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Inflammatory cytokines may mediate the host response to infection via central nervous system (CNS), endocrine, and/or

paracrine pathways. The purpose of the present study was to determine whether intracerebroventricular (ICV) infusion of

interleukin-1 receptor antagonist (IL-1ra) influences the effects of sepsis on protein metabolism in peripheral organs (skeletal

muscle, kidney, and liver). A constant ICV infusion of IL-1ra (100 �g/h) or saline was begun immediately before the induction

of sepsis or sterile inflammation and continued for 5 days. ICV infusion of IL-1ra did not alter protein metabolism in animals

with a sterile abscess. Sepsis reduced muscle weight, protein content, and rates of protein synthesis in gastrocnemius. ICV

infusion of IL-1ra attenuated the sepsis-induced loss of muscle mass and protein and the inhibition of protein synthesis in

gastrocnemius by augmenting the translational efficiency. Similar results were observed in kidney, with respect to kidney

weight, total protein, rates of protein synthesis, and translational efficiency. However, central infusion of IL-1ra did result in

a small (12%) increase in the renal RNA content in either sterile or septic abscess rats. In liver, ICV infusion of IL-1ra prevented

the sepsis-induced inhibition of protein synthesis and reduction in translational efficiency. These results suggest that central

administration IL-1ra can modulate protein metabolism in peripheral organs during sepsis by preventing the sepsis-induced

defects in the translational efficiency.

© 2003 Elsevier Inc. All rights reserved.

SEPSIS REMAINS a common complication in the critically
ill patient after surgery or trauma. Trauma and sepsis

initiate a pattern of physiologic and metabolic alterations char-
acterized by an increase in oxygen consumption and alterations
in fat, carbohydrate, and protein metabolism (for review, see
Siegel and Vary1 and Cooney et al2). Whereas both trauma and
sepsis cause profound alterations in protein metabolism in
many organs of the body, the effects of sepsis on protein
metabolism are more pronounced and persist despite adequate
nutritional support (for review, see (Siegel and Vary,1 Vary,3

Cerra et al4,5). Indeed, one of the earliest recognizable meta-
bolic disturbances in septic patients is the negative nitrogen
balance as reflected by an excessive excretion of urea and the
corresponding loss of lean body mass.1,3-5 Urea is synthesized
to remove nitrogenous waste in the metabolism of amino acids
by the liver. Amino acids used for urea synthesis are derived
from the breakdown of proteins. As skeletal muscle comprises
as much as 45% of body weight, changes in protein turnover in
this tissue would be expected to have profound effects on
whole-body nitrogen balance. Abnormalities of both protein
synthesis and degradation have been described in muscles
during sepsis (for review, see Vary3,6).

The mediators responsible for the changes in protein synthe-
sis during sepsis most likely involve the overproduction of
proinflammatory cytokines, tumor necrosis factor (TNF), inter-
leukin-1 (IL-1), and/or IL-6. In this regard, a diminution of
protein synthesis in gastrocnemius is observed after acute or
chronic infusion of IL-1,7-10 suggesting that IL-1 plays a role in

the sepsis-induced inhibition in protein synthesis in muscle.
Furthermore, infusing a specific interleukin-1 receptor antago-
nist (IL-1ra) for 70 hours attenuated the hypoaminoacidemia
and accelerated urea production observed in septic patients.11

Collectively, these studies provide evidence that IL-1 is an
important mediator of sepsis-induced alterations in protein me-
tabolism.

Although these studies implicate peripheral effects of IL-1,
there is growing evidence that cytokines in the brain may be
important in mediating the peripheral effects of systemic bac-
terial infections. The potential participation of brain cytokines
in the host’s integrated responses to bacterial infection is sug-
gested by detection of IL-1 in neurons and non-neuronal cells
in rat brain and within the cerebrospinal fluid after a septic12 or
endotoxin challenge13,14 or meningitis.15 Furthermore, intrace-
rebral administration of IL-1 produces a metabolic response
similar to that observed during systemic infection16 and mimics
transiently the pyrexia and anorexia associated with infection.17

Hill et al18,19 have shown that chronic exposure of the central
nervous system (CNS) to IL-1 can induce protein catabolism
(as measured by weight loss and a negative nitrogen balance) in
rats. Moreover, central administration of a specific IL-1ra at-
tenuates some, but not all, of the metabolic responses second-
ary to systemic infection or endotoxin.16,20-22 Hence, IL-1 in the
brain may mediate some of the systemic responses resulting
from a peripheral infusion of IL-1 or endogenous IL-1 produc-
tion after infection.

However, there is little information regarding the effects of
central administration of IL-1ra on protein synthesis in organs
peripheral to the brain during sepsis. In the present set of
experiments, a specific receptor antagonist for IL-1 (IL-1ra)
was administered intracerebraventricularly at the time of induc-
tion of sepsis to ascertain the potential role of central IL-1 in
mediating the effects of sepsis on protein synthesis in skeletal
muscle, liver, and kidney.

MATERIALS AND METHODS

Experimental Protocols

Adult male Sprague-Dawley rats were maintained on a 12:12 hour
light:dark cycle with water and standard rat chow provided ad libitum
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for at least 1 week before the experimental protocol. On the day of the
experiment, rats were randomly divided into 4 groups: sterile (n � 8);
sterile � IL1ra (n � 6); septic (n � 7); and septic � IL1ra (n � 10).
Subsequently, stereotaxic surgery was performed on all animals to
implant a cannula unilaterally into the lateral ventricle of the brain as
described previously in our laboratory.20,21 Briefly, rats weighing 200
to 300g were anesthetized with a combination of ketamine (110 mg/kg
body weight) and acepromazine (1 mg/kg body weight). An intracere-
bral cannula connected to an Alzet minipump was placed stereotaxi-
cally into the ventricle for an intracerebroventricular (ICV) infusion of
either IL-1ra (100 �g/h) or an equal volume of the vehicle.20,21 The
minipump was placed subcutaneously in the intrascapular space, and
the wound was sutured. We have previously used this approach to
examine the role of central IL-1 in mediating the endotoxin-induced
changes in peripheral glucose metabolism20 and insulin-like growth
factor (IGF)-I system.21

With the animals anesthetized, sepsis was then induced by implant-
ing a fecal-agar pellet inoculated with 105 colony-forming units (CFU)
Escherichia coli (E coli) and 109 CFU B fragilis into the abdominal
cavity.23-26 Control animals (sterile) were implanted with a sterile
fecal-agar pellet, generated by replacing the bacteria inoculum with
sterile saline.23-26 The intra-abdominal abscess was allowed to develop
for 5 days. Both nonseptic inflammatory and septic rats develop an
abdominal abscess and show leukocytosis; however, the magnitude of
the leukocytosis is 2-fold greater in the septic animals.27 Bacteremia is
not observed in rats with a sterile abscess.28 Introduction of the infected
fecal-agar pellet results in a hyperdynamic, hypermetabolic septic
condition, which is not observed in rats with the sterile abscess.29

Furthermore, animals with a sterile abscess exhibit growth curves
similar to those observed in nonoperated, pair-fed control animals, and
rates of protein synthesis in gastrconemius are indistinguishable from
those observed in non-operated, pair-fed control animals.25 However,
rats with a sterile abscess exhibit a stimulation of hepatic protein
synthesis, consistent with an acute-phase response compared with
non-operated, pair-fed control animals.38,39

We have previously established that rats with either sterile abscess or
septic abscess have reduced food intake in the first 2 days postsurgery
compared with rats fed ad libitum.30,31 Thereafter, rats with a sterile or
septic abscess consume the same amount of food on a daily basis as rats
fed ad libitum. There were no significant differences in food intake
between the sterile abscess and septic abscess rats over the course of
abscess formation.

Protein Synthesis

The rate of protein synthesis in vivo was measured by the incorpo-
ration of radioactive phenylalanine into protein using the modified
flooding-dose technique as previously described.8,32-34 Five days after
implanting the fecal agar pellet, animals from all 4 groups were
anesthetized as described above, and a polyethylene catheter (PE 50
tubing) was surgically inserted into the carotid artery. A bolus infusion
of [3H]-L-phenylalanine (Phe) (150 mmol/L, 30 �Ci/mL; 1 mL/100 g
body weight) was given via the jugular vein. At 2, 6, and 10 minutes
after injection of the radioisotope, blood samples (1 mL) were with-
drawn, centrifuged, and the plasma retained for measurement of phe-
nylalanine concentrations and radioactivity.8,32-34 Immediately after the
removal of the 10-minute blood sample, the gastrocnemius, kidney, and
liver were sequentially excised, weighed, and frozen between alumi-
num blocks precooled to the temperature of liquid nitrogen. All tissues
were stored at �85°C until analysis.

The frozen tissue samples were powdered under liquid nitrogen with
a mortar and pestle and a portion was used to estimate the amount of
[3H]phenylalanine incorporated into total mixed protein as previously
described.8,32-34 The specific radioactivity of phenylalanine in the
plasma was measured by high-performance liquid chromatography

Fig 1. Effect of central administration of IL-1ra on (A) gastrocne-

mius weight, (B) protein content, and (C) total protein/muscle. The

gastrocnemius was excised, frozen, and weighed from animals 5

days after the intraperitoneal introduction of the fecal-agar pellet

containing either saline or E coli � B fragilis in rats receiving an

intracerebral infusion of saline or IL-1ra as described in Materials and

Methods. To measure the protein content, a portion of the frozen

muscle was homogenized and the protein concentration in the ho-

mogenate measured by Biuret method. Total protein per gastrocne-

mius was calculated by multiplying the protein content by the

weight of the gastrocnemius. Values shown are means � SE for 6 to

10 animals in each group. *P < .05 v sterile, **P < .05 v septic, †P <
.01 v septic, §P < .05 v septic (gastrocnemius weight ANOVA F �

3.12, P < .05; protein content ANOVA F � 4.98, P < .01; total

protein�ANOVA F � 7.02, P < .005).
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analysis of supernatants from trichloroacetic acid (TCA) extracts of the
plasma.35 The specific radioactivity from the 3 time points was aver-
aged. Rates of protein synthesis were calculated by dividing the amount
of [3H]phenylalanine incorporated in protein per hour by the mean
specific radioactivity of the plasma phenylalanine as the precursor pool.
The protein content in tissue homogenates was measured using the
Biuret method with crystalline bovine serum albumin used as a stan-
dard.

RNA

Total RNA was measured from homogenates of muscle samples.
Briefly, 0.3 g of frozen, powdered tissue was homogenized in 5 vol of
ice cold 10% TCA. The homogenate was centrifuged at 10,000 � g for
11 minutes at 4°C. The supernatant was discarded and the remaining
pellet mixed in 2.5 mL of 6% (wt/vol) perchloric acid (PCA). The
sample was centrifuged at 10,000 � g for 6 minutes at 4°C, the
supernatant discarded, and the procedure repeated. Then, 1.5 mL of 0.3
N potassium hydroxide (KOH) was added to the pellet, and the samples
were placed in a 50°C water bath for 1 hour. Samples were then mixed
with 5 mL of 4 N PCA and centrifuged at 10,000 � g for 11 minutes.
The concentration of RNA was determined by absorbance at 260 nm
corrected by the absorbance at 232 nm as previously described.25,26,36-38

Total RNA is expressed as milligram RNA/g tissue.

Statistical Analysis

Values shown are means � SEM. Statistical evaluation of the data
was performed using analysis of variance (ANOVA) to test for overall
differences among groups, followed by the Student-Newman-Keuls test
for multiple comparisons to determine significance between means
only when ANOVA indicated a significant difference among the group
means. Differences among the means were considered significant when
P was less than .05.

RESULTS

Gastrocnemius Protein Synthesis

Infusion of IL-1ra into the brains of animals with a sterile
abscess did not significantly reduce the weight, protein content,
or total protein of the gastrocnemius (Fig 1A). Sepsis dimin-
ished the weight, protein content, and total protein of the
gastrocnemius by 20%, 19%, and 33%, respectively. Infusion
of IL-1ra into the brains of animals with a septic abscess
prevented the sepsis-induced decrease in the weight, protein
content, and total protein of the gastrocnemius. There were no
significant differences between rats with a sterile abscess and
septic abscess treated with IL-1ra in any of the weights or
protein content.

Rates of protein synthesis in gastrocnemius were not signif-
icantly altered in animals with a sterile abscess infused ICV
with IL-1ra compared with animals infused with saline (Fig
2A). Sepsis resulted in a 65% decrease in the rate of protein
synthesis compared with rats with a sterile abscess infused with
saline, which was prevented by the intracerebral infusion of
IL-1ra. There were no significant differences in the rate of
protein synthesis between sterile abscess and septic abscess rats
treated with IL-1ra.

Total muscle RNA content and translational efficiency in
gastrocnemius of animals with a sterile abscess and septic
abscess both with and without intracerebral IL-1ra infusion
were measured to examine potential mechanisms for alterations
in rates of protein synthesis. The total RNA content in gastroc-

Fig 2. Effect of central administration of IL-1ra on (A) protein

synthesis, (B) RNA content, and (C) translational efficiency in gas-

trocnemius. Rates of protein synthesis in gastrocnemius from ani-

mals described in Fig 1 were measured in vivo after intravenous

injection with saline containing [3H]phenylalanine (150 �mol/100 g

body weight; 1 mL/100 g body weight). Measurement of [3H]phen-

ylalanine incorporation into muscle protein and calculation of rates

of protein synthesis were performed as described in Materials and

Methods.RNA was measured in muscle homogenates from the gas-

trocnemius as described in Materials and Methods. The translational

efficiency was estimated by the rate of protein synthesis expressed

relative to the muscle RNA.Values shown are means � SE for 6 to 10

animals in each group. *P < .001 v sterile; **P < .01 v septic (protein

synthesis ANOVA F � 8.81, P < .0005; translational efficiency ANOVA

F � 11.21, P < .0001).
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nemius from saline or IL-1ra infused rats is shown in Fig 2B.
There were no significant differences in the total RNA content
in gastrocnemius under any of the conditions examined. The
translational efficiency is calculated by dividing the rate of
protein synthesis by the muscle RNA content. Infusion of
IL-1ra in rats with a sterile abscess did not alter the transla-
tional efficiency (Fig 2C). The translational efficiency was
significantly decreased (�70%) in the gastrocnemius of septic
rats infused with saline compared with rats with a sterile
abscess. ICV infusion of IL-1ra into septic rats significantly
enhanced the translation efficiency in gastrocnemius (�2.5-
fold) compared with saline-infused rats.

Renal Protein Synthesis

The kidney organ weight was not significantly altered by
central infusion of IL-1ra in rats with a sterile abscess, but was
reduced in saline-infused septic rats (Fig 3A). ICV infusion of
IL-1ra into animals with a septic abscess prevented the sepsis-
induced decrease in kidney weight. There were no significant
differences in kidney weight between animals with a sterile
abscess and septic abscess treated with IL-1ra. The protein
content of the kidney was not significantly different in any of
the conditions examined (Fig 3B). However, the decrease in the
kidney weight during sepsis caused an overall reduction in the
amount of kidney protein (Fig 3C) that was prevented by ICV
infusion of IL-1ra in animals with a septic abscess. There were
no significant differences in total protein per kidney between
sterile abscess and septic abscess rats treated with IL-1ra.

Rates of protein synthesis in the kidney were not signifi-
cantly altered in animals with a sterile abscess infused with
IL-1ra ICV compared with animals infused with saline (Fig
4A). Sepsis resulted in a 50% reduction in the rate of renal
protein synthesis. However, ICV infusion of IL-1ra prevented
the decline in renal protein synthesis observed in septic animals
infused with saline. No significant differences in the rate of
renal protein synthesis between nonseptic and septic abscess
rats treated with IL-1ra were observed.

There were no significant differences in the total RNA con-
tent in kidneys from sterile abscess and septic abscess rats
infused with saline (Fig 4B). Infusion of IL-1ra into the brain
resulted in a small increase the renal RNA content in both
sterile abscess (�12%) and septic abscess (�12%) rats com-
pared with animals infused with saline. The translational effi-
ciency in kidneys from nonseptic and septic rats infused with
and without IL-1ra is shown in Fig 4C. Infusion of IL-1ra in
rats with a sterile abscess did not affect the translational effi-
ciency. However, the efficiency of translation was significantly
decreased (�45%) in the kidneys of septic rats infused with
saline compared with rats with a sterile abscess. ICV infusion
of IL-1ra into septic rats significantly enhanced the translation
efficiency in kidney (�2-fold) compared with saline-infused
rats.

Hepatic Protein Synthesis

We have previously shown that weight of the liver is not
significantly different in septic rats compared with sterile ab-
scess controls.38,39 Therefore, we did not measure the total liver
weight in these animals. The septic insult or infusion of IL-1ra

Fig 3. Effect of central administration of IL-1ra on (A) kidney

weight, (B) protein content, and (C) total protein/kidney. The kidney

was excised, frozen, and weighed from animals 5 days after the

intraperitoneal introduction of the fecal-agar pellet containing either

saline or E coli � B fragilis in rats receiving an intracerebral infusion

of saline or IL-1ra as described in Materials and Methods. To measure

the protein content, a portion of the frozen kidney was homogenized

and the protein concentration in the homogenate measured by Bi-

uret method. Total protein per kidney was calculated by multiplying

the protein content by the weight of the kidney. Values shown are

means � SE for 6 to 10 animals in each group. *P < .05, †P < .01 v

sterile; **P < .05 v septic (kidney weight ANOVA F � 3.23, P < .05;

protein content ANOVA F � 4.98, P < .01; total protein ANOVA F �

7.38, P < .001).
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did not significantly alter hepatic protein content (mg/g) com-
pared with rats with a sterile abscess (sterile, 142 � 12;
sterile � IL1ra, 165 � 9; septic, 137 � 6; septic � IL1ra,
156 � 6 mg/g wet wt).

Rates of hepatic protein synthesis were not significantly
altered in rats with a sterile abscess infused ICV with IL-1ra
compared with saline infused animals (Fig 5A). Sepsis caused
a 32% decrease in the rate of hepatic protein synthesis com-
pared with saline-infused sterile abscess rats. Intracerebral in-
fusion of IL-1ra in rats with a septic abscess significantly
increased the rate of hepatic protein synthesis 68% compared
with untreated septic animals. There were no significant differ-
ences in the rate of hepatic protein synthesis between rats with
a sterile abscess and septic abscess treated with IL-1ra.

There were no significant differences in the total hepatic
RNA content in any of the conditions examined (Fig 5B). The
translational efficiency in livers from sterile inflammatory and
septic rats infused with and without IL-1ra is shown in Fig 5C.
There were no significant differences in the rate of hepatic
translational efficiency in sterile inflammatory rats treated with
or without IL-1ra. The translational efficiency in untreated
septic rats was reduced 45% compared with untreated rats with
a sterile abscess, which was prevented by the intracerebral
infusion of IL-1ra. There were no significant differences in the
rate of hepatic protein synthesis between rats with a sterile
abscess and septic abscess treated with IL-1ra.

DISCUSSION

IL-1 is an important mediator of many of the immunologic
and metabolic responses to infection. Initially many investiga-
tions focused on the systemic administration of IL-1 because
only activated cells of the monocyte-macrophage lineage were
thought to produce this cytokine. However, IL-1 is present in
the brain, as well.12-16 Moreover, central administration of IL-1
is capable of modulating various aspects of peripheral metab-
olism, including glucose homeostasis,20,40 endocrine alter-
ations,20,21 and nitrogen balance.18,19 Hence, central IL-1 pro-
duction may be an important mediator of the peripheral effects
of bacterial infection.

The present study demonstrates that chronic infusion of
IL-1ra into the brains of rats with an intra-abdominal bacterial
abscess can modify the sepsis-induced derangements in protein
synthesis in peripheral organs. In skeletal muscle, central ad-
ministration of IL-1ra prevented the sepsis-induced loss of
muscle mass and protein content. Part of the protein-sparing
effect of central administration of IL-1ra during sepsis resulted
from an attenuation of the inhibition of protein synthesis in this
organ through prevention of the inhibition of translational
efficiency.

Renal protein synthesis is unaffected by moderate stress,
such as short-term fasting, laparotomy,41or aseptic inflamma-
tion.39,42 Consistent with this observation, infusion of saline or
IL-1ra into the brain of animals with a sterile abscess did not
modify protein synthesis in kidney. However, there is virtually
no information concerning the effects of sepsis on protein
synthesis in kidney. Chronic sepsis caused the weight of the
kidney to decrease over the course of the study period. The
decreased kidney weight was accompanied by a diminished

Fig 4. Effect of central administration of IL-1ra on (A) renal protein

synthesis, (B) RNA content, and (C) translational efficiency. Rates of

protein synthesis in kidneys from animals described in Fig 1 were

measured as described in Fig 2. RNA was measured in kidney ho-

mogenates as described in Materials and Methods. The translational

efficiency was estimated by the rate of protein synthesis expressed

relative to the renal RNA content. Values shown are means � SE for

6 to 10 animals in each group. *P < .001, †P < .05 v sterile; **P < .001,

§P < .05 v septic (protein synthesis ANOVA F � 8.81, P < .0005;

translational efficiency ANOVA F � 11.21, P < .0001).
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amount of protein per kidney. One potential explanation for this
loss of kidney protein would be an inhibition of protein syn-
thesis. Consistent with our previous reports,39,42 renal rates of
protein synthesis were significantly decreased by 50% in un-
treated septic rats. Infusion of IL-1ra intracerebraventricularly
not only attenuated the decrease in kidney weight and protein
content per kidney, but also prevented the inhibition of renal
protein synthesis. ICV infusion of IL-1ra caused a small (12%)
increase in the total RNA content in kidneys, a change not
observed in skeletal muscle. The mechanism for this increase is
not known. More importantly, IL-1ra prevented the decrease in
renal protein synthesis by maintaining the translational effi-
ciency in rats with a bacterial abscess. Indeed, the translational
efficiency was increased over 2.5-fold in septic rats infused
with IL-1ra compared with rats infused with saline.

Several cytokines including TNF, IL-1, and IL-6 have been
implicated as modulators of hepatic protein synthesis during
inflammation and sepsis.7,34,43-45 Indeed, intravenous infusion
of IL-1 for 5 days lowers rates of protein synthesis (Cooney and
Vary, unpublished results). Rates of protein synthesis and the
protein content are not significantly different in livers from rats
with a sterile abscess and septic abscess, in accordance with our
previous observations.34,38,42,43 However, infusion of IL-1ra
into the brain in septic rats resulted in a higher rate of hepatic
protein synthesis compared with untreated septic animals. This
result differs from what is observed after systemic infusion of
IL-1ra into septic rats6,43 or human volunteers,46 in which
intravenous infusion of IL-1ra in septic rats or endotoxin-
treated humans did not significantly modulate the rate of he-
patic protein synthesis or plasma content of acute phase pro-
teins. The reason for the differential response in protein
synthesis in central versus intravenous infusion of IL-1ra is not
entirely obvious.

The mechanism by which central infusion of IL-1ra modu-
lates protein metabolism is not completely understood. How-
ever, infusion of IL-1ra into the brain in septic rats or rats
treated acutely with endotoxin does not modulate the septic-
induced changes in plasma glucocorticoid concentrations.20,21

Central administration of IL-1 may modulate the afferent
and/or efferent vagus nerve signaling to target cells either by
modulating the afferent signals to the hypothalamic-pituitary
axis or efferent vagal output to cells and/or organs resulting in
changes in lymphocyte response or cytokine production. Ad-
ditional studies will be required to elucidate the precise role of
central administration of IL-1ra on the peripheral response to
sepsis.

The results of the present study extend previous studies
examining the potential role of central IL-1 in mediating the
effects of systemic bacterial infections. At equivalent doses,
ICV infusion of IL-1, but not IL-6, caused negative nitrogen
balance, weight loss, and anorexia.18 The effects of ICV infu-
sion of IL-1 were not solely mediated by glucocorticoids.
Furthermore, the catabolic effects of IL-1 infused into the CNS
cannot be accounted for totally by decreased food intake,
indicating that IL-1 administration itself initiates a hypermeta-
bolic state. We have previously shown that inhibition of protein
synthesis in skeletal muscle contributes, in part, to the IL-1–
induced derangements in protein metabolism.8 In the present
studies, the decreases in skeletal muscle and kidney weights

Fig 5. Effect of central administration of IL-1ra on (A) hepatic

protein synthesis, (B) RNA content, and (C) translational efficiency.

Rates of protein synthesis in livers from animals described in Fig 1

were measured as described in Fig 2. RNA was measured in liver

homogenates as described in Materials and Methods. The transla-

tional efficiency was estimated by the rate of protein synthesis ex-

pressed relative to the hepatic RNA content. Values shown are

means � SE for 6 to 10 animals in each group. *P < .05, †P < .01 v

sterile; **P < .05, §P < .001 v septic (protein synthesis ANOVA F �

4.04, P < .05; translational efficiency ANOVA F � 7.78, P < .001).
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and protein content observed during sepsis were prevented by
ICV infusion of IL-1ra. These alterations in tissue protein were
caused, in part, by an inhibition in protein synthesis that was
relieved by ICV infusion of IL-1ra. Furthermore, ICV infusion
of IL-1ra prevented the sepsis-induced reductions in transla-
tional efficiency. Hence, correction of the inhibition of trans-
lational efficiency by ICV infusion of IL-1ra is sufficient to

prevent the alterations in protein metabolism that develop dur-
ing chronic sepsis.
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