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Effect of Westphal Lipid A on Viral Activities in Mice and Hamsters.
(27563)

Marjorie M. NEMmEs, aNp M. R. HILLEMAN
Division of Virus and Tissue Culture Research, Merck Institute for Therapeutic Research,
West Point, Pa.

Endotoxins of diverse microbial origin have
long been recognized to exhibit a striking ar-
ray of pathophysiologic effects(1-6) in ani-
mals, including enhanced resistance to infec-
tion with a variety of microbial agents. Chem-
ically, the endotoxins are protein-lipid-poly-
saccharide complexes of high molecular
weight. It is generally agreed that biologic
activity of the endotoxin resides in the lipo-
polysaccharide part of the endotoxic complex.
There is currently disagreement, however, as
to whether biologic activity is resident in the
lipid or in the polysaccharide component.
Westphal(5), by acid hydrolysis, obtained a
fraction from endotoxin called “Lipid A"
which he believes is the active principle of the
molecule even though it represents but a small
fraction of initial total activity. By contrast,
Ribi ¢ al.(7) have obtained a fraction of en-
dotoxin of undiminished activity which is
mainly carbohydrate and which contains only
a small residuum of lipid.

Endotoxins present in whole bacteria, in
bacterial filtrates, or in bacterial extracts have
been shown (8-15) to possess antiviral activi-
ties which include suppression of neurotoxi-
city of concentrated influenza virus (not due
to viral proliferation), and of inhibition of
pathogenicity or proliferation of ectromelia,
encephalomyocarditis group or eastern equine
encephalomyocarditis viruses. There have
been no reports, however, of the activity of
lipid A against viruses. Findings in the pres-
ent study show that lipid A derived from E.
coli, like whole endotoxin, induces resistance
in animal hosts against viral toxicity and af-
fords a slight protection against clinical con-

sequences of certain viral infections.
Materials and methods. Lipid A and en-
dotoxin of Escherichia coli were prepared*
according to the general procedures of West-
phal(5,16,17). The materials were dis-
pensed in an aqueous solution of 1% Emul-
phor.!  Endotoxin and lipid A fractions used
in the studies were active in promoting host
resistance in mice against Klebsiella pneu-
monige. The Emulphor was inert in all tests.
The cholera filtrate was prepared according to
procedures described earlier(18) and was
found to be active in destroying receptors of
red blood cells and non-specific inhibitors in
mammalian sera. Viruses. All viruses em-
ployed were from the inventory of docu-
mented strains maintained in this laboratory.
Influenza A virus strain NWS (neurotropic)
was propagated in embryonated hen’s eggs.
Pneumonia virus of mice (PVM) was propa-
gated in lungs of weanling mice. Encephalo-
myocarditis strain Columbia SK, herpes sim-
plex and poliovirus IT (Lansing, mouse
adapted), viruses were propagated in mice
inoculated intracerebrally. = The hamster
adapted Philadelphia 26 strain of measles
was grown in suckling hamsters inoculated in-
tracerebrally, Coxsackie B3 was propagated
in HeLa cell tissue cultures, and influenza A
strain PR8 was prepared in lungs of mice.
Influenza newrotoxin, Influenza A strain
WS was propagated in the allantoic sac of
10-day-old embryonated hen’s eggs. The vi-
rus was concentrated 10-fold by high speed

* Kindly supplied by Dr. K. Folkers, Merck Sharp
& Dohme Research Laboratories.
t Obtained from Antara Chemical Co., New York.



ANTIVIRAL ACTIVITY OF Lirip A

centrifugation. Titrations for neurotoxicity
were carried out in weanling white mice
weighing no more than 10 g each. Groups of
10 mice were inoculated intracerebrally with
0.03 ml amounts of serial decimal dilutions of
concentrate in phosphate buffered saline so-
lution. Twice daily, on days 1, 2, 3, and 4
post-inoculation, each mouse was suspended
by the tail and twirled vigorously 20 to 30
times. Mice which developed tonic or clonic
convulsions, whether or not resulting in
death, were considered positive. Mice which
survived were found to be refractory to im-
mediate reinduction of convulsions. Viral in-
fectivity titrations were carried out by ordi-
nary procedures employing serial 10-fold di-
lutions of virus and the host, age, dose and
volume specifications given in Table II. Six
animals were employed per dilution. For the
experiment summarized in Table IV, the
brains of mice in each group were removed,
pooled, ground with phosphate buffered saline
solution to give a 5.0% suspension, and clari-
fied by centrifugation at low speed. Egg in-
fectivity titrations of mouse brain suspensions
were carried out in allantoic cavities of 9- to
11-day-old embryonated hen’s eggs. Each
egg was tested for presence of hemagglutinin
for chicken erythrocytes following incubation
for 2 days at 36°C. For titrating kZemagglu-
tinin in mouse brain, samples were treated
with an equal volume of cholera filtrate for
1 hour at 37°C to destroy non-specific inhibi-
tors. Enzymic activity was stopped by add-
ing sodium citrate in a final concentration of
0.7%. Hemagglutination titrations were car-
ried out by ordinary procedures employing
chicken erythrocytes and titer recorded as
highest initial dilution of brain suspension
which caused partial or complete hemagglu-
tination.

Results. Effect of lipid A on viral neuro-
toxicity, Groups of 10 weanling white mice
were injected intracerebrally into 1 hemi-
sphere with E. coli endotoxin, lipid A or V.
cholera filtrate as shown in Table I. Twenty-
four hours later, the mice were challenged in-
tracerebrally in the opposite hemisphere with
five 50% toxic convulsive doses of neurotoxic
influenza WS virus concentrate. It is appar-
ent that all 3 preparations were highly active
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TABLE 1. Effect of Cerebral Injection of Lipid

A and of Microbial Endotoxins on Neurotoxieity of

Concentrated Influenza A (WS strain) Virus in
Mice.

Result of challenge with
five 509, toxic convulsive
doses of influenza virus

Material injected No. .
convulsing  Convulsing
Kind Dose* Total %
E. coli
Endotoxin 1ug 0/10 0
Lipid A 3”7 1/10 10
V.cholera
¢¢ Filtrate’’ .03 ml 1/10 10
Control (Saline) .03 ” 10/10 100

* Single dose administered intracerebrally in
0.03 ml given 24 hours prior to challenge.

in inducing resistance to the neurotoxin.

Effect of lipid A on viral infectivity. Viral
infectivity titrations (lethal endpoint) were
carried out in mice or hamsters which were
prepared with lipid A or held untreated. Li-
pid A was highly active against PVM virus
when the lipid was given by the nasal route;
lipid given subcutaneously was without effect,
(Table II). There was a pattern of slight
protective effect against influenza A PRS8
when lipid A was given subcutaneously,
against neurotropic influenza NWS and
herpes simplex when given intracerebrally,
and against encephalomyocarditis virus fol-
lowing inoculation by the intraperitoneal
route. Following administration of lipid by
other routes or against other viruses, activity
was either absent or was of such low order as
to be of questionable significance.

Of all viruses shown in Table II, lipid A
was most active against PVM. Further ex-
periments were carried out to determine
whether the lipid would be active if given fol-
lowing PVM virus. It is seen in Table III
that the substance was as active when given
24 hours following virus as when given before
virus. A favorable effect was obtained even
when its administration was delayed for 3
days post virus inoculation.

Lipid A treatment reduced the infectivity
titer in mice for encephalomyocarditis virus
by 0.61 log (Table II). This suppression was
reflected also in delay in time of death of mice
infected with the virus. In a separate experi-
ment not shown in the Table, mice were each
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TABLE IT1. Comparison, Infectivity Titers, of Several Viruses of Lipid A-Treated and Untreated Mice
and Hamsters,

Challenge————————— —Regimen — Lipid A— Results —
Titer LD;, (Neg. Logy,) Survival
Volunies  No. ug/ Index
Virus Route ml doses*  dose Route Treated  Control LD,
PVM Intranasal 05 2 50 Intranasal <1.0 3.0 >2.0
? ” 1 150  Subecut. 3.50 3.50 0
Influenza A-PRS8 ” " 1 250 ” 5.41 6.06 .65
NWS Intracereh. .03 1 9 Intraccreb. 5.38 6.16 .78
” s " 5 " " 5.62 ” .54
” ” ? 1 150 Intraperit. 6.25 ” -.09
” ” 1" 5 ” i4] 5'70 ” '46
Herpes simplex ” ? 1 9 Intracereh. 3.00 3.60 .60
Encephalomyocarditis  Subeut. .50 1 250 Intraperit. 6.38 6.99 61
(Col. SK)
Poliovirus II Intracereb. .03 1 9 Intracerebh. 4.50 4.50 .00
(Lansing)
(‘oxsackie B3 Intraperit. 2 1 60  Intraperit. 4.49 4.50 .01
Measles Tutracereb. .02 1 6 Intracereb. 3.80 4.17 .37

* Lipid A was given 24 hours, pre-challenge with virus; for PVM, lipid was given at 24 and 48 hours,

pre-challenge.

Measles and Coxsackie viruses were tested in suckling hamsters, influenza A-NWS in weanling mice,

and all others in 4-wk-old mice,

given a single 250 pg intraperitoneal dose of
lipid A 24 hours prior to challenge with 3 or
30 LD;, of encephalomyocarditis (Col. SK)
virus by the subcutaneous route. Only 1 of
6 treated mice died following inoculation with
3 LD;, of encephalomyocarditis virus where-
as 5 of 6 control animals died. The 5 control
animals which died lived, on the average, for
5.5 days while the one treated animal which
died survived for 9.5 days: the remainder
lived for the full 14 days’ observation period.
Similar but less marked extension of life span
(6.4 days for treated and 3.9 days for con-
trols) was afforded by lipid A given prior to
30 LDj, of encephalomyocarditis virus.

A single dose of 0.9 pg of lipid A per mouse
effected (Table II) a reduction of 0.78 LD-,
in infectivity titer of neurotropic NWS virus

TABLE 1II. Influence of Time of Administration

in mice inoculated by the cerebral route. This
suppression of lethal endpoint was not, how-
ever, accompanied by any demonstrable sup-
pression of viral proliferation in mouse brain.
Thus, as shown in Table IV, the progress of
increase in the infectivity and hemagglutinin
titers of brains from treated and untreated
mice were essentially the same, within the 5-
day period of observation.

Discussion. The present studies showed
that Westphal’s lipid A, like whole bacterial
endotoxin(12-15), causes a sparing effect in
mice and hamsters against the neurotoxicity

TABLE IV. Effect of Lipid A Given Intracere-

brally on Proliferation of Neurotropic (NWS) In-

fluenza Virus in Weanling Mice Inoculated by the
Intracerebral Route,

Titers of suspensions of infected mouse
brains

of Lipid A on PVM Infection in Mice. Time (hr) EIDg (neg. log,)  Hemagglutinin
— post-infeet. Treated Control Treated Control
~—— Lipid A regimen —— | Results ~
Titer LD Ohr <1.0 <1.0 <1:1 <1:1
(neg.logiw)  gurvival 2 X " <1:1 <1:1
o : 1+ ’ 1:8 1:8
Dose, Con-  index 6" » ” 1:16 1:16
Time,hr ug Route  Treated trol LD, ) g ” » ”» 1:16 1:16
Pre-challenge ] d;“f.\' ‘” ’ 1:64 1:64
24 15 Intranasal 2.00 3.60 1.60 'i » <€';O <2,;0 }gi %gi
Post-challenge 4" 4.60 4.80 1:128 1:128
24 15 " 1.75  3.60 1.85 5”7 5.40 5.00 1:128 1:128
” ” 1.85 — 1.75 X R
7 2.50 —_ 1}0 Dose — 9 4 lipid A in 0.03 ml given intracer. 24

79 s »

hr prior to virus challenge,
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of concentrated influenza A virus and against
the clinical outcome of infection with certain
animal viruses. These findings are consistent
with those reported earlier for other host re-
sistance factors. The latter include whole
bacteria, e.g., typhoid bacilli(13), cholera fil-
trate(9,10), Xerosin, an extract of Ackromo-
bacter xerosis(8,11), bacterial polysaccha-
rides of varying degree of purity(20,21), and
brain ganglioside, a macromolecular glyco-
lipid(22). The activities of whole bacteria,
cholera filtrate, Xerosin, and certain of the
less purified bacterial polysaccharides might
well be explained on the basis of their prob-
able content of bacterial endotoxin. The ac-
tivity of lipid A against viruses cannot be
definitely ascribed to lipid because of possible
microcontamination with chemically or sero-
logically undetectable amounts of residual
polysaccharide. The markedly reduced ac-
tivity of lipid A compared with parent endo-
toxin(5,17) and the considerable activity of
highly purified polysaccharide alone, such as
that of the Friedlander bacillus(20,21), favor
the role of polysaccharide; certainly, polysac-
charide is a common denominator in all the
active substances. This does not exclude the
possibility, however, that both lipid and poly-
saccharide factors as well as other possible
contaminating substances may be active in
inducing host resistance.

The mechanism for the action of lipid A
and endotoxin in inducing resistance to vi-
ruses is unknown but may be related to the
enhanced functional capacity of the reticulo-
endothelial system with more rapid clearance
of particles(4). These substances also induce
measurable alteration in metabolism(23) of
treated cells which may, in turn, be less fa-
vorable to demonstration of viral effects. In
most instances, in the present study, the ac-
tivity of lipid A was greatest when given into
the same site as the virus as, e.g., the cerebral
and nasal routes. In certain instances, activ-
ity was demonstrated following subcutaneous
or intraperitoneal administration, but with
greatly increased dosage. Most striking was
the action against PVM virus, even when the
lipid was administered as late as 72 hours
after the virus.

Summary. Westphal’s lipid A assayed in
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mice and hamsters enhanced non-specific host
resistance against the activities of viruses
such as was demonstrated earlier for bacterial
endotoxins and for other materials of micro-
bial origin. Lipid A, given intracerebrally
into mice, suppressed neurotoxicity of con-
centrated influenza A virus and reduced the
activities of neurotropic influenza (NWS)
and herpes simplex viruses as measured by
survival and by survival time. Given subcu-
taneously, it was active against influenza A
virus and, following intraperitoneal injection,
was active against encephalomyocarditis vi-
rus but showed slight if any activity against
measles in hamsters or neurotropic (NWS)
influenza virus in mice. It was inactive
against Lansing type II poliovirus and Cox-
sackie B3 virus when given intracerebrally
and intraperitoneally, respectively. Greatest
activity was in the suppression of PVM virus,
even when administered up to 72 hours fol-
lowing viral infection. The lipid A did not
appear to suppress proliferation of neuro-
tropic NWS influenza virus even though it
did reduce the clinical consequence of such
infection at low virus dose. Lipid A is dis-
cussed against the background of other host
resistance factors.

The authors are indebted to D. Kurki and M. S.
Hopkins for technical assistance in these studies.
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Electron Microscopic Studies of Rat Leukemia Induced with Mouse

Leukemia Virus.*

(27564)

Leon DmocHowskI, Lupwik Gross,! AND FRANK PADGETT
Section of Virology and Electron Microscopv, University of Texas M. D. Anderson Hospital and
Tumor Institute, and Department of Microbiology, Baylor University College of Medicine,
Houston, Texas

The mouse leukemia virus, initially isolated
from spontaneous Ak mouse leukemia(l),
and subsequently passed serially through
newborn mice(2), proved to be pathogenic
not only for mice but also for rats(3). Elec-
tron microscopic studies of the mouse leuke-
mia virus were carried out at first using Ak
or (38 mice which developed spontaneous
leukemia(4,5). Ultrathin sections prepared
from leukemic organs of such mice revealed
in the cytoplasm or intercellular spaces of leu-
kemic cells the presence of spherical particles
varying in size from 750 to 1200 A in dia-
meter. In subsequent studies similar parti-
cles were found in ultrathin sections of leu-
kemic organs of C3H mice with virus-induced
leukemia(4,6). Essentially, therefore, there
was no difference between particles found in
animals with ‘“‘spontaneous” leukemia and
those in which leukemia developed following
inoculation of the virus.

Experiments here reported were carried

* Aided in part by grants from Nat. Cancer Inst.,
N.ILH, P.HS., Am. Cancer Soc., and Damon Runvon
Memorial Fund.

t Cancer Research Unit, Veterans Admin. Hos-
pital, Bronx. g

out with the purpose of studying in the elec-
tron microscope ultrathin sections of organs
from leukemic rats, in which the disease was
induced with the mouse leukemia virus.
Materials and methods. Suckling, less
than 5 days old, Sprague-Dawley or Osborne-
Mendel rats, were inoculated ip. (0.5 ml
each) with the passage A(3) mouse leukemia
virus (Gross). The filtrates used for inocula-
tion were prepared from either organs of C3H
mice with virus-induced leukemia or from or-
gans of leukemic rats in which the disease was
induced with the mouse leukemia virus.
Eleven leukemic rats (3 Sprague-Dawley,
and 8 Osborne-Mendel) about 2% to 4
months old, and 12 normal, healthy control
rats (8 Sprague-Dawley and 4 Osborne-Men-
del) about 2 to 9 months old, were used as
donors for the preparation of ultrathin sec-
tions. The rats were sacrificed by chloroform
inhalation. Fragments of bone marrow,
spleen, mesenteric, peripheral lymph nodes
and mediastinal tumor were removed
promptly and sliced into small pieces in cold
phosphate buffered 2% osmic acid. After fix-
ation for 2 hours in the cold (10°C), the tis-
sues were brought through a series of graded





