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Abstract—Endotoxin (lipopolysaccharide, LPS), a component of the gram-negative bacterial cell wall,
induces carbohydrate dyshomeostasis and the release of proinflammatory cytokines such as tumor
necrosis factor-& (TNF-a) when administered to experimental animals. Bactericidal/permeability
increasing protein (BPI), a cationic protein found in human neutrophil granules, binds with high affinity
to LPS and is capable of neutralizing its biological activity. The present study was designed to determine
if a recombinant N-terminal fragment of BPI, rBPI,;, attenuates LPS-induced alterations in serum
glucose, lactate, and TNF-« in rats. In anesthetized animals challenged with a 30 min infusion of
Escherichia coli O111:B4 LPS (0.25 mg/kg), there was an early transient increase in serum levels of
glucose followed by a drop to 60% of those found in saline control rats. A prolonged elevation in serum
levels of lactate and a transient, but marked, elevation of TNF-a were also observed following LPS
infusion. These LPS-induced changes were inhibited significantly by simultaneous infusion of rBPI,;.
Different dose-response profiles of rBPI,; on LPS-induced alterations in glucose, lactate and TNF-o
were observed. When rBPI,; was infused 30 min after the initiation of LPS infusion, it significantly
inhibited the alterations in glucose and lactate, but not TNF-a. The rise in TNF-o was reduced
significantly with a 15 min delayed infusion of rBPI,;. A control protein failed to alter any responses to
LPS. The results indicate that IBPI,; can provide significant protection against the metabolic disturbances
and TNF-« release associated with endotoxemia. In addition, the results suggest that LPS-induced

metabolic alterations in glucose and lactate are at least partially independent of TNF-a release.
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Derangements in metabolic homeostasis are promi-
nent components in the pathophysiological response
to endotoxemia [1, 2]. Carbohydrate metabolism, in
particular, manifests marked alterations, as evi-
denced by an early transient hyperglycemia and
a progressive hypoglycemia [3,4]. The glucose
dyshomeostasis is correlated with the pathogenesis
of shock [2], the deterioration of cardiovascular
function [5-8], and mortality [8]. Associated with
the alterations in glucose is an elevation of blood
lactate, a product of anaerobic glycolysis. The
concentration of blood lactate has been shown to be
a valuable aid in the assessment of the severity,
prognosis and response to therapy in shock patients
[9-11]. Among the potential mediators of LPSt-
induced metabolic alterations are proinflammatory
cytokines, particularly TNF-a. For instance, TNF-«
administration induces changes in glucose and lactate
levels that are similar to those that occur following
LPS challenge [12-14]. However, the involvement
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of a mediator(s) other than TNF-« in the LPS-
induced metabolic disturbances remains unclear
[14-17].

BPTis a 55-kDa protein found in human neutrophil
granules {18, 19]. It binds to a broad spectrum of
LPS and has been shown to neutralize the effects of
LPS in vitro [20-22]. The N-terminal fragment of
natural BPI has been shown to exhibit all the
biological activities of the holoprotein [23], and
was recently cloned and expressed [21,24]. The
recombinant fragment, referred to as rBPIl,;,
inhibited LPS- and Escherichia coli-induced cytokine
release in human whole blood [22, 24], and prevented
cytokine release and subsequent death in an
actinomycin D-sensitized mouse model of lethal
endotoxemia [25].

We also demonstrated recently that rBPI,
prevented hyperdynamic responses to infusion of a
nonlethal dose of endotoxin in rats [26]. The present
study was designed to determine if rBPI,; prevents
carbohydrate dyshomeostasis and TNF-a elevation
induced by a low, nonlethal, infused dose of LPS in
rats.

MATERIALS AND METHODS

Reagents. LPS (E. coli O111:B4) was obtained
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from the Sigma Chemical Co. (St. Louis, MO). LPS
solution was prepared in pyrogen-free phosphate-
buffered saline (GIBCO Laboratories, Grand Island,
NY). rBPI;; corresponding to the first 199 amino
acids of human BPI [27], was cloned, expressed in
CHO-K1 cells, and purified from culture medium
by cation exchange chromatography as previously
described [21]. Thaumatin, isolated from the African
plant Thaumatococcus danielli, was used as a control
protein because it has a similar molecular weight
and isoelectric point as rBPI»; and does not bind to
LPS in virro [21].

Animal preparations and surgery. Male Sprague—
Dawley rats (Simonsen Laboratories, Gilroy. CA)
weighing between 250 and 350 g were used in all
experiments. Animals were housed in conventional
cages in the climate- and light/dark cycle-controlled
environment of the animal facility of XOMA and
received standard laboratory chow and water ad lib.
The animals were fasted by removing food, but not
water, for 24 hr before the experiments examining
glucose and lactate levels. Each rat was anesthetized
with an intramuscular injection of a mixture of
80 mg/kg ketamine and 4 mg/kgxylazine. Anesthesia
was maintained by i.v. infusion through a femoral
vein at a dose of 17.8 mg/kg/hr for ketamine and
0.89 mg/kg/hr for xylazine. A silastic catheter was
implanted in a femoral vein and connected to an
infusion pump to infuse LPS or to maintain
anesthesia. Another silastic catheter was implanted
in the right jugular vein for infusion of rBPIl;,
control protein, or vehicle.

Experimental protocol. LPS was infused into the
femoral vein over 30 min at a dose of .25 mg/kg in
1 mL, as previously described {26]. Simultaneously
or up to 30min later, rBPI,;, control protein, or
vehicle was infused into the jugular vein. Saline
control animals (unchallenged controls) received an
equal volume of saline and vehicle.
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Glucose and lactate assays. Blood samples were
obtained via the femoral vein catheter every 30 min
for the first 2 hr and every hr for the remainder of
the 5hr. The blood samples were placed in micro-
tubes. allowed to clot. and centrifuged to obtain
serum. Glucose and lactate were determined using
a Glucose/L-Lactate Analyzer (2300 STAT. YSI.
Yellow Springs, OH). Lactate levels were not
analyzed in control protein-treated rats because
control proteininterfered with lactate measurements.

TNF-« assay. Serum was collected from separate
groups of animals and stored at —70° until it was
assayed for levels of TNF-a. Serum levels of TNF-
« were determined using an L929 fibroblastoid cell
cytolytic assay as described [25]. Recombinant mouse
TNF-a (Genzyme Corp.. Cambridge, MA) was used
to generate a standard curve. The specific activity
of the TNF-a standard was approximately 500 U/
ng. where one unit is defined as the quantity of
TNF-« required to lyse 50% of 1929 cells.

Statistical analysis. Data are expressed as means =
SEM. Data were analyzed using repeated measures
of variance with Fisher's least-significant-difference
test applied where appropriate. Statistical significance
was accepted at P < 0.05.

RESULTS

Effect of rBPlyy on LPS-induced metabolic
alterations in glucose. Animals infused with 0.25 mg/
kg LPS manifested a two-phase response in serum
glucose consisting of an early transient increase
followed by a progressive drop to 60%: of that found
in saline control rats at the end of the experiment
(Fig. 1A). Incontrast, animals receiving simultaneous
infusions of LPS and rBPL.,; (Smg/kg) exhibited
glucose levels that did not differ from the saline
control animals at any time point. Infusion of the
control protein did not inhibit the LPS-induced

1604

1504

-

140

7

—-{
e

130+

7

/

Serum Glucose (mg/dL)

7
7

.
0
’%%/

O— LP§+Vehicl i\ 1301 R T

—0— +Vehicle RN N -

--m-- LPS+Control Protein T\ NN \\ \\ 2 \ \\ AN
—@— LPS+:BPL, N \ N 100 \\; \\ NN

7 line+V \\\ 1\\ \ : - N \
~-0-- Saline+Vehicle . N NN NN " l:\\ = \{ \\ N R

0 P 120 150 240 300 o 0.1 i0 50 0 0.1 1o 50
Time (min.) BPL,; (img/kg) B, (ing/kg)

Fig. 1. (A) Effect of rBPI,; on LPS-induced alterations in glucose. Rats (8/group) were challenged
with 0.25 mg/kg LPS over 30 min and simultaneously infused with rBPIy (5 mg/kg), vehicle. or a
control protein. Key: (*) P < 0.05 compared with LPS + vehicle. (B and C) Dose-related effect of
rBPI,; on early and late changes in serum glucose levels. Serum levels of glucose were compared among
different rBPI,, dose groups (6-8/group) at 90 min (B) and 240 min (C) after the initiation of LPS
infusion. Key: (*) P < 0.05 compared with LPS + vehicle (0 mg/kg rBPL.,). All values are means = SEM.
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Fig. 2. (Left panel) Effect of rBPIy; on LPS-induced hyperlactatemia. Rats (8/group) were challenged

with 0.25 mg/kg LPS over 30 min and simultancously infused with rBPL,; (5 mg/kg), vehicle, or a

control protein. Key: (*) P < 0.05 compared with LPS + vehicle. (Right panel) Dose-related effect of

rBPI,; on serum lactate. Serum levels of lactate were compared among different rBPI,; dose groups at

240 min after initiation of LPS infusion. Key: (*) P < 0.05 compared with LPS + vehicle (0 mg/kg
rBPL,.). All values are means = SEM.

alterations. Dose-related effects of rBPI; on serum
glucose levels are shown in Fig. 1, B and C. A
minimum of 5 mg/kg rBPL,; was required to prevent
the early transient hyperglycemia (Fig. 1B), whereas
a 50-fold lower dose (0.1 mg/kg) was sufficient to
inhibit the later decrease in glucose (Fig. 1C).
Effect of rBPI,; on LPS-induced hyperlactatemia.
Serum lactate levels started to increase 120 min after
the initiation of LPS and vehicle infusions, and
reached a peak at 240 min (Fig. 2, left panel). In
animals receiving simultaneous infusion of LPS and
1BPL,; (5 mg/kg), the lactate levels were significantly
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lower after 120 min, although higher than the saline
control group at 240 and 300 min. There appeared
to be a dose-dependent inhibition by rBPI,; (Fig. 2,
right panel). However, only the 5mg/kg dose
provided statistically significant inhibition.

Effect of rBPLy on LPS-induced TNF-w elevation.
TNF-a was elevated in the sera of rats following
simultaneous infusion of LPS and vehicle (Fig. 3.
left panel). The levels peaked at 90 min after the
initiation of LPS infusion, and declined thereafter.
Simultaneous infusion of 3 mg/kg rBPI,; significantly
inhibited the LPS-induced elevation of TNF-a@. In

40
— 304 ‘j’
E R
H s N
L
£ Y AR
g NS :\\ *
“ 104 \\\ \ \\i\ o

Y A S
. NN %\\\ N b\\\\
0 0.03 03 3.0

BPL,; (mg/ke)

Fig. 3. (Left panel) Effect of rBPI,; on LPS-induced TNF-a elevation. Rats (8/group) were challenged

with 0.25 mg/kg LPS over 30 min and simultaneously infused with rBPI; (3 mg/kg), vehicle or a control

protein. Key: (*) P < 0.05 compared with LPS + vehicle. (Right panel) Dose-related effect of rBPI;

on serum TNF-a. Serum levels of TNF-o were compared among different rBPI,; dose groups 90 min

after initiation of LPS infusion. Key: (*} P < 0.05 compared with LPS + vehicle (0 mg/kg rBPI,;). All
values are means = SEM.
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Fig. 4. (A and B) Effect of a 30-min delayed infusion of
rBPI;; on LPS-induced alterations in glucose (A) and
lactate (B). Rats (8/group) were challenged with (.25 mg/
kg of LPS, and were infused with S mg/kg of rBPI.; or
vehicle 30 min after the initiation of LPS infusion. Key:
(*) P < 0.05 compared with LPS + vehicle. (C) Effect of
a 15- and 30-min delayed infusion of rBPI,; on LPS-induced
TNF-« elevation. LPS (0.25 mg/kg) was infused over
30 min, and rBPI;; (3 mg/kg) was infused beginning 15 or
30 min after the initiation of LPS infusion. Key: (*) P < 0.05
compared with LPS + vehicle. Allvalues are means = SEM.

contrast, the control protein had no effect. Maximal
inhibition of TNF-a elevation in serum was observed
at a dose of rBPI,; as low as 0.1 mg/kg (Fig. 3, right
panel). A dose of 0.03 mg/kg had no effect.

Effect of delayed treatment with rBPl,;. When
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rBPL,; infusion (5 mg/kg) was delayed for 30 min
after initiation of LPS infusion, the reduction in
glucose levels was significantly less severe at 240 and
300 min than in the vehicle-treated group, and there
was a return to baseline levels before the end of the
cexperiment {Fig. 4A). The elevation in lactate
following LPS-infusion was inhibited significantly by
the 30 min delayed infusion of rBPL; (Fig. 4B). In
contrast, 30 min delayed infusion of rBPI,; (3 my/
kg) did not inhibit LPS-induced TNF-a elevation
(Fig. 4C). However, when rBPIy; infusion was
delayed for 15 min the TNF-a elevation was reduced
significantly (Fig. 4C).

DISCUSSION

The results of the present investigation demon-
strate that rBPl.;, a recombinant N-terminal
fragment of BPI, can inhibit significantly alterations
in serum glucose, lactate, and TNF-a elevation
associated with endotoxemia. Simultaneous infusion
of rBPI,; prevented the carly transient hyperglycemia
and the late drop of glucose induced by LPS. whereas
a control protein had no effect. Moreover. rBPI;
inhibited LPS-induced elevations in serum lactate
and TNF-a in a dose-dependent manner. These
results support findings of other studies that the LPS
binding and neutralizing properties of BPI reside in
the N-terminal portion of the molecule [21-
23,25.,26].

Animal studies have indicated that LPS challenge
results in a biphasic change in glucose. The early
response is characterized by a transient and mild
hyperglycemia, increased glucose turnover. gluco-
neogenesis, and an increase in tissue glucose
oxidation [4. 16]. This hyperglycemia is generally
considered to be due to large increases in
blood levels of catecholamines. glucagon. and
glucocorticoids [4, 16]. The late phase. on the other
hand, is characterized by a profound hypoglycemia,
depletion of hepatic glycogen, depression  of
gluconeogenesis, enhanced glucose oxidation, and
probably reflects an increased insulin level as well
as an enhanced insulin sensitivity [2, 28]. In animal
endotoxemia models, hyperlactatemia may reflect a
combination of a strongly stimulated rate of
glycogen breakdown [29-31] and tissue hypoxia.
Hyperglycemia has been evoked in rats with a dose
of LPS as low as 0.1 mg/kg. and hyperlactatemia
with a dose as low as 0.001 mg/kg [7]. In the present
study, when a higher but still nonlethal dose
(0.25 mg/kg) of LPS was infused over 30 min, we
also observed a transient hyperglycemia followed by
a decrease in glucose and a persistent increase in
serum lactate. The reduction in glucose levels was
less severe than previously observed in animals
challenged with higher doses of LPS [4,16]. Our
results may have been influenced by the effects of
anesthesia, which may have resulted in slightly
elevated levels of glucose and lactate in the saline
groups compared with normal conscious animals.
Nevertheless, the changes in serum glucose and
lactate associated with LPS challenge markedly and
significantly differed from those observed in the
saline control animals, and were attenuated
significantly by rBPI,; treatment.
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Carbohydrate dyshomeostasis is a prominent
component in endotoxin or septic shock. Elevated
blood lactate concentrations have long been
recognized as a consequence of tissue hypoxia [30-
33]. Lactate is thought to be a major metabolic
substrate in endotoxin shock [29]. The concentration
of lactate determined early in shock has been shown
to be a valuable aid in the assessment of the severity,
prognosis and response to therapy in shock patients,
a high level of lactate being associated with a high
mortality rate [9-11]. Hyperglycemia is found in
sepsis or early septic shock, especially in hyper-
dynamic septic patients [30, 31, 34-37], and hypo-
glycemia is often associated with severe sepsis or
septic shock [8,38-41]. To a certain extent, the
pattern of glucose and lactate responses to LPS
challenge observed in the present study mimics the
clinical features of septicemia and septic shock.
However, this animal model differs from human
sepsis in that LPS is released over a much longer
period of time and perhaps intermittently in human
sepsis [42,43]. Thus, although the response may
be similar, the exposure to endotoxin in this
experimental model is different from the clinical
situation.

TNF-«, produced predominantly by activated
monocytes/macrophages in response to LPS stimu-
lation, has been implicated in the pathogenesis of
the sepsis syndrome in experimental animals
[12,13,44-46] and in humans [47-49]. TNF-q is
capable of modulating glucose metabolism by itself
and by interaction with other glucoregulatory
mechanisms [13, 50]. In experimental animals, TNF-
« administration caused lactic acidosis, transient
hyperglycemia followed by hypoglycemia, hypo-
tension and similarhormonal changes as endotoxemia
[12-14]. TNF-a also influenced peripheral glucose
utilization, evidenced in vitro by increased glucose
uptake and increased lactate release [51]. However,
several studies have suggested that TNF-« is not the
only mediator of LPS-induced metabolic disturbances
[52,53]. Anti-TNF-a antibodies attenuated the
increase in plasma lactate and glucagon levels in
LPS-challenged rats but failed to prevent LPS-
induced hyperglycemia [52,53]. Other mediators
such as platelet-activating factor (PAF) [15, 54] and
eicosanoids [17} may also play important roles in
LPS-induced carbohydrate disturbances. In the
present study, rBPI,; inhibited the LPS-induced
TNF-a accumulation in the blood. These results are
consistent with findings that rBPI,; can inhibit LPS-
induced production of TNF-« in whole blood [22],
and in an actinomycin D-sensitized mouse model of
endotoxemia [25]. We also noted that the elevation
of TNF-a was maximally inhibited by rBPL,; at a
dose as low as 0.1 mg/kg, whereas the hyperglycemia
and hyperlactatemia were not inhibited significantly
unless a much higher dose (5 mg/kg) of rBPI,; was
used. Furthermore, when initiation of rBPI,; infusion
was delayed until immediately after the LPS infusion,
there was a significant inhibition of LPS-induced
alterations in lactate and glucose, but no effect on
the TNF-a elevation. These data are consistent with
previous findings that LPS-induced metabolic
alterations in glucose and lactate are at least partially
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independent of TNF-alevels [53], and that additional
mediators may be involved [15, 52-54].

The finding that delay of rBPI,; treatment until
after cessation of the LPS infusion still resulted in
significant attenuation of the decrease in glucose and
significantly reduced the elevation in lactate levels
was unanticipated. Indeed, the effect on lactate
levels with delayed rBPI,; infusion was similar to
that observed with simultaneous infusion. These
results suggest that the glucose/lactate response to
LPS required the presence of active LPS beyond the
30-min infusion. Presumably, effector cells must be
exposed to LPS for longer than 30 min in order to
initiate the entire response. Thus, intervention with
rBPI,;, even at the end of the challenge, interrupted
the ongoing cascade leading to the metabolic
disturbance.

The data add to the increasing body of evidence
indicating that rBPI,; neutralizes the biological
effects of LPS [20,21] and is protective in animal
models of endotoxemia [25,26] and bacteremia
[55, 36]. In the present study, rBPI,; protected LPS-
challenged rats against carbohydrate dyshomeostasis
and TNF-aelevation. Delayed treatment with rBPI;
also significantly inhibited these LPS-induced
metabolic disturbances. Different dose-response
profiles of rBPI,; on LPS-induced alterations in
glucose, lactate and TNF-a are consistent with
previous findings that mediators other than TNF-«
may be involvedin LPS-induced metabolicalterations
of carbohydrates.

Acknowledgemenis—The excellent technical assistance of
William Leach, Cornell Mallari, Virginia Mohler, Juergen
Pfeiffer, Robert Peterson, Kellie Kong, Kirsten Dumont
and Eddie Bautista is gratefully acknowledged. We also
wish to thank Drs. Patrick Trown, Patrick Scannon, Brian
Parent and Karoly Mészaros for critically reviewing the
manuscript. The assistance of Carroll Hess and Peggy
Wooster is also appreciated.

REFERENCES

1. Filkins JP, Buchanan BJ and Cornell RP, Hepatic
carbohydrate metabolic alterations during endotoxic
and traumatic shock. Circ Shock 2; 129-135, 1975.

2. Hinshaw LB, Concise review: The role of glucose in
endotoxin shock. Circ Shock 3: 1-10, 1976.

3. Berry LI, Metabolic effects of bacterial endotoxins. In:
Microbial Toxins (Eds. Kadis S. Weinbaum G and Ajl
SI). Vol. V. pp. 165-208. Academic Press, New York,
1971.

4. Filkins JP, Phases of glucose dyshomeostasis in endo-
toxicosis. Circ Shock §: 347-355, 1978.

S. Pindyck F, Drucker MR, Brown RS and Shoemaker
WC, Cardiorespiratory effects of hypertonic glucose in
the critically ill patient. Surgery 75: 11-19, 1974.

6. Drucker MR, Pindyck F, Brown RS, Elwyn DH and
Shoemaker WC, The interaction of glucagon and
glucose on cardiorespiratory variables in the critically
ill patient. Surgery 75: 487-495, 1974,

7. Lang CH, Bagby GJ and Spitzer JJ, Glucose kinetics
and body temperature after lethal and nonlethal doses
of endotoxin. Am J Physiol 248: R471-R478, 1985.

8. Berk JL, Hagen JF., Beyer WH and Gerber MJ,
Hypoglycemia of shock. Ann Surg 171: 400-408, 1970,

9. MacLean LD, Mulligan WG, McLean APH and Duff
JH, Patterns of septic shock in man—A detailed study
of 56 patients. Ann Surg 166: 543-561, 1967.



1558

10. Peretz DI, Scott JM, Duff JH, Dosseter JB, MacLean

272

. Weiss J,

LD and McGregor M, The significance of lacticacidemia
in the shock syndrome. Ann NY Acad Sci 119: 1133-
1141, 1965.

. Cowan BN, Burns HJ, Boyle P and Ledingham

IM, The relative prognostic value of lactate and
haemodynamic measurements in early shock. Anaes-
thesia 39: 750-755. 1984.

. Tracey KI. Beutler B, Lowry SF. Merryweather J.

Wolpe S, Milsark IW. Hariri RJ. Fahey TJ, III.
Zentella A, Albert JD. Shires GT and Cerami A,
Shock and tissue injury induced by recombinant human
cachectin. Science 234: 470-474. 1986.

. Tracey KJ, Lowry SF. Gahey TJ, ITl. Albert JD. Fong

Y. Hesse D. Beutler B, Manogue KR, Calvano S. Wei
H. Cerami A and Shires GT, Cachectin/tumor necrosis
factor induces lethal shock and stress hormone
responses in the dog. Surg Gynecol Obstet 164: 415~
422, 1987.

. Bagby GJ. Lang CH, Hargrove DM, Thompson 1J.

Wilson LA and Spitzer JJ. Glucose kinetics in rats
infused with endotoxin-induced monokincs or tumor
necrosis factor. Circ Shock 24: 111-121, 1988.

. Lang CH, Dobrescu C, Hargrove DM, Bagby GJ and

Spitzer 1J. Attenuation of endotoxin-induced increase
in glucose metabolism by platelet-activating  factor
antagonist. Cire Shock 23: 179-188. 1987,

. Spitzer JJ. Bagby GJ. Mésziros K and Lang CH.

Altered control of carbohvdrate metabolism in endo-

toxemia. In: Molecular and Cellular Mechanisms of

Septic Shock (Eds. Roth BL. Nielsen TB and McKee
AE). pp. 145-165. Alan R Liss. New York. 1989.

. Flyon JJ. The role of arachidonic acid metabolites in

cndotoxin shock IT: Involvement of prostanoids and
thromboxanes. In: Handbook of Endotoxin (Ed.
Hinshaw LB). Vol. 2. pp. 237-285. Elscvier. New
York. 1985.

Elsbach P, Olsson I and Odeberg H.
Purification and characterization of a potent bacterial
membrane active protein from the granules of human
polymorphonuclear leukoeytes. J Biol Chem 253: 2664
2672, 1978,

. Weiss J and Olsson I, Cellular and subcellular location

of the bactericidal/permcability-increasing protein of
neutrophils. Blood 69: 652-659, 1987.

. Marra MN, Wilde CG. Griffith JE, Snable JL and

Scott RW, Bactericidal/permeability-increasing pro-
tein has endotoxin-neutralizing activity. J Immunol
144: 662-666. 1990,

. Gazzano-Santoro H, Parent JB, Grinna L, Horwitz A,

Parsons T, Theofan G. Elsbach P, Weiss J and
Conlon PJ, High affinity binding of the bactericidal/
permeability increasing protein and a recombinant
amino terminal {ragment to the lipid A region of
lipopolysaccharide. Infect Immun 60: 4754-4761. 1992
Mészaros K., Parent JB, Gazzano-Santoro H, Little R,
Horwitz A, Parsons T. Theofan G. Grinna L.
Weickmann JL, Elsbach P, Weiss J and Conlon PJ. A
recombinant amino terminal fragment of bactericidal/
permeability increasing protein inhibits the induction
of leukocyte responses by LPS. J Leukoc Biol 54: 558
563, 1993.

. Ooi CE, Weiss J, Elsbach P, Frangione B and Mannion

BA. A 25-kDa NH,-terminal fragment carries all the
antibacterial activitics of the human neutrophil 60-kDa
bactericidal/permeability increasing protein. J Biol
Chem 262: 14891-14894. 1987.

24. Weiss J. Elsbach P. Shu C. Castillo L., Horwitz A

and Theofan G, Human bactericidal/permeability-
increasing protcin and a recombinant NH,-terminal
fragment cause killing of serum-resistant gram-negative
bacteria in whole blood and inhibit tumor necrosis

30.

31.

36.

37.

39.

40.

41.

43.

44,

. Krebs

Y. LiNetal

factor release induced by the bacteria. J Clin {nvest
90: 1122-1130, 1992.

. Kohn FR, Ammons WS, Horwitz A, Grinna L, Theofan

G. Weickmann J and Kung AHC, Protective effect of
a recombinant amino terminal fragment of bactericidal/
permeability increasing protein in ¢xperimental endo-
toxemia. J Infect Dis 168: 1307-1310, 1993,

26. Ammons WS and Kung AHC. A rccombinant N-

terminal fragment of bactericidal/permeability increas-
ing protein prevents hemodynamic responses  to
endotoxin. Circ Shock 41: 176-184. 1993.

. Gray PW, Flaggs G. Leong SR, Gumina RJ. Weiss J,

Ooi CE and Elsbach P. Cloning of the ¢cDNA of a
human neutrophil bactericidal protein. Structural and
functional implications. J Biol Chem 264: 9505-9509.
1989,

. Buchana BJ and Filkins JP. Insulin sccretion and the

carbohydrate metabolic alterations of endotoxemia.
Cire Shock 3: 267-280. 1976.

. Wolfe RR. Elahi D and Spitzer 1. Glucose and lactate

in kinetics after endotoxin administration in dogs. Am
J Physiol 232: E180~E185, 1977.

LaNoue KF. Mason AD Jr and Danicls JP. 'The
impairment of glucogenesis by gram negative infection,
Metabolism 17: 606-611. 1968,

Weil MH and Afifi AA. Experimental and clinical
studies on circulatory failure (shock). Circulution 41:
9891001, 1970.

HG. Woods HG and  Alberti
Hyperlactatemia  and lactic  acidosis.
Biochem 1: 81-103, 1975.

KGMM,
Essavs Med

. Mizock BA and Falk JL. Lactic acidosis in critical

illness. Crit Care Med 20: 8093, 1992,

. Clowes GHA. O'Donnell TF. Blackburn GL and Maki

TN. Energy metabolism and protcolysis in traumatized
and septic man. Surg Clin North Am 56: 1169-1185.
1976.

. Kinney JM. Energy demands in the septic patients. In:

Septic Shock in Man (Eds. Hershey SG. Del Guerico
. and McConn R), pp. 119-130. Little Brown. Boston,
1971.

Wilmore DW. Goodwin CW. Aulick LH. Powande
MC, Mason AD and Pruitt BA. Effect of injury and
infection on visceral metabolism and circulation. Ann
Surg 192: 491-504. 1980.

Gump FE. Long C, Killian P and Kinney JM. Studies
of glucose intolerance in septic injured patients. ./
Trauma 14: 378-388, 1974.

. Carcy LC, Lowery BD and Cloutier C'T, Blood sugar

and insulin response of humans in shock. Ann Surg
172: 342-350, 1970.

Miller SI. Wallace RJ, Musher DM, Septimus EJ. Kohl
S and Baughn RE. Hypoglycemia as a manifestation
of sepsis. Am J Med 68: 649-665, 1980.

Romijn JA. Godfried MH., Wortel C and Saucrwein
HP. Hypoglycemia. hormones and cytokines in fatal
meningococcal septicemia. J Endocrinol Invest 13: 743--
747, 1990.

Romijn JA and Sauerwein HP. Hypoglycemia induced
by septic shock. Neth J Med 33: 68-73. 1988.

2. Danncer RL, Elin RJ, Hosscini JM. Wesley RA | Reilly

JM and Parillo JE, Endotoxemia in human scptic
shock. Chest 99: 169-175. 1991.

Bone RC. The pathogenesis of sepsis. Ann Intern Med
115: 457-469, 1991,

Beutler B, Milsark IW and Cerami AC. Passive
immunization against cachectin/tumor necrosis lactor
protects mice from lethal effect of endotoxin. Science
229: 869-871. 1985.

. Tracey KJ. Fong Y, Hesse DG, Manogue KR. Lee

AT.Kuo GC, Lowry SFand Cerami A, Anti-cachectin/
TNF-a monoclonal antibodies prevent septic shock
during lethal bacteremia. Nature 330: 662-664, 1987,



46.

47.

48.

49.

50.

<

rBPI,; and metabolic alterations in endotoxemia

Bauss F, Droge W and Mannel DN, Tumor necrosis
factor mediates endotoxic effects in mice. Infect Immun
55: 1622-1625, 1987.

Waage A, Halstensen A and Espevik T, Association
between tumor necrosis factor in serum and fatal
outcome in patient with meningococcal disease. Lancet
1: 355-357, 1987.

Girardin E, Grau GE, Dayer J-M, Roux-Lombard P.
the J5 Study Group and Lambert PH, Tumor necrosis
factor and interleukin-1 in the scrum of children with
severe infectious purpura. N Engl J Med 319: 379-400.
1988.

Calandra T, Baumgartner J-D, Grau GE, Wu MM.
Lambert PH, Schellekens J, Verhoef J, Michel PG and
the Swiss-Dutch J5 Immunoglobin Study Group.
Prognostic values of tumor necrosis factor/cachectin,
interleukin-1, interferon-a, and interferon-y in the
serum of patients with septic shock. J Infect Dis 161:
982-987, 1990.

Warren RS, Donner DB, Starnes HF and Brennan
MF. Modulation of endogenous hormone action by
recombinant human tumor necrosis factor. Proc Natl
Acad Sci USA 84: 8619-8622, 1987.

. Lee MD, Zentella A, Pekala PH and Cerami A.

Effect of endotoxin-induced monokines on glucose

52.

1559

metabolism in muscle cell line L6. Proc Natl Acad Sci
USA 84: 2590-2594, 1987.

Bagby G, Plessala KJ, Wilson LA, Thompson JJ and
Nelsom S. Divergent efficacy of anti-TNF-a antibody
in intravascular and peritonitis models of sepsis. J
Infect Dis 163: 83-88, 1991.

. Bagby GJ, Lang CH. Skrepnik N. Golightly G and

Spitzer JJ, Regulation of glucose metabolism after
endotoxin and during infection is largely independent
of endogenous tumor necrosis factor. Circ Shock 39:
211-219. 1993.

. Lang CH, Dobrescu C, Hargrove DM, Bagby GJ and

Spitzer 1J. Platelet-activating factor induced increase
in glucose metabolism. Am J Physiol 254: E193-E200,
1988.

. Kelly CJ, Cech AC. Argentanu M. Gallagher H, Shou

J. Minnard E and Daly JM, Role of bactericidal
permeability-increasing protein in the treatment of
gram-negative pneumonia. Surgery 114: 140-146, 1993,

. Kung AHC. Ammons WS, Lin Y and Kohn FR,

Efficacy of a recombinant amino terminal fragment of
bactericidal/permeability increasing protein in rodents
challenged with LPS or E. coli bacteria. In: Bacterial
Endotoxin: Basic Science to Anti-sepsis Strategies (Eds.
Levin J, Sturk A, van der Poll T and van Deventer
SJH), John Wiley, New York, in press.



