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Abstract

In the present study, the inhibitory effect of neem leaf extract (NLE) on lipopolysaccaride (LPS)-induced nitric oxide (NO) and tumor
necrosis factor-a. (TNF-a) production was examined both in vitro and in vivo. In vitro study revealed that NLE treatment (100 ug/ml)
inhibits LPS (100 ng/ml)-induced NO production by 96% and TNF-a. production by 32%. The reduction in NO production is probably
conferred by the complete suppression of inducible nitric oxide synthase (iNOS) expression. Interestingly, in vivo NLE significantly
improved the survival rate of mice in an experimental sepsis model. Administration of NLE (100 mg/kg) 24 h before LPS treatment
(20 mg/kg) improved the survival rate of mice by 60%. The inhibition of plasma NO and TNF-a production by NLE is likely to account
for the improved survival of mice. Our results suggest that NLE may present a promising avenue in the development of therapeutic

agents for the treatment of inflammatory diseases.
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INTRODUCTION

Sepsis is considered to be a serious problem in critically ill
patients, despite medical progress and an improvement in our
understanding of its pathophysiology. Victims of septic shock
experience fever, falling blood pressure, myocardial suppres-
sion, dehydration, acute renal failure, and respiratory arrest
(Tracey and Cerami, 1994). The morbidity and mortality as-
sociated with sepsis are mediated in part by bacterial endotox-
ins, which stimulate the release of pro-inflammatory cytokines
from macrophages and monocytes (Ayala et al., 2000). Lipo-
polysaccharide (LPS) in the outer membrane of gram-nega-
tive bacteria has been reported to activate macrophages and
induce the subsequent release of massive amounts of pro-in-
flammatory cytokines and nitric oxide (NO) free radicals during
endotoxic shock. In addition, bacterial LPS in the bloodstream
induces overexpression of various inflammatory mediators,
such as tumor necrosis factor-a (TNF-a), interleukin-1p, nitric
oxide (NO), and prostaglandin E, (PGE,).

Many compounds such as microbial sensor kinase QseC

inhibitors, LPS neutralizing agents, Toll-like receptor (TLR)
antagonists, and inhibitors of the IkB kinase complex have
been investigated for the treatment of sepsis, as they act by
blocking microbe-initiated inflammatory signaling (Mora et al.,
2005; li et al., 2006; Nguyen et al., 2007; Sil et al., 2007; Kim
et al., 2008; Rasko et al., 2008). However, the clinical efficacy
of these compounds has not yet been established (Hu et al.,
2011). Moreover, TAK-242, a TLR4 antagonist, has been prov-
en to be ineffective in clinical trials (Hu et al., 2011). Thus, to
date, the only drug to be licensed by the FDA for the treatment
of severe sepsis clinically is recombinant human activated
protein C (Xigris; Eli Lilly) (Bernard et al., 2001). However, this
compound has been found to have no effect in patients with
milder cases of sepsis (Toussaint and Gerlach, 2009). There-
fore, the development of effective medicine for sepsis is still
needed.

Since ancient times, many plants have been used medici-
nally to combat disease. Azadirachta indica A. Juss (neem) is
one of these plants and has been used for more than two thou-
sand years in India and neighboring countries. It has a wide
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spectrum of biological activity, and is one of the most versatile
medicinal plants. Various parts of the neem tree have been
used for food, medicine, and as insecticides. Several phar-
macological actions and medicinal applications are known.
In particular, the leaves of neem tree are traditionally used in
medicinal preparations for their anti-inflammatory, antifungal,
antibacterial, antiviral, antioxidant, hepatoprotective, and car-
dioprotective effects (Okpanyi and Ezeukwu, 1981; Rao et al.,
1998; Almas, 1999; Badam et al., 1999; Yanpallewar et al.,
2003). Although these findings might have important implica-
tions for the role of methanol neem leaf extract (NLE) as an
anti-inflammatory agent, the mechanism of action underlying
the anti-inflammatory effect of NLE has not been intensively
examined. Therefore, in this study, the function of NLE as an
anti-inflammatory effector was investigated in a mouse model
of sepsis.

Our results show the anti-inflammatory effect of NLE in vitro
and in vivo, providing a new possible therapeutic strategy for
the treatment of endotoxemia and sepsis.

MATERIALS AND METHODS

Cell culture

Murine RAW264.7 macrophages were cultured in Dulbec-
co’s modified Eagle’s medium (DMEM) supplemented with
10% (w/v) fetal bovine serum, 100 U/ml penicillin, and 100 ng/
ml streptomycin in an incubator at 37°C with a humidified at-
mosphere of 95% air and 5% CO.,,. All the reagents used in the
cell culture were obtained from GIBCO (Grand Island, USA).

Preparation of methanol extract of neem leaves

Fresh Azadirachta indica A. Juss (neem) leaves were
shade-dried for days at room temperature and powdered
with a grinder. The dried powder of Azadirachta indica A.
Juss (neem) was soaked in HPLC-grade methanol and 45°C.
The mixture was filtrated, condensed using a rotary evapora-
tor, and finally lyophilized (Modul Spin 40, Biotron Co.). This
methanol extract of Azadirachta indica A. Juss (neem) leaves
was obtained from the Plant Extract Bank (Daejeon, Korea)
and was dissolved in dimethylsulfoxide (DMSQO) for the sub-
sequent studies.

Cell viability

Cell viability assays were carried out using the CellTiter
96° AQueous One Solution Cell Proliferation Assay, Promega
(Madison, USA) according to the manufacturer’s instructions.
Briefly, after the RAW264.7 cells were seeded for 24 h, the
medium was removed and replaced with fresh medium con-
taining LPS (100 ng/ml) purchased from Sigma Chemical Co.
(St. Louis, USA), and cells were incubated for 30 min. Next,
the cells were cultured for 24 h with various concentrations of
NLE (0-200 pg/ml), 20 pl of methanethiosulfonate/phenazine
methosulfate solution (MTS) was added to each well, and the
cells were incubated at 37°C for 1.5 h. The absorbance was
read at a wavelength of 490 nm using a Tecan Infinite F200
microplate reader (Mannedorf, Switzerland).

Determination of in vitro NO concentration

RAW264.7 cells (1x10° cells/well) were incubated in a 96-
well plate for 24 h with 100 ng/ml of LPS and various concen-
trations of NLE (0, 25, 100, or 200 ug/ml). The concentration

of nitrite (NO,"), the oxidized product of NO, was measured as
an indicator of NO production using the nitric oxide detection
kit obtained from iNtRON Biotechnology, Inc (Seoul, Korea).
Culture supernatant (50 ul) was mixed with the same volume
of Griess reagent [1% (w/v) sulfanilamide and 0.1% (w/v) N-[1-
naphthyllethylenediamine dihydrochloride in 5% (w/v) phos-
phoric acid] for 10 min, and the absorbance was measured
at 540 nm.

Measurement of in vitro TNF-a production

RAW264.7 cells (1x10° cells/well) were incubated in a 96-
well plate for 24 h with 100 ng/ml of LPS and various concen-
trations of NLE (0, 25, 100, or 200 pg/ml). The culture super-
natant was then collected, and TNF-o was detected using an
ELISA kit according to the manufacturer’s instructions, R&D
Systems Inc (Minneapolis, USA).

Analysis of iNOS and COX-2 protein expression by western
blotting

After treatment with NLE, proteins from RAW264.7 cells
were obtained by lysing the cells in ice-cold radioimmunopre-
cipitation assay (RIPA) buffer [50 mM Tris-HCI (pH 7.4), 150
mM NaCl, 1% NP-40, 1% sodium deoxycholate, 0.1% sodium
dodecyl sulfate]. Whole cell lysates (50 ug) then underwent
electrophoresis on 10% polyacrylamide gels, were transferred
to nitrocellulose membranes, and probed. The membranes
were preincubated for 1 h at room temperature in Tris-buffered
saline (pH 7.6), containing 0.05% Tween 20 and 5% nonfat
milk. The nitrocellulose membranes were then incubated with
specific antibodies against iINOS, COX-2 and B-actin pur-
chased from Santa Cruz Biotechnology (Santa Cruz, USA)
and Sigma-Aldrich Chemical Co. (St. Louis, USA), respective-
ly. Immunoreactive bands were then detected by incubating
the membranes with anti-mouse IgG conjugated with horse-
radish peroxidase, followed by an enhanced chemilumines-
cence detection system, Amersham Biosciences (Piscataway,
USA). B-actin was used as internal control. Quantification by
densitometry was carried out using Image J. The absolute
intensity of each sample band was divided by the absolute
intensity of the standard (B-actin) to determine a relative inten-
sity for each sample band.

Animals and the experimental design of the sepsis model
Specific pathogen-free (SPF) 5-week-old female C57BL/6
mice were purchased from Koatech (Pyeongtaek, Korea). The
animals were maintained in an isolated SPF barrier room with
regulated temperature (23 + 1°C), humidity (50 + 5%), and
light/dark cycle (12/12 h). All the animals were allowed to ac-
climatize for 1 week before the experiments. All the studies
were performed in accordance with the Guide for the Care
and Use of Laboratory Animals published by the US National
Institute of Health. The C57BL/6 mice were divided into three
groups consisting of five animals. NLE and saline were admin-
istered orally at a dose of 20 mg/kg or 100 mg/kg, 24 h before
LPS administration. LPS was administered intraperitoneally at
a dose of 20 mg/kg, and the survival of mice was monitored
every 12 h for the 3 days following this injection. The survival
curve was analyzed by using GraphPad Prism software to
compare the survival rates of the different treatments.

Measurement of plasma NO and TNF-a
Mice were orally administered NLE (20 or 100 mg/kg) 24 h
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before a challenge with LPS (20 mg/kg). For the measurement
of plasma NO, whole blood samples were drawn 1 hand 8 h
after treatment with LPS (Kim et al., 2007), and plasma was
isolated by centrifuging the blood sample at 3,000 rpm for 20
min, and was then stored at —=70°C until analysis. Total NO (ni-
trite and nitrate) was determined using the Total NO/Nitrite/Ni-
trate Assay kit (R&D Systems). Briefly, on the day of analysis,
the samples were filtered with a 10-kDa cut-off centrifugal filter
device (Amicon). Samples were then added to a 96-well plate
and nitrate reductase and nicotinamide adenine dinucleotide
phosphate (NADP) were added to the samples and incubated
at 37°C for 30 min to determine nitrate concentrations. Fol-
lowing incubation, the Greiss reagents (1 and 2) were added
to the wells and incubated for 10 min at room temperature.
Total NO was determined spectrophotometerically at 540 nm.
Using a linear curve fit for the standard curve, plasma NO con-
centration (mM) was determined by relative comparison to the
standard nitrite and nitrate solutions. For the measurement of
plasma TNF-a, whole blood samples were drawn from mice 1
h and 8 h after LPS treatment (Sireci et al., 2008), and plasma
samples were prepared as described above. Plasma TNF-a
concentration was measured using the same ELISA kit as was
described for the in vitro experiment.

HPLC analysis

The chromatographic measurements were performed us-
ing a Agilent 1200 HPLC System (USA) equipped with Vari-
able Wavelength UV Detector (Santa Clara, USA) (wave-
length=254 nm). The dried extracts were dissolved in methanol
to a concentration of 20 mg/ml and filtrated using Millex PTFE
Syring filter (0.45 um) (Millipore, USA) before injected into
HPLC system. The sample was then analyzed using the col-
umn filled with a ZORBAX Eclipse Plus C18 (4.6x250 mm,
5 um, Agilent) (Santa Clara, USA) and eluted using water/
acetonitrile (10:90, v/v) at a rate of 1.0 ml/min. The column
effluent was detected at 254 nm, with a run time of 30 min.
The chromatographic peaks of the sample were confirmed by
comparing their retention time and UV spectra to those of the
reference standards. Rutin, Wako (Kyushu, Japan) and quer-
cetin, Sigma-Aldrich Inc (St. Louis, USA) were used as the
reference standards.

Statistical analysis

All the experiments were repeated a minimum of three
times. Treatment groups were analyzed using Student’s t-test
and data with p<0.05 were considered statistically significant.

RESULTS

NLE treatment inhibits LPS-induced NO and TNF-a pro-
duction

In order to determine the anti-inflammatory effect of NLE in
vitro, cells were treated with NLE after LPS treatment. Firstly,
the cytotoxic effect of NLE was examined. NLE doses of 25,
100, and 200 pg/ml were tested. No cytotoxic side-effects
were observed for doses up to 100 pg/ml NLE (Fig. 1C). Thus,
the 100 ug/ml dose of NLE was used as the maximum con-
centration for the subsequent in vitro assays.

LPS-induced NO and TNF-a production were significantly
reduced by NLE treatment. As shown in Fig. 1A, NO was in-
duced by 100 ng/ml LPS treatment (58.44 + 2.8 uM) compared
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Fig. 1. NLE treatment reduces LPS-induced NO and TNF-a pro-
duction in RAW264.7 cells. NO (A) and TNF-a (B) production were
measured after treating the cells with LPS and various concentra-
tions of NLE as indicated. Both NO and TNF-a production were
significantly reduced by NLE treatment without any cytotoxic ef-
fects being observed in the cells (C) (**p<0.01; ***p<0.001).
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to control levels (4.76 + 1.2 uM). When cells were treated with
NLE, LPS-induced NO production was significantly reduced
in a dose dependent manner. NLE treatment at 25 and 50 ug/
ml suppressed LPS-induced NO production by 45% and 72%,
respectively. Strikingly, 100 ug/ml NLE treatment conferred a
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Fig. 2. Reduced NO production may be mediated by the NLE-in-
duced inhibition of INOS expression in LPS-stimulated RAW264.7
cells. INOS expression levels were determined by western blot
analysis using RAW264.7 cells that were treated with the indicated
concentrations of NLE and LPS. Western blot (A) and correspond-
ing densitometry analysis (B) strongly suggest that INOS expres-
sion was inhibited by NLE in vitro (*p<0.05; ***p<0.001). However,
COX-2 expression was not affected by NLE treatment (A, C).

96% suppression of LPS-induced NO production. TNF-a was
also induced by 100 ng/ml LPS treatment (6.35 + 0.1 ng/ml)
compared to control levels (1.24 + 0.5 ng/ml). The three doses
of NLE were again evaluated. LPS-induced TNF-a production
was not inhibited by 25 and 50 ug/ml NLE treatment (6.43 +
0.3 ng/ml and 5.80 + 0.5 ng/ml, respectively) but they were
significantly suppressed by 100 pug/ml NLE treatment (4.69 +
0.1 ng/ml) (p<0.05) (Fig. 1B). Taken together, our results sug-
gest that NLE may function as an anti-inflammatory mediator
in vitro.

NLE downregulates LPS-induced iNOS

To elucidate the mechanism of the reduction in NO induc-
tion by NLE in LPS treated macrophages, the effect of NLE
on inducible nitric oxide synthase (iNOS) expression was de-
termined by western blot analysis. As shown in Fig. 2A and
B, iINOS expression was very low under control conditions
(0.23 £ 0.02) but it was markedly increased by LPS treatment
(1.83 £ 0.09). LPS-induced iNOS expression was significantly
decreased by 25 pug/ml NLE treatment (1.47 + 0.1). Interest-
ingly, 100 pg/ml NLE treatment completely suppressed LPS-
induced iINOS expression (0.19 + 0.06). This suggests that
NLE inhibits NO release in LPS-treated cells by decreasing
the expression of iNOS.

In order to examine whether NLE affect the COX-2 expres-
sion, western blot analysis was carried out. As shown in Fig.
2A and C, COX-2 expression was significantly induced by
LPS treatment (1.54 £ 0.09). However, no significant change
of LPS-induced COX-2 expression was observed upon NLE
treatment at both concentrations used (1.65 + 0.11 by 25 ng/
ml NLE and 1.56 = 0.10 by 100 pg/ml NLE). This suggests
that NLE may not be involved in the regulation of inflammatory
response in COX II-PG pathway.

NLE improves the survival of C57BL/6 mice with LPS-
induced sepsis
The in vivo anti-inflammatory effect of NLE was investi-
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Fig. 3. NLE treatment improves the survival rate of mice treated
with LPS. The survival rates of each experimental group, consist-
ing of five animals, were measured. The control group survived
throughout the experiment. The LPS-treated group showed a 20%
survival rate on the last day of experiment. NLE treatment at a
dose of 20 mg/kg displayed no effect on survival rate whereas NLE
treatment at a dose of 100 mg/kg increased the survival rate up to
80%. p<0.05.
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gated by observing its effect on mortality in a mouse sepsis
model. C57BL/6 mice were injected with either LPS alone or
LPS with NLE (20 or 100 mg/kg) and the survival rate of mice
was examined for three days. As shown in Fig. 3, following the
administration of LPS alone (20 mg/kg i.p.), only 20% of the
mice survived for two days. However, the survival rate of mice
increased to 80% when NLE (100 mg/kg) was co-administered
with LPS. The lower dose of NLE (20 mg/kg) did not exert any
effect on survival rate compared to LPS control group.

Next, the plasma concentration of NO and TNF-a was de-
termined. NO has a very short half-life of a few seconds and
hence the stable products of NO, nitrite and nitrate, were mea-
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Fig. 4. NLE treatment reduced the plasma levels of TNF-a. and
NO in LPS-induced septic shock mice. Plasma levels of NO (A)
and TNF-a (B) were measured after treating with LPS and NLE.
(A) The measurement was carried out 1 h and 8 h after LPS chal-
lenge to test the critical time point for NO measurement. NLE was
treated at a dose of 20 mg/kg and 100 mg/kg. (B) Plasma levels of
TNF-a was measured 1 h and 8 h post-challenge of LPS (20 mg/
kg), respectively. NLE was treated with LPS at a dose of 20 mg/kg
and 100 mg/kg. Both NO and TNF-a. levels in plasma were signifi-
cantly reduced by NLE treatment at dose of 100 mg/kg (*p<0.05;
***p<0.001). The results are expressed as the mean + SEM calcu-
lated from the values of four to six animals.
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sured in the blood, the only source of which is from NO me-
tabolism. Although previous studies suggest to examine the
plasma concentration of NO and TNF-a at the specific time
point (Kim et al., 2007; Sireci et al., 2008), the concentrations,
in this study, were analyzed at two different time points of 1 h
and 8 h after LPS challenge to clarify the critical time point of
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Fig. 5. HPLC chromatogram of NLE. NLE (A), reference standard
(B) and the mixture of sample and standard (C) were analyzed by
HPLC. The peaks in black indicate the NLE spectrum (C).
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measurement. As shown in Fig. 4, NO and TNF-a concentra-
tion were dramatically increased by LPS positive control at 8 h
and 1 h, respectively. Thus, each time point of 8 h and 1 h was
considered to be critical time point to measure the concentra-
tion of NO and TNF-a. in plasma.

Consistent with survival rate, the NO and TNF-a. concentra-
tion in plasma were not affected in mice treated with 20 mg/
kg NLE but were significantly reduced in mice treated with 100
mg/kg NLE compared to those treated with LPS alone (Fig.
4). As shown in Fig. 4A, the plasma NO level under control
conditions was 0.1 £ 0.04 mM (n=4) but it was increased by
LPS treatment (1.68 + 0.18 mM, n=6). NLE treatment at the
dose of 100 mg/kg significantly inhibited plasma NO produc-
tion induced by LPS (1.40 + 0.26 mM, n=6). However, 20 mg/
kg NLE treatment did not inhibit NO production induced by
LPS (1.57 £ 0.12 mM, n=6). Similarly, LPS induced the pro-
duction of plasma TNF-a (1.83 + 0.52 ng/ml, n=5) compared
to that of control mice (0.04 + 0.03 ng/ml, n=5). However, the
increased plasma TNF-a level by LPS was prevented by NLE
treatment at the dose of 100 mg/kg (0.94 + 0.21 ng/ml, n=5)
but was not by NLE treatment at the dose of 20 mg/kg (2.23 =
0.60 ng/ml, n=5). Therefore, these results show that NLE (100
mg/kg) may function as an anti-inflammatory effector in vivo,
which protects organisms against sepsis.

HPLC analysis shows significant presence of rutin in NLE

HPLC analysis was carried out to determine the compo-
sition of NLE. The chromatographs were compared between
reference standards and samples (Fig. 5). The HPLC profile of
NLE showed minimum two distinct peaks including the major
peak at the retention time (min) of 8 (Fig. 5A). Comparison
to the standard chromatograph indicated that the major peak
in chromatograph of NLE is rutin, one of the flavonoids (Fig.
5B, C).

DISCUSSION

For the first time, we describe the function of Azadirachta
indica A. Juss (neem) as an anti-inflammatory effector in an
LPS-induced sepsis model. Neem is a member of the ma-
hogany family, Meliaceae. Its main chemical constituents are
three or four related compounds belonging to a class of natu-
ral products called triterpenes, or more specifically, limonoids.
Azadirachtin, salannin, meliantriol, and nimbin are the best
known compounds derived from neem and for now at least,
seem to be the most significant. The leaves of the neem tree
are traditionally considered to have anti-inflammatory, antifun-
gal, antibacterial, antiviral, antioxidant, hepatoprotective, and
cardioprotective effects (Okpanyi and Ezeukwu, 1981; Rao et
al., 1998; Almas, 1999; Badam et al., 1999; Yanpallewar et
al., 2003). Although NLE has been suggested to have anti-in-
flammatory properties, it has not been studied to scientifically
determine the mechanism of action of its anti-inflammatory ef-
fectin a sepsis model. Thus, the in vitro and in vivo anti-inflam-
matory function of NLE was investigated in an LPS-induced
sepsis model.

To examine the anti-inflammatory function of NLE in vitro,
the RAW264.7 macrophage-like cell line was used and treated
with LPS to create an endotoxin-induced sepsis model. Pro-
inflammatory molecules such as NO and TNF-a. were exam-
ined to evaluate the anti-inflammatory effect of NLE because

upon bacterial LPS stimulation, these molecules are known to
induce oxidative stress, vascular anomalies such as dissemi-
nated intravascular coagulation, vascular perfusion, hypoten-
sion, multiple organ failure, and, in severe cases, septic shock
and death (MacMicking et al., 1995; Mayeux, 1997; Victor et
al., 1998; Yazar et al., 2010). In order to explore the in vivo
effect of NLE, an LPS-induced mouse model of sepsis was
established, using specific pathogen-free C57BL/6 mice. The
dose of LPS used and the time course for the survival curve
were selected in order to most accurately mimic the clinical
condition in humans, where approximately 20-35% of patients
with severe sepsis and 40-60% of patients with septic shock
die within 30 days. Plasma NO and TNF-a levels were also
examined along with the survival curve analysis of mice with
sepsis.

In vitro results showed that NLE treatment significantly in-
hibited LPS-induced NO production by up to 96% in a dose-
dependent manner and LPS-induced TNF-o. production by
up to 32%. We hypothesize that this reduction is the result of
the complete suppression of INOS expression by NLE. These
results convincingly demonstrate a role for NLE as an anti-
inflammatory effector. NO is known to be strongly associated
with hypotension and hyporesponsiveness to vasoconstric-
tor stimuli in endotoxin-induced sepsis (Thiemermann, 1997,
Titheradge, 1999). Moreover, mice lacking the inducible nitric
oxide synthase (iNOS) gene were reported to be resistant to
hypotension and death caused by LPS (MacMicking et al.,
1995; Wei et al., 1995). TNF-a plays a critical role in the early
phase of sepsis (Van Amersfoort et al., 2003; Annane et al.,
2005; Carlson et al., 2005; van Leeuwen et al., 2005). Upon
stimulation with LPS, TNF-a is synthesized and promotes the
major alterations observed during septic shock, including va-
sodilatation and impaired coagulation (Tracey and Cerami,
1994; Annane et al., 2005). Therefore, these results suggest
that the inhibitory effect of NLE on TNF-a,, NO, and iNOS pro-
duction in the sepsis model might be very significant in the
identification of a natural therapeutic agent for sepsis.

More intriguingly, the NLE treatment (100 mg/kg) improved
the survival of LPS-induced sepsis mice by 60%. It is likely
that the improved survival may be ascribed to the reduction
of plasma NO and TNF-a production by NLE. The increased
plasma NO and TNF-a level following LPS, was suppressed
by NLE treatment by 17% and 49%, respectively. Thus, the
results demonstrate that endotoxin-mediated death may be
reversed by decreasing NO and TNF-o expression in animal
models. Taken together, the results of this study showed that
NLE inhibits LPS-induced NO and TNF-a production both in
vitro and in vivo, thereby improving the survival of mice in a
sepsis model.

Finally, the composition of NLE was analyzed by HPLC.
The HPLC profile of NLE exhibited significant presence of ru-
tin. Rutin is one of the flavonoid compounds. Previously, fla-
vonoids have been implicated in various biological functions
such as antioxidant, free radical scavenging, and apoptosis-
inducing activity (Mora et al., 1990; Chen et al., 1999). Ru-
tin, in particular, has been shown to inhibit LPS-induced NO
and TNF-a production in vitro and/or in vivo (Takahashi et al.,
2001; Shen et al., 2002). Thus, it is likely that rutin in NLE may
be mainly responsible for the reduction of NO and TNF-a pro-
duction in a LPS-induced model of sepsis in this study.

Sepsis is one of the leading death causes, particularly in ill
patient. Our results open up the possibility of developing NLE
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as a therapeutic agent for inflammatory diseases, including
sepsis. However, further studies are needed to reveal the ac-
tive compound (s) and to develop new therapeutic drugs for
sepsis.
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