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Yagoda, C. R., A.-C. Bylund-Fellenius and H. Kindahl: Some effects of Gram
negative bacterial endotoxin and its importance as a contaminator of biological pre
parations. Acta vet. scand. 1990,31,193-206. - The purpose of this study was to
establish a model which can be used to examine the biological response to Sa/
monella typhirnurium endotoxin in both anaesthetized and unanaesthetized rab
bits , and then compare this response to that of rabbits injected with an endotoxin
contaminated biological preparation. The parameters used to evaluate the bio
logical response included total white blood cell and differential counts,
15-ketodihydro-PGF2aconcentration, and rectal temperature.
Unanaesthetized groups of rabbits received 1000, 100, 10, or I ng/kg of the endo
toxin via intravenous injection (i.v.); the anaesthetized group of rabbits received
100 ng/kg endotoxin i.v. (anaesthesia induced with Hypnormw). In addition,
groups of rabbits were treated under anaesthesia with Pharmacia-Chiron's recom
binant human Cu/Zn superoxide dismutase (SOD) (10 mg/kg body weight = 1.6
endotoxin units (EU)/kg) or Griinenthal's bovine SOD (two doses: 10 rng/kg = 400
EUlkg, or 50 rng/kg = 2000 EUlkg).
Results demonstrated that at the lower doses of endotoxin (10 and 1 rig/kg) and
r-hSOD (10 rug/kg), no leukopenia was observed. There was however a slight shift
in the leukocyte population so that polymorphonucleocytes increased and mono
cytes decreased in number. Rabbits treated with higher doses of endotoxin (1000
and 100 ng/kg) showed many of the common signs of endotoxemia, including
leukopenia, increased prostaglandin metabolite levels , and increased body tempe
rature, as did the rabbits treated with endotoxin-contaminated bSOD. There was a
definite dose-dependency, with the higher dose ofbSOD giving a more marked rise
in all parameters. These findings indicate that use of this or other endotoxin
contaminated biological preparations in live-animal experiments could produce
erratic, and therefore unreliable, results.

prostaglandin; superoxide dismutase ; white blood cells ; rabbit.

Introduction
Endotoxins are currently the topic of intense
research in many different fields. This inter
est is understandable considering the incre
dible spectrum of pathological activities that
endotoxin has in the mammalian body
(Fredriksson 1984a, Cort 1985, Daels et al.
1987, Morrison & Ryan 1987). It has recent-

ly been discovered that endotoxin, although
previously thought to result only in patho
logical conditions due to its pro-inflamma
tory properties, can ironically also have
some positive effects. It was found for
example that endotoxin contamination of a
catalase preparation used in a vascular per
meability study was probably the factor
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which led to protective effects in induced
airway edema in guinea pigs (Gordon et al.
1987). Prevention of inflammatory injury
has also been shown by intra-peritoneal in
jection of endotoxin (Frank et al. 1978, Koi
zumi et al. 1985, Tejedor et al. 1986).
Endotoxin contamination is a problem in
many commercially available protein pre
parations, a fact that can severely compli
cate the interpretation of pharmacological
studies in light of the broad spectrum of bio
logical effects reported for endotoxins. In
addition to the development of better tech
niques for detection and elimination of en
dotoxins therefore further studies aimed at
understanding the dose-effect relationship in
vivo is warranted.
The toxic effects of endotoxin are multiple
and varied . Endotoxin has been shown to be
a strong pyrogen in many different species.
The fever elicited by endotoxin administra
tion tends to be biphasic after high endo
toxin doses, and monophasic after low endo
toxin doses (Skarnes et al. 1981). The py
rogenic effect of endotoxin appears to be
mediated indirectly through stimulation of.
blood granulocytes causing release of endo
genous pyrogens (interleukin I). The pyro
gens act on central thermoregulatory centers
to cause fever (Milton 1982).
Endotoxin is also responsible for activation
of the arachidonic acid cascade, leading to
production of many different prostaglandins,
thromboxanes, and leukotrienes. These sub
stances act as important mediators for many
of endotoxins' biological effects. For ex
ample, prostaglandin F20 release can lead
to changes in reproductive function in both
normally cycling and pregnant animals iFre
driksson 1984a, COr{ 1985, Daels et al.
1987).
Endotoxin causes markedly rapid changes in
both total leukocyte count and in the ratio
between numbers of polymorphonucleocytes
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(PMN) and monocytes (M). Within minutes
of endotoxin administration the numbers of
PMN begin to fall, reaching a minimum
limit at about 30-60 min, depending on the
dose administered and the animal tested
(Fredriksson 1984a). This depression in
PMN is later followed by an increase in
total leukocyte count; an effect caused first
by a margination of cells in the circulating
pool , and then by a movement from the
marginating pool out into the circulating
pool again (MacGreggor 1977). Whether
endotoxin acts directly on the bone marrow
to cause increased release of new granulo
cytes, or whether this effect is secondary to
the intense leukopenia is yet unknown.
The changes listed above are linked to many
different pathological conditions which arise
after bacterial infection or injection of an
endotoxin contaminated preparation to an
animal tBito 1977, Zuckerman et at. 1979).
Because of the multiple effects of endotoxin,
difficulties ar ise when trying to qualify and
quantify its biological activity. To further
complicate matters, individual animals re
spond very differently to endotoxin. Severity
and duration of response usually varies con
siderably. A subdued response may occur
because of previous exposure to endotoxin.
Tolerance has been shown to arise with re
peated exposure to endotoxin (Lindberg et
al. 1983). Whether this tolerance arises
through anti-endotoxin activity of immu
noglobulins of IgG and IgM classes, incre
ased reticulo-endothelial-system inactivation
of the endotoxin, and /or cell mediated im
munity is yet unclear (Fredriksson 1984a).
In a study with repeated injections of endo
toxin to pigs it was shown that the clinical
response declined, but the prostaglandin
release was essentially the same after the
first day (Yagoda et at. 1988). However,
response to endotoxin frequently varies
among individuals even when tolerance can
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be ruled out as an influencing factor. It is
therefore difficult to establish a reliably re
peatable dose-response curve for a given
endotoxin.
The purpose of this project was to establish
a model in the rabbit which could be used to
measure the dose-effect relationship of Sal
monella typhimurium endotoxin in both
anaesthetized and unanaesthetized animals.
This model could later be used to quantita
tively as well as qualitatively evaluate the
level of endotoxin contamination in com
mercial biological pharmaceutical prepara
tions .

Materials and methods
Animals
Forty-one New Zealand white male rabbits
from 'Estuna smadjursfarm' were housed
and fed according to Standard Operating
Procedure. All rabbits weighed between 2.5
and 3.5 kg as isolation and catheterization of
the caudal auricular artery is easier in rab
bits of this size. The number of rabbits
tested per day and the route of endotoxin
administration varied between the rabbits
first tested and the rabbits tested later when
the model had been more completely wor
ked out. For the purpose of this study all
results from rabbits in a given dose group
will be set together, with notations specify
ing the protocol used for each group of ani
mals (Table I). The general procedure was
however as follows: unanaesthetized animals
were first weighed and then placed in a rela
tively disturbance-free room which varied
not more than 2'C from the room where
they were normally housed. Rectal probes
were inserted to approximately 5 cm - they
were not however taped to the animals tail
as this caused discomfort. Instead the probes
were checked frequently during the course of
the day to ensure that they had not been
expulsed. The probes were left in for 30 min

Table I. Groups of animals and treatments re-
ceived.

Treatment Condition Number

Control (saline) Unanaesthetized 7

Endotoxin
1000 ng/kg Unanaesthetized 7
100 ng/kg Unanaesthetized 7
100 ng/kg Anaesthetized 6
10ng/kg Unanaesthetized 3
lng/kg Unanaesthetized 2

Superoxide
dismutase (SOD)
r-hSOD 10mg/kg Anaesthetized 3
bSOD10mg/kg Anaesthetized 3
bSOD 50mg/kg Anaesthetized 3

before the first temperature reading was
recorded. If the base-line temperature was
greater than 39'C , or if the temperature
varied by more than I'C during the first 30
min then the animal was not used on that
day.
The ear artery was catheterized under local
anaesthesia subcutaneously, ap
proximately I ml) and the animal was al
lowed to sit undisturbed for 15 min before
the first blood collection. Temperature was
noted for all animals. General anaesthesia
was attained using intramuscu
larly at a dose of approximately 0.5 ml/30
min . Larger rabbits occasionally required a
little extra to hold them in a
totally anaesthetized state . If so, they were
given 0.2 ml extra when necessary. Ana
esthetized animals were placed on heating
pads set for 37'C in order to counteract the
temperature sinking effects of
anaesthesia.
Blood was collected into heparinized tubes
according to the following time schedule:
-15,0, 10,30,60,90, 120, 180,240, and
330 min. The blood was then treated in the
following manner: hematocrit was measured
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to check that Packed Cell Volume had not
decreased by more than 25-30 %, the blood
was mixed for at least 5 min, after which 20

was pipetted into a tube containing 180
of Turk's solution, the rest of the blood was
centrifuged for 10 min and the plasma was
pipetted off and frozen for later 15-keto-(l3 ,
14)-dih ydro-PGF2a analysis using a radio
immunoassay as described by Granstrom &
Kindahl (1982a). The tube with Turk's solu
tion was mixed for a minimum of 10 min.
This mixture was then set in a Biirker
Chamber and allowed to settle 5 min . The
number of polymorphonuclear cells (PMN)
and mononuclear cells (M) in 32 A squares
were counted. (Note: This number multi
plied by 50 x 106 gives the number of cells /l
blood). All blood collections were done as
calmly and qu ietl y as possible so as not to
excite the animals more than necessary.

Treatments
Four different doses of Salmonella typh imu
rium endotoxin were administered, 1000,
100, 10 and I ng/kg (see Fredrik sson
(1984b) for a description of the endotoxin
preparation). Animals treated with recombi
nant human Cu /Zn-superoxide dismutase
(r-hSOD, Pharmacia-Chiron, batch no: I
208707) received 10 mg/kg, dissolved in
saline. Endotoxin contents were determined
by a Limulus Amoebocyte Lysate (LAL) test
according to Friberger (1985) and expressed
in endotoxin units (EU). This r-hSOD pre
paration contained 0.16 EU/mg protein.
Animals that received highly endotoxin
contaminated superoxide dismutase were
treated with either 10 mg/kg or 50 mgikg
of bovine Cu /Zn-superoxide dismutase
(bSOD), Griinenthal, batch no: 1056. This
contained 40 EU/mg protein. The control
animals received I ml of saline. The sal ine
was considered to be pyrogen free « 0.12
EU /ml). One nanogram of the Salmonella
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typhimurium endotoxin had an approximate
acti vity of 10 EU in the LAL-test. The ani
mals were injected slowly with their respec
tive treatments i.v. immediately after time 0
blood collection. Time at 0 was noted on
each animal chart for later reference. The
animals were killed using an excess of ana
esthesia. The results are expressed as mean
± standa rd deviation (SD).

Results
Endotoxin treated and control rabbits
Leukocyte numbers . Changes in numbers
of circulating leukocytes proved to be a sen
sitive, if somewhat variable parameter. In
control animals a slight increase in number
of total leukocytes was seen (Fig. Ia). Leu
kopenia was induced rapidly after high dose
endotoxin adminstration (Fig. Ia). In the
1000 ng/kg group, the total number of leu
kocytes decreased from base-line levels of
4.9 ± 2.2 x 109 cells /l blood to 3.1 ± 1.5 x
109 cells /l blood within 10 min of endotoxin
administration. Total leukocyte numbers
continued to drop for a full 240 min (1.3 ±
0.6 x 109 cells /I blood), after which numbers
began to increase towards base levels, re
aching 3.6 ± 2.1 x 109 cells /I blood by 330
min. This response was parallelled in both
the anaesthetized and unanaesthetized
groups of rabbits, who received 100 rig/kg
endotoxin. The decrease in total leukocyte
numbers in these groups was however nei
ther as quickly induced nor as drastic. Ana
esthetized rabbits had lower base -line levels
of leukocytes, 3.7 ± 0.9 x 109 cells /I blood.
This level decreased slowly after 10 min for
a period of 120 min , when there were an
average of 1.3 ± 0.6 x 109 cells /I blood.
Thereafter leukocyte levels increased. At
330 min , leukocyte concentration was 5.1 ±

1.6 x 109 cells/l blood. The unanaesthetized
group of rabbits treated with 100 ng/kg
endotoxin also showed decreases in leuko-
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Figure I . Changes in total leukocyte (a), poly
morphonucleocyte (b), and monocyte (c) numbers
over time in groups of rabbits having receivedone
of the following treatments: endotoxin of Salmo
nel/a typhimurium at 1000 lA.l or 100 (e) ng/kg,
lOOng/kg while under Hypnormf anaesthesia
(_), or I ml saline (+). (Time of injection is at

time zero).

-1 5 u IU ;IU 60 00 I:!U IKO :J:JO

cyte numbers starting approximately 10 min
after endotoxin administration . Numbers de
creased from a base-line of 5.0 ± 2.6 x 109

cells/I blood to 1.8 ± 1.1 x 109 cells/ I blood
at 120 min , after which levels increased,
reaching 5.2 ± 3.4 x 109 cells/I blood at 330
min .
If one divides the leukocyte population into
2 subgroups, polymorphonuclear (PMN)
and mononuclear cells (M), it becomes clear
that those in the former group, i.e., pseudo
neutrophils, basophils, and eosinophils,
were mainly responsible for the decrease in
white blood cell numbers which occurred
shortly after endotoxin administration in the
1000 and 100 ng/kg groups (Fig. Ib). The
group treated with 1000 ng/kg endotoxin for
example showed decreases in PMN from a
base-line of 1.7 ± 1.1 x 109 cells/I blood to
a minimum of 0.1 ± 0.1 x 109 cells/l blood
at 120 min. Both the unanaesthetized and
anaesthetized groups treated with 100 ng/kg
showed an initial decrease from base-line
PMN numbers (which were 1.4 ± 1.1 x 109

cells/I blood and 1.5 ± 0.7 x 109 cells/ I
blood respectively) shortly after endotoxin
administrat ion followed by a slight increase
in PMN which peaked at 60 min (1.0 ± 1.1
x 109 cell s/I blood) and 90 min (1.7 ± 1.0 x
109 cells/ I blood) respectively. Polymorpho
nuclear cell numbers in the 2 groups then
dropped rap idly to minimums of 0.3 ± 0.3
x 109 cells/I blood and 0.8 ± 0.5 x 109

cells/I blood at 90 min and 120 min respec
tivel y, and finally rose to values exceed ing
the original base-line levels (3.7 ± 2.9 x 109

cells/l blood and 3.9 ± 1.6 x 109 cells/I
blood respectively). All 3 groups treated
with endotoxin contrasted well with the
control group. Base-lin e PMN levels in this
group sta rted at 1.8 ± 1.5 x 109 cells/I
blood, decreased slightly after 10 min, but
then began to rise, reaching a peak level at
180 min (4.1 ± 1.6 x 109 cells/I blood).
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Figure 2 . Changes in total leukocyte (a), polymorphonucleocyte (b), and monocyte (c) numbers over time
in rabbits having received one of the following low doses of S. typhimurium endotoxin : 10 (+) or I (e)

ng/kg. (Time of injection is at time zero).

Levels finally sank to a final value of 3.3 ±
1.4 x 109 cells/l blood at 330 min.
The mononucleocyte (M) cell population,
composed of both monocytes and lympho
cytes, also decreased in number after high
dose endotoxin administration (Fig. Ic).
Base-line levels in the 1000 ng/kg group
were 3.4 ± 1.5 x 109 cells/l blood at -15
min. After endotoxin administration num
bers fell steadily for 240 min, reaching a
minimum of 0.8 ± 0.4 x 109 cells/I blood .
Thereafter, numbers began to increase, but
reached only 2.0 ± 2.3 x 109 cells/I blood
by 330 min. The response of the unana
esthetized group treated with 100 ng/kg was
very similar: base-line mononuclear cell
numbers equalled 3.6 ± 1.7 x 109 cells/I
blood at -15 min, fell to a minimum of l.l

± 0.5 x 109 cells/I blood at 180 min , and
then began to increase, reaching 1.4 ± 0.7 x
109 cells/I blood at 330 min . Although the
anaesthetized group of rabbits (also 100
ng/kg) began with lower M base-line levels
(2.2 ± 0.4 x 109 cells/I blood) , the response
was parallel to that of the other 2 endotoxin
treated groups . Mononucleocyte numbers in
the control group were more constant, with
a base-line of 3.7 ± 1.8 x 109 cells/l blood,
which decreased slowly to 2.4 ± 0.8 x 109

cells/I blood at 330 min .
Neither the lOng/kg nor the 1 ng/kg group
of rabbits showed any large or direct re
sponse to the administration of endotoxin
(Fig. 2a). Values for the total leukocytes rose
steadily, albeit unevenly, from base-lines of
6.6 ± 2.5 and 6.3 x 109 cells/l blood to

Acta vet. scand. vol. 31 no. 2 • 1990
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Figure 3. Changes in body temperature over
time in unanaesthetized animals treated with:
1000 (.6.) or loo(e) ng/kg S. typhimurium endo
toxin, or I ml saline (+). (Time of injection is at

time zero).

peaks of 9.2 ± 1.7 and 8.8 x 109 cells/I
blood at 180 and 330 min respectively.
Within both groups this change was brought
about by increasing numbers of PMN com
bined with a decreasing numbers of mono
cytes (Figs. 2b and 2c). The increase in
PMN was quite large for the I ng/kg treated
group, which had a final value (330 min) of
5.7 x 109 cells/I blood, as compared to the
base-line of2 .2 x 109 cells/I blood.

Temperature . The pyrogenicity of endo
toxin, measured only in unanaesthetized
rabbits, was confirmed in this model. Rab
bits receiving 1000 ng/kg had a biphasic
fever rising from a base line of 38.7 ± 0.5·C
to a temperature of 39.3 ± 0.5·C at 240 min
(Fig. 3). This response yielded an area of
13,530 mrn? under the curve, contrasted
with 11,173 mm? for the unanaesthetized
rabbits (100 ng/kg) and 2,333 mm? for the
control rabbits. Endotoxin at 100 ng/kg did
not seem to lead to a biphasic fever, but in
stead a monophasic response. Control rab
bits remained fairly close to base-line tempe
rature under the 330 min per iod.
Body temperature of animals in both the 10
ng/kg and I ng/kg group was in essence con-

stant, with no significant rise or fall under
the duration of the 330 min.

l SvKetodi hydro-P'Gf'js. The concentra
tion of l Svketodihydro-Pfrf'z, in the plasma
of rabbits treated with saline was fairly stea
dy, remaining close to the base-line level of
236 ± 109 pmol/I for the entire 330 min
(Fig. 4a). 15-Ketodihydro-PGF2a concentra
tion in the 1000 ng/kg and 100 ng/kg groups
increased drastically after endotoxin admini
stration. Anaesthetized animals treated with
100 ng/kg started with a high base-line
level of 15-ketodihydro-PGF2a (660 ± 545
pmol/I) compared with unanaesthetized
animals receiving the same dose (284 ±

141 pmol/I) and animals treated with 1000
ng/kg endotoxin (342 ± 408 pmol/I).
15-Ketodihydro-PGF2a levels in the ana
esthetized group (100 ng/kg) were high at 0
min (848 ± 641 pmol/l), From this elevated
level l S-ketodihydro-Ptlf-j, increased re
aching a maximum value of 1254 ± 566
pmol/I at 240 min . The responses of the
unanaesthetized group (100 ng/kg) and 1000
ng/kg group were fairly similar, with both
exhibiting an increase in 15-ketodihydro
PGF2a concentration. Peak levels in the un
anaesthetized group (330 min) equalled
1331 ± 414 pmol/I , as compared with 1664
± 951 pmol/I for the 1000 ng/kg dose
group. Note that although these standard
deviations were large, this depended on a
wide range in individual base-line values,
rather than a difference in response to the
endotoxin periods. In other words, the
graphs of individual rabbits parallelled each
other, although they began at different
points.
The groups of rabbits treated with lO ng/kg
and I ng/kg endotoxin did not show any sig
nificant changes in 15-ketodihydro-PGF2a
concentration over the 330 min period (Fig.
4b).

---.-------.-/'

.....""-

39.0

E
]

38.5

e

38.0

Acta vet. stand. vol. 31 no. 2 . 1990



Some effects ofGram-n egative bacterial endotoxin 201

/......-::;;.y...-:.......•...
......... ........._--_.I

r-- -.... /
,/
.' ......•........... '" .

f--+- .... ---..----- ------..-...--- -----....----- -----....-------....-----

:!OOfl

ISOO

1600,
:;

.1 U OO

r..
a:: I:!OO
,
E WOO-e...
:§
-e 800]
,

600

400

200

-1 .; 0 III :10 60 90 l:!O 180 :130

1
400

:JOO
:..

::::
E :.>00

...
-'=

100

,

- 10 0 10 :\0 90 u o 11'0 :?40 :130

Time (min)

Figure 4. Peripheral plasma levels of l5-ketodihydro-PGF2a in groups of rabbits having received one of
the following treatments: (a) S. typhimurium at 1000 (A) or 100 (e) rig/kg, 100 ng/kg while under
Hypnorm <I anaesthesia (_), or I ml saline (+); (b) S. typhimuriurn at 10 (+) or I (e) ng/kg, (Time of

injection is at time zero).

r-hSOD and endotoxin contaminated bSOD
treated rabbits
Leukocyte numbers . The group of rabbits
treated with dismutase had on a whole a
lower base-line number of white blood cells
(WBC) than the other groups of rabbits.
Rabbits treated with r-hSOD (Fig. Sa) (base
line at -15 min equal to 2.1 ± 0.6 x 109

cells/l blood) exhibited a response similar to
that seen in control rabbits, i.e., a trend to
increasing numbers with a peak at approx-

imately 120 min (5.1 ± 2.8 x 109 cells/I
blood) . The ratio between PMN and M cells
was also similar to that of control animals:
increasing PMN numbers were responsible
for the increase in WBC over time (Fig. 5b).
In r-hSOD treated animals, however, M
levels were fairly constant (Fig. 5c), whereas
in control animals M decreased slightly in
number (c.r. Fig. Ic).
The two groups (10 mg/kg and 50 mg/kg)
treated with the endotoxin contaminated

Acta vet. scand. vol. 31 no. 2 • 1990



bSOD showed responses typ ical for endo
tox in treated an imals (Fig . Sa). Total leuko
cyte number decreased from base-line levels
(2.7 ± 0.7 x 109 and 2.6 ± 0.6 x 109 cells /I
blood respectively). Thereafter WBC num
bers increased to final values of 5.6 ± 1.3
and 3.2 ± 2.1 x 109 cells /I blood, respec
tively.
Pol ymorphonuclear cell numbers in both
the 10 mg/kg and 50 mg/kg group decreased
from base-line levels (1.2 ± 0.1 and 1.3 ±

0.4 x 109 cells /I blood , respectively) after
bSOD injection (Fig . 5b). Minimum PMN
numbers occurred at 120 min (I.I ± 0.2 x
109 cells /I blood) and 90 min (0.1 ± 0.1 x
109 cells /I blood), respectively. Polyrnorpho
nucleocyte numbers rose thereafter to levels
exceeding base-line levels ; 330 min post
treatment, rabbits treated with 10 mg/kg
bSOD had 4.2 ± 0.9 x 109 cell s/I blood
whereas rabbits treated with 50 mg/kg
bSOD had 2.4 ± 1.8 x 109 cell s/I blood.
Mononuclear cell numbers in both the 10
mg/kg and 50 mg/kg bSOD group decreased
slightl y and gradually after treatment ad
m inistrat ion (base- line levels were equal to
1.6 ± 0.8 and 1.3 ± 0.3 x 109 cell s/I blood),
reaching and remaining at minimum levels
between 60 and 240 min. Thereafter levels
increased towards base-l ine levels (Fig . 5c).
15-Ketodihydro-PGF2a. Plasma l S-keto
dihydro-PGf'r, levels were simi la r for the
r-hSOD and bSOD (10 mg/kg) treated
groups; base-lines in these groups were 149
± 18 and 232 ± 57 pmolll (F ig. 6). These
levels remained fairly constant for the first
120 min after treatment administration.
Thereafter the 15-ketodihydro-PGF2a meta
bolite increased in concentration, reaching
496 ± 129 and 662 ± 311 pmolll at
330 min. The group treated with 50 rng/kg
of bSOD had a very different response. Le
vels of the 15-ketodihydro-PGF2a metabol ite
rose steadily from a base-line of 294 ± 89

C. R. Yagoda et al.
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pmolll to a maximum of approximately
2250 ± 356 pmolll at 330 min.

Figure 6. Peripheral plasma levels of
15-ketodihydro-PGF2a in groups of rabbits having
received one of the following treatments: 10
mg/kg r-hSOD (e). 10(_) or 50 (&1 mg/kgbSOD.

(Time of injection is at time zero).

Discussion
The common denominator in all the groups
of rabbits was the incredible variability of
response. It was therefore difficult to attain
our primary goal , that of establishing a re
peatable endotoxin dose-biological · effect
curve. Despite the fact, however, that our re
sults did not give a clear dose-effect relation
they demonstrated that endotoxin-contamin
ated pharmaceutical preparations can evoke
the common symptoms of endotoxemia.
The effects of endotoxin administration in
the rabbit were as expected: total white
blood cell count decreased, temperature
rose, and plasma concentration of the main
prostaglandin metabolite, 15-ketodihydro
PGF2a, increased. Of the parameters ex
amined however, the one which yielded the

most interesting result was 15-ketodihydro
PGF2a. Rabbits do not appear to exhibit the
dramatic dose-dependent increase in plasma
metabolite levels which is typical in almost
every other species of animal examined
(Fredriksson 1984, Daels et al. 1987). In
stead we found a fairly slow increase in the
plasma concentration of 15-ketodihydro
PGF2a beginning approximately 30-60 min
after endotoxin administration and continu
ing for the entire 330 min of the experiment.
One possible reason that rabbits differ from
other species might be that it is difficult to
obtain a reliable measure of the prostaglan
din profile due to the rapid metabolism seen
in this species (Granstrom & Kindahl
1982b). Granstrom & Kindahl (I 982b) noted
that accurate measurement of prostaglandin
production in the rabbit may be difficult for
just this reason, and suggested instead use of
a measurement system based on prostaglan
din metabolite levels in the urine. The meta
bolic rate alone cannot account for the en
tirely different pattern of prostaglandin syn
thesis, however, as absolutely no peak in
production was observed despite frequent
blood sampling. The rabbit, although ex
tremely sensitive to endotoxin , does there
fore not seem to be the ideal animal to use
in this particular type of experiment.
Leukocyte number in the venous blood de
creased after administration of Salmonella
typhimurium endotoxin and endotoxin-con
taminated bSOD. These decreases did not
appear to be significantly different between
the groups, i.e. although on average the
highest dose (1000 ng/kg) produced a greater
and more sustained leukopenia, this differ
ence was not statistically significant due to
the great individual variation. The large de
creases in white blood cell numbers were
due mainly to decrease in PMN numbers.
Endotoxin has been shown to have a dose
dependent effect on the PMN cell popula-
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tion. In larger doses endotoxin stimulates
release of the superoxide anion and lyso
syme from PMN (Guthrie et al. 1984).
Two groups of rabbits were treated with
very low doses of LPS, lOng/kg and lng/kg
respectively. The findings from these groups
are presented here despite the small number
of animals per group, and the therefore vari
able results, because these results echo those
that the authors have seen in sheep treated
with especially low doses of endotoxin (Ya
goda et al. 1990). The only parameters in
which any great changes were seen were the
total number of leukocytes, and the ratio
between PMN and monocytes. In both
groups the total number of leukocytes in
creased over base-line values . There was no
tendency towards the leukopenia which was
observed in the other groups treated with
higher doses of endotoxin or contaminated
bSOD. The curves of total leukocyte num
ber over time for these low-dose endotoxin
groups are quite similar, in fact, to the con
trol and r-hSOD (10 mg/kg) groups. In addi
tion to the rise in leukocyte number, the
ratio of PMN:M increased over time in both
the lO ng/kg and I ng/kg groups. This shift
in cell population has also been observed in
sheep treated with low doses of Salmonella
typhimurium (Yagoda et al. 1990), and in
pigs treated daily with this endotoxin at a
high dose over a 5-day-period (Yagoda et al.
1988). There most likely exists a threshold
level over which animals respond to a given
dose of endotoxin with a leukopenia and a
decrease in both PMN and M, and under
which they respond with a slight leukocyto
sis and an increased ratio in PMN:M. The
mechanism by which this threshold arises,
and what significance it has, are unclear.
The rabbits in the low-dose-endotoxin
groups did not show a change in
l5-ketodihydro-PGFza in response to endo
toxin administration.

Acta vet. scand. vol. 31 no. Z - 1990

Endotoxin also causes, via stimulation of
monocytes and macrophages, a release of
monokines such as interleukin-I and tu
mour necrosis factor. This increases the
adherence of PMN to endothelial cell layers,
and thus enhances cell migration out of the
circulating pool into the marginated pool
(Bevilacqua et al. 1985, Gamble et al. 1985).
In smaller doses however endotoxin may
both decrease PMN sensitivity to chemotac
tic factors and phagocytizing ability (Haslett
et al. 1985).
The fact that we could not clearly distin
guish this dose-dependence is not surprising
- the parameters which one can measure in
vivo are not as sensitive as those one can
measure in vitro. Some dose-dependency
was however visible in the groups treated
with SOD .
The group treated with r-hSOD (1.6 endo
toxin units (EU)/kg body weight) had a
15-ketodihydro-PGFza response similar to
the group treated with 10 mg/kg bSOD (400
EU/kg body weight). The group treated with
50 mg/kg bSOD (2000 EU/kg body weight)
on the other hand showed a much greater
increase in the prostaglandin metabolite
level. This increase was similar in magni
tude , although slightly later in occurrence,
to that of groups treated with 1000 ng/kg
and 100 ng/kg of the Salmonella typhi
murium entotoxin. Interestingly, the dose
dependency of the leukocyte cell population
was such that the response of animals
treated with r-hSOD parallelled that of the
control group, whereas the 10 mg/kg and 50
mg/kg treated groups were similar.
Temperature was examined as a parameter
only in the unanaesthetized animals. An in
crease in temperature was apparent after
endotoxin admin istration. The graph of rab
bits treated with 1000 ng/kg endotoxin had
an area under the curve approximately 8
times greater than that of the control group.
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Area under the CUIVe of those treated with
100 ng/kg endotoxin was approximately 6.6
times greater than that of control animals.
However, the variation within the groups
was so great that no significant differences
between the 2 endotoxin groups can be re
ported.
Body temperature is always a difficult para
meter to measure accurately, especially in
an animal such as the rabbit, which is so
easily frightened by disturbances in everyday
routine. Perhaps if a better system for
measurement of temperature could be devi
sed, statistically significant differences in
response to the 2 doses of endotoxin would
emerge.
In this experiment it was shown that 2 dif
ferent bSOD preparations contained suffi
cient amounts of endotoxin to induce endo
toxemia. Unfortunately, many commercially
available preparations are contaminated
with endotoxins to a similar degree. The
present findings demonstrate that the potent
biological effects of endotoxin can therefore
seriously interfere with the interpretation of
pharmacological studies.
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Sammanfattning
Ndgra effekter av endotoxinerfran Gram
negativa bakterier och deras betydelse som
kontam inator av biologiska preparationer.
Syftet med denna studie var att skapa en modell
sam kunde an vandas till att undersoka det biologi
ska svaret for Salm onella typhimurium endotoxin
i bade sovda och vakna kaniner, och sedan jam
fora detta svar med kaniner som injicerades med
en endotoxin-kontaminerad biologisk preparation .
Parametrama som anvandes till att utvardera det
biologiska svaret inkluderade totalantalet leuko
cyter och differentialrakning, 15-ketodihydro
PGF2a-monste r och kroppstemperatur.
Vakna grupper av kaniner erholl 1000, lOa, 10
eller lng/kg av endotoxin via intra venos injek
tion; den sovda gruppen av kaniner erholl 100
ng/kg endo toxin (narkosen inducerades med Hyp
norm ). Vidare, grupper av kaniner behandlades
med Pharm acia-Chiron's 'recombinant human
Cu/Zn superoxide dismutase' (SOD) (10 mg/kg
kroppsvikt = 1.6 endotoxin units (EU)/kg) eller
Griinenthal 's bovina SOD (tvA doser : 10 mg/kg =
400 EUlkg, eller 50 mg/kg = 2000 EUlkg) .
Resultaten visade att kaniner som erholl endo
toxin-kontaminerade preparationer uppvisar man
ga av de vanl iga tecknen pAendotoxinemi , sasom
leukopeni, hogre prostaglandinmetabolitnivaer
och okad kroppstemperatur. Det finns en klar
dosanknytning: hogre doser av endotoxin ger en
storre forandring i alla parametrar medan de lagre
dosema av endotoxin (10 och lng/kg) och
r-hSOD (10 rug/kg) ger t. ex. ingen leukopeni.
Emellert id, intraffar en forandring i leukocytpopu
lation en sci att polymorfkarniga leukocyter okar
och monocyter minskar . Dessa fynd visar att an
vandningen av denna eller andra endotoxin-ken
tam inerade biologiska preparationer i djurforsok
kan producera opal itliga resulta t.

(Received September 11. 1989; accepted September 27. 1989).

Rep rints may be requested from: Hans Kindahl, Department of Obstetrics and Gynaecology,
Swedish University of Agricultural Sciences, Box 7039, S-750 07, Uppsala, Sweden.




