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McCARTHY, D. 0., M. J. KLUGER AND A. J. VANDER. Effect of centrally administered interleukin-1 and endotoxin
on food intake of fasted rats. PHYSIOL BEHAV 36(4) 745-749, 1986.—We have previously shown that interleukin-!
(IL-1), a polypeptide known to mediate many aspects of the acute phase response to infection, suppresses food intake when
injected intraperitoneally into fasted rats. IL-1 acts at the level of the hypothalamus to induce fever. In view of the large
number of peptides that have been shown to alter food intake as well as body temperature when injected intracerebroven-
tricularly (ICV), we hypothesized that the receptor site for the anorexigenic activity of IL-1 would be located in a central
nervous site bathed by the cerebrospinal fluid. In the present study, ICV injection of IL-1 or E. coli endotoxin (a stimulus
for the synthesis of IL-1), significantly elevated body temperature, but did not affect food intake of fasted rats. We
conclude that receptors mediating the anorexigenic actions of IL-1 or endotoxin are not located at a central nervous site
bathed by the cerebrospinal fluid. Furthermore, fever per se is not reponsible for the reduction in food intake seen following

peripheral injection of IL-1 or endotoxin.
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ACUTE infectious illness precipitates a series of stereotypi-
cal responses, including fever, granulocytosis, skeletal
muscle catabolism, and alterations in plasma levels of iron,
zinc, glucoregulatory hormones, and acute phase proteins.
Virtually all of these responses are thought to be mediated
either directly or indirectly by interleukin-1 (IL-1), a 17.5 kd
heat-labile peptide synthesized and released by mononuclear
phagocytes in response to infection [7,17]. Another common
manifestation of acute infectious illness is a decrease in food
appetite. We have found that a peripheral injection of IL-1
suppresses food intake of fasted rats to levels approximating
those seen following injection of E. coli endotoxin [14].
These findings suggest that infection-induced anorexia is, in
part, due to the release of IL-1.

The regulation of food intake is a complex phenomenon,
involving multiple peripheral and central satiety signals that
are integrated at the level of the hypothalamus [15]. Hamil-
ton has proposed that central nervous regulation of food in-
take is influenced by mechanisms involved with the regula-
tion of body temperature [9]. Indeed, several monoamines
and neuropeptides implicated in the central regulation of
food intake will alter body temperature when injected into
the hypothalamus or cerebral ventricles [4,6]. Because IL-1
acts at the level of the anterior hypothalamus to induce an
elevation in body temperature during infection, it is possible
that IL-1 may act at this same site to decrease food appetite.
It is also possible that the reduction in food intake seen fol-

lowing injection of endotoxin is not mediated centrally by
IL-1, but by endotoxin itself [3,16]. Comparison of the ef-
fects of centrally injected 1L-1 or endotoxin on food intake of
rats will help to distinguish between these possibilities.

METHOD
Animals and Experimental Protocol

Male Sprague-Dawley rats weighing 200 grams were
housed individually in a temperature-controlled room at
27+1°C, the thermoneutral zone of the rat. Each rat was
stereotaxically implanted with a stainless steel cannula
(#220, David Kopf, Tujunga, CA) in the right lateral cerebral
ventricle, as described by Bailey e? al. [2]. For the measure-
ment of body temperature, each rat was implanted with a
temperature sensitive miniature AM transmitter in the
peritoneal cavity (Minimitter Co., Sunriver, OR). These
minimitters had been calibrated against a temperature-
controlled water bath immediately prior to implantation. The
rats were allowed 7-9 days to recover from the surgical pro-
cedures.

To ensure that the rats would eat during an experiment,
they were fasted overnight (water was available ad lib). The
rats were fed a liquid diet (Lieber-Dicarli 82, Bioserv Inc.,
Nutley, NJ) to facilitate the frequent measurement of food
intake without disturbing the animals during the course of
the experiments. The rats were allowed a 48 hour rest period
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FIG. 1. Cumulative milliliters of food intake (+S.E.M.) and change
in body temperature (+S.E.M.) in fasted rats following intracere-
broventricular injection of 20 «l human monocyte supernatant con-
taining IL-1 () or supernatant heated to 70°C for 90 minutes (0).

between experiments and were maintained on the liquid diet
to extinguish any conditioned aversion to the diet resulting
from a previous experiment. The animals were conditioned
to the feeding schedule and handling for three days prior to
the onset of an experiment. At all times, the animals were
treated in a manner consistent with the DHEW *“Guidelines
for the care and use of laboratory animals.”

For each experiment, the rats were injected one hour
prior to being allowed free access to the liquid food. Millili-
ters of food intake from the calibrated feeding bottles were
measured every 60 minutes for a total of 4 hours and the
mean hourly food intake was computed for the four-hour
feeding period. Because rats gain about 25 g body weight per
week, with food intake increasing concomitantly, compari-
sons were made only between the experimental and control
groups for each substance injected. Data were analyzed by
Student’s 7-test.

Body temperature was monitored to validate activity of
IL-1 at the level of the hypothalamus, i.e., onset of fever
following injections. Body temperature was measured twice
prior to injection and every 60 minutes after injection for a
total of 5 hours, inclusive of the four-hour feeding period.
Baseline temperatures of the rats were determined by av-
eraging the two readings taken before injection. The change
in temperature was determined by subtracting the baseline
measurement from subsequent measurements taken after in-
jection. The mean change in temperature was determined by
averaging the temperature changes over the five-hour post-
injection period.

Whenever baseline temperature exceeded 38°C, or there
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FIG. 2. Cumulative milliliters of food intake (=S.E.M.) and change
in body temperature (+S.E.M.) in fasted rats following intracere-
broventricular injection of 10 ng E. coli endotoxin in 10 ul saline (O
or 10 ul of saline alone (O)).

was any suggestion of leakage or inflammation around the
cannula, the animal was eliminated from the experiment. On
occasion, a minimitter battery would fail, and this explains
why sample sizes for body temperature and food intake data
are not always the same in a given experiment. Upon com-
pletion of the last experiment, the rats were decapitated and
50 wl of trypan blue injected into each cannula. The brain of
each animal was dissected to confirm placement of the can-
nula; data from any animal in whom the ventricular system
was not stained was eliminated from anaysis.

Preparation of Interleukin-1

The preparation of human monocyte supernatant contain-
ing IL-1 was based on the method described by Jones er al.
[10]. In brief, 70-90 ml of heparinized blood were obtained
from healthy adult human volunteers. Mononuclear cells
were separated by density centrifugation on a Ficoll-
Isopaque gradient. The mononuclear cells were washed 3
times in Hanks’ Balanced Salt Solution (HBSS; Gibco, New
York), counted using a hemocytometer and phase micro-
scope, and resuspended in HBSS at a concentration of
2.5% 10° monocytes/ml in a total volume of no greater than 2
ml in a 12x7S polypropylene plastic tube (Falcon Co., Ox-
nard, CA). The cells were stimulated with heat-killed S.
epidermidis by mixing on a tilt mixer at 37°C for 1 hour at a
ratio of 20 bacteria/monocyte in the presence of 10% fresh
pooled human serum. After the 1 hour stimulation, the cell
suspensions were centrifuged for 15 minutes at 500 g,
washed in HBSS, and resuspended in HBSS at a concentra-
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FIG. 3. Cumulative milliliters of food intake (+S.E.M.) and change
in body temperature (+S.E.M.) in fasted rats following intravenous
injection of 100 ng E. coli endotoxin in 0.1 ml saline or (O) or 0.1 ml
saline alone ([J).

tion of 2.5x 10% monocytes/ml. The cells were then incubated
at 37°C in 5% CO, for 18 hours. After incubation, the cell
suspensions were centrifuged for 15 minutes at 1000 g and
the supernatant drawn off. A portion of the supernatant was
heated to 70°C for 90 minutes to denature the IL-1. The IL-1
and heat-treated IL-1 were than stored at —20°C.

Experiment 1: Effect of ICV IL-1 on Food Intake

To determine if IL-1 can exert an anorexigenic effect
when administered centrally, 6 rats were injected ICV with
20 ul of human IL-1 and 6 with 20 wl or heat-treated IL-1.
Each injection was followed by 20 ul of artificial cerebrospi-
nal fluid to clear the cannula of injectate. The rats were
allowed a 24 hour period of recovery, and the experiment
was repeated, switching the control and experimental injec-
tion groups in a crossover design for a total of 12 animals per
group.

To determine whether placement of the cannula in the
brain might prevent the anorexigenic effect of intraperitone-
ally administered IL-1, 6 cannula-bearing rats were injected
IP with 1.5 ml of IL-1 and 6 were injected IP with heat-
treated IL-1.

Experiment 2: Effect of ICV Endotoxin on Food Intake

To determine if endotoxin itself might exert an
anorexigenic effect when injected centrally, 12 rats were in-
jected ICV with 10 ng E. coli endotoxin (0111:B4, Difco,
Detroit) in 10 ul of saline or 10 ul of saline alone in a cross-
over design as described for Experiment 1. The rats were
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FIG. 4. Cumulative milliliters of food intake (+=S.E.M.) and change
in body temperature (=S.E.M.) in fasted rats following intracere-
broventricular injection of 50 ug naloxone HCl in 10 u! saline (C) or
10 pl of saline alone (OJ).

allowed a 48 hour period of recovery and were subsequently
injected with 100 ng of endotoxin in 10 ul of saline or 10 ul of
saline alone. To ensure that the response to the endotoxin
was not blunted by endotoxin tolerance, 6 randomly selected
rats were injected intravenously (IV) with 100 ng of
endotoxin in 0.1 ml of saline and 6 with 0.1 ml saline alone.

Experiment 3: Effect of ICV Naloxone HCl on Food Intake

To validate that a centrally mediated suppression in food
intake could be induced by a known anorexigenic agent using
this animal model, 12 rats were injected ICV with 50 ug of
naloxone HC1 (kindly provided by Endo Pharmaceuticals,
Wilmington, DE) in 10 ul of pyrogen-free saline (saline) and
12 were injected with 10 wl of saline alone, as described by
Thornhill et al. [18].

RESULTS
Experiment |: Effect of ICV IL-1 on Food Intake

As shown in Fig. 1 (bottom panel), injection of IL-1 into
the lateral cerebroventricle of the rats caused a significant
rise in body temperature by 60 minutes after injection com-
pared with control animals injected with heat-treated IL-1
(1.6 vs. 0.5°C, p=0.001), validating activity of IL-1 at the
level of the hypothalamus. The mean change in body tem-
perature over the five-hour experimental period was 1.7 vs.
0.6°C (p=0.001). In contrast, food intake of the rats injected
ICV with IL-1 was not significantly different from control
animals at any time during the four-hour feeding period (Fig.
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I, top panel). Repeated measures analysis of variance re-
vealed no effect of injections on food intake (p=0.6).
Intraperitoneal injection of IL-1 into rats implanted with
ICV cannula significantly elevated body temperature by 120
minutes after injection compared to control animals injected
with heat-treated IL-1 (1.4 vs. 0.5°C, p=0.006). The average
change in body temperature over the 5 hour post-injection
period was 1.0 vs. 0.5°C (p=0.02). Food intake of the
cannula-bearing rats injected 1P with IL-1 was reduced to
605% of controls (8.6 vs. 14.5 ml, p=0.05) at 120 minutes after
injections, similar to that found previously. These data indi-
cate that the presence of the cannula did not interfere with
the anorexigenic effect of peripherally administered 11.-1.

Experiment 2: Effect of ICV Endotoxin on Food hiake

As shown in Fig. 2 (bottom panel), ICV injection of 10 ng
of endotoxin significantly elevated body temperature of the
rats by 120 minutes after injection compared to saline-
injected controls. The mean change in body temperature
over the five-hour experimental period was 1.2 vs. 0.5°C
(»p=0.001). Food intake of rats injected ICV with endotoxin
(top panel) was not significantly different from controls at
any time, with no treatment effect evident using repeated
measures analysis of variance (p=0.2). Similar data were
obtained following ICV injection of 100 ng of endotoxin (data
not shown). When these same rats were injected 1V with 100
ng of endotoxin (Fig. 3), body temperature was significantly
elevated over the five-hour experimental period (p=0.01).
Repeated measures analysis of variance revealed a signifi-
cant treatment effect on food intake of the endotoxin-in-
jected rats compared to saline-injected controls (p=0.05).

Experiment 3: Effect of ICV Naloxone HCLon Food Intake

As shown in Fig. 4, injection of 50 ug naloxone HCl into
the lateral cerebral ventricle of the fasted rats did not signifi-
cantly alter body temperature over the five-hour experi-
mental period compared to saline-injected control animals
(0.5 vs. 0.2°C, p=0.3). Repeated measures analysis of vari-
ance revealed that ICV injection of naloxone HCI did reduce
mean hourly food intake of the fasted rats compared with
saline-injected controls (p=0.001) indicating that anorexia
could be centrally induced using this model.

DISCUSSION

In the present study, ICV injection of IL-1 did not affect
food intake of the fasted rats at any time during the four-hour
feeding period. One possible explanation for this negative
finding might be that the presence of the ICV cannula some-
how influenced brain function so as to prevent a response to
anorexigenic stimuli in general. This possibility was ruled
out by the demonstration that 1CV-administered naloxone
did reduce food intake. Accordingly, we conclude that 1L-1
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does not affect food intake at a central nervous site bathed
by the cerebrospinal fluid.

We have previously shown that an intravenous injection
of I/, coli endotoxin significantly reduces food intake of
fasted rats [13,14]. While endotoxin is a potent stimulus for
IL-1 production by peripheral monocytes [11] and by brain
tissue [8], it is possible that endotoxin-induced anorexia is
not mediated centrally by IL-1, but by endotoxin itself
[3.16]. In the present study. ICV injection of both 10 and 100
ng endotoxin resulted in a significant elevation in body tem-
perature, but neither dose of endotoxin affected food intake
of the fasted rats compared to saline-injected controls. How-
ever, IV injection of 100 ng of endotoxin significantly sup-
pressed food intake compared with saline-injected controls,
We conclude that anorexigenic effects of endotoxin are not
mediated at a central nervous site bathed by the cerebrospi-
nal fluid.

Based on Brobeck's theory of the thermostatic regulation
of food intake [5], it had been postulated that fever may be a
factor in the suppression of food intake during infection.
Baile ¢r al. [1] found that when the antipyretic drug dipyrone
was administered to sheep simultaneously with endotoxin,
fever was blocked and food intake was improved for a short
while compared to endotoxin-injected animals that did not
receive the antipyretic. McCarthy ¢t «f. [13] found that in-
jection of sodium salicylate to lower endotoxin-induced
fever in rats did not eliminate the endotoxin-induced sup-
pression of food intake; however, the sodium salicylate was
not administered until after the onset of the fever, making it
difficult to rule out a possible initial effect of fever on food
appetite. In the present study, ICV injection of IL-{ caused a
large rise in body temperature before the rats were fed, but
did not affect food intake of the fasted rats at any time during
the four-hour feeding period compared to the control
animals. Accordingly, we conclude that the onset of fever
does not contribute to the suppression of food intake follow-
ing peripheral injection of IL-1 or endotoxin.

In summary, the findings of the present study indicate
that neither endotoxin or IL-1 acts centrally to reduce food
appetite nor do they affect food intake indirectly by inducing
fever. What might be the peripheral mechanism of action?
Turner and Berry | 19] reported that IP injection of endotoxin
inhibited gastric emptying in mice within 5 minutes after in-
jection. Leek and van Miert [ 12] reported that IL-1 is detect-
able in the plasma of sheep during endotoxin-induced gastric
stasis. Van Miert and van Duin [20] found that injection of
leukocyte supernatant containing IL-1 reduced gastric
motility of goats to about 60% of controls by 60 minutes after
injection. This effect did not occur if the supernatant was
heated to 75°C for 30 minutes prior to injection. These find-
ings suggest that 1L-1 might indirectly affect food intake via
effects on the rate of gastric emptying and the development
of gastric distention [21].
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