J Pharm Pharmaceut Sci (www. cspsCanada.org) 10 (4): 434-442, 2007

Effects of Ketamine on Pulmonary Inflammatory Responses and
Survival in Rats Exposed to Polymicrobial Sepsis
Min Yu1, Danbing Shao2, Rong Yang3, Xiaomei Feng1, Sihai Zhu1, Jianguo Xu1
1

Department of Anesthesiology, Jinling Hospital, School of Medicine, Nanjing University, 305 East Zhongshan Road,

Nanjing 210002, China; 2Department of Emergency, Jinling Hospital, School of Medicine, Nanjing University, 305
East Zhongshan Road, Nanjing 210002, China; 3 Department of Urology, Drum Tower Hospital, School of Medicine,
Nanjing University, Nanjing 21008, China.
Received June 26, 2007; Revised, August 30, 2007; Accepted, September 2, 2007; Published September 5, 2007.

anti-inflammatory effects of ketamine may
correlate with improved survival in sepsis.

ABSTRACT - PURPOSE. Ketamine is reported
to suppress production of proinflammatory
cytokines and activity of nuclear factor-kappa B
(NF-κB)
after
lipopolysaccharide
(LPS)
stimulation. Our study was designed to
investigate the effects of ketamine on pulmonary
inflammatory responses and survival in a
clinically relevant model of polymicrobial sepsis,
induced by cecal ligation and puncture (CLP).
METHODS. After the induction of sepsis or
sham-operation, animals were treated with
ketamine (0.5, 5 or 10 mg/kg) or saline (10 ml/kg)
at 3h after operation. At 6 h post-operation, the
levels of tumor necrosis factor alpha (TNF-α) and
interleukin (IL)-6, activity of NF-κB, expression
of Toll-like receptor 2 (TLR2) and Toll-like
receptor 4 (TLR4) of the lungs were measured.
And the mortality was recorded for 7 days.
RESULTS. TNF-α and IL-6 production, NF-κB
activity, TLR2 and TLR4 expression in rat lungs
were increased after CLP. Ketamine at the doses
of 5 mg/kg and 10 mg/kg suppressed
CLP-induced elevation of TNF-α and IL-6
production, NF-κB activity and TLR2 expression.
Ketamine 0.5, 5 and 10 mg/kg inhibited TLR4
expression in sepsis. Ketamine 5mg/kg and 10
mg/kg after CLP improved the survival of rats.
CONCLUSIONS. Ketamine at sub-anesthetic
doses could suppress the production of
inflammatory cytokines such as TNF-α and IL-6,
attenuate NF-κB activity, and inhibit TLR2 and
TLR4 expression in polymicrobial sepsis. These

INTRODUCTION
Sepsis is a devastating medical condition that
often results in the development of multiple organ
failure (MOF), and is considered as a leading
cause of death in critically ill patients. It has been
reported that the lung is usually the first organ to
fail during sepsis, and pulmonary failure is a
common cause of mortality following sepsis (1-2).
Excessive activation of the inflammatory cascade
has been suggested to be a major factor that
contributes to the injury of various organs in
sepsis, including the lung (3).
Ketamine has been widely used in clinical
anesthesia, especially for septic or severely ill
surgical patients, because of its effect in maintaining
cardiovascular function (4). Moreover, it has been
reported that ketamine can suppress production of
cytokines, such as tumor necrosis factor-alpha
(TNF-α)
and
interleukin-6
(IL-6),
after
lipopolysaccharide (LPS) stimulation in vitro (5-7).
Previous reports from our laboratory and others also
revealed that, ketamine inhibited the elevation of
inflammatory cytokines and nuclear factor-kappa B
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Sodium pentobarbital (50 mg/kg, Sigma
Chem Co., St. Louis, MO) was injected
intraperitoneally (i.p.) to anesthetize the animals
before the surgical procedures. Polymicrobial
sepsis was induced by CLP as described
previously (12-14, 17). In brief, a midline incision
about 2 cm was made on the anterior abdomen.
The cecum was carefully isolated and the distal
20% was ligated. Then the cecum was punctured
twice with a sterile 21-gauge needle, and was
squeezed to extrude the cecal contents from the
wounds. The cecum was placed back and the
abdominal incision was closed. The sham control
animals were treated in an identical manner, but
no cecal ligation or puncture was performed. All
rats were administered 1ml sterile NS
subcutaneously (s.c.) immediately after surgery
for fluid resuscitation.
At 3h after operation, rats were treated with
ketamine (ketamine hydrochloride, Hengrui, Inc.,
Nanjing, China) 0.5, 5 or 10 mg/kg (i.v.) or NS
(10 ml/kg, i.v.). At 6 h post-operation, the rats
were sacrificed. Then the lungs of rats were
harvested and stored in liquid nitrogen for later
use.

(NF-κB), which could regulate the expression of
many genes of inflammatory cytokines (8), during
LPS-induced sepsis in vivo (9-11). Cecal ligation
and puncture (CLP) is a model of polymicrobial
sepsis, which has been considered to reproduce
inflammatory responses and pathological sequela of
clinical sepsis closely, and has been used
successfully in many experiments (12-15).

Our study was to investigate effects of
ketamine on inflammatory cytokines, such as
TNF-α and IL-6, and nuclear factor-kappa B
(NF-κB), in the lungs of rats during CLP-induced
sepsis. Further more, we tried to examine the
effects of ketamine on Toll-like receptor 2 (TLR2)
and Toll-like receptor 4 (TLR4), which may
mediate the activation of NF-κB and lead to
production of cytokines (16), in a CLP model of
polymicrobial sepsis. In addition, we intended to
study the effect of ketamine on survival in the
CLP model of sepsis.

MATERIALS AND METHODS
Animals
Adult male Sprague-Dawley rats (250-300 g body
weight) were obtained from Shanghai Animal
Center, Shanghai, China. The rats were exposed
to 12 h of light and 12 h of darkness each day,
and were given access to food and water ad
libitum. The experimental procedures were
approved by the Institutional Animal Ethics
Committee.

Enzyme-linked immunosorbent assay (ELISA)
The levels of TNF-α and IL-6 of rat lungs were
measured by commercial ELISA kits (TNF-α,
Diaclone Research, France; IL-6, Biosource
Europe
SA,
Belgium)
following
the
manufacturers’ instructions. The values of TNF-α
and IL-6 were expressed as pg/mg protein.

Experimental protocol
Electrophoretic mobility shift assay (EMSA)
Rats were randomly assigned to six groups (6
rats/group): sham-operation plus normal saline
(NS, 10 ml/kg), CLP plus NS (10 ml/kg), CLP
plus ketamine (0.5 mg/kg), CLP plus ketamine (5
mg/kg), CLP plus ketamine (10 mg/kg) and
sham-operation plus ketamine (10 mg/kg).

Nuclear protein of rat lungs was extracted and
quantified as previously described (18). EMSA
was performed using a commercial kit (Gel Shift
Assay System, Promega, Madison, WI) according
to previous studies of our laboratory (6). Briefly,
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dsDNA oligonucleotide probe for NF-κB
(5’-AGTTGAGGGGACTTTCCCAGGC-3’) was
commercially.
The
NF-κB
synthesized
oligonucleotide probe was end-labeled with [γ-32P]
ATP (Free Biotech, Beijing, China) with
T4-polynucleotide kinase. Binding reactions were
performed using nuclear extract protein (80 µg)
preincubated in a binding buffer (9 µl), containing
10 mmol/l Tris-HCl (pH 7.5), 1 mmol/l MgCl2, 50
mmol/l NaCl, 0.5 mmol/l EDTA, 0.5 mmol/l DTT,
40 ml/l glycerol, and 0.05 g/l of
poly-(deoxyinosinic deoxycytidylic acid) for 15
min at room temperature. After addition of the 1
µl 32P-labeled oligonucleotide probe, the
incubation was continued for 30 min at room
temperature. Reaction was stopped by adding 1 µl
of gel loading buffer, and the mixture was
subjected
to
non-denaturing
40
g/l
polyacrylamide gel electrophoresis in 0.5×TBE
buffer. The gel was dried and exposed to X-ray
film (Fuji Photo Film Co., Ltd., Japan) at -70°C.
NF-κB activity was measured by densito-metry,
using Bandleader 3.0 software (Magnitec Ltd.,
Israel).
Reverse-transcription
reaction (RT-PCR)

polymerase

5’-GGTCTTGGTGTTCAT TATCTTGCGC-3’;
TLR4 (sense): 5’ - T G G A T A C G T T T C C T
T A T A A G - 3’, TLR4 (antisense):
5’-GAAATGGAGGCACCCCTTC-3’; GAPDH
(sense): 5’ - T C C G C C C C T T C C G C T G A
TG-3’, GAPDH (antisense): 5’ - C A C G G A A
G G C C A T G C C A G T G A - 3’.
Polymerase chain reaction (PCR) was
performed with 100 μl reaction mixture of 2 μl of
RT product, 1.5 mmol/l MgCl2, 2.5 U Taq DNA
polymerase, 100 μmol/l dNTP, 0.1 μmol/l primer,
and 1xTaq DNA polymerase magnesium-free
buffer (Promega, Madison, WI, USA). Two drops
of mineral oil (Sigma Chemical Co., St. Louis,
MO, USA) were used to overlay the reaction
mixture. PCR was conducted in a thermocycler
(MiniCycler PTC 150, MJ Research Inc.,
Watertown, MA, USA) for 30 cycles. Each PCR
cycle consisted of 45 s at 95 °C, 45 s at 54 °C and
60 s at 72 °C. The last cycle was followed by a
final incubation at 72 for 3 min and cooled to 4 ºC.
The polymerase chain reaction products were 602
bp (TLR2), 548 bp (TLR4) and 340 bp (GAPDH).
RT-PCR products were electrophoresed on a
1.5% ethidium bromidestained agarose gel and
saved as digital images. Relative quantities of
TLR2 and TLR4 mRNA expression were
analyzed by Bandleader 3.0 software (Magnitec
Ltd., Israel), normalized with GAPDH
expression.

chain

The expression of TLR2 and TLR4 mRNA in rat
lungs was assessed by RT-PCR. Total RNA was
extracted with TriPure Isolation Reagent (Roche
Molecular Biochemicals, Basel, Switzerland), and
the
concentration
was
determined
by
spectrophotometric optical density measurement
at 260 nm. 2 µg of RNA was used in reverse
transcription (RT) with a Reverse Transcription
System Kit (Promega, Madison, WI, USA)
according to the protocol. Glyceraldehyde3-phosphate dehydrogenase (GAPDH) served as a
normalization control. The primer sequences were:
TLR2(sense): 5’ - A C A G C T A C C T G T G T
G A C T C T C C G C C - 3’, TLR2 (antisense):

Survival Study
Additional six groups of rats (20 rats/group)
received identical treatments as mentioned above.
Survival of rats was monitored for 7 days.
Statistic analysis
Data were presented as mean ± standard deviation
(S.D.). Statistical Product for the Social
Sciences-11.0 (SPSS Inc., Chicago, IL, USA) was
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used for data analysis. Differences among groups
were determined by one-way analysis of variance
(ANOVA),
followed
by
the
Student-Newman-Keuls (SNK) post hoc test.
Kaplan-Meier analysis was used to compare
survival rates. Significance was defined as p
<0.05.

a marked increase in survival after CLP operation
(P<0.05) (Fig. 6).

RESULTS
Pulmonary levels of TNF-α and IL-6
The levels of TNF-α and IL-6 in the lung tissue
were elevated after CLP, compared with the sham
control (P<0.05). Ketamine at the doses of 5
mg/kg and 10 mg/kg suppressed TNF-α and IL-6
elevation after experimental CLP (P<0.05).
Ketamine did not influence pulmonary levels of
TNF-α and IL-6 in the rats received no CLP (Fig.
1 and Fig. 2).

Figure 2. Production of IL-6 in rat lungs. IL-6
production was enhanced after CLP, and ketamine
decreased this enhancement. a: P<0.05 versus sham
control; b: P<0.05 versus CLP group.

Pulmonary NF-κB activity
CLP induced a significant increase in NF-κB
activity of rat lungs (P<0.05). At the dose of 5
mg/kg and 10 mg/kg, ketamine inhibited the
elevation of NF-κB activity after CLP (P<0.05).
Ketamine alone did not change NF-κB activity,
compared with the controls (Fig. 3).
Pulmonary TLR2 and TLR4 expression
TLR2 and TLR4 mRNA expression was
statistically increased in the lungs of rats
challenged with CLP, compared with those in
control group (P<0.05). Ketamine inhibited
pulmonary TLR2 expression of the CLP rats in a
dose-related manner. The minimal dosage of
ketamine required to suppress the CLP-induced
TLR2 elevation was 5mg/kg (P<0.05). And
ketamine 0.5, 5 and 10 mg/kg inhibited TLR4
expression after CLP (P<0.05). Ketamine alone
had no effect on pulmonary levels of TLR2 and
TLR4 in rats without CLP (Fig. 4 and Fig. 5).

Figure 1. Production of TNF-α in rat lungs. CLP
induced elevation of TNF-α, and ketamine after CLP
decreased the level of TNF-α. a: P<0.05 versus sham
control; b: P<0.05 versus CLP group.

Survival Study
In sham-operation group and ketamine-alone
group, no rats died throughout the experiment.
Survival following CLP decreased significantly
(P<0.05). Ketamine (5 mg/kg or 10 mg/kg) led to
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Figure 5. TLR4 expression in rat lungs. Lane 1,
Figure 3. Activity of NF-κB in rat lungs. Lane 1,

Sham-operation control group; Lane 2, CLP group;

Sham-operation control group; Lane 2, CLP group;

Lane 3, CLP+ketamine (0.5 mg/kg) group; Lane 4,

Lane 3, CLP+ketamine (0.5 mg/kg) group; Lane 4,

CLP+ketamine

CLP+ketamine

5,

CLP+ketamine (10 mg/kg) group; Lane 6, Ketamine

CLP+ketamine (10 mg/kg) group; Lane 6, Ketamine

(10 mg/kg) alone group. Expression of TLR4 mRNA

(10 mg/kg) alone group. CLP increased pulmonary

was elevated after CLP, and ketamine inhibited this

NF-κB activity, and ketamine suppressed this effect. a:

elevation. a: P<0.05 versus sham control; b: P<0.05

P<0.05 versus sham control; b: P<0.05 versus CLP

versus CLP group.

(5

mg/kg)

group;

Lane

(5

mg/kg)

group;

Lane

5,

group.

DISCUSSION
Our study demonstrated that the CLP operation
increased pulmonary levels of TNF-α, IL-6,
NF-κB, TLR2 and TLR4 of rats. The results also
indicated that, during CLP-induced sepsis,
ketamine could suppress the production of TNF-α
and IL-6 and inhibit the activation of NF-κB in rat
lungs. Moreover, ketamine suppressed the
pulmonary TLR2 and TLR4 expression of septic
rats in a dose-related manner. In addition,
ketamine after CLP may improve the survival of
rats.
TNF-α holds a key position in the
inflammatory responses during sepsis (19). It is
believed that TNF-α is one of the primary agents
which may initiate the cytokine cascade in sepsis,
and may cause systemic inflammatory response
syndrome (SIRS) (20). In addition to TNF-α, IL-6
is also a notable element in the cytokine network
during sepsis.

Figure 4. TLR2 expression in rat lungs. Lane 1,
Sham-operation control group; Lane 2, CLP group;
Lane 3, CLP+ketamine (0.5 mg/kg) group; Lane 4,
CLP+ketamine

(5

mg/kg)

group;

Lane

5,

CLP+ketamine (10 mg/kg) group; Lane 6, Ketamine
(10 mg/kg) alone group.CLP enhanced pulmonary
TLR2 mRNA expression, and ketamine after CLP
inhibited this effect. a: P<0.05 versus sham control; b:
P<0.05 versus CLP group.
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is difference in the objects. The dose of ketamine
required to suppress the production of IL-6 in rat
lungs may be different from that in sera of human
beings.
The transcription factor NF-κB is believed
to regulate the expression of a wide variety of
genes which are essential in innate immune
responses, including those encoding cytokines
such as TNF-α and IL-6 (8). Persistent activation
of NF-κB may lead to excessive production of
inflammatory cytokines, culminating in tissue
injury, organ dysfunction, or even death. In the
present study, we performed EMSA to examine
the NF-κB activity. We found that the NF-κB
activity in rat lungs was elevated after CLP
operation. Previous work from our laboratory and
others indicated that ketamine could inhibit
NF-κB activation after LPS stimulation in vivo
and in vitro (6, 9, 24). In agreement with previous
reports, the present study also revealed that
ketamine could suppress NF-κB activation in rat
lungs during CLP-induced polymicrobial sepsis.
This result was consistent with the influence of
ketamine on TNF-α and IL-6 after CLP.
The Toll-like receptors (TLRs) have been
highlighted recently in pathogen recognition and
host defense. (25) These TLRs are capable of
recognizing
and
discriminating
diverse
pathogen-associated molecular patterns (PAMPs).
In the TLRs family, TLR2 and TLR4 have been
extensively studied. In mammals, TLR2 seems to
be involved in recognition of bacterial lipoprotein
(BLP), peptidoglycan (PGN), lipoteichoic acid
(LTA)
of
Gram-positive
bacteria,
and
lipoarabinomannan (LAM) of mycobacteria and
mannans of yeasts (26-27), while TLR4 may
recognize LPS of Gram-negative bacteria (27-29).
It has been suggested that TLR2 and TLR4 may
transduce the signals from the extracellular
domain to the cytoplasm, leading to the activation
of immune responses, especially the activation of
NF-κB (16). In our study, we used the model of

Figure 6. Kaplan-Meier curves for survival of rats.
CLP decreased survival of the rats, and ketamine after
CLP increased survival. a: P<0.05 versus sham control;
b: P<0.05 versus CLP group.

Previous studies indicated that IL-6 concentration
often closely correlats with the severity of sepsis
(21-22). In the present study, we investigated the
effects of ketamine on pulmonary levels of TNF-α
and IL-6, both of which are powerful
inflammatory cytokines, in the CLP model of
sepsis. Our study indicated that ketamine could
suppress the CLP-induced elevation of TNF-α
and IL-6 production. These findings corresponded
well with previous reports that ketamine could
inhibit the production of TNF-α and IL-6 after
LPS stimulation (5-11). Moreover, in the CLP
model of sepsis, we found that the minimal dose
of ketamine to suppress TNF-α and IL-6 in rat
lungs was 5 mg/kg. However, a previous report
implicated that ketamine 0.25 mg/kg could
attenuate the increase of serum IL-6 of patients
after cardiopulmonary bypass (CPB) (23). There
might be two reasons for the difference in the
doses of ketamine to suppress IL-6. First, the
models are different. The impairment of CLP may
be different from the injury of CPB. Second, there
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CLP-induced sepsis, which is composed of both
Gram-positive and Gram-negative bacteremia
(30), to investigate the effect of ketamine on
TLR2 and TLR4 expression in rat lungs. Our
study revealed that the pulmonary levels of TLR2
and TLR4 increased after CLP operation. This
result was in agreement with previous reports that
TLR4 expression was up-regulated in cultured rat
lung pericytes and in rat lungs after LPS
stimulation (31, 32). The present investigation
also indicated that ketamine after CLP suppressed
TLR2 and TLR4 expression in rat lungs. The
influence of ketamine on TLR2 and TLR4 was
consistent with its effect on NF-κB, as well as
TNF-α and IL-6.
Ketamine has been reported to suppress
LPS-induced mortality in carrageenan-sensitized
rats (10). It also has been demonstrated that
ketamine could improve survival in burn injury
followed by sepsis in rats (33). In the present
study, we found that ketamine at the doses of 5
mg/kg and 10 mg/kg could improve survival in a
CLP model of sepsis. Previous studies suggested
that the beneficial effect of ketamine on survival
was probably achieved by attenuating production
of inflammatory cytokines (10, 33). Moreover, it
was implied that inhibiting NF-κB activation and
TLR2 and TLR4 expression correlated with
survival improvement in sepsis (34, 35).
Therefore, we hypothesized that, in the CLP
model of sepsis, ketamine might improve survival
by suppressing production of inflammatory
cytokines, NF-κB activation and TLR2 and TLR4
expression. The results of present study supported
our hypothesis, which led us to conclude that,
during sepsis induced by CLP, the beneficial
effect of ketamine on the survival of rats possibly
correlates with its anti-inflammatory effects.
In this study, we used ketamine at the
dosage levels of 0.5 mg/kg, 5 mg/kg and 10
mg/kg. Our results revealed that ketamine at these
doses inhibited TLR4 expression in CLP-induced

sepsis. At 5 mg/kg and 10 mg/kg, ketamine after
CLP suppressed TNF-α and IL-6 production,
NF-κB activity and TLR2 expression in rat lungs,
and improved the survival of rats. The doses of
ketamine 5 mg/kg and 10 mg/kg seem to be
relatively high compared with the doses usually
used in anesthesia of humans. However, there
may be differences in the doses of ketamine
between humans and animals. It has been
suggested that the doses of ketamine required to
anesthetize the experiment animal such as
guinea-pig range from 44 to 250 mg/kg (36). And
according to previous reports, no anesthetic state
was produced in rats received 10 mg/kg ketamine
(37). So the doses of ketamine in our study may
be sub-anesthetic to rats.
In conclusion, our study indicated that in
the CLP model of sepsis, ketamine at
sub-anesthetic doses could suppress inflammatory
cytokine production, NF-κB activation, and TLR2
and
TLR4
expression.
And
these
anti-inflammatory effects of ketamine possibly
correlate with improved survival of rats with
CLP-induced sepsis. These findings suggest that
proper use of ketamine may offer advantages
during sepsis.
ACKNOWLEDGEMENT
The authors thank Dr. Genbao Feng for the
excellent technical assistance.
REFERENCES
[1].

Welbourn CR, Young Y. Endotoxin, septic
shock and acute lung injury: neutrophils,
macrophages and inflammatory mediators. Br J
Surg, 79:998-1003, 1992.

[2].

Nuytinck HK, Offermans XJ, Kubat K, Goris
JA.

Whole-body

patients.

An

123:1519-24, 1988.

440

inflammation

autopsy

study.

in
Arch

trauma
Surg,

J Pharm Pharmaceut Sci (www. cspsCanada.org) 10 (4): 434-442, 2007

[3].

Beal AL, Cerra FB. Multiple organ failure

and hepatic injury in murine septic peritonitis.

syndrome in the 1990s. Systemic inflammatory

Shock, 27:373-9, 2007.

response
[4].

and

organ

dysfunction.

JAMA,

[13]. Demirbilek S, Sizanli E, Karadag N, Karaman

271:226-33, 1994.

A, Bayraktar N, Turkmen E, Ersoy MO. The

Yli-Hankala A, Kirvela M, Randell T, Lindgren

effects of methylene blue on lung injury in

L. Ketamine anaesthesia in a patient with septic

septic rats. Eur Surg Res, 38:35-41, 2006.

shock. Acta Anaesthesiol Scand, 36:483-5,

[14]. Salkowski CA, Detore G, Franks A, Falk MC,

1992.
[5].

[6].

Vogel

Lankveld

DP,

Bull

S,

Van

Dijk

expression

P,

cecal

ligation

and

inhibits

attenuates

sepsis-induced

factor-alpha and interleukin-6 in an equine

chemokine

expression

macrophage cell line. Vet Res, 36:257-62, 2005.

infiltration. Infect Immun, 66:3569-78, 1998.

LPS-induced

tumour

necrosis

cytokine
and

and

neutrophil

Yu Y, Zhou Z, Xu J, Liu Z, Wang Y. Ketamine

[15]. Deitch EA. Animal models of sepsis and shock:

reduces NF-kappa B activation and TNF-alpha

a review and lessons learned. Shock, 9:1-11,

production in rat mononuclear cells induced by

1998.
[16]. Van Amersfoort ES, Van Berkel TJ, Kuiper J.

32: 292-8, 2002.

Receptors,

Kawasaki T, Ogata M, Kawasaki C, Ogata J.

involved in bacterial sepsis and septic shock.

Ketamine suppresses proinflammatory cytokine

Clin Microbiol Rev, 16:379-414, 2003.

mediators,

and

mechanisms

[17]. Walley KR, Lukacs NW, Standiford TJ, Strieter

Anesth Analg, 89: 665-9, 1999.

RM, Kunkel SL. Balance of inflammatory

Ghosh S, May MJ, Kopp EB. NF-kappa B and

cytokines related to severity and mortality of

Rel

murine sepsis. Infect Immun, 64:4733-8, 1996.

proteins:

evolutionarily

conserved

[18]. Liu Z, Yu Y, Jiang Y, Li J. Growth hormone

mediators of immune responses. Annu Rev
[9].

hepatic gene

puncture: monophosphoryl lipid A prophylaxis

production in human whole blood in vitro.
[8].

following

and

Fink-Gremmels J, Hellebrekers LJ. Ketamine

lipopolysaccharide in vitro. Ann Clin Lab Sci,
[7].

SN. Pulmonary

Immunol, 16:225-60, 1998.

increases lung NF-kappa B activation and lung

Sun J, Wang X, Liu H, Xu J. Ketamine

microvascular

suppresses endotoxin-induced NF-kappa B

lipopolysaccharide in rats. Ann Clin Lab Sci,

activation and cytokines production in the

32:164-70, 2002.

injury

induced

by

[19]. Strieter RM, Kunkel SL, Bone RC. Role of

intestine. Acta Anaesthesiol Scand, 48:317-21,

tumour necrosis factor-alpha in disease states

2004.

and inflammation. Crit Care Med, 21:S447-63,

[10]. Koga K, Ogata M, Takenaka I, Matsumoto T,

1993.

Shigematsu A. Ketamine suppresses tumor
necrosis factor- alpha activity and mortality in

[20]. Blackwell TS, Christman JW. Sepsis and

carrageenan-sensitized endotoxin shock model.

cytokines: current status. British Journal of

Circ Shock, 44:160-8, 1994.

Anaesthesia, 77:110-7, 1996.
[21]. Gardlund B, Sjolin J, Nilsson A, Roll M,

[11]. Takenaka I, Ogata M, Koga K, Matsumoto T,
suppresses

Wickerts CJ, Wretlind B. Plasma levels of

endotoxin-induced tumor necrosis factor alpha

cytokines in primary septic shock in humans:

production in mice. Anesthesiology, 80:402-8,

correlation with disease severity. J Infect Dis,

1994.

172:296-301, 1995.

Shigematsu

A.

Ketamine

[12]. Lee HT, Emala CW, Joo JD, Kim M. Isoflurane
[22]. Damas P, Ledoux D, Nys M, Vrindts Y, De
Groote D, Franchimont P, Lamy M. Cytokine

improves survival and protects against renal
441

J Pharm Pharmaceut Sci (www. cspsCanada.org) 10 (4): 434-442, 2007

serum level during severe sepsis in human: IL-6

sepsis correlates with bacteremia, cytokine

as a marker of severity. Ann Surg, 215: 356-62,

expression,

1992.

230:95-104, 1999.

[23]. Roytblat

L,

Talmor

Ann

Surg,

[31]. Edelman DA, Jiang Y, Tyburski J, Wilson RF,

Greemberg L, Pekar A, Appelbaum A, Gurman

Steffes C. Toll-like receptor-4 message is

GM, Shapira Y, Duvdenani A. Ketamine

up-regulated in lipopolysaccharide-exposed rat

attenuates the interleukin-6 response after

lung pericytes. J Surg Res, 134:22-7, 2006.

bypass.

Rachinsky

mortality.

M,

cardiopulmonary

D,

and

Anesth

Analg,

[32]. Janardhan KS, McIsaac M, Fowlie J, Shrivastav

87:266-71, 1998.

A, Caldwell S, Sharma RK, Singh B. Toll like

[24]. Sakai T, Ichiyama T, Whitten CW, Giesecke
AH,

Lipton

JM.

Ketamine

receptor-4 expression in lipopolysaccharide

suppresses

induced lung inflammation. Histol Histopathol,

endotoxin-induced NF-kappaB expression. Can

21:687-96, 2006.

J Anaesth, 47:1019-24, 2000.

[33]. Gurfinkel R, Czeiger D, Douvdevani A, et al.

[25]. Hallman M, Ramet M, Ezekowitz RA. Toll-like

Shapira Y, Artru AA, Sufaro Y, Mazar J,

receptors as sensors of pathogens. Pediatr Res,

Shaked G. Ketamine Improves Survival in Burn

50:315-21, 2001.

Injury Followed by Sepsis in Rats. Anesth

[26]. Lien E, Sellati TJ, Yoshimura A, Flo TH,

Analg, 103:396-402, 2006.

Rawadi G, Finberg RW, Carroll JD, Espevik T,

[34]. Williams DL, Ha T, Li C, Kalbfleisch JH,

Ingalls RR, Radolf JD, Golenbock DT.

Laffan JJ, Ferguson DA. Inhibiting early

Toll-like receptor 2 functions as a pattern

activation of tissue nuclear factor-kappa B and

recognition receptor

nuclear

for diverse bacterial

products. J Biol Chem, 274:33419-45, 1999.

factor

interleukin

(1-->3)-beta-D-glucan

[27]. Talreja J, Kabir MH, B Filla M, Stechschulte

6

increases

with

long-term

survival in polymicrobial sepsis. Surgery,

DJ, Dileepan KN. Histamine induces Toll-like

126:54-65, 1999.

receptor 2 and 4 expression in endothelial cells

[35]. Williams DL, Ha T, Li C, Kalbfleisch JH,

and enhances sensitivity to Gram-positive and

Schweitzer

Gram-negative bacterial cell wall components.

Modulation of tissue Toll-like receptor 2 and 4

Immunology, 113:224-33, 2004.

during the early phases of polymicrobial sepsis

[28]. Jeyaseelan S, Chu HW, Young SK, Freeman

J,

Vogt

W,

Browder

IW.

correlates with mortality. Crit Care Med,

MW, Worthen GS. Distinct roles of pattern

31:1808-18, 2003.

recognition receptors CD14 and Toll-like

[36]. Oshima

E,

Richards

CD.

An

in

vitro

receptor 4 in acute lung injury. Infect Immun,

investigation of the action of ketamine on

73:1754-63, 2005.

excitatory

[29]. Poltorak A, He X, Smirnova I, Liu MY, Van

hippocampus

Huffel C, Du X, Birdwell D, Alejos E, Silva M,
Galanos

C,

Freudenberg

synaptic
of

the

transmission
guinea-pig.

in
Eur

the
J

Pharmacol, 148:23-33, 1988.

M,

[37]. Kubota T, Anzawa N, Hirota K, Yoshida H,

Ricciardi-Castagnoli P, Layton B, Beutler B.

Kushikata T, Matsuki A. Effects of ketamine

Defective LPS signaling in C3H/HeJ and

and pentobarbital on noradrenaline release from

C57BL/10ScCr mice: mutations in Tlr4 gene.

the medial prefrontal cortex in rats. 388-92, 99.

Science, 282:2085-8, 1998.
[30]. Williams DL, Ha T, Li C, Kalbfleisch JH,
Ferguson DA Jr. Early activation of hepatic
NF-kappa B and NF-IL6 in polymicrobial
442

