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Antioxidant Capacity of Venezuelan Honey in Wistar Rat Homogenates
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ABSTRACT The antioxidant effect of several polyphenolic compounds is well known. However, little is known about the
antioxidant capacity of Venezuelan honey, which has a high content of polyphenolic compounds. In this work, the antioxi-
dant capacity of a genuine honey produced in Mérida, Venezuela was studied using the ferrous iron oxidation with xylenol
orange method, the thiobarbituric acid method, and the determination of antioxidant activity. We found that this honey has
the capacity to decrease significantly the concentration of lipid hydroperoxides and malondialdehyde, produced during the
lipid peroxidation process, in a comparable way with other widely studied antioxidants such as melatonin and vitamin E. It
was found that the antioxidant activity in the 50% honey dilution, the highest concentration we tested, was equivalent to a

concentration of uric acid of 0.62 mM.
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INTRODUCTION

ONEY IS A REMARKABLE PRODUCT from the hive prepared

by honeybees from the nectar and other sugary sub-
stances derived from many plants.! All over the world,
honey is considered a part of traditional medicine.>* How-
ever, it has so far been neglected as a therapeutic agent in
modern medicine because of the lack of systematic scien-
tific studies in support of its medical attributes. Currently,
scientific support has begun to emerge with several publi-
cations on the diversity of its therapeutic effectiveness.’
Moreover, honey has been reported to be effective in the
healing of wounds and burns®’ and as an antimicrobial
agent*? and in providing gastric protection against acute
and chronic gastric lesions.!0!!

Currently, there is overwhelming evidence that free rad-
icals cause oxidative damage to lipids, proteins, and nucleic
acids, leading to many biological complications including
carcinogenesis, mutagenesis, aging, and atherosclerosis.'? In
general, the term “antioxidant” refers to any substance that
when present at low concentrations compared with those of
an oxidizable substrate significantly delays or prevents ox-
idation of that substrate, including various types of mole-
cules found in vivo.!? Natural antioxidants can be phenolic
compounds (tocopherol, flavonoids, and phenolic acids),
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nitrogen compounds (alkaloids, chlorophyll derivatives,
amino acids, and amines), or carotenoids as well as ascor-
bic acid.!416

A study done by Al-Mamary et al.'” has demonstrated
that several types of honey from different countries have an
antioxidant capacity that was dependent on the concentra-
tion of phenolic groups. Other studies were performed to as-
say the antioxidant capacity of honey.!8-21

The antioxidant capacity of honey from Venezuela was
assayed for lipid peroxidation. This process consists of the
oxidation of membrane lipids through autooxidative reac-
tions that result in the formation of lipid hydroperoxides
and malondialdehyde (MDA).???3 Peroxidation can change
membrane fluidity and affect several cell functions such as
ion permeability and ATPase activity.?*2

Because of the large variety of pathologies that have been
related to reactive oxygen species (ROS), it is quite impor-
tant to find new antioxidants that could inhibit or prevent
the effects of ROS. Therefore, the aim of this work was to
evaluate the effect of a genuine honey from Meérida,
Venezuela, on lipid peroxidation and to compare its antiox-
idant activity with that of melatonin, vitamin E, and uric
acid.

MATERIALS AND METHODS

Chemicals

Methanol [high performance liquid chromatography
(HPLC) grade], sulfuric acid, hydrogen peroxide, NADH,
acetic acid, thiobarbituric acid (TBA), sodium dodecyl sul-
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fate (SDS), 1,1,3,3-tetramethoxypropane (TMP), xylenol or-
ange, EDTA, and uric acid were purchased from Sigma
Chemical Co. (St. Louis, MO). Copper (II) sulfate, man-
ganese (II) chloride tetrahydrate, iron chloride, sodium ben-
zoate, sodium hydroxide, trichloroacetic acid, sodium car-
bonate, sodium and potassium tartrate, Folin-Ciocalteu’s
phenol reagent, and butylhydroxytoluene (BHT) were pur-
chased from Merck (Darmstadt, Germany). Milli-Q® plus
water (Millipore, Bedford, MA) was used for all prepara-
tions.

Honey samples

Honey was purchased at the local market in Mérida from
SRI Nitay, and diluted with ultrapure water at 1:2 and 1:4
dilutions.

Rat homogenates

Rats were handled according international regulations,
and maintained under regular conditions of humidity, food,
circadian cycles, and temperature. Kidney, brain, liver, and
lung homogenates were obtained from 3-month-old male
Wistar rats weighing 200-250 g. For the ferrous ion oxida-
tion with xylenol orange (FOX) method, 40% (wt/vol) ho-
mogenates were prepared in HPLC-grade methanol. For the
TBA method, 3.3% (wt/vol) homogenates were prepared in
50 mM phosphate buffer (pH 7.4).

FOX method

Lipid peroxidation was conducted for a 60-minute inter-
val at 37°C. The mixture for lipid hydroperoxide generation
contained 10 L of Fenton’s reagent 1 (5 uL of 5 mM man-
ganese chloride and 5 L. of 50 mM hydrogen peroxide), 10
uL of the aqueous extract, and 80 uL of each homogenate.>°
Nine hundred microliters of FOX reagent (49 mg of ferrous
ammonium sulfate in 50 mL of 250 mM H,SQOy, 0.397 g of
BHT, and 0.038 g of xylenol orange in 950 mL of HPLC-
grade methanol) was added to each sample and left to react
for 30 minutes at room temperature. The absorbance was
read at 560 nm. Hydrogen peroxide was used as a standard.

Enzymatic and nonenzymatic lipid peroxidation

Lipid peroxidation was conducted for a 60-minute inter-
val at 37°C in a mixture that contained 100 uL of aqueous
extract, 50 uLL of 5 mM iron chloride, 50 uL. of 50 mM hy-
drogen peroxide (Fenton’s reagent 2, for nonenzymatic lipid
peroxidation) or 100 uL of 2 mM NADH (for enzymatic
lipid peroxidation), and 400 uL of each homogenate at 3.3%
(wt/vol).?” The mixture was diluted with 600 L of Milli-
Q water. The following reagents were added to 500 uL of
this mixture: 1.5 mL of 20% acetic acid (pH 3.5), 1.2 mL
of 1% TBA, 10 puL of 10 mM BHT, and 0.2 mL of 10%
SDS. The mixture was left to react for 1 hour at 100°C and
was centrifuged at 2,000 rpm for 10 minutes in a BHG
(Gosheim, Germany) Optima centrifuge. The absorbance
was measured at 532 nm. TMP was used as a standard.

Antioxidant activity (AOA) method

The AOA was determined using the method developed
by Koracevic et al.?® In this method a standardized solution
of Fe-EDTA complex reacts with hydrogen peroxide by a
Fenton-type reaction, leading to the formation of hydroxyl
radicals. These radicals degraded benzoate, resulting in the
formation of TBA-reactive substances (TBARS). This re-
action was monitored spectrophotometrically, and the inhi-
bition of color development was defined as the AOA.

Measurement of phenolic group concentration

The determination of phenolic group concentration was
carried out by a colorimetric technique based on the Folin-
Ciocalteu’s phenol reagent. A volume of 100 uL of aque-
ous extract was completed up to 500 uL. with water, and
was mixed with 1.5 mL of solution C {25 mL of solution
A [1% (wt/vol) SDS, 0.4% (wt/vol) NaOH, 2% (wt/vol)
sodium carbonate, and 0.16% (wt/vol) sodium and potas-
sium tartrate] with 250 uLL of 4% (wt/vol) CuSQO4}. The
samples were placed in a water bath at 37°C for 10 minutes.
Then, 150 uL of Folin-Ciocalteu’s phenol reagent diluted
1:2 was added to the reaction mixture, and incubation was
continued for 10 minutes. Absorbance was recorded at 750
nm, and phenol was used as a standard.

TaABLE 1. PERCENTAGE OF LiPID PEROXIDATION USING THREE DIFFERENT INDUCERS IN DIFFERENT TISSUES

Lipid peroxidation induction (%)

FOX method Nonenzymatic TBA method Enzymatic TBA method
Organ (Fenton’s reagent 1) (Fenton’s reagent 2) (NADH)
Kidney 80 = 12 81 + 12 78 * 12
Brain 85 x 12 84 + 12 82 x 22
Lung 81 x 22 74 + 12 78 x* 12
Liver 79 + 22 76 * 12 77 * 12

Data are mean *+ SE (n = 3). Means within a column sharing the same letter are not significantly different by Newman-Keuls mul-

tiple comparison test (P < .05).



512 PEREZ ET AL.

1201

100
=
©
3 -
S 80+
k)
()]
£
o 601
€ T
£
)
o 40+ %
3 A
=

201
0+ T T T )
Kidney Brain Lung Liver
Homogenates

FIG. 1. Effect of different honey dilutions, vitamin E, and melatonin
on TBARS content generated by Fenton’s reagent 2 in the nonenzy-
matic TBA method assayed for 60 minutes at 37°C and homogenates
at 3.3% (wt/vol) in 50 mM phosphate buffer (pH 7.4): homogenates
in the presence of Fenton’s reagent 2 (50 mM H,0, and 5 mM FeCl,)
(CD); homogenates in the presence of Fenton’s reagent 2 and honey di-
luted 1:2 (M); homogenates in the presence of Fenton’s reagent 2 and
honey diluted 1:4 (N); homogenates in the presence of Fenton’s
reagent 2 and melatonin at 1 uM (B); homogenates in the presence
of Fenton’s reagent 2 and vitamin E at 1 uM.

Measurement of protein concentration

Protein concentrations were determined spectrophoto-
metrically at 750 nm by the method of Lowry et al.>® with
bovine serum albumin as the standard.

Statistics

All experiments were done in triplicate. Data were ana-
lyzed using a one-way analysis of variance and Newman-
Keuls multiple comparison test (Prism®, Graph Pad, San
Diego, CA).

RESULTS

Effect of honey dilutions on lipid peroxidation

First of all, we determined whether or not lipid peroxi-
dation could be induced under our experimental conditions
in a sufficient quantity to be able to quantify the antioxidant
effect of our honey samples on this process. We used three
different lipid peroxidation inducers: Fenton’s reagent 1
[H,O, + Mn (this ion was used because xylenol orange
binds Fe in the FOX method)], Fenton’s reagent 2 (H,O, +
Fe), and lipid peroxidation induced by NADH. It was found
that lipid peroxidation was stimulated up to 85 *£ 1% with
Fenton’s reagent 1, up to 84 = 1% with Fenton’s reagent 2,

and up to 82 * 2% with NADH (Table 1). These high per-
centages of lipid peroxidation allow us to readily establish
the antioxidant effect of honey samples.

The results obtained by using nonenzymatic TBARS
method are showed in Figure 1. It can be seen that the two
dilutions of honey can reduce the content of TBARS gen-
erated by a chemical mechanism in all the homogenates. Vi-
tamin E and melatonin caused a further reduction in TBARS
values. In comparison with other homogenates, there seems
to be a higher reduction of TBARS content in the kidney
homogenate for honey samples, and for vitamin E and mela-
tonin. On the other hand, in the lung homogenate, a higher
dilution has a lower antioxidant capacity, indicating that the
antioxidant capacity of honey might be dependent on its con-
centration at least in this homogenate (Fig. 1).

When we studied the effect of honey samples on enzy-
matic lipid peroxidation, it was found that the less diluted
honey samples were more effective than vitamin E and mela-
tonin in both kidney and brain homogenates (Fig. 2). In con-
trast, in lung and liver homogenates, vitamin E and mela-
tonin were more active than honey samples, with again the
less diluted honey sample being more efficient than the most
diluted in all cases (Fig. 2). In Figure 3 it is shown that both
diluted honey samples and vitamin E and melatonin reduced
the amounts of lipid hydroperoxides generated by Fenton’s
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FIG. 2. Effect of different honey dilutions, vitamin E, and melatonin
on TBARS content generated by NADH in the enzymatic TBA method
assayed for 60 minutes at 37°C and homogenates at 3.3% (wt/vol) in
50 mM phosphate buffer (pH 7.4): homogenates in the presence of 2
mM NADH ([J); homogenates in the presence of 2 mM NADH and
honey diluted 1:2 (M); homogenates in the presence of 2 mM NADH
and honey diluted 1:4 (K); homogenates in the presence of 2 mM
NADH and melatonin at 1 uM (B); homogenates in the presence of
2 mM NADH and vitamin E at 1 uM.
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FIG. 3. Effect of different honey dilutions on lipid hydroperoxide
concentration generated by Fenton’s reagent 1 in the FOX method de-
veloped for 60 minutes at 37°C and homogenates at 40% (wt/vol) in
HPLC-grade methanol: homogenates in the presence of Fenton’s
reagent 1 (50 mM H,0O; and 5 mM MnCl,) ((]); homogenates in the
presence of Fenton’s reagent 1 and honey diluted 1:2 (H); ho-
mogenates in the presence of Fenton’s reagent 1 and honey diluted
1:4 (N); homogenates in the presence of Fenton’s reagent 1 and mela-
tonin at 1 uM (B); homogenates in the presence of Fenton’s reagent
1 and vitamin E at 1 uM.

reagent 1. Vitamin E and melatonin were more effective than
honey samples in decreasing lipid hydroperoxide generation.

In Table 2 are presented the inhibition percentages found
with all three methods that were used to measure the effect
of honey on lipid peroxidation. It can be seen that inhibi-
tion percentages were higher for MDA production than for
hydroperoxides. The highest inhibition in the nonenzymatic
TBA method was observed in lung, and for the enzymatic
TBA and FOX methods in brain. In general, for the three
methods studied so far, melatonin and vitamin E have a
higher antioxidant capacity than honey samples (Table 2).

Measurement of AOA

The honey AOA values show an antioxidant capacity at
a concentration that is comparable to that of uric acid, a po-
tent antioxidant found in living systems.?® AOA values are
presented in Table 3. It can be seen that the antioxidant ca-
pacity of honey at high concentration is equivalent to 0.62
mM uric acid, which is a relative high value because uric
acid is used at 1 mM in this assay. Melatonin has a higher
AOA value than the honey samples, but vitamin E has an
AOA value similar to the lowest dilution of honey.

DISCUSSION

The lipid peroxidation process was induced by Fenton’s
reagent and NADH. Fenton’s reagent is based on the re-
duction of H,O; by an electron donated from metal ions to
produce hydroxyl radical (OH"). In most cases, iron is used

TABLE 2. INHIBITION PERCENTAGES FOR DIFFERENT HONEY DILUTIONS AND COMPARISON
WITH MELATONIN AND VITAMIN E MEASURED BY TBA anD FOX METHODS

Inhibition percentage (%) by method

Sample Organ Nonenzymatic TBA Enzymatic TBA FOX
Honey diluted 1:2 Kidney 249 £ 0.22 51.5 = 0.62 10.3 = 0.12
Brain 253 = 0.1° 53.7 = 0.4° 119 = 0.52
Lung 312 = 0.5 434 = 0.1 8.2 = 0.2°
Liver 142 = 0.3 20.5 = 0.2 9.6 = 042
Honey diluted 1:4 Kidney 19.6 = 0.3% 235 £ 0.3 55 = 0.6
Brain 18.5 = 0.22 105 = 0.2 112 £ 0.3
Lung 55+ 0.1 282 = 0.1 6.9 = 0.12
Liver 85 + 0.1 147 = 0.1 6.3 = 0.1°
Melatonin (1 uM) Kidney 73.8 = 0.4° 38.7 = 0.1 19.5 = 0.2
Brain 70.2 = 0.2° 19.0 = 0.1 40.7 = 0.22
Lung 69.2 = 0.1° 721 £ 0.5 38.9 = 0.4°
Liver 445 + 0.3 49.7 = 0.4° 40.0 = 0.4°
Vitamin E (1 uM) Kidney 787 £ 0.1 38.8 = 0.32 247 = 0.5
Brain 65.1 = 0.1° 232 + 0.1 40.5 = 0.6
Lung 67.1 = 0.12 70.8 £ 0.1 39.6 = 0.3
Liver 464 * 0.2 40.8 = 0.22 37.6 =02

Data are mean * SE values (n = 3). Means within a sample sharing the letter (*) are not significantly different by Newman-Keuls

multiple comparison test (P < .05).
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TABLE 3. AOA VALUES OF DIFFERENT HONEY DILUTIONS AND
COMPARISON WITH MELATONIN AND VITAMIN E

Dilution AOA (mM)
Honey diluted
1:2 0.62 = 0.012
1:4 0.50 = 0.01
1:8 0.30 = 0.02
Melatonin (1 uM) 0.79 = 0.01
Vitamin E (1 uM) 0.61 = 0.012

Data are mean = SE values (n = 3). Means within a column
sharing the same letter are not significantly different by New-
man-Keuls multiple comparison test (P < .05).

as a metal donor (Eq. 1), but in the case of the FOX method,
manganese ions were used (Eq. 2), according to the followed
reactions:

Fe2* + H,0, — Fe*™ + OH™ + OH" (1)
(Fenton’s reagent 2)

Mn?* + H,0, — Mn?" + OH™ + OH" 2)
(Fenton’s reagent 1)

NADH can induce lipid peroxidation because it forms part
of enzymes such as lipoxygenases and cycloxygenases in
archidonic acid metabolism that produce superoxide anion
and hydroxyl radical.?® Both hydroxyl radical and superox-
ide anion are ROS, which are free radicals associated with
oxygen atom or equivalents with a higher reactivity than
molecular oxygen.3!-32 The hydroxyl radical has the capac-
ity of reacting with many organic molecules to generate
more free radicals.>> We demonstrated that our honey sam-
ples could inhibit NADH-dependent lipid peroxidation. Al-
though we did not study which enzymes were inhibited, it
has been reported by other authors that honey can act on en-
zymatic processes, for example, the browning of fruits and
vegetables via the inhibition of polyphenol oxidase.34-3¢ Our
results also show that honey is able to reduce the genera-
tion of lipid hydroperoxide. This is consistent with results
reported by Sun et al.3” that propolis (a resinous material
collected by bees from gum exudates of trees) could reduce
levels of lipid hydroperoxides in vitamin E-deficient rats. In
general, it has been reported that honey can prevent deteri-
orative oxidative reactions in foods, such as lipid oxida-
tion.?8

On one hand, vitamin E has been related to the protec-
tion against cardiovascular, Alzheimer’s, and Parkinson’s
diseases, cancer, and immune infections.>® On the other
hand, melatonin scavenges free radicals acting in an organ-
ism’s protection against the aging process.***! In general,
both vitamin E and melatonin have an antioxidant capacity
higher than the honey samples in all methods used in this
work. However, AOA values are particularly interesting.
They showed that honey samples diluted 1:2 have similar
values to those of vitamin E and melatonin (Table 3). Al-

though we did not study honey enzymes, an explanation for
this result could be a higher activation of honey catalase due
to its dilution, and the concomitant reduction of hydrogen
peroxide concentration necessary for the Fenton reaction.*?
The values of honey AOA indicate a very good antioxidant
activity when compared with organic fluids analyzed by this
method such as urine (0.17 mM), saliva (0.84 mM), cere-
brospinal fluid (0.095 mM), and ocular aqueous humor
(0.061 mM). However, it is not as good as serum with an
AOA value of 2.04 mM.>8

The honey antioxidant capacity found for lipid peroxida-
tion and AOA is very similar to that of many fruits and veg-
etables measured by the oxygen radical absorbance capac-
ity assay.?? This honey antioxidant capacity can be related
to the high concentration of phenolic compounds found in
our honey samples (125.17 = 0.05 mg/L) in comparison
with other types of honeys reported in the literature.!”
Among these phenolic compounds we can find flavonoids,
which are present in several types of honey and can have
AOA® and are derived from propolis** and phenolic acids
found in nectar.*>*¢ Phenolic compounds are very efficient
scavengers of peroxyl radicals because of their molecular
structures, which include an aromatic ring with hydroxyl
groups containing mobile hydrogens.*’ Moreover, the ac-
tion of phenolic compounds can be related to their capacity
to reduce or chelate divalent ions that catalyze lipid perox-
idation.*® On the other hand, phenolic antioxidants (ArOH)
may interrupt radical-initiated chain reactions by hydrogen
atom transfer (Eq. 3) or by electron transfer (Eq. 4) with the
formation of phenoxyl radical cation (ArOH™), which is
rapidly and reversibly deprotonated, forming phenoxyl rad-
ical (ArO") (Eq. 5).4%° These two mechanisms always oc-
cur in parallel but with different reactions rates. Although
they give the same net result, the H-atom transfer is prefer-
able, since the radical cation, Ar'OH™, formed by electron
transfer may be mutagenic>':

ROO" + ArOH — ROOH + ArO° 3)
(H-atom transfer)

ROO" + ArOH — ROO™ + ArOH™" @
(electron transfer)

ArOH' + H,0 < ArO" + H;0™" 5)

A phenoxyl radical may also combine with peroxyl rad-
ical (ROO) (Eq. 6) forming nonradical products.”’ Addi-
tionally, phenolic antioxidants may react with hydroxyl rad-
icals (Eq. 7) or act as trapping agents of electrophilic

genotoxic compounds such as benz[a]pyrene>?:
ROO" + ArO’ — nonradical products (6)
HO" + ArOH — HOH + ArO° (7

Phenolic components in honey samples can act in any of the
mechanisms mentioned previously. However, the levels of
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single phenolics or other compounds in honey are too low
to have a major individual significance. Hence, the total
antioxidant capacity of honey can be the result of the
combined activity and interactions of a wide range of
compounds, including phenolics, peptides, organic acids,
enzymes, Maillard reaction products, and other minor com-
ponents, but that is not clear at present.>3

In conclusion, all honey samples tested showed an an-
tioxidant capacity that depends on their concentration. This
antioxidant capacity was lower than that of melatonin and
vitamin E in the TBARS and FOX methods. However, in
the case of AOA, honey AOA is comparable with that of
uric acid and is dependent on its concentration as well. These
results indicated that the honey antioxidant capacity is tis-
sue, enzymatic, and method-sensitive. Therefore, further
studies are necessary to clarify the antioxidant effect of
honey.
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