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Radiolysis of Kaempferol in Water/Methanol Mixtures.
Evaluation of Antioxidant Activity of Kaempferol and Products
Formed
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Oxidative reaction between hydroxymethyl radical (*CH,OH) and kaempferol, in methanol and
methanol/water mixtures, was studied by y-radiolysis using a ¢°Co source. Radiolysis was performed
with concentrations and doses ranging from 5 x 10> M to 5 x 1073 M and from 0.5 kGy to 14 kGy,
respectively. Kaempferol degradation was followed by HPLC. Results showed that *CH,OH reacts
with kaempferol at the 3-OH group and produces two depsides (K1 and K2) and other products
including K3. K1, K2, and K3 were identified by NMR, LC-MS, and HRMS. The kaempferol degradation
pathway leading to the K1, K2, and K3 formation is proposed. It was observed that the more water
concentration in the irradiation medium increases, the more K2 concentration increases. Comprehen-
sion of food preservation is not clear because many phenomena occurring during irradiation are not
established. Radiolysis of kaempferol in water/methanol mixtures helps to elucidate the phenomenon
and it is possible that during the treatment of nutriments by y-irradiation, a series of products such
as depside K2 could be formed. Antioxidant properties of kaempferol radiolysis products were
evaluated according to their capacity to decrease the EPR DPPH (1,1-diphenyl-2-picrylhydrazil) signal
and to inhibit superoxide radicals formed by the enzyme reaction “xanthine + xanthine oxidase”.

KEYWORDS: Kaempferol, gamma irradiation; depsides; antioxidant activity

INTRODUCTION phenyl} (oxo) methyl acetate (a depsidé}). To understand
flavonoid radiolysis and then preservation of foods jbyr-
radiation, we have studied the radiolysis of kaempferol and have
evaluated the antioxidant activity of radiolysis products.

Flavonols, belonging to the flavonoid natural compounds,
have biological activities that may be beneficial to the health
(1—3). Flavonols are present in fruits and vegetabfes). They
have been a subject of increasing research concerning theiMATERIALS AND METHODS
antioxidant capacity including radical scavenging, metal che-  Chemicals and ReagentsHPLC Methanol grade (99.8%) was
lation, and enzyme inhibition. Structuractivity relationships purchased from SdS (Peypin, France), acetic acid from Merck (Darm-
to scavenge some reactive species including superoxide, hy-stadt, Germany), and kaempferol from Sigma (St. Louis, MO).
droxyl, and peroxyl radicals have been proposed repeatédly ( Irradiation Treatment. Different solutions of kaempferol (5 10°°
9). Quercetin and kaempferol are the most efficient radical M- 10* M, 5 x 10 M, 5 x 10°° M) dissolved in methanol were
scavengers. prepared and were irradiated in aliquots of 1 mL with different doses

At th . h . f food .. (0.5—-20 kGy) at a dose rate of 800 Gy/h in tff€o source carrier
t the present time, comprehension of food preservation Is atype Oris experimental irradiator.

major problem since certain phenomena occurring during ir- “"yp| ¢ Analyses. For each analysis of pure kaempferol ¥510°5
radiation are not totally established. Some studies have observedy, 104 M, 5 x 10 M, 5 x 103 M), as control, and irradiated
that the levels of polyphenols, including flavonoids, decline kaempferol, 2QuL. were injected into the analytical HPLC system, a
when plant foods undergp irradiation treatment10—12). It Waters model equipped with a 600 model pump, a variable wavelength
was also observed that irradiation can cause a change of photodiode array detector (PDA 996) and a 600 model controller. The
coloration of some irradiated food stuffs2, 13). Recently, we ~ column used was a 250 4.6 mm i.d.,1Q«m, uBondapak C18 cartridge
have demonstrated that radiolysis of quercetin in methanol (Waters). The mobile phase consisted of 100% methanol (A) and 1%

lution forms 2-1(3' 4 -dihvdroxvbenzovloxvl-4.6-dihvdroxy- aqueous acetic acid (B). Analyses were performed using a linear
solution formg{ 2-[(3,4-dihydroxybenzoyl)oxy]-4,6-dihydroxy gradient from 20% A to 80% A during 40 min at 1 mL/min.

Isolation Procedure Using Preparative HPLC. Purification was
* Corresponding author. Tel.: 33 (0)5 55 43 58 45. Fax.: 33 (0)5 5543 performed by semipreparative HPLC using a 10®5 mm i.d.,10

58T4L4&.1b%—rr2gill.’eddugogié%bhp;r;?éum:.unlllm.fr. um, uBondapak C18 cartridge (Waters) and the same solvent system
¥ Laboratoire de Pharmacognosie. as above. The gradient was-280% A at 5 mL/min during 60 min.

§ Service commun de RMN. Solutions were evaporated at 46 under vacuum.
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Figure 1. HPLC chromatograms, recorded at 280 nm, of A. kaempferol and irradiated kaempferol (5 x 10~2 M) at different doses: B, 2 kGy; C, 8 kGy;
and D, 14 kGy.

Identification of Products K1, K2, and K3. The identity of these where ref is the reference signal (DPPHmethanol), test is the test
radiolysis products was achieved by NMR, ES-MS, and FAB-LSIMS. signal, and bg is the background signal. The data were the mean of

1H NMR and*3C NMR spectra were measured in gD at 400 MHz four measurements.

for *H NMR and 100 MHz for'3C NMR on a Bruker DPX Avance Superoxide Radical Scavenging TestOxidation of lucigenin by
Spectrometer using tetramethylsilane as internal standard. Completesuperoxide radicals was assayed by the chemiluminescence (CL)
proton and carbon assignments were based on‘HDs{andard3C response of lucigenin (7). Superoxide radicals’ (Dwere generated
Jmod) and 2D {H-'H correlation spectroscopy (COSY}H-3C by the action of 2Q:L xanthine oxidase (0.5 U) on &@ xanthine (2
heteronuclear multiple quantum coherence (HMQC), &hd'3C mM) in a reaction mixture containing 4Q¢L phosphate buffer (pH

heteronuclear multiple bond correlation (HMBC, Bruker pulse program 7.4), 50uL lucigenin (1 mM), and L test reagent (methanol as ref-
for acquisition: inv4gslplrnd)) NMR experiments. ES-MS analysis was erence signal). The mixture was quickly vortexed, and CL was measured
performed on a Waters Alliance system equipped with a Waters in a luminometer analyzer (Lumat LB 956Berthold) at room
electrospray interface. The source was operated in the negative andemperature for 60 s using #6 12 mm tubes. Percent inhibition was
positive ion modes (ES and (ES) with a 40 V cone voltage. The calculated using formula 1. Data were the mean of four measurements.
FAB-LSIMS mass spectroscopy was performed at “Centre Régional

de Mesures Physiques de I'Ouest” (Rennes, France), using metani-RESULTS AND DISCUSSION

trobenzylic alcohol (MNBA) matrix. The determination of molecular

formula was based on the observation of ion peaks corresponding tok v Irr?dlaltl_o n of Eaenl”lpfelro_l in Methan;)l. Rgdl(_)le(?ﬁof
[M — H]~, [M + H]*, and [M + NaJ*. aempferol in methanol solution was performed with different

DPPH Scavenging TestAntioxidant activity was assessed on the ~kaémpferol concentrations irradiated at doses ranging from 0.5
basis of the scavenging activity of stable 1,1-diphenyl-2-picrylhydrazil t0 20 kGy. Chromatograms obtained for kaempferok(30—3
(DPPH, from Sigma) free radical using EPR spectroscpy Reaction M) irradiated at 2, 8, and 14 kGy are givenhigure 1. These
mixtures contained 100L test samples and 1Q@. DPPH ethanolic HPLC data show a decrease in concentration of kaempferol
solution (5x 1074 M). EPR spectra were obtained with a Bruker (retention time of 34 min) between 2 and 14 kGy. A dose of 6
ESP300E spectrometer using microsampling pipets at a room temper-kGy decomposes 50% of kaempferol¥510-3 M) and 14 kGy
ature under the following conditions: frequency modulation, 100 kHz; g required for a complete degradation. For low concentrations
amplitude modulation., 0.197 mT;_scanning field, 349.7 mT'; receiver (<104 M), 3 kGy is sufficient to cause total degradation of
gain, 1.25 18 sweep time, 11 s; microwave power, 4 mW; microwave kaempferol. Similar results were obtained for quercetin radi-

frequency, 9.78 GHz. All spectra were recorded in 3 min after . . .
homogenization by agitation. Percent inhibition was calculated using olysis (14).Figure 1B, 1C, and 1D revealed that degradation

the double integral of the signal and eq 1 of kaempferol led to the formation of several compounds and
their concentrations increase when those of kaempferol decrease.
ref — test K1 (eluted at 30 min) was detected as the major product formed

percent inhibition= x 100 1)

ref — bg during radiolysis. Other products were formed in low yields. A
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Table 1. Radiation Chemical Yields of Kaempferol, K1, K2, and K3
versus the Initial Concentration of Kaempferol and versus the Different
Percentage of Water/ Methanol Mixtures Utilized as System Solvent in
the Radiolysis of Kaempferol

kaempferol
concentration (M)
water/methanol mixtures 5x 1075 1x 1074 5x10* 5x 1073

0/100% 0.0416 0.0679 0.1660 0.4070
10/90% 0.0369 0.0611 0.1490 0.3540
15/85% 0.0312 0.0490 0.1310 0.3100
20/80% 0.0270  0.0428 0.1080 0.2530
25/75% 0.0229 0.0370 0.0923 0.2120
0/100% 0.0314 0.0420 0.1550  0.3060
10/90% 0.0220 0.0304 0.1120 0.2170
15/85% 0.0144 0.0193 0.0690 0.1490
20/80% 0.0094 0.0130 0.0465 0.0920
25/75% 0.0063 0.0084 0.0323 0.0640
0/100% 0.0017 0.0028 0.0105 0.0291
10/90% 0.0020 0.0032 0.0131 0.0340
15/85% 0.0022 0.0036 0.0146 0.0372
20/80% 0.0024 0.0038 0.0159 0.0401
25/75% 0.0026 0.0041 0.0197 0.0447
0/100% 0.0054 0.0081 0.0303 0.0469
10/90% 0.0046 0.0068 0.0288 0.0397
15/85% 0.0038 0.0056 0.0220 0.0317
20/80% 0.0029 0.0045 0.0171 0.0260
25/75% 0.0021 0.0032 0.0119 0.0188

G(umollJ)
G(-kaempferol)

G(K1)

G(K2)

G(K3)

similar result was also observed for quercetin radiolysis (14).

K1 and two minor radiolysis products namid (retention time
of 16 min) andK3 (retention time of 25 min) were separated,
from a 5 x 1072 M kaempferol methanol solution (30 mg)

irradiated at 14 kGy, by repeated reversed-phase semipreparativ

HPLC and gave 14.5 md<Q), 6.2 mg (K2), and 4.9 mgK3).
During the evaporation step, we observed tkatwas trans-
formed into compoun&?2. Concentrations oK1, K2, andK3
were calculated by the use of calibration curves performed wit
purified materials. Radiation chemical yields of radiolysis

products were calculated from the slope of linear concentration-

dose equations and with the formula (2)6]

1P AM
G(umol/J)= 079 D (2)
whereD is the dose (Gy)AM the concentration (M) of the
molecules formed, and it is well known th@tis the radiation
chemical yield, which corresponds to the number of molecule
liberated per 100 eV of absorbed energy.

G(—K), G(K1), G(K2), andG(K3) are summarized ifable

Marfak et al.

yield increases with the water percentage. This indicates that
the radiolysis of water led to the formation of some radical
species which favor thE2 formation.

UV/Visible Spectra of K1, K2, and K3. The UV spectra of
these compounds exhibited two major bands in the-227
nm range, and in the 24280 nm rangeRigure 3). Compared
with the kaempferol spectrum, we concluded that both the
characteristic absorption bands at 265 nm and at 365 nm
(attributed to A—C and B-C ring conjugation, respectively)
disappeared. This indicated that the C-ring of kaempferol was
destroyed. A similar result was established for querceit#).(

Identification of K1, K2, and K3. These three radiolysis
products, formed during the radiolysis of kaempferol, were
identified by 'H, 13C, COSY, HMQC, and HMBC NMR and
by negative and positive ES mass data, and their molecular
formula were determined by HRMS.

The observed signals from th& H NMR spectrum Table
2) corresponded to six aromatic protons: two meta coupled (
= 2.2 Hz) at 6.27 ppm and at 6.21 ppm, and four ortho coupled
(J = 8.8 Hz) at 7.96 ppm (2H) and at 6.92 ppm (2H). These
data indicated the presence of an asymmetrical A ring and a
symmetrical B ring, tetra- and disubstituted, respectively. The
positions of all protons were deduced frotil-!H COSY
spectrum of the proton—proton coupling connectivities.

The 13C Jmod spectrum oK2 gave fifteen carbons signals
(Table 2): six tertiary carbons af 133.9 ppm (C-2C-6), 116.6
ppm (C-3'/C-5'), 105.0 ppm (C-5), and 101.7 ppm (C-3) and
nine quaternary carbons. The latter were identified as three
carbonyl carbons ai 188.6 ppm (C-7), 165.7 ppm (C-8), and
&65.9 ppm (C-7') representing ketone, acid, and ester groups,
respectively; four O-linked aromatic carbonscafl68.2 ppm
(C-4), 167.7 ppm (C-2), 164.8 ppm (C-4'), and 155.3 ppm (C-
6) and two C-linked aromatic carbons @t120.5 ppm (C-1')
h and 105.7 ppm (C-1). The positions of the six tertiary carbons
were assigned from thé1-13C HMQC experimentsTable 2):
the carbons at 133.9, 116.6, 105.0, and 101.7 ppm correlated
with protons at 7.96, 6.92, 6.21, and 6.27 ppm, respectively.
These data confirmed the asymmetrical and the symmetrical
structures of A and B rings. The contributions of chemical shifts
to the different O-linked and C-linked aromatic carbons were
deduced from the carbetproton long-range couplings obtained
from the HMBC experiments (Table 2).

In the ROESY and the NOESY spectraki, no correlation
s was observed between H3 and'H® H2'. This indicates that

the stable conformation is obtained for a torsion angle between

the A and B rings which implicates a high distanest5 A)

1. The radiation chemical yield of each compound increases between the cited protons. However, the connection between

with initial concentration of kaempferol and seemed to saturat
for high concentrations>10"2 M) (data not shown). This

e the two rings was established from the HMBC spectrum. First,
the 3J correlation between C-7165.9 ppm) and the protons

agreement with a classic radiolytic process where the solute H2'/H6' (7.96 ppm), together with the chemical shift of C-1

reacts with the radiolytic species because of solvent, until al
species are consumed.
y Irradiation of Kaempferol in Water/Methanol Mixtures.

|| (120.5 ppm) which corresponds to a C-linked carbon, demon-
strates the C1'—CT7linkage. Second, C-7(165.9 ppm) was
identified as an ester group and C-2 (167.7 ppm) as a non-

Kaempferol in different mixtures of water/methanol (10/90, 15/ hydroxylated O-linked carbon because of the A ring structure.

85, 20/80, 25/75) was irradiatedrigure 2 reports HPLC
chromatograms of kaempferol (6 10°3 M) irradiated at 14

kGy versus the different percentage of water/methanol. Com-

This led us to establish the connection between A and B rings
through the C7'—0—C2 linkage.
The absence of three bond couplings between any protons

pared with the result obtained for radiolysis of kaempferol in and the C-7 (188.6 ppm) and C-8 (165.7 ppm) carbons, together

methanol (Figure 1D), the chromatograms are quite identical
indicating that in the presence of wat&], K2, andK3 are
also formed. Radiation chemical yields i, K2, K3, andK
were calculated and summarizedTiable 1. We observed that
kaempferol consumption aridl andK3 formation decreases
when methanol percentage decreas€s.radiation chemical

. with the presence of the quaternary C-linked carbon (105.7
ppm, C-1), led us to propose the €C7—C8 linkage. Fin-
ally, K2 was identified ag{2-[(4'-hydroxybenzoyl)oxy]-4,6-
dihydroxyphenyl} (oxo) acetic acid (Figure 4).

ES-MS analysis oK2 suggested 318 as a molecular weight.
The high-resolution mode of the FAB-MS revealed that the
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Figure 2. HPLC chromatograms, recorded at 280 nm, of irradiated kaempferol methanol/water solutions (5 x 10~3 M) at dose of 14 kGy. A, 90/10; B,

85/15; C, 80/ 20; and D, 75/25.
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Figure 3. UV spectra of products K1, K2, K3, and kaempferaol.
molecular formula 0K2 was GsH;00s (calculated for @sH100s-

because of &J correlation observed between the methoxyl
protons (3.46 ppm) and the C-8 carbon (165.4 ppm). Conse-
quently,K1 was identified ag2-[(4'-hydroxybenzoyl)oxy]-4,6-
dihydroxyphenyl} (oxo) methyl acetate (Figure 4).

The ES-MS and the high-resolution mode of the FAB-MS
demonstrated that the molecular formulakdf was GeH120s
(calculated for @H130s and GgHi,0sNa, 333.0610 and
355.0429; found, 333.0607 and 355.0428, respectively) confirm-
ing the structure obtained from the NMR analysis.

The IH spectrum ofK3 consisted of three signals. Two,
corresponding to four aromatic protons, detected at 7.84 ppm
(H2/H6) and 6.88 ppm (H3/H5), were ortho coupled<B.8
Hz), and one signal at 3.93 ppm revealed the presence of a
methoxyl group. Thé=C spectrum consisted of four tertiary
carbons av 133.8 ppm (C-2/C-6) and 116.9 ppm (C-3/C-5),
three quaternary signals at125.2 ppm (C-1), 165.8 ppm (C-
4), and 166.5 ppm (C-8), a carbonyl groupjat86.5 ppm (C-

Na, 341.02734; found, 341.02730) corresponding to the structure?) and one signal at 53.0 ppm, confirming the presence of a
obtained from the NMR analysis. In addition, the positive ES- methoxyl group. The positions of the tertiary and the quaternary

MS spectrum displayed other ion peaksnafz 121 and 199
corresponding to the fragment ©rlinked to the B ring and to
the residue of K22H), respectivelyKigure 4). This confirms
the connection between the A and B rings through-C2-
C7'.

The H NMR and 13C spectra (Table 2) of Kiwere very

carbons were identified by the HMQC and HMBC spectra,
respectively, and the position of OGMas deduced according

to the3J correlation between the methoxyl protons (3.93 ppm)
and the C-8 carbon. Finall)k3 was identified as [4-hydrox-
yphenyl](oxo) methyl acetatd=igure 4) or methyl 4-hydrox-
yphenylglyoxylate (17). Mass spectroscopy analyses demon-

similar to those o2, and it appeared that they belonged to strated that the molecular weight KB is 180 corresponding
the same analogous series, differing only by the presence of ato the molecular formula 04 and confirming the structure
methoxyl group represented by a carbon at 53.3 ppm and by aobtained by NMR analyses.

three-proton singlet (3.46 ppm). The chemical structur&bf

Formation of K1 and K3. To understand the radiolysis of

was determined by procedures similar to those used for solutes, two effects are proposed, direct and indirect. The first

identification of K2. The methoxyl position was assigned

type concerns direct interactions between molecules in solution
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Table 2. 'H (400 MHz); 13C (100 MHz) NMR Data and Correlations
Observed in COSY, HMQC, and HMBC Spectra of Products K1 and
K2 in CDsOD/TMS (6 ppm; J Hz)

OH

position H COSY  18C Jyoe/ HMQC HMBC
Product K1

1 105.5

2 167.5

3 626d(22)  H5 1016 C-5;,C-1 OH O

4 168.0

5 6.19d (2.2) H-3 104.8 C-1;C-3

6 155.4

7 188.6

8 165.42

8-OCH3 3.46s 53.3 C-8

1 120.9

2' 7.99d(8.7) H-3' 133.9 C-4'; Cgpp; C-T'

3 6.88d(8.7) H-2' 116.5 C-1"; Csyr

4 164.8

5 688d(87)  H-E 1165 C-1" Capg

6' 7.99d(8.7) H-5' 133.9 C-4"; Cyy; C-T'

7 165.92
Product K2

1 105.7

2 167.7

3 6.27d (2.2) H-5 101.7 C-5;C-1

4 168.2

5 621d(22) H3 105.0 C-1:C3

6 155.3

7 188.6

8 165.72

Iy 120.5

2' 7.96 d (8.8) H-3' 133.9 C-4"; Cgyp; C-T'

3 6.92d(88)  H2 1166 C-1'; Copy

4 164.8

5 6.92d(8.8) H-6 116.6 C-1"; Cyys

6' 7.96 d (8.8) H-5' 133.9 C-4"; Cyy; C-T'

7 165.92

@ Assignments may be interchangeable. Figure 4. Selected H-13C long-range correlations (3J) (<) observed in

andy-rays. This leads to excitation and ionization of molecules. HMBC spectra of products K1, K2, and K3.

In fact, direct effects could occur when using solutions with
high concentrations or with large molecules such as polymers depsides was observed, more than 30 years ago, by Gottlieb
or DNA. In our study, we worked with concentrations of and co-workersZ0). They demonstrated that aerial oxidation
kaempferol lower than & 1073 M, so direct effects could only  of quercetin leads to saturation of the 2,3-double bond, scission
be considered as a minor contribution. The second effect is of C-ring, and consequently formation of depside. To understand
responsible for chemical degradation of molecules. Indeed, thethe radiolysis process as well as the radical reactions occurring
reactive species formed during the radiolysis of solvent react in the irradiated medium, we propose hypothetical degradation
with the solute and lead to the formation of other radiolysis mechanism for kaempferoF{gure 5). We have observed that
products. In our investigation, methanol and water were utilized the consumption of kaempferol decreased with the presence of
as solvents. Radiolysis of these two solvents has been wellwater in the irradiated medium. Radiolysis of both solvents
established for many year§,(18). It has been shown that 50 methanol and water leads to the formatiorttéf We conclude
ns after the beginning of irradiation, several reactive species that the degradation of kaempferol is probably not attributed to
including solvated electron£g), H,, H*, CH3O*, *CH,OH, (CH,- *H radicals and propose that the first step of the degradation
OH),, H,CO, H" such as CKOH," are formed from methanol, pathway comprises the abstraction of the hydrogen atom of the
and (&), Hy, H*, HO from water. For low concentrations:b 3-OH group, by theCH,OH (*OCH;) radical, leading to the
x 1072 M), these radical species react with the solute and lead flavonoxy radical (K) and to the methanol formation. The
to its degradation. The strong potential of electron transfer of second step is the formation of a keto group in position 3 by
the cited species implicates that the solute degradation ismesomeric effect. The formed radical (K11) reacts with
attributed to redox reactions, including stereospecific oxidation, methanol and leads to formation of an intermediate product K12.
hydroxylation, and scission of molecules. AnotherCH,OH (*OCHg) radical could react with K12 yielding

It has been reported (@, 19) that antioxidant potential of  the K13 radical. The formation of keto group in position 2 of
kaempferol is attributed to the presence of hydroxyl substituents radical K13 requires scission of the C-ring. Two possible
in positions 3 and ‘4which permit redox transfers and to the pathways are proposed: (1) Scission of the C2—C3 bond and
electron delocalization between the B ring, the 2,3-double bond, consequently formation of an intermediate radical K14 which
and the 4-keto group which is responsible for stabilization of could react with the methanol to give the depsiie and (2)
flavonoxy radicals produced after oxidative reactions. Therefore, scission of the C201 bond Figure 4) to give the radical K15
kaempferol has potential for redox reactions occurring during followed by the scission of the G3C4 bond and then formation
radiolysis. This kaempferol chemical degradation led to the of the radical K16. This latter reacts with methanol yielding
formation of depsideK1 andK2. Flavonols transformation to ~ the compoundK3. K1 was detected as the major product formed
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Figure 5. Proposed kaempferol-degradation mechanism yielding to the K1 and K3 formation.

during radiolysis. This result demonstrated that cleavage of K13
at the C2—C3 bond is more probable than that at the C2—01
bond.

Kaempferol and quercetin are flavonols distinguished only
by hydroxylation of position 3for quercetin. The mechanism
leading to the formation dk1 and the major radiolysis product
of quercetin 14) do not implicate the B ring. Hence, we
conclude that 3and 4 hydroxylation do not influence formation
of the major radiolysis products obtained by irradiation of both
quercetin and kaempferol. However, it is possible that these
groups react with radicals of the irradiated medium to form
minor radiolytic compounds. It is well known that oxidation of
the B ring leads to flavonoxy radicals and quinone forms.
Presence ofOCH; radicals in the irradiated medium can also
lead to methoxylation of the B ring.

Formation of K2. K2 was detected as a minor metabolite in
the irradiated kempferol solution, and it was also formed during
evaporation oK1, out of the irradiated medium. Indeed, the
eluate containindg<1 was collected with approximately 70%

methanol and 30% water. During the evaporation phase, water

seemed to hydrolyze the methoxyl groupkdf and forms the
product K2 through an reverse esterification reaction. In
presence of methanol, we observed esterificatiodd2and the
following chemical equilibrium is established:

K2 + CH,OH=K1 + H,0O

The same result has been observed for the quercetin radiolysis
products (14).

Concerning theK2 formation in the irradiated medium,
attacking ofK1 by the radiolytic species could be suggested,
but this proposition is not confirmed because we have not
observed any product after irradiation K. Therefore, we
postulate that th&2 formation in the irradiated medium is
attributed to the presence of low concentration 3 radicals
which probably react with the K14 radicdfigure 5) to form
K2. This hypothesis is confirmed because during kaempferol
radiolysis in water/methanol mixtures, the more water concen-
tration increases, the mokK2 concentration increases.

In conclusion, we observed that the presence of the OH group
in position 3 was the key for the-degradation of kaempferol
in methanol solution. This was confirmed because no transfor-
mation was observed on the flavones, apigenin and luteolin,
analogous to the flavonols kaempferol and quercetin, respec-
tively, when we studied radiolysis in the same experimental
conditions used for kaempferol.

Flavonoid metabolism and absorption has been the subject
of investigation and certain studies reported the role of intestinal
microflora (8,21). Several phenolic compounds and aromatic
acids have been observed which were formed by detachment
of the A ring from the flavonoid molecule and by opening of
the heterocyclic C-ring. For example, Winter and co-workers
(22) reported that fourClostridium strains recovered from
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Table 3. ICs Values of Kaempferol as Control, K1, K2, and K3 superoxide scavenging activity B2 is 6 times as high als1.
According to the Inhibition of Superoxide Anion and the Reduction of This demonstrates the importance of the 8-OH grouf2n
EPR DPPH Signal Fruits, vegetables, and beverages are rich sources of flavonols.

The irradiation process has been reported as a potential treatment

superoxide anion DPPH radical for extending the shelf life of food28—30). y-irradiation of
ICso (M) SD ICso (mM) SD Citrus clementinaincreases the synthesis of total phenolic
kaempferol 118 1.22% 0.19 0.79% compounds such as phenolic acids and flavond@d iut little
g lg.g igggﬁ g%g ig%z is known concerning the degradation behavior of these products
’ 8301 214% 1310 1.42% when foods undergo irradiation treatment. Low solubility of

most flavonoids in neutral aqueous media prevented us from

performing the radiolysis of kaempferol in water. Therefore,

human feces, synthesize enzymes capable of cleaving the C-ringve have chosen methanol as solvent. Although this is not the

of some flavonoids such as quercetin, kaempfer(_)]' and narin- exact medium of flavonoids in fruits and there are not the same

genin at the C3—C-4 bond. This type of C-ring opening was radicals constituting the irradiated medium during the preserva-

observed for the anaerobic degradation of flavonoids by tion treatment, we have also studied kaempferol radiolysis in

Eubacterium ramulu$23). Opening the pyrone ring was also different water/methanol mixtures and have demonstrated that

found during the degradation of quercetin by methanogenic formation of depsidé&2 increased in the presence of water. It

Consortia(24). is possible that during the preservation process of foods by
Our study has shown thatirradiation allows the C-ring y-irradiation, a series of products such as dep&i@eould be

cleavage at C2—C3 double bond to form the depskiesaind ~ formed.

K2 and at the C2—01 bond giving3 via oxidative reactions

similar to those occurring in microorganisms. For example, ACKNOWLEDGMENT
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