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Gallic Esters of Sucrose as Efficient Radical Scavengers in
Lipid Peroxidation
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Three tests of increasing complexity were used to assess the antioxidant activity of five synthetic
gallic esters of sucrose bearing 3, 6, 7, or 8 galloyl units. In addition, two of these compounds had
1 or 2 hydrocarbon (C10—C12) acyl chains. Reaction with the DPPH radical led to the evaluation of
the number of radicals trapped per galloyl unit n (3—4), as well as the apparent second-order rate
constant for H atom donation k (1200—1500/M/s). These results indicated similar contribution and
reactivity of all the galloyl units. Inhibition of the AAPH-initiated peroxidation of linoleic acid in a micellar
medium confirmed the additive contribution of the galloyl units, whereas the presence of the
hydrocarbon acyl chains had no influence. These results suggest an inhibition of initiation at high
antioxidant levels and an underlying prooxidant effect of the galloyl radicals at low concentrations.
Finally, LDL peroxidation was inhibited in proportion to the number of galloyl units, in agreement with
the preceding tests.
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INTRODUCTION lipoproteins (LDL). The influence of a lipid chain was further
evaluated with monodecanoylsucrose and didodecanoylsucrose
of gallic acid. It is currently believed that the oxidative
modification of LDL is an early event in the pathogenesis of
atherosclerosis (11).

Gallotannins are plant polyphenols containing a polyol core
acylated by gallic acid1). The most common polyol core in
gallotannins iD-glucose, although other monosaccharides (
hamamelose (2) ar-fructose (3)) and a nonsugar polyol core
(quinic acid) have been found. However, disaccharides may exist
as evidenced by the isolation of several monogalloylsucrosesMATERIALS AND METHODS

extracted from rhubarbs in China and North Kored). ( Materials. Diphenylpicrylhydrazyl (DPPH), 2!2azobis(2-amidino-
Hydrolyzable tannins are potent scavengers of reactive oxygenpropane) dihydrochloride (AAPH), linoleic acid, methyl gallate, quer-
species (alkylperoxyl and hydroxy! radicals, superoxide, and cetin, a-tocopherol, and sodium dodecyl sulfate (SDS) of the highest
singlet oxygen) usually involved in degenerative desea®ges ( quality available (9599%) were purchased from Sigma-Aldrich (I'lsle
5). Galloylation in tea catechins was also found to increase d’Abeau, France). LDL was available from Sigma as a 6.3 mg protein/
tannin antioxidant activity§—8). Oxidation largely affects the ~ ML solution. Sodium dihydrogenphosphate (99%) was from Analyticals
quality of food and processed fruits and vegetables. In particular, Carlo Erba. Water was purified through a Millipore Milli-Q system
lipid autoxidation in oils and fats is responsible for off-flavors ~ (Bedford, MA) and methanol was HPLC grade. )

and decreased nutritional quality. Preservation is achieved by Synthesis of GalloylsucrosesNMR Analysis. H and “C NMR

dditi f natural antioxidant h bat d toco spectra were recorded on 300 and 500 MHz Bruker apparatus at 27
2he'r(')(|)§ (g) natural antioxidants such as ascorbate an €O, Chemical shifts (0) are given in ppm (solvent as the internal

o ) ) reference), coupling constantd) (are given in Hz!H signals were
Because sucrose is widely consumed in the human diet, newassigned from 1D- and 2D-COSY spectra &#@ signals were from

antioxidants were synthesized bearing several gallic acid unitsDEPT.

on the disaccharide cord). The antioxidant activity of tri-, Protected SG7Ac (As decanoyl) 3,4,5-Tribenzyloxybenzoic acid

hexa-, and octagalloylsucroses was first examined in the DPPH(465 mg, 1.05 mmol), prepared in a two-step procedure including total

test, then in the inhibition of lipid peroxidation in aqueous benzylation (PhCEBr, K.CO;, DMSO) and subsequent saponification

micelles of sodium dodecyl sulfate (SDS) and in low-density ©f the benzylester (KOH, EtOH), was dissolved inCH (4 mL) under
N2. Oxalyl chloride (0.138 mL, 1.58 mmol) and,N-dimethylform-
amide (1 drop) were added, and the solution was stirredfb at
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15. Fax: (33) 4 32 72 24 92. E-mail: cdufour@avignon.inra.fr. room temperature. After removal of the sollvent, thg acyl chloride was
TUMR A 408 INRA-Université d’Avignon et des Pays de Vaucluse.  dissolved into CECl; (2 mL) and the resulting solution was added to
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amine (0.2 mL), and 4-(dimethylamino)pyridine (12 mg) in THF (2
mL) at 5°C under N. The mixture was stirred at room temperature
for 2 h. After concentration, the crude mixture was dissolved inte-CH
Cl,, washed with 0.2 M HCI, and dried over pBO,. After concentra-
tion and chromatography on silica gel (eluent{CH/hexane, 4:1), the
product was isolated (RCH,Cl;) = 0.51, 269 mg, yield 78%).

13C NMR (75 MHz, CDC}, 6): 173.4 (1 C, CO); 166:4165.5 (7
C, Ar—CO); 153.3—152.9 (14 C, ¢)¢ 143.7—143.0 (7 C, d); 137-9
136.8 (21 C, Ph); 128:8128.1 (105 CH, Ph); 125:4124.0 (7 C, a);
109.5—-109.3 (14 CH, b,b"); 106.1 (1 C, ;291.8 (1 CH, C1); 79.7,
77.7x 2,75.5,72.6, 70.2, 69.6 (CH, C2, C3, C4, C5,C3, C5);
75.7-75.5 (benzylic CH); 71.9-71.4 (benzylic CH); 64.5, 64.2, 63.3
(3 CH,, CZ, C8, C6); 34.4 (1 CH, CH,CO); 32.3, 29.9-29.7, 23.1
(6 CH,, hydrocarbon chain); 25.3 (1 GHCH,CH,CO); 14.6 (1 CH).

HRMS—FAB (m/2): [M + Li]*, calcd for GigH194040Li, 3458.3306;
found, 3458.3454.

SG7AcProtected SG7Ac (377 mg, 0.11 mmol) and 10% palladium
on charcoal (200 mg) were stirred in THF (4 mL) at room temperature
under a H flux for 6 h. After filtration on Celite and concentration,
the solid residue was chromatographed on a C18 reversed-phase silic
gel eluted with a HO/MeOH gradient, thus yielding SG7Ac as a gray
solid (R (ethyl acetate/butanone/HGAYH,O, 20:2:1:1)= 0.41, 167
mg, yield: 98%).

IH NMR (300 MHz, CB,OD, d): 7.35; 7.14; 7.10; 7.03; 6.90 (5 s,
14 H, CH Ar); 6.0 (d, 1 HJ = 3.6, H1); 5.86 (t, 1 HJ = 10.1, H3);
5.81—5.74 (m, 2 H, H4 H3); 5.65 (t, 1 H,J = 9.9, H4); 5.29 (dd, 1
H,J=10.3, 3.7, H2); 4.744.56 (m, 5 H, HG, H6a, HBb, H5', H5);
4.41-4.36 (m, 2 H, HR, H6b); 4.28 (d, 1 H) = 11.9, H1'b); 2.13 (t,

2 H, J= 7.3, CHCO); 1.44 (m, 2 HCH,CH,CO): 1.18 (m, 12 H, 6
CHy); 0.83 (t, 3 H,J = 6.5, CH).

13C NMR (75 MHz, CDC}, 9): 173.9 (1 C, CO); 167:2165.9 (7
C, Ar—CO); 145.4 (14 C, c;§; 145.2 (7 C, d); 120.3119.2 (7 C, a);
109.5 (14 CH, b,b’); 104.8 (1 C, C2'); 91.0 (1 CH, C1); 80.0 (1 CH,
C5'); 77.8 (1 CH, C3; 76.1 (1 CH, C4; 71.4 (1 CH, C2); 70.7 (1
CH, C3); 69.6 (1 CH, C5); 68.5 (1 CH, C4); 65.2 (1 gKL1); 64.5
(1 CH,, CB); 61.7 (1 CH, C6); 33.7 (1 CH, CH,CO); 32.0, 29.5,
29.4x 2,29.0, 22.7 (6 CH hydrocarbon chain); 24.9 (1 GHCH.-
CH,CO); 13.5 (1 CH).

HRMS—FAB (m/z): [M+ H]*, calcd for GiHgoOu0, 1561.3365;
found, 1561.3400.

Protected SG6Ac2 (Ae dodecanoyl).Starting material '16'-O-

didodecanoylsucrose (13) was submitted to a procedure similar to that

used for the preparation of protected SG7Ac. The product was isolated
after chromatography on silica gel (eluent LLH/hexane, 4:1)R (CH,-
Cly/hexane, 4:1y 0.25, 334 mg, yield 97%.

13C NMR (75 MHz, acetonek, 6): 173.4,172.9 (2 C, CO); 165:6
165.5 (6 C, Ar-CO); 153.1—-152.9 (12 C, c); 143.4—142.8 (6 C,
d); 138.2—137.2 (18 C, Ph); 128-:828.1 (90 CH, Ph); 124:8124.0
(6 C, a); 109.2—109.1 (12 CH, b,b"); 105.5 (1 C, C2'); 91.4 (1 CH,
C1); 79.6 (1 CH, C5; 78.1 (1 CH, C3; 76.6 (1 CH, C4; 75.1, 71.1
(18 benzylic CH); 72.3 (1 CH, C2); 71.7 (2 CH, C3, C5); 69.6 (1 CH,
C4); 64.6 (1 CH, CT); 64.1 (1 CH, C6); 63.6 (1 CH, C6); 34.1 (2
CH,, CH,CO); 30.1, 29.5—29.3 (16 Cfihydrocarbon chain); 25.2 (2
CHy, CH,CH,CO); 14.0 (2 CH).

HRMS—FAB (m/2): [M + Li] *, calcd for GoH10d037Li, 3246.3772;
found, 3246.3860.

SG6Ac2The procedure was similar to that used for the preparation
of SG7Ac. R (ethyl acetate/butanone/HGEYH,O, 30:2:1:1)= 0.5,
138 mg, yield 92%.

H NMR (500 MHz, CQOD, §): 7.30 (s, 2 H, CH Ar at 3or 4);
7.18 (s, 2 H, CH Ar at 4or 3); 7.12 (s, 2 H, CH Ar at 6 or 2); 7.03
(s,2H,CHArat2or6); 6.91 (s, 2 H, CH Ar at 4r 3); 6.89 (s, 2
H, CH Ar at 3'or 4); 6.06 (d, 1 HJ = 3.7, H1); 5.88 (t, 1 HJ =
10.0, H3); 5.85 (t, 1 H) = 6.2, H4'); 5.71 (d, 1 HJ = 6.2, H3'); 5.66
(t, 1 H, J=10.0, H4); 5.23 (dd, 1 H) = 3.7, 10.3, H2); 4.54 (dd, 1
H, J = 12.3, 2.0, H6a); 4.51 (m, 1 H, H5); 4.47 (d, 1 Bi= 11.7,
H1l'a); 4.43—4.39 (m, 3 H, H&,b, H5'); 4.25 (dd, 1 H) = 12.3, 2.3,
H6b); 4.22 (d, 1 HJ = 11.7, H1'b); 2.36 (t, 2 H) = 7.4, CHCO at
6'); 2.23 (t,2HJ = 7.4, CHCO at 1'); 1.53 (m, 4 H, ZH,CH,CO);
1.25 (m, 32 H, 16 CH; 0.90 (t, 6 H,J = 7.0, 2 CH).

Dufour et al.

13C NMR (125 MHz, CROD, 6): 174.4 (1 C, CO at'§; 173.8 (1
C,CO at1'); 167.0 (2 C, ArCO at 3'and 4); 166.4 (1 C, ArCO at
6); 166.3 (1 C, Ar—CO at 2); 166.1, 165.9 (2 C,-A€0 at 3 and 4');
145.4 (12 C, ¢,9; 139.6-139.0 (6 C, d); 120.2119.1 (6 C, a); 1098
109.5 (12 CH, b,b"); 104.2 (1 C, C2'); 90.5 (1 CH, C1); 79.0 (1 CH,
C5'); 77.7 (1 CH, C3; 75.4 (1 CH, C4; 71.4 (1 CH, C2); 70.6 (1
CH, C3); 69.5 (1 CH, C5); 68.4 (1 CH, C4); 65.7 (1 £KC1); 63.1
(1 CH,, C6); 61.8 (1 CH, C6); 33.8 (2 CH, CH,CO); 33.1, 29.8—
29.1, 22.7 (16 CH hydrocarbon chain); 25.1 (2 GHCH,CH,CO);
13.5 (2 CH).

HRMS—FAB (m/z): [M+ H]*, calcd for GgHgiOs7, 1619.5239;
found, 1619.5245.

Absorption Spectra. Spectra were recorded on a Hewlett-Packard
8453 diode-array spectrometer equipped with a magnetically stirred
quartz cell (optical path length 1 cm). The temperature in the cell was
kept constant by means of a thermostated water-bath.

H Atom Transfer to DPPH. To 2 mL of a freshly prepared solution
of DPPH in MeOH (2x 10~* M) placed in the spectrometer cell at 25
°C were added small volumes (30—35 or #Z0) of a galloylsucrose

solution (10°% M in galloyl units) in MeOH. Recording of the

absorbance was started before addition of the antioxidant and continued
for, respectively, 50 s (cycle time 0.5 s) for the determination of the
kinetic parameters and 300 s (cycle time 3 s) for the determination of
the total stoichiometry. The curve-fittings of absorbance at 515 nm vs
time plots were carried out as reported below.

Data Analysis.To achieve a quantitative description, the following
simple model was used. An antioxidant of stoichioméNrg regarded
asN independent antioxidant subunits AOH which all transfer a H atom
to DPPH with the same second-order rate constamience, Beer's
law (eq 1) and sets of differential kinetic equations (eq 2 and 3) with
initial conditions on concentrations were input in the model.

A= AJDPPH]/[DPPH}, 1)
—d[AOH]/dt = KAOH][DPPH] )
—d[DPPH]/dt= KIAOH][DPPH] 3)

whereA is the visible absorbance at timhé\q is the initial absorbance,
and [DPPHJ is the initial DPPH concentration. The initial condition
on the concentration in subunits AOH is [AOHF Nc, wherec is

the initial antioxidant concentration. Curve-fittings were achieved
through least-squares regression using the Scientist program (Micro-
Math, Salt Lake City, UT) and yielded optimized values for the kinetic
rate constank and the stoichiometryN. Stoichiometries per galloyl
unitn (N = n x number of galloyl units in the antioxidant) and standard
deviations are reported from triplicates (five replicates for methyl
gallate).

The total stoichiometryN; for the antioxidant was evaluated after
300 s using\: co = [DPPH] (Ao—Ar)/As WhereAs is the absorbance at
the end of the run. The total stoichiometry per galloyl umit reported
as the average from duplicates.

Inhibition of Linoleic Acid Peroxidation. Solutions of SDS (0.1
M) and AAPH (0.08 M) were prepared in 50 mM phosphate buffer
(pH 7.4). A freshly prepared solution of linoleic acid (2 mL; 256
1072 M) in the SDS medium was placed in the spectrometer cell and
equilibrated at 37 0.1 °C. The initial level of hydroperoxides was
kept below 2% in all the experiments. Freshly prepared AAPH (25
uL) was added and the monitoring of the absorbance at 234 nm was
started. After the peroxidation rate had kept constant over 10 min, 25
uL of a solution of galloylsucrose or quercetinamttocopherol in MeOH
(typical concentration range 10— 10-2 M in galloyl unit and quercetin
or 106 — 10~ M in a-tocopherol) were added. From the slope of the
linear absorbance vs time plots (evaluated in thel@ min interval),
the uninhibited peroxidation rate (R was calculated using 26100/
M/cm as the molar absorption coefficient of the linoleic acid hydro-
peroxides at 234 nm (14). The inhibited peroxidation ratg,\®as
similarly calculated throught a linear treatment of the curve in the 11
18 min interval (+8 min after addition of the antioxidant). Data were
further analyzed according to the classic rate law for inhibited
autoxidation of linoleic acid (eq 4) witk, andki.n being, respectively,
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Figure 1. Structures of the galloylsucroses (Ac=CgH;5—CO or Cy3Hps— \ @
CO) (see Table 1 for substitutions). @ n= o
o

1
the propagation and inhibition rate constants, [LH] and [AH] the linoleic o] o OH
acid and the antioxidant concentratioRsthe initiation rate, and the OH ‘
stoichiometry of the antioxidant (14). The antioxidant efficieAdyis ‘ subsequent
defined as the ratio between the rate constants of chain bkegk ( 4 DPPH 4 DPPHH degradation
and chain propagation fkuncorrected fon (eq 5). From the slope of g 0 0 -
n=3 n=4.5

the Rinn vs 1/[AH] plot in the initial inhibition period, the antioxidant o o
efficiency can be extracte® was calculated fronR = 2ek[AAPH] N\
with e set at 0.49 for the efficiency of radical production from AAPH, @

kq set at 3.72x 1077/s for the decomposition rate of the initiator, and
[AAPH] the initial AAPH concentration (14). Figure 2. Possible pathway for the oxidative degradation of galloylsucroses

during trapping of the DPPH radical.

K[LHIR;
inh — m i ) Table 1. Substitution Pattern of the Galloylsucroses Used in This
nhi . .
Study; Structures are Shown in Figure 1
E= MKy = [LHIR, (5) R#in 02 03 04 06 or' 03’ o4’ 06'
kp  slope SG3 H H H H H G G G
o o ) ) SG6 G G H H G G G G
Inhibition of LDL Peroxidation. LDL suspensions (100g protein/ SGEAC2 G G G G Ac G G Ac
mL) were prepared daily from the commercial LDL solution in 0.01  SG7Ac G G G G Ac G G G
M phosphate buffered saline (PBS, pH 7.4) containing 0.15 M NaCl. SG8 G G G G G G G G

The galloylsucroses (2@L, 102 M galloyl unit in MeOH) and
quercetin (2QuL, 10~ M in MeOH) were incubated for 30 min with aR = H, G (galloyl), and Ac (decanoyl for SG7Ac and dodecanoy! for SG6AC2).
1.9 mL of the LDL suspension at room temperature. The mixture was

then warmed to 37C and the peroxidation was initiated by the addition

of 50 uL of 0.32 M AAPH in PBS. The hydroperoxide formation was Table 2. H Atom Transfer Reaction from Methyl Gallate and
monitored at 246 nm over 90 min (cycle time 90 s) as described above. alloylsucroses to DPPH in MeOH at 25 °C at Two Different
Experimental absorbance values are reported every 1000 s and correcte PPH/Galloy! Unit Ratios ( Stoichiometries (n, n) and Second-Order

for AAPH absorption. Blank trials (2@L of MeOH in place of the Rate Constant (k) as Defined in Materials and Methods)
antioxidant) were performed before each inhibition experiment. Standard

deviations for the replicates were below 2%. DPPH/galloyl unit ratio
12-14 6
RESULTS AND DISCUSSION
o k+SD k+SD
The antioxidant activity of five synthetic galloylsucroses _antioxidant — n n M7sh) n (M~'s™)

(Figure 1) was assessed in systems of increasing complexity methyl gallate 521 4.64+0.08 1667+69 475 436+0.02 135046

i ic SG3 440 350+011 1497+130 348 302+005 1480+25
and compared to that of methyl gallate. Two typical phenolic 375 3004004 1304550 345 2935008 1141+ 12

antioxidants, quercetin (3,3',4',5,7-pentahydroxyflavone) and ggepc, 422 3574003 1429+43 376 3374003 133746
a-tocopherol, were also investigated for comparison purposes. sc7ac 438 377+006 1604%91 383 337+003 1468%17
The data were analyzed in terms of intrinsic reactivity and SG8 376 341+008 1462+67 337 290£005 1302+24

efficiency of the antioxidants in protecting biological targets
(polyunsaturated fatty acids, LDL) from degradation by peroxyl abstracted as seen from the constant value dhis value was
radicals. calculated to be close to 3 suggesting a total reactivity of the
Quenching of the DPPH Radical.The decay of the visible  three hydroxyl groups borne by the aromatic nucleus. As
absorbance of DPPH that follows the addition of the antioxidant expected,n is higher thann for a given galloylsucrose, the
lasts for several minutes and is relatively fast during the first difference being attributable to the residual H atom-donating
50 s. This fast step was kinetically analyzed to obtain the number activity of the oxidation products formed during the fast step.
of labile H atoms transferred from the antioxidant to DPPH A possible mechanism for galloyl unit oxidation is outlined in
(stoichiometryN) as well as the corresponding apparent rate Figure 2. Coupling reactions may occur intramolecularly in the
constant (k) assuming that theH atoms are all transferred at  galloylsucroses upon recombination of two adjacent galloyl
the same rate. In addition, from the monitoring of the reaction radicals formed by single H atom abstraction from a OH group
over 300 s, i.e., until no significant decay in the visible (n = 1). A biaryl dimer (C-C coupling) has already been
absorbance took place, the total stoichioméfrywas evaluated. isolated from the reaction of DPPH with gallic aci®)(
The stoichiometriesn and n;, reported per galloyl unit, are  Alternatively, C—C coupling may also occur via nucleophilic
similar for the five galloylsucrosed éble 2). The galloyl group attack of a galloyl moiety on the orthoquinone formed by double
remains accessible to the DPPH radical even for the mostH atom abstraction from an adjacent galloyl moiety5)
hindered galloylsucroses SG7Ac and SG8. In the fast kinetic Subsequent fast H atom abstractions from the remaining OH
step, there is no apparent discrimination between the hydrogenggroups in the biaryl moiety would lead to a bis-orthoquinone
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Figure 3. Formation of lipid hydroperoxides initiated by AAPH (1 mM) in
SDS micelles at 37 °C. Inhibition by SG3 (@, 5.04 x 10~7 M), SG6 (4,
4,91 x 1077 M), SG7Ac (®, 450 x 107 M), quercetin (¢, 4.76 x 1077
M), and a-tocopherol (3, 3.53 x 10~7 M). Control (O, no antiox.).

Figure 4. Changes in the relative rate of inhibited peroxidation as a
function of the reciprocal of the concentration (expressed in galloyl unit
for the sucroses) for linoleic acid peroxidation in SDS micelles. Inhibitors:
methyl gallate (O), SG3 (@), SG6 (M), SG8 (A), SG6AC2 (x), SG7Ac
moiety in agreement with the estimated stoichiometry per galloyl (). quercetin (¢), and a-tocopherol (+).
unit of ca. 3 at the end of the fast step. Subsequent solvent
addition and ring opening reactions may then form degradation various sucrose-derived antioxidants was found to inhibit the
products with additional OH groups responsible for the residual formation of hydroperoxides with a close-to-linearity pattern
H atom-donating activity (nca. 4). Methyl gallate, taken as a  being conserved over the inhibited period. Furthermore, for a
reference, was found to give higher stoichiometries. Values of similar antioxidant level, the inhibited peroxidation rate de-
n andn; close to 5 suggested a more complete degradation in creased proportionally to the number of galloyl units borne by
the DPPH reaction, probably due to a higher reactivity of this the sucrose common core. Galloylsucrose antioxidants behaved
small molecule compared to that of the galloyl units attached similarly to quercetin in lowering the rate of hydroperoxide
to sucrose. The parameteis an apparent rate constant for the formation. Converselyy-tocopherol aimost completely quenched
abstraction by DPPH of the labile H atoms from the antioxidant the peroxidation. A lag phase can be defined during which
and its oxidation products formed during the fast step. The peroxidation is very slow. Whem-tocopherol approaches
validity of our model (correlation coefficients0.99 for the ~ consumption, peroxidation resumes and quickly reaches its rate
curve fittings of the kinetic traces) and the cldsgalues (in before inhibition. Unlikea-tocopherol, the galloylsucroses and
the range 1300—1700/M/s) obtained for the series of galloyl- quercetin do not display a clear-cut lag phase.
sucroses investigated, suggest a common mechanism and that Comparison of the galloylsucrose antioxidant efficiencies was
the steps of H atom abstraction actually take place at similar obtained by plotting the relative rate of inhibited peroxidation
rates. In addition, these rate constants appear to be higher tha@s a function of the reciprocal of the antioxidant concentration
values measured for quercetin £ 3; k = 583/M/s) and its expressed in galloyl unitRigure 4). Surprisingly, all the
3-glucoside rutin (= 2; k = 718/M/s) usually classified as  galloylsucroses displayed a similar pattern, suggesting a low
good antioxidants1(6). Close stoichiometries for quercetin and influence of the fatty acid chain and accessibility of all the
sucrose-borne galloyl units are in agreement with a previous galloyl units for quenching of the peroxyl radicals. The reactivity
DPPH test with quercetin and 6-O-galloylfructose (2). of the galloyl unit is conserved despite the steric hindrance
Rate constants obtained in the DPPH test are solvent-Offered by the most substituted sucroses. No intramolecular
dependent. A decrease in the DPPH radical reactivity was interaction between the planar aromatic nuclei appears to lower
correlated with the hydrogen bond accepting ability of the the reactivity as well as the level of participation of each galloyl
solvent. For phenols and catechols, the kinetic solvent effect unit in agreement with the rate constants and stoichiometries
was found to be independent of the nature of the abstractingmeasured in the reaction with DPPH.
radical (17). Although alkoxyl and peroxyl radicals are more  The curves presented FFigure 4 prove to be different for
highly reactive than the DPPH nitrogen-centered radical, this o-tocopherol and the polyphenols. In the casecabcopherol,
test may parallel the reaction of antioxidants with oxygen- the initial rate of inhibited peroxidatioRnn rises linearly as a
centered radicals in a given solvedy. function of the reciprocal of the initial antioxidant concentration
Inhibition of Linoleic Acid Peroxidation. Owing to the AH,. This is the so-called classic behavior of typical chain-
major role played by lipids in various biological and food breaking antioxidants in which termination of the radical chain
processes, antioxidants are better challenged with inhibition of is accounted by antioxidant H atom donation to the lipid peroxyl
lipid peroxidation. The various galloylsucroses were thus tested radical (14). The slope of the plot is then inversely proportional
for their ability to inhibit the radical-induced chain peroxidation to the antioxidant efficiencyAE) which is defined asknn/ky
of linoleic acid in a micellar medium. Comparison was made with n the number of radicals trapped by the antioxidant, and

with methyl gallate, the chain-breaking antioxidartocopherol, kinn andk, being, respectively, the rate constants of chain break
and the dietary flavonoid quercetin. Accumulation of the and chain propagation.
conjugated hydroperoxides resulting from linoleic acid peroxi-  In the case of the galloylsucroses, tRg, vs 1/AH, plots

dation was monitored at 234 nriigure 3). The concentration  are linear at low antioxidant concentrations only. In the range
in hydroperoxides increases linearly as the result of a constantof galloyl unit concentrations 1.% 107’— 3.8 x 1077 M1,
decomposition rate of the AAPH initiatot9). Addition of the the antioxidant efficiency was found to be 2175 fmitoco-
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pherol, 4398 for methyl gallate, and in the range of 298030 0.3 -
per galloyl unit in the sucroses. For higher concentrations, strong
deviations from linearity suggested a decrease in the antioxidant .3 4
efficiency although it was supposed to be constant. The
invalidity of the classic model for galloylsucroses may have 0.2 -

several causes. Attempts to locate the antioxidants in a biphasic ¢
system showed that hydrophobic tocopherol is within the micelle &
(19), whereas the hydrophilic sucroses and quercetin must be§ 0.2
located in the aqueous phase. Hydrosoluble AAPH was found ®
to associate with SDS, probably by electrostatic interactions & 011
between the amidino groups of AAPH and the anionic surface

of the micelle (19). As a consequence, the lipid peroxyl radicals,

less accessible to the sucrose antioxidant than to tocopherol, <
may propagate the peroxidation process and decompose by y
recombination leading to the failure of eq 5. 2000 3000 4000 5000 6000

Deviations from the classic law have been already pointed  -0.1 Time (s)

out during the investigation of the inhibition of peroxidation Figure 5. Inhibition of LDL (0.1 mg/mL protein) peroxidation by methyl

by tea flavanols §), flavonoids in organic solvent21—22), gallate (0, 1.07 x 1075 M), SG6 (0, 1.7 x 106 M), SG7AC (a, 147 x
and in SDS micelles23). Galloylsucroses share with flavonoids 196 ), SG6Ac2 (O, 1.69 x 10-6 M), and quercetin (#, 1.01 x 105

a catechol unit, clearly assessed as the antioxidant active moietyy). uninhibited curve (m). Absorbance of initiator AAPH (8 x 10~3 M)
(24). Polyphenols with a catechol unit react faster with oxygen- gyptracted.

centered radicals than do simple phendl3, 25) suggesting

that these polyphenols are intrinsically better antioxidants. In a (Figure 5). A control experiment without LDL showed that
micellar medium and at high antioxidant concentrations, methyl AAPH decomposition resulted in a linear absorption increase
gallate and galloylsucroses may exert their antiperoxidizing in the 206-250 nm region although slower than that in the
activity essentially via quenching of the AAPH-derived peroxyl presence of LDL. Thus, correction from the AAPH contribution
radical. At low antioxidant concentrations, the intercept of the should be made when monitoring hydroperoxides at relatively
linear portion of the plot R/Rniny) is much higher than high AAPH concentrations. In AAPH-initiated LDL peroxida-
anticipated from the classic law. Such distortions can be tion, Bowry and Stocker28) showed that the hydroperoxides
accounted for by assuming that the aryloxyl radicals derived begin to accumulate during the depletion of the endogenous
from the antioxidant via reaction with peroxyl radicals, in antioxidantsa-tocopherol and ubiquinol-10, and that the rate
addition to evolving toward inert nonradical products, are of peroxidation increases after total consumption of the anti-

0.1 4

0.0

¥ v 1

reactive enough to abstract labile H atoms from the polyun-
saturated fatty acid, thereby propagating the peroxidation chain
(prooxidant effect) (6, 23). This side-reaction does not take place
with the sterically hindered-tocopheryl radical and this makes
a-tocopherol a better inhibitor of lipid peroxidation (lower initial
Rinn value at a given antioxidant concentration) than flavonoids
and the galloylsucroses investigated here.

Moreover, for life and food processes, the antioxidant
efficiency may be better evaluated by titration of the hydrop-
eroxides after a long period of inhibition. In such conditions,
polyphenols may be more efficient tham-tocopherol as
evidenced inFigure 3 by the crossing of the corresponding
curves at a high inhibition period. Comparison of the rates of
inhibition just after the addition of a given antioxidant (Pryor’s
method) (14) is indeed distorted by mechanism differences.

oxidants. This behavior is different in the €uinduced LDL
peroxidation where a lag phase has been correlatedgttwo-
pherol protection (11).

At a constant concentration in galloyl unit, the galloylsucroses
SG6, SG6AC, and SG6Ac2 display similar inhibition levels,
indicating that the reactivity of the galloyl moiety is unaltered.
Furthermore, the lack of influence of the hydrocarbon chain
suggests a weak interaction between the antioxidant and the
LDL particle. A similar accessibility of the different galloyl
groups could result from their location in the aqueous phase
where they would directly trap the peroxyl radicals generated
from AAPH. Methyl gallate displays a slightly different pattern
supporting the results in the micellar system. A higher stoichi-
ometry, as shown in the DPPH test, associated with a smaller
size may slightly favor the antiperoxidizing activity in both

Thus, antioxidants such as flavonoids and galloylsucroses shoulgsystems. For comparison, caffeic acid and its quinic ester,
be classified as retardants when compared to the chain-breakeghlorogenic acid, proved to be equally efficient inhibitors in

a-tocopherol.

Inhibition of LDL Peroxidation. The influence of galloyl-
sucroses, gallic acid, and quercetin on AAPH-induced LDL
peroxidation was evaluated during the initial stage of peroxi-
dation. Although C&" has been widely used for initiation, azo

initiators have the advantage of generating localized well-defined

radicals at a constant rate. Kinetic quantitative studies are then

possible in the early stage of LDL oxidatioB§).

Hydroperoxide formation was evaluated at 246 nm, which is
the best compromise between high hydroperoxide absorption
(Amax 234 nm) and low apoprotein absorption. The ratio between

metmyoglobin- and AAPH-induced LDL peroxidatio®X—30)
showing no influence of the hydroxylated matrix. Finally, the
galloylsucroses appear as efficient as quercetin in inhibiting LDL
peroxidation.

In conclusion, the galloylsucroses investigated here may be
valuable antioxidants for increasing the shell life of foodstuffs.
Readily prepared from cheap naturally occurring compounds
(gallic acid and sucrose), they could favorably compete with
synthetic antioxidants commonly used for this purpose. In model
systems, they compare well with the potent dietary antioxidant
quercetin.
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