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Abstract

TIRZITIS G., TIRZITE D., HYVONEN Z. (2001): Antioxidant activity of 2,6-dimethyl-3,5-dialkoxycarbonyl-1,4-
dihydropyridines in metal-ion catalyzed lipid peroxidation. Czech J. Food Sci., 19: 81-84.

Antioxidantswith 1,4-dihydropyridine structure were investigated as aless harmful alternative to synthetic phenolic antioxidants
in liposomes under conditions simulating food storage. The antioxidant activities (AOA) of 2,6-dimethyl-3,5-dialkoxycarbonyl-
1,4-dihydropyridines possessing various side chain length alkyls (CH5 - C;¢Ha35) in ester moiety were tested in transition metal-
ion catalyzed liposome peroxidation and compared with AOA of Trolox™ and Probucol ™. The compounds with C,H; - C4Hg
residues in the 3,5-position ester moieties exert the most pronounced AOA. The AOA of tested compounds is associated with

their ability to incorporate into liposomes.
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The1,4-dihydropyridine(l, 1,4-DHP) derivatives, espe-
cially compounds unsubstituted in position 4 (I, R'=H),
show AOA in homogenouslipid systems (TIRzITISet al.
1988; ABDALLA et al. 1999).

The 2,6-dimethyl-3,5-diethoxycarbonyl-1,4-DHP (trade
name Diludin) possesses considerable AOA in the stabi-
lization of edible oils (KOURIMSKA et al. 1993) and ex-
hibits synergistic properties with antioxidants, such as
o-tocopherol (TIRZITIS et al. 1983) and 2,6-bis(tert-bu-
tyl)-4-hydroxytoluene (BHT) (TIRzITIS & KIRULE 1999).
Unfortunately theinsufficient solubility of Diludinin lip-
idslimitsitspractical application. Thislimitation demand-
ed the synthesis and investigation of more lipophilic
Diludin homologues.

Most foods differ from refined oilsand fatsin that they
areoil-in-water emulsions, where the agueous phase con-
tains hydrated proteins and carbohydrates (including di-

etary fibre), and on the other hand, also trace metal s that
catalyze oxidation. The 1,4-DHP has been less investi-
gated in transition valence metal-ion catalyzed peroxida-
tion. The aim of our study was to investigate the
relationship between AOA and alkyl substituent (R) length
in of increasing lipophilicity ranging from C, (methyl) to
C,, (hexadecyl) inthe ester moiety of 1,4-DHP. Thiswould
help to choose the best compound for fat, oil and another
lipid containing product stabilization studies.

We used metal-ion (ferrous and copper) catalyzed phos-
pholipid liposome peroxidation. Liposomesbelong to very
important lipid systems, present in most foods. The AOA
of tested | was compared with AOA of Probucol™ and
Trolox™, which belong to relatively polar antioxidants.
The study of incorporation of 1,4-DHP into phosphati-
dylcholine liposomeswas carried out aswell. Theresults
could be useful for the stabilization of non-homogenous
lipid products (margarines, salad dressings, creams, €tc.).

MATERIALS AND METHODS

Phospholipid (bovine brain extract) — Sigma Chemical
Co., St.Louis, Mo, USA; phosphatidylcholine — Olaine
Chemical-Pharmaceutical Plant, Olaine, Latvia; anthra-
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cene — Fluka AG, Germany. All other reagents and sol-
vents— Aldrich, USA.1,4-DHP derivatives were synthe-
sized in the Latvian Institute of Organic Synthesis
according to Hantzsch procedure (SAUSINS & DUBURS
1988). Purity of compoundswas > 98% (HPL C data).

Antioxidant Activity Evaluation: The iron ion (Fe*)
catalyzed phospholipid liposome peroxidation was per-
formed according to chain breaking reaction assay (GUT-
TERIDGE & QUINLAN 1992). Thus, 0.2 ml of liposomes
(prepared from 5 mg of brain extract phospholipids in
1 ml of 0.1 M phosphate buffer, pH =7.4),0.2ml of 0.1 M
phosphate buffer (pH = 7.4), 0.01 ml of sample solution
(la-d in ethanol; le-f in n-butanol; Ig in deionized water),
0.02 ml of 1 mM ferric chloride and 0.02 ml of 7.5 mM
sodium ascorbate wereincubated in 10 ml plastic test tubes
(L.1.P. Ltd, UK) for 20 min at 37°C. After adding 0.5 ml
of 25% (v/v) HCI, 0.5 ml of 1% TBA (2-thiobarbituric
acid) and heating at 100°C for 15 min, subsequent cool-
ing, adding 1.5 ml of 1-butanol, the reaction system was
vortexed, spun down and the butanol extract absorbancy
(A) read at 532 nm.

The copper ion (Cu?*) catalyzed peroxidation was car-
ried out according to (GUTTERIDGE 1983). Similarly
as in the above-mentioned assay, 0.2 ml of liposomes,
0.2 ml of 0.025 M phosphate buffer (pH = 7.4), 0.01 ml
of sample solution and 0.05 ml of 1 mmol cupric chloride
were incubated at 37 °C for 1 h. The TBA reaction was
carried out as in the previous assay. The TBA test data
are used for AOA calculation:

AOA (I n %):100 - { [(Ateﬂ_ Ablank)/(AcontroI - Ablank)] x 100}

Mean values of at least 3 repeated determinations are
presented in Table 1. The standard deviation determined

for Ib (n = 6) was 10% of mean value. Dueto the insuffi-
cient solubility of some 1,4-DHP derivatives it was not
possible to expressthe AOA invalues of 1C,.

The Determination of 1,4-DHP I ncorporation into Li-
posomes. The fluorescence method (LAKOWITZ 1983)
was used. Phosphatidylcholine liposomes were prepared
in 0.01 M TRIS-HCI buffer (pH 7.4); concentration of
lipid was 0.05 mg/ml. To 1 ml of vigorously stirred lipo-
somes5 pl of 10 mmol anthracenein ethanol, and then 5 pl
of 10 mM 1,4-DHP solution in ethanol, were added. An-
thracene fluorescence was measured using the fluorome-
ter produced by “Hitachi-850” (Tokyo, Japan) inal mm
cell oriented at 45° to the excitation beam (excitation at 340
nm and emission at 382 nm). The incorporation was ex-
pressed astheratio of In (F, /F), where F and F areinten-
sities of anthracene fluorescence in the absence and in
the presence of 1,4-DHP, respectively. Mean values of
triplicate analyses are presented in the Table 1. The stan-
dard deviation determined for Ib (n = 5) was 5% of mean
value,

RESULTS AND DISCUSSION

The AOA comparison of tested compounds is shown
in Table 1. The compounds Ib (Diludin) and 1d are most
active. The compound Id possesses approximately the
same AOA asthe compound Ibinanironion (Fe*) cata-
lyzed test-system. In this assay both compounds (b and
Id) possess higher AOA than Trolox™ and Probucol ™.
In a copper catalyzed test-system the compound Id is
less active than the compound Ib. To reach the approxi-
mately equal AOA afivefold concentration of the com-
pound Id must be used. The AOA reduction of the

Table 1. Antioxidant activity of 2,6-dimethyl-3,5-dialkoxycarbonyl-1,4-dihydropyridine (I) AOA in metal-catalyzed peroxidation
of phospholipid liposomes and incorporation into phosphatidylcholine liposomes

1 Fe?' catalyzed assay Cu*" catalyzed assay Incorporation
Compound R concentration* AOA concentration* ~ AOA into liposomes
code [mM] [%] [mM] [%] InF/F

la CH3 5 83 5 90 0.12

Ib C,H; 0.5 88 1 97 0.29

Ic Tb; R'=CH, 5 62 5 40 0.19

Id C4H9-n 1 100 5 100 0.43

le CoHyo 5 8 5 0 0.06

If C,(Hys 5 3 5 0 0.03

Ig CH2COONa 5 3 5 15 0.03
Probucol 2.5 76 2.5 90 n.d.*
Trolox 5 54 2.5 82 n.d.**"

*concentration of tested compound in the added solution

**not determined (impossible due to absence of Probucol and Trolox UV-spectra overlapping with anthracene UV-spectra)

82



Czech J. Food &ci.

\ol. 19, No. 3: 81-84

compound Ic (methyl substituent in position 4), as com-
pared with the parent compound Ib, is probably caused
by sterical hindrance of the methyl group on the parent
1,4-DHPring. Theresults show that 1,4-DHP bearing the
akyl radicas R = C,H_ or C,H, (Ib, Id, respectively) in
substituents of position 3, 5 exhibitsthe optimum of AOCA
in both test-systems used. Similarly the optimum of 1,4-
DHPincorporation into liposomeswas found for the com-
pounds b and Id. Theincreased incorporation in the case
of compound 1d compared with compound Ibisin good
agreement with the increase of lipophilicity of the com-
pounds mentioned. Thelipophilicity of compounds|b and
Id, determined as partition coefficients IgP in n-octanol-
water, is3.6 and 5.1, respectively (SHATZ et al. 1985).

Thedecrease of AOA and incorporation into liposomes
for | with long alkyl chains (R > C,H,) probably isdueto
itstendency to self-aggregation (TIRZITE et al. 1999). This
self-aggregation isespecialy observed for If (R=C H,,).
We suggest that this effect decreases the amount of 1,4-
DHP available for its incorporation into liposomes and
consequently the concentration of the antioxidant in lipo-
SOMes.

The data obtained would be important for disperselipid
system stabilization asit iswell known that applications
of liposomal encapsulation technique of food ingredients
infood industry increases (GIBBS & KERMASHA 1999).

The obtained results reveal that the AOA of antioxi-
dantsin disperse systems, at least in 1,4-DHP derivatives
I, depend on electron and/or hydrogen donating proper-
ties of compounds and the ability of incorporation into
autoxidizing/peroxidizing particles. Molecules that can-
not incorporate into liposomes can influence the autoxi-
dation/peroxidation process only to acertain extent. This
presumption is confirmed by the insignificant AOA of
the compound Ig (R = CH,COONa). Although this com-
pound possesses pronounced radical scavenging activity
(RUBENE et al. 1982), its incorporation into negatively
charged liposomes is diminished due to electrostatic re-
pulsion of negatively charged COO" groups of the lipo-
some surface.

Regarding the practical useof 1,4-DHP derivativestest-
ed in this study we suggest that it could be useful to con-
tinue research in the use of the compound Id for the
stabilization of oil-in-water systems. It is necessary to
underlinethat 1,4-DHP ismainly preferred as a prospec-
tive lipid antioxidant due to its very low toxicity. Thus,
acute toxicity (LD,,) of Diludin (compound Ib) is about
10 000 mg/kg (mice, per os) and long term administra-
tion of this compound to experimental animals does not
cause any toxic effect (GILLER et al. 1970).
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Souhrn

TIRZITIS G., TIRZITE D., HYVONEN Z. (2001): Antioxida¢ni aktivita 2,6-dimethyl-3,5-dialkoxykarbonyl-1,4-
dihydropyridini p¥i oxidaci lipidi katalyzované ionty téZkych kovii. Czech J. Food Sci., 19: 81-84.

Antioxidanty s 1,4-dihydropyridinovou strukturou, ptfedstavujici méné zavadnou alternativu fenolickych antioxidantd, byly
zkoumany za podminek obdobnych skladovanym potravinam. Antioxidacni aktivity 2,6-dimethyl-3,5-dialkoxykarbonyl-1,4-
dihydropyridint s riznymi alkylovymi substituenty o 1-16 atomech uhliku v esterovych skupinach byly stanoveny v liposomech
antioxidacni aktivitou se vyznacovaly derivaty s alkyly o 2—4 atomech uhliku v poloze 3 a 5. Antioxida¢ni aktivita zkoumanych
latek byla zavisla na jejich schopnosti vniku do struktury liposomu.

Klic¢ova slova: 1,4-dihydropyridiny; antioxidanty; oxidace katalyzovana t€Zkymi kovy; jedlé oleje
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