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ABSTRACT—Sepsis is one of the most important risk factors in acute respiratory distress syndrome (ARDS). "-Glucan is
a potent reticuloendothelial modulating agent, the immunobiological activity of which is mediated in part by an increase in
the number and function of macrophages. In this study, we investigated the putative protective role of "-glucan against
sepsis-induced lung injury. Sepsis was induced by cecal ligation and puncture (CLP) in Wistar rats. The control group
received saline, and the treatment groups received "-glucan or "-glucan + "-1,3-D-glucanase. Five hours thereafter,
plasma tumor necrosis factor (TNF) !, interleukin (IL) 1", and IL-6 levels were determined. Presence of lung injury was
determined via lung tissue myeloperoxidase (MPO) activity, intercellular adhesion molecule (ICAM) 1 levels, and
histopathological examination at 18 h after CLP. In a separate set of experiments, survival was monitored for 7 days after
CLP. "-Glucan treatment led to a significant increase in survival rate (63% in glucan-treated rats vs 38% in saline-treated
rats). Administration of the "-glucan inhibitor abrogated "-glucan’s survival benefit (50%). After CLP, plasma TNF-!, IL-1",
and IL-6 concentrations were increased in control animals. When "-glucan was administered, it completely blocked the
elevation of TNF-!, IL-1", and IL-6. Administration of "-1,3-D-glucanase suppressed glucan-induced decrease in cytokines.
Animals treated with "-glucan showed a significant reduction in lung injury score, a marked decrease in ICAM-1
expression, and a significant decrease in MPO levels. In contrast, "-1,3-D-glucanase caused a significantly increased MPO
and ICAM-1 levels in the lung. These data reveal that "-glucan treatment improved the course of CLP-induced peritonitis
and attenuated the lung injury. Administration of "-glucanase inhibited the "-glucan activity and resulted in enhanced lung
injury.

KEYWORDS—Inflammation, "-glucan, cecal ligation and puncture, acute lung injury, ICAM-1

INTRODUCTION

Sepsis is the most common predisposing condition leading

to the acute respiratory distress syndrome (ARDS) and is

associated with the highest mortality among causes of this

condition (1). Acute respiratory distress syndrome has been

characterized as a disease state, in which the inflammatory

balance is shifted toward tissue injury. Excessive inflamma-

tory reactions and, in particular, neutrophil activation have

been implicated in pathogenesis of ARDS (2, 3). Instead, the

initiation of a systemic inflammatory response in the host

appears to be a critical step in the pathogenesis of ARDS (4).

The development of sepsis is associated with activation of

complex cytokine cascades. The systemic production of early-

response proinflammatory cytokines, tumor necrosis factor

(TNF)-!, interleukin (IL)-1", and IL-6 results in a number of

inflammatory events, including widespread inflammatory cell

recruitment and activation (5). During the complex array of

cell-cell interactions in the development of inflammatory

processes, expression of vascular adhesion molecules such as

intercellular adhesion molecule (ICAM) 1 plays a fundamen-

tal role leading to adhesion of leukocytes to the activated

endothelium and subsequent transmigration of leukocytes into

the extravascular areas (6).

To develop therapeutic strategies for sepsis, it is necessary

to clarify the precise mechanisms that link an infection in a

primary tissue compartment with systemic manifestations of

inflammation and distant organ injury. Inflammatory mediator-

targeted therapies were promising early on; however, larger

trials have found therapies such as cytokine modulation,

platelet-activating factor inhibition, and neutrophil elastase

inhibitors to be ineffective in the treatment of ARDS (7). One

of the recent alternatives to classical antibiotic treatment is the

use of immunomodulators for enhancing host defense re-

sponses. Several types of immunomodulators have been

identified, including mammalian proteins such as interferon

+ , granulocyte colony-stimulating factor, granulocyte macro-

phage colony-stimulating factor, as well as substances isolated

and purified from microorganisms (8). The latter type of

immunomodulators typically induces nonspecific stimulation

of the immune system (9, 10).

We recently identified that "-glucan, an immunomodulator

polysaccharide, decreased weight loss, anastomotic leakage,

and mortality in septic rats (11). However, the possibility that

"-glucan could have prevented lung injury had not been

determined, as we have done in the present study. We

evaluated the effect of "-glucan on acute lung injury after

experimental peritonitis by using a rat cecal ligation/puncture

(CLP) model. Cecal ligation/puncture in rodents has been

extensively used as a suitable experimental model to study the

etiopathology of septic shock and to develop more effective
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pharmacological agents to control this complex condition

(12). In addition, we tested the effect of "-glucan on

expression of the ICAM-1 on alveolar epithelial cells and

assessed their functional implications.

MATERIALS AND METHODS

Animal preparation
The experimental protocols were conducted with the approval of the Animal

Research Committee at Gazi University, Ankara, Turkey. All animals were

maintained in accordance with the recommendations of the National Institutes of

Health Guidelines for the Care and Use of Laboratory Animals.

Animals and experimental design
Male Wistar rats weighing 230 to 280 g were housed individually in cages and

were allowed free access to standard rat chow with free access to tap water. The

animal rooms were windowless with temperature (22-C T 2-C) and lighting controls.
The animals were made to fast overnight before the experiments but were given free

access to water. They were anesthetized by ketamine 100 mg/kg and xylazine

20 mg/kg body weight i.p. They breathed spontaneously throughout the procedures.

The abdominal skin was disinfected with 70% alcohol. All procedures were

performed under sterile conditions. A midline incision was made approximately

3-cm long, sufficient to expose the cecum and adjoining intestine. Polymicrobial

peritonitis was produced by CLP as follows. The cecum was exposed, ligated with a

3/0 silk suture just distal to the ileocecal valve to avoid intestinal obstruction,

punctured twice with a 22-gauge needle. The cecum was gently squeezed to extrude

feces and to endure that the 2 puncture holes did not close and then returned to the

abdominal cavity. The abdominal incision was closed with 3/0 silk sutures in layers.

Saline (3 mL/100 g of body weight) was administered subcutaneously to each rat

after CLP. After the operation, animals were kept in individual cages, and they were

deprived of food but had free access to water. The rats were divided into 4 groups

(n = 18 per group) in randomized manner; sham, control, "-glucan, and "-glucan +

"-glucanase. In sham-operated controls, animals were anesthetized, subjected to

laparotomy and cecal manipulation, and closed. Control group received isovolu-

metric saline solution, "-glucan group received 2 mg/kg (0.6 mg/mL water,

30 min, 55-C) "-D-glucan (Sigma Chemical Company, St Louis, Mo), and

"-glucan + "-glucanase group received 2 mg/kg "-D-glucan and 1 mg/kg (5 mg/mL

0.1 mol/L phosphate, pH 7.0) "-1,3-D-glucanase (Sigma Chemical Company) i.m.

just after CLP with an additional one injection at 4 h after CLP.

Ten anesthetized rats from each group were killed by exsanguination at 18 h

after CLP or sham operation. Lungs were also harvested for tissue studies.

Necropsy was performed on all animals to control absence of surgically related

complications.

Survival studies
Eight animals in each group were used for the analysis of survival. The survival

rate was calculated from the number of animals living longer than 7 days after

operation.

Cytokine detection
Blood samples were obtained and placed in microcentrifuge tubes 5 h after CLP

or sham operation, and plasma was separated by centrifugation, immediately

frozen, and stored at j80-C until the time of assay. Plasma TNF-!, IL-1", and
IL-6 levels were detected in a 96-well microtiter plate by the use of a commercial

enzyme-linked immunosorbent assay (ELISA) kit (BioSource International, Inc,

Camarillo, Calif) according to the manufacturer’s guidelines. All samples were

tested in the duplicate. The plate was read on EL�800 automated microplate

reader (Bio-Tek Instruments, Inc, Winooski, Vt) at 450 nm. The concentrations of

TNF-!, IL-1", and IL-6 were calculated from a standard curve and expressed in

picograms per milliliter. The lower limit of detection for ELISA was 8 to 16 pg/mL.

Lung myeloperoxidase activity assay
At 18 h after CLP or sham operation, lungs isolated from the animals were

rinsed with saline and blotted dry. After weighing, lung tissue was homogenized in

a 1.2-mL 20 mmol/L potassium phosphate buffer, pH 7.4, and centrifuged for

30 min at 30,000g, at 4-C. The pellet was resuspended in phosphate-buffered

saline, pH 6.0, containing 0.5% hexadecyltrimethylammonium bromide. The

resuspended pellets were frozen at j70-C until the MPO activity assay was

performed. The supernatant, 0.1 mL, was added to 2.9 mL of 50 mmol/L potassium

phosphate buffer, pH 6.0, containing 0.167 mg/mL o-dianisidine, and 0.0005%

hydrogen peroxide, and the absorbance of 460-nm visible light was measured for

3 min. The MPO activity per gram wet lung was calculated as follows: MPO

activity (U/g lung) = $A � 4.05/lung weight (g). $A is equal to rate of change in

absorbance at 460 nm between 1 and 3 min.

Histology
Histological studies were performed on lungs harvested from the animals after

killing in each group. Specimens were prepared as previously described, processed,

and stained with hematoxylin and eosin. Slides were assessed by a pathologist

blinded to the study groups and scored using a scoring system developed by

Simons et al. (13) to grade the degree of lung injury. Briefly, lung injury was

graded from 0 (normal) to 4 (severe) in four categories: interstitial inflammation,

neutrophil infiltration, congestion, and edema. The total lung injury score was

calculated by adding the individual scores for each category.

Immunohistochemistry
Formalin-fixed, paraffin-embedded lung tissue sections were cut into 4-2m

thick sections. Then, the slides were deparaffinized in xylene, rehydrated in

alcohol, and blocked for endogenous peroxidase using 3% hydrogen peroxide.

Antigen retrieval was performed using 0.01 mol/L sodium citrate buffer (pH 6.0)

through microwave processing and then tissue sections processed using the

standard avidin-biotin-immunoperoxidase method. The slides were incubated in

10% normal goat serum for 30 min to prevent nonspecific staining. The sections

were incubated for 2 h at room temperature with antiYrat ICAM-1 (CD54)

monoclonal antibody (clone 1A29, diluted 1: 100; Endogen, Woburn, Mass).

Thereafter, the sections were incubated with biotinylated secondary antibodies,

followed by avidin-biotin peroxidase complexes for 30 min. We used 3-amino-9-

ethylcarbazole substrate (LabVision, NeoMarkers, Fremont, Calif) as the chrom-

ogen and Mayer hematoxylin as the counterstain. For negative control, nonimmune

serum was substituted for the primary antibody.

The ICAM-1 expression was evaluated semiquantitatively and graded as

follows: 0, negative; 1+ baseline or endogenous; and 2+, strong and uniform in

both alveolar capillaries and the large vessels of lung tissue. A pathologist

reviewed the slides in a blinded fashion.

Statistics
All values were expressed as the mean T SD. Data were compared by analysis

of variance with post hoc analysis using Newman-Keuls test. When a difference

was found, specific differences were identified by using Kruskal-Wallis test.

Statistical evaluation was carried out by using SPSS 10.0 software (SPSS, Chicago,

Ill). Values of P G 0.05 were accepted as significant.

RESULTS

Kaplan-Meier survival curves (Fig. 1) showed no mortality

after the sham operation (survival 100%) and decreased

survival to 38% in the control group (P G 0.01 vs. sham).

Treatment with "-glucan significantly improved the survival

rate to 63% throughout the 7-day observation period (P G
0.05). Administration of "-glucan with "-glucanase resulted in

a decrease in the 7-day survival rate to 50% compared with

the "-glucan group. Most of the lethality occurred within

3 days of surgery in septic animals.

As shown in Figure 2, plasma concentrations of TNF-!,
IL-1", and IL-6 were significantly elevated at the fifth hour

FIG. 1. Effect of "-glucan treatment on survival. The survival rate was
estimated by the Kaplan-Meier method and compared by using log-rank test.
*P G 0.05 vs sham group; †P G 0.05 vs control group; #P 9 0.05 vs control
group.
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after CLP in vehicle-treated rats (P G 0.05). When septic

animals were treated with "-glucan, the levels of TNF-!,
IL-1", and IL-6 were markedly reduced (P G 0.05). Con-

versely, administration of "-1,3-D-glucanase suppressed the

glucan-induced decrease in these cytokines.

We studied the neutrophil influx into lung tissue using the

MPO activity determination. As shown in Figure 3, MPO

levels significantly increased from 1.84 T 0.26 U/g in the

sham group of rats to 6.27 T 2.45 U/g in control animals and

to 5.46 T 1.28 U/g in the rats treated with "-glucan plus

"-glucanase. Rats treated with "-glucan alone had similar lung

MPO activities to that observed in the sham-operated animals.

At the 18th hour, control animals demonstrated signifi-

cantly more severe lung injury when compared with sham and

"-glucanYtreated animals (P G 0.05). The total lung injury

score was 1.1 T 0.3 in the "-glucan group and 1.9 T 0.6 in the

control group. Elimination of "-glucan with "-glucanase
further increased the lung injury (2.2 T 0.9). Lung specimens

from control animals displayed significant histological

changes including infiltration of numerous polymorphonu-

clear leukocytes and macrophages in the interstitial spaces,

hemorrhage, and marked swelling of the alveolar walls. In

contrast, these changes were attenuated in "-glucanYtreated
rats. The histological appearance of lung specimens from

"-glucanYtreated animals was similar to those of sham

animals (Fig. 4).

Lung ICAM-1 is known to be involved in intrapulmonary

recruitment of neutrophils, in a variety of conditions; we

measured this adhesion molecule in lung tissue. As expected,

ICAM-1 expression increased after the 18th hour of CLP

(Fig. 5). Pretreatment of animals with "-glucan attenuated the

expression of ICAM-1 caused by CLP in the lung tissues.

However, the combination of "-glucan and "-glucanase
noticeably increased ICAM-1 expression in response to CLP

at 18 h.

DISCUSSION

The present study demonstrates that "-glucan, a clinically

relevant nonspecific immunomodulator, can significantly

attenuate the expression of proinflammatory cytokines and

systemic inflammation in rat after sepsis. We have also shown

that "-glucan can affect the lethality and the occurrence of

acute lung injury as measured through end-organ histological

damage in response to sepsis. The use of carbohydrate

derivatives in the treatment of intra-abdominal sepsis is not

new. Previous studies demonstrated a reduction in the

mortality of severely injured patients receiving "-glucan
therapy. In high-risk patients undergoing major thoracic or

abdominal surgery, perioperative administration of PGG-

glucan significantly decreases postoperative infection and

mortality rates (9, 14). Tzianabos et al. (10) investigated the

effects of two immunomodulator polysaccharides, PGG-

(glucan and polysaccharide A (PSA)), on abscess formation

and mortality in experimental intra-abdominal sepsis and

reported their protective effects. We have previously shown

the beneficial effects of "-glucan such as decreased weight

loss, anastomotic leakage, and mortality in the setting of

peritonitis (11). Although the protective effect of polysac-

charides against peritonitis has been reported (9, 10, 15), little

attention has been paid to investigate the effect of "-glucan on

FIG. 3. Effects of "-glucan treatment on CLP-induced lung neutrophil
accumulation. Lung MPO content was determined 18 h after CLP or sham
operation. Bar represents the mean T SD. *P G 0.05 vs sham group; †P G
0.05 vs control and "-glucan + "-glucanase groups.

FIG. 2. Plasma IL-6, TNF-!, and IL-1" concentrations in animals.
Polymicrobial sepsis was induced via CLP or sham operation. Plasma
samples were collected 5 h thereafter, and IL-6, TNF-!, and IL-1" levels
were determined by ELISA. Bar represents the mean T SD. *P G 0.05 vs
sham group; †P G 0.05 vs control and "-glucan + "-glucanase groups.
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lung injury caused by bacterial sepsis (16). Moreover, the

mechanism by which "-glucan exerts its protective effect

against peritonitis is far from clear.

The site of infection (e.g., peritoneum) and the ability to

contain it locally are critical in determining the severity of the

septic syndrome and the likelihood of distant organ injury.

Matute-Bello et al. (17) suggested a 3-compartment model to

explain the host response to local infections. In this model,

first compartment is the site at which bacteria enter the host

and proliferate (e.g., the peritoneum), the second compartment

includes the circulation and the reticuloendothelial system,

and the third compartment includes remote organs. The lungs

have been considered to be the remote organ system most

commonly affected and the first to fail in peritonitis. A

significantly high MPO activity after peritonitis may result

from enhanced transmigration of neutrophils into lung tissues

through the circulatory and reticuloendothelial system or a

local release of neutrophils due to generalized infection (4, 18,

19). Furthermore, the activated neutrophils that infiltrate the

lung produce proinflammatory cytokines, such as TNF-!
and IL-1", and play a key role in the development of acute

lung injury by releasing neutrophil proteases and reactive

oxygen species (2, 5). In the present study, the magnitude of

neutrophil infiltration in lung was assessed by measuring the

levels of MPO. There was a highly significant increase in

MPO levels in lung after CLP-induced peritonitis which was

attenuated by "-glucan. Downregulation of neutrophil infiltra-

tion by "-glucan is not specific for sepsis-induced lung injury.

For example, glucan phosphate treatment attenuates burn-

induced inflammation and increases resistance Pseudomonas
aeruginosa burn wound infection in an experimental model of

burn injury (20). Systemic application of "-glucan ameliorated

pressure ulcer-induced oxidative organ injury and prevented

neutrophil infiltration in the lung tissues (21). Moreover,

several studies conducted in the past decade have shown that

"-glucan reduced release of inflammatory cytokines, such as

TNF-!, IL-1", and IL-6 in other injury types (20, 22Y24). We

have demonstrated here that treatment of rats with "-glucan
markedly attenuated the CLP-induced increase in plasma

TNF-!, IL-1", and IL-6 concentrations. In addition, "-
glucanase blocked the effect of "-glucan. These findings,

therefore, suggest that immunomodulation with "-glucan
mediates the inhibition of the cytokine response, leading to a

regression of neutrophilic lung inflammation.

The recruitment of circulating leukocytes to the sites of

activated endothelium and subsequent pulmonary sequestra-

tion of leukocytes are pivotal in the pathogenesis of acute lung

injury, including ARDS (2, 3, 25). Besides integrins and

selectins, the cell adhesion molecules, ICAM-1 and vascular

cell adhesion molecule (VCAM) 1, have been linked to

leukocyte trafficking in various animal inflammation models

(26). Monoclonal antibodies to ICAM-1 have been effective

in decreasing pulmonary polymorphonuclear neutrophils

accumulation in models of lung injury after hind-limb

ischemia-reperfusion (27). Mice genetically deficient in

ICAM-1 are resistant to septic shock induced by endotoxin

(28). Moreover, enhanced pulmonary expression of ICAM-1

and increased circulating soluble forms of ICAM-1 have been

found in septic patients, correlating with multiorgan failure

and death (29, 30).

The blockade of adhesion molecules, which is thought to

represent the final common pathway for adherence and

margination of leukocytes to areas of inflammation and

injury, has been targeted. In mice with lipopolysaccharide-

induced shock, antiYVCAM-1 therapy attenuated by 60%

neutrophils accumulation in liver and reduced hepatic necrosis

FIG. 5. Representative sections of lung immunohistochemically stained for ICAM-1. Control animals (B) showed increased lung ICAM-1 expression
compared with sham (A) and "-glucan (C) groups. Note the increase in ICAM-1 expression in the "-glucan + "-glucanase group (D), as compared with the
"-glucanYtreated animals (magnification �300).

FIG. 4. Effects of "-glucan treatment on lung histopathology. Lungs were harvested at 18 h after septic shock and resuscitation and evaluated by a
pathologist unaware of the groups the animals belonged to. Figure shows the normal appearance of lung specimens from sham animals (A) and the
appearance of lungs from control animals (B). Note the marked inflammatory infiltrate, alveolar-capillary membrane thickening, and some areas of hemorrhage
and alveolar edema. The histological appearance of lungs from "-glucanYtreated animals (C) is shown. Note the similarity compared with sham animals
(magnification �200). The histological appearance of lungs from "-glucan + "-glucanase group (D) is also shown.

400 SHOCK VOL. 27, NO. 4 BEDIRLI ET AL.



Copyright @ 2007 by the Shock Society. Unauthorized reproduction of this article is prohibited.

(31) However, VCAM-1 expression is often dissociated from

neutrophils accumulation in experimental sepsis in mice (32).

Laudes et al. (6) have recently demonstrated that the blockade

of VCAM-1 did not reduce lung neutrophil accumulation as

measured by MPO activity after CLP, but MPO levels

declined when antiYICAM-1 was administered to CLP mice.

These data emphasize the importance of ICAM-1 pathway in

neutrophil migration during sepsis. To explore the underlying

mechanisms by which "-glucan achieves its beneficial effects,

we investigated its influence on pulmonary ICAM-1 produc-

tion. We demonstrated that "-glucan treatment decreases the

expression of ICAM-1 in rat lung after CLP. We also found

that "-glucan treatment reduces infiltration of neutrophils in

lung tissues. Therefore, diminished expression of ICAM-1 in

the lung by "-glucan provides a possible explanation for the

decreased neutrophil infiltration and lung injury noted in our

study. Furthermore, the coadministration of "-glucanase
blocked the effect of the "-glucan, indicating the inhibition

of ICAM-1 expression by "-glucan.
In conclusion, the current study provides evidence for

increased expression of ICAM-1 during CLP-induced sepsis.

All leukocytes use the "2-integrin/ICAM-1 interaction for

adhesion and transmigration (26). Thus, the resulting accu-

mulation of PMN in the lung is strongly dependent on

increased ICAM-1 expression. Treatment with "-glucan, a

clinically relevant nonspecific immunomodulator, markedly

attenuated the expression of proinflammatory cytokines and

systemic inflammation in rats with septic peritonitis. We have

also shown that "-glucan can affect the lethality and the

occurrence of acute lung injury as measured through end-

organ histological damage in response to sepsis. It appears

that the mechanism of "-glucan’s effect on proinflammatory

cytokine expression is by interfering with down-regulation of

ICAM-1 and neutrophil accumulation pathways. We propose

that "-glucan might be used as a therapeutic agent in the

treatment of inflammatory lung injury related to sepsis.

REFERENCES
1. Goss CH, Brower RG, Hudson LD, Rubenfeld GD: Incidence of acute lung

injury in the United States. Crit Care Med 31:1607Y1611, 2003.
2. Lee WL, Downey GP: Neutrophil activation and acute lung injury. Curr Opin

Crit Care 7:1Y7, 2001.
3. Martin TR: Cytokines and the acute respiratory distress syndrome (ARDS): a

question of balance. Nat Med 3:272Y273, 1997.
4. Martin TR, Matute-Bello G, Skerrett SJ, Frevert CW: Extrapulmonary sepsis

and cytokines in lung injury and defense. In: Nelson S, Martin RT, (eds.):

Cytokines and Pulmonary Disease. New York, NY: Marcel Dekker,

pp 403Y458, 2000.
5. Kabir K, Gelinas JP, Chen M, Chen D, Zhang D, Luo X, Yang JH, Carter D,

Rabinovici R: Characterization of a murine model of endotoxin-induced acute

lung injury. Shock 17:300Y303, 2002.
6. Laudes IJ, Guo RF, Riedemann NC, Speyer C, Craig R, Sarma JV, Ward PA:

Disturbed homeostasis of lung intercellular adhesion moleculeY1 and vascular

cell adhesion moleculeY1 during sepsis. Am J Pathol 164:1435Y1445, 2004.
7. Fisher CJJ, Agosti JM, Opal SM, Lowry SF, Balk RA, Sadoff JC, Abraham E,

Schein RM, Benjamin E: Treatment of septic shock with the tumor necrosis

factor receptor: Fc fusion protein. N Engl J Med 334:1697Y1702, 1996.
8. Ballow M, Nelson R: Immunopharmacology: immunomodulation and immu-

notherapy. JAMA 278:2008Y2017, 1997.
9. Dellinger EP, Babineau TJ, Bleicher P, Kaiser AB, Seibert GB, Postier RG,

Vogel SB, Norman J, Kaufman D, Galandiuk S, Condon RE: Effect of

PGG-glucan on the rate of serious postoperative infection or death observed

after high-risk gastrointestinal operations. Arch Surg 134:977Y983, 1999.

10. Tzianabos AO, Gibson FC, Cisneros RL, Kasper DL: Protection against

experimental intraabdominal sepsis by two polysaccharide immunomodulators.

J Infect Dis 178:200Y206, 1998.
11. Bedirli A, Gökahmetŏlu S, yakrak Ö, Ersöz N, Ayangil D, Esin H:

Prevention of intra-peritoneal adhesion formation using beta-glucan after

ileocolic anastomosis in a rat bacterial peritonitis model. Am J Surg
185:339Y343, 2003.

12. Parker SJ, Watkins PE: Experimental models of gram-negative sepsis. Br J
Surg 88:22Y30, 2001.

13. Simons RK, Maier RV, Chi EY: Pulmonary effects of continuous endotoxin

infusion in the rat. Circ Shock 33:233Y243, 1991.
14. Babineau TJ, Hackford A, Kenler A, Bistrian B, Forse RA, Fairchild PG,

Heard S, Keroack M, Caushaj P, Benotti P: A phase II multicenter, double-

blind, randomized, placebo-controlled study of three dosages of an immuno-

modulator (PGG-glucan) in high surgical patients. Arch Surg 129:1204Y1210,
1994.

15. Bae JS, Ahn SJ, Yim H, Jang KH, Jin HK: Prevention of intraperitoneal

adhesions and abscesses by polysaccharides isolated from Phellinus spp in a

rat peritonitis model. Ann Surg 241:534Y540, 2005.
16. Babayigit H, Kucuk C, Sozuer E, Yazici C, Kose K, Akgun H: Protective

effect of beta-glucan on lung injury after cecal ligation and puncture in rats.

Intensive Care Med 31:865Y870, 1995.
17. Matute-Bello G, Frevert CW, Kajikawa O, Skerrett SJ, Goodman RB, Park

DR, Martin TR: Septic shock and acute lung injury in rabbits with peritonitis:

failure of the neutrophil response to localized infection. Am J Respir Crit Care
Med 163:234Y243, 2001.

18. Sener G, Toklu H, Ercan F, Erkanli G: Protective effect of beta-glucan against

oxidative organ injury in a rat model of sepsis. Int Immunopharmacol
5:1387Y1396, 2005.

19. Yin K, Hock CE, Lai PS, Ross JT, Yue G: Role of interferon-gamma in lung

inflammation following cecal ligation and puncture in rats. Shock 12:215Y221,
1999.

20. Lyuksutova OI, Murphey ED, Toliver-Kinsky TE, Lin CY, Cui W, Williams

DL, Sherwood ER: Glucan phosphate treatment attenuates burn-induced

inflammation and improves resistance to Pseudomonas aeruginosa burn

wound infection. Shock 23:224Y232, 2005.
21. Sener G, Sert G, Ozer Sehirli A, Arbak S, Uslu B, Gedik N, Ayanoglu-Dulger

G: Pressure ulcer-induced oxidative organ injury is ameliorated by beta-glucan

treatment in rats. Int Immunopharmacol 6:724Y732, 2006.
22. Soltys J, Quinn MT: Modulation of endotoxin- and enterotoxin-induced

cytokine release by in vivo treatment with beta-(1,6)-branched beta-(1,3)-

glucan. Infect Immun 67:244Y252, 1999.
23. Medeiros AC, Chacon DA, Sales VS, Egito ES, Brandao-Neto J, Pinheiro LA,

Carvalho MR: Glucan and glutamine reduce bacterial translocation in

rats subjected to intestinal ischemia-reperfusion. J Invest Surg 19:39Y46,
2006.

24. Williams DL, Ozment-Skelton T, Li C: Modulation of the phosphoinositide

3-kinase signaling pathway alters host response to sepsis, inflammation, and

ischemia/reperfusion injury. Shock 25:432Y439, 2006.
25. Lehr HA, Bittinger F, Kirkpatrick CJ: Microcirculatory dysfunction in sepsis: a

pathogenetic basis for therapy? J Pathol 190:373Y386, 2000.
26. Choudhury S, Wilson MR, Goddard ME, O’Dea KP, Takata M:

Mechanisms of early pulmonary neutrophil sequestration in ventilator-induced

lung injury in mice. Am J Physiol Lung Cell Mol Physiol 287:L902YL910,
2004.

27. Seekamp A, Mulligan MS, Till GO, Smith CW, Miyasaka M, Tamatani T,

Todd RF, Ward PA: Role of beta 2 integrins and ICAM-1 in lung injury

following ischemia-reperfusion of rat hind limbs. Am J Pathol 143:464Y472,
1993.

28. Xu H, Gonzalo JA, St Pierre Y, Williams IR, Kupper TS, Cotran RS, Springer

TA, Gutierrez-Ramos JC: Leukocytosis and resistance to septic shock in

intercellular adhesion molecule 1-deficient mice. J Exp Med 180:95Y109,
1994.

29. Muller AM, Cronen C, Muller KM, Kirkpatrick CJ: Heterogeneous expression

of cell adhesion molecules by endothelial cells in ARDS. J Pathol
198:270Y275, 2002.

30. Hein OV, Misterek K, Tessmann JP, van Dossow V, Krimphove M, Spies C:

Time course of endothelial damage in septic shock: prediction of outcome.

Crit Care 9:R323YR330, 2005.
31. Essani NA, Bajt ML, Farhood A, Vonderfecht SL, Jaeschke H: Transcriptional

activation of vascular cell adhesion moleculeY1 gene in vivo and its role in the

pathophysiology of neutrophil-induced liver injury in murine endotoxin shock.

J Immunol 158:5941Y5948, 1997.
32. Fries JW, Williams AJ, Atkins RC, Newman W, Lipscomb MF, Collins T:

Expression of VCAM-1 and E-selectin in an in vivo model of endothelial

activation. Am J Pathol 143:725Y737, 1993.

SHOCK APRIL 2007 "-GLUCAN AND ACUTE LUNG INJURY 401

View publication statsView publication stats


