Protective action of endotoxin on
allergic phenomena
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E. coli endotoxin protects guinca plys against the asthmalike syndrome resulting from
cxposure to histamine aerosols and delays the onsct of bronchospasm induced by
antigen inhalation in passively sensitized guinca piys, preventing the anaphylactic
death of the animals. It does not, however, suppress the Arthus reaction in rabbits,
The antiallergic action cxevted by cendotoxin is a property of the entive molecule
and is lost after its hydrolysis. Possible mechanisms to account for this cndotorin
activity are discussed.

-n 1957 Meier, Bein, and Jaques' veported that Profeus vulgaris polysac-
charide protected guinea pigs sensitized with egg albumin from anaphylactice
death if the animals were injected with the polysaceharide one hour hefore chal-
lenge with the egg albumin. Doses of 10 to 50 ug per kilogram were able to
suppress the Arthus reaction in rabbits and guinea pigs. The polysaccharide,
however, {ailed to counteract the effect of histamine acrosol in guinea pigs and
did not have any antihistaminie effeet when tested in vitro by the Schultz-Dale
procedure.

The present report deseribes experiments which show that lipopolysaecharide
from enteropathogenic Escherichia coli possesses a definite ability to counteract
the effeet of histamine aevosols as well as the asthmalike syndrome resulting from
exposure of egg albumin—sensitive aniinals to albumin aerosols. By contrast, the
lipopolyvsaecharide was unable to suppress the Arthus veaction in rabbits.

MATERIALS AND METHODS

Local hybrid guinea pigs of both sexes with an average weight of 380 grams
were used for some experiments and male albino guinea pigs with an average
weight of 336 grams were used for other studies. All animals were kept on a
pellet diet.*

From the University of Puerto Rico, School of Medicine, Department of Mierobiology,
Section of Allergy and I'mmunology. '

Supported in part hy United States Publiec Health Serviee General Research Support
Grant No. FR-05419-01 from the National Tnstitutes of Tealth.

Received for publication June 12, 1964,

*Feed-Texo, Burrus Feed Mills, Texas,

249



250  Bonmlla-Soto J. Allergy
May—June, 1965

A 14 by 10 by 10 inch box with transparent sides was used in all experiments.
Histamine and antigen solution were nebulized into the box by means of a de
Vilbiss No. 40 nebulizer conneeted to a source of compressed air bubbled through
water. The chamber was not airtight and allowed the aerosol fog to ooze from
the seams. Three to 4 minutes of nebulization was allowed for the saturation
of the chamber before the guinea pigs were exposed to the aerosols. As a rule,
on exposure to a 1:2,000 dilution of histamine diphosphate,* the animals de-
veloped a sharply increased respiratory rate accompanied by coughing and
went rapidly into shock. The first unequivocal sign of asthma served as end point
and the guinea pigs were removed promptly from the aerosol and allowed to
recover. The technique for the precise estimation of this end point may be
found in the work of Noelpp-Eschenhagen.? This paper also gives recordings
of the physiological changes in guinea pigs during cxposure to histamine. Kgg
albumin powdert in 10 per eent solution in physiological saline was used for
aerosolization. Difeo lipopolysaccharide from E. coli 0111:B4 was used in so-
lution in pyrogen-free water,

(fuinea pigs were sensitized with a total of 40 mg. of cgg albumin divided
equally in two injections prepared and administered as follows: a 5 per cent
albumin solution was made in physiological saline and emulsified with an equal
volume of Difeo complete Freund’s adjuvant. The first injection was given
intracutaneously. One week later a second injeetion was given intrapcritoneally.
Two weeks after the last injection the animals were used for the tests.

Rabbits were immunized with weekly intracutaneous injections of egg al-
bumin in Difeo complete Freund’s adjuvant. Five to 6 injeetions were given,
and 10 days after the last injection trial bleedings were made.

Experiment 1. Relation between the dose of endotoxin and the time of onset
of histamine-induced asthma

Seven groups of 5 hybrid guinea pigs each were exposed to a 1:2,000 his-
tamine aerosol and the average time of onset of signs of asthma was determined
for each group. After a rest period of 24 hours, each group was injected intra-
peritoneally with increasing doses of endotoxin as follows: 0, 1, 2, 5, 50, 250,
and 500 pg. The first group, which did not receive endotoxin, was injected with
1.0 ml. of pyrogen-free water. All the animals were re-exposed to the histamine
acerosol 1, 3, 5, 7, 24, and 48 hours after the endotoxin injection, and the average
time of onset of signs of asthma in each group was caleulated.

The results are graphieally recorded in Fig. 1. The time in minutes of onsct
of asthma is plotted on the ordinates. The time interval in hours between the
injection of endotoxin and the exposure to histamine is plotted on the absecissa.
The rise of each curve, as compared with the control curve, represents the av-
erage protection against histamine bronchospasm indueed by the endotoxin
concentrations indicated in the diagram.

It may be seen that with a dose of endotoxin as low as 1 ug a slight protec-
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Fig. 1

Relation between the dose of endotoxin and the time of onset of signs of asthma in guinea
pigs exposed to histamine aerosol. Ordinates: time in minutes required to eli(:,it .mgns.of
unquestionable asthma. Abscissae: interval of time in hours between endotoxin injection
and exposure to histamine aerosol.

tive effeet is already evident but is best defined at the 2 pg concentration. The
optimal conditions for the demonstration of this effect oceur approximately 6
hours after the 50 pg dose. The 500 ug dose was too toxic and caused the death
of 4 of the 5 guinea pigs about 24 hours later.

Experiment 2. Individval variations in the time of onset of signs of histamine
osthma in guinea pigs after the administration of 50 ug of endotoxin

A group of 21 male albino guinea pigs were exposed to an aerosol of hista-
mine (1:2,000) and the time of onset of bronchospasm was recorded. After a
24 hour rest, 11 guinea pigs were injected intraperitoneally with 50 ug of endo-
toxin and 6 and 24 hours later were re-exposed to histamine. Ten control guinea
pigs were injeected with pyrogen-free water and were similarly re-exposed to
histamine 6 and 24 hours later.

There was a marked individual variation in the degree of protection induced
by endotoxin as is evident in Fig. 2. In all animals, however, there was a pro-
teetive effect after the 6 hour period which had disappeared completely, in
most eases, after a 24 hour rest period. The control guinea pigs gave a remark-
ably constant time of onset of bronchospasm in the 3 exposures to histamine.

These results confirm the observations made in the first experiment. The
protective effect is demonstrable in both hybrid and albino guinea pigs. The
latter, however, proved to be more sensitive to histamine aerosol and exhibited
a greater degree of individual variation in their response to the protective action
of endotoxin than the hybrid animals.
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Variations in the protective action of 50 g of endotoxin in albino guinea pigs exposed to
histamine aerosol. Ordinates: time in minutes required to elicit signs of unquestionable asthma.
Abseissace: interval of time in hours between endotoxin injection and exposure to histamine
aerosol. £ — endotoxin. W — water. Columns 4 and B — guinea pigs injected with endotoxin.
Colamn C control guinea pigs injected with water.

Table 1. Effect of endotorin in anaphylactic guinea prg asthma

T

‘ Amount of

Guinea pigs

anti—egg albu-
min serum in-
|jeeted  for sen-

Dose of endo-

Average time
of onset of
asthma in

Animals killed
by albumin

No. | Type | sitization toxin injected minutcs CTPOSUTC
10 Hybrid 1 ml 50 pg 3.53 0
10 Hybrid 1 ml 0% 1.56 5
10 Albino 1 ml 100 pg 7.60 0
10 Albino T ml. 0* 1.11 7

*Reeeived T ml of pyrogen-free water.

Experiment 3. Effect of endotoxin in anaphylactic guinea pig asthma

IForty guinea pigs were sensitized passively by the intraperitoneal injection
of 1 ml. of rabbit antiegg albumin serum. A preliminary test with varying
amounts of serum has shown that 1 ml. produced optimal sensitization as indi-
cated hy the appearance of asthma in less than two minutes when these guinea
pigs were exposed to an aerosol of 10 per eent egg albumin in saline.

Forty-eight hours later, 10 guinea pigs were injected intraperitoneally with
50 pg of endotoxin and 10 with 100 pg. The other 20 animals reccived an injee-
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tion of 1 ml. of pyrogen-free water for control purposes. Six hours after the
injection all 40 guinea pigs were exposed to an acrosol of 10 per cent egg albu-
min and the time of onset of signs of asthma recorded. Table [ gives the result
of the experiment as well as the number of guinea pigs which died as a rvesult
ol exposure to the antigen.

The endotoxin significantly delayed the onset of bronehospasm induced by
antigen inhalation in the passively sensitized guinea pigs. The mean time re-
guired for the onset of respiratory difficulty with the 50 pg dose was doubled,
as compared to controls. A seventold prolongation of the onset of asthma was
observed with 100 ug of endotoxin, Further evidence of the marked proteetive
effeet of the endotoxin is the fact that 60 per cent of the animals exposed to
the albumin acrosol without a preliminary endotoxin injeetion died in 1%
minutes or less of exposure while all test animals survived. These findings sug-
gest that endotoxin administration results in interference at some stage in the
process by whiel the antigen-antibody reaction gives rise to hronchospasm. The
interference prevents the anaphylaetic death of the animal.

Experiment 4. Effect of endotoxin on the Arthus reaction in the rabbit

Six mature white New Zealand rabbits immunized with egg albumin weve
given intracutancous injections of 0.5 ml. of 5 per cent albumin in physiological
saline. Similar injeetions were given to four normal vabbits. The immunized
‘abbits developed zones of skin necrosis at the site of the injeetion. Table 11
gives the diameter of the neerotie zone after 48 hours. No reaction was evident
in the normal animals. Three days later, the intracutaneous albumin injeetions
were repeated in the same group of animals, but 3 of the immunized animals
were given 15 peg per kilogram of endotoxin and the other 3 were given 30 pg
per kilogram one hour prior to the albumin injeetion. Two normal rabbity re-
ceived only intradermal albumin injeetions for control purposes.

All the immunized vabbits injected with endotoxin developed zones of ne-
crosis in 48 hours which were as lavge as those developed previously in the
absenee of endotoxin (Table IT). Doses over 30 pe per kilogram of endotoxin
intravenously were not used as they produced signs of toxieity.

The results indicate that endotoxin in sublethal doses is unable to suppress
the Arthus reaction in rabbits.

Table II. Effect of endotoxin on the Avthus reaction in the rabbit

Zone* Endotoxin Zone
Rabbit Immunization Albumin injected neerosts injeceted necrosis
No. status intracutancously (mm.) | intravenously (mm.)
1 Tmmunized 0.5 ml. 5% 28 30 ug/Kg. 29
2 Immunized 0.5 ml. 5% 30 30 ug/Kg. 28
3 Tmmunized 0.5 ml. 5% 25 30 ug/Kg. 28
4 Immunized 0.5 ml. 5% 32 15 ug/Kg. 28
5 lmimunized 0.5 ml. 5% 23 15 ug/Kg. 25
3 Tmmunized 0.5 ml. 5% 25 15 pg/Kg. 25
712 Normal 0.5 ml. 5% 0 None 0

FAverage diameter,
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Experiment 5. Effect of hydrolysis of endotoxin on its ability to protect guinea
pigs against histamine aerosols

This experiment was undertaken to determine whether the observed anti-
histaminie effect of endotoxin is a property of the entire maeromolecule or
whether the haptene fragments liberated during the hydrolytic process are also
active,

Procedure

A solution of 1,000 pg per milliliter of Difeo endotoxin O111:B4 was pre-
pared in 0.1M acetic acid. Five milliliter aliquots were placed in glass tubes
and sealed. Two tubes were kept in the refrigerator as controls, and the rest
were placed in a boiling water bath. At intervals of 5, 15, 30, 60, 120, 240, and
360 minutes, two tubes were removed from the bath and cooled rapidly. Each
solution was neutralized with N NaOH and its volume brought to 10 ml.

A group of 27 albino guinea pigs in which the onset of histamine asthnia
was less than 2 minutes was selected and divided in groups of three. Each group
was injected intraperitoneally with 1 ml. of one of the hydrolyzed endotoxin
solutions. As a control, one group was injected with 1 ml. of the unheated endo-
toxin and another group with 1 ml. of the neutralized acetic acid solution. Six
hours after the injection and again 48 hours later the animals were exposed to
histamine aerosol.

As an evaluation of the thoroughness of the hydrolytie process, the hydro-
lvzed aliquots were submitted to two additional procedures: (a) titration on
the skin of normal rabbits according to Larson’s procedure,* and (b) gel dif-
fusion by the Ouchterlony procedure. The skin of two normal white rabbits
was well shaven and 0.2 ml. of ecach aliquot and the control solutions were in-
jeeted intracutaneously. The amount of edema and ervthema in 48 hours was
measured after soaking the skin in aleohol. (el diffusion plates made by the
Ouchterlony* procedure were run with all the aliquots by using rabbit O111:B4
antiserum. A summary of the results of this experiment is shown in Table TIT.

It is evident from these results that the protective aetion of endotoxin de-
pends on the integrity of the macromolecule and that hydrolysis of the material
results in a gradual loss of activity which is completely gone after 4 to 6 hours
of heating, Only slight precipitating, skin-reactive, and histamine-protective ac-
tivities were present after 2 hours of hydrolvsis. The material liberated by pro-
longed hydrolysis (4 to 6 hours) was completely inaective,

DISCUSSION

The results of our experiments have shown that E. coli endotoxin exerts anti-
allergic action in guinea pigs. It protects the animals against bronchospasm
induced by histamine aerosols and against the asthmalike syndrome which re-
sults from exposure of passively sensitized animals to an aerosol of the specific
antigen.

The Arthus reaction in rabbits was not suppressed by endotoxin injections
in the experiments of this study. These results eontrast sharply with those ob-
tained by Meier, Bein, and Jaques® in their studies with Proteus polysaccharide
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Table Wll. Effect of hydrolysis of endotoxin on its ability to protect guinea pigs
against histamine aerosols

Av. hista- | Av. hista-
mine sen- mine sen- | Av. hista-
sitivity be- |sitivity 6 hr.] mine sensi- Gel d’iﬁ"ursi?n
Time of fore endo- | after endo- |tivity 48 hr. T . (bands of
hydrolysis toxin toxin after endo- Reaction in rabbit precipita-
(min.) (min. ) (min.)  {towin (min.) 4 | B tion)
Neutralized 113 1.61 1.22 0 0 0
0 1.09 6.34 1.56 20 26 2
b 1.03 4.86 141 16 18 2
15 1.08 4.77 1.60 10 12 2
30 1.37 4.90 1.36 5 12 2
60 1.43 3.28 1.75 2 10 2
120 1.16 3.38 2,00 0 7 1
240 1.18 1.55 1.07 0 5 0
360 0.97 1.74 1.23 0 0 0

which failed to counteract the effect of histamine but was able to suppress the
Arthus reaction.

The observed differences between Proteus and E. coli polysaccharides sug-
gest the possibility that the various polysaccharides obtainable from different
gram-negative bacteria may vary widely in their biologic properties depending
perhaps on variations in the chemical and physical configuration of their mole-
cules.

The observed effect could be dependent on the complex series of physiologic
reactions initiated by endotoxin and, according to some investigators, mediated
through an adrenergic mechanism.”® These investigators demonstrated that
endotoxins do significantly stimulate the adrenal output of catecholamines and
corticosteroids. Rosenberg and associates® found that following endotoxin in-
jection, epinephrine levels rise immediately and soon return to control levels
but norepinephrine remains slightly elevated. They postulated that the release
of these substances produces hemodynamic changes which lead to shock. Other
investigators!'® ' have made extensive studies on the nature of endotoxin shock
and its relation to adrenal products. The results of the experiments by Meleyco,
Pruzansky, Feinberg, and Kantor!? do not favor this meechanism. They found
that a streptococcal infection was able to inhibit anaphylaxis induced by albu-
min aerosols in sensitized guinea pigs, in spite of bilateral adrenalectomy. How-
ever, adrenalectomy does not necessarily obliterate an adrenergic mechanism
because the sympathetic nervous system remains intact and extra-adrenal tissue
might be present.

freisman'® has made an attempt to elucidate the basic problem of endo-
toxin activity, whether it acts directly at the cellular level or through an inter-
mediate step whereby the composition of the blood is altered. Ile studied the
effect of E. coli endotoxin on the isolated guinea pig ileum and found that it
was capable of aectivating a histamine-like releasing factor upon in vitro ineu-
bation with fresh normal rat plasma. The endotoxin per se was unable to liberate
histamine directly. Ile suggested the hypothesis that endotoxin activates plasma
histamine releasing faetors which may account for certain of the pathophysio-
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logie alterations which charvacterize the endotoxin response. Studies in vivo
have also demonstrated the release of histamine following endotoxin injections.
Hinshaw, Viek, Carvlson, and Ian' injected lethal doses of endotoxin in does
and observed a marked fall in whole blood histamine with a concomitant rise
in plasma histamine. In addition, it was shown' that a conversion of histidine
to histamine oeccurs at an aceelerated rate following endotoxin injection. The
possibility that endogenous histamine could be the mediator stimulating the
adrenal eortex has been postulated by other workers.™

These findings, as well as our own, lead us to speculate that the same mecha-
nisms hy whieh lethal doses of endotoxin lead to shock, may give, with minute
sublethal doses, a net antiallergic offeet resulting from gentle adrenal stimula-
tiomn.

There are, however, other possible explanations for the beneficial effeet of
sublethal endotoxin injections. Meier, Bein, and Jaques' favor the hypothesis
of a direet or indireet interference with a eellular constituent involved in the
antigen-antibody reaction or causing the release of factors which bheecome fixed
to the cells rendering them less sensitive to the anaphylactic action.

In our experiments, endotoxin failed to suppress the Arthus reaction. We
consider this as evidence that endotoxin does not prevent an antigen-antibody
reaction from taking place but rather modifies the vesults of the Immunologic
reaction,

More intensive study is required to determine it endotoxin induees the re-
lease of a faetor or factors capable of inactivating histamine or blocking the
cell reeeptors for the drug. From this point of view, the findings of Braun and
Kessel'™ are promising. They have shown that endotoxin seems to he able to
react with ecells of the macrophage-monoeyte system either directly or by com-
bining with speeifie cell-bound antibodies whieh results in an alteration of ecell
membrane permeability and leakage of intracellular DNA breakdown produets.
The possible action of these or other eell hreakdown produets upon the hista-
mine ecell reeeptors o1 the metabolic processes of the effeetor cells deserves move
investigation.

In examining our results in the light of the findings of other investigators,
we concelude that the ability of sublethal doses of endotoxin to prevent anaphy-
laetic hronechospasm, death from anaphylactie shoek, and simple histamine bron-
chospasm while at the same time failing to exert a similar proteetive action on the
Arthus reaction is evidenee that endotoxin does not prevent the antigen-anti-
body reaetion from taking place but vather interferes in the subsequent physio-
pathologic processes indueed by the immune reaction, Though the adrenergie
mechanism c¢an account for the results obtained, the possibility that endotoxin
macromolecules may have chemiecal determinants with a direet antihistaminic
activity cannot be ruled out at present until a larger number of lipo-
polysaccharides is studied in this respeet. Likewise, we must rule out the
possibility that cellular breakdown products may interfere in the elicitation
of the pharmacological activity of the mediators responsible for the allergic
reaction.
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