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Summary

 

The present study is aimed at investigating the effect of curcumin (CMN) in
salvaging endotoxin-induced hepatic dysfunction and oxidative stress in the
liver of rodents. Hepatotoxicity was induced by administering lipopolysaccha-
ride (LPS) in a single dose of 1 mg/kg intraperitoneally to the animals, which
were being treated with CMN daily for 7 days. Liver enzymes serum alanine
aminotransferase (ALT), serum aspartate aminotransferase (AST) and alka-
line phosphatase (ALP), total bilirubin and total protein were estimated in
serum. Oxidative stress in liver tissue homogenates was estimated by measur-
ing thiobarbituric acid reactive substances (TBARS), glutathione (GSH) con-
tent and superoxide dismutase (SOD) activity. Serum and tissue nitrite was
estimated using Greiss reagent and served as an indicator of NO production.
A separate set of experiments was performed to estimate the effect of CMN on
cytokine levels in mouse serum after LPS challenge. LPS induced a marked
hepatic dysfunction evident by rise in serum levels of ALT, AST, ALP and total
bilirubin (

 

P

 

 

  

<<<<

 

 0·05). TBARS levels were significantly increased, whereas GSH
and SOD levels decreased in the liver homogenates of LPS-challenged rats.
CMN administration attenuated these effects of LPS successfully. Further
CMN treatment also regressed various structural changes induced by LPS in
the livers of rats and decreased the levels of tumour necrosis factor-

  

αααα

 

 and
interleukin-6 in mouse plasma. In conclusion, these findings suggest that
CMN attenuates LPS-induced hepatotoxicity possibly by preventing cytotoxic
effects of NO, oxygen free radicals and cytokines.
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Introduction

 

Despite current medical and surgical advances, septic
hepatic failure is still associated with a high mortality rate
[1,2]. Hepatic damage is mediated mainly by endotoxin of
Gram-negative bacteria, which is primarily a lipopolysaccha-
ride (LPS). Given that Gram-negative bacteria normally col-
onize the colon, the body has developed strong defensive
mechanisms that tightly regulate the entry and processing of
LPS [3]. The liver plays a central role in this process by virtue
of its dual ability not only to clear LPS, but to respond ener-
getically to LPS [4]. Within the liver, the LPS binds to LPS
binding proteins which then facilitate its transfer to CD14
receptors on the surface of Kupffer cells, the resident mac-
rophages of liver. Signalling of LPS through CD14 receptors

is mediated by the downstream Toll-like receptor-4 and
results in the production of two classes of potentially disas-
trous mediators: proinflammatory cytokines such as inter-
leukins (IL-1, IL-6), tumour necrosis factor (TNF)-

 

α

 

 and
oxygen free radicals [5]. Most of the toxicities of LPS, both in
the liver and in the systemic circulation, have been related to
the release of these toxic mediators [6].

LPS-induced increase in lipid peroxidation, which is an
index of oxidative stress, has been described in several stud-
ies and is reported to be both time- and dose-dependent.
Yoshikawa 

 

et al

 

. [7] observed enhanced lipid peroxidation in
rats as early as 45 min post-LPS infusion [100 mg/kg body
weight (b.w.)] in many tissues including the liver, small
intestine, stomach and abdominal aorta [7]. Hepatic levels of
malonaldehyde (MDA, a product of lipid peroxidation)
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increased fivefold within 16 h after LPS administration
(15 mg/kg b.w.) and 3·4-fold 8 h after 30 mg/kg LPS admin-
istration [8]. Several studies have shown that LPS can cause
liver glutathione (GSH) depletion in a dose-dependent man-
ner [9]. This is thought to be secondary to enhanced efflux of
GSH from the liver or acute depression of liver GSH synthe-
sis. It has been found that the precursor of GSH synthesis, N-
acetylcysteine (NAC), protects against LPS toxicity and the
inhibitor of GSH synthesis, DL-buthionine-SR-sulfoxime,
has the opposite effect. Also oxidized glutathione (GSSG) is
released from liver and other tissues during oxidative dam-
age. Sewerynek 

 

et al

 

. [10] have shown an increase in GSSG
levels after LPS injection, which is decreased by the anti-
oxidant melatonin [10].

Current traditional Indian medicine claims the use of

 

Curcuma longa

 

 L. 

 

(Zingiberaceae)

 

 powder against biliary dis-
orders, anorexia, coryza, cough, diabetic wounds, hepatic
disorder, rheumatism and sinusitis [11]. Curcumin (CMN)
is a major component in curcuma/turmeric, being responsi-
ble for its biological action. An increasing number of studies
now show that CMN exhibits anti-inflammatory [12], anti-
human immunodeficiency virus [13,14], anti-bacterial [15]
and nematocidal activities [16]. Various 

 

in-vitro

 

 and 

 

in-vivo

 

studies have established the anti-oxidant properties of CMN
[17,18]. It is well documented that CMN scavenges superox-
ide anions [19] and peroxynitrite radicals [20], and quenches
singlet oxygen [21]. CMN has also been shown to inhibit
hydrogen peroxide-induced cell damage [22]. Due to its
anti-oxidant activity, it reduces the oxidative stress induced
by ethanol and protects the liver cells 

 

in vitro

 

 [23]. It has also
been shown to reduce lipid peroxidation on cadmium-
induced oxidative damage in the liver of rats and mice [24].
CMN induces glutathione biosynthesis and inhibits oxidant-
and cytokine-induced NF-kappaB [22,25]. Hence, the
present study was aimed at investigating the modulation of
LPS-induced hepatic dysfunction, cytokine production
effect and oxidative stress in rodent livers by CMN.

 

Methods

 

Animals

 

Male Wistar rats (150–200 g), bred in the central animal
house of Panjab University (Chandigarh, India), were used.
The animals were housed under standard conditions of
light : dark cycle with free access to food (Hindustan Lever
Products, Kolkata, India) and water. The experimental pro-
tocols were approved by the Institutional Ethical Committee
of Panjab University, Chandigarh.

 

Drugs

 

CMN (Sigma Aldrich Chemicals Private Ltd, New Delhi,
India) was suspended in 0·5% carboxy methyl cellulose
(CMC) and administered orally. KDO estimation (2-keto-3-

deoxyoctonate) [26] was carried out to detect the presence of
LPS in CMN [27] and was also confirmed by Limulus amoe-
bocyte lysate test (LAL; Sigma Aldrich Chemicals Private
Ltd). LPS (serotype 

 

Escherichia coli

 

 0111:B4 containing not
less than 500 000 EU/mg) Sigma Aldrich Chemicals Private
Ltd) was prepared in pyrogen-free water for injection. The
drug solutions were made freshly at the beginning of each
experiment.

 

Experimental groups and protocol

 

Induction of liver damage

 

LPS, prepared in pyrogen-free water for injection, was
injected on the seventh day in a single dose of 1 mg/kg intra-
peritoneally (i.p.) to the rats, which were being administered
CMN daily for 6 days. This particular dose of LPS has been
shown to induce hepatic damage in preliminary studies per-
formed in our laboratory.

 

Treatment schedule

 

At the beginning of the experiment, rats were divided into
the following four groups, each consisting of six to seven
animals.

 

1

 

Control group: the animals were treated with equivalent
volumes of CMC (vehicle of CMN) for 1 week and were
administered water for injection i.p. on the seventh day.

 

2

 

LPS group: the animals were administered CMC for 7 days
and were challenged with LPS (1 mg/kg) i.p. on the sev-
enth day.

 

3

 

CMN 

 

per se

 

 group: the animals were treated with CMN
60 mg/kg per os (p.o.) for 7 days.

 

4

 

CMN 

 

+

 

 LPS groups: the animals received various doses of
CMN (5, 30, 60 mg/kg) p.o. for 7 days and received LPS
on the seventh day.

The doses of CMN were selected on the basis of previous
studies performed in our laboratory.

 

Assessment of liver function

 

After 6 h of LPS injection, all the animals were killed and
blood was collected. A midline abdominal incision was per-
formed, their livers were harvested, perfused with cold iso-
tonic saline, dried carefully on filter papers, weighed and
were deep-frozen until further enzymatic analysis and histo-
logical studies.

Serum alanine aminotransferase (ALT) and serum aspar-
tate aminotransferase (AST) were estimated using the
method recommended by the International Federation of
Clinical Chemistry [28] (Erba test kits). Total bilirubin was
estimated by the Diazo method of Pearlman and Lee [29]
(Erba test kits). Alkaline phosphatase (ALP) was estimated
by  the  p-nitrophenyl  phosphate  (p-NPP)  method  using
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the recommendations of the German Society for Clinical
Chemistry [30] (Enzopak diagnostic kit). Total protein in the
serum was also estimated by the Biuret method (Erba test
kits). Serum nitrite was estimated using Griess reagent [31].
All the readings were taken on a semi-autoanalyser (Erba
Chem-5 plus, Transasia, New Delhi, India)

 

Assessment of oxidative stress

 

Post-mitochondrial supernatant preparation (PMS)

 

On the day of biochemical estimation, the entire liver was
homogenized with 10% (w/v) cold phosphate-buffered saline
(0·1 mol/l, pH 7·4) using a homogenizer. The homogenates
were used to estimate liver thiobarbituric acid reactive sub-
stances (TBARS) and reduced glutathione (GSH) after cen-
trifugation at 800 

 

g

 

 for 5 min at 4

 

°

 

C to separate the nuclear
debris. The supernatant obtained was centrifuged further at
10 500 

 

g

 

 for 20 min at 4

 

°

 

C to obtain the PMS, which was used
to assay superoxide dismutase (SOD) activity.

 

Estimation of lipid peroxidation

 

The quantitative measurement of lipid peroxidation in liver
was performed according to the method of Wills [32]. The
MDA content, a measure of lipid peroxidation, was assayed in
the form of TBARS. In brief, the reaction mixture consisted
of 0·5 ml of tissue homogenate and 0·5 ml Tris HCl (pH 7·4)
and was incubated at 37

 

°

 

C for 2 h. The reaction mixture was
brought to 2 ml with 1 ml of 10% ice-cold trichloroacetic
acid. After centrifugation (5000 

 

g

 

, 10 min), 1 ml of 0·67% of
thiobarbituric acid was added to 1 ml of supernatant. The
tubes were then kept in a boiling water-bath for 10 min and
after cooling under tap water, 1 ml of distilled water was
added. Absorbance was measured at 540 nm.

 

Estimation of reduced glutathione and SOD

 

Reduced GSH in the liver was assayed by the method of Jol-
low 

 

et al

 

. [33] and SOD activity was assayed by the method of
Kono 

 

et al

 

. [34]. In our earlier studies we had used these
methods to report the levels of oxidative stress and endoge-
nous anti-oxidants in rat liver and kidneys [35].

 

Assessment of serum/tissue nitrite concentration

 

Serum and tissue nitrite was estimated using Greiss reagent
and served as an indicator of nitrogen (NO) production.
Greiss reagent, 500 

 

µ

 

l (1 : 1 solution of 1% sulphanilamide
in 5% phosphoric acid and 0·1% napthaylamine diamine
dihydrochloric acid in water) was added to suitably diluted
100 

 

µ

 

l of plasma and absorbance was measured at 546 nm
[31]. Nitrite concentration was calculated using a standard
curve for sodium nitrite. Nitrite levels were expressed as

 

µ

 

mol/ml in serum and as 

 

µ

 

mol/mg protein in liver
homogenates.

 

Cytokine assays

 

A separate set of experiments was performed to estimate the
levels of cytokines in mouse serum after LPS challenge.
Three group of animals (controls, LPS and CMN 60 mg/kg)
were used (

 

n

 

 

 

=

 

 6). These animals were treated similarly as per
the above given schedule. Assays for IL-1

 

α

 

, IL-6 and TNF-

 

α

 

were performed by enzyme-linked immunosorbent assay
(ELISA) in the plasma by commercially available cytokine
assay kits (Chemicon, Temecule, CA, USA) according to the
manufacturer’s instructions. The ELISA was sensitive to
0·2 pg/ml of the cytokine released [36].

 

Histopathological examination

 

For microscopic evaluation, livers were fixed in 10% neutral
phosphate-buffered formalin solution. Following dehydra-
tion in ascending series of ethanol (70, 80, 96, 100%), tissue
samples were cleared in xylene and embedded in paraffin.
Tissue sections of 5 

 

µ

 

m were stained with haematoxylin and
eosin (H&E). A minimum of 10 fields for each liver slide
were examined and assigned for severity of changes by an
observer blinded to the treatments. The liver sections were
examined in blinded fashion for (a) Kupffer cell hyperplasia;
(b) PMN infiltration; (c) necrosis; and (d) pyknotic nuclei.

 

Statistical analysis

 

Results were expressed as mean 

 

±

 

 s.e.m. The intergroup
variation was measured by one-way analysis of variance
(

 

anova

 

) followed by Fisher’s least squares difference (LSD)
test. Statistical significance was considered at 

 

P

 

 

 

<

 

 0·05. The
statistical analysis was performed using the Jandel Sigma Stat
Statistical Software version 2·0 (San Rafel, CA, USA).

 

Results

 

Effect of CMN on LPS-induced liver dysfunction

 

LPS caused a marked rise in serum levels of ALT (125 IU/l

 

versus

 

 75 IU/l), AST (300 IU/l 

 

versus

 

 170 IU) and AP
(600 IU/l 

 

versus

 

 240), demonstrating marked liver damage.
LPS also caused significant rise in serum bilirubin
(0·909 mg% 

 

versus

 

 0·303 mg%) and decrease in serum total
protein (3 mg/dl 

 

versus

 

 10 mg/dl) compared to control.
Treatment with CMN significantly and dose-dependently
decreased the elevated levels of AST, ALT, AP and bilirubin in
serum. It also prevented LPS-induced decrease in serum pro-
tein. However, CMN 

 

per se

 

 had no effect on AST, ALT, AP,
bilirubin and protein (Table 1).

 

Effect of CMN on LPS-induced nitrosative stress

 

LPS caused a marked increase in nitrite level both in serum
(350 

 

µ

 

mol/ml 

 

versus

 

 120 

 

µ

 

mol/ml) and liver homogenate
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(425 

 

µ

 

mol/mg protein 

 

versus

 

 370 

 

µ

 

mol/mg of protein) com-
pared to control. CMN significantly attenuated this increase
in nitrite levels. However, CMN 

 

per se

 

 had no effect on either
serum or liver nitrite levels (Fig. 1).

 

Effect of CMN on LPS-induced lipid peroxidation

 

LPS challenge caused a marked lipid peroxidation in liver
(3·5 

 

µ

 

mol/mg protein 

 

versus

 

 1·22 

 

µ

 

 mol/mg protein) com-
pared to control rats. Treatment with CMN produced a sig-
nificant and dose-dependent attenuation in LPS-induced
increase in lipid peroxidation. Seven days of oral feeding of
CMN 

 

per se

 

 did not result in a significant alteration of lipid
peroxidation (Fig. 2).

 

Effect of CMN on LPS-induced changes in hepatic 
anti-oxidant profile

 

LPS administration induced a marked reduction in hepatic
GSH (18 

 

µ

 

mol/mg protein 

 

versus

 

 40 

 

µ

 

mol/mg protein) and
SOD (6·8 U/mg protein 

 

versus

 

 40 U/mg protein) compared
to control. This reduction was significantly and dose-

dependently attenuated by CMN 

 

per se

 

 but had no affect on
these endogenous anti-oxidants (Fig. 2).

 

Effect of CMN on LPS-induced changes in IL-1

  

αααα

 

, IL-6 
and TNF-

  

αααα

 

LPS challenge caused a marked rise in the levels of TNF-

 

α

 

and IL-6 compared to normal mouse. We were not able to
detect the presence of IL-1

 

α

 

 in any of the sample assayed.
Seven-day oral feeding of CMN (60 mg/kg) decreases this
rise of cytokines in LPS-challenged mice (Table 2).

 

Table 1.

 

Effect of oral administration of different doses of curcumin (CMN) on liver function test after lipopolysaccharide (LPS) challenge.

AST (IU/l) ALT (IU/l) ALP (IU/l) Srm Prt (mg/dl) T bil (mg%)

Control 170 

 

± 

 

8·50 75 

 

± 

 

3·75 240 

 

± 

 

12·00 10 

 

± 

 

0·50 0·30 

 

± 

 

0·01

LPS 300 

 

± 

 

15·00

 

a

 

125 

 

± 

 

6·25

 

a

 

600 

 

± 

 

30·00

 

a

 

3 

 

± 

 

0·15

 

a

 

0·90 

 

± 

 

0·04

 

a

 

CMN (60) 160 

 

± 

 

8·00 72 

 

± 

 

3·60 220 

 

± 

 

11·00 10·4 

 

± 

 

0·52 0·29 

 

± 

 

0·01

LPS 

 

+

 

 CMN (5) 270 

 

± 13·50a 118 ± 5·90a 505 ± 25·25a,b 4 ± 0·20a 0·75 ± 0·03a,b

LPS + CMN (30) 199 ± 9·95a,b 100 ± 5·00a,b 355 ± 17·75a,b 5·5 ± 0·27a,b 0·54 ± 0·02a,b

LPS + CMN (60) 160 ± 8·00b 85 ± 4·25a,b 202 ± 10·10b 8 ± 0·40a,b 0·31 ± 0·01b

AST = serum aspartate aminotransferase; ALT = serum alanine aminotransferase; ALP = alkaline phosphatase; Srm Prt = serum protein, T bil =
total bilirubin. Values are expressed mean ± s.e.m. aP < 0·05 compared to vehicle and saline-treated group. bP < 0·05 compared to vehicle and

lipopolysaccharide (LPS)-challenged rats.

Fig. 1. Effect of different doses of curcumin (CMN) administration on 

serum and liver nitrite after lipopolysaccharide (LPS) challenge. Values 

are expressed as percentage response compared to control rats. aP < 0·05 

compared to vehicle and saline-treated group. bP < 0·05 compared to 

vehicle and LPS-challenged rats.
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Fig. 2. Effect of different doses of curcumin (CMN) administration on 

lipopolysaccharide (LPS)-induced lipid peroxidation (MDA), reduced 

glutathione (GSH) levels and superoxide dismutase (SOD) activity in 

liver homogenates. Values are expressed as percentage response com-

pared to control rats. aP < 0·05 compared to vehicle and saline-treated 

group. bP < 0·05 compared to vehicle and LPS-challenged rats.
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Table 2. Effect of curcumin (CMN, 60 mg/kg orally) on lipopolysac-

charide (LPS)-induced changes in interkeukin (IL)-6 and tumour 

necrosis factor (TNF)-α levels in mouse serum.

TNF-α (pg/ml) IL-6 (pg/ml)

Vehicle 360 ± 5 190 ± 3
LPS 670 ± 10a 460 ± 9a

LPS + CMN 420 ± 7a,b 230 ± 7a,b

Values are expressed mean ± mean. aP < 0·05 compared to vehicle

(control); bP < 0·05 compared to LPS.
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Effect of CMN and on LPS-induced changes in hepatic 
morphology

Histopathological evaluation did not reveal any morpholog-
ical alterations in control group. In contrast, livers of LPS-
administered rats showed marked morphological disruption
such as Kupffer cell hyperplasia, PMN infiltration, necrosis
and pyknotic nuclei. Treatment with CMN resulted in
regression of these morphological changes (Fig. 3).

Discussion

Bacterial LPS (endotoxin) induces extensive damage to a
variety of organs, including liver, due to the increased pro-
duction of reactive oxygen intermediates and a resultant rise
in lipid peroxidation [37,38]. Endotoxin accumulates in tis-
sues rich in cells of the reticuloendothelial system such as

liver and spleen [8]. In the liver, Kupffer cells are the major
targets of LPS, which produce excessive amounts of O2

·– on
activation by LPS [39]. Additionally, LPS induces migration
of activated PMNs into the liver [40], which constitutes
another source of free radicals. Thus, severe oxidative stress
is induced in liver by LPS.

Anti-oxidants and drugs from herbal origins prove to be
beneficial in reversing the hepatotoxicity and oxidative stress
produced by LPS [41,42]. In the present study administra-
tion of CMN for 7 days before endotoxin challenge markedly
attenuated LPS-induced hepatic dysfunction and accompa-
nying oxidative stress in liver. LPS contamination was not
detectable in CMN by either of the two methods used (LAL
and KDO) in contrast to 0·02% LPS contamination detected
in the OMPs (Salmonella typhi outer membrane proteins)
observed in our earlier studies [43]. This shows that the
CMN sample used in the present study was free of any of LPS

Fig. 3. (a) Haemotoxylin and eosin (H&E)-stained longitudinal section of liver of saline-treated rats (40×). (b) H&E-stained longitudinal section of 

liver of rats, 6 h after lipopolysaccharide (LPS) challenge (40×). (a). Kupffer cell hyperplasia (b) necrosis. (c) H&E-stained longitudinal section of liver 

of LPS-treated rats 6 h after LPS challenge (40×) (c). PMN infiltration (d) pyknotic nucleus. (d) H&E-stained longitudinal section of liver of curcumin-

treated rats and 6 h after LPS challenge (40×).

(a) (b)

(c) (d)



G. Kaur et al.

318 © 2006 British Society for Immunology, Clinical and Experimental Immunology, 145: 313–321

contamination and the beneficial effect of CMN seen was not
due to the LPS tolerance.

LPS elevated serum levels of AST, ALT, AP and bilirubin
which are the circulating markers of hepatocyte injury. This
elevation of hepatic enzymes was coupled with a marked
increase in hepatic oxidative stress as evident by a marked
increase in TBARS levels and decrease in GSH and SOD lev-
els in the liver. The tripeptide GSH is an important endoge-
nous anti-oxidant which has a major role in restoring other
free radical scavengers and anti-oxidants, such as vitamins C
and E, to their reduced state. In our study, CMN significantly
and dose-dependently attenuated hepatic dysfunction along
with lipid peroxidation and restored the levels of GSH and
SOD in LPS-administered rats. This observation is in line
with various previous reports, which show that CMN
decreases lipid peroxidation possibly by its anti-oxidant
mechanism [44]. Vajragupta et al. [19] have reported that
CMN–manganese complex and acetylcurcumin–manganese
complex, a low molecular weight synthetic compound,
showed much greater SOD mimetic activity and an inhibi-
tory effect on lipid peroxidation. Sreejayan et al. claimed that
the CMN inhibit iron-catalysed lipid peroxidation in rat
brain tissue homogenates by chelation of iron [45]. An
increasing number of studies have now established the ability
of CMN to mainly eliminate the hydroxyl radical [46],
superoxide radical [47], singlet oxygen [48], nitrogen diox-
ide [49] and NO [50]. It has also been demonstrated that
CMN inhibits the generation of the superoxide radical [51].
Rukkumani et al. [52] reported a protective effect of CMN
on circulating lipids in plasma and lipid peroxidation prod-
ucts in alcohol and polyunsaturated fatty acid-induced tox-
icity. In-vitro findings support the hypothesis that CMN
inhibits free radical-induced apoptosis in cell lines [53].

LPS is a potent stimulator of nitric oxide (NO) [54,55]. It
is reported that endotoxaemia for 6 h resulted in a 4·5-fold
rise in the serum levels of nitrite, an end-product of NO
metabolism. The increased levels of NO after endotoxin
challenge can react with O2·– leading to formation of the per-
oxynitrite anion (ONOO–), which oxidizes sulphydryl
groups and generates ·OH [56]. LPS has been demonstrated
to cause iNOS expression in Kupffer cells and hepatocytes
[57,58]. Consequently, there is a potential for large amounts
of NO to be generated in the liver during sepsis, which could
impair hepatic function by direct injury to hepatocytes [59].
L-NIL, a selective inhibitor of iNOS, has been shown to pro-
tect LPS- induced hepatic dysfunction [60]. In the present
study, serum levels of nitrite were increased threefold after 6
h of LPS administration.

CMN inhibits iNOS gene expression in isolated BALB/C
mouse peritoneal macrophages and also in the livers of LPS-
injected mice [61]. Very recently, Sumanont et al. [62] have
studied that CMN and its analogue show potent peroxyni-
trite anion scavenging activity in vitro using the sodium
nitroprusside-generating nitric oxide system [62]. The
present study also shows that LPS-induced nitrosative stress

was significantly and dose-dependently attenuated by CMN
in serum and liver tissue homogenates.

Various potent inflammatory cytokines are released by
macrophages and neutrophils in response to a variety of
stimuli, including endotoxin, and some Gram-positive bac-
teria [63]. Activated Kupffer cells were shown to increase
proinflammatory cytokines such as TNF-α and IL-6 [64].
Antibodies of TNF-α are protective in some animal models
of endotoxaemia and Gram-negative bacteraemia [65]. The
role of IL-6 in inflammatory injury remains controversial.
Some studies show that IL-6-deficient mice were more prone
to LPS damage [66], whereas in other studies IL-6 increase in
liver was found to be detrimental [67,68]. Administration of
clenbuterol, although a β2 blocker, was shown to protect liver
damage by decreasing proinflammatory cytokines such as
TNF-α, IL-1β and IL-6 [69]. Further depletion of reduced
glutathione can sensitize cultured mouse hepatocytes to
TNF-α-induced cell death in the absence of transcription
inhibitor, suggesting that reactive oxygen species (ROS) play
a critical role in TNF-α-induced liver injury [70]. The criti-
cal role of ROS in TNF-α-induced liver injury is supported
further by evidence that over-expression of thioredoxin, a
small redox-active protein with anti-oxidant effects, signifi-
cantly attenuates LPS/GalN-induced liver injury in mice
[71].

We also observed an abrupt rise in the serum levels of
TNF-α and IL-6 after LPS challenge. This rise was blocked
effectively by CMN treatment. The most recent studies show
that CMN can inhibit haemorrhage/resuscitation-induced
IL-6 production and TNF-α-mediated activation of nuclear
factor kappa-B (NF-κB), cell proliferation and IL-8 release
[22,72]. Further, Wang and colleagues have shown that CMN
can improve cardiac function by inhibition of collagen
remodelling associated with suppression of the myocardial
expression of TNF-α [73].

Histological sections of the endotoxaemic livers showed a
high number of neutrophils, Kupffer cell hyperplasia, necro-
sis and pyknotic nuclei 6 h after LPS administration. CMN
not only protected hepatic function, oxidative stress and
cytokines production but also reduced PMN infiltration in
the liver. This is important, because the number of PMNs is
proportional to the extent of liver damage following LPS
administration [74]. The recruiting neutrophils and lym-
phocytes have been shown to produce large amounts of
proinflammatory cytokines such as IFN-γ and IL-6, which
are involved in hepatotoxicity. This is consistent with in vitro
studies showing that CMN inhibits phagocytosis and ROS
production by neutrophils [75].

In conclusion, the study reported here shows that pre-
treatment of CMN effectively protects LPS-induced liver
damage. This effect might be due to the effective blocking of
oxidative stress, cytokine production and PMN infiltration
in livers. Further studies are ongoing in our laboratory to
establish whether CMN will be able to show a similar effect
when it is administered after an infection sets in.
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