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Rhamnazin inhibits LPS-induced inflammation and ROS/RNS in raw macrophages*
Kim, You Jung†
Department of Dental Hygiene, Busan Women’s College, Busanjin-Gu, Busan 47228, Korea

ABSTRACT
Purpose: The aim of this work was to investigate the beneficial effects of rhamnazin against inflammation, reactive
oxygen species (ROS)/reactive nitrogen species (RNS), and anti-oxidative activity in murine macrophage RAW264.7
cells. Methods: To examine the beneficial properties of rhamnazin on inflammation, ROS/ RNS, and anti-oxidative activity
in the murine macrophage RAW264.7 cell model, several key markers, including COX and 5-LO activities, NO•, ONOO-,
total reactive species formation, lipid peroxidation, •O2 levels, and catalase activity were estimated. Results: Results show
that rhamnazin was protective against LPS-induced cytotoxicity in macrophage cells. The underlying action of rhamnazin
might be through modulation of ROS/RNS and anti-oxidative activity through regulation of total reactive species
production, lipid peroxidation, catalase activity, and •O2, NO•, and ONOO• levels. In addition, rhamnazin down-regulated
the activities of pro-inflammatory COX and 5-LO. Conclusion: The plausible action by which rhamnazin renders its
protective effects in macrophage cells is likely due to its capability to regulate LPS-induced inflammation, ROS/ RNS,
and anti-oxidative activity.
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INTRODUCTION
Our recent reports showed a close interaction between
inflammation and reactive oxygen species (ROS) / reactive
nitrogen species (RNS) induced oxidative damage,1-3
namely, the inflammatory process is activated by diverse
reactive species (RS), e.g., ROS and RNS. The inflammation process triggers a chain of events that forms upregulating RS, and pro-inflammatory cyclooxygenase
(COX) is a key enzyme in the prostaglandin (PG) synthesis
pathway that is a major RS-producing factor. Additionally,
leukotrienes, key mediators of the inflammatory process,
are catalyzed by 5-lipoxygenase (5-LO) during the first two
crucial steps of leukotriene biosynthesis from arachidonic
acid.4
Numerous reports reveal that various RS are causally
related with cellular oxidative insults.1 The primary ROS/
RNS species generated in a cell are superoxide (•O2),
hydrogen peroxide (H2O2), and nitric oxide (NO•); and •O2
is able to rapidly react with NO• to form toxic peroxynitrite
(ONOO−) or dismutate to form H2O2.1,5 To counteract

ROS/RNS induced oxidative damage, cells have enzymatic
and non-enzymatic defense mechanisms.5
Lipopolysaccharide (LPS) is known as a powerful
macrophage activator, and LPS treated RAW264.7 cells are
a well-defined cellular model of macrophage activation at
sites of inflammation, which generating various RS
including ROS and RNS.6,7
Flavonoids have gained much attention in the food and
pharmaceutical industries due to their various health
promoting effects,8,9 which are beneficial for human diet
and food nutrition.10,11 One of these flavonoids, rhamnazin
is revealed to have anti-oxidative, anti-bacterial, antiangiogenic, and anti-tumor capacities.12,13 In addition,
previous study showed that rhamnazin revealed powerful
anti-oxidative properties either by directly acting as a potent
antioxidant or by enhancing anti-oxidative defenses,14 and
rhamnazin also has been known to have a potent antiinflammatory activity.15 However, the cellular action
underlying its protective properties against inflammation
under a murine macrophage RAW264.7 cells have not been
well discovered. Moreover, the anti-oxidative effects of
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rhamnazin were not thoroughly elucidated in murine
macrophage RAW264.7 cells.
In the present study, evidence was gathered that rhamnazin
may exert its protective role against LPS-induced inflammation by regulating cellular oxidative insults in macrophages. To this end, the protective property of rhamnazin
on cell viability in murine macrophage RAW264.7 cells
was first determined. To examine the status of anti-inflammatory and anti-oxidative conditions, levels of crucial
inflammatory markers and oxidative indices including total
RS, •O2, NO•, ONOO−, lipid peroxidation, catalase activity,
pro-inflammatory COX as well as 5-LO activities were
assessed.

MATERIALS AND METHODS
Chemicals and reagents
Rhamnazin (see the chemical structure in Fig. 1), 2,7dichlorofluorescein diacetate (DCFH-DA) was purchased
from Sigma-Aldrich Co. (St. Louis, MO, USA). Dulbecco’s
modified Eagle medium/nutrient mixture F-12 (DMEM/F12) was obtained from GIBCOTM (Grand Island, NY,
USA), and fetal bovine serum (FBS) was obtained from
Life Technologies Inc. (Lenexa, KS, USA). 3-(4,5-dimethyl2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide (MTT)
and dihydrorhodamine 123 (DHR 123) were purchased
from Sigma-Aldrich Co. (St. Louis, MO, USA), and all other
reagents were of the highest commercial grade available.

Cell culture
RAW264.7 cells, a macrophage like cell line, were
purchased from the American Type Culture Collection
(Rockville, MD, USA). The cells were cultivated in
DMEM supplemented with 10% FBS, at 37oC in a
humidified atmosphere of 5% CO2 in air. Treatment with
rhamnazin and / or LPS (100 ng/mL) was carried out under
serum-free conditions. All subsequent procedures were
carried out under these conditions, and all the experiments
were carried out in triplicate and repeated three times to
ensure reproducibility.

Estimation of cell viability
Cells were treated with or without LPS (100 ng/mL) and
various concentrations of rhamnazin (0~20 µM) for 18 h.15
After treatment, cell viability was determined using an MTT
assay according to the method described by Mosmann.16

Assessment of total RS production
Total RS generation was determined in culture supernatant according to the method described by Paraidathathu
et al.18 In short, following rhamnazin treatment for 24 h, 25
µM DCFH-DA was added to the cells that were incubated
at 37oC for 15 min, and changes in fluorescence were
determined for 30 min at an excitation wavelength of 486
nm and emission wavelength of 530 nm. N-acetyl-L-cystein
(NAC, 10 µM) was used as a positive control.

Assay to determine ONOO− level
ONOO−-dependent oxidation of DHR 123 to rhodamine
123 was assayed, according to the method described by
Kooy et al.19 Samples were added to the rhodamine buffer
(pH 7.4) consisting of 6.25 µM DHR 123 and 125 µM
diethylenetriaminepentaacetic acid and incubated 5 min at
37°C. The absorbance was assessed at 500 nm, which is the
absorbance of rhodamine 123. Trolox (10 µM), curcumin
(10 µM) and penicillamine (10 µM) were used as positive
controls.

Assay of NO•
NO• levels were estimated by assessing the accumulation
of nitrite in the conditioned medium by the Griess assay.
Shortly after, 100 mL culture supernatant was allowed to
react with 100 mL of the Griess reagent,20 and after that, it
was incubated at room temperature for 5 min. The optical
density of the samples at 540 nm was determined using a
microplate reader. Trolox (10 µM), curcumin (10 µM) and
penicillamine (10 µM) were used as positive controls.

Assessment of •O2

The •O2-scavenging activity was estimated by assessing
the reduction in the ratio of the decrease of nitro blue
tetrazolium (NBT), as described by Ewing and Janero.21
The culture supernatant was added to the reaction buffer
[50 µM PBS with 125 µM EDTA, 62 µM NBT and 98 mM
NADH] containing 33 µm 5-methylphenazium methyl
sulfate. The absorbance at 540 nm, as an index of NBT
reduction, was determined after 5 min. Trolox (10 µM),
curcumin (10 µM) and penicillamine (10 µM) were used as
positive controls.

Evaluation of lipid peroxidation by thiobarbituric acid
reactive substances (TBARS)
To estimate the lipid peroxidation, the levels of TBARS
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was determined using slightly modified assay according to
Buege and Aust.22 This method entailed the creation of a
colored complex between the products of lipid peroxidation
and thiobarbituric acid at a temperature of 100°C in an acidic
environment. The maximum absorption of this complex was
estimated at a wavelength of 532 nm. NAC (10 µM) was
used as a positive control.

Estimation of catalase
Cells were cultivated in 100-mm culture dishes containing DMEM supplemented with 10% FBS in a humidified
atmosphere of 5% CO2 in air at 37oC. The cells were
detached from the dish by 0.05% v/v trypsin-EDTA in PBS
and subcultured in culture plates. After incubation for 24 h,
cells were treated with rhmanazin, and then the cells were
collected and sonicated for 3 min at 30-s intervals. Cell
debris was pelleted, and the resulting supernatant was used
for the enzyme activity assays. In short, catalase activity
was assessed spectrophotometrically by direct estimation
of the reduction of light absorption at 240 nm due to the
decomposition of H2O2 by catalase.23 Catalase activity was
calculated as nmole/min/g protein, and the enzyme activities
were calculated by normalizing the results to the total
protein concentration of the whole extract, as estimated by
the bicinchoninic acid protein assay23 with NAC, (10 µM)
as a positive control.

RESULTS
Effect of rhamnazin on cell viability
To determine the protective effect of rhamnazin against
LPS-induced cellular damage, cell viability was examined.
As Fig. 1 shows, the LPS-treatment decreased cell viability.
However, the rhamnazin treatment boosted cell proliferation,
indicating that rhamnazin has a protective effect against
LPS-induced cell damage.

Rhamnazin suppressed total RS production
As shown in MTT assay, rhamnazin showed cytoprotective
effect. In order to investigate the underlying action of
cytoprotective action by rhamnazin, total RS production
was examined. As shown in Table 1, total RS generation
was up-regulated after treatment with LPS, while the
rhamnazin treatment decreased total RS generation.

Suppression of ONOO−, NO• and •O2 levels by
rhamnazin
To investigate the contributing factors of the cytoprotective effect against LPS exposure in greater detail, we
estimated various RS, including ONOO− , NO• and •O2, and
found that rhamnazin reduced · ONOO−, NO• and •O2 levels

Assessment of COX and 5-LO activity
PGE2 and LTB4 levels were evaluated according to the
manufacturer’s instructions (R&D Systems, Minneapolis,
MN, USA). Cells were transferred to a 48-well plate and
allowed to adhere overnight. Cells were incubated for each
time in an FBS-free medium in the presence or absence of
rhamnazin, and the PGE2 and LTB4 levels present in the
media were assayed utilizing an enzyme immunoassay kit.

Fig. 1. Chemical structure of rhamnazin
Table 1. Modulation of total RS production
Group

Total RS production (%)

Statistical analysis

Control

All the experiments were performed in triplicate and
repeated three times to ensure reproducibility. Data are
presented as mean ± SEM. The effect of each parameter
was assessed by the one-way analysis of variance. Individual
differences between groups were determined using the
Dunnett’s test, and those at p < 0.05 were considered
statistically significant.

LPS-treated control

920.3 ± 441.0c

Rhamnazin (1 µM)

555.3 ± 107.9b,d

Rhamnazin (5 µM)

111.7 ± 22.5b,e

Rhamnazin (10 µM)

54.3 ± 27.2a,d

NAC (10 µM)

90.3 ± 183.8a,d

100.6 ± 2.30

Cells were treated with or without LPS (100 ng/mL) and various
concentrations of rhamnazin (1, 5 and 10 mM) for 18 h. NAC (10
mM) was used as a positive control. Data are expressed as the
mean ± SEM of at least three examinations.
a
p < 0.05, bp < 0.01, cp < 0.001 compared with non-treated values;
d
p < 0.05, ep < 0.01 compared with LPS-treated values
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Table 2. Suppression of rhamnazin on ONOO− , NO• and •O2
ONOO− (%)

NO• (%)

Control

100.5 ± 0.62

100.5 ± 1.39

100.3 ± 0.49

LPS-treated control

784.7 ± 89.9c

371.7 ± 19.8c

886.8 ± 88.0c

Group

Rhamnazin (1 µM)
Rhamnazin (5 µM)
Rhamnazin (10 µM)
Trolox (10 µM)
Curcumin (10 µM)

a,d

445.2 ± 139.7

b,e

252.4 ± 42.5

b,f

42.4 ± 9.95

a,f

71.8 ± 11.6

c,f

51.9 ± 2.62

Penicillamine (10 µM) 55.8 ± 18.4a,f

•

O2 (%)

a

448.5 ± 105.0b,f

b,f

163.9 ± 22.6a,e

c,f

77.7 ± 11.2a,f

c,f

45.2 ± 22.9a,f

a,f

53.8 ± 4.65

75.5 ± 11.8a,f

49.9 ± 11.7b,f

58.5 ± 13.8a,f

84.8 ± 6.38
70.8 ± 6.02

20.7 ± 7.71
43.3 ± 24.5

Cells were treated with or without LPS (100 ng/mL) and various
concentrations of rhamnazin (1, 5 and 10 mM) for 18 h. Trolox (10
mM), curcumin (10 mM) and penicillamine (10 mM) were used as
positive controls. Results are expressed as the mean ± SEM of at
least three determinations.
a
p < 0.05, bp < 0.01, cp < 0.001 compared with non-treated values;
d
p < 0.05, ep < 0.01, fp < 0.001 compared with LPS-exposed values

Rhamnazin boosted catalase activity
To determine the effect of rhamnazin on the regulation of
an antioxidant enzyme during LPS-induced oxidative insult,
catalase activity was assessed. As shown in Fig. 3B, catalase
activity decreased after treatment with LPS. However,
rhamnazin treatment enhanced catalase activity. These data
indicate that rhamnazin possesses a protective effect against
LPS-induced oxidative insult by up-regulating antioxidant
enzyme activity.

Rhamnazin modulated COX and 5-LO activities
To examine whether rhamnazin’s cytoprotective property
is associated with the modulation of inflammation, key proinflammatory enzymes, COX and 5-LO activities were
estimated. As Fig. 3C and Fig. 3D display, rhamnazin
reversed both COX and 5-LO activities with LPS
treatment. These results indicate that rhamnazin suppresses
inflammation through inhibition of both COX and 5-LO,
implying that the dual modulation of COX and 5-LO might
be a crucial underlying action in rhamnazin’s protection
against LPS-induced cytotoxicity.

DISCUSSION

Fig. 2. Effect of rhamnazin on cell viability. Cells were treated with
or without LPS (100 ng/mL) and various concentrations of rhamnazin (0~20 µM) for 18 h, and cells were evaluated by the MTT assay.
Data are represented as the mean ± SEM of at least three determinations. ap < 0.05, bp < 0.01 compared with non-treated values;
d
p < 0.05, ep < 0.01 compared with LPS-exposed values

(Table 2) in LPS-treated macrophages. These results
indicate that various scavenging activities by rhamnazin
are one of the potent, contributing underlying actions that
protect against LPS-induced cellular damage.

Rhamnazin reduced lipid peroxidation levels
As Fig. 3A shows, LPS enhanced TBARS levels, while
rhamnazin reduced TBARS levels. These data confirm that
rhamnazin achieves its anti-oxidative properties by not only
scavenging various RS such as •O2, NO•, and ONOO−, but
also by suppressing lipid peroxidation.

Recently, rhamnazin is known to posses in vitro antiinflammatory activity acts as inhibitors against dihydroorotate dehydrogenase,24 and rhamnazin from Callicarpa
kwangtungensis Chun possessed antioxidant property.14
More recently, rhamnazin from Caragana leucophloea
Pojark revealed to have strong antioxidant capacity.25 The
present work was undertaken to establish the beneficial
effects of rhamnazin on cellular insults, particularly its antiinflammatory property in LPS-treated macrophage cells.
To the best of my knowledge, the current study is the first
report showing that rhamnazin possesses cytoprotective
effects in its ability to protect the macrophage cells against
LPS induced inflammation and ROS/RNS related oxidative
status.
The initial approach was to assess the protective effect of
rhamnazin on cell proliferation in LPS-exposed macrophages, finding that rhamnazin ameliorated LPS-induced
cytotoxicity as shown in Fig. 2. To find the possible
underlying action by which rhamnazin acts, several key
oxidative markers were assessed and obtained evidence
showing that rhamnazin can reduce total RS production
(Table 1). These data are parallel with a previous study,26
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Fig. 3. Effect of rhamnazin on lipid peroxidation (A), catalase activity (B), PGE2 levels for COX activity (C) and LTB4 levels. Cells were
treated with or without LPS (100 ng/mL) and various concentrations of rhamnazin (1, 5 and 10 µM) for 18 h. NAC (10 µM) was used as a
positive control. Results are expressed as the mean ± SEM of at least three determinations. ap < 0.05, bp < 0.01, cp < 0.001 compared with
non-treated values; dp < 0.05, ep < 0.01, fp < 0.001 compared with LPS-exposed values

indicating that an important underlying action against LPSinduced cytotoxicity by rhamnazin is the modulation of
total RS generation.
To investigate the anti-oxidative actions of rhamnazin on
various RS, its effect on •O2, NO•, and ONOO− levels were
monitored. As shown in Table 2, the results reveal that
rhamnazin has broad RS scavenging actions that simultaneously ameliorate •O2, NO•, and ONOO−, indicating that
these potent and broad RS-suppressing properties are significant contributing factors in rhamnazin’s cytoprotective
effect against LPS.
Because oxidative damage due to RS is known to cause
lipid peroxidation in the cell membrane,27 the ability of
rhamnazin to suppress lipid peroxidation was also
evaluated. As expected, LPS-mediated lipid peroxidation
was effectively suppressed by rhamnazin (Fig. 3A).

One intriguing and important piece of evidence obtained
in the present study is rhamnazin’s up-regulation of catalase
activity, which may play an important role in protecting
various cellular components.
We previously reported that oxidative damage caused by
excessive ROS/RNS and lipid peroxidation is casually
connected with inflammation.3 As enhanced PG biosynthesis catalyzed by COX is a significant and important
source of RS, and COX is a crucial enzyme in the inflammatory process,28 the action of rhamnazin on COX activity
was assessed. As Fig. 3C shows, rhamnazin suppressed
COX activity. Also, because 5-LO is another major proinflammatory enzyme,5 5-LO activity was examined. The
results show that rhamnazin inhibited 5-LO activity, (Fig.
3D) indicating that controlling 5-LO activity is also a key
underlying action that counteracts the cytotoxicity induced
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by LPS.
Chronic inflammatory disease is known to possess
various causative actions, and one such action is oxidative
damage from RS such as ROS/RNS and lipid peroxidation.
LPS has been experimentally used as an macrophage
activator and an oxidative stressor,29 and the LPS treated
macrophage cell model has been utilized for investigating
chronic inflammatory disease30 and oxidative stress related.31
One major finding from this study is the inhibition of
both COX and 5-LO by rhamnazin, thereby showing a
crucial underlying action in the protection against LPSinduced inflammation, and therefore, it is highly likely that
rhamnazin possesses anti-inflammatory properties through
the dual inhibition of COX and 5-LO. Thus, novel and
interesting findings from this current work are the multifarious protective effects of rhamnazin, including those
defending against pro-inflammatory COX and 5-LO.
Other significant findings from this study include the
broad efficacies of rhamnazin with respect to its antiinflammatory and anti-oxidative actions on total RS production, lipid peroxidation, •O2, NO•, ONOO−, enhanced
catalase activity, and against pro-inflammatory COX-2 and
5-LO activities. It is important to highlight that rhamnazin
may protect cells directly not only by scavenging various
ROS/RNS through its anti-oxidative action, but also by
boosting antioxidant enzymes, like catalase, and antiinflammatory actions in LPS treated macrophage cells.

SUMMARY
The results from current study demonstrate that rhamnazin
protects against LPS-induced inflammation and ROS/RNS
in macrophage cells. The plausible underlying protective
action might be rhamnazin’s ability to possess anti-inflammatory and anti-oxidative properties through the modulation
of NO•, ONOO−, pro-inflammatory COX-2 and 5-LO
activities, total RS generation, •O2, lipid peroxidation and
catalase activity.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.
12.

13.

14.

ACKNOWLEDGEMENT

15.

This work was supported by the Busan Women’s College
Research Grant of 2016 Coll-45.

16.

REFERENCES
1. Kim YJ, Kim YA, Yokozawa T. Attenuation of oxidative stress and

17.

inflammation by gravinol in high glucose-exposed renal tubular
epithelial cells. Toxicology 2010; 270(2-3): 106-111.
Kim YJ, Kim YA, Yokozawa T. Protection against oxidative stress,
inflammation, and apoptosis of high-glucose-exposed proximal
tubular epithelial cells by astaxanthin. J Agric Food Chem 2009;
57(19): 8793-8797.
Kim YJ, Kim YA, Yokozawa T. Pycnogenol modulates apoptosis
by suppressing oxidative stress and inflammation in high glucosetreated renal tubular cells. Food Chem Toxicol 2011; 49(9): 21962201.
Hofmann B, Steinhilber D. 5-Lipoxygenase inhibitors: a review of
recent patents (2010-2012). Expert Opin Ther Pat 2013; 23(7):
895-909.
Koskenkorva-Frank TS, Weiss G, Koppenol WH, Burckhardt S.
The complex interplay of iron metabolism, reactive oxygen species, and reactive nitrogen species: insights into the potential of
various iron therapies to induce oxidative and nitrosative stress.
Free Radic Biol Med 2013; 65: 1174-1194.
Li YH, Yan ZQ, Brauner A, Tullus K. Activation of macrophage
nuclear factor-kappa B and induction of inducible nitric oxide synthase by LPS. Respir Res 2002; 3: 23.
Pekarova M, Lojek A, Martiskova H, Vasicek O, Bino L, Klinke A,
Lau D, Kuchta R, Kadlec J, Vrba R, Kubala L. New role for L-arginine in regulation of inducible nitric-oxide-synthase-derived
superoxide anion production in RAW264.7 macrophages. ScientificWorldJournal 2011; 11: 2443-2457.
Ullah MF, Khan MW. Food as medicine: potential therapeutic tendencies of plant derived polyphenolic compounds. Asian Pac J
Cancer Prev 2008; 9(2): 187-195.
Malar DS, Devi KP. Dietary polyphenols for treatment of Alzheimer's disease--future research and development. Curr Pharm Biotechnol 2014; 15(4): 330-342.
Pérez-Gregorio MR, Regueiro J, Simal-Gándara J, Rodrigues AS,
Almeida DP. Increasing the added-value of onions as a source of
antioxidant flavonoids: a critical review. Crit Rev Food Sci Nutr
2014; 54(8): 1050-1062.
Stoclet JC, Schini-Kerth V. Dietary flavonoids and human health.
Ann Pharm Fr 2011; 69(2): 78-90.
El-Gendy MM, Shaaban M, El-Bondkly AM, Shaaban KA. Bioactive benzopyrone derivatives from new recombinant fusant of
marine Streptomyces. Appl Biochem Biotechnol. 2008; 150(1):
85-96.
Yu Y, Cai W, Pei CG, Shao Y. Rhamnazin, a novel inhibitor of
VEGFR2 signaling with potent antiangiogenic activity and antitumor efficacy. Biochem Biophys Res Commun 2015; 458(4): 913919.
Cai H, Xie Z, Liu G, Sun X, Peng G, Lin B, Liao Q. Isolation, identification and activities of natural antioxidants from Callicarpa
kwangtungensis Chun. PLoS One 2014; 9(3): e93000.
Martini ND, Katerere DR, Eloff JN. Biological activity of five antibacterial flavonoids from Combretum erythrophyllum (Combretaceae). J Ethnopharmacol 2004; 93(2-3): 207-212.
Huang YC, Guh JH, Cheng ZJ, Chang YL, Hwang TL, Lin CN,
Teng CM. Inhibitory effect of DCDC on lipopolysaccharideinduced nitric oxide synthesis in RAW264.7 cells. Life Sci 2001;
68(21): 2435-2447.
Mosmann T. Rapid colorimetric assay for cellular growth and sur-

294 / Rhamnazin inhibits LPS-induced inflammation

18.

19.

20.

21.

22.
23.
24.

25.

vival: application to proliferation and cytotoxicity assays. J Immunol Methods 1983; 65(1-2): 55-63.
Paraidathathu T, de Groot H, Kehrer JP. Production of reactive
oxygen by mitochondria from normoxic and hypoxic rat heart tissue. Free Radic Biol Med 1992; 13(4): 289-297.
Kooy NW, Royall JA, Ischiropoulos H, Beckman JS. Peroxynitrite-mediated oxidation of dihydrorhodamine 123. Free Radic
Biol Med 1994; 16(2): 149-156.
Green LC, Wagner DA, Glogowski J, Skipper PL, Wishnok JS,
Tannenbaum SR. Analysis of nitrate, nitrite, and [15N]nitrate in
biological fluids. Anal Biochem 1982; 126(1): 131-138.
Ewing JF, Janero DR. Microplate superoxide dismutase assay
employing a nonenzymatic superoxide generator. Anal Biochem
1995; 232(2): 243-248.
Buege JA, Aust SD. Microsomal lipid peroxidation. Methods
Enzymol 1978; 52: 302-310.
Aebi H. Catalase in vitro. Methods Enzymol 1984; 105: 121-126.
Swaminathan P, Kalva S, Saleena LM. E-pharmacophore and
molecular dynamics study of flavonols and dihydroflavonols as
inhibitors against dihydroorotate dehydrogenase. Comb Chem
High Throughput Screen 2014; 17(8): 663-673.
Luo C, Wang A, Wang X, Li J, Liu H, Wang M, Wang L, Lai D,

26.

27.

28.

29.

30.

31.

Zhou L. A new proline-containing flavonol glycoside from Caragana leucophloea Pojark. Nat Prod Res 2015; 29(19): 1811-1819.
Grisham MB. Methods to detect hydrogen peroxide in living cells:
Possibilities and pitfalls. Comp Biochem Physiol A Mol Integr
Physiol 2013; 165(4): 429-438.
Radak Z, Zhao Z, Goto S, Koltai E. Age-associated neurodegeneration and oxidative damage to lipids, proteins and DNA. Mol
Aspects Med 2011; 32(4-6): 305-315.
Vendramini-Costa DB, Carvalho JE. Molecular link mechanisms
between inflammation and cancer. Curr Pharm Des 2012; 18(26):
3831-3852.
Bai K, Xu W, Zhang J, Kou T, Niu Y, Wan X, Zhang L, Wang C,
Wang T. Assessment of free radical scavenging activity of dimethylglycine sodium salt and its role in providing protection against
lipopolysaccharide-induced oxidative stress in mice. PLoS One
2016; 11(5): e0155393.
Firdous AP, Kuttan G, Kuttan R. Anti-inflammatory potential of
carotenoid meso-zeaxanthin and its mode of action. Pharm Biol
2015; 53(7): 961-967.
Du Z, Liu H, Zhang Z, Li P. Antioxidant and anti-inflammatory
activities of Radix Isatidis polysaccharide in murine alveolar macrophages. Int J Biol Macromol 2013; 58: 329-335.

