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In recent years, there is an increasing interest in
antioxidants. The main reason for this interest is the
protection of cells, their organelles (especially mem-
branes) and metabolic pathways against oxygen free
radicals and their reactive derivatives (ROS). They
participate in formation of chronic inflammation
states and other diseases associated with oxidative
stress, such as cancer, hypertension, atherosclerosis,
cardiovascular and neurodegenerative diseases (1).
Antioxidant compounds from dietary sources are
receiving tremendous attention. Among them are
flavonoids — the widely distributed group of second-
ary metabolites in the plant kingdom (2, 3).
Flavonoids are inseparable elements of human diet.
Their main sources are presented in Table 1. The
most commonly-consumed flavonoids are quercetin,
luteolin and apigenin. They appear mainly in the
glycosidic forms with residues such as: D-glucose,

Table 1. Flavonoids in human diet (4, 5).

L-rhamnose, galactose, arabinose (eg., quercetin-3-
glucoside, quercetin-3-rhamnoside, quercetin-3-
galactoside, quercetin-3-rutinoside (rutin)) (4).
Flavonoids exhibit different biological activities
influencing on numerous metabolic pathways. Due
to their radical scavenging, antioxidant, anti-inflam-
matory, anti-allergic, anticancer, antiatherosclerotic,
antiaggregational and detoxification activities they
might be useful for prevention and treatment of
many human diseases.

Because of the wide spectrum of biological
activities and the prevelance of flavonoids in daily
life we decided to determine in present study an
antioxidant activity of these compounds in in vitro
model. Antioxidant activities of numerous
flavonoids in plant extracts or natural formulations
had intensively been studied (6-8), but little is
known about properties of pure flavonoids. In this

Flavonoids Food sources
Flavonols onion, broccoli, curly kale, leek, lettuce, string bean, "cherry" tomato,
broad bean, apples, cherries, apricots, blueberries, strawberries,
redcurrants, grapes red wine, tomato juice
Flavones parsley, celery carrot, chicory, lettuce
Flavanones citrus fruit (oranges, lemons and grapefruits), tomatoes, aromatic
plants eg. mint
Isoflavones leguminous plants (soy and its products)
Flavanols green tea, red wine, wine, beer, cider, chocolate, apricot, grapes,
peaches, kakis, apples
Anthocyanins blackcurrants, blackberries, blueberries, plum, cherries, strawberries,
aubergines, rhubarb, cabbage, beans, radish and onions, red wine,
cereals

* Corresponding author: e-mail: hanna.czeczot@wp.pl
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study we have examined the antioxidant activity of
five pure flavonoids.

EXPERIMENTAL

Materials

The flavonoids from two classes: flavonols
(quercetin, rhamnetin, isorhamnetin) and flavones
(apigenin, luteolin) were from Sigma-Aldrich. 2,2-
Diphenyl-1-picrylhydrazyl (DPPH), L-ascorbic
acid, 6-hydroxy-2,5,7,8-tetramethylchroman-2-car-
boxylic acid (Trolox) — a synthetic analogue of vita-
min E, dimethyl sulfoxide (DMSO) were purchased
from Sigma-Aldrich. All solvents were purchased
from POCH (Gliwice, Poland).

The tested flavonoids have a common struc-
ture: a double bond between C2 and C3 in C ring
and a catechol moiety also in the same ring. They
differ in the number and location of hydroxyl moi-
eties. Two of them (rhamnetin and isorhamnetin)
have an additional methoxy moieties (Fig. 1).

Flavonoids dissolved in DMSO were tested at
concentrations: 0.1-50 mg/sample.

In this study vitamin C dissolved in water and
Trolox dissolved in DMSO were used as control
standard antioxidants at the same concentrations as
tested compounds.

Method
2,2-Diphenyl-1-picrylhydrazyl (DPPH’) radical
scavenging assay

Antioxidant activity of tested flavonoids was
measured using the stable radical chromogen 2,2-
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diphenyl-1-picrylhydrazide photometric assay (9,
10). The antioxidant activity of tested compounds
was determined by measuring the percent of DPPH®
neutralization by them and compared to the standard
antioxidants (vitamin C and Trolox).

One and a half milliliter of 50 uM DPPH
ethanol solution were mixed with 0.25 mL of the
investigated compounds. In 10 min after mixing, the
absorbance at 517 nm against a blank sample (with-
out tested flavonoids) was spectrophotometrically
measured (Shimadzu UV-1202 UV-Vis spectropho-
tometer).

DPPH radical scavenging activity of the
flavonoids were calculated according to the formu-
la:

DPPH radical scavenging rate (%) = (Ags — Aqs)/
Ags X 100%

where Agg = the absorbance of blank sample (t = 0
min) and A4 = the absorbance of tested sample (t =
10 min).

The IC,, (the concentration of antioxidant
which eliminate 50% of DPPH radicals) was defined
for all tested flavonoids and control standard antiox-
idants.

The study was carried out in three independent
experiments in triplicate at each concentrations of
tested compounds (n = 9).

Data analysis

The results are expressed as the mean values +
standard deviation (SD). The statistical significance
of differences between results obtained for
flavonoids and standard antioxidants was evaluated
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Figure 1. Structure of tested flavonoids
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Table 2. DPPH radical scavenging rate (%) of tested flavonoids and controls at various concentrations.
Concentration| Standard antioxidant Flavonols Flavones
(ug/sample) | Vitamin C | Trolox quercetin rhamnetin | isorhamnetin luteolin apigenin
0.1 1.7£0.6 | 1.3+£0.2 452027/ 1.3+04 1.1£0.3 0.8+£027/" 0.6 +0.1°/"
0.25 2104 | 1.1£02 | 11.7£227/ | 21£03" 1.2+£03" 28+0.7" 0.8+03 /"
0.5 29+02 | 24+£07| 250217/ | 35+05™ 25+03 35+037/" 09+02°/"
1 6809 | 50+£13| 539217/ | 68+£0.6™ 44+1.0° 6.6+04" 1.0+£03 7/
2.5 199+0.7 [120£3.0] 694+£04°/" |162+£08°/7 92+£19" 209+15" 14047/
5 40.8+2.1130.1 4.0 69.0+0.7°/" |345+1.67/721.8+1.77/" | 49.8+4.5"/" 1.6+0.57/
10 83.6+09|56.1£89| 721+1.67/"|591+09" | 512+£20" 55.1+18" 1.8+£057/"
25 882+45|759+£60| 749%x13° [620£14°/7160.6£3.2°/"|593+£2.0°/" 52147/
50 90.1£03|823+48| 792+39" |625+£187/760.1+237/"|624+0.7°/"| 73+£097/"

Values are average of three separate experiments of three samples (the mean = SD); “ p < 0.05 vs. vitamin C, ™ p < 0.05 vs. Trolox

(4.
o
L

3

N
o
.

w
o
L

DPPH radical scaveging rate (%)

W apigenin
isorhamnetin 10

B rhamnetin

luteolin

Figure 2. Antioxidant profile of tested flavonoids.

by Student #-test; p < 0.05 was accepted as statisti-
cally significant. All statistical calculations were
performed using statistical package Statistica 6.0
programme (StatSoft 6.0).

RESULTS

Results obtained in this study indicate different
DPPH radical scavenging rate of tested flavonoids.

50
pg/sample

e quercetin
/ luteolin
rhamnetin

isorhamnetin
e/ apigenin

Table 2 and Figure 1 illustrate a significant decrease
of DPPH radical due to the scavenging ability of
tested compounds which correlates with a dose —
effect dependence. The higher concentration of
flavonoids the higher percentage of DPPH radical
scavenging rate.

Among tested flavonols, quercetin reaches the
highest radical scavenging activity already at con-
centration 1 pg/sample; it is almost eight times high-



614 MONIKA MAJEWSKA et al.

er (53.9%) than rhamnetin (6.8%) and twelve times
higher than isorhamnetin (4.4%). Rhamnetin and
isorhamnetin have the similar antioxidant activity.
The difference in antioxidant potential between
quercetin and two methylated flavonols is main-
tained at every tested concentration. At 50 pg/sam-
ple quercetin reaches 79.2% of DPPH radical scav-
enging rate while rhamnetin and isorhamnetin only
62.5% and 60.1%, respectively.

Compared to the standard antioxidants (vita-
min C and trolox) quercetin has the highest antioxi-
dant potential at lower concentration (0.1 — 5
pg/sample), at concentrations 10-50 pg/sample
vitamin C is a stronger antioxidant than quercetin.
Rhamnetin and isorhamnetin have similar activity as
trolox at concentrations 0.1-5 pg/sample. At higher
concentrations (25-50 pg/sample) both standard
antioxidants show higher scavenging activity than
tested methylated flavonols (Table 2).

The results obtained for tested flavones show a
huge difference of DPPH radical scavenging rate
between them. Luteolin is several times stronger
than apigenin (even 20 times at 2.5 pg/sample).
Both standard antioxidants have similar antioxidant
activity as luteolin only at lower concentrations
(0.1- 5 pg/sample) (Table 2).

On the basis of results obtained for all tested
flavonoids quercetin has the highest DPPH radical
scavenging rate, and then in the following order lute-
olin nad rhamnetin, isorhamnetin, apigenin (Fig. 2).

Comparing IC,, values of tested compounds we
observed that quercetin is the most effective antiox-
idant, only 8.5 pg/mL is needed to eliminate 50% of
DPPH radical. It has stronger radical scavenging
activity than controls — standard antioxidants: vita-
min C (19.6 pg/mL) and Trolox (36.9 pg/mL).
Luteolin and rhamnetin have similar antioxidant
activity, 53 and 59 pg/mL respectively. The IC,,
value for isorhamnetin is 93.4 ug/mL. The weakest
radical scavenging potential against DPPH shows
apigenin.

DISCUSSION

Oxygen free radicals and their reactive deriva-
tives are generated endogenously in cells during
physiological processes eg., within the respiratory
tract, by phagocyte cells or by oxidative enzymes
like xanthine oxidase, lipoxygenases and cyclooxy-
genases. The exogenous sources of free radicals are
eg., smoking, air pollution, UV radiation and metab-
olism of xenobiotics. In excess they can cause mul-
tiple damages by attacking biomolecules like pro-
teins, lipids, DNA etc. (11, 12). Naturally, there is a

dynamic balance between the amount of ROS gen-
erated and degraded in cells. They are degraded to
non-reactive forms by enzymatic and non-enzymat-
ic antioxidant defenses produced in cells or by oth-
ers supplied with the diet. If there is a depletion of
these compounds, the oxidative stress can lead to
tissue injury and subsequent diseases such as patho-
genesis of ageing, degenerative diseases like arte-
riosclerosis, cardiovascular disease, diabetes and
cancer (13-16).

Serious health hazard at high levels of ROS in
cells led to the development of research on the
occurrence and biological activity of natural antiox-
idants which are able to eliminate them (17). The
role of antioxidants in the inhibition of antioxidant
processes occurring in living organisms consists of:
scavenging free radicals and quenching singlet oxy-
gen, disconnection of radical reactions, chelate met-
als which catalyze the oxidation process, inhibition
of certain enzymes (eg., oxidases). Flavonoids are
active in all these processes (18).

It has been demonstrated in various in vitro
assays that these phenolic compounds, extracted
from plants, have antioxidative properties (19-22).
It is little known about antioxidant potential of pure
flavonoids.

In the present study, the free radical scaveng-
ing activity of five pure flavonoids was evaluated
through their ability to quench the synthetic 2,2-
diphenyl-1-picrylhydrazyl (DPPH) radical. The
assay has been used worldwide as a screen to deter-
mine the free radical scavenging capacity of various
diet compounds because of its simplicity and requir-
ing relatively short time compared to other methods.
Antioxidant activity of flavonoids was observed in
the first minute of their incubation with DPPH radi-
cal, suggesting rapid kinetics of interaction of these
compounds. Scavenging activity differs between
tested compounds. It is shown that chemical struc-
ture has an important impact on radical scavenging
activity. The more hydroxyl moieties the higher
antioxidant activity. Two hydroxyl groups in B ring
are required to stronger antioxidant potential, lack of
one of them (apigenin) significantly reduces this
activity. Methyl groups in rthamnetin and isorham-
netin decrease the radical scavenging properties at
lower concentrations compared to the strongest
flavonoid — quercetin. The location of methyl group
also affect an antioxidant potential, rhamnetin,
which has this group at C7 in A ring and possesses
higher antioxidant activity than isorhamnetin
(methyl group at C4’ in B ring).

Our observations indicate that effectiveness of
flavonoids in DPPH radical scavenging depends
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largely on their structure, hydrophobicity, biological
and oxidative activity. Mentioned above ability and
disconnection of radical chain reactions by
flavonoids is mainly dependent on the presence in B
ring of at least two o-hydroxyl groups. It enables the
formation of intramolecular hydrogen bond between
hydroxyl groups, which increases the stability of the
phenoxyl radicals.

Biological and pharmacological properties of
flavonoids depends on their antioxidant activity
(23-28). Pro-health effects of these compounds in
human diet can also result from their actions already
in the lumen of the digestive tract, where they can
protect other easily assimilated antioxidants and the
epithelial cell membrane walls against the attack of
ROS.

CONCLUSION

The presented results indicate high antioxidant
potential of pure flavonoids. The highest level of
radical scavenging properties at all concentrations
among tested flavonoids exhibits quercetin and in
the following order luteolin, rhamnetin, isorham-
netin and apigenin. The strong antioxidant potential
could allow to administer flavonoids for prevention
of numerous free radical based diseases or as an
additive element to food and pharmaceutical indus-

try.
REFERENCES

1. Tiwari A.K.: Curr. Sci. 81, 1179 (2001).

2. Iwashina T.: J. Plant Res. 113, 287 (2000).

3. Harborne J.B., Williams C.A.: Phytochemisty
55, 481 (2000).

4. Wiczkowski W., Piskula M.K.: Pol. J. Food
Nutr. Sci. 46, 101 (2004).

5. Aherne S.A., O’Brien N.M.: Nutrition 18, 75
(2002).

6. Zou Y., Lu Y., Wei D. : J. Agric. Food Chem.
52,5032 (2004).

7. Tuberoso C.I., Montoro P., Piacente S., Corona
G., Deiana M., Dess€ M. A., Pizza C., Cabras P.:
J. Pharm. Biomed. Anal. 50, 440 (2009).

8. Jiang H., Zhan W.Q., Liu X., Jiang S.X. Nat.
Prod. Res. 22, 1650 (2008).

9. Mellors A., Tappel A.L.: J. Biol. Chem. 241,
4353 (1966).

10. Molyneux P.: Songklanakarin J. Sci. Technol.
26, 211 (2004).

11. Marnett L.J., Riggins J.N., West J.D.: J. Clin.
Invest. 111, 583 (2003).

12. Valko M., Izakovic M, Mazur M., Rhodes C.J.,
Telser J.: Mol. Cell. Biochem. 266, 37 (2004).

13. Magder S.: Crit. Care 10, 208 (2006).

14. Gutteridge J.M. Free Radic. Res. Commun. 19,
141 (1993).

15. Aruoma O.., Kaur H., Halliwell B.: J. Roy.
Soc. Health 111, 172 (1991).

16. Halliwell B.: Haemostasis 23, 118 (1993).

17. Peterson J., Dwyer J.: Nutr. Res. 18, 1995
(1998).

18. Nijveldt R.J., van Nood E., van Hoorn D.N.,
Boelens P.G., van Norren K, van Leeuwen
P.AM.: Am. J. Clin. Nutr. 74, 418 (2001).

19. Zainol M., Abd-Hamid A., Yusof S., Muse R.:
Urban. Food Chem. 81, 575 (2003).

20. Yu L., Haley S., Perret J., Harris M., Wilson J.,
Qian M.: J. Agric. Food Chem. 50, 1619 (2002).

21. Chanwitheesuk A., Teerawutgulrag A.,
Rakariyathan N.: Food Chem. 92, 491 (2005).

22. Malencic D., Gasic O., Popovic M., Boza P.:
Phytother. Res. 14, 546 (2000).

23. Birt D.F., Hendrich S., Wang W.: Pharmacol.
Ther. 90, 157 (2001).

24. Bosetti C., Spertini L., Parpinel M.,
Gnagnarella P., Lagiou P., Negri E., Franceschi
S. et al.: Cancer Epidemiol. Biomarkers Prev.
14, 805 (2005).

25. Rossi M., Negri E., Talamini R., Bosetti C.,
Parpinel M., Gnagnarella P., Franceschi S., Dal
Maso L., Montella M., Giacosa A., La Vecchia
C.: Cancer Epidemiol. Biomarkers Prev. 15,
1555 (20006).

26. Katan M.B.: Am. J. Clin. Nutr. 65, 1542 (1997).

27. Di Carlo G., Mascolo N., Izzo A.A., Capasso
F.: Life Sci. 65, 337 (1999).

28. Walle T., Ta N., Kawamori T., Wen X., Tsuji
P.A., Walle UK.: Biochem. Pharmacol. 73,
1288 (2007).

Received: 18. 11.2010



616 Erratum

In the paper: Synthesis of some new 2-(substituted phenyl)-5-(N,N-diphenylaminomethyl)-1,3,4-oxadiazoles:
A safer anti-inflammatory and analgesic agents. Vol. 68, No. 3, p. 381, the name of one of the authors was
misprinted. Instead of Rashid Haider, should be Rashiduddin Haider.
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