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THE EFFECTS 6F Bt

BRIFTERD SAL i foNELLA

ENTERITIDIS ENDOTOXIN ON THE IMMUNE
RESPONSE OF BALB/C MICE

JOHN B. BARNETT
Department of Microbiology and Immunology
University of Arkansas for Medical Sciences
Little Rock, Arkansas 72205

JOHN W. JUTILA
Department of Microbiology
Montana State University
Bozeman, Montana 58715

ABSTRACT

Wasling disease was produced in neonatal Balb/c mice with purified Salmonelia enteritidis
endoloxins. The endotoxins were chemically characterized to provide the study with a potent
endotoxin with constant biological activity. Neonatal mice received an initial injection of 35
uglg body weight of endotoxin and a dose of 75 ug every third day until day 18.

The degree of wasting was estimated by the runting (weight loss) index. Mortality was calou-
lated to be 46%, with a mean survival time of approximately 15 days. The hemalologic studies
conducted at days 10, 20, and 30 showed an absolute neutrophilia and leukocytosis by day 10
which persisted to day 30. Immunologic data indicated that the responsiveness to sheep
erythrocytes was depressed to day 20 and continued to persist at day 30. It was postulated
that endotoxin either directly or Indirectly affects the immune apparatus which allows the
normal flora of the animal to establish an Infection leading to wasting and death.

INTRODUCTION
Wasting di is a synd ized by ruffled fur, diarrhea,
wrinkled ud dry skin, & high uepping gait, failure to gain weight,
and, in some instances, death. Wasting diseases have been produced
in newborn mice by neonatal thymectomy (Miller, 1961) or by treat-
ment with cortisol acetate (Schlesinger, 1964; Reed and Jutils, 1965)

or estradiol (Reilly et al., 1967). The similarities ol these di
hnvecamndmywurkmto Inte that hological or
phyﬂolomca!maumrupmdbh!m r.lnwuﬂngunddulhol
diseased animals,

There is iderabl vid that the microbial flora of the
animal may play a major role in the devel of of

METHODS AND MATERIALS

Inbred Balb/c mice were used throughout the study. The mice
were originally obtained from the National Cancer Institute (Bethes-
da, Maryland) in the germ-free state and were conventionalized six
months later. The mice have since been maintained by successive
brother-sister matings in the Montana State University Rodent
Breeding Colony. All animals received Purina Laboratory Chow and
waler ud bbﬂ'um

E N i feom Sal " R
strain 5-795, (kindly mppﬂed hy Dr. E. Ribi) grown in trypticase soy
broth (BBL). The endotoxin was prepared by either the dioxane or

ether methods of Ribi (1958) and Fukushi et al. (1964).

many forms of the disease. It was shown that gnrm»fm mice were
highly resistant to cortisol acetate-induced wasting disease (Reed and
Jutila, 1965). Similarly, Wilson et al. (1964). Independently, Mclntire
et al. (1964) showed that thymectomized germ-free mice failed to
waste in contrast to severe wasting exhibited by conventionally-
reared mice thymectomized at birth.

The disease's course ol‘teu hubceu mir.ipwd by treatment with
antibiotics, Hence, i with
oxytetracycline (Azar, 1964) displlyd less severe lymptm and a
lower mortality than their untreated counterparts. Similarly, the anti-
biotic tre of mice injected lly with cortisol acetate im-

d the clinical and reduced the incid of death. Thus,

these observations tend to incriminate microorganisms and/or their

d in the development of pathologic events that contribute to
ymy of ing di

Amaong the uomul flora isolated from tissues and organs of mice
suffering from various forms of wasting diseases are several species of

“The dioxane method involved the addition of 1,4 dioxane to an
equal volume of 0.15 M saline containing 10 mg per ml of washed
cells, The suspension was stirred at room temperature for 12 hrs and
the resulting extract clarified by centrifugation at 2500 g for 70 min,
The supernatant fluid was dislyzed agninst several changes of dis-
tilled water for six days and then lyophilized.

The aq cther tion was performed by resuspending
freshly harvested and washed celblnmineonthehﬁ:o(turbidhy
(scale reading of 770 in a Klett-S filter

ber 540). Two vol of pr led (6-12° C) diethyl ntherm
added to the cell suspension at the same temperature and the mixture
haken for six ive ten-minute intervals with precaution taken
to release the pressure after each interval. The suspension was left
overnight at 6-12°C, after which the aqueous phase was drawn off
and the residual ether removed by bubbling air through the suspen-
sion. The remaining steps were performed at 4-6°C. The residual
cells were removed from the supernate containing soluble endotoxin

the Enterobacteraceae (Jutila and Reed, 1967; Jutila l.nd Ci 1l

by ifug at 2500 g for 70 min. The supernate was dialyzed
inst daily changes of distilled water for five days. NaCl was added

1970). A common component of mm-nmtivc enteric b ia is
endotoxin, known to ad the mechanism and
produce pllhulugk: changes similar to those observed in many of the
wasting d Since the 1 microbial flora has been impli-
cated in the pathogenesis of many forms of wasting disease, endo-
toxins, as products of the normal flora, were used to induce wasting
in neonatal Balb/c mice.

to a final concentration of 0.15 M and the endotoxin precipitated by
slowly adding absolute ethanol until a final concentration of 68% by
volume was mched Aﬂw the suspension was allowed to stand at
6°C overnight, the was coll d by centrifugation at
2000 g for 45 min, dhuolvedmthanmemmm of 0.15 M NaCl, and
reprecipitated with ethanol. Then, the precipitate was lyophilized.
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The lyophilized preparation, after rehydration, was laved at 18
pounds pressure for 15 min.

Total protein content was determined by Lowry's technique
(Lowry, 1951) using bovine serum albumin to establish a standard
curve. The carbohydrate determination was done by the anth

reagent method and glucose to establish the standard curve (Morris,
IMI Llplrl content was determined by n modification of the gravi-
byE (1957).

The LDy» was determined by injecting one of four groups of mice
intravenously (i.v.) with a given dose of endotoxin. Each group con-
tained five adult Balb/c mice and were given the following doses:
Group 1 received 100 ug per gram (ug/g) body weight; Group 2, 50
pg/g body weight; Group 3, 25 ug/g body weight; and Group 4, 12.5
pg/g body weight, The LDy was determined by a modification of the
Reed-Muench technique described by Carpenter (1956).

Experimental litters were sized to contain between five and eight
neonatal mice of mixed sex. The average weight ol these mice at the
time of the initial injection was between 1,0 and 2.0 g, The initial
injection was given intraperitoneally (i.p.) to animals less than 24 hrs
old. The initial dose of endotoxin was 35 ug/g body weight. Subse-
quent doses of 75 ug of endotoxin were given i.p. every third day until
day 18. The time of onset and severity of wasting was approximated
byar g index (RI) described by Keast (1968),

Blood for hematological studies was drawn from the tlll or retro-
orbital sinus. Diffy inl leukocyte were p on
Wright's stained and ded as lymphocytes, polymorph
nuclear leukocytes (PMN) and ytes. Total leuk ts
were performed on a Model B Coulter Counter (Coulter Electronics,
Hialeah, Florida). Hematocrit values were obtained by drawing
blood into heparinized capillary tubes and centrifuging in an Adams
Autocrit centrifuge (Clay-Adams Inc., New York).

Following sacrifice, the spleen, liver, and thymus were removed
and bathed in phosphate buffered saline (PBS) until weighed. An
organ index (O.1.) was calculated by & modification of the Simonsen
method as follows (Simonsen, 1958):

0.1. = (organ weight +body weight) X 100

All animals were injected with 0.1 ml of 10% suspension ol thrice-
washed sheep red blood cells (SRBC) at either 10, 20, or 30 days of
age. At days 5 and 10 after immunization, ten drops of tail or retro-
orbital blood was collected in 0.5 ml saline and the serum removed
for titering. The peak of IgM hemolysin production was p d to
occur at day 5, whereas the 10-day period approximated the peak of
IgG hemagglutinating antibody (Ab) production.

gglutinin titers were determined by serinl two-fold dilutions
individual sera in a of 0.1 ml saline, To each serum dilu-
tion, 0.1 ml of a 1% SRBC suspension was added, The tubes were
incubated for 30 min at 37°C and stored at 4°C overnight. The tubes
were centrifuged at 3500 rpm for | min and the degree of agglutina-
tion scored. If agglutination occurred, the cells came up as one large
clump (scored as 4), several large clumps (scored as 3), small clumps
and loose cells (scored as 2), or mainly loose cells with some persis-
tant clumps (scored as 1). In the absence of agglutination, there was s
cloud of loose cell with no clumping (scored as negative). The titer
was taken as the last serum dilution in the series to be scored as 1 or
maore.

Hemolysin titers were determined by adding 0.05 ml of guinea pig
complement (BBL) diluted 1:5 to the standard hemagglutination
system described above. The tubes were incubated at 37°C for J0 min
and siored at 4°C ight before reading. The last tube showing
complete hemolysis was taken as the end poiut or titer,

RESULTS

Comparative Chemical Analysis of the Endotoxk

Chemical analyses were performed on §. enteritidis endotoxin pre-
pared by the dioxane method (designated Se-dioxane) and the
aqueous ether method (Se-ether), described by Ribi (1958), The
chemical composition of these endotoxins and the aqueous ether-
extracted endotoxin obtained from Dr. Ribi is described in Table 1.

Table 1. Chemical ition of endotoxin prepared by the aque-
ous ether or dioxane rneihod

PERCENT PercenT PERCENT
EnpoToxin PROTEIN CARBOHYDRATE Lirip
SE-DIOXANE 42.0 7.7 N.AA
SE-ETHER 21.0 38.7 18,0
Se-Ris1® 21.5 46,0 13.3

A Nor AVAILABLE
B J, Bacr. 87:391

The results show that the chemical position of endotoxins pre-
pared by the aqueous ether method, both Dr. Ribi's preparation and
that prepared for this study, was essentially similar. A protein con-
tent of 21 and 21.5%, a hexose content of 38.7 and 47% and a lipid
content of 18 and 13.3%, respectively, were determined for Barnett
and Ribi endotoxin.

These results are contrasted with those obtained for Se-dioxane
where protein esti were i d to 42% and hexose content
decreased to 7.7%. A lipid determination was not performed on Se-
dioxane.

Characteristics of Wasting Disease.

The LDss of Se-dioxane for adult Balb/c mice was 22.9 ug/g body
weight. Since mewborn mice tolerated this dose with few toxic
symptoms, the study employed an initial dose of 35 ug/g body weight
followed by one of 75 ug/g in the subsequent injections.

The time of onset and severity ol wasting di was estimated by
the runting (weight loss) index calcul.ltad at various times during

with endotoxin. The data shown in Figures 1, 2, and 3 both
describe and compare the onset and severity to the disease induced
with the three endotoxin preparations. The onset of wasting was evi-
dent by the third day in every instance, and marked failure to gain
weight was observed over a 12-day period. In the case of Se-dioxane
(Fig. 1), weight gains were in a plateau phase between 12 and 20

+| 4 Days
10 20 30
0 3 2 -

-2+
4
-4 4
g

- ‘-
4
-8
4
=101

Figure 1. Runting index of Balb/c mice treated with SE-dioxane
endotoxin. Newborn mice were injected with 35 ug/g body weight
before 24 hours of birth and 75 ug/g of SE-dioxane every third day
thereafter for 18 days, The runting index was determined by subtract-
ing the mean weight of the control mice from the mean weight of the
treated mice. Each RI unit is equal to | gram. Each line represents
one litter,

16 Arkansas Academy of Science Proceedings, Vol. XXXV, 1981




Journal oflhbr BaRssenidddentd bbBeicwte Jutil85 [1981], Art. 6

g Balb/c mice treated with

Table 2. The incid of

-1

Figure 2. Runting index of Balb/c mice treated with SE-ether. New-
born mice were injected with 35 ug/g body weight before 24 hours of
birth and 75 pg/g of SE-ether every third day therealter for 18 days.
The runting index was determined by subtracting the mean weight of
the control mice from the mean weight of the treated miced. Each RI
unit is equal to 1 gram. Each line represents one litter.

+14 Days
04 h 3 i

ExpoToxin Ei:ﬁ:; I".o:E::flTv H%T:_ef LEJB::':?L
SE-DI1OXANE 100 38 17.8
SE-ETHER 100 60 2.7
Se-Ris1 100 42 14,8
E. Cot1 (Dirco) N 0 =

The Effect of Endotoxin on the Hematology of Balb/c Mice.
The h logical changes during and following treatment with
dotoxin are shown in Table 3. The results indicate that a pro-

-24

-44

=10

Figure 3, Runting index of Balb/c mice treated with SE-ribi. New-
born mice were injected with 35 ug/g body weight before 24 hours of
birth and 75 uig/g of SE-ribi every third day thereafter for 18 days.
The runting index was determined by subtracting the mean weight of
the control mice from the mean weight of the treated mice. Each RI
unit is equal to 1 gram. Each line represents one litter.

days, and then, following weaning, a marked failure to gain weight
was again observed, Aq ether end B Ily produced a
more pronounced effect on weight gain, and they were considered
the more potent inducers of wasting disease. A regular finding was
that a ial endotoxin preparation, Escherichia coli lipopoly-
saccharide (Difco L.P.S.-B; E. coli 0111:B4 ¥3922), failed to induce
symptoms of wasting despite the injection of parable doses of
endotoxin.

The incidence of wasting disease was found to be 100% regardiess
of the endotoxin employed as determined by the defined criteria
(Table 2). Although, the symptoms of diarrhea and high stepping gait
were not as pronounced as those seen in other forms of the disease,
the failure to gain weight and other symptoms were severe, The mor-
tality was calculated at 38% with Se-dioxane treated mice, 60% in
Se-cther, and 42% in Se-Ribi treated mice. Only those mice dying
later than 48 hrs after the initial injection were considered as dying
from endotoxemia. Most deaths occurred during the interval from

nounced leukocytosis had developed as early as day 10 and repre-
sented an increase in neutrophils, The neutrophils persisted to day 30
but the degree of shift to the left, i.e. increase in immature cell forms,
could not be ascertained because of the failure to obtain total WBC’s
at this time. No significant differences (t-test) in the hematocrit could
be d db the | and the experimental groups for
each test period. The weights of thymus, spleen, and liver of mice
treated with endotoxin were nearly identical to organ weights of con-
trol mice (data not shown). The failure to obtain atrophy of thymus
and spleen following t with endotoxin was correlated with
little or no change in absolute lymphocyte counts,

Table 3. The hematology of Balb/c mice treated with multiple doses
of SE-dioxane.
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[ » wat arn miae T iy
it w0 L) LB LAk ] migsy ston
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it cwns wpr et o maasy
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The results of the immunological studies in mice treated with Se-
dioxane are presented in Table 4. The endotoxin-treated mice dem-
onstrated a depression in both the hemolysin and the hemagglutina-
tion responses at days 20 and 30. It was observed that 68% of the
experi | mice responded at day 20 to an immunizing dose of
sheep erythrocytes, whereas 100% of the controls responded. Al-
though the antibody titer of the 30-day endotozin-treated mice had
increased well above that of the 20-day old test group, apparently a

impairment of si sheep erythrocytes still
ﬁl!’lludny!ﬁ.bhuymice pp dtober ing by day 40. mm TR v ulhoocnil o3
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Table 4. The effect of multiple administration of SE-dioxane on the
hemolysin and hemagglutination response in young Balb/c mice.

D o sty Frvi s

P Bk
U™ ipin® gt

this postulate it was noted that although the lymphocyte counts ang
morphohgy lppu.md to be unaffected, fittle lmihody was being pro.

duced, / igen was p 1 from g with the
anﬂm sensitive cell chiscty how this effect may be mediated i is
not known, but it may occur in one of the following ways: The

may cause an adrenal hypeﬂucdvity which, in turn, pro-
vokes the duction and rel

tissue, eliminate or damage the antigen recognition units (Miller,
1967; Mitchell and Miller, 1968), Alternatively, steroids may inhibi
the lysosome-mediated transformation of the responsive lymphocyte
(Hischhorn et al., 1967; Weissmann et al., 1967). Anolherpmbihty
is that endotoxin, with its i ion with lymphoid cells, directly
rather than indirectly, mtedetumthutdamqeslheunittorunm

Immunological suppression in wasting animals may be a necessary
prerequisite to the events that kill the animal, It has been demon-
strated that symptoms of nd d-uth fmm wasting disease are caused
by an infectious p i of the immune
mechanism of the animal (Jutila and Cantrell, 1970; Jutila and Reed,
1968; Jutila, 1969; and Azar, 1964, 1964b), The depression allows the
normal flora to invade the body of the animal, causing wasting
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The symptoms of with xin were

reminiscent of those observed with other forms of the disease, most
notably, those induced with cortisol acetate (Schlesinger and Mark,
1964; Reed and Jutila, 1965) or neonatal thymectomy (Miller, 1961).
Hence, it could be concluded that some of the pathological events
associated with wasting induced by these methods were produced, in
part, by the effects of endotoxin, The incid of deaths among
mice treated with endotoxin (Table 2) was similar to mortality among
thymectomized mice treated with rabbit anti-(mouse) thymocyte
serum (Jutila and Cantrell, 1970) but significantly less than the mor-
tality among cortisol acetate treated mice (Reed and Jutila, 1965).

The hematological response of an animal treated with endotoxin
was characterized by a neutrophilia which developed by day 10 and
persisted through day 30 (Table 3). A similar finding was made in
mice treated with cell wall preparations rich in endotoxin (Eksedt
and Hayes, 1967). In st, the hematologic pi differs in
thymectomized mice given anti-lymphocyte mm (Monaco, 1967;
Agnew, 1968; Jutila and Cantrell, 1970; Jutila, 1969) and those
treated with cortisol acetate (Reed and Jutila, 1967; Jutila, 1969).
Thymectomized mice and neonates treated with cortisol acetate
characteristically demonstrated a lymphopenia. In addition to this,
Reed and Jutila (1967) observed an initinl depression in the
neutrophil counts after treatment with cortisol acetate; but when in-
fections developed, a neutrophilin occurred. The discrepancy be-
tween the data obtained from mice treated with endotoxin and that
obtained from thymectomized mice or mice treated with cortisol ace-
tate may be explained by the fact that lym cing organs
such as thymus and spleen were unaffected by the treatment in one
case and severely damaged or abated in the other. It seems especially
pecdunllhltlnenlmphilil as observed in this or other forms of
wasting, is iated with infecti

The immnnoloslul studies on mdowdn-mted ml-:e {'l'able 4}

parallel those seen in i mice

ltulmenl with cortisol acetate Uul‘il.l 1969). A depmbn of rupon-
siveness to sheep erythrocytes was evident at day 20 with slight re-
covery at day 30 after initintion of treatment. These results confirm
the findings of several investigators (Eksedt and Nishimura, 1964;
Eksedt and Hayes, 1967; Chester et al., 1971; Diamantstein et al.,
1976; and Nakano et ul I9’?61 who also demonstraled an impaired
antibody resp in A mice. Of i is the obser-
vation by Eksedt and Hayes (1967) that although no circulsting anti-
body to sheep erythrocytes could be d d, the mechanism for re-
jecting skin grafts was not affected. This ruu!t would indiulc that
although the h |l immune resp was i d, the re-
sponse was unaffected. It also emphasized the vd!okm dichotomy
between the two systems. The precise reasons for antibody suppres-
sion were not determined; however, this effect probably occurred
during the induction phase of the immune response. In support of

disease induced with endotoxin.
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