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Oxidant/Antioxidant Properties of Croatian Native Propolis
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Native propolis was defined as propolis powder collected from the continental part of Croatia and
prepared according to a patented process that preserves all the propolis natural nutritional and
organoleptic qualities. Nine phenolic compounds (out of thirteen tested) in propolis sample were
detected by high performance liquid chromatography (HPLC) analysis. Among them chrysin was the
most abundant (2478.5 ug/g propolis). Contrary to moderate antioxidant activity of propolis examined
in vitro (ferric reduction antioxidant power; FRAP-assay), propolis as a food supplement modulated
antioxidant enzymes (AOE) and significantly decreased lipid peroxidation processes (LPO) in plasma,
liver, lungs, and brain of mice. The effect was dose- and tissue-dependent. The lower dose (100
mg/kg bw) protected plasma from oxidation, whereas the higher dose (300 mg/kg bw) was pro-
oxidative. Hyperoxia (long-term normobaric 100% oxygen) increased LPO in all three organs tested.
The highest vulnerability to oxidative stress was observed in lungs where hyperoxia was not associated
with augmentation of AOE. Propolis protected lungs from hyperoxia by increased catalase (CAT)
activity. This is of special importance for lungs since lungs of adult animals are highly vulnerable to
oxidative stress because of their inability to augment AOE activity. Because of its strong antioxidant
and scavenging abilities, native propolis might be used as a strong plant-based antioxidant effective
not only in physiological conditions but also in cases that require prolonged high concentration of
oxygen.
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INTRODUCTION to result from pro-oxidant rather than antioxidant action of the
r{elated flavonoids(1, 12). Identification of the active functional
Ingredient(s) and the question about deséfect responses for
beneficial versus harmful effects are still of interest. Besides,
to the best of our knowledge most of the studies of antioxidative
properties of propolis were done by measuring antioxidative
effects in vitro mostly by 2,2-diphenyl-1-picrylhydrazyl (DPPH)
or ferric-reducing antioxidant potential (FRAP) assag,(14)

on different cell lines 15) or isolated hepatocyte$g). Among

the few reports of in vivo treatment is the study by Sforcin et
al. (17) of superoxide dismutase (SOD) in plasma of rats treated
with Brazilian propolis. No such in vivo study of the effect of

Honey-bee products have been used since ancient times i
folk medicine. However, the study of bee products is no longer
relegated to the status of folk medicine. Propolis, as one of the
most investigated bee products, is considered to have antiviral
(1), antibacterial (2), antifungal (3), immunomodulatory, anti-
metastatic4), and antioxidant propertie§)due to its scaveng-
ing capacity of free radicals (6).

Diverse smell, color, constitution, and chemical composition
of propolis are due to different sources from which it is
collected. In general, it is composed of 50% balsams (including

henolics) and resins, 30% wax, 5% pollen, and 10% essential . . L . )
gils. Flavc)moids are potent antioxidarr)lts that can prevent cell Croatian propolis on LPO and AOE in different tissues of mice
damage caused by free radicals (J, Bven neuroprotection has been done so far.
by flavonoids has been demonstrat&). (n contrast to their Supplemental oxygen used in the treatment of several diseases
beneficial effects, some flavonoids have been found to be (18) and bronchopulmonary dysplasia after premature biréh (

mutagenic in vitro {0). These harmful effects were suspected ©r by military divers induces tissue damage due to free radical
formation which might be prevented by propolis because of its
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lungs, and blood by food supplemented with two doses of
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gradients from 5% to 53% solvent B within 30 min. Fraction 9 was

propolis harvested in naturally preserved, continental regions analyzed using isocratic separation on 33.5% solvent B in 30 min.

of Croatia. Also, the possible contribution to oxidant/antioxidant

Total Phenol Analysis. The procedure used is based on the

status of such propolis treatment was evaluated in mice subjectedfelorimetric method of Singleton and Ros&4f outlined by Folin-

to oxidative stress induced by long-term, normobaric oxygen
(100% oxygen for 18 h).
MATERIALS AND METHODS

Chemicals.Horse heart cytochrome C (Type VI) and human blood
CuzZnSOD (Type |, lyophilized powder, 2400 U/mg protein), bovine

serum albumin, hydrogen peroxide (30%), bovine liver catalase and 5,0ne (luteolin), flavanone (pinocembrin, naringenin)

xantine, xantine oxidase, 2-thiobarbituric acid, 1,1,3,3-tetramethox-

Ciocalteau. Catechin was used as a standard, and the results were
expressed as catechin equivalents. The total phenolic content in
methanolic extract of propolis was 10160360 mg CE/L or 101.6-

3.6 mg CE/g of propolis. Data presented meaSEM are average of
three measurements.

Phenolic Standards.The following compounds, representative of
various subclasses of phenolics, were used in our study: flavonol
(quercetin, isorhamnetin, kaempherol, galangin, myricetin, taxifolin),

, isoflavone

(chrysin, genistein, daidzein), and phenolic acid (phenylpropanoid
' caffeic acid). All of the standards were dissolved in ethanol (96%, V/V)
to give 0.01 mg/mL solutions.

Determination of Antioxidant Activity of Propolis in Vitro. The
total antioxidant potential of each sample was determined using a FRAP
assay 25). Standard curves were prepared using different concentrations

ypropane, dodecyl sulfate sodium salt, and flavonoids (naringenin
guercetin, taxifolin, pinocembrin, genistein) as well as Folin Ciocalteu
reagent, buthylated hydroxytoluene (BHT),?Fevitamin C, ()-
catechin, and trolox, were purchased from Sigma, St. Louis, MO. Other
flavonoids and phenolics (galangin, isorhamnetin, myricetin, chrysin,
kaempherol, luteolin, daid_zein, phenylpropanoid caffeic acid) were (100—1000xmollL) of FeSQ x 7HO. All solutions were used on
purchased from Fluka, Switzerland. . . the day of preparation. In the FRAP assay, the antioxidant efficiency
Gpx (RANSEL) and SOD (RANSOD) assay kit was obtained from ot the antioxidant under the test was calculated by reference to the
RANDOX, San Diego, CA. HPLC-grade solvents were purchased from reaction signal given by an Fesolution of known concentration, this
Merck, Germany. Nylon filters Schieicher & Schnell (Qin pore) representing a one-electron exchange reaction. Ascorbate (vitamin C),
were used. All other chemicals were of analytical grade. (+)-catechin, F&, trolox, and BHT were measured within 1 h after
Propolis. In our study, we used a representative mixture of propolis preparation. All determinations were performed in triplicate. The
obtained from apiaries located in naturally preserved areas of Contiﬂentalpropoﬁs extract to be analyzed was first adequately diluted to fit within
Croatia. Propolis was collected from spring to winter by special the linearity range. The same vehicle was used in preparation of propolis
ecological nets introduced into hives. Bees filled holes in the plastic gnd the controls.
nets with propolis. Nets were taken and frozen to promote propolis  Animals and Experimental Design.Female CBA/Hr mice aged 4
removal. Samples of propolis were pooled by seasons. In this way, a months from a breeding colony at thed®u Boskovi¢ Institute (Zagreb,
clean origin propolis without any mechanical impurities and parts of Croatia) were used. The animals were maintained under the following
dead bees was obtained. To pulverize the viscous, crude propolis intojahoratory conditions: four to a cage; light on from 06:00 to 18:00; 22
a powder, an original treatment by firm HEDERA d.o.0.(Strobreé 4 2 °C room-temperature; access to food pellets, and tap water ad lib.
Croatia) was performed with no chemical refinement. Chemical analysis Experimental groups consisted of 8 mice each. Mice were fed 14 days
of this native prOpO|iS, USing standard methOdS, showed that it contained before testing either with commercial food pe"et (Control group) or

4.0% water, 25.6% faR(), 1.6% protein21), 0.7% ashes and minerals
(22) as follows: lead (Pb) 2.15 mg/kg, iron (Fe) 344.5 mg/ kg, copper
(Cu) 1.85 mg/kg, mercury (Hg) 0.0078 mg/kg, zinc (Zn) 131 mg/kg,
manganese (Mn) 7.61 mg/kg, chromium (Cr) 0.707 mg/kg, calcium
(Ca) 770 mg/kg, magnesium (Mg) 271 mg/kg. Analyses of vitamin
(23) content in this native propolis were as follows: vitamin<AL10
#g/100 g, vitamin C< 1 mg/100 g, vitamin B 1.45 mg/100 g, B
0.062 mg/100 g, vitamin &.25 mg/100 g. This native propolis sample
was used in our study for determination of LPO and AOE activity.
Propolis Extract. Propolis (1 g) was homogenized in a chilled
mortar and mixed vigorously with 10.45 mL of 80% (V/V) ethanol

with commercial food mixed with propolis powder (100 mg/kg bw or
300 mg/kg bw, respectively). Doses of 100 mg/kg or 300 mg/kg of
native propolis were used to correspond the doses usually used in
humans with correction for mouse metabolism.

Other groups of mice were subjected to normobaric oxygen (100%
O, for 18 h) in a hyperbaric chamber after feeding mice for 14 days
with commercial food pellet (control normobaric group) or by com-
mercial food mixed with propolis powder (100 mg/kg bw or 300 mg/
kg bw, respectively). Normobaric oxygen conditions were carried out
by flushing the chamberHuro Pakovi¢, Slavonski Brod, Croatia) by
pure oxygen (25 L/min for 10 min) to replace room air. To test the

during 72 h at the room temperature. The extract was filtered through pest way of introducing propolis to mice, we studied the possibility of
Whatman No.1 paper and the residue was washed with 0.5 mL of 80% gauge feeding too. In several experiments, to test this possibility, mice

ethanol. Such prepared extract was kept20 °C, at least for 24 h.
This extract was filtered through nylon filter Schleicher&Schnell (0.2
um pore) and submitted to HPLC analysis and FRAP assay.

HPLC Analyses. Qualitative and quantitative chromatographic

analysis of phenolics was performed on a HPLC system (Agilent 1100
Series) equipped with a quaternary pump, multiwave UV/vis detector,
autosampler, and fraction collector. The column used wasgan5
Zorbax RX-C18 (250x 4.6 mm, Agilent Technologies). Injection
volume was 20QuL, flow rate 1.0 mL/min, and temperature was 45
°C. The propolis extract was fractionated. Fractionggl9(8—10.6
min), 2 ({r 12.8—13.6 min), 3tk 18.9—20.3 min), 4tk 22.7—23.7
min), 5 ( 24.3—25.3 min), 6t& 26.5—27.8 min), 7tk 28—29 min),
8 (tr 30—31 min), 9 {r 32.6—34.1 min) were obtained using elution
profile consisting of solvent A (5% formic acid) and solvent B
(methanol). Linear gradient from 10% to 90% B within 45 min was
used.

Phenolic compounds of collected fractions were identified by-UV
vis spectroscopy at 268 nm 280 nm, 374 nm, 310 nm, 350 nm (to
cover possible two maximal absorption values from-2280 nm and
340-380 nm). In addition, chromatography (HPLC) with authentic

received buffer saline once a day for 2 weeks by gauge feeding.

This study was in compliance with guidelines of the European
Communities Council Directive of 24 November 1986 (86/609/EEC)
and approved by the Ministry of Agriculture Forestry and Water
Management, Republic of Croatia.

Acquisition of Samples.Mice were anesthetized with diethyl ether
and bled from the jugular vein into heparinized tubes. Whole blood
was centrifuged (20@Pfor 10 min), and plasma was used for LPO
determination by following the formation of malondialdehyde according
to the presence of thiobarbituric acid reactive substances (TBARS).
Erythrocytes in the remaining pellet were lysed in cold deionized water,
and the AOE activities were determined in the lysate. Hemoglobin
concentration was measured by Cell-Dyn 1600 (Abbot, USA). Liver,
brain, and lung were removed immediately by manual dissection, blotted
on filter paper, and weighed. A portion of the tissue was placed into
1.15% KCI on ice for determination of TBARS production and
homogenized (1300 rpm; 10% w/v for liver and lungs and 20% wi/v
for brain tissue) using an ice-packed Potter-Elvehjem homogenizer
(Braun, Biotech. Int., Germany). To determine the AOE a section of
tissue was placed in 50 mM phosphate buffer §H.8), homogenized

standards was performed. Fractions 1, 2, 3, 4, 5, 6, 7, 8 were analyzed10% w/v for liver and lungs and 20% w/v for brain tissue), sonicated

using solvents A (5% formic acid) and B (acetonitrile) on linear

on ice for 30 s in three 10 s intervals, and centrifuged &€ 4200009
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for 15 min). LPO was determined on the same day while aliquots of 3000
the resulting supernatant for determination of AOE were stored in plastic —
tubes at—70 °C until assayed. The absorbance of LPO product and °
AOE activity was monitored using a Camspec M330 t\is spec-
trophotometer equipped with M330 Camspec software package (Cam-
spec Ltd., Cambridge, UK).

Assay for LPO. The lipid peroxides in the liver, lungs, and brain
were estimated by the measurement of TBARS according to the method
by Ohkawa et al. Z6). In the plasma, TBARS concentration was
determined as described by Schlorff et a27). Briefly, tissue
homogenate or plasma was mixed with sodium dodecyl sulfate, acetate
buffer (pH 3.5), and an aqueous solution of thiobarbituric acid. After
being heated at 98C for 60 min, the red pigment produced was
extracted with n-butanol—pyridine mixture and estimated by the
absorbance at 532 nm. The results were expressed as nmol/mg of proteil
in liver, lung, and brain tissue and as nmol/ mL plasma in blood
according to a standard curve which was prepared with serial dilutions
of standard 1,1,3,3-tetramethoxypropane.

Assay for tSOD, MnSOD, and CuZnSOD.tSOD in the lysate of
erythrocytes was determined by RANSOD assay kit. In the liver, lungs,
and brain, tSOD was assayed by the method of Flohé atingQ28).
MnSOD activity was determined under the same conditions with
addition of 3 mM KCN for 30 min in the assay buffer to inhibit
CuzZnSOD (29). CuzZnSOD was obtained by subtracting the MnSOD 2000 -
from the tSOD activity. One unit of tSOD, CuZnSOD, and MnSOD
activity was defined as the amount of enzyme required to give 50%
inhibition in the typical calibration curve obtained with standard SOD
and was expressed as IU/mg protein. In the lysate of erythrocyte, SOD
activity was expressed as U/mg Hb.

Determination of CAT Activity. CAT activity in lysate of
erythrocytes and tissues was determined according to A3thiky
measuring absorbance changes in the reaction mixture using the final
concentrations of 10 mM #D, and 50 mM phosphate buffer (p7.0)
at 240 nm during the time interval of 30 s after sample addition. The 0
CAT activity was expressed as IlU/mg Hb in lysate of erythrocytes and 0 100 500 1000
as IU/mg protein for activity in tissues. Concentration (umoVL)

Determination of Gpx Activity. The Gpx activity in lysate of . . . . -
erythrocytes and tissues was measured by Gpx assay kit (RANSEL) Figure 2. Do:se—response line of vitamin C, trolox, (+)-cat_ech|n, Fe*,
based on the method of Paglia and Valenti8#)( Gpx activity was BHT, and native propolis extract (PP), over the concentration range of
assayed spectrophotometrically (340 nm) using Camspec M330 equippedt00-1000 «M, in the ferric reduction/antioxidant power assay (FRAP).
with M330 Camspec software package. GPX activity is determined
indirectly with RANSEL kit by measuring the rate of NADPH oxidation ~ remained unidentified because of the lack of authentic samples
to NADP*, which is accompanied by a decrease in absorbance at 340and library spectra of the corresponding compounds.
nm per minute. One GPX unit is proportional to the amount of NADPH Antioxidant Activity of Propolis in Vitro. To compare the
consumed in nmol per minute at 3T and pH 7.2. To obtain the  gntioxidant capacity of propolis with known antioxidants, FRAP
linearity of the assay, if the absorbency change per minute exceededassay of vitamin C, trolox, )-catechin, BHT, F&", and

0.1, the sample was diluted with the diluting agent. Gpx activity was - : " -
expressed as IU/mg Hb in lysate of erythrocytes and 1U/ mg protein in p;OEOHS W_ere_ carried ouHgure 2). Th? a?t|OX|da_nkt] efflfC|ency
fissues. of the ant.|OX|dqnt undgr test was calcu ateq with reference to
— . . . o the reaction signal given by an #e solution of known
Determination of Protein Concentration. Protein concentration in concentration. F& was representing a one-electron exchange
the tissue samples (mg/g) was estimated by the method of Lowry et o ) P 9 . 9
al. (32) using bovine serum albumin as the standard. reaction in the FRAP assay. Over the concentration range of
100—1000 uM, vitamin C, trolox, and {)-catechin had the

Statistical Analysis. The data were analyzed using the statistical . . .. . . L.
package SPSS for windows (v.11.00) and were presented as-nean highest relative antioxidant efficiency. The relative antioxidant

SEM. The significance of the differences between control and propolis- efficiency of propolis was 1.6 of trolox eqUiVﬁ'_e‘nt- _
treated groups were compared with one way analysis of variance Effect of Gauge Feeding on TBARS Level in the Liver,
(ANOVA) followed by Scheff’s post hoc test. A mean difference was Brain, and Lungs. As shown inTable 1, gauge feeding itself
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Figure 1. Phenol contents of propolis from the continental region of
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significant at the 0.05 level. caused statistically significant increase of TBARS level in tissues
examined. We therefore chose to feed the animals in our study
RESULTS by supplementing commercial food with chosen dosage of
propolis.
Concentration of Phenolics in the Ethanolic Extract of Effect of Propolis on TBARS Level in Plasma and AOE

Propolis. Concentration of detected phenolics in ethanolic Activity in Lysate of Erythrocytes. Effect of propolis on
extract of propolis is presentedfilgure 1. Out of 13 phenolics ~ TBARS level in plasma was dose dependent and decreased with
determined, 4 were not detectable (genistein, daidzain, myricetin,100 mg/kg bw of propolisd = 0.005), and it increased with
taxifolin), and chrysin was the most abundant (2478d3g 300 mg/ kg bw of propolisgd = 0.01) (Figure 3). In case of
propolis), followed by pinocembrin (2069:dg/g propolis) and oxidative stress (normobaric 100% oxygen for 18 h), propolis
galangin (1441.6g/g propolis) while isorhamnetin was detected in a dose of 300 mg/kg bw increased TBARS leyeH 0.0001)

in the least amount (32.2g/g propolis). Some compounds while oxidative stress per se was not affected. tSOD in the lysate
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Table 1. TBARS Concentration in Liver, Brain, Lungs and Plasma of Control and Gauge Groups of Mice?

liver (nmol/mg protein) brain (nmol/mg protein) lungs (nmol/mg protein) plasma (nmol/mL plasma)
control 0.81+£0.14 0.37+0.31 136 +0.17 11.69 + 3.85
gauge 1.12 +£0.19% 0.70 + 0.16* 2.10+0.78* 6.48 + 2.20%*

@Data are expressed as mean = SD of 10 animals. *p < 0.05 control vs gauge. **p < 0.001 control vs gauge

18 - - 12, A .
16 * T
— 14 T T
S 14 -" _ —T
& 2 081
2 127 I g
E 10 2 081
3 T =
E, 84 L 8 0,4
&) 6 0,2 1
é 44 ke [} T r T T T 1
24 c Ox 100 Ox+100 300 Ox+300
c Ox 100 Ox+100 300 Ox+300 35
treatment 30 4 - T — —— T
Figure 3. TBARS concentration in plasma of mice fed with commercial
diet (c), commercial diet and propolis in a dose of 100 mg/kg bw (100) o) # —
or 300 mg/kg bw (300), normobaric 100% oxygen after commercial diet 220
(Ox), normobaric 100% oxygen after commercial diet and propolis in a 2 15
dose of 100 mg/kg bw (Ox+100) or 300 mg/kg bw (Ox+300). *p = 0.01 =
c versus 300; *p = 0.005 c versus 100; **p = 0.0001 ¢ versus Ox+300. © 101
of erythrocytes was significantly increasqu=€ 0.0001) with
300 mg of propolis Figure 4A). The same amount of tSOD ol = — ¢ —
increase was observed with oxidative strgss: (0.0001), which c Ox 100 Ox+100 300 Ox+300
was not abolished by feeding mice with propolis prior to c .
oxidative stress. The activity of CAT remained unchanged either 07 L
by propolis or oxidative stress or the treatment of mice with 0,6 - T
propolis prior to oxidative stresg-igure 4B). Pro-oxidative 05 | T I
effect of 300 mg/bw propolis on Gpx activity was also observed £ 1
(p = 0.016) (Figure 4C). Oxidative stress per se had no effect 2 04 1
on Gpx activity, while pro-oxidative effect of 300 mg/kg bw 3 03
of propolis under normobaric oxygen condition (100% for §
18 h) was abolished. 0.2
Effect of Propolis on TBARS Level in Liver, Lungs, and 0,1 |
Brain. Propolis in a dose of 100 mg/kg bw significantly 0 . ‘ ' . ‘
decreased TBARS concentration in liver=p0.001), lungs (p c ox 100 Ox+100 200 Ox+300
= 0.001), and brain (p= 0.042) (Figure 5A). Propolis in a treatment
dose of 300 mg/kg bw affected none of the organs tested. pig e 4 SOD (A), CAT (B), and Gpx (C) activity in the lysate of
Oxidative stress significantly increasegl £ 0.0001 andp = erythrocytes of mice fed with commercial diet (c), commercial diet and

O._043, respect_lvely) TBARS level in liver qnd lungs but Was  propolis in a dose of 100 mg/kg bw (100) or 300 mglkg bw (300),

without effect in the brain. Both concentrations of propolis in omonaric 100% oxygen after commercial diet (Ox), normobaric 100%

the normobaric 100% oxygen coqdltlon returned the elevated oxygen after commercial diet and propolis in a dose of 100 mg/kg bw

TBARS level to control values. (Figure 5B). (Ox+100) or 300 mg/kg bw (Ox+300). (A) **p = 0.0001 ¢ versus 300
Effect of Propolis on CuZnSOD and MnSOD Activity in and ¢ versus Ox; (C) *p = 0.016 ¢ versus 300.

the Liver, Brain, and Lungs. In lungs and brain, propolis had

no effect on CuzZnSOD activity. Contrary to that, dose of 100 MnSOD activity (p= 0.032) in the lungs after oxidative stress

mg/kg bw propolis increased significantly CuZnSOD activity and 100 mg/kg bw of propolis was an effect of propolis per se.

in the liver (p = 0.001) (Figure 6A). Neither oxidative stress Effect of Propolis on CAT and Gpx Activity in the Liver,

nor oxidative stress combined with propolis affected CuZnSOD Brain, and Lungs. The tendency of increased CAT activity

activity in the organs testedrigure 6B). MnSOD activity was induced by propolis in the liveiR{gure 7A) was not statistically

unaffected by propolis in the brain and liver but significantly significant. Both doses of propolis increased CAT activity in

increased in lungs with 100 mg/kg bw of propols=€ 0.002) lungs (100 mg/kg bwp = 0.01; 300 mg/kg bwp = 0.0001)

(Figure 6C). Oxidative stress increased MnSOD activity only (Figure 7C). The increased CAT activity in brain of animals

in the liver of treated animalgp(= 0.0001) (Figure 6D). This treated with 300 mg/kg bw of propolis was on the margin of

was abolished with 300 mg/kg bw of propolis. The increased statistical significance p{ = 0.057) (Figure 7Q. Neither
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Figure 5. TBARS concentration (A) in liver, lungs and brain of mice fed with commercial diet (c), commercial diet and propolis in a dose of 100 mg/kg
bw (100) or 300 mg/kg bw (300). (A) *p = 0.042 c versus 100 in brain; *p = 0.001 c versus 100 in liver and lungs. TBARS concentration (B) in liver,
lungs, and brain of mice fed with commercial diet (c), normobaric 100% oxygen after commercial diet (Ox), normobaric 100% oxygen after commercial
diet and propolis in a dose of 100 mg/kg bw (Ox+100) or 300 mg/kg bw (Ox+300). (B) *p = 0.043 ¢ versus Ox in lungs; ***p = 0.0001 ¢ versus Ox
in liver.

61 A e 6 1 B

——liver
34 — B— lungs
- =A- =-brain

CuZnSOD (lU/mg protein)
(2]

c 100 300 c Ox Ox+100 Ox+300

treatment treatment

——liver
— B— lungs

- =A- =brain

MnSOD (lU/mg protein)

c 100 300 c Ox  Ox+100 Ox+300
treatment treatment
Figure 6. CuzZnSOD (A) and MnSOD (C) activity in liver, lungs, and brain of mice fed with commercial diet (c), commercial diet and propolis in a dose
of 100 mg/kg bw (100) or 300 mg/kg bw (300). (A) **p = 0.001 ¢ versus 100 in the liver; (C) *p = 0.002 ¢ versus 100 in the lungs CuZnSOD (B) and
MnSOD (D) activity in liver, lungs, and brain of mice fed with commercial diet (c), normobaric 100% oxygen after commercial diet (Ox), normobaric 100%
oxygen after commercial diet and propolis in a dose of 100 mg/kg bw (Ox+100) or 300 mg/kg bw (Ox+300). (D) *p = 0.032 Ox versus Ox+100 in the
lung; ***p = 0.0001 c versus Ox in the liver.

oxidative stress nor oxidative stress combined with propolis oxidative stress by itself had no effect on CAT activity; the
affected CAT activity in the liver Kigure 7B). However, in increase with both doses of propolis in case of hyperoxygenation
the brain a significant increase of CAT activity induced by was due to propoligg= 0.0001) (Figure 7D). Propolis had no
oxidative stressg(= 0.0001) returned to control values in mice effect on Gpx activity in the liver, brain, and lungBigure

fed with both doses of propolis (Figure 7D). While in lungs, 7E). The same was established for liver, brain, and lung from
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Figure 7. CAT activity in the liver (A), lungs and brain (C) and Gpx activity (E) in liver, lungs, and brain of mice fed with commercial diet (c), commercial
diet and propolis in a dose of 100 mg/kg bw (100) or 300 mg/kg bw (300). (C) **p = 0.01 ¢ versus 100 in lungs; ***p = 0.0001 c versus 300 in lungs
CAT activity in liver (B), lung, and brain (D) and Gpx activity (F) in liver, lung, and brain of mice fed with commercial diet (c), normobaric 100% oxygen
after commercial diet (Ox), normobaric 100% oxygen after commercial diet and propolis in a dose of 100 mg/ kg bw (Ox+100) or 300 mg/kg bw
(Ox+300). (D) ***p = 0.0001 c versus Ox in brain; **p = 0.0001 Ox versus Ox+100 and Ox+300 in lungs.

mice subjected to oxidative stress or oxidative stress combinedfrom the continental region of Croatia studied by Kosalec et al.

with propolis (Figure 7F). (33) were predominantly of quantitative nature. Namely, in the
study of Kosalec, pinocembrin was reported as the dominant
DISCUSSION flavonoid followed by chrysin. Different flavonoid composition

The qualitative and quantitative chromatographic analysis and/or quantities in propolis samples are not surprising since
showed that flavon chrysin (followed by pinocembrin and besides having the place of origin, variation may arise from
galangin) was the main phenolic compound detected in the local flora influences, seasonal differences, and environmental
sample of propolis investigated in our study. Differences in conditions 84). Besides, propolis used in our study was prepared
chemical composition of our sample of propolis versus samples with no chemical refinement, the result of which is minimal
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loss of active ingredients. The content of chrysin in our study
(9.8umol/g of propolis) was similar to the content in Brazilian
propolis (8.0umol/g of propolis) (15). Besides literature data
that chrysin expresses phytoestrogenic, antioxidant, antiinflam-
matory (35), anxiolytic activities36), and inhibitory activities

of aromatase37) and as such may modulate gonadal function
in both sexes38) or can be used clinically in cases of estrogen-
dependent carcinoma (39), its oral bioavailability is poorly
understood. Indeed, Walle et a#lQ) suggested that the oral
bioavailability of chrysin in humans may be low depending on
extensive oxidative metabolism and efflux of metabolites back
into intestine for hydrolysis. Although oxidative metabolism of
chrysin may facilitate its elimination, the oxidation of other
flavonoids, specifically galangin to kaempherol which can
proceed further to quercetidl, 42) yields increasingly active
molecules with regard to antioxidant propertie®3). Our
propolis sample although of relatively low antioxidant capacity
in vitro as demonstrated in the FRAP assay (imgol/L for
propolis versus 2.@emol/L for trolox) proved to be a strong
antioxidant in vivo. Moreover, content of antioxidative relevant
vitamins in our native propolis was very low so its biological

SobocCanec et al.

observed in liver, lungs, and brain, while the dose of 300 mg/
kg was without effect. Decreased TBARS levels in investigated
tissues of treated animals in physiological conditions were
probably the result of increased CuzZnSOD activity in the liver
and MnSOD and CAT activity in lungs. In addition, CAPE may
be effective in protecting tissue damage caused by oxidative
stresg54). Gpx level appeared to be unaffected by propolis in
investigated tissues in physiological conditions.

Oxidative stress significantly increased TBARS level in liver
and lungs of mice, and the same pattern, although insignificant,
was observed in the brain. The brain was protected from damage
by the large increment of CAT activity (over 350%) while the
liver, with only slightly increased CAT activity, remained
vulnerable to hyperoxia in spite of increased MnSOD activity.
Since hyperoxia in lungs was not associated with augmentation
of the oxidant defenses, lungs demonstrated the highest TBARS
increase among all the tissues tested. Hyperoxia induced increase
of the TBARS level in all three tissues tested was abrogated by
both doses of propolis. Propolis in a dose of 300 mg/kg bw
abolished the increment of MNSOD and CAT activity in liver.

In the brain, CAT activity increased by hyperoxia was abolished

effects may be mostly due to flavonoids. This may be of by propolis, too. In lungs of mice treated with propolis before
importance because literature data showed contrasting resultdlyperoxia, MnSOD and CAT activity were significantly aug-

of in vitro and in vivo oxidant/antioxidant capacity of flavonoid-
rich foods @4). The effect in our study was, however, tissue-
and dose-related. In plasma, the TBARS level was affected by
propolis; 100 mg/kg bw decreased while 300 mg/kg bw
increased the TBARS level. This is in accordance with the
paradoxical effect of higher versus lower doses of antioxidants
(45, 46). Some other literature data support the fact that propolis
components may have both pro-oxidant and antioxidant proper-
ties (47). Quercetin pro-oxidative activity in erythrocytes was
attributed by Galati et al48). However, the pro-oxidative effect
of the high dose of propolis in plasma in our study was probably
not due to quercetin since in our propolis sample the very low
quantities were insufficient for inducing oxidative effect. Many
flavonoids (luteolin, chrysin, apigenin, naringenin) show beside
antioxidative also pro-oxidative characteristics in concentrations
where other flavonoids were still antioxidants mainly depending
on enzymatic and/or chemical (auto)oxidation or metal ion
concentration(49, 50). Increase in both tSOD and Gpx in the
lysate of erythrocytes of animals fed with 300 mg/kg bw of
propolis is likely due to pro-oxidant effect of this dose of
propolis.

Indeed as pointed by Scapagnini et al. (51) caffeic acid
phenethyl ester (CAPE), a phenolic originating from plants and
active component of propolis, and curcumin are potent inducers
of heme-oxygenase-1 protein (HO-1) which is a redox sensitive
inducible protein which provides protection from various forms
of stress. These two phytochemicals can efficiently inhibit LPO
as shown by Balogun et al5%) in that the induction of heme-
oxygenase-1 by curcumin and CAPE requires the activation of
the transcription factor Nrf2/antioxidant-responsive element
complex pathway (53). Thus, beside the activation of “classic”
detoxifying enzymes, the induction of heme-oxygenase-1 protein
by phenolic natural substances has to be considered. Heme
oxygenase-1 protein is a novel aspect of the mode of action of
polyphenolics like CAPE since so far they have been considered
as chemicals reactive toward free radicals.

Hyperoxia by itself did not affect the TBARS level in plasma
probably because of the concomitant increment of tSOD.
Contrary to physiological conditions, in hyperoxia, propolis at
a dose of 100 mg/kg bw was without effect. Beneficial effect
of propolis (100 mg/kg) in physiological conditions was

s

mented. This is of great importance since lungs of adult animals
are, contrary to neonatal animals, vulnerable to hyperoxia
because they are not able to mount protective lung biochemical
responses rapidly (5%6). It seems that this important feature
can be given back to adult animals by administration of propolis
before hyperoxia.

ABBREVIATIONS USED:

AOE, antioxidant enzymes; BHT, butylated hydroxytoluene;
CAT, catalase; CuZnSOD, CuZn superoxide dismutase; DPPH,
2,2-diphenyl-1-picrylhydrazyl; FRAP, ferric reducing antioxi-
dant potential; Gpx, glutathione peroxidase; HPLC, high
performance liquid chromatography; LPO, lipid peroxidation;
MnSOD, Mn superoxide dismutase; SOD, superoxide dismutase;
TBARS, thiobarbituric acid reactive substances; tSOD, total
superoxide dismutase.

ACKNOWLEDGMENT

The authors thank Prof. W.L. Ragland for his helpful comments
and discussion. We thank V. Matésfor her most helpful
technical support and preparation of manuscript.

LITERATURE CITED

(1) Kimoto, T.; Koya-Miyata, S.; Hino, K.; Micallef, M. J.; Hanaya,
T.; Arai, S.; Ikeda, M.; Kurimoto, M. Pulmonary carcinogenesis
induced by ferric nitrilotriacetate in mice protection from it by
Brazilian propolis and artepillin CVirchows Arch.2001,438,
259-270.

Santos, F. A.; Bastos, E. M. A.; Uzeda, M.; Carvalho, M. A.
R.; Farias, L. M.; Moreira, E. S. A,; Braga, F. C. Antibacterial
activity of Brazilian propolis and fractions against oral anaerobic
bacteria.J. Ethnopharmacol2002,80, 1-7.

Abd El Hady, F. K.; Hegazi, A. G. Egyptian propolis: 2.
Chemical composition, antiviral and antimicrobial activities of
east Nile delta propolisZ. Naturforsch.2002,57c, 386—394.
Orsolié, N.; KneZevié, A.H.; €er, L.; Terzi¢, S.; Bas, |.
Immunomodulatory and antimetastatic action of propolis and
related polyphenolic compounds. Ethnopharmaco2004,94,
307—315.

Isla, M. I.; Nieva Moreno, M. |.; Sampietro, A. R.; Vattuone,
M. A. Antioxidant activity of Argentine propolis extracts.
Ethnopharmacol2001,76, 165—170.

@)

4)

®)



Oxidant/Antioxidant Properties of Croatian Native Propolis

(6) Pascual, C.; Gonzalez, R.; Torricella, R. G. Scavenging action
of propolis extract against oxygen radicals Ethnopharmacol.
1994,41,9-13.

(7) van Acker, F. A.; Schouten, O.; Haenen, G. R.; van der Vijgh,
W. J.; Bast, A. Flavonoids can replace alpha-tocopherol as an
antioxidant.FEBS Lett.2000,473, 145—148.

(8) Rusak, G.; Gutzeit, H. O.; Ludwig-Mdiller, J. Structurally related
flavonoids with antioxidative properties differentially affect cell

cycle progression and apoptosis of human acute leukaemia cells.

Nutr. Res.2005,25, 141—-153.

(9) Dajas, F.; Rivera-Megret, F.; Blasina, F.; Arredondo, F.; Abin-
Carriquiry, J. A.; Costa, G.; Echeverry, C.; Lafon, L.; Heizen,
H.; Ferreira, M.; Morquio, A. Neuroprotection by flavonoids.
Braz. J. Med. Biol. Re2003,36, 1613—1620.

(10) Cross, H. J.; Tilby, M.; Chipman, J. K.; Ferry, D. R.; Gescher,
A. Effect of quercetin on the genotoxic potential of cisplatin.
Int. J. Cancer1996,66, 404—408.

(11) Cao, G.; Sofic, E.; Prior, R. L. Antioxidant and prooxidant
behavior of flavonoids: structure-activity relationshipsee
Radical Biol. Med.1997,22, 749—760.

(12) Duthie, S. J.; Johnson, W.; Dobson, V. L. The effect of dietary
flavonoids on DNA damage (strand breaks and oxidized pyri-
midines) and growth in human cellMutat. Res.1997, 390,
141—-151.

(13) Moreno, M. I. N.; Isla, M. I.; Sampietro, A. R.; Vattoune, M.
A. Comparison of the free radical scavenging activity of propolis
from several regions of Argentind. Ethnopharmacol2000,

71, 109—114.

(14) Matsushige, K.; Basnet, P.; Kadota, S.; Namba, T. Potent free
radical scavenging activity of dicaffeoyl quinic acid derivatives
from propolis.J. Trad. Med.1996,13, 217—228.

(15) Shimizu, K.; Ashida, H.; Matsuura, Y.; Kanazawa, K. Antioxi-
dative bioavailability of artepillin C in Brazilian propoligrch.
Biochem. Biophys2004,424, 181—188.

(16) El-Khatib, A. S.; Agha, A. M.; Mahran, L. G.; Khayyal, M. T.
Prophylactic effect of aqueous propolis extract against acute
experimental hepatotoxicity in viva&. Naturforsch2002,57c,
379—385.

(17) Sforcin, J. M.; Funari, S. R. C.; Novelli, E. L. B. Serum
biochemical determinations of propolis-treated rdtsVenom
Anim. Toxins1995,1, 31-37.

(18) Deneke, S. M.; Fanburg, B. L. Normobaric oxygen toxicity of
the lung.N. Engl. J. Med1980,303, 76-86.

(19) Frank, L. Antioxidants, nutrition, and bronchopulmonary dys-
plasia.Clin. Perinatol. 1992,19, 541—-562.

(20) Beythien, A.; Diemair, WLaboratoriumsbuch uder lebens-
mittelchemiker; Verlag von Theodor Steinkopff; Leipzig, 1963;
Vol. 8, pp 28—29.

(21) Kjeldahlu, J. Officials methods of analysis of the association of
official agricultural chemistsAssoc. Offic. Agric. Cheni.960,

9, 12-13.

(22) Gorsuch, T. T.The destruction of organic mattePergamon
Press: Elmsford, NY, 1970.

(23) Song, W. O.; Beecher, G. R.; Eitenmiller, R. R. Modern
analytical methodologies in fat- and water-solublgamins;
Song, W. O.; Beecher, G. R.; Eitenmiller, R. R., Eds.; Wiley-
Interscience: New York, 2000.

(24) Singleton, V. L.; Orthofer, R.; Lamuela-Raventos, R. M. Analysis
of total phenols and other oxidation substrates and antioxidants
by means of Folin-Ciocalteu reageMethods Enzymoll999,
299, 152—-178.

(25) Benzie, I. F.; Strain, J. J. The ferric reducing ability of plasma
(FRAP) as measurements of “antioxidant power” The FRAP
assayAnal. Biochem1996,239, 70-76.

(26) Ohkawa, H.; Ohishi, N.; Yagy, K. Assay for lipid peroxides in
animal tissues by thiobarbituric acid reactidinal. Biochem.
1979,95, 351—358.

(27) Schlorff, E. C.; Husain, K.; Somani, S. M. Dose- and-time
dependent effects of ethanol on plasma antioxidant system in
rat. Alcohol 1999,17, 97-105.

J. Agric. Food Chem., Vol. 54, No. 21, 2006 8025

(28) Flohé, L.; @ting, F. Superoxide dismutase assays. In Methods
of Enzymology; Packer, L., Ed.; Academic Press: Orlando, 1984;
pp 93—104.

(29) Ceballos-Picot, I.; Nicol, A.; Clement, M.; Bourre, J. M.; Sinet,
P. M. Age related changes in antioxidant enzymes and lipid
peroxidation in brains of control and transgenic mice over
expressing copper-zinc dismutadéut. Res.1992,275, 281—
293.

(30) Aebi, H. Catalase in vitro. IMethods in Enzymologyacker,

L., Ed.; Academic Press: Orlando, 1984; pp 121—-126.

(31) Paglia, D. E.; Valentine, W. N. Studies on the quantitative and
qualitative characterization of erythrocyte glutathione peroxidase.
J. Lab. Clin. Med.1967,70, 158—169.

(32) Lowry, O. H.; Rosebrough, N. J.; Farr, A. L.; Randall, R. Protein
measurement with folin phenol reagedt. Biol. Chem.1951,
193, 256—275.

(33) Kosalec, |.; Bakmaz, M.; Pepeljnjak, S. Analysis of propolis from
the continental and Adriatic regions of Croaticta Pharm.
2003,53, 275—285.

(34) Bankova, V.; Boudourova-Krastev, G.; Popov, S.; Sforcin, M.;
Funari, S. R. C. Seasonal variations of the chemical composition
of Brazilian propolis.Apidologie1998,29, 361—367.

(35) Woo, K. J.; Jeong, Y. J.; Inoue, H.; Park, J. W.; Kwon, T. K.
Chrysin suppresses lipopolysaccharide-induced cyclooxygenase-2
expression through the inhibition of nuclear factor for IL-6 (NF-
IL6) DNA-binding activity. FEBS Lett.2005,579, 705—711.

(36) Salgueiro, J. B.; Ardenghi, P.; Dias, M.; Ferreira, M. B.;
Izquierdo, |.; Medina, J. H. Anxiolytic natural and synthetic
flavonoid ligands of the central benzodiazepine receptor have
no effect on memory tasks in raBharmacol. Biochem. Behav.
1997,58, 887—891.

(37) Jeong, H. J.; Shin, Y. G.; Kim, I. H.; Pezzuto, J. M. Inhibition
of aromatase activity by flavonoidé\rch. Pharm. Res1999,

22, 309-312.

(38) Séralini, G. E.; Moslemi, S. Aromatase inhibitors: past, present
and future.Mol. Cell. Endocrinol.2001,178, 117—131.

(39) Zhang, S.; Yang, X.; Morris, M. E. Flavonoids are inhibitors of
breast cancer resistance protein (ABCG2)-mediated transport.
Mol. Pharmacol.2004,65, 1208—1216.

(40) Walle, T.; Otake, Y.; Brubaker, J. A.; Walle, U. K.; Halushka,
P. A. Disposition and metabolism of the flavonoid chrysin in
normal volunteersBr. J. Clin. Pharmacol2001,51, 143—146.

(41) Otake, Y.; Walle, T. Oxidation of the flavonoids galangin and
kaempferide by human liver microsomes and CYP1A1, CYP1A2,
and CYP2C9Drug Metab. Dispos2002,30, 103—105.

(42) Duarte Silva, I.; Rodrigues, A. S.; Gaspar, J.; Maia, R.; Laires,
A.; Rueff, J. Involvement of rat cytochrome 1Al in the
biotransformation of kaempferol to quercetin: relevance to the
genotoxicity of kaempferolMutagenesisl 997,12, 383—390.

(43) Yang, B.; Kotani, A.; Arai, K.; Kusu, F. Estimation of the
antioxidant activities of flavonoids from their oxidation poten-
tials. Anal. Sci.2001,17, 599—604.

(44) Lotito, S. B.; Frei, B. Relevance of apple polyphenols as
antioxidants in human plasma: contrasting in vitro and in vivo
effects.Free Radical Biol. Med2004,36, 201—211.

(45) Halliwell, B. The antioxidant paradokancet2000,355, 1179—
1180.

(46) Podmore, |. D.; Griffiths, H. R,; Herbert, K. E.; Mistry, N.;
Mistry, P.; Lunec, J. Vitamin C exhibits pro-oxidant properties.
Nature 1998,392, 559.

(47) Kobayashi, N.; Unten, S.; Kakuta, H.; Komatsu, N.; Fujimaki,
M.; Satoh, K.; Aratsu, C.; Nakashima, H.; Kikuchi, H.; Ochiai,
K.; Sakagami, H. Diverse biological activities of healthy foods.
In Vivo 2001,15, 17-23.

(48) Galati, G.; Sabzevari, O.; Wilson, J. X.; O'Brien, P. J. Prooxidant
activity and cellular effects of the phenoxyl radicals of dietary
flavonoids and other polyphenolic§.oxicology 2002 177,
91-104.



8026 J. Agric. Food Chem., Vol. 54, No. 21, 2006

(49) Rietjens, I. M. C. M.; Boersma, M. G.; de Haan, L.; Spenkelink,
B.; Awad, H. M.; Cnubben, N. H. P.; van Zanden, J. J.; van
Woude, H.; Alink, G. M.; Koeman, J. H. The pro-oxidant
chemistry of the natural antioxidants vitamin C, vitamin E,
carotenoids and flavonoidEnviron. Toxicol. Pharmacol2002
11, 321—-333.

(50) Sugihara, N.; Arakawa, T.; Ohnishi, M.; Furuno, K. Anti-and
pro-oxidative effects of flavonoids on metal-induced lipid
hydroperoxide-dependent lipid peroxidation in cultured hepato-
cytes loaded with alpha-linolenic acifiree Radical Biol. Med.
1999,27, 1313—-1323.

(51) Scapagnini, G.; Foresti, R.; Calabrese, V.; Giuffrida Stella, A.
M.; Green, C. J.; Motterlini, R. Caffeic acid phenethyl ester and
curcumin: a novel class of heme oxygenase-1 induddos.
Pharmacol.2002,3, 554—561.

(52) Balogun, E.; Hoque, M.; Gong, P.; Killeen, E.; Green, C. J,;
Foresti, R.; Alam, J.; Motterlini, R. Curcumin activates the haem

SobocCanec et al.

oxygenase-1 gene via regulation of Nrf2 and the antioxidant-
responsive elemenBiochem. J2003,371,887—895.

(53) Lee, J. S.; Surh, Y. J. Nrf2 as a novel molecular target for
chemopreventionCancer Lett.2005,224,171—-184.

(54) Calikoglu, M.; Tamer, L.; Sucu, N.; Coskun, B.; Ercan, B.; Gul,
A.; Calikogluy, I.; Kanik, A. The effects of caffeic acid phenethyl
ester on tissue damage in lung after hindlimb ischemia-
reperfusionPharmacol. Res2003,48, 397—403.

(55) Ischiropoulos, H.; Nadziejko, C. E.; Kumae, T.; Kikkawa, Y.
Oxygen tolerance in neonatal rats: Role of subcellular superoxide
generationAm. J. Physiol1989,257, L411—-L420.

(56) Frank, L. Developmental aspects of experimental pulmonary
oxygen toxicity.Free Radical Biol. Med1991,11, 463—494.

Received for review April 28, 2006. Revised manuscript received August
23, 2006. Accepted August 30, 2006.

JF0612023



