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Abstract Rutin is the major polyphenol found in buckwheat and can downregulate inflammatory responses in
macrophages. However, the underlying mechanism is unclear. Overproduction of nitric oxide (NO) by inducible
nitric synthase (iNOS) is closely correlated with inflammation and the pathology of a variety of diseases. It has been
reported that rutin inhibited various pro-inflammatory mediators, including cytokine signaling in lipopolysaccharide
(LPS)-stimulated RAW264.7 macrophage cells, and suppressed the production of NO and the expression of
cyclooxygenase-2 (COX-2) and iNOS protein in LPS-stimulated macrophages. These results suggest that rutin
exerts anti-inflammatory effects by suppressing the expression of COX-2 and iNOS in RAW 264.7 macrophage
cells. Therefore, rutin can be considered as a functional food for the prevention of various diseases.
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preparations and herbal remedies [1]. A recent study has

1. Introduction demonstrated that rutin, which is found in natural foods

such as soba noodles or groats protects HT22 cells against

Rutin is a low molecular weight natural citrus flavonoid  ethanol-induced neurotoxicity by increasing ALDH2

glycoside found in buckwheat (Figure 1A). It has  activity [2]. These properties of rutin help in preventing

significant anti-inflammatory, anti-tumor, anti-carcinogenic,  diseases and have a considerable stabilizing effect on
anti-allergic, anti-viral and antioxidant effects which genetic material.

makes it a popular ingredient of numerous multivitamin
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Figure 1. Effect of rutin and/or LPS on the viability and NO production of RAW264.7 cells examined using the MTT and NO assays. A: Chemical
structure of rutin. B: RAW264.7 cells were incubated with 0, 0.1, 1, 10, 30, 50 and 100 uM of rutin for 24 h. C: RAW264.7 cells were pretreated for 4 h
with rutin, and then with LPS (100 ng/mL) for 18 h. The concentration of NO in the culture medium was determined using the Griess assay. The results
are shown as percentages of control samples. Data are presented as the means + SEM for three independent experiments (n=3). Significance was
determined by Student’s t-test. *(p < 0.05), **(p < 0.01), and ***(p < 0.001). #Not significantly different from the LPS-treated group (p > 0.05)
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Inflammation is a pathophysiological process regulated
through the activation of macrophage cells. This process
involves various mediators such as nitric oxide (NO; low
concentrations of NO produced by inducible nitric oxide
synthase [INOS] possesses beneficial roles in the host
defense mechanism against pathogens [3]), prostaglandin
E2 (PGE2), interleukin-1 beta (IL-1p), IL-6, and tumor
necrosis factor-alpha (TNF-o) [4,5]. Therefore, pro-
inflammatory effects contribute to various diseases
including rheumatoid arthritis, atherosclerosis, asthma and
cancer. These diseasses present as a complex defense
response with immunomodulation after injurious stimuli
[6]. Lipopolysaccharide (LPS), a major constituent of the
outer membr ane of gram-negative bacteria, is a powerful
activator of the innate immune response [7]. LPS binds to
Toll-like receptor 4 (TLR4) protein to activate pro-
inflammatory signaling pathways such as nuclear factor-
kappa B (NF-xB) and mitogen-activated protein kinase
(MAPK) [8].

In this study, the inhibitory effect of rutin on NO was
evaluated by examining the molecular mechanism in LPS-
induced activation of RAW264.7 macrophages. In
addition, the effect of rutin on the expression of inducible
iNOS, and COX-2 proteins was determined.

2. Materials and Methods

2.1. Materials

Rutin, the 3-[4,5-dimethy-thiazol-2-yl]-2,5-diphenyl
tetrazolium bromide (MTT) assay kit, LPS from
Escherichia coli (serotype 0127:B8) were procured from
Sigma Aldrich (St. Louis, MO, USA). Culture dishes were

purchased from Nunc, Inc. (North Aurora Road, IL, USA).

COX-2, iINOS, and p-actin were supplied by Cell
Signaling (Danvers, MA, USA). Dulbecco’s modified
Eagle’s medium (DMEM), fetal bovine serum (FBS),
penicillin, and streptomycin were purchased from Hyclone
(Logan, UT, USA). The ECL western blot detection
reagent was purchased from GE Healthcare Biosciences
(Piscataway, NJ, USA). All other reagents were of the
highest grade available commercially.

2.2. Cell Culture

The RAW264.7 cell line was obtained from the

American Type Culture Collection (Rockville, MD, USA).

These cells were cultured in DMEM supplemented with
penicillin, streptomycin and 10% heat-inactivated FBS in
a humidified atmosphere of 5% CO,, 95% air at 37°C.

2.3. MTT Assay

The cytotoxicity of rutin on RAW 264.7 cells was
measured using the MTT assay. Cells were harvested
using phosphate buffered saline (PBS) containing 0.15%
trypsin and 0.08% EDTA. Cells were cultured in 12-well
plates at a density of 1 x 10* cells/well. 100 uL of MTT (1
mg/mL) solution was added to each well. Following
incubation for 4 h at 37°C in 5% CO,, the supernatant was
removed and discarded. DMSO was then added to
dissolve the formazan dye and the absorbance was
measured at 550 nm by using a microplate reader (Tecan

Trading AG, Mannedorf, Switzerland). All experiments
were performed in triplicate [9].

2.4. NO Assay

RAW?264.7 cells (5 x 10* cells/mL) were treated with
LPS (100 ng/mL) for 18 h. To measure the amount of NO
produced by the RAW264.7 cells, 100 uL of conditioned
medium was mixed with an equal volume of Griess
reagent (0.5% sulfanilamide and 0.05% N-1-
naphthylethylenediamine) and incubated for 10 min at
room temperature. The absorbance at 540 nm was
determined using a microplate reader (Tecan Trading AG)
[10]. Each experiment was performed in triplicate.

2.5. Western Blot

RAW 264.7 cells were washed twice with cold PBS and
lysed in RIPA buffer (50 mM Tris-HCI, pH 7.4, 1.0% NP-
40, 0.25% sodiumdeoxycholate, 150 mM NaCl, and a
protease inhibitor cocktail tablet). The Ilysate was
centrifuged for 15 min at 12000 rpm at 4°C and the
supernatants were loaded onto 7.5% sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE).
Proteins were transferred to polyvinylidene fluoride
membranes and incubated with the appropriate antibodies.
After application of the secondary antibody, the
membranes were washed thrice followed by TBS-T.
Visualization was done using an ECL detection kit and
luminescence image analyzer (LAS-3000, Fujifilm, Tokyo,
Japan) [11].

2.6. Statistical Analysis

Data are expressed as the mean + standard error of the
mean (SEM). Statistical differences were assessed using
Student’s t-test for paired data. Graph Pad Prism software
version 4.00 (Graph Pad Software Inc., San Diego, CA)
was used to determine significant differences (p < 0.05)
between the mean values of the triplicate samples.

3. Results

RAW?264.7 cells were treated with rutin at
concentration of 0.1, 1.0, 10, 30, 50, and 100 uM for 24 h.
Cell viability was not significantly reduced by rutin
concentrations up to 50 pM however, a decline was
observed at 100 puM (Figure 1B). Therefore, a rutin
concentration of 30 uM was selected for further studies.
NO plays a central role in the physiology and pathology of
diverse tissues including the immune system. To
investigate whether rutin from buckwheat could inhibit
LPS-induced NO production, RAW264.7 cells were
pretreated for 4 h with 30 uM of rutin. The cells were then
treated with 100 ng/ml of LPS for 18 h. While LPS alone
markedly increased NO production compared to that
observed in the medium alone (control), rutin significantly
reduced the level of NO in LPS-induced RAW264.7 cells
in a concentration-dependent manner (Figure 1C). Low
concentrations of NO produced by iNOS have beneficial
effects in the host defense mechanism against pathogens.
We investigated whether the ability of rutin to suppress
NO production could be attributed to the downregulation
of INOS and COX-2 proteins. RAW264.7 cells were
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treated with 30 uM of rutin for 4 h, followed by LPS (100
ng/ml) for 18 h. According to the western blotting results
(Figure 2), INOS and COX-2 protein levels were
increased by stimulation with LPS. However, treatment
with 30 pM of rutin significantly suppressed the LPS-
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induced increases in INOS and COX-2 proteins (Figure 2).
These results correlated well with the ability of rutin to
inhibit NO production, suggesting that suppression of
iNOS and COX-2 proteins plays a major role in the anti-
inflammatory mechanism of rutin.
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Figure 2. Effect of rutin on LPS-induced expression of COX-2 (A) and iNOS (B). RAW264.7 cells were pretreated with 30 uM of rutin and then
exposed to LPS (100 ng/mL) for 12 h. Total cell lysates (30 ug protein) were separated on 10% SDS-PAGE. B-actin was used as the loading control.
Proteins were detected by western blotting (upper panels). Protein expression was quantitated by densitometric analysis of the western blots, and is
shown in the lower panels (n=3). Significantly different compared with the LPS-stimulated group (p < 0.05 by the paired t-test)

4. Discussion

Medicinal plants or crude plant extracts have been used
as alternative therapies in traditional medicine to treat
various diseases. Inflammation is a normal host response
to foreign pathogens or tissue injury eliminate infections
and noxious stimuli. This process initiates the healing and
repair processes in damaged tissues [12]. During
inflammation, activated macrophages play an important
role in maintaining homeostasis in the production of pro-
inflammatory cytokines and inflammatory mediators [13].
However, chronic inflammation increases pro-inflammatory
mediators, including various cytokines, iINOS, and COX-2;
the latter two are responsible for increased levels of NO
and prostaglandins, respectively [14]. NO is an important
inflammatory mediator produced by NOS (neuronal,
inducible, and endothelial) under physiological and
pathophysiological conditions [15]. It also acts as a crucial
mediator during the inflammatory process. Increased NO
production and iNOS expression leads to the important
cytotoxic function of LPS-stimulated macrophages [16].
Rutin has proven to be an effective drug in the treatment
of several diseases due to its strong biological activities
that are potentially beneficial to health. Rutin consumption
could confer cardio-protective [17], anti-inflammatory
[18], asthma-reducing [19], cholesterol-lowering [20],
anti-cancer [21], and neuro-protective [22] effects.
Previous studies have shown that rutin regulates immune
responses through IL-4 suppression, inhibition of nuclear
factor of activated T cells and GATAS3, and reduction of T
helper-2 cell signaling (p-STAT®6) in phorbol myristate
acetate/ionomycin-induced EL4 murine T-lymphoma cells
[23].

In the present study, we showed that rutin inhibited NO
production in LPS-stimulated RAW264.7 cells. This

finding suggests that the expression of iNOS, COX-2, and
pro-inflammatory cytokines may be regulated through
different signaling pathways in LPS-stimulated RAW264.7
cells. Further, studies using an in vivo model are warranted to
fully understand the inhibitory effect of rutin on NO in
terms of the molecular mechanisms of inflammation.

5. Conclusions

Since natural products have been used as traditional
medicines and are now potential sources of new drugs or
nutraceuticals, it is important to understand the
mechanisms underlying the effects of biologically active
components. We observed that rutin substantially
suppressed pro-inflammatory mediators such as COX-2
and iNOS, as well as various cytokines in LPS-stimulated
murine macrophage RAW 264.7 cells. In conclusion,
these findings provide evidence that rutin has anti-
inflammatory properties and suggest that rutin might be a
promising therapeutic agent against inflammatory diseases.
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