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Abstract Three flavonoid C-glycosides isolated from
pepper fruit (Capsicum annuum L.), var. Capel Hot (lute-
olin 6-C-glucoside, luteolin 6,8-di-C-glucoside and api-
genin 6-C-glucoside-8-C-arabinoside), were investigated to
determine their antioxidant activity and lipophilicity. The
antioxidant activity was evaluated using in vitro methods
to generate free radicals in hydrophilic (superoxide radi-
cal) and lipophilic (2,2-diphenyl-1-picrylhydrazyl (DPPH)
and peroxide radicals) media. Parameters characterising
the lipophilicity (log P) of the studied compounds were
calculated using three commonly available software pro-
grams. The relationships between the calculated log P of
the investigated compounds and the experimentally deter-
mined antioxidant activities are discussed. The chemical
activity of the flavonoid C-glycosides and aglycones was
variable depending on the type of assay used. Luteolin
and its C-6 glucoside showed the greatest ability to scav-
enge superoxide radicals (generated in the enzymatic and
non-enzymatic systems) and DPPH radicals and also had
the strongest activity in inhibiting xanthine oxidase activ-
ity, followed by apigenin-C-glycoside and apigenin. A high
positive correlation coefficient was found between the abil-
ity of tested C-glycosides to inhibit xanthine oxidase and
the calculated log P values. The highest correlation coef-
ficient was obtained for the ACD/log P (Advanced Chem-
istry Development, Inc.) method (R = 0.790). In contrast,
negative correlations were obtained between the abilities to
scavenge superoxide, DPPH and lipid peroxyl radicals. The
highest negative correlation coefficient was obtained in a
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B-carotene/linoleic acid model system and the Ghose—Crip-
pen method (R = —0.725).
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Introduction

Pepper fruits (Capsicum annuum L.) belong to vegetables
popular in human diet because of dietary benefits and a
good sensory properties. They have high levels of vitamins
C, E and the provitamin A [1, 2]. In addition, there is a high
diversity of carotenoid pigments, which do not have pro-
vitamin A activity but which show antioxidant properties
and may protect the lipid membranes of cells against free
radicals. The antioxidant profile is completed by phenolic
compounds as phenolic acids and flavonoids, which occur
in peppers bound to sugars [3, 4].

Many studies have proven that flavonoids are com-
pounds with broad bioactivity [5]. Among them, luteo-
lin and apigenin have been described as compounds with
anticancerogenic and antimutagenic abilities in vitro and in
vivo [5-7]. Luteolin has a vasodilation effect on the tho-
racic aortas of rats [8], and apigenin, which also has the
effect of vasodilation, can suppress skin tumour growth [9].
Although the biological and health properties of apigenin
and luteolin have been extensively studied, very limited
information is available about their derivatives bioactivity,
especially on C-glycosides. In the case of peppers, mainly
luteolin and apigenin occur as C-glycosidic flavonoid
derivatives [2, 10, 11], and only fragmented information is
available in the literature regarding the bioactivity of C-fla-
vonoid glycosides. These compounds appear to be attrac-
tive natural derivatives of flavonoids, which, due to their
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specific chemical structure (the presence of free hydroxyl
groups), are expected to exhibit a beneficial antioxidant
potential. These compounds would also be expected to
show a variable lipophilicity, which is influenced by the
sugar substituents present in the molecule, and should be
active both in lipo- and hydrophilic systems.

The antioxidant activity (AA) of the compounds is
determined in a number of in vitro systems, which gener-
ate free radicals in both the aqueous and the lipid phases.
Superoxide radicals are formed in the hydrophilic phase.
These are considered the principal precursors of DNA dam-
age and specific forms of cancer, as well as many other
diseases [12]. In in vitro assays, superoxide radicals are
generated by both enzymatic and non-enzymatic meth-
ods. In the enzymatic method, xanthine oxidase (XOD)
catalyses the oxidation of xanthine to uric acid. During
re-oxidation of XOD, molecular oxygen acts as an elec-
tron acceptor and free radicals are produced [13]. In the
non-enzymatic method, B-nicotinamide adenine dinucleo-
tide (NADH) is a precursor of superoxide radicals, which
reduces PMS, and this reaction involving oxygen generates
superoxide radicals [14]. It has been found that flavonoids
and their derivatives have the ability to neutralise of free
radicals and inhibit the activity of XOD [13, 15]. Analy-
sis with the 2,2-diphenyl-1-picrylhydrazyl (DPPH) radi-
cal is popular laboratory test to provide rapid information
about the potential activity of the tested compound [16].
Disadvantages of this method include the use of methanol
as the reaction mixture and the fact that the DPPH radical
does not occur in in vivo systems. However, this method is
often used to assess the potential of natural antioxidant sub-
stances in the in vitro systems due to the simplicity and low
cost of the analyses [16, 17]. The method using the emul-
sion phase is the B-carotene—linoleic acid model system.
In this method, linoleic acid, upon reacting with hydrogen
peroxide, generates lipid peroxide radicals. These gener-
ated radicals react with a molecule of f-carotene, causing a
loss of double bonds, which can be monitored as a decrease
in absorbance at a wavelength of 470 nm [18].

In the last decade, significant help in predicting the
bioactivity of compounds has been given in the form of
simulation computer programs. These programs use the
chemical structure of the compound to calculate theoreti-
cal physico-chemical parameters such as lipophilicity, par-
tition coefficients or the solvation energy [19-21]. The data
obtained in this way are useful when screening for sub-
stances that may have beneficial physiological activity or
may be used as nutraceuticals with many health benefits.
The basic parameter used in such simulations is compound
lipophilicity, which is expressed as log P [19]. However,
the relationship between the lipophilicity and bioactivity of
the compound is ambiguous. First, a number of oxidants,
which cause unwanted cellular events, are hydrophilic,
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such as a large group of free radicals (superoxide, hydroxyl
and nitrate). Furthermore, despite the absorption of the
lipophilic compounds on cell membranes, their transport
within the cytosol is limited. In addition, the calculated val-
ues of log P are often different between the algorithms used
and they differ from those determined experimentally [19,
22].

In many experimental studies regarding the search for
biologically active compounds, the AA of compounds
is determined at the beginning. In the case of theoretical
considerations, a parameter determining the activity of
the compounds is their lipophilicity. In the world litera-
ture, there is little information regarding the comparison of
experimental results with theoretical calculations. For this
reason, the aim of the present study was to compare the
experimentally determined AA of three C-glycosidic flavo-
noid derivatives with values of log P calculated by com-
puter algorithms. The AA was determined in enzymatic
and non-enzymatic systems that generated both hydro- and
lipophilic radicals. For the calculation of log P values, three
computer programs were used.

Materials and methods
General

The mass spectra were recorded on a Thermo Finnigan
LCQ Advantage Max ion-trap spectrometer using an elec-
trospray ion source (Thermo Electron Corp., Bellefonte,
PA). The spray voltage was 4.2 kV at the capillary inlet
and 60 V at the outlet of the capillary. The temperature of
the capillary was 220 °C, and the samples were injected in
methanol. The full scan mass covered the range from m/z
200 to 2,000. Collision-induced fragmentation experiments
were performed in the ion trap using helium as the collision
gas. MS data were acquired in the negative ionisation mode
and in the positive mode.

High-performance liquid chromatography (HPLC) was
performed using an Empower-Pro chromatograph (Waters,
Milford, MA, USA) consisting of a quaternary pump
(M2998 Waters) with a degasser and a UV—Vis diode array
detection (DAD) system. Separation was performed on
a column filled with a modified silica gel RP-18 (Atlantis
T3 Waters, 3 um, 4.6 mm x 150 mm). The gradient elu-
tion consisted of mobile phases A (1 % H;PO, in water)
and B (40 % acetonitrile in solvent A) in a proportion in
which the concentration of solvent B was as follows: until
the tenth min—20 %, during the 25th min—25 % and during
the 40th min—40 %; the flow speed was 1 cm® min~!. The
detection was at 330 nm.

Spectrophotometric analyses were performed using a
Cary 50 (Varian, Palo Alto, CA, USA) spectrophotometer.
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Plant material

The experimental materials used were the pericarps of hot
pepper, C. annuum L., cv. Capel Hot. The fruits were pur-
chased at a Seminis farm near Lublin in Poland in 2010.
Immediately after harvest, the fruits were shipped to the
laboratory (25 km) where they were washed and drained
and the placenta with seeds were separated from the peri-
carp. The pericarps were chopped, mixed and averaged,
and their dry matter content was evaluated by drier and
subjected to the freeze-drying process. Lyophilised fruits
were stored at —20 °C prior to further analysis.

Extraction and isolation
Extract preparation

Lyophilised pericarps of pepper fruits (360 g) were divided
into four parts, and each part was homogenised in 80 %
aqueous ethanol solution (3 x 500 cm?) using a Diax 900
homogeniser. The ethanolic extracts (EE) were filtered,
combined and concentrated in a rotary evaporator at 40 °C
to remove solvents, which yielded 290 g of a glassy mate-
rial that was subjected to the solid-phase extraction proce-
dure as follows. The condensed EE was diluted with redis-
tilled water and was put into a sintered funnel filled with
conditioned modified silica gel C18 (LichroPrep, Merck,
40-63 pm). Hydrophilic substances were eluted with redis-
tilled water, and next, the phenolic compound fraction
(PCF) was eluted with 40 % aqueous methanol solution in a
quantity required to produce a colourless filtrate. Nitrogen
was passed through the filtrate to remove air. The PCF was
diluted in redistilled water to reduce the methanol concen-
tration and enriched on C18 gel. PCF was eluted from the
gel matrix with a small volume of 80 % methanol-water
solution, and the eluate was evaporated in a rotary evapora-
tor at 40 °C to dryness. Dry residue (7 g) was dissolved in
water (50 cm?) and subjected to preparative separation.

Preparative chromatography

The PCF was separated by medium pressure liquid chro-
matography (MPLC) using the Biichi system consisting of
a medium pressure pump (C-601), a manual injector unit, a
preparative column, a UV detector (C-635) and a fraction
collector (C-660). A preparative column with a diameter
of 2.5 cm and a length of 50 cm and filled with modified
silica gel C18 (LichroPrep, Merck 40-63 pm) was used.
The column was washed first with H,O and then with a lin-
ear gradient of methanol-H,O (starting with 0 and ending
with 100 % methanol). The fractions eluted from the col-
umn were collected into 15-cm® test tubes. The absorbance
at A = 330 nm of each collected fraction was recorded,

and the phenolic profile in the tubes with the maximum
and half-maximum absorbance was confirmed using the
HPLC method. Samples with similar phenolic profiles were
combined, and their purity was analysed using the HPLC
method. Fractions containing one compound were con-
centrated under vacuum and dried under a stream of nitro-
gen. Multicomponent fractions were purified on an RP-18
column (0.8 x 25 cm, 25-40 pum, Merck) in an isocratic
system (CH;—CN—1 % H;PO,) with the concentration
selected for each fraction on the basis of the HPLC separa-
tion. Finally, the isolated compounds were identified using
the ESI-MS method.

Antioxidant activity assessments

Stock solutions with a concentration of 0.5 mg mL~! of
the tested compound were prepared. The compounds
were dissolved in small amounts of dimethyl sulfox-
ide (DMSO) and equilibrated in water. Next, a series
of compound dilutions were prepared from the stock
solutions, yielding concentrations ranging from 0.5 to
0.01 mg mL~'. The diluted compound samples were ana-
lysed according to antioxidant activity. Ascorbic acid was
used as a positive control.

Superoxide radical scavenging activity: enzymatic assay

Antiradical activity was determined spectrophotometrically
by monitoring the effect of the tested substances on the
reduction of nitro blue tetrazolium (NBT) to blue chromo-
gen formazan by O, ~. Superoxide radicals were generated
using the xanthine/XOD system as previously described
with some modification [13, 15]. The reaction mixture in
the sample wells consisted of xanthine (55 wM), XOD
(0.02 U mL™"), NBT (80 nM) and the tested compounds
(0-70 nwM). Flavonoids were dissolved in DMSO, and all
other components were dissolved in 50 mM phosphate
buffer (pH 7.4). The reaction was initiated by the addition
of XOD and proceeded at 37 °C for 30 min; the formation
of NBT" was measured at X = 560 nm. Different concen-
trations of flavonoids were analysed, and the half-maximal
inhibitory concentration (ICsy) was calculated using a sta-
tistical regression method.

Effect on XOD activity

The effect of the analysed compounds on XOD activ-
ity was evaluated by measuring the formation of uric acid
from xanthine. The reaction mixtures contained the same
proportion of components as in the enzymatic assay for
superoxide radical scavenging activity, except NBT. The
absorbance was measured at 295 nm after 30 min of incu-
bation at 37 °C. Uric acid production was calculated from
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the differential absorbance with a blank solution in which
the XOD was replaced with the buffer solution.

Superoxide radical scavenging activity: non-enzymatic
assay

Superoxide radicals were generated in the NADH/PMS
system [23]. The reaction mixture consisted of a reduced
form of NADH (10.64 mM), NBT (0.24 mM), phenazine
methyl sulphate (PMS; 5.39 uM) and the tested sample
(0.1 mL). The components were dissolved in 19 mM phos-
phate buffer with a pH of 7.4. The reaction was initiated
by the addition of PMS. The reaction cuvettes were main-
tained at 37 °C for 30 min. The absorbance was measured
at 560 nm using a Cary 50 (Varian) spectrophotometer. The
AA was calculated based on formula (1). The ICj, values,
i.e., the concentrations at which fractions demonstrated
50 % activity, were determined based on the correlations
between the AA and fraction concentrations.

BAA = 1 — sample absorbance

- 100%
control absorbance ’ M

DPPH scavenging activity

Evaluation of the scavenging effect on DPPH radicals
is described in detail in Materska et al. [10]. A methanol
stock solution of DPPH at a concentration of 0.1 M was
prepared. The absorbance of the mixture of the analysed
samples and the DPPH working solution was measured at
517 nm. The reference was a test tube containing methanol
instead of the sample. Antioxidant activity was determined
as the percentage of discoloration of the DPPH solution
once the plateau was reached in all samples (30 min.) com-
pared with the reference. The calculations were performed
using formula (1). Next, ICs, values were evaluated on the
basis of the dependence between the antiradical activity
and the sample concentration f(c) = %AA.

B-Carotene-linoleic acid bleaching test

The antioxidant properties on the basis of joint oxidation of
pB-carotene and linoleic acid were determined as previously
described [10, 18], with specific modifications. A f-carotene
solution in chloroform (0.12 mg mL~") was prepared. Next,
a 3 mL aliquot was obtained and added to a round-bottom
flask containing 40 mg of linoleic acid in 400 mg of Tween
20. Chloroform was removed using a vacuum evapora-
tor at 30 °C, and 100 cm® of 30 % hydrogen peroxide was
subsequently added. After thorough mixing, 3 mL of the
emulsion was added to 0.5 mL of the tested compound;
the control was 0.5 mL methanol instead of pepper extract.
Oxidation of the P-carotene emulsion was monitored
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spectrophotometrically at 470 nm. The measurements were
performed every 20 min for 3 h starting at the moment of
the addition of hydrogen peroxide. Between the measure-
ments, the tubes were incubated at a temperature of 50 °C.
The AA was expressed as the % inhibition of p-carotene
emulsion bleaching compared with the control.

Lipophilicity calculations

Parameters characterising lipophilicity (log P) of the studied
compounds were calculated using of three algorithms. First,
the on-line Virtual Computational Chemistry Laboratory
was used, which provides interactive prediction of log P
utilising the Molinspiration algorithm implemented in Drag-
onX software (milog P). Second, the calculations of log P
were performed with Spartan Pro 1.08 (Wavefunction, Inc.)
using ab initio methods at the Hartree—Fock level with 6-31
+G** basis set. Third, the ACD/log P was calculated on the
basis of a versatile, fragment-based algorithm provided by
Advanced Chemistry Development, Inc. (ACD/Labs).

Relationships between antioxidant activity and lipophilicity

To assess the relationship between the antioxidant activities
and lipophilicity of the investigated compounds, the corre-
lation analysis was performed and the Pearson correlation
coefficient was calculated. A p value of <0.01 was taken to
be significant.

Statistical analysis

Statistical analyses were conducted to compare the results
obtained in three replications, and the data were expressed
as the mean £ SD. The dose-response curve was obtained
by plotting the percentage of inhibition versus concentra-
tion. The inhibitory concentration of 50 % (ICs,) was cal-
culated by linear and nonlinear regression analyses. Sta-
tistical comparisons were performed using the Statgraphic
Centurion software, version XVI.

Results and discussion

Isolation and identification of phenolic compounds
derivatives

During the separation of the PCF in a preparative scale,
three pure flavonoid C-glycosides were obtained in
amounts sufficient for further analysis. These compounds
were luteolin 6-C-glucoside (8.2 mg, purity: 98.2 %),
luteolin 6,8-di-C-glucoside (5.3 mg, purity: 98.7 %) and
apigenin 6-C-glucoside-8-C-arabinoside (2.3 mg, purity:
97.4 %). The structures of the isolated compounds were
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Table 1 #z, UV, and ESI-MS data for compounds isolated from pepper fruit
Compound tg (min) UV (nm) [M—H]" (m/z) —MS?[M—H]" (m/) (%)

—18 —60 —-90 —120 Agl+ 113 Agl+83
L-6,8-di-C-Glc 9.0 270, 296sh, 349 609 591(8)  549(1) 519(24) 489 (100) 399 (5) 369 (2)
L-6-C-Glc 18.4 269, 296sh, 350 447 429 (33) 387(6) 357 (100) 327(93) 399 (5) 369 (3)
A-6-C-Glc-8-C-Ara  20.8 271, 295sh, 336 563 545 (11) 503 (2) 473(52) 443 (100) 383 (11) 353 (16)

A: apigenin, Ara: arabinoside, Glc: glucoside, L: luteolin

established using chromatography and spectroscopic anal-
yses (UV, ESI-MS), and the results obtained are summa-
rised in Table 1 and Fig. 1. Comparison of the HPLC-DAD
retention data and results of our previous analyses [3, 4], as
well as the fragmentation patterns obtained using the MS
method by other groups [2, 11], confirmed the structure of
the isolated compounds.

Antioxidant activity of phenolics isolated from pepper
and standards of their aglycones

To determine a wide range of factors that affect the chemi-
cal properties of these compounds, five model systems that
generate free radicals in both the hydrophilic and lipophilic
media were analysed.

Superoxide radical scavenging activity: enzymatic
and non-enzymatic assays

The superoxide radical scavenging activity and the inhibi-
tory effect of the tested compounds on XOD activity were
concurrently assessed with an enzymatic assay. Simulta-
neously, the antiradical activity of phenolic compounds
in relation to the superoxide radical generated with the
non-enzymatic assay (NADH/PMS) was evaluated. It
was found that all analysed compounds exhibited concen-
tration-dependent activity that varied depending on the
model system employed (Table 2; Fig. 2). In the enzymatic
assay generating superoxide radicals, the highest antiradi-
cal activity was noted for luteolin (IC5; = 8.9 & 0.14 pM)
(Table 2; Fig. 2) and from the compounds isolated from
the pericarp of the pepper fruits for luteolin 6-C-glucoside
(ICs5y = 207.8 &£ 11.52 wM). Luteolin also had the high-
est XOD inhibitory activity (ICs, = 11.6 £ 0.41 pM),
whereas among the glycosides isolated from the pep-
per fruits, apigenin  6-C-glucoside-8-C-arabinoside,
which exhibited higher activity than the free apigenin
(IC5, = 51.4 £ 0.57 pM), was the most potent inhibi-
tor of the enzyme. In the non-enzymatic assay (NADH/
PMS), the highest AA was found for L-ascorbic acid
(ICsy = 10.6 &= 049 pM), and among the compounds
derived from the pepper fruits, the highest AA was found
for luteolin 6-C-glucoside (ICs, = 76.2 £ 0.14 pM)

(Table 2). The results obtained by other research teams
were divergent. According to Cos et al. [13], flavonoid
derivatives induced considerably lower inhibition of XOD
activity than their aglycones, and the presence of a free
hydroxyl group at position C-7 exerted a significant effect
on the activity of the tested compounds. In turn, Selloum
et al. [24] demonstrated that the differences in the effects
of flavonoids on XOD activity depended on the B-ring
hydroxylation pattern. Quercetin, which contains a catechol
group in the B-ring (3’,4’—0OH), was found to be the most
potent inhibitor of uric acid synthesis, and the hydroxyl
group at position C-3 was crucial for inhibition of XOD
activity. All of the compounds presented in this study con-
tained free hydroxyl groups at carbon atoms C-5 and C-7,
but did not have the —OH group at C-3 (Fig. 1); never-
theless, they exhibited variable XOD inhibitory activity
(Table 2; Fig. 2). Comparison of the ICs, values of the ana-
lysed compounds indicated that the free hydroxyl groups at
positions C-5 and C-7 determined their inhibitory activity,
but the steric effect was also of similarly great importance.
The highest XOD inhibitory activity was exhibited by lute-
olin, whereas its derivatives, which still had a free catechol
group in the B-ring and free hydroxyl groups at positions
C-5 and C-7, were characterised by substantially lower
activity levels. Additionally, the flavonoid C-glycosides
were weak superoxide radical scavengers (Table 2). The
results obtained prove that steric effects have a stronger
impact on the chemical activity than the reducing proper-
ties of the analysed compounds [13].

DPPH scavenging activity

In the presented method, the highest reducing activity was
found for luteolin (IC5;, = 18.5 & 0.85 uM), although its
C-glycosides exhibited significant AA as well. In contrast,
apigenin and its derivatives were not active in this model
system (Table 2; Fig. 2). The results of the antiradical activ-
ity of the glycosides isolated from the pericarp of pepper
fruits and their aglycones have confirmed the relationship
between the structure and activity of the tested compounds
established previously [25, 26]. Apigenin and its deriva-
tives, which do not contain the 3’,4’-dihydroxy group in the
B-ring, were inactive in this model system [25].
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Fig. 1 Chromatograms, UV spectra and structures of analysed compounds a luteolin 6,8-di-C-glucoside, b luteolin 6,-C-glucoside and ¢ api-
genin-6-C-glucoside-8-C-arabinoside
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B-Carotene-linoleic acid bleaching test

The B-carotene-linoleic acid method was introduced in
order to compare the activity of the compounds in the lipo-
philic phase. This system revealed the prooxidant activ-
ity of apigenin (Fig. 2) and the relatively potent AA of its
C-glycoside derivative, as well as a higher AA of luteolin
derivatives compared with that of free aglycone (Table 2;
Fig. 2). The results obtained are consistent with the litera-
ture, as the prooxidant activity of apigenin was observed in
the pB-carotene emulsion system [27, 28]. These properties
were explained by the high single-electron oxidative poten-
tial generated in the described phenoxyl radical reaction.
The contrasting chemical activity exhibited by apigenin
and its C-glycoside derivative may be explained by the
fact that the presence of sugar substituents in the glycoside
molecule reduces the oxidation potential of its phenoxyl
radicals or by the fact that the more hydrophilic apigenin
derivatives may react in the aqueous phase of the emulsion
system disrupting the B-carotene oxidation reaction already
at the initial stage.

Lipophilicity calculations

The value of log P characterises the affinity of a compound
for a lipid environment. It is expressed as the logarithm of
the partition coefficient (log P) of a solute between two
immiscible solvents (in practice, water and n-octanol). The
importance placed on the log P value is a result of the fact
that lipophilicity is considered a major factor in determin-
ing compound absorption and metabolism in the body. In
the pharmaceutical and biotechnological industries, log P is

used as a screening parameter for selection of compounds
as drug candidates [19].

The current paper presents, for the first time, the val-
ues of log P as a parameter of lipophilicity of the tested
compounds calculated on the basis of three algorithms
(Table 2). The results obtained differ between the algo-
rithms used; however, based on the averaged log P values,
the compounds can be ordered according to decreasing
lipophilicity as follows: A > L > L-6-C-Glc > A-6-C-Glc-
8-C-Ara > ascorbic acid > L-6,8-di-C-Glc. The differences
in the lipophilicity of luteolin and apigenin derivatives do
not correspond to the retention times of these compounds
shown by the HPLC analysis (Table 1). This confirms that
the retention time in the HPLC analysis is an insufficient
indicator of the physical properties of the tested substances
[22]. To determine the relationship between the lipophilic-
ity of the compounds and their chemical activity assessed
in in vitro systems, a linear regression analysis was per-
formed and the coefficients of the correlation between the
antiradical activity and the log P values were calculated
(Table 3). The correlation coefficient varied depending on
the methods applied for calculation and the assessment of
the compound activity. Positive correlation coefficients
calculated with the three algorithms were obtained for the
ability of flavonoid C-glycosides to inhibit experimen-
tally determined XOD activity. The highest positive cor-
relation was observed for calculations performed using
the algorithm ACD/log P (0.790). The result obtained may
imply that the steric effects of an analysed substance have
a greater impact on XOD inhibition than its hydrophilic
character. Similarly, Cos et al. [13] emphasised the impact
of flavonoid steric effects on the reduction of inhibition

Table 2 Antioxidant activity of flavonoid derivatives isolated from pepper fruits expressed as ICs, values (LM) and calculated lipophilicities

(log P) of the individual compounds

Compound' X/XO? Inh. XO? NADH/PMS* DPPH B-Carotene®  Log P°
milog P ACD/log P Ghose-Crippen

L-6,8-di-C-Glc 3187+7.11 345.6+53 129.1 £1.98 2444+1.86 1374+£591 -2.59 0.20 —4.24
L-6-C-Glc 207.8 £11.52 8694495 762+0.14 15.1 £2.28 63.7+3.92 0.03 1.58 —1.61
A-6-C-Glc-8-C-Ara  >1,000 51.4+0.57 >1,000 >1,000 463 +£622 —094 0.04 —3.31

A 7113 +£13.6  692+421 19794741 >1,000 *7 2.46 2.10 1.4

L 89+0.14 11.6 £ 041 55.7+£7.01 18.5+0.85 130.1 £4.60 1.97 2.40 1.01
Ascorbic acid 50.1 £4.30 >1,000 10.6 £0.49 41.9+0.85 >1,000 —-140 241 —2.85

! A: apigenin, Ara: arabinofuranoside, Glc: glucoside, L: luteolin

2

3 Inhibitory activity of XO
4

3 B-carotene-linoleic acid bleaching test

6

Superoxide anion scavenging activity in the xanthine/xanthine oxidase (X/XO) system

Superoxide anion scavenging activity in the non-enzymatic assay (NADH/PMS)

Algorithms used for log P calculations: milog P: Molinspiration algorithm (DragonX); ACD/log P: fragment-based algorithm (ACD/log P);

Ghose—Crippen: ab initio methods Hartree—Fock level with 6-31 +-G** basis set

7" Apigenin showed prooxidant activity, and results are presented as IC_5=158.0=£44
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Activity %
N
o

04 3
XIXO Inh XO PMS DPPH  beta-carof
-20
-40 -
M L-6,8-di-C-Glc [ A-6-C-Glc-8-C-Ara Apig
@ L-6-C-Glc O Lut [] Asc acid

Fig. 2 Comparison of antioxidant activities of equimolar concentra-
tions (50 wM) of luteolin and apigenin-C-glycosides with free lute-
olin and apigenin, and ascorbic acid was used as a positive control
(n=3+SD)

Table 3 Correlations between antioxidant activity and lipophilicities
(log P) of the tested compounds

X/XO Inh. XO NADH/ DPPH B-Carotene
PMS
milog P —0.121 0.676*  —0.499 —0.342 —0.685*
ACD/log P —0.177 0.790*  —0.696* —0.023 —0.386
Ghose—Crip-—0.043 0.594*  —0.426 —0.260 —0.725*

pen

* Correlation significant at p < 0.01

of XOD activity by their derivatives. In turn, the highest
negative correlations were noted for the Ghose—Crippen
method and the B-carotene emulsion system (—0.725). The
negative value of the correlation coefficient indicates that
the decrease in lipophilicity (a log P parameter) is accom-
panied by an increase in the AA of the compound in this
model system. The result obtained proves that the AA of
the tested compounds in the H,0O,/linoleic acid/B-carotene
emulsion system results from their reaction with hydrogen
peroxide in the aqueous phase, leading to disruption of the
subsequent chain reaction of linoleic acid oxidation and
B-carotene oxidation occurring in the lipid phase.

Conclusions

This paper presents the analysis of the antioxidant activities
and lipophilicities of natural plant compounds.

The chemical activity of C-glycosidic luteolin and api-
genin derivatives determined experimentally and the calcu-
lated lipophilicity of these compounds facilitate elucidation

@ Springer

of the mechanisms of reactions taking place in in vitro sys-
tems and encourage investigation of their activity in in vivo
systems.

Simultaneously, the comparison of the chemical activity
of C-glycosidic flavonoid derivatives has distinguished api-
genin 6-C-glucoside-8-C-arabinoside as a compound char-
acterised by higher XOD inhibitory activity than apigenin,
and this compound also had the highest AA determined in
the B-carotene emulsion system.
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