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Abstract

  Objectives: Neutrophils represent the front line of human 
defense against infections. Immediately after stimulation, 
neutrophilic enzymes are activated and produce toxic 
mediators such as pro-inflammatory cytokines, nitric ox-
ide (NO) and myeloperoxidase (MPO). These mediators 
can be toxic not only to infectious agents but also to host 
tissues. Because flavonoids exhibit antioxidant and anti-in-
flammatory effects, they are subjects of interest for phar-
macological modulation of inflammation. In the present 
study, the effects of rutin on stimulus-induced NO and tu-
mor necrosis factor (TNF)-α productions and MPO activity 
in human neutrophils were investigated. 

Methods: Human peripheral blood neutrophils were iso-
lated using Ficoll-Hypaque density gradient centrifugation 
coupled with dextran T500 sedimentation. The cell prepa-
rations containing > 98% granulocytes were determined 

by morphological examination through Giemsa stain-
ing. Neutrophils were cultured in complete Roswell Park 
Memorial Institute (RPMI) medium, pre-incubated with 
or without rutin (25 μM) for 45 minutes, and stimulated 
with phorbol 12-myristate 13-acetate (PMA). Then, the 
TNF-α, NO and MPO productions were analyzed using 
enzyme-linked immunosorbent assay (ELISA), Griess 
Reagent, and MPO assay kits, respectively. Also, the viabil-
ity of human neutrophils was assessed using tetrazolium 
salt 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium 
bromide (MTT), and neutrophils were treated with vari-
ous concentrations of rutin (1 - 100 μM), after which MTT 
was appended and incubated at 37ºC for 4 hour.

Results: Rutin at concentrations up to 100 μM did not 
affect neutrophil viability during the 4-hour incubation 
period. Rutin significantly decreased the NO and TNF-α 
productions in human peripheral blood neutrophils 
compared to PMA-control cells (P < 0.001). Also, MPO ac-
tivity was significantly reduced by rutin (P < 0.001).

Conclusion: In this in vitro study, rutin had an anti-in-
flammatory effect due to its inhibiting NO and TNF-α 
productions, as well as MPO activity, in activated human 
neutrophils. Treatment with rutin may be considered as 
a therapeutic strategy for neutrophil-mediated inflamma-
tory/ autoimmune diseases.
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1. Introduction

 A neutrophil is a type of phagocyte that sweeps up patho-
gens into the phagosome and fuses them with granules con-
taining toxic compounds, such as reactive oxygen species 
(ROS) produced by oxidant enzymes such as myeloperox-
idase (MPO), to annihilate those pathogens [1]. Activated 
neutrophils begin to produce reactive nitrogen and oxygen 
species (RNOS) such as hydrogen peroxide (H   O  ), which is 
a substrate for MPO to produce a potent oxidant compound 
[2], and nitric oxide (NO), which is produced by inducible NO 
synthase (iNOs) and forms reactive species or is transformed 
into another substrate for MPO [3]. Major compounds that 
are receiving attention nowadays because of their anti-in-
flammatory and antioxidant activities are the flavonoids [4].
 One of the important flavonoids is rutin (3,3´,4´,5,7-pentahy-
droxy flavone-3-rutinoside), which is a glycone of quercetin 
(also known as quercetin-3-rutinoside) and is found in var-
ious fruits and vegetables, such as apple peels, potatoes, to-
matoes, carrots, oranges, grapefruits, lemons, etc. [5, 6]. Rutin 
(also called vitamin P) has been shown to have excellent ther-
apeutic effects, such as anti-inflammatory [7], antioxidant [8], 
anti-allergic [9], neuroprotective [10, 11], and antiplatelet [12] 
activities. Rutin has been reported to have protective effects 
against acute lung injury via inhibition of neutrophil infiltra-
tion and iNOS gene expression [13]. In rats, pretreatment with 
rutin can decrease oxidative stress, the systemic level of in-
creased tumor necrosis factor (TNF)-α in renal inflammation, 
and apoptosis induced by cisplatin in rats [14]. The aim of this 
study was to investigate the anti-inflammatory effects of ru-
tin against phorbol 12-myristate 13-acetate (PMA)-induced 
neutrophil stimulation by evaluating its potential modulato-
ry role in tissue necrosis factor-α and NO production and in 
MPO activity.

2. Materials and Methods

 The protocol used in this study was approved by the local 
ethics committee of Qazvin University of Medical Sciences 
(28.20.8991). Neutrophils were isolated from freshly heparin-
ized (5 U/mL) venous blood from healthy volunteers by using 
Ficoll-Hypaque solution and Dextran T500. In this method, 5 
mL of blood was layered onto 5 mL of Ficoll solution and cen-
trifuged at 400 g for 30 minutes (min) at room temperature 
(RT) [15]. After centrifugation, the layer containing erythro-
cytes and neutrophils was harvested using a sterile Pasteur 
pipette. Then, Dextran sedimentation was carried out with a 
3% dextran solution. A suspension of erythrocytes and neu-
trophils was mixed with 3% dextran for 30 min at RT in a dark 
room. After sedimentation, the neutrophil-rich supernatant 
in the upper layer was collected and centrifuged for 5 min at 
200 g at RT. Red blood cell (RBC) lysis was performed to gain 
pure neutrophils. After dextran sedimentation, the remaining 
RBCs were lysed using the hypotonic lysis method. A neutro-
phil/RBC pellet was suspended in 20 mL of cold 0.2% NaCl 
for 30 s; then, isotonicity was restored by adding 20 mL of ice-
cold 1.6% NaCl. The hypotonic lysis step is based on the high 
sensitivity of RBC to hypotonicity in comparison with neu-
trophils. However, the 30-s limit must be carefully monitored 

because a more prolonged period of hypotonicity will result 
in neutrophil damage. After centrifugation, the supernatant 
was discarded, and a white pellet consisting of neutrophils 
was obtained and re-suspended immediately in RPMI 1640 
complete medium supplemented with 10% fetal calf serum 
(FCS). After lysis, the morphological examinations and the 
trypan-blue exclusion tests were performed to determine the 
cell count and the purity of the neutrophils. The viability of 
the cells was more than 98%, as assessed by using the tryp-
an-blue exclusion test. The cell preparations contained more 
than 98% neutrophils, as determined by using morphological 
examinations based on Giemsa staining.
 Cell viability and cytotoxicity assays are used for drug 
screening and cytotoxicity tests of chemicals. In this study, the 
viability of human neutrophils was assessed using tetrazoli-
um salt 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium 
bromide (MTT) (Sigma, USA). Mitochondrial dehydrogenase 
enzymes reduce MTT to an insoluble, colored formazan 
product. Neutrophils were treated with various concentra-
tions of rutin (1 - 100 μM) (Sigma), which was dissolved in 
dimethylsulfoxide (DMSO), for 2 h, after which MTT (5 mg/
mL) was appended, and the sample was incubated at 37ºC 
for 4 h. Then, 0.04-N HCl in isopropanol was used to stop the 
reaction. Neutrophils were harvested, and the blue crystals of 
formazan were dissolved in DMSO for 10 min. The absorben-
cy was measured at a reference wavelength of 630 nm and a 
test wavelength of 570 nm by using a spectrophotometer. Cell 
viability was determined by comparing the absorbency of the 
treated and the untreated cells.
 NO production was determined by measuring the nitrite 
content in the supernatant of the neutrophil culture [16]. The 
spectrophotometric analysis of the total nitrite content was 
performed by using Griess reagent (1% sulfanilic acid, 0.1% 
N-1-naphthyl-ethylenediamine dihydrochloride). Neutro-
phils (5 × 105/well) in RPMI 1640 medium were treated with 
and without 25-μM rutin for 45 min and then stimulated with 
phorbol 12-myristate 13-acetate (PMA) (10–7 M) for 4 h. Then, 
100 μL of Griess reagent was added to 100 μL of the super-
natant of the cell culture. After a 15-min incubation at RT, the 
absorbance was measured at 550 nm by using a spectropho-
tometer. The nitrite concentration was determined using so-
dium nitrite as a standard (0 - 60 μM).
 Cytokine TNF-α production in the supernatant of the cell 
culture was determined by using enzyme-linked immuno-
sorbent assay (ELISA) kits according to the manufacturer’s 
instructions (eBioscience, USA). Neutrophils (1 × 106/mL) 
were cultured with and without 25-μM rutin, after which 10–7-
M PMA was added for 6 h. Finally, the cells were centrifuged 
(1,000 g, 4ºC, 10 min), and the supernatant was collected and 
used for the cytokine assessments. 
 The activity of the MPO enzyme was measured using MPO 
assay kits according to the manufacturer’s instructions (Ab-
cam, UK). Neutrophils (2 × 106 cells/well) were exposed for 45 
min at 37ºC with and without 25-μM rutin, after which 10–7-M 
PMA was added for 2 h. In Abcam’s MPO Activity Assay Kit, 
the HClO produced from H  O   and Cl is reacted with taurine 
to generate taurine chloramine, which subsequently reacts 
with the TNB2-probe to eliminate color (λ = 412 nm). The kit 
provides a rapid, simple, sensitive, and reliable test suitable for 
high throughput activity assays of MPO. This kit can be used 
to detect MPO in amounts as low as 0.05 mU per well.
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 Data were statistically analyzed using GraphPad PrismTM

(version 5.0; GraphPad Software). Results are expressed as 
means ± standard errors of the mean (SEMs). Statistical com-
parisons between groups were done using the student’s t-test. 
In all cases, P values lower than 0.05 were considered as sta-
tistically significant.

3. Results

Rutin was assessed for its cytotoxicity on neutrophils before 
the determination of its effects on neutrophil functions. Ru-
tin at concentrations up to 100 μM did not affect neutrophil 
viability during the 4-h incubation period. Rutin significant-
ly decreased the production of NO compared to that in the 
PMA-control cells (P < 0.001) (Fig. 1A). Neutrophils treated 
with PMA alone exhibited significantly increased cytokine 
production. The production of the pro-inflammatory cytokine 
TNF-α by human neutrophils treated with rutin was signifi-
cantly decreased compared with that in the PMA-control cells 
(P < 0.001) (Fig. 1B). MPO activity in the neutrophils was eval-
uated after the cells had been treated with rutin. As compared 
with the MPO activity in the PMA-control stimulated cells, 
that in the rutin-treated cells was significantly reduced (P < 
0.001) (Fig. 1C).

4. Discussion

  Overactivation of neutrophils is associated with excess de-
granulation, which was obviously seen in this study, as ad-
ministration of PMA to isolated human peripheral blood neu-
trophils significantly increased NO and TNF-α productions 
and MPO activity. Our results showed that pre-incubation of 
neutrophils with rutin significantly reduced the productions/
activity of these factors. Rutin can effectively inhibit lipopol-
ysaccharide (LPS)-induced iNOs gene expression and sub-
sequent NO production in macrophages [17]. We obtained a 
similar result in our study as rutin significantly reduced NO 
from neutrophils in vitro. The mechanism underlying this 
result in neutrophils may be similar to that in the mentioned 
studies on macrophages.
 Rutin has been found to be able to attenuate the LPS-in-
duced increased serum systemic TNF-α level in D-galac-
tosamine-sensitized mice. However, it was ineffective in re-
ducing serum TNF-α in the presence of a high dose of LPS. 
Rutin has also been reported to be able to prevent the tran-
scription of more than 20 genes responsible for pro-inflam-
matory factors such as TNF-α in macrophages [18]. Similar 
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Figure 1 Anti-inflammatory effects of rutin (25 μM) against 
PMA-induced neutrophil stimulation through evaluation 
of the potential modulatory role of rutin on (A) NO and (B) 
TNF-α productions and (C) MPO activity. Data are expressed 
as means  SEMs (n = 10) with 3 repeated experiments; t-test: 
*P < 0.001, compared to control.
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results in decreasing the serum level of TNF-α have been 
attained due to the effect of rutin on systemic pro-inflam-
matory cytokines [19], LPS-induced TNF-α production, and 
TNF-α-mediated vascular barrier disruption [20]. Our finding 
was in agreement with the results in those studies as rutin 
remarkably decreased TNF-α production in the neutrophils. 
As a coincident result with our finding of reduced MPO ac-
tivity due to rutin treatment, rutin has been reported to bind 
with a hydrophobic region at the distal heme pocket of the 
MPO, thus reducing MPO activity, as well as the production 
of MPO-dependent ROS [21]. Reductions in the MPO activity 
and the levels of pro-inflammatory cytokines such as TNF-α 
have also been shown by evaluating the effects of rutin in the 
treatment of LPS-induced acute lung injury [22]. On the other 
hand, some studies have demonstrated various effects of rutin 
on these factors (NO, TNF-α, and MPO). In the mouse pleurisy 
model, rutin only reduced the production of TNF-α [23]. In an-
other study on rats, rutin was found to significantly attenuate 
esophageal MPO activity and neutrophil accumulation [24].

5. Conclusion

Our study showed that neutrophils treated with PMA alone 
exhibited significant increases in NO and TNF-α production 
and MPO activity whereas neutrophils treated with rutin ex-
hibited significant decreases in NO and TNF-α production 
and MPO activity. However, the precise cellular mechanisms 
leading to these effects of rutin on neutrophils are unknown, 
so more studies are required if those mechanisms are to be 
identified.
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