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The histamine-releasing capability of lipopolysaeeharides (I.PS) was examined in hviman
leukocyte stispensions. LPS alone did tiot iTlease histatiiine, btit was found to etih,'ince
the histaminc- release caused by anti-Igi-".. .•Mso the IgE-mediated histamine i-(-le.i.s(- taiised
hy specific antigens (;illergeiis or bacteria) in sensitized individuals was enli.mced h\
I.PS. Tlu- potentiating (-fle( t of LPS was obser\-(-d in grass ])(̂ Ii(Mi and dog datider alU-rgii-
patients as wc-11 as in patients sensitized to E. cod or Stafih nurnis bacteria. No
potentiation was obtained by t-xposure to tinspt-cilH- ;illerg(-ns or bacteiia to which the
persons were not sensitized. Bacteria lan rt-lease hislaniine h\- imiiumological or non-
ininuinologiial mechanisms, and only the nnmuintlogical histamine ri-lease was totmd to
be potentiated by LPS. It is speculated that endotoxins reititbree release ot histamine
caused by allergens in allergic patietits or by baeteria in per.sons setisitized to these
mirroorganisms.
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In our previous studies we found that several
species of bacteria caused release of histamine
from human basophil leukocytes in vitro and it is
speculated that this release could be a patho-
genic mechanism m ttitrinsic asthma (IA) and
infectious diseases (4, 6, 11). 'Fhese studies
were based on both whole bacteria (2, 11) and
bacterial ultrasonicates (6), and the histamine-
releasing capability was more pronounced in
preparations of ultrasonicates than in suspen-
sions of whole formalin-killed bacteria. Libera-
tion of bacterial endotoxins from gram-negative
bacteria might explain why sonicated bacteria
were more active than whole bacteria. In the
present study, therefore, we have examined a
histamine-liberating eapability of endotoxins

and the inlluence tif these baeterial products on
histamine release induced by bacteria, aller-
gens, and anti-Igli.

MAFERIAL AND MEl HODS

Subjects

1 he study comprised three pa(ien(s with E. coli
bacteriaemia, with fever and chill where E. coli
was ctiltured from blood and urine, six normal
individuals, and six patients with a well-docti-
iriented history of symptoms of grass pollen or
dog dander hay lever allergy showing a positive
skin prick test and positive basophil histamine
release to these allergens. Furthermore, six
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children, aged 9 to 16 years, with moderate fo
severe intrinsie asthma (IA) were included
according to the criteria previously described
(6).

Endotoxins

Salmonella and E. colt lipopolysaccharide (LPS)
prc|)arations ol' the Boivin (B) and We.stphal
(W) type were supplied by Difco Laboratories,
Detroit, Mich. Salmonella Ll-'S contains a mix-
ture of LPS isolated from S. abortus equii, S.
thyphimurium, S. thyphi and S. enteriditis, and E.
coll LPS from E. colt 0111: B4, 026; B6, 0128:
B12, 0127: B8 and 055: B5. Purified LPS from
the heptose-deficient mutant Salmonella minnesota
R595 {S. minnesota R595 LPS), which represents
a polysaccharide-poor LPS, was kindly donated
by Morrison (16).

Bacteria

The bacterial species and strains included whole
formalin-killed Staph. aureus Wood 46 (protein
A-free), Staph. epidermtdis A1271/76, Klebsiella
pneumoniae, Klebsiella oxytoca, Protetis mirabilis,
and E. coli EPEC strains (a mixture of Stoke W
0111: H-; Aberdeen 1064 055: H6; F41 026:
H-; 4932-53 0127: H-, and Cigleris 0128: H2).

All bacteria were cultured in a fluid TVuche
medium, killed by formalin (1.5%) in saline,
washed six times, thereafter resuspended in
saline and adjusted to 100 mg/ml wet weight as
described by Espersen et al. (2).

Allergens and anti-IgE

Extracts of Phleum pratense and dog dander were
supplied by Pharmacia, Sweden in stock solu-
tions of 1000 BU/ml and anti-IgE (300,000 lU/
ml) was from Behringwerke, Germany.

Histamine release

Human leukocyte suspensions containing
approx. 2 % basophilocytes obtained by Ficoll-
Hypaque gradient centrifugation were washed
twice and suspended in a glucose-free Tris-
AMC buffer containing 25 niM Tris at pH 7.6,

0.12 M NaCl, 5 inM KCl, 0.6 mtvl CaCl,, 1.1
mM MgCl.^, and 0.3 mg of human serum
;dbufnin/ml (14). The use of washed ceils in the
absence of serum excludes (he possibility of
histamine release by complement activation.
Histamine release caused by LPS (final concen-
trations from 1 pg to 100 ng/ml), anti-Igl'^ (3-30
IU/ml), grass pollen (1-3 BU/ml), dog dander
(0.1 BU/ml) or bacteria (Staph. aureus, Staph.
epidcrmidts, Klebsiella pneumoniae, Klebsiella oxyto-
ca, Proteus mirabilis and E. coli bacteria, all in 20
mg/ml wet weight) was jierformed by incuba-
tion of 60 IJ.1 of cell suspension for 40 min at
37° (j with 20 nl of the undiluted or diluted
preparations and 20 |il Tris-AMC. In the
]5otentiation experiments the cells (60 i-d) were
incubated with LPS (20 ul) for 10 min at 37°(".
1 wcnty nl of anti-Igl\ allergen or bacteria was
thereafter added to trigger histamine release,
and the mixture was incubated (or 40 min at
37° C. The agents were omitted for spontane-
ous histamine release and for determination of
the total histamine content; in the latter case the
samples were left at 4°( ; . Thereafter, 3 ml ol'
ice-cold Tris-AMC was added to all (if the
samples, and they were centrifuged at 2,000 x
g for 10 min. In addition to released histamine,
(he stipernatant also contains protein, the test
agents and other substances whi(h interlere
with hislamine analysis. The superiialatu was
therefore diseardeil, and the residual histamine
was determined in the cell sediment by (he
spectrofluorometrical O P T method (14). I 'he
release of histamine was expressed as the
percentage of the total histamine content of the
sample. In the absence of agents the spontane-
ous histamine release amounted to 3 to 10% in
all experiments. Tlierefore, it should be noted
that only release of > 1 0 % is considered
significant.

To examine whether the histamine release
was caused by type I allergic reactions or non-
immunologic meehanisms, or to examine the
importance of IgE-mediated reactions, cell-
bound IgE (and IgG if present) were removed
Irom the basophil leukocytes by exposure of the
cell suspension to pH 3.8 for 5 min at 4°C (15)
before challenge of the cells with allergen or
bacteria. The removal of these immuno-



ENDOl'OXIN AND HISTAMINE RELEASE 127

70-

60-

6 0

4 0

3 0

?0

10

Salmonella
LPS tB)

•

•

•

• I . ,

0 ' 100

Salmonella
LPS (W)

• —•

—,—. .
0 1 100

S.minn
R 595

0 001

esota
L P S

•

1 100

03
(/)

!le
a

Q)
C

S
ta

r

I

80 -

70-

tiO

50-

40

3 0

20

10-

Salmonelia
LPS (B)

/°-°
. . / - ^ • -•-•-»-•-/ o

o— "̂

Salmonella
LPS CW)

• - • • • •

S minnesotii
R 595 LPS

LPS

IMI^. I. Pot<-iitiation of anti-Ii^Ivinducc-d histatnine release by

SalnumeHa 1,1'S ot tlu- Hoivin (B) anil West])hal (W) type and

,S' minnisota R.'if'.'i I.P.S in notrn.-tl individu.'il.K. LI*.S wa.s

examined in It) fold increasing concentralinns. Each expeti-

nient was pi-rloriiH-d with two or thrt-e ditierent lon-

ccnttatiotis ol' .anti li>l" (.'!, It) and %) lU/ml) . Kach poini

represents the mean oi llir<-c (-letci-ininations.

Opg ng pg 0 pg ng fig Opg ng pg/ml
Lipopolysaccharide

Fig. 2. Potentiation of antigen-induced hi.stamine telease by

LPS in .-illet-i;ie patients. LPS was examined in lt)-fold

inrrr.isintj (onrenti.uion.s from 1 p.t̂  - IOOMS^"^!- Challent^e

with î rass pollen (O O) and dog dander ( # #).

C^oiitrol experiments with tells deprived oi IgE ( # #).

globulins was controlled fitnctionally by the

absence of histatnine release induced by anti-

IgE and anti-lg(!. It shotild be noted that no

IgG was found on the intact cells in these

experiments.

RESULTS

Direct effect of endotoxin

A ciirect histamine-liberaling capability of LFS

was examined on htitnan letikocytes. Ineubation

of the leukocytes Ihr 40 min at 37° C with

Salmonella LPS (B and W) in 10-fold inereasing

concentrations Ironi 1 pg to 100 |xg/nil did not

release histamine lrt)in the basojjhil letjkocytes

in the six normal individtials and the five grass

pollen-allergic patients examined, and the same

was true (or ^'. minnesota R593 LPS (data not

shown).

Potentiation of anti-IgE-inducrd histamme release

To examine whether these coin])(Hnuls might

change histamine release caused by anti-IgE,

the leucoeytes were preincubated with LPS (10

min at 37°C) and ihen inttibated with an(i-lgE

(40 min at 37°C). Fig. 1 shows re])resentative

examples from live normal individtials. Anti-

IgE-indueed histamine release was enhanced by

Salmonella L P S (B and W ) and >.V. minnesota

R59r) LPS in the range of approx. 10 ng/ml to.

100 ng/ml and the potentiating effect was not

changed by washing of the cells after tlie

treatment with LPS and befoie the ineubation

with anti-IgK. It seems that no important

difference was obtained in the potentiating

effect between (he throe (ypcs of" LPS.

Potentiation oj antigen-tndiiced histamine release

Potentiation of antigen-induced histamine

release was examined in five patients allergic to

grass pollen and/or dog dander, and representa-

tive e.xam)3les are shown in Fig. 2. When the

letikocytes were preinctibated with LPS and

thereafter incubated with specific antigen, a

potentiating effe( t was observed in the range of

approx. 10 ng to 100 ng/ml of LPS in each of

ihe experiments. The eliect was maxitiial at

relatively high eoneentrations and was often

deereased by higher concentrations. The prein-

ctibation time of fO min enstu'cd a maximal

potentiating effect and the potentiation was not

changed by wa.shing of ihe cells after the

treatment with LPS and before the challenge

with antigen.

No potentiation was obtained when cells from

dog dander-allergic persons were exposed lo

unsjiecific antigens as grass pollen or mite

extract, -when cells from norm;il individuals

were t hallenged with allergens or when IgE was

removed frotn the cell surface in the allergic

patient before the experiment (Eig. 2).
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release in three patients (1-3) sensitized lo these baeteria.

LPS was examined in 10-fold increasing concentrations ironi

1 pg - 100 ^g/ml. E. coli or Salmonella LPS of the Hoivin type

{ • 0 ) or Wr.stphal (O O ) type. Control experi-

ments with cells deprived of IgE ( # # ; O O ) .

Experiments with E. c:«/i-infectc-c1 patients (A-(I) and with

normal individuals (I)). Note that patient No. 3 also bee attic

sen.sitizcci to Staph. auTni\ ((J, 3').

Influence on the, immunological and nonimmunologicat

histamine release caused hy bacteria

I h c influence of LP.S on bacteria-induced
histamine release was examined in patients
sensitized to bacteria and in persons not sen-
sitized to bacteria. Fig. 3A shows /i. coli-
infeeted patients who responded to E. coli wilh
an IgE-dependent histamine release, since only
intact cells but not cells deprived of IgE released
histamine. Preineubation of the intact cells with
E. coli LPS (B and W) caused an enhancement
in the immunologieal histamine release indueed
by the subsequent incubation with E. coli (Fi,g.
3A). The potentiation was obtained in the
range of approx. 1 to 100 pg/ml and disap-
peared at higher concentrations. A similar
potentiation was obtained when E. coli LPS was
replaced by Salmonella LI'S (B) (Fig. 3B). The
LPS preparations alone did nol release his-

tamine. No potentiation was found in cells
deprived of IgE (Fig. 3A and B).

Fig. 3C shows experiments where the cells
were challenged with Staph. aureus and Klebsiella
oxytoca instead of E. coli. These bacteria caused
a similar release of histamine in mlact cells and
cells deprived of IgE, indicating a non-immu-
nological release mechanism, i.e. that the E.
fo/j-infected patients were not sensitized to
these species. E. coli LPS (B) did not [lotentiate
the non-immunological histamine release
caused by these baeteria. However, 2 weeks
later patient No. 3 became sensitized to Staph.
aureus, sinee this species now released histamine
in intact cells but not in IgE-deprived cells, and
endotracheal suction showed purulent secretion
with significant growth of the microorganisms.
LPS was found to potentiate the immunological
histamine release caused by Staph. aureus (Fig.
3C, 3''). When cells from normal individuals
were examined no potentiation was found by E.
coll LPS in E. co/z-induced hislaminc release
(Fig. 3D). The absence of potentiation in
persons not sensitized to the relevant liaitcria
was also demonstrated in histamine release
caused by other species such as Staph. aureus,
Staph. epidnmidis, Klehsiella pneumoniae, Klehsiella
oxytoca, and Proteus mirahilis (data not shown).
These experiments included normal |)ers()ns, lA
patients and allergic patients, and Salmonella
LPS did not potentiate the bacteria-induced
histamine release, since no significant difference
was obtained in the presenee or absence of LPS
{n = 6; P < 0.01 by Student's t-test).

DISCUSSION

Previously we found that several species of
bacteria caused release ol histamine from
basophil lcukoeytes in vitro. In the case of gram-
negative bacteria, it is possible that liactcrial
endotoxins eould be involved in the bacteria-
induced histamine release, since the histamine-
releasing eapability was more pronounied in
baeterial ultrasonicatcs (6) than in suspensions
of whole bacteria (2, 1 1). I'^.ndotoxins constitute
an integral component of the outer membrane
of gram-negative bacteria. They exert multiple
biologic effects on coagulation and eomplement.
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on platelets, polymorphonuclear leukocytes and
endothelial cells, and especially on mac-
rophagcs/monocytes (8). Chemically, endotox-
ins consist ot lipopolysaccharide-protein coin-
plexes composed oi polysac charide, lipid A, and
lipid A-associated protein (8, 12, 18). Most of
the endotoxic ellects are due to LPS and, in
most instances, also to lipid A (B, 18). We
therefore examined LPS from Salmonella and E.
coli of both the Boivin and Westphal type (8),
and in substidition ol hpid A we used a
polysaccharide-poor LPS {S. minnesota R595
LPS). These compounds were tested in a wide
range from I pg/riil to lOO (jg/iiil, sinic
])yrogenic eiiect is observed in man in the range
of pg to ng/kg body weight (19) and in vitro
effects on cell functions have been found in tlie
range of pg to 1000 |ig/ml (1, 3, 8, 17).

LPS alone did not release histamine, cither in
normal individuals or in allergic patients or
patients with intrinsic asthma. The absence ol a
direct elfect is m accordance with Smith et al.
(16) in their study of the i)olysaccharide-poor
LI'S in normal persons. However, LPS
enhanced llie histamine release caused by anti-
Igl'', in normal individuals and by specific
antigen in allergic patients. The jiotentiation
was observed by all three- ty[)c's o/' Salmonella
LPS, which confirms the study ol the polysac-
charic:le-poor LPS (Ki). It was more pronounced
when the hislamine release was low and
cjceurred in the range of 10 ng/ml to 100 fig/ml.

We have previously found that bacteria can
trigger histamine release by two different mech-
anisms, an immunological (igE-dependent) and
a non-immunological mechanism (4, 10). A
differentiation must therefore be made between
persons who are sensitized and who are not
sensitized to bacteria. In the first c:ategoiy the
bacterium (antigen) induces histamine release
in the intact leukocytes containing l̂ aso-
philocytes armed with specillc Igl'., bul no re-
lease is observed in cells deprived of Igl'̂  (4,
10). In the second category intact and Igl^-
deprived cells show a similar release of his-
tamine (4, 10).

LPS enhanced the immunological histamine
release caused by E. coli and Staph. aureus in
persons sensitized to these bacteria (Fig. !i).

The potentiating effect of LPS was not species-
specific, since Salmonella LJPS like E. coli LPS
enhanced the histamino release caused by E. coh
bacteria. The enhancement of Staph. aureus-
indticed histamine release by E. coli LPS
indicates that LPS also potentiates the immu-
nological histamine release by gram-positive
bacteria.

In persons not sensitized to the relevant
bacteria we found no potentiation by LPS in
the non-immunological histamine release
catised by bacteria. These persons included
normal individuals challenged with E. coli
bacteria (Fig. 3D), or with other species (data
not shown) and allergic patients and patients
with intrinsic asthma who were not sensitized to
these species (data not shown). The lack of
potentiation was also observed when the E. roli-
inlected patients were challenged with Staph.
aureus or K. oxytoca to which species tliey were
not sensitized (Fig. 3C, 1 and 3). A non-
immunological release of histamine is also
triggered by otlier e\'ents than bacteria stimula-
tion, for instance, by Concanavalin A and the
calcium ionophore A23187 (5, 13), and neither
was this release potentiated by LPS (un-
published results).

Our experiments suggest thai imimmologica]
histamine release is enhanced by LPS, whereas
this does not seem to be the case in histamine
release caused by non-immunological reactions.
That only specific IgE-mediated histamine
release is potentiated by LPS is supported by
the lack ol potentiaticin in cells challenged with
uns]5ccilic allergens or bacteria to which the
person was not sensitized. Furthermore, cells
clepri\'ed of Igl'̂  and intact cells from normal
individuals showed no iiotentiation. On the
basis of our findings it is tempting to speculate
that endotoxins reinforce release of histamine
caused by allergens in ;illergic patients or by
bacteria in persons sensitized (o these micro-
organisms, since it is well known that allergic
symptoms are increased during infc-ctions.

The mechanism of the potentiation is
unknown. However, the enhancement in his-
tamine release was not changed by washing of
the cells after the treatment with LPS and
before the challenge with anligens, which indi-



130 S. NORN ET AL.

cates a b ind ing of LPS to the cell m e m b r a n e , an '" Nom, S., Skov, I'. .Stahl. Jensen. C . et al.: Intrin.si,
, - Ti I I J 1 . 1 . a s t h m a a n d b a e t t - r i a l h i s l a n i i i u - r e h - a s e \ - i a l ( - ( i i n c - l t e ( t .

insertion known in B lyinphoeytes and platelets
: r J r Agent.s Act ions Li, 2 1 0 - 2 1 2 , l'tH.i.

( ' ' ' 9 ) - I I . N o r n , S . . Skov, P. Slalil . J i -nsen . C . I'.spersi-n. !•'. iSi

J a r l 0 v , ] . ( J . : Ha( teria i i u h u e d Installing- rt-K-ast-.

Exan i i na t i on of the baeter iai (i-ll wall (-oiiipoiu-nls

A C K N O W L E D G E M 1 ' : N T S peptido.Lrlyean. teieliou aei.l a n d prot.-in A. A s e n l s

T h i s s tndy was suppor t ed by '1 he Danish Mediea l Ri-s(-aii h Ar t ions lii, 2T.i-2T(\ l!)(i.'i.

Counc i l ( G r a n t N o s . 12-2.S44 a n d r2-.'i924), Sygekassernes 12. Rie tsehel , E. Th., WollenwelM-i. I I . - W . , /.;ilirinK(-i, U .

Helsefond, Na t iona l l b r en ingen til Beka;nipelse af T u b e r - & Lude r i t z , O . : I.ipid A, tin- lipid lon ipoiu-n l o t

kulose og S y g d o m m e i Andedra^ t so rgane rne , A. I ' . Mwller b a d e r i a l l ipopolysaeehar ides : R(-lalion ol ( h e n i i t a l

F o n d e n , T h o r v a l d M a d s e n s l^egat, KMbniand Sven H a n s e n s t r ue tu t e to biologieal activity. Kl in . Woi hensi l u . tiO.

og hustri i I n a H a n s e n s F o n d , D i r ek to r 11) Hc-nriks<-ns Fond , 7 t )5-709, 19H2.

a n d Maskinmeste t - C . O . Mansen.s Lega t . l.'i. Skov, P. Stahl , J e n s e n , ( ; . . N o r n , S. , c-t a l . : Possibl(-

involv(-ni(-nt of l(-(-|ins in lia( t(-ria-iiidil( ed hislaiiiiiK-

r(-lc-as<- in intrinsi( asl l i ina. In: L(-(lins, Vol . I I I . jip,

R E E l ' ^ R E N C E S 27-:«) . W a l t e r d(- ( ; n i y t e i . H(-rlin, I'lH.t.

1. A a r d e n . L. A . : Revised n o m e n c l a t u r e lot- antigt-n- 14. Skov, P. ,Slalil tk N o r n , .S.: A siiiipliti(-d iiK-lhod lor

nonspe t i l u F (-ell proliferat ion anei ht ' lper tat tors. | . m e a s u r i n g basoiilii! h is lannni- ri-l(-as(- and blo( king

I m t n u n o l . 123, 2 9 2 8 - 2 9 2 9 , 1979. antibodii-s in hay li-vei |iali<-nts. Basophil liistaniin<-

2. F.spers(-n, I'\, Jar lwv, J . C)., ){-nsen, C, Skov, P. .Stahl ((int(-nt a n d <(-l! p rese rva t ion . Acta Allergol. 32. 1 7tl-

& N o r n , S. : S taphylococcus a u r e u s pept idoglyean indii- 1H2, 1977.

ce,s h i s t amine release from ba.sophil h u m a n leucocytes in l.̂ i. Skov, P. .St.ih, Pe in i in , H . & Mai l ing , I I . - , | . : Chianl i ta-

v i t ro . Inleet ion I m m u n i t y 46, 71t)-714, 1984. live- a n d (jiialitalive es t imat ions of Igl-'. b o u n d lo

:V H i b b s , j . B. , 'Faintor , R R. , C h a p m a n , H . A. & hasopliil lenkoiyu-s from hay l ive r pali .-nts. Si and | .

W c i n b e r g , J . B . : M a c r o p h a g e t u m o r killing: InlUieni-(- I m m u n o l . 6, l t)21-lt)2H, 1977.

of the local e n v i r o n m e n l . Science 197, 2 7 9 - 2 8 2 , 1977. If). S m i t h , T. I'., Aelvoc-t. M , & M o r r i s o n . H. ( : . : Tlii-

4. J e n s e n , C . , N o r n , S. , Skov, P. Stahl , Espe r sen , 1-'., i-fli-(-l of b a d e l i a l l ipopolysaei hai idc- on Illstaiinni-

Koch , C h r . & Per tn in , H . : Bacterial histaminc- release- i-(-l(-as(- Irom hum. in liasojiliils, I, I-',nh,iiu enu-nl of

by immnnolog iea l and non- immuno log ica l !(-etiii-ine<iia- iniinunoliigic i-(-l(-as(- by l .PS . (lli i i , l i nmnno l Iniiiiu-

ted reaction.s. Allergy 39, : i71-:J77. 1984. iiopatliol. 3'l. :i.'i,'i-:Ui.'"i. I98.'i.

."i. Ka/ . imierezak, W . & Dia inan t , B. : M e c h a n i s m s of 17, W e i n b e r g , J . B . , C h a p m a n , 11. A, cV I l i l ibs , | . B. :

h i s tamine release in anajihylac tic and anaphylac toici CUiaractc-ri/.ation of ihc- c-ftc-cts of c-ncloloxiu on mac ro-

reaet ions . P rog . Allergy 24, 29.'j-:it).'i. I97H. phage t u m o r cell killing. J . In i inuno l . 121. 72-Ht), I97H.

fi. Kcic:h, C h r . , A n d e r s e n , P . , H e r t z , J . B . , c-t a l . : S tudies 18. W e s t p h a l , O . , J a n n , K. & I l i nune l spaeh , K. : C h e m i s -

on hypersensi t ivi ty to baeterial an t igens in inlrinsic try a n d immunoehe tn i s t ry of b.ic Ic-rial l ipopolysaceha-

a.sthnia. Allergy 37, 1 9 1 - 2 0 1 , 1982. r ide as cell wall aniigeiis aiul c-iicfoto.\ins. Prog . Allc-rgy

7. Liehr , H . : Endotox ins and the pa thogenes is ol hepatic 33, 9 - 3 9 , 1983.

a n d gast rointes t inal di.seases. In Frick, P . , von Har - 19. Wolff, S. M . : Biological effects of bacterial endo iox ins

naek , G . - A . , Kochsiek , K. , M a r t i n i , G . A. & Pradc-r, in m a n . J . Infect. Dis . 128, S2.'j9-S2f)4, 197:).

A. (eds . ) : Advances in in ternal medic ine a n d pediatric-.s,

p p . 1 1 8 - 1 9 1 . Si ) r inger-Ver lag , Berlin, 1982. Address :

8. M o r r i s o n , 1), C . & Ulevitch, R . J . : riu- c-ffec ts of Svmd Norn

bacterial endotoxins on host mediation systems. Am. J . I)c-j)at-tinc-nt cif Pharinaccilogy

Pathol. 93, .')27-()17, 1978. University of C:cipenhagen

9. Morrison, D. C . , Oades, '/.. G. & Di Pietro, D.: jnliane Maries Vc-j 2t)

Endotoxin-initiaU:d membrane- changes in rabbil plalc-- l)K-2It)t) Copc-nhagc-n 0

Ic-ts. In: Pathophysiological effeets of endotoxins at the- Dc-ninaik

cellular level, pp. 47-64. Alan R. Liss, New York,

1981.




