
Abstract. Background: Sepsis is associated with the highest
risk of progression to acute lung injury or the acute respira-
tory distress syndrome. Ketamine has been advocated for
anesthesia in endotoxemic and other severely ill patients
because it is a cardiovascular stimulant. Our study was
designed to investigate the effect of ketamine on the endo-
toxin-induced acute lung injury in vivo.
Materials and methods: Adult male Wistar rats were ran-
domly divided into 6 groups: saline controls; rats challenged
with endotoxin (5 mg/kg) and treated with saline; challenged
with endotoxin (5 mg/kg) and treated with ketamine (0.5 mg/
kg); challenged with endotoxin (5 mg/kg) and treated with
ketamine (5 mg/kg); challenged with endotoxin (5 mg/kg)
and treated with ketamine (50 mg/kg); saline injected and
treated with ketamine (50 mg/kg). TNF-a, IL-6 and NF-
kappa B were investigated in the tissues of the lung after 2 h.
Myeloperoxidase (MPO) activity and wet/dry weight ratio
were investigated 6 h later.
Results: We demonstrated that intravenous administration of
endotoxin could provoke significant lung injury, which was
characterized by increase of MPO activity and wet/dry
weight ratio, TNF-a and IL-6 expression and NF-kappa B
activation. Ketamine (5, 50 mg/kg) inhibited endotoxin-
induced NF-kappa B activation. Ketamine only at a dose 
of 50 mg/kg inhibited TNF-a and IL-6 production, and
decreased MPO activity and wet/dry weight ratio after endo-
toxin challenge. 
Conclusions: Ketamine, only at a supra-anesthetic dosage,
could inhibit endotoxin-induced pulmonary inflammation in
vivo.
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Introduction

Acute respiratory distress syndrome (ARDS) is a common,
devastating clinical syndrome of acute lung injury (ALI) that
affects both medical and surgical patients. Until recently,
most studies of acute lung injury and the acute respiratory
distress syndrome have reported a mortality rate of 40 to 
60 percent [1–3].

Sepsis is associated with the highest risk of progression
to acute lung injury or the acute respiratory distress syn-
drome, at approximately 40 percent [4]. The intravenous
anesthetic ketamine has been advocated for use in endotox-
emic or severely ill patients because of its stimulatory effects
on the cardiovascular system [5]. Further it also suppresses
lipopolysaccharide (LPS)-induced tumor necrosis factor
alpha (TNF-a) production at concentrations > 20 mg/mL, and
significantly suppresses both LPS-induced and TNF-induced
interleukin 6 (IL-6) and IL-8 production at concentrations 
> 100 mg/mL in human whole blood in vitro [6]. It is also
demonstrated that ketamine has the ability to suppress LPS-
induced TNF-a and NF-kappa B activation in peripheral
blood mononuclear cells (PBMC) [7]. Since TNF-a, IL-6,
and NF-kappa B are known to be very important inflamma-
tory mediators in the pathogenesis of LPS-induced acute
lung injury [8], and ketamine seems to have a powerful
inhibitory effect on these inflammatory mediators, therefore
this study was intended to investigate whether ketamine
could suppress endotoxin-induced acute lung injury in vivo. 

Materials and methods

Animals and experiment protocol 

Adult male Wistar rats (50 days old), which were free of pathogens,
were purchased from Shanghai Animal Center, Shanghai, China. The
rats were exposed daily to 12 h of light and 12 h of darkness. Rodent
food and water were provided freely. The experimental protocol fol-
lowed institutional criteria for the care and use of laboratory animals in
research. 
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The animals were anesthetized with urethane (1g/kg) intraperi-
toneally. Endotoxemia model was established by injection with a dose
of lipopolysaccharide (LPS) (5 mg/kg) (Escherichia coli O111: B4, Sig-
ma USA) via the tail vein. Since intravenous administration of LPS
(5 mg/kg) was verified to induce significant lung injury in rats [9]. All
animals were then treated immediately with ketamine (0.5, 5, 50 mg/kg)
(Ketamine Hydrochloride, Hengrui Inc., China) or 0.9% NaCl
intraperitoneally. Two or six hours after LPS, animals were exsan-
guinated. Tissues from the lung were removed and washed with 0.9%
NaCl. NF-kappa B, TNF-a and interleukin 6 (IL-6) were investigated
two hours after sepsis. Pulmonary edema and lung neutrophil accumu-
lation were investigated six hours after sepsis. We used six rats in each
time point of each group.

Analytical methods

Nuclear protein extraction. Nuclear extracts of the lung tissue were pre-
pared by hypotonic lysis followed by high salt extraction [10, 11]. In
brief, ~0.1g of frozen tissue was homogenized in 0.8 ml ice-cold buffer
A, composed of 10 mM HEPES (pH 7.9), 10 mM KCl, 2 mM MgCl2,
0.1 mM EDTA, 1.0 mM dithiothreitol (DTT), and 0.5 mM phenylmen-
thysulfonylfluoride (PMSF) (all from Sigma Chemical Co.). The
homogenate was incubated on ice for 20 min, after which 50 ml of 10%
Nonidet P-40 solution was added (Sigma Chemical Co.); the mixture
was vortexed for 30 sec and centrifuged for 1 min at 5000g at 4°C. The
crude nuclear pellet was resuspended in 200 ml of buffer B, containing
20 mM HEPES (pH 7.9), 420 mM NaCl, 1.5 mM MgCl2, 0.1 mM
EDTA, 1mM DTT, 0.5 mM PMSF, 25% (v/v) glycerol, and incubated
on ice 30 min with intermittent mixing. The suspension was centrifuged
at 12,000 g at 4°C for 15 min. The supernatant containing nuclear pro-
teins was collected and kept at –70°C for use. Protein concentration was
based on Bradford protein assay formats. 

Electrophoretic mobility shift assay (EMSA). EMSA was per-
formed using a commercial kit (Gel Shift Assay System; Promega,
Madison, WI) as previously described [12]. The NF-kappa B oligonu-
cleotide probe (5¢-AGTTGAGGGGACTTTCCCAGGC-3¢) was end-
labeled with [g-32P] ATP (Free Biotech, Beijing, China) with T4-polynu-
cleotide kinase. Nuclear protein (80 mg) was preincubated in 9 ml of 
a binding buffer, consisting of 10 mM Tris-Cl, pH 7.5, 1 mM MgCl2, 
50 mM NaCl, 0.5 mM EDTA, 0.5 mM DTT, 4% glycerol, and 0.05g ·
L–1 of poly-(deoxyinosinic deoxycytidylic acid) for 15 min at room tem-
perature. After addition of the 1 ml 32P-labelled oligonuleotide probe, the

incubation was continued for 30 min at room temperature. The reaction
was stopped by adding 1 ml of gel loading buffer, and the mixture was
subjected to non-denaturing 4% polyacrylamide gel electrophoresis in
0.5¥TBE buffer. The gel was vacuum-dried and exposed to X-ray film
(Fuji Hyperfilm) at –70°C.  

Enzyme-linked immunoassay. TNF-a and IL-6 in the lung were
measured using commercially available enzyme-linked immuno-
assay Kits (Diaclone for TNF-a, Biosource for IL-6) according to the
test protocol. Values were expressed as pg per milligram protein (pg/mg
prot).

Assessment of lung neutrophil accumulation. Lung myeloperoxi-
dase (MPO) activity was determined as an index of tissue neutrophils
accumulation. To measure tissue MPO activity, frozen lungs were
thawed and extracted for MPO, following the homogenization and son-
ication procedure as described previously [13]. MPO activity in super-
natant was measured and calculated from the absorbance (at 460 nm)
changes resulting from decomposition of H2O2 in the presence of 
o-dianisidine.

Assessment of pulmonary edema. Pulmonary edema was estimated
by the wet/dry lung weight ratio, a technique commonly used for assess-
ment of experimental lung injury [14]. Briefly, after exposure to the
desired experimental condition, animals were killed. A sternotomy inci-
sion was performed and the lungs were removed. The right lower lobe
was isolated and immediately weighed (wet weight) before being dried
for 48 h at 90 ºC and then weighed again (dry weight).

Statistic analysis. Data were expressed as mean ± SD. Statistical
significance was determined by one-way analysis of variance 
(ANOVA). Significance was subsequently verified with Student-New-
man-Kuels tests. P < 0.05 was considered significant. 

Results

Ketamine inhibited endotoxin-induced NF-kappa B 
activation in the lung

Activity of NF-kappa B in nuclear extracts from the lung
with endotoxin stimulation was enhanced significantly when
compared with control. Ketamine inhibited NF-kappa B acti-
vation at two (5, 50 mg/kg) dosing levels. Ketamine at the
dose of 0.5 mg/kg did not inhibit NF-kappa B activation.
(Fig. 1) 

134 J. Yang et al. Inflamm. res.

Fig. 1. Effect of ketamine on LPS-induced NF-kappa B activation in the lung. Rats were subjected to saline or endotoxin (5 mg/kg) challenge and
treated with or without ketamine (0.5, 5, 50 mg/kg). Two hours later NF-kappa B was investigated in the lung. Endotoxin increased NF-kappa B 
activation in the lung, and ketamine beyond 5 mg/kg inhibited this response significantly. Lane 1 Control group, lane 2 LPS (5 mg/kg) challenged
group, lane 3,4,5 LPS challenged and treated with various dose of ketamine (0.5, 5, 50 mg/kg), lane 6 ketamine alone group (50 mg/kg). The graphic
was representative of six. *p < 0.05 and **p < 0.01 vs control group; #p < 0.05 and ##p < 0.01 vs LPS only group.



Induction of TNF-a and IL-6 in the lung tissue by endo-
toxin challenge and the protective effect of ketamine

TNF-a and IL-6 remained at baseline level in unchallenged
rats. Endotoxin caused an increase in TNF-a and IL-6 in the
lung homogenate. Ketamine was administered intraperi-
toneally soon after the endotoxin challenge and tissue
cytokines levels were analyzed 2 h later. Ketamine less than
50 mg/kg could not suppress TNF-a and IL-6 elevation sig-
nificantly. Ketamine only reaching the dose of 50 mg/kg
inhibited TNF-a and IL-6 production in the lung (Fig. 2 and
Fig. 3).

Ketamine blunted sepsis-induced lung neutrophil 
accumulation

We studied the neutrophil influx into the lung tissue using the
MPO activity determination. As shown in Table 1, MPO lev-
els were significantly increased from 1.7 ± 0.13 U/g in con-
trol animals to 2.57 ± 0.21 U/g in the endotoxin challenged
group of rats and to 2.64 ± 0.18 U/g, 2.54 ± 0.2, 2.14 ± 0.11
in the rats treated with both LPS and ketamine (0.5, 5, 
50 mg/kg). Control rats and rats treated with ketamine alone
had similar lung MPO activities.

Pulmonary Edema Assessment

Intravenous injection of endotoxin into the rats increased
wet/dry weight ratio from 4.64 ± 0.32 to 5.65 ± 0.35. They
were 5.6 ± 0.29, 5.5 ± 0.2, 5.17 ± 0.30 in groups after endo-
toxin stimulation and treated with ketamine (0.5, 5, 50 mg/
kg). Ketamine alone had no effect on wet/dry weight ratio
(Table 1).

Discussion

In our study, we demonstrated that intravenous administra-
tion of endotoxin could provoke significant lung injury,
which was characterized by neutrophil accumulation, pul-
monary edema, tissue cytokines expression and NF-kappa B
activation. Ketamine could inhibit these inflammatory
responses only at supra-anesthetic dosage. 

TNF-a is regarded as the most important proinflammato-
ry cytokine, and is released early after an inflammatory stim-
ulus [15]. IL-6, which increases after TNF-a, contributes to
both morbidity and mortality in conditions of “uncontrolled”
inflammation [16]. Many effector genes, including those
encoding cytokines and adhesion molecules, are in turn reg-
ulated by NF-kappa B. NF-kappa B was verified to be the
upstream regulator of TNF-a and IL-6. Some anti-inflamma-
tory agents (e.g. salicylates, dexamethasone) can inhibit NF-
kappa B, which suggests that it is an important molecular tar-
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Fig. 2. Effect of ketamine on LPS-induced TNF-a in the lung. Rats
were subjected to saline or endotoxin (5 mg/kg) challenge and treated
with or without ketamine (0.5, 5, 50 mg/kg). Two hours later TNFa was
investigated in the lung. Endotoxin increased TNF-a production in the
lung, and ketamine 50 mg/kg inhibited this response significantly. The
graphic was representative of six. *p < 0.05 and **p < 0.01 vs control
group; #p<0.05 vs LPS only group.

Fig. 3. Effect of ketamine on LPS-induced IL-6 in the lung. Rats were
subjected to saline or endotoxin (5 mg/kg) challenge and treated with or
without ketamine (0.5, 5, 50 mg/kg). Two hours later IL-6 was investi-
gated in the lung. Endotoxin increased IL-6 production in the lung, and
ketamine 50 mg/kg inhibited this response significantly. The graphic
was representative of six. *p < 0.05 vs control group; #p < 0.05 vs LPS
only group.

Table 1. Wet/dry Weight and MPO Activity in the Lung.

Parameter Control LPS LPS+KET LPS+KET LPS+KET KET
(5 mg/kg) (0.5 mg/kg) (5 mg/kg) (50 mg/kg) (50 mg/kg)

Wet/dry Weight 4.64 ± 0.32 5.65 ± 0.35a 5.6 ± 0.29a 5.5 ± 0.26a 5.17 ± 0.30bc 4.8 ± 0.27
MPO Activity(U/g) 1.7 ± 0.13 2.57 ± 0.21a 2.64 ± 0.18a 2.54 ± 0.2a 2.14 ± 0.11bc 1.69 ± 0.14

MPO Activity: Myeloperoxidase Activity; LPS: Lipopolysaccharide; KET: Ketamine.
a p < 0.01 vs Control group.
b p < 0.05 vs Control group.
c p < 0.05 vs LPS only group.



get for the modulation of inflammatory disease [17–18]. In
our study, we found ketamine at the dose of 50 mg/kg could
decrease neutrophil accumulation into the lung tissue and
pulmonary edema from endotoxin challenge, which might
act through inhibiting the generation of proinflammatory
cytokines and suppressing its gene regulator NF-kappa B.
However ketamine at the dose of 5 mg/kg could not inhibit
the generation of TNF-a and IL-6 while this dose was found
to inhibit NF-kappa B activation, which indicated rather than
TNF-a and IL-6, endotoxin-induced NF-kappa B activation
was more easily inhibited by ketamine. 

The neutrophil is the primary cellular mediator in ARDS,
and pulmonary neutrophil accumulation in the patients is
evident in lung biopsies, postmortem specimens, and bron-
choalveolar lavage fluid. Strategies directed against either
neutrophil accumulation or neutrophils function reduce sep-
sis-induced acute lung injury [19]. In our study, we demon-
strated that ketamine decreased neutrophil accumulation into
the lung after endotoxin challenge, and this inhibitory effect
might act through inhibiting NF-kappa B and some proin-
flammatory cytokines. Besides, Ketamine could modulate
the stimulated adhesion molecule expression on human neu-
trophils in vitro directly [20]. Therefore ketamine had a mul-
tiple regulating effect on endotoxin-induced lung injury.

The dose of ketamine used in our experiment was 0.5–
50 mg/kg, which encompasses the clinical range. Previous
studies reported that ketamine (> 20 mg/ml) could inhibit
endotoxin-induced TNF-a in vitro [6]. Li et al [21] showed
that more than 2.7 mg/ml ketamine inhibited nitric oxide pro-
duction in LPS-treated rat alveolar macrophages. The con-
centration of ketamine in human plasma could reach 
30 mg/ml by the intravenous administration of ketamine
2–2.2 mg/kg [22]. Roytblat et al. reported that a single dose
of ketamine 0.25 mg/kg administered before cardiopul-
monary bypass suppressed the increase in serum IL-6 during
and after coronary artery bypass surgery [23]. Although oth-
ers have failed to demonstrate any effect at that dose
[24–25]. In our in vivo study, ketamine suppressed endotox-
in-induced pulmonary inflammation only at the dose of 
50 mg/kg, which indicated that sub-anesthetic or anesthetic
dose of ketamine might have not anti-inflammatory effect in
rats in vivo. However we could not exclude there were differ-
ences between humans and animals and/or between in vitro
and in vivo studies. Since large concentration of ketamine
might have nonspecific cytostatic effect [26], we had to
hypothesize that administration of 50mg/kg ketamine in vivo
might have nonspecific cytostatic effect to the body. 

Therefore, we conclude that ketamine at a sub-anesthetic
or anesthetic dosage could not inhibit endotoxin-induced
pulmonary inflammation in vivo. Supra-anesthetic dose of
ketamine might have anti-inflammatory effect. However we
do not advocate to use large dose of ketamine to deal with
sepsis.
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