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A 13 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 81 t-l{: 
Vilbiss No. 40 nebulizcr connected 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 nebnlization was allowed for the saturation 
of the chamber before t,he guinea pigs were exposed to the aerosols. As a rule, 
on exposure to a 1 :L’,OOO dilution of histamine diphosphate,* the animals dtl- 
veloped a, sharply increased respiratory rate accompanied b!- roughing and 
went, rapidly into shock. The first unequivocal sign of asthma served as (lntl point 
and t.he guinea pigs were remoi-ed promptly from the aerosol and alIow(atl to 
recover. The technique for thr precise estimation of this end point may bc 
found in the work of Koelpp-Eschenhagen.’ This paper also give’s recordings 
of the physiological changes in guinea pigs during exposure to histamine. Egg 
albumin powder+ in 10 per cent solution in physiological saline was, usrd for 
aerosolization. IXfco lipopol,vsaccharide from E. coli 0111 :B4 was used in so- 
lution in pyrogen-free water. 

Guinea pigs were sensitized with a total of 40 mg. of egg albumin divided 
equallp in two injections prepared and administered as follows: a 5 per cent 
albumin solut,ion was made in physiological saline and emulsified wit,h an equal 
volume of Difco complete E’reund’s adjutant. The first injection n-as giren 
intracutaneously. One neck later a second injection was given int,rapcritoneally. 
Two weeks a.fter the last injection the animals were used for the tests. 

Rabbits were immunized with weekly intracutaneous injections of egg al- 
bumin in IXfco complete Freund’s adjurant. Five to 6 injections wcrc 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 :‘L,OOO his- 
tamine aerosol and the a.verage time of onset of signs of asthma was determined 
for each group. After a rest period of 2-l hours, each group was injected intra- 
pcritoneally 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 pprogen-free water. All the animals were re-exposed to the histamine 
aerosol 1, 3, 5, 7, 24, a.nd 48 houl3 after the endotoxin injection, and the average 
time of onset of signs of asthma in each group was calculated. 

The results are graphicall: recorded in Fig. 1. The time in minutes of onset 
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 thcl abscissa. 
The rise of each curve, as compared with the control curve, represents the av- 
crage protection against histamine bronchospasm induced by the cndotoxin 
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 elicit signs of 
unquestionable asthma. Abscissae : interval of time in hours Iwtwren rndotosin injection 
and rxposuw to hisitamine aerosol. 

tive effect is already evident but is best defined at the 2 pg concentration. The 
optimal conditions for the demonstration of this effect occur approximately 6 
hours after the 50 pg dose. The 500 pg dose was too toxic and caused the death 
of 1 of the 5 guinea pigs about 21 hours later. 

Experiment 2. Individual variations in the time of onset of signs of histamine 

asthma in guinea pigs after the administration of 50 pg of endotoxin 

A group of 21 male albino guinea pigs were exposed to an aerosol of hista- 
mint (1:2,000) and the time of onset of bronchospasm was recorded. After a 
21 hour rest,, II guinea pigs were injected intrapcritoneally with 50 pg of cndo- 
toxin and 6 and 24 hours later were rr-exposed to histamine. Ten control guinea 
pigs were injected 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- cndotosin as is trident in Fig. 2. In all animals, however, there was a pro- 
tective effect after the 6 hour period which had disappeared completely, in 
most cases, 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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Experiment 3. Effect of endotoxin in anaphylactic guinea pig asthma 

Vorty guinea pigs n-cv scnsitiztd passiycly by the intrapwitom~al injection 
of 1 ml. of rabbit antiegg albumin swum. A preliminary test with varying 
amounts of wrum has sho~\n that 1 ml. produced optimal srnsitixation as indi- 
cated hg the appral*ilnrc of asthma in ICSS th:~n t\\o minutc~s \vhrrl thcs(> guinea 
pigs were exposed to an wrosol of 10 per cent egg albumin in saline. 

Podp-eight hours later, IO guinea pigs were injected intrapwitoneally with 
50 pg of cndotosin and 10 with 100 Pg. The other 20 animals rcwiwd an injcr- 
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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 nnti- 
histaminic effect of endotoxin is a property of the cntirc macromolecula OI 
whether the haptene fragments liberated during the hydrolytic process are also 
active. 

Procedure 

A solution of 1,000 pg per milliliter of Difco endotoxin {]llJ :Bd was prc- 
J)ared in O.lM 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 NaOJJ and its volume brought to 10 ml. 

A group of 27 albino guinea pigs in which the onset of histamine asthma 
was less than 2 minutes was selected and divided in groups of three. Each group 
n-as 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 cndo- 
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 wcrc cxposcd to 
histamine aerosol. 

As an evaluation of the thoroughness of the hydrolytic process, the hydro- 
lyzed aliquots were submitted to two additional procedures: (a) titration on 
t.hc skin of normal rabbits according to Larson’s procedure,:’ and (1)) gel dif- 
fusion by the Ouchterlony procedure. The skin of two normal white rabbits 
was well shaven and 0.2 ml. of each aliquot and the control solutions were in- 
jcctcd intracutaneously. The amount of edema and erythema in 18 hours was 
measured after soaking the skin in alcohol. Gel diffusion plates made by the 
Ouchterlony’ procedure wcrc run with all t,he aliquots by using rabbit 0 111 :H-l 
antiserum. 9 summary of thr results of this experiment is shown in Table TJJ. 

It is cvidcnt from these results that the protective action of cndotosin de 
pends on the integrity of the macromolecule and t,hat hydrolysis of the material 
rcsnlts in a gradual loss of activity which is completely gone after 4 to 6 11ol11.s 
of heating. Only slight precipitatin g, skin-reactive, and histilrninc-protrcti~(~ ;Ic- 
tivities were present iIft('Y 2 hours of hydrolysis. The material liberated by J)ro- 
longed hydrol>-sis (1 to 6 hours) was completely inactirc. 

DISCUSSION 

The results of our cxpcriments hare shown that E. coli tndotoxin cxcrts anti- 
allergic action in guinea pigs. It protects the animals against bronchospwsm 
induced by histamine aerosols and against the asthmalike syndrome which rc- 
suits 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 contrast sharply with those ob- 
tained by Meier, Bein, and Jaques’ in their studies with Proteus polysaccharidc 
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Table III. Effect of hydrolysis of endotoxin on its rtbility to protect gwiwn pigs 
nyninst histnmine aerosols 

Au. hista- AC. hista- 
mine scn- mine sen- Au. hista- 

siticily be- sitiuity 6 hr. minesensi- Grl diffwion. 
Time of few wlrlo- after endo- tidy 48 hr. (hands of 

iryasoly~i~ toxin toxin after cwio- Ecaction in rabbit precipita- 
(min.) (min.) (min.) toxin (min.) A R t ion) 

1Neutralized 1.13 1.61 1.22 0 0 0 
0 1.09 6.34 1.56 “0 26 2 

l; 1.03 1.08 4.86 4.77 1.41 1.60 16 10 18 1% 2 ‘7 

30 1.37 4.90 1.36 5 12 5 
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 O.F)i 1.7-l 1.23 0 0 0 

which failed to counteract, the effect of histamine but was able to suppress the 
drthus 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 molc- 
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 
cort,icosteroids. 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 hcmodynamic changes which lead to shock. Ot.her 
investigatorslOs I1 have made extensive studies on the nature of endotoxin shock 
and its relation to adrenal products. The results of the experiments by Nrleyco, 
Pruzanskg-, F’einberg, and Kantor’” do not favor this mechanism. They found 
that a streptococcal infection was able to inhibit. anaphylaxis induced by albu- 
min aerosols in sensitized guinea pigs, in spite of bilatoral adrenalectomy. HOW- 
ever, adrcnalcctomy does not necessarily obliterate an adrenergic mechanism 
because the sympathetic nervous spstern remains intact and extra-adrenal tissnc 
might be present. 

(:reisman’” 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 whcrebp the composition of the blood is altered. IIe studied the 
effect of E. coli endotoxin on the isolated guinea pig ileum and found that it 
was capable of activating a histamine-like releasing factor upon in rit,ro incu- 
bation wit11 fresh normal rat plasma. The endotosin per se was unable to liberate 
histamine directly. IIe suggested the hypothesis that, endotoxin activates plasma 
histamine releasing factors which may account for certain of tlw pathophysio- 



logic iIltc~l~~ltiOllS \vllicll cll;ll’;lctc~l*izc~ tlic c~~itl(jtosi~j iyyjl)ol~s(~. Stl7tlicy ill \.i\.o 
llil\.<’ illSO tl~~lllOllSt~~~lt~~tl th? l’(‘I(‘ilS(‘ of histaniinc i’ollo\\-ing (~rl(lot()sill i71jtvtiollS. 

I-liiisliaw, Viclr, Ca141S011, arlcl E’illl ’ ’ iqjwtchtl l(‘tllil1 tlosw 01’ c9dotosin il l (logs 

arld ohsc~\~l a n~a~kl fall in \vholt: blood histaminc~ wit,11 a cwncon~itallt yiscl 
in plasma Iiistaminc. Iii addition, it wiis slio\~n’~’ that ;I. wriv(~micm of’ liistidiric 
to histamiric oCCI11’s at ill1 iICCclt’Y?lt<Yl ixtcl I’ollou+ri~ ~wdotosin injwtion. Tlic 
possibility that cwdogcwons tiistaniiir(~ could lw the nicdiatoY stimulatirig thv 

adwnal col,tcs has Iwrr postnlatcd ],.I- othw wor~kcrx”, 
l’hcst~ findings, its ~~11 CIS OIIL’ O\IX. I(~atl US to sp(‘~tllatc that tllc S:1lllc Irr(bclla- 

iiisms I))- v.hicli lctlial dosw of cbndotosirr It‘ild to shock, may give, with rnitiutt~ 
slrhl~~tlr;ll dOsc~s. il 1lPt ;iritiallwgic c‘ffcct rwulting fYOnl gT.CHtlC adr~lld Stil1llllil- 
tiori. 

Tlr(11~ ~II*C, I~o\\.(J\.PI*, other’ possihlc (lspl;rrrations for* the hcncficial cfftct of 
sul)lcthal c~irdotosin iii,jcctions. Mricr, bin, and *JiI<lrr(ls’ favor the hypothesis 
ot’ :I dirwt 01’ indirwt iritc~t+ci~c~~iw with ii cellnlui~ cwistiturnt irivolvcvl in ttrc 
irtlti~cll-antihotl\- iwctiori ()I’ c~ausing tllv lY’l1’ilSC ot’ factow Ivhiclr brcolnr fiscvl 
to tllv cells wrrdciirrg thcni lws scwsitivv to tlw nnapli\-lactic action. 

In oili* cxpcAnicnts, c~iidotosiri failed to suppwss the Arthiis iwctiori. \\‘c 

considci* this as widcncc that wdotosirr does not pwwrrt ill1 ;iriti~(~ri-;rutit,od!- 
IY’ilCtiOlt flwnl taking I)l:lW l)llt I’iltllfJl’ niodifiw tllcl 1Tslllts Of tllc~ ininiunologit 
iwctiori. 

Moist iiitmisivcl study is r~cqniiwl to dctc~rwiinc~ if (wdotosin indnccs the iv 
IC;lW Of’ il l’ilCtOl* 01’ filCtOl’S CWJlilhlC Of iliactivilting histamiw or’ blocking tllr 
wll wccptoix 1’0~ tlic dmg. l~‘i~oili this point of \+w-, tlw findings of Rmnn ant1 

Kcssrl” ill’<’ piwnising. Th(‘y lrir\-(’ SIIO\V~ thirt crrdotosin SWIM to 1~ able to 

WilCt with Ccllls Of the lrl~rC~~~lllil~~~-lllOlrOC~t~~ S!-StPlrl oitlwr diiwtly Or hy Corlr- 
l)iriing with spcc+ic wll-l)ourrd i1ntilwdics \vliirh Wsults in ill1 altcvation of ccl1 

111clnl)1*;1~1(~ pwrncahility ;rud I(~aka~(~ of iut~;~wllnl;1~ I>NA l)~ci~kdo\~n plwlucts. 

The possihlc artion of thcw 0th otlrcr ccl1 lwakdown prvdncts upon the histc 
ininc cc)ll rcccptorx or’ tlic rrrctalx)lic* pwwssw of tllr c+fcctol* cells tlewl*vw mow 
irrrc3tigatioii. 

Jn c~s;nniiiinp orw wsnlts iii tlic light of the findings of otlicv in\-cstigatorx, 
\w col~cllldc tllat tllc abilit>- Of Slrl)lPthal d0SW Of cwdotosiri t0 plT\-Crlt il1lilJ)ll)-- 
lilcti(J l~~~ollc~l~0spnSlll, clc?atll flY)lll ilrlil[~ll~lil~tiC ShOCk. illld simple histarninc~ ))l*Olr- 
~2110SJlirS~ll wlrilc at thr salr1C time fililillp to CXP1.t W SirniliIY pi*otccti\-e action 011 llrca 
Ar+lrns 1’CilCtiOll is c+dcaw that cwtlotosiri dOc3 110t pr’cvc~nt tlrr iIlrtig(‘rr-:llrti- 

hly IY~ilCtiOrl ftVll1 tillihg ])lilCC hllt l’iltll(‘~’ iritc~vfcws in tll? Slrl~S~~~~llC~lt ph.mio- 

]~iltl~OlOgiC pl*OCcSSc~s irrtl~rccY1 1);. th? ir~rninnc~ rwction. Though the adwnergic 
mc!ch;r~risrrr can acronllt for, the rwults ol)t;lirrcd, the possibility tllilt cwdotosin 

rrrac~omol(yyrlcs inay Ila1.0 CllC~llriC~ill tl~~tc1~rrri~lil1lts with a dirwt ;~ritiliistaniini~ 
;rCtivit,y Cannot hc r~rl~l out iIt J>l’c’Sc’lrt~ until il l;lrqp31. rrrrrrlhe~ Of lip& 
polysaccharidw is studiwl irr this wspwt. liikw\-iw, WC mnst rxlc out thv 

poSsibi]it?- tlrilt rrllrrlar* l)rcakdo\\~rr prvducts rrr;Iy intwfcw in the> elicitation 
of the p~rarmaC()log:iCill :rcti\-ity of the mcdiatoi*s rwporlsihl(~ fol’ tlr(b allwgic 

waction. 
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