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Inflammation is associated with many dis-
eases, including bronchitis, pneumonia, gastritis,
nephritis, and rheumatism (1-3). In addition, oxida-
tive damage, as an important factor for aging and
oxidative stress diseases, is closely related to exces-
sive free radical (4, 5) and often occurs in cardio-
vascular, cancer and inflammation diseases (6, 7).
Therefore, the treatment of inflammation and the
elimination of harmful free radicals will be a more
effective way of preventing all kinds of diseases and
keeping a balance of the internal environment.
Macrophages, which are a kind of cells regulating
inflammatory responses and production of inflam-
matory mediators, can regulate the immune system
by secretion of various cytokines or release of lyso-
somal enzymes (8, 9). RAW264.7 cell lines were
mouse mononuclear macrophage leukemia cells,
which is widely used to evaluate the anti-inflamma-
tory effect of mononuclear macrophages in vitro (10,
11). In addition, it is very necessary for research and
development of natural, green, and health medicines
in order to avoid the adverse reactions of steroidal,

non-steroidal anti-inflammatory drugs (12-15) and
synthetic antioxidants (16, 17). As a flavonol glyco-
side, rutin widely exists in vegetables, fruits and
other plants, including buckwheat, asparagus, egg-
plant, tomato, green pepper, tea, rue leaf, tobacco,
blackberry, grape, etc, and exhibits nutritional (18)
and pharmacological function (19-21), such as anti-
inflammatory (22-25), antioxidant (6, 7, 25, 26),
prevention of neurodegenerative disorders (27),
antiglycation (28), improving kidney and heart
structure and function (29).

Yang (30) analyzed the antioxidant activity of
rutin by assay of total antioxidant ability, reducing
power, lipid peroxidation, scavenging activity of
hydroxyl, superoxide, and 1,1-diphenyl-2-picryl-
hydrazyl (DPPH) radicals, and revealed that rutin
had a better function on scavenging radicals and
inhibition of lipid peroxidation. Another reported
study suggested that rutin can prevent cisplatin-
induced nephrotoxicity by decreasing of the oxida-
tive stress, repairing the histopathological changes
and inhibiting the activation of ROS/JNK/TNF/P38
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MAPK signaling pathways (31). In addition, rutin
exhibited stronger protection from physiology, bio-
chemistry and immunology against methotrexate-
induced intestinal toxicity in a dose-dependent man-
ner, which is on account of the anti-inflammatory
and antioxidant effects of rutin, including scavenging
activity of free radical, immunoregulatory and dual
inhibitory the metabolism of arachidonic acid (32).

However, no systematic study has been per-
formed about the dose-effect relationship of rutin on
the anti-inflammatory and antioxidant activities in
vitro. Therefore, the major objectives of this paper
were to investigate the dose-effect relationship of
rutin on the anti-inflammatory activity with the
model of LPS induced RAW 264.7 cells and to
evaluate the antioxidant activities via assay of the
scavenging capacity of DPPH, ABTS radicals, and
reducing power.

MATERIALS AND METHODS

Cells

RAW 264.7 murine macrophage cells were
purchased from Shanghai cell line bank of Chinese
Academy of Sciences (Shanghai, China) and cul-
tured in RPMI 1640 medium containing 10% fetal
bovine serum, 100 U/mL penicillin and strepto-
mycin mixture with supplement 5% CO2   at 37OC. 

Chemicals and reagents

2, 2í-azino-bis(3-ethylbenzothiazoline-6-sul-
fonic acid diammonium salt) (ABTS), DPPH and 2,
4,6-tri(2-pyridyl)-s-triazine (TPTZ) were purchased

from Sigma-Aldrich Chemie (Steinheim, Germany).
Interleukin-1β (IL-1β), IL-6 and TNF-α Elisa kits
were obtained from eBioscience (Science Center
Drive San Diego, CA, USA). Escherichia coli
Lipopolysaccharide (LPS), dimethyl sulfoxide
(DMSO), 3-(4,5-dimethylthiazol -2-yl)-2,5-diphen-
yltetrazolium bromide (MTT), butylated hydroxy-
toluene (BHT) and ascorbic acid were purchased
from Sigma-Aldrich (St. Louis, MO, USA), and
rutin was purchased from Dalian Meilun Biotech-
nology co., LTD (Dalian, China). Other chemicals
and reagents were all analytically pure and obtained
from Sinopharm Chemical Reagent Co., Ltd
(Shanghai, China).

Experimental protocol

Cells were randomly divided into eight groups
as follows: control group, LPS group (1 µmol/L),
LPS + 2 µmol/L of dexamethasone (Dex) group,
LPS + 5, 10, 20, 50 and 100 µmol/L of rutin groups.

Determination of anti-inflammatory activity 

Cell viability
The cytotoxicity of rutin against RAW 264.7

cells was evaluated using the MTT assay according
to the method described by Kim (10) and Tian (11).
Cells were cultured with concentration of 1 ◊ 105/well
and grouped into eight groups on the basis of the experi-
mental protocol. Then, 50 µL of 1 µmol/L LPS was
added to all groups except the control group with 50
µL of culture medium. 20 µL of 5 mg/mL MTT
reagent was mixed with the supernatant after incu-
bated for 18 h, and cultured continually for 4 h.

Figure 1. Effect of rutin on the viability of RAW 264.7 cells. Data are presented as means ± SD of three independent experiments. p val-
ues < 0.05 were regarded as statistically significant and p values < 0.01 as very significance
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Then, 150 µL of dimethyl sulfoxide was supple-
mented follow by discarding the supernatant and
shaken gently and then measured by microplate
reader detection at 490 nm. 

Cell morphology
Cell morphology is a manifestation of the state

of cell growth. Cells were incubated for 18 h and
their morphology was observed by microscope.

2.4.3 Measurement of NO content 
The content of NO was analyzed according to

the Griess reagent method reported by Tian (11).
The diluents of standard sodium nitrite and the cul-
ture supernatant were mixed respectively with iso-
volumetric of reactive solvent, which was consisted
with 1.0 g of anhydrous sulfanilic acid, 6 mL of 85%
phosphoric acid and 94 mL of deionized water, and
incubated at 37OC for 10 min. Then, the mixture was

added with 0.1% n-naphthylethylenediamine solu-
tion and incubated for 10 min. The absorbance was
measured at 540 nm and the concentration of NO
was calculated from an established standard curve of
sodium nitrite. 

Measurement of cytokines
The levels of TNF-α, IL-1β and IL-6 in cell

supernatant were measured by ELISA kits according
to the manufacturerís instruction. 

Measurement of phagocytic activity
Phagocytic activity of RAW 264.7 cells was

evaluated by the scavenging ability of toluylene red
reagent. Cells were grouped into eight groups under
the density of 1 ◊ 105 cells/well and incubated with
different concentrations of rutin or Dex, except con-
trol and LPS groups, and then reacted with 100 µL
of 100 mg/mL neutral red solution for 30 min after

Figure 2. The optical microscopic morphology of RAW 264.7 cells in different treatment groups(40 ◊)
A: Control B: LPS C: LPS + 2µM Dex
D: LPS + 100 µM Rutin E: LPS + 50 µM Rutin F: LPS + 20 µM Rutin
G: LPS + 10µM Rutin H: LPS + 5 µM Rutin
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incubated for 18 h. After cells were sealed with 
100 µL of cell lysis solution (ethanol : ice acetic acid
= 1 : 1, v : v) at room temperature for overnight, and
then the absorbance was measured with enzyme
marker at 540 nm. 

Determination of antioxidant activities 

ABTS radical scavenging activity assay
ABTS radical scavenging activity of rutin was

measured with the method of Tian (11). ABTS rad-
ical cation (ABTS∑+) was prepared with the mixture
of 7 mmol/L ABTS and 2.45 mmol/L potassium
persulfate at room temperature in the dark for 12-16
h, and then ABTS solution was diluted with PBS to
obtain an absorbance of 0.700 ± 0.02 at 734 nm.
Different concentration of rutin was mixed with
ABTS working solution and incubated for 30 min
and the absorbance was measured at 734 nm. The
scavenging ability was calculated by the following
equation: scavenging rate (%) = [(A0-A1)/A0] ◊ 100%,
where A0 and A1 were the absorbances of ABTS
solution and ABTS solution with sample solution at
different concentration, respectively. The antioxi-
dant activity was expressed by IC50 (µg/mM), which
is the concentration of rutin for inhibition of 50%
free radicals.

DPPH radical scavenging activity assay
Scavenging DPPH radical activity of rutin was

measured with the method described by Tian (11).
0.1 mL of different concentration of rutin was mixed
with 0.9 mL of 0.1 mmol/L DPPH∑radicals ethanol
solution and incubated for 30 min at 37OC in the
dark. The absorbance of the resulting solution was
recorded at 517 nm and the values of IC50 were
determined according to the method reported above.

Ferric-ion reducing antioxidant power assay
According to the method of Tian (11), ferric-

ion reducing antioxidant power (FRAP) of rutin was
measured. An aliquot of different concentration of
rutin was reacted with FRAP reagent and incubated
darkly for 30 min at 37OC. The absorbance was
measured at 593 nm and the values were expressed
as mmol Fe2+ per µg/mL of rutin. 

Statistical analysis

The statistical analysis was performed by SPSS
17.0 (SPSS Inc., Chicago, IL). Experiment values
were means of three replicate samples (n = 3) and
expressed as means ± standard deviation. In all sta-
tistical analyses, p values < 0.05 were regarded as
statistically significant and p values < 0.01 were
very significant. 

RESULTS AND DISCUSSION

Anti-inflammatory activity analysis

Effect of rutin on the cell viability 
The examination of cytotoxicity of rutin in

RAW 264.7 macrophages by MTT assay indicated
that rutin even at the concentration of 40 µM, did not
decrease cell viability in RAW 264.7 cells (35). As
shown in Figure 1, cell viability was not significant-
ly (p > 0.05) affected by LPS, Dex and rutin in the
experimental concentration range from 5 to 100 µM.
The results revealed that there was no poisonous
effect on the RAW 264.7 cells for the rutin, Dex and
LPS under the experimental concentration and the
inhibition of LPS-induced inflammation by rutin
was not the result of their cytotoxicity on cells.

Effect of rutin on cell morphology
Figure 2 described the optical microscopic

morphology (40 ◊) of RAW 264.7 cells in different
treatment groups. As shown in Figure 2A for the
control group, the morphology of RAW 264.7 cells
was normal with round or elliptic shape and the cells
were closely exposed to cluster growth. However,
the cells were in a differentiated state with a larger
branch, fast growth and expansion, significant
increasing of spacing and distinct antennae after
induced by LPS (Fig. 2B). In addition, the branching
cells were significantly reduced in Dex and rutin
groups, and most of the cells were round or elliptic,
and returning to normal form (Fig. 2C to 2H). These
results indicated that 1 µmol/L of LPS can success-
fully induce inflammation and morphology differen-
tiation for RAW 264.7 cells and the treatment of dif-
ferent concentration of rutin can effectively inhibit
cell differentiation and alleviate inflammatory reac-
tion.

Effect of rutin on the content of NO 
As an important inflammatory medium, NO

plays an important role in the occurrence and devel-
opment of inflammation. When RAW 264.7 macro-
phages were treated with 5, 10, 20, 40 µM of rutin
together with LPS (100 ng/mL) for 24 h, the signif-
icant concentration-dependent inhibition of nitrite
production was detected in the presence of rutin
(35). The inhibitory effect of 12.21, 24.42, 48.84
µg/mL of rutin on NO production increased with
dose and reduced nitrite accumulation with the high-
est reduction being approximately 40-50% (36).
According to the results in Figure 3, the content of
NO was improved very significantly (p < 0.01) in
LPS model group comparing to the control group;
and decreased very significantly (p < 0.01) with a
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dose-dependent manner in the experimental groups
pretreated by 5, 10, 20, 50 and 100 µM of rutin com-
pared with the LPS model group. This results indi-
cated that LPS-induced NO production was inhibit-
ed by a certain concentration of rutin, and the
inhibitory effect of 100 µM of rutin was stronger
than Dex (p < 0.01), and 5-100 µM of rutin was
equivalent to Dex (p > 0.05), which suggests that
low concentration of rutin can play the same role as
Dex in reducing the content of inflammatory medi-
um NO in clinical practice. Moreover, it will be paid
more attention to rutin due to the small toxic and
side effects.

Effect of rutin on cytokines secretion
As described in the research of Saraphan-

chotiwitthaya et al. (36), 12.21, 24.42, 48.84 µg/mL
of rutin can substantially inhibit the increasing of
IL-1β levels, which was significantly secreted by
stimulation of RAW 264.7 cells with LPS (5 µg/mL)
approximately 3-folds over basal secretion values.
However, at the tested concentrations, rutin did not
have any effect on TNF-α production. The inhibi-
tion of rutin on TNF-α, IL-1β and IL-6, which were
produced by activated macrophages, were shown in
Figure 4 to 6. The results revealed that the produc-
tion of TNF-α, IL-1β and IL-6 was very significant
increased (p < 0.01) in LPS induced RAW 264.7
cells, which were very significantly reversed (p <
0.01) by treatment of 50 and 100 µM rutin and Dex.
In addition, the content of IL-6 was decreased sig-
nificantly (p < 0.01) by low concentration of rutin,
including 5, 10 and 20 µM. However, there was no
very significant difference (p > 0.01) between the
inhibiting effect for low concentration of rutin and
the content of TNF-α and IL-1β. It can be seen that

there was very significant or significant difference
between 5, 10, 20 and 50 µM of rutin and Dex (p <
0.01 or p < 0.05) on the secretion of TNF-α, IL-1β
and IL-6, and no significant difference between 100
µM of rutin and Dex (p > 0.05) on the content of IL-
1β and IL-6 from the comparison of differences
between different treatment groups. The research
suggests that 100 µM of rutin can alleviate LPS-
induced inflammatory reaction via down-regulation
of pro-inflammatory cytokines IL-1β and IL-6
expression, directly to suppress the occurrence and
development of inflammation, which means that
100 µM or higher of rutin will be a candidate anti-
inflammatory drug for research and development in
clinical inflammatory diseases.

Effect of rutin on phagocytic activity
For evaluation the immunoactivity of polysac-

charides of L. barbarum (LBP), the phagocytic
activity was evaluated by uptake of toluylene red in
murine macrophage RAW264.7 cells and the results
indicated that the phagocytic activity of
macrophages cells showed a notable increase with
the increasing of the LBP concentration from 15.6 to
500 µg/mL after treatment with LBPs (37). Figure 7
described the results of phagocytic activity of RAW
264.7 cells after pretreated with different concentra-
tion of rutin, Dex and LPS. The results illustrated
that the phagocytosis of RAW 264.7 cells was very
significant increased (p < 0.01) after LPS induced
comparing to the control group, which was indicat-
ing that the inflammatory experiment model was
successfully established. Compared with LPS model
group, 20, 50 and 100 µM of rutin and Dex can
reduce the phagocytic activity very significantly 
(p < 0.01) in a dose-dependent manner, and signifi-

Figure 3. Effects of different concentrations of rutin on LPS induced NO production in RAW 264.7 cells. Values represent the mean ± SD
of the three independent experiments (#compared with the control, *compared with LPS, */ #p < 0.05, **/ ##p < 0.01)
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Figure 4. Effects of different concentrations of rutin on LPS induced TNF-· production in RAW 264.7 cells. Values represent the mean ±
SD of the three independent experiments (#compared with the control, *compared with LPS, */ #p < 0.05, **/ ##p < 0.01)

Figure 5. Effects of different concentrations of rutin on LPS induced IL-1‚ production in RAW 264.7 cells. Values represent the mean ±
SD of the three independent experiments (#compared with the control, *compared with LPS, */ #p < 0.05, **/ ##p < 0.01)

Figure 6. Effects of different concentrations of rutin on LPS induced IL-6 production in RAW 264.7 cells. Values represent the mean ±
SD of the three independent experiments (#compared with the control, *compared with LPS, */ #p < 0.05, **/ ##p < 0.01)
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cantly (p < 0.05) for 10 µM of rutin. However, there
was no significant difference (p > 0.05) between the
treatment group of 5 µM of rutin and LPS model
group, which was indicating that 5 µM of rutin had
no perfect anti-inflammatory effect. From the results
of statistical analysis between any two groups, there
was very significant or significant difference
between 5 µM or 10 µM of rutin and Dex (p < 0.01
or p < 0.05), but no significant for 20, 50 and 
100 µM of rutin (p > 0.05), which was implying that
20 µM or more of rutin can exhibit the same anti-
inflammatory effect as Dex. Whatís even more
remarkable is that rutin has a better anti-inflamma-
tory effect but also has a smaller adverse reaction.

It was demonstrated that rutin can effectively
attenuate the inflammatory response by improving cell
morphology in LPS-induced RAW264.7 cells. The
mechanisms underlying this protective effect include a
reduction in the content of NO, inhibiting cytokines
secretion and decreasing phagocytic activity.

Antioxidant activity analysis

Antioxidant activity of rutin against ABTS, DPPH
radicals and FRAP

The ABTS and DPPH radicals scavenging
activities of rutin, BHT and VC were demonstrated

with the IC50 ABTS and IC50 DPPH values, and the reduc-
ing capacity was evaluated with the same concentra-
tion of ferrous ions. The IC50 value is inversely pro-
portional to the antioxidant capacity, while FRAP is
directly proportional to it. The antioxidant activity
assay results of rutin, BHT and VC were described
in Table 1 and Figures 8 to 12. 

When assay of the actual Trolox equivalent
antioxidant capacity of antioxidants, i.e. the total
antioxidant capacity, rutin, as an analytic target, was
tested with the concentration of 0.305 to 0.916
µg/mL for optimization the concentration range of
ABTS working solution. However, IC50 ABTS of rutin
was not calculated and fitted (33). As shown in
Table 1, IC50 ABTS of rutin was the lowest with 0.85
µg/mL, followed by VC with 2.36 µg/mL, and BHT
with the highest value of 25.69 µg/mL, namely, rutin
exhibited stronger ABTS radicals scavenging activ-
ity than VC and BHT. 

There was a slightly different for ABTS radi-
cals scavenging activity, and VC was a better
antioxidant against DPPH radicals with the IC50 DPPH

3.18 µg/mL, followed by rutin with IC50 DPPH 5.18
µg/mL, and finally BHT with IC50 DPPH 7.77 µg/mL.
Comparing to BHT, rutin and VC both displayed
more perfect scavenging abilities for DPPH free rad-

Table 1. IC50 values for evaluated antioxidant assays and reducing power of rutin, BHT and VC.

Sample
IC50 ABTS IC50 DPPH FRAP

(µg/mL) (µg/mL) (mmol Fe2+/µg/mL)

Rutin 0.85 5.18 0.028

BHT 25.69 7.77 0.021

VC 2.36 3.18 0.026

IC50, 50% of inhibition concentration

Figure 7. Effects of different concentrations of rutin on LPS induced phagocytic activity in RAW 264.7 cells. Values represent the mean
± SD of the three independent experiments (#compared with the control, *compared with LPS, */ #p < 0.05, **/ ##p < 0.01)
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Figure 8. The scavenging activity of different concentrations of rutin, BHT and VC on ABTS radical. Values represent the mean ± SD of the
three independent experiments

Figure 9. The assay of IC50 of rutin, BHT and VC on ABTS radical. Values represent the mean ± SD of the three independent experiments

Figure 10. The scavenging activity of different concentrations of rutin, BHT and VC on DPPH radical. Values represent the mean ± SD of
the three independent experiments
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icals. The results are nearly consistent with the pre-
vious reports (30), rutin exhibited strong DPPH rad-
ical scavenging activity, and at the concentration of
50 µg/mL, VC, BHT and rutin showed 92.8%,
58.8%, and 90.4% inhibition, respectively. DPPH
free radical scavenging activity of rutin was also
increased with an increasing concentration 5, 20, 30,
50 and 70 µg/mL.

Meanwhile, FRAP of rutin, VC and BHT
demonstrated the same trend as ABTS radicals scav-
enging activity assay. FRAP of rutin was 0.028
mmol Fe2+/µg/mL stronger than VC with 0.026
mmol Fe2+/µg/mL, and the lowest value for BHT
with 0.021 mmol Fe2+/µg/mL. These results suggest
that rutin is a powerful free radical inhibitor or scav-
enger and a remarkable reducing agent to donate an
electron to reactive free radicals. Therefore, rutin

will be a very interesting candidate for the research
and development of healthy and natural antioxidant
in the food and pharmaceutical industries.

Figure 8, 10 and 12 described the trend lines of
interaction relation between the concentration (0.5,
1.0 2.0, 4.0, 8.0, 16.0, 32.0, 64.0, 128.0 µg/mL) of
rutin, BHT and VC and their antioxidant activities.
As shown in Figure 8, the scavenging ABTS free
radical ability of rutin was greater than VC with the
concentration less than 8 µg/mL, and the scavenging
ability was almost the same with the concentration
more than 8 µg/mL. Moreover, the scavenging
DPPH free radical ability of VC was greater than
rutin with the concentration higher than 4 µg/mL
(Fig. 10). For FRAP assay (Fig. 12), the reducing
capacity of rutin and VC were almost identical. The
scavenging ABTS and DPPH radicals activities and
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Figure 11. The assay of IC50 of rutin, BHT and VC on DPPH radical. Values represent the mean ± SD of the three independent experi-
ments

Figure 12. The reducing capacity of different concentrations of rutin, BHT and VC on the ferric ion. Values represent the mean ± SD of
the three independent experiment
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FRAP of rutin and VC were stronger than BHT with
the concentration from 2 to 128 µg/mL, which sug-
gests that rutin and vitamin C can be considered first
when high concentration or more than 2 µg/mL of
antioxidants are needed, which not only have better
antioxidant activity, but also have less toxic side
effects than BHT.

Pearson correlation analysis between rutin con-
centration and antioxidant activity

In this study, the antioxidant activities of rutin
were investigated using the assay of ABTS radical
scavenging activity, DPPH radical scavenging activ-
ity and FRAP. Meanwhile, Pearson test was utilized
to analyze and evaluate the interaction between the
content of rutin, BHT, VC, and their antioxidant
activities. As shown in Table 2, the correlations

were significant (p < 0.05) between the concentra-
tion of rutin and the antioxidant activity measured
by DPPH (r, 0.673) and FRAP (r, 0.723) assays.
Furthermore, there were better correlations between
the content of BHT and the values of DPPH (r,
0.759; p < 0.05) and FRAP (r, 0.810; p < 0.01)
assays (Table 3). In addition, the correlation was
significant (p < 0.05) between the concentration of
VC and the antioxidant activity measured by FRAP
(r, 0.686) assay (Table 4). In addition, a comparison
was made on the use of ABTS and FRAP methods
for the measurement of the total antioxidant capaci-
ty (TAC) of plant foods and six antioxidant refer-
ence substances including rutin, and the results were
recalculated to allow a comparison so that Trolox
had a TAC-value of 1.00 µmol/µmol (34). These
results indicated that the assay methods can be suc-

Table 2. Correlation coefficients between antioxidant activity assays and the concentration of rutin.

ABTS DPPH FRAP Concentration of rutin (µg/mL)

ABTS 1 0.884** 0.855** 0.503

DPPH - 1 0.996** 0.673*

FRAP - - 1 0.723*

Concentration of 
rutin (µg/mL)

- - - 1

**Significant at p < 0.01; *Significant at p < 0.05

Table 3. Correlation coefficients between antioxidant activity assays and the concentration of BHT.

ABTS DPPH FRAP Concentration of rutin (µg/mL)

ABTS 1 0.825** 0.812** 0.640

DPPH - 1 0.980** 0.759*

FRAP - - 1 0.810**

Concentration of 
BHT (µg/mL)

- - - 1

**Significant at p < 0.01; *Significant at p < 0.05

Table 4. Correlation coefficients between antioxidant activity assays and the concentration of VC.

ABTS DPPH FRAP Concentration of rutin (µg/mL)

ABTS 1 0.995** 0.952** 0.576

DPPH - 1 0.973** 0.609

FRAP - - 1 0.686*

Concentration of 
VC (µg/mL)

- - - 1

**Significant at p < 0.01; *Significant at p < 0.05
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cessfully and veritably used to measure the antioxi-
dant activity of rutin, BHT, VC. In addition, Table 2
to 4 also listed the correlation coefficients between
any two of the antioxidant activities assays, which
were very significant (r > 0.812; p < 0.01) for any
two of the assay methods, and the results implied
that there was better correlation for the three evalu-
ation methods for antioxidant activity, which can be
accurately and scientifically evaluate the antioxidant
activity of the analytes. Even if the ABTS, DPPH
and FRAP methods all showed a better performance
with the samples analyzed in the present study, the
use of one-dimensional method has many limita-
tions. Therefore, the antioxidant activity of the ana-
lyte can be objectively and truly evaluated by a vari-
ety of methods, including ABTS, DPPH, FRAP and
other methods.

CONCLUSION

This study evaluated the dose-effect relation-
ship of rutin on the anti-inflammatory and antioxi-
dant activities in vitro against LPS-stimulated RAW
264.7 cells and free radicals or ferric-ion. 5, 10, 20,
50 and 100 µM of rutin were proved to be a better
anti-inflammatory drug via observation cell mor-
phological, determination of the content of NO and
the levels of TNF-α, IL-1β and IL-6, and evaluation
of the phagocytic activity. In addition, it is worth
mentioning that rutin exerts stronger antioxidant
activities than BHT, and equivalent to VC, which
were verified by the assay ABTS, DPPH radical
scavenging activity, and FRAP. Therefore, rutin
might be regarded as a new, healthy and natural drug
or additive associated with anti-inflammatory and
antioxidant activities for pharmaceutical and food
industries.
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