0.74
0.0312 0.75
0.1250 0.41
0.5000 0.61

histamine challenge produced significant pro-

tection of endotoxin-treated mice. Administra-
tion of DL-arterenol or isoproterenol did not pro-

duce any significant protection.
Attempts to neutralize histamine-sensitiz-

ing activity in endotoxins with antisera. Anti-
sera and their corresponding endotoxins were

mixed at equivalent ratios and incubated in the
cold overnight. On the following day, the im-

mune precipitate was collected by centrifuga-
tion. Half of the precipitate was resuspended in
saline and the other half was dissociated in
0.25 M acetic acid. After the immune precipi-
tate was dissociated, a series of fivefold dilu-
tions was made in saline and administered im-
mediately i.p. to mice to obviate reassociation
of endotoxin and antibody. As shown in Table
4, the supernatant fluid had very little ability
to induce histamine hypersensitivity and the
immune precipitate had about an eightfold de-
crease in its activity, but full activity was re-
stored to the immune precipitate when the an-
tigen-antibody complex was dissociated in 0.25
M acetic acid.

DISCUSSION
The characteristics of the endotoxin-induced

histamine hypersensitivity reported here are
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FIG. 1. Enhanced histamine sensitivity in mice at
various intervals after i.v. administration of0.125 pg

of S. enteritidis endotoxin, 20 pg of heated crude
pertussigen, or 20 pg of unheated crude pertussigen.
Histamine challenge (0.5 mg) was given i.p.
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and even hundredths of a microgram (sensitiv-
ity tested 90 min after giving endotoxin). The
elevated sensitivity was transitory and after it
reached its maximum level in 1 to 2 h, it disap-
peared a few hours thereafter. At the time the
sensitivity to histamine was measured by Mal-
kiel and Hargis (5) and Pieroni et al. (8), our

preparations of endotoxin in the doses given
had no detectable activity.
Although treatment with either pertussigen

or endotoxin induces a striking hypersensitiv-
ity to histamine in mice, there are some distinct
differences in the character of these two in-
duced hypersensitivities. Pieroni et al. (8) ob-

served the following difference in sensitivity
produced by endotoxin as compared with that
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FIG. 3. Effect of age on susceptibility of mice to
endotoxin-induced histamine sensitivity. Mice re-

ceived i.v. 0.125 pg of endotoxin from S. enteritidis
389 and were challenged 90 min later with 0.5 mg of
histamine i.p. (Data from two experiments, 20 mice
for each age group.)

96

FIG. 2. Biphasic development of increased hista-
mine sensitivity in mice receiving 2.5 pg of crude
pertussigen i.v. Histamine challenge (0.5 mg) was

given ip.

different from those previously reported by
other workers (5, 8). This may primarily be due
to the fact that we found histamine hypersensi-
tivity much sooner after giving endotoxin than
reported previously (5, 8). Whereas the pre-
vious studies required 100 to 1,000 pug of endo-
toxin to produce moderate sensitivity (sensitiv-
ity tested 4 days after giving endotoxin) (5, 8),
our results were obtained with doses of tenths

TABLE 3. Catecholamine protection against
histamine toxicity in mice treated with endotoxin

(0.125 pg per mouse) from B. pertussis 3779 BL2S4a
Catecholamine Amt given (j&g) D/Tb
L-Epinephrine 2.5 2/10
L-Epinephrine 5.0 0/10
DL-Arterenol 5.0 7/10
Isoproterenol 2.5 8/10
Isoproterenol 5.0 6/10
Isoproterenol 10.0 13/20
None 20/30

a Data from three separate experiments.
b Deaths per number of mice tested.

I
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TABLE 4. Effect ofantiserum on histamine-sensitizing activity in SE-389 endotoxin

Fraction tested Calculated SD50 % of activity in starting
per ml material

Endotoxin in saline (1,000 ,ug/ml) 12,500 100
Supernatant fluid after centrifuging endotoxin-antiserum complex <8 <0.1
Resuspended precipitate after centrifuging endotoxin-antiserum 1,495 12
complex

Disassociated precipitate in 0.25 M acetic acida 17,482 140
a Control mice given 0.2 ml of 0.25 M acetic acid in saline did not develop any histamine sensitivity.

produced by histamine-sensitizing factor from
B. pertussis: (i) there was a poor dose response
with endotoxin, (ii) it was never possible to
achieve 100% mortality, and (iii) the factor in
endotoxin was heat stable. Our work reported
here showed that endotoxin-induced histamine
hypersensitivity is transitory, whereas pre-
vious studies showed that histamine hypersen-
sitivity induced by crude pertussigen lasts sev-
eral weeks (7). Although 3- to 4-week-old CFW
mice did not become more susceptible to hista-
mine after endotoxin was administered, we
have previously found that these mice, at this
age, do become more sensitive when pertussi-
gen is given (R. K. Bergman and J. J. Munoz,
unpublished observations).
The experiment on the effects of specific anti-

serum on endotoxin showed that the histamine-
sensitizing activity was precipitated, but it was
not completely inactivated, by being complexed
with antibody. Activity was completely re-
stored by dissociating the complex in 0.25 M
acetic acid (Table 4). Since all the endotoxin
was precipitated by antibody, the remaining
activity must have been due either to com-
plexed endotoxin or to endotoxin that disso-
ciated in vivo from the antibody. Another possi-
bility for the reduction in activity could have
been due to an artifact introduced while com-
paring activities by making dilutions of endo-
toxin trapped in large aggregates (antigen-an-
tibody complexes) and endotoxin in molecular
dispersion.
Mice made hypersensitive to histamine by

administration of endotoxin were protected by
small doses of L-epinephrine. The protection
afforded by this catecholamine against the le-
thal effects of histamine in the endotoxin-
treated mice was similar to that reported previ-
ously in histamine-sensitizing factor-treated
mice (1, 2).
The early onset ofhistamine hypersensitivity

after administration of high doses of pertussi-
gen (20 jug) is, no doubt, partially due to an
endotoxin contaminant. It is also obvious that
the sensitizing effects of a high dose ofpertussi-
gen develop in a very short time and then re-
main for a long time. The time course of hista-
mine hypersensitivity after administration of a

low dose of pertussigen (2.5 jig) showed that
sensitivity was induced at 2 h, became unde-
tectable at 6 to 8 h, and then became high again
at 96 h. This sensitivity was not induced by an
endotoxin contaminant, since the hypersensi-
tizing effect was destroyed by heating the per-
tussigen at 80°C for 30 min.
The mechanism by which low doses of endo-

toxin produce the transitory histamine sensi-
tivity in these studies is not known. Whether it
acts by affecting a specific locus in the hypo-
thalamus as suggested by Kass et al. (4) or
perhaps is due to a more generalized toxicity on
the microvasculature (11) is not certain. The
fact that epinephrine was beneficial in protect-
ing the mice from the lethal effects ofhistamine
would argue against death being caused by a
hyper-reactivity of the vascular bed to endoge-
nously released epinephrine. We investigated
the possibility that the administration of endo-
toxin might result in adrenal depletion of epi-
nephrine and make the mouse unable to com-
pensate for the hypotensive effects ofhistamine
given an hour or two later. However, adrenal
catecholamines levels in mice, measured 2 h
after administering 0.5 ug of endotoxin, were
not lower than in control mice. Whatever the
effect of the endotoxin was in these experi-
ments, it apparently did not produce any per-
manent damage and the mice were able to over-
come the effects within 4 to 6 h.

ACKNOWLEDGMENTS

We thank Joe Ayers for his excellent technical assistance
and Kelsey Milner for providing the S. enteritidis and E.
coli endotoxins and the S. enteritidis antiserum used in
these studies.

LITERATURE CITED

1. Bergman, R. K., and J. Munoz. 1966. Protection
against histamine shock by catecholamines inBorde-
tella pertussis-treated, adrenalectomized or adrener-
gic blocked mice. Proc. Soc. Exp. Biol. Med. 122:428-
433.

2. Bergman, R. K., and J. Munoz. 1971. Effects of epi-
nephrine, norepinephrine and isoproterenol against
histamine challenge in Bordetella pertussis-treated
and (8-adrenergic blocked mice. Life Sci. 10:561-568.

3. Kabat, E. A. 1961. Kabat and Mayer's experimental
immunochemistry, 2nd ed. Charles C Thomas, Pub-
lisher, Springfield, Ill.

4. Kass, E. H., R. P. Atwood, and P. J. Porter. 1964.

INFECT. IMMUN.76 BERGMAN AND MUNOZ



HISTAMINE SENSITIVITY FROM ENDOTOXIN

Observations on the locus of lethal action of bacterial
endotoxin, p. 596-601. In M. Landy and W. Braun
(ed.), Bacterial endotoxins. Rutgers University
Press, New Brunswick, N.J.

5. Malkiel, S., and B. J. Hargis. 1964. Anaphylactic reac-
tions in mice induced byBordetellapertussis lipopoly-
saccharide. J. Allergy 35:306-312.

6. Munoz, J., and B. M. Hestekin. 1962. Method ofprepar-
ing histamine sensitizing factor. Nature (London)
196:1192-1193.

7. Munoz, J., and R. K. Bergman. 1966. Some histamine
sensitizing properties of soluble preparations of the
histamine sensitizing factor (HSF) from Bordetella
pertussis. J. Immunol. 97:120-125.

8. Pieroni, R. E., E. J. Broderick, and L. Levine. 1966.

Endotoxin-induced hypersensitivity to histamine in
mice. I. Contrasting effects of bacterial lipopolysac-
charides and the classical histamine-sensitizing fac-
tor ofBordetellapertussis. J. Bacteriol. 91:2169-2174.

9. Ribi, E., W. T. Haskins, M. Landy, and K. C. Milner.
1961. Preparation and host-reactive properties of
endotoxin with low content of nitrogen and lipid. J.
Exp. Med. 114:647-663.

10. Westphal, O., 0. Luderitz, and F. Bister. 1952. Uber
die Extraktion von Bakterien mit Phenol/Wasser. Z.
Naturforsch. 7b:148-155.

11. Zweifach, B. W. 1964. Vascular effect of bacterial endo-
toxin, p. 110-117. In M. Landy and W. Braun (ed.),
Bacterial endotoxins. Rutgers University Press, New
Brunswick, N.J.

VOL. 15, 1977 77


