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ABSTRACT

Deep body temperature of 57 male Wistar rats was
measured in response to systemic (i.v. or i.p.) injec-
tion of Escherichia coli lipopolysaccharide (LPS). Ani-
mals were preliminarily (4 weeks before the experi-
ment) treated with microinjections of the toxic dose of
glutamate receptors agonists or vehicle into solitary
tract nucleus or caudal part of ventrolateral medulla.
Microinjections of the glutamate receptors agonists
provoked a local destruction of brain tissue, which
was accompanied by the significant transformation
(amplification or attenuation) of temperature response
to the systemic injection of 3 pg/kg E. coli LPS. Ani-
mals treated with vehicle did not demonstrate signi-
ficant changes in their response to LPS. Obtained da-
ta testify that impairment of central nervous struc-
ture involved in the regulation and maintenance of deep
body temperature is accompanied by atypical devel-
opment of E. coli LPS-induced fever.

Keywords: Escherichia coli; Endotoxin; Brainstem;
Fever; Control Body Temperature; Defense Reflexes

1. INTRODUCTION

According to current data, translocation of bacterial mi-
croflora and endotoxins from the gut lumen into the in-
ternal milieu may happen after various operations in the
abdominal cavity or the action of different extreme fac-
tors on the organism [1-3]. This initiates various types of
protective reactions at systemic and local levels. Penetra-
tion of intestinal microflora into the lymph and systemic

OPEN ACCESS

circulation can be followed by changes in nervous, im-
mune and endocrine systems functioning [1,3-6] that trig-
gers the development of protective reactions, and fever is
one of them [3,4].

In experimental conditions, this process is modeled us-
ing bacterial lipopolysaccharides (LPS). Some previous
research suggested that primary fever-initiating signal
from systemic LPS comes through the peripheral vagal
afferents [7-12]. Transection of the hepatic branch of the
vagus markedly attenuated nociceptive and temperature
responses to endotoxin [13,14]. However, recent findings
demonstrate that LPS or IL-18 induced fever does not ne-
cessarily require vagal signaling, since vagotomy does not
change fever progress with intravenous injection of PGE,
[5]. This apparent contradiction can be explained by the
hypothesis that effect of vagotomy is indirect and due to
the destructive changes in the brainstem by vagus transec-
tion. Central degeneration after the peripheral vagotomy
was verified by morphologists in different animals [15].
Particularly, destructive processes were shown in the pri-
mary vagal projections 4 weeks after the vagotomy [15].

Nucleus of the solitary tract (NST)—the primary affer-
ent projection zone of the vagus and glossopharyngeal
nerves—is one of the key relay areas in the receiving af-
ferent signals from visceral thermoreceptors. From the
NST the impulses flow to hypothalamic and bulbar nu-
clei. One of the important bulbar areas, receiving inputs
from NST is ventral medulla, which transfers the signals
in rostral and caudal directions to the hypothalamic nu-
clei and the sympathetic preganglionic neurons of the
spinal cord, respectively [16-20]. This system recipro-
cally interacts with the higher brain regions integrating
cognitive and emotional signals with the information
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coming from the periphery, contributing to the control of
energy balance [21]. Neurons possessing glutamate re-
ceptors are shown to be involved in the analysis of no-
ciceptive and thermal signaling [21-26].

In the present study we used local neurotoxin injec-
tions to partially destroy some of neuronal populations,
which are known to degenerate after the subdiaphragma-
tic vagotomy. Namely, neurons in the NST and the cau-
dal part of the VLM. The question was whether this cen-
tral intervention can affect the thermoregulatory reaction
to the systemic injection of E. coli lipopolysaccharide?

2. MATERIALS AND METHODS

Experiments were performed using male Wistar rats (n =
57) weighing 250 - 300 g. All animals had food and wa-
ter ad libitum. All surgical procedures were made under
ketamine-xylazine-acepromazine (55.6 - 5.5 - 1.1 mg/kg,
respectively, intraperitoneally) anesthesia. Broad-spec-
trum antibiotic was injected simultaneously (Enroflox-
acin, 0.1 pg/kg, intramuscularly).

Intracerebral microinjections were made four weeks
before the experiments. The rat’s head was fixed in ste-
reotaxic device SEJ - 5 (Experimental workshops of the
Institute of Physiology named after A. A. Bogomoletz,
National Academy of Sciences of Ukraine, Kiev, Ukraine)
to install lambda and bregma at the same level. Animals’
skin was treated with 5% iodine solution, and subcuta-
neous injection of 2% novocaine solution was made. Soft
tissues of cranium vault were dissected, the periosteum
removed (after additional injection of 2% novocaine sub-
periosteally). Special attention was paid to perform a
careful haemostasis. The aperture 1 mm in diameter was
made in skull bones according to stereotaxic coordinates
[27] using a microdrill. Dura mater was gently dissected.
A glass micropipette (with tip diameter of 30 - 50 pm)
was introduced through the trepanation aperture into the
brain tissue using micromanipulator. Microinjections were
made using a nanoliter micropump (W-P Instruments,
Inc. 1400, USA). Different groups of animals received
microinjections into rostral (3.5 mm caudal to interaural
line, 0 mm lateral to midline and 8 mm in depth from the
skull surface) or caudal (4.5 mm caudal to interaural line,
0 mm lateral to midline and 8 mm in depth from the skull
surface) parts of commissural department of NST or bi-
laterally into caudal parts of VLM (3.5 mm caudal to
interaural line, 2 mm lateral to midline and 9.5 mm in
depth from the skull surface) [27]. The injected solutions
represented 1) 100 nl of saline (0.9% NaCl); 2) 0.5 pg of
kainic acid in 100 nl of saline; or 3) 100 uM glutamic
acid in 100 nl of saline. After the injection the micropi-
pette was removed, the skin was carefully sutured, and
the surgical area was treated with 5% iodine solution and
ethanol. Then animal was released from stereotaxis.

Catheterization. Silicone catheters were implanted to
all rats three days prior to the experiment. The proximal
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end of the implanted catheter was placed into V. jugu-
laris externa dextra or intraperitoneal space. For intra-
venous catheter, slight skin dissection (0.5 - 1.0 cm) was
made in right supraclavicular region to expose V. jugu-
laris externa. After careful dissection of the vessel it was
surrounded by two ligatures and the distal one was tight-
ened. Specially made silicone catheter with fixator was
introduced into the vein through a small incision and
fixed to vessel wall with additional ligatures. To prevent
thrombogenesis each catheter was filled with sterile he-
parin solution (100 U/ml) before its introduction into the
vein. For intraperitoneal implantation, midline laparotomy
was made and the catheter was introduced through the
aperture 1.5 - 2 cm into the abdominal cavity. Peritoneum
edges were stitched with blanket sutures. Distal end of
each catheter was deduced on dorsal surface of rat’s head
through subcutaneous “tunnel” and fixed with ligatures.
Skin was stitched with single interrupted sutures.

Experimental protocol. To diminish the possible effect
of circadian rhythms on the recorded data, all experi-
ments were conducted at fixed time period-from 8§ till 9
a.m. At the beginning of the experiment, rats were placed
in compact boxes to limit their mobility. All rats were
preliminary habituated to spend 3 - 4 hours in similar
boxes according to the method described elsewhere [28,
29]. Boxes were placed in thermostat, and the tempera-
ture was raised to 29°C - 30°C within 1 hour. The humid-
ity level in thermostat was maintained at 50%.

Copper-constantan thermocouples were used to record
deep (T,) body temperature (electric thermometer “Phy-
sitemp”, USA). Hot junction of each thermocouple was
introduced into animals’ rectum 7 cm in depth from
anus.

1.5 hours after the adaptation of animals to experimen-
tal conditions control measurements of recorded parame-
ters were made (twice with 30 min interval). Injection of
endotoxin (3 pg/kg, lipopolysaccharide, LPS, Escheri-
chia coli, 0111:B4, List Biological Laboratories, Camp-
bell, C4; lot No LPS-25E) or apyrogenic saline (APS,
Abbott Laboratories, North Chicago, IL 60,064; lot No
18-379-DK) was performed intraperitoneally of intrave-
nously through silicone catheter in the amount not ex-
ceeding 0.5 ml. T, monitoring was continuously carried
out for at least 7 hours after the injection.

Both absolute value and deviations from the average
values of T, were registered at rest before injection and
taken as the initial value for statistical analysis. Data
plotting was done using “Origin 6.0”. Statistical data
analysis was made using the Student t-test and ANOVA
program of variation statistics. Results after statistical
analysis are presented in text and figures as M + m.

3. RESULTS

Injections of apyrogenic saline did not induce significant
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changes in T, in any experimental group. Intravenous
injection of 3 pg/kg E. coli LPS to the rats which re-
ceived 100 nl of saline into caudal part of NST was fol-
lowed by an increase in rectal temperature. The increase
reached 1.3°C + 0.2°C (F = 39; P = 0.003) by 75th min-
ute of observation (T, initial values were 38.0°C £ 0.1°C).
Initial values restored by 300th - 330th minute after the
injection (Figure 1).

In the animals, which received kainic acid into caudal
part of NST LPS produced a significantly smaller wave
of T, rise. The highest elevation from the baseline level
(37.9°C £ 0.1°C) was 0.6°C + 0.2°C by 90th minute after
the injection (Figure 1).

In the rats, which received 100 nl of saline into the
rostral part of NST, injection of LPS induced an increase
in T, starting from 30th minute after the injection (Fig-
ure 2). The rise of T, reached 1.3° £ 0.2° by 75th minute
of observation (F = 32.5; P = 0.001). The temperature
returned to baseline level by 330th - 350th minute (Fig-
ure 2). Animals, which received kainic acid into the
same part of NST demonstrated a pronounced biphasic
temperature response to LPS. The first increase of T,
reached its maximum at 90 minutes and was 1.44°C +
0.16°C higher than initial level; the second increase was
at 240 minutes (1.34°C £ 0.16°C) (Figure 2).

The fact that at the late stages after intravenous injec-
tion of endotoxin the increase of colonic temperature was
significantly higher in neurotoxin-treated rats (F = 8.8; P
< 0.05) corresponds to the literature [4,5].

Interestingly, rats, which received neurotoxin micro-
injection into caudal part of NST did not demonstrate an
increase of colonic temperature after intraperitoneal in-
jection of 3 pg/kg LPS (Figure 3).

Rats, which received glutamate or saline into caudal
parts of VLM showed an increase in T, after the LPS in-
jection (Figure 4). In glutamate-treated group the increase
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Figure 1. Rectal temperature changes in rats after intravenous
injection of E. coli lipopolysaccharide (3 pg/kg). Animals pre-
viously (28 days before the experiment) received microinjec-
tion of kainic acid (0.5 pg in 100 nl) or vehicle (saline, 100 nl)
into caudal part of commissural region of nucleus of solitary
tract.
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Figure 2. Rectal temperature changes in rats after intravenous
injection of E. coli lipopolysaccharide (3 pg/kg). Animals pre-
viously (28 days before the experiment) received microinjec-
tion of kainic acid (0.5 pug in 100 nl) or vehicle (saline, 100 nl)
into rostral part of commissural region of nucleus of solitary
tract.
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Figure 3. Rectal temperature changes in rats after intraperito-
neal injection of E. coli lipopolysaccharide (3 pg/kg). Animals
previously (28 days before the experiment) received microin-
jection of glutamic acid (0.5 pM in 100 nl) or vehicle (saline,
100 nl) into caudal part of commissural region of nucleus of
solitary tract.
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Figure 4. Rectal temperature changes in rats after intraperito-
neal injection of E. coli lipopolysaccharide (3 pg/kg). Animals
previously (28 days before the experiment) received microin-
jection of glutamic acid (0.5 uM in 100 nl) or vehicle (saline,
100 nl) into caudal parts of ventrolateral medulla.
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reached 0.83°C £ 0.1°C (from the initial level of 38.0°C)
by 75th minute after the injection and was significantly
higher than in control animals (F = 10.5; P = 0.02).

4. DISCUSSION

Our findings indicate that even partial destruction of
bulbar neuronal populations in the projection zones of
vagus nerves can have a strong effect on the thermal re-
sponses to the systemic E. coli LPS. These facts corre-
spond with current scientific views on the subject. Under
endotoxemia hypothetical mediators causing the interac-
tion between nervous and immune system (cytokines,
prostaglandins, nitrogen monoxide [1-6]) are able to pe-
netrate into the brain in the area of circumventricular or-
gans, for example in area postrema, and induce the acute
phase reaction [15]. Fast expression of c-fos proteins in
NST, hypothalamus, dorsomedial and ventrolateral parts
of brainstem and also in all circumventricular organs con-
firm this. Consequently, after the supposed penetration of
so-called acute phase reaction messengers into the brain
and area postrema the conditions for their direct contact
with NST neurons are formed. So, the interaction of hor-
mone and immune systems is implemented after the de-
tection of infection at the level of dorsal vagal complex
[15]. It is confirmed by the data on the local production
of vasopressin (that changes the vascular tone, affects
learning and memory processes [30]), corticosterone (that
prevents inflammatory and metabolic disturbances, caus-
ed by pro-inflammatory cytokines [4]) and leptin (that is
involved in the regulation of energy homeostasis, par-
ticipates in systemic inflammatory response development
under fever or hypothermia and anorexia, changes loco-
motor behavior in animals, especially under endotoxemia
[15]). These facts confirm the presence of feedback
channel between brain and immune system [4,6]. It is
shown that specific antibodies are produced in dorsal
motor nucleus in response to vagus nerve activation by
pro-inflammatory substances [6,15]. This allows autono-
mous nervous system to regulate deep body temperature
(reaction of local vasodilation in the internal organs and
vasoconstriction of skin blood vessels contribute to body
temperature elevation and increase in glucose uptake by
muscle tissue [31]) in response to changes in hormone
and immune status of the organism under endotoxemia.
Local destruction of neurons in rostral or caudal parts
of NST is accompanied with violation in central mecha-
nisms responsible for protective reactions formation, in
particular the regulation of deep body temperature during
endotoxin action in the organism. Noticeably, the re-
sponses to LPS did not depend on the method of inject-
tion (intravenous or intraperitoneal), but was determined
by determined by topographic orientation of regions in
NST which received neurotoxin. Despite the small vol-
ume of solutions injected into NST (100 nl) we cannot
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eliminate the possibility of neurotoxins diffusion into
brain areas surrounding the site of microinjection. Theo-
retical calculation shows that the injection of 100 nl of
solution forms a sphere with diameter of 0.7 mm. Taking
into account this view it should be stated that the actual
results of intracentral microinjections strikingly differ
during neurotoxins injection into NST parts separated
from each other only by 200 - 500 pm, although this dis-
tance is much shorter than the theoretically possible dif-
fusion paths. Presumably this fact can be explained not
only by morphofunctional heterogeneity of different parts
of NST, but also unequal representation of neuronal ele-
ments of the system, responsible for deep body tem-
perature control, in dorsal parts of VLM. It is also known
that NST may affect the balance of heat production and
loss by regulation of cryogenic factors release, such as
arginine-vasopressin [4,32]. The confirmation can be
found in several studies [30,32]. It is also known that hy-
pothalamic neuropeptide vasopressin improves the proc-
esses of consolidation and delays the extinction of condi-
tioned reflexes [30,32], is spread in axonal way to many
brain structures, including hippocampus, and may influ-
ence memory and learning processes.

Caudal parts of VLM has close synaptic contacts with
NST [12,19]. Neurons of these nuclei transmit afferent
signals from NST to sympatoactive neurons of rostral
parts of VLM and to neurosecretory hypothalamic cells
[12,19]. The significant amplification of the temperature
response to LPS in rats, which received glutamate into
caudal parts of VLM can be explained by the presence of
capsaicin-sensitive area in this brain region [12,15].

Taken together, these results demonstrate that even
partial destruction in central vagal projections can lead to
the significant changes in the thermoregulatory reactions
to endotoxemia. We suppose that this fact has impor-
tance for clinical practice, since damage of peripheral
nerve fibres are known to provoke degeneration in their
central projections and associated neuronal populations.
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