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Inhibition of rat lipoprotein lipid peroxidation by
the oral administration of D003, a mixture of very
long-chain saturated fatty acids

R. Menéndez, R. Mas, A.M. Amor, N. Ledén, J. Pérez, R.M. Gonzalez, I. Rodeiro,
M. Zayas, and S. Jiménez

Abstract: Previous results have demonstrated that policosanol, a mixture of aliphatic primary alcohols isolated and pu
rified from sugar cane wax, whose main component is octacosanol, inhibited lipid peroxidation in experimental models
and human beings. D003 is a defined mixture of very long-chain saturated fatty acids, also isolated and purified from
sugar cane wax, whose main component is octacosanoic acid followed by traicontanoic, dotriacontanoic, and
tetracontanoic acids. Since very long-chain fatty acids are structurally related to their corresponding alcohols,-we inves
tigated the effect of oral treatment with D003 (0.5, 5, 50, and 100 mg/kg) over 4 weeks in reducing the susceptibility
of rat lipoprotein to oxidative modification. The combined rat lipoprotein fraction VLDL + LDL was subjected to sev

eral oxidation systems, including those containing metal ions (GuSfose having the capacity to generate free-radi

cals 2,2-azobis-2-amidinopropane hydrochloride (AAPH), and a more physiological system (resident macrophages).
D003 (5, 50, and 100 mg/kg) significantly inhibited copper-mediated conjugated-diene generation in a concentration-
dependent manner. D003 increased lag phase by 53.1, 115.3, and 119.3%, respectively, and decreased the rate of conju
gate-diene generation by 16.6, 21.5, and 19.6%, respectively. D003 also inhibited azo-compound initiated and
macrophage-mediated lipid peroxidation as judged by the significant decrease in thiobarbituric acid reactive substance
(TBARS) generation. In all the systems the maximum effect was attained at 50 mg/kg. There was also a parallel atten-
uation in the reduction of lysine amino groups and a significant reduction of carbonyl content after oxidation of lipo-
protein samples. Taken together, the present results indicate that oral administration of DO0O3 protects lipoprotein
fractions against lipid peroxidation in the lipid as well in the protein moiety.

Key words D003, very long-chain saturated fatty acids, lipoprotein lipid peroxidation.

Résumé: Les résultats antérieurs ont démontré que le policosanol, un mélange de alcools saturés qu’ont isolé et ont
purifié de cire de la canne a sucre, dont le composant principal est I'octacosanol, que présent une activité inhibitrice

sur le peroxydation des lipides dans les modeles expérimentaux et les étres humains. D003, un mélange défini de
acides gras saturés de tres longue chaine isolé et purifié de la cire de la canne a sucre aussi, dont le compesant princi
pal est I'acide octacosanoique suivie par le triacontanoique, le dotriacontanoique et I'acide tetraconanoioque. Comme
les acides gras du trés longue chaine sont en rapport avec leurs alcools correspondants structurellement présentent une
tres grand similitude, nous enquétons sur l'effet de traitement oral avec D003 (0,5, 5, 50 et 100 mg/kg) pendant 4
semaines dans réduire la susceptibilité des lipoprotéines du rat a I'oxydation. La fraction combinée des lipoprotéines
VLDL + LDL a été soumis a plusieurs systemes de I'oxydation qui incluent ceci que comprennent des ions du métal
(CusQ), ceci gu'a la capacité de produit des radicaux libres (AAPH) et dans un systéme plus physiologique
(macrophages résidant). D003 (0,5, 5, 50 et 100 mg/kg) inhibé, dans une maniére concentration dépendante, la
génération des dienes conjugués. Donc, D003 augmenté la phase latente par 53,1, 115,3 et 119,3 %, respectivement et
provoque une diminution des taux de génération des diénes conjugués par 16,6, 21,5 et 19,6 %, respectivement. D003
aussi inhibé le peroxydation commence par azo-composé et par macrophages comme nous pouvons déterminer par la
baisse significative dans génération du TBARS. Dans tous les systémes, I'effet du maximum a été atteint a 50 mg/kg.

il y avait aussi une atténuation paralléle dans la réduction des groupes du lysines des aminoacides et une réduction sig
nificative du contenu du groupes carbonyles aprés oxydation des échantillons des lipoprotéines. Pris ensemble, les
résultats présents indiquent que I'administration orale de D003 protége des fractions de lipoprotéines contre le
peroxydation lipidique dans les lipides comme dans les protéines.

Mots clés: D003, acides gras saturés de tres longue chaine, peroxydation lipidique des lipoprotéines.
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Introduction oxidant effects are observed after prolonged oral administra
o ) o . tion. It has been described that after oral administration of
Clinical trials have convincingly established that aggres gctacosanol, the main component of policosanol, it may be
sive reduction of elevated cholesterol levels, particularlygyidized and degraded in vivo to fatty acids througsbxi-
low-density lipoprotein cholesterol (LDL-C), reduces the gation and esterified with sterols and phospholipids (Kabir
progression of atherosclerosis and the incidence of coronaryng Kimura 1993, 1995 199%). In this regard, it has been
events (Lipid Research Clinical Program 1984; Frick et al.shown that fatty-alcohol oxidation can be produced in- cul
1987; Scandinavian Simvastatin Survival Study Groupy,red fibroblasts (Rizzo et al. 1988, 1990) and tBatxida
1994). However, other mechanisms beyond cholesterol lowtjye chain shortened oxidation of very long-chain fatty
ering may contribute to the beneficial effect of lipid- gicohols can occur in vitro and in vivo (Singh and Poulos
lowering therapy. _ S . 1986; Singh et al. 1987; Wanders et al. 1987). Therefore,
Low-density lipoprotein (LDL) oxidation is considered to these facts are consistent with the hypothesis that the inhibi
be a key process in early atherogenesis (Steinberg et ajon of lipid peroxidation exerted by policosanol could be
1989; Aviram 1995). LDL oxidation generates unsaturateccaysed not only by higher primary aliphatic alcohols but
aldehydes within the LDL particle, which are thought to giso by very long-chain fatty acids and chain-shortened sec
bind to the amino acid side chain of apo B, leading toa in ondary metabolites.
crease of its affinity to the scavenger receptor (Steinbrecher pog3 js a defined mixture of very long-chain saturated

1987). Unlike the LDL receptor, the scavenger receplor igagy acids that have been isolated and purified from sugar
not regulated by intracellular cholesterol. Thus, oxidized.zne wax (Gonzélez et al. 1998). Octacosanoic acid is its
LDL is awdly _taken up by macrophages, leading to the for ,5in component (GHsO, 40.0%), followed by tria
mation of lipid-laden foam cells, the hallmark of early .ontanoic (GoHeO» 21.7%), dotriacontanoic (GHg;0s,
atherosclerotic lesions (Brown and Goldstein 1983). In addi17_o%) and tetracontanoic 4Fe0, 10.2%) acids. Also,
tion to stimulating foam-cell ggneration, oxidized LDL hexacosanoic (5Hs,0,, 1.0%), heptacosanoic s,
(LDL,) exerts other effects, which may _contrlbute to the0_7%), nonacosanoic  {gHs0, 2.1%), hentriacontanoic
atherogenes!s: Earlier steps of_LDL omda’qon render an LDL(C31H62021 2.1%), tritriacontanoic (GHgsO, 2.0%), pen-
minimally oxidized (LDLp), which makes it unable to bind  taiacontancic (GH,q0, 1.0%), and hexacotriacontanoic
to t_he scavenger receptor of ma_crophages but able to '”du?é%HnOz, 1.2%) acids are present as minor components.
serious damage to the endothelial cells, through the release g;, ’o very long-chain fatty acids are structurally related to

of cytotoxic and proinflammatory products. In addition, y,qir corresponding alcohols, and different pharmacological
LDL, promotes _the _release of s_evergl growth factors tha ffects of policosanol are not only exhibited by D003 but
cause cellular migration and proliferation of smooth muscle

cells (Rosenfeld et al. 1990) and impair endothelium-derive(%%q. ?\;liﬁtne; eetffglc.:t;Og?\)/ethbeeZ?mr(ce);f)ct)rr]tiidwg\r/lkeinsdsoz asucja(tjyal.

nitric-oxide production (Tanner et al. 1991; Cowan and,[he effect of D003 administered orally (0.5, 5, 50, and
Steffgn 1995)'. . . o 100 mg/kg) to rats over 4 weeks on the susceptibility of rat
Policosanol is a mixture of aliphatic primary alcohols thaty,qotein lipid peroxidation. Because both LDL and very
are isola_ted and purified from sugar cane wax; its main-comq,, density lipoprotein (VLDL) can be oxidized, and con
ponent is octacosanol, followed by triacontanol and -NeX qjyering that rats have a small amount of LDL (Chapman
acosanol. Policosanol has proven to be an effectivgggny “\ye investigated the in vitro oxidation of lipoprotein

cholesterol-lowering agent in  experimental mOdelsfraction that contained both VLDL + LDL to co

) . X " pper-, azo
(Arruzgzabala et al. 1994; Menendez et al. 1997; ROdrIg,guezc'ompound-, and macrophage-mediated lipid peroxidation.
Echenique et al. 1994), healthy human volunteers (Hernandez

et al. 1993), and patients with type Il hypercholesterolemia
(Aneiros et al. 1995; Campilongo et al. 1997; Canetti et al. .
1995; Castafio et al. 1998, 1999, 2000; Mas et al. 199g\laterials and methods
1999).

In addition to its cholesterol-lowering effect, policosanol Materials
inhibits lipid peroxidation in experimental models (Fraga et Thiobarbituric acid (TBA), malondialdehyde bis (dimethyl
al. 1997; Menéndez et al. 1999) and human beingacetate) (MDA), trinitrobenzelsulphonic acid (TNBS), and
(Fernandez et al. 2001; Menéndez et al. 200200). 2,4-dinitrophenzylhydrazine (DNPH) were obtained from
Thus, oral administration of policosanol to rats over 4 weeksSigma (Sigma Chemical Co., St. Louis, Mo.). 2,2-Azobis-2-
partially inhibited in vitro and in vivo liver microsomal lipid amidinopropane hydrochloride (AAPH) was purchased from
peroxidation (Fraga et al. 1997) and in vitro copper-inducedNako Chemical (Osaka, Japan). All other chemicals were of
lipoprotein peroxidation (Menéndez et al. 1999). Further the best available quality. The ultracentrifuge was from
more, inhibition of LDL oxidation was also observed after Beckman (Beckman Instrument, Inc. Palo Alto, Calif.) and
oral administration of policosanol within its therapeutic dos the Ultrospec-Plus spectrophotometer was from LKB
age to healthy human volunteers (Menéndez et al. )00 (Pharmacia LKB Biotechnology, Uppsala, Sweden). Male
patients with type Il hypercholesterolemia at high coronaryWistar rats (150-180 g) and male BalC mice (20-30 g) were
risk (Menéndez et al. 20®), and elderly hypercholest purchased from the Centro Nacional para la Produccion de
erolemic women (Fernandez et al. 2001). Animales de Laboratorio (CENPALAB, La Habana, Cuba).

Nevertheless, policosanol fails to protect lipoprotein frac D003 was generously supplied by the Analytical Chemistry
tions against lipid peroxidation when directly added to theDepartment of the Center of Natural Products after corrobo
incubation mixture in a cell-free system. However, its anti ration of its quality criteria specifications.
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Animals treatment 1 x 10 cells/well and incubated at 37°C in GOand the
Male Wistar rats were allowed free access to food and waculture medium consisted of 9 vol. of Dulbecco’s modified
ter. D003 was suspended in Acacia gum-water vehicldagle’s medium (DMEM) and 1 vol. of fetal calf serum that
(10 mg/mL) and orally administered by gastric gavagecontained 5Qug of gentamicin per millilitre. After 2 h, the
(1 mL/kg). Five experimental groups were used: a controlmacrophages were washed several times with DMEM and
group receiving the vehicle and four treated groups receivingvere immediately used for experiments. LDL + VLDL sam
0.5, 5, 50, and 100 mg of D003 per kilogram, respectivelyples (100 pg/mL) were incubated up to 20 h with
All the experimental groups were treated for up to 4 weeksmacrophages (macrophage-modified) or in cell-free wells
The experiments were conducted in accordance with the et{controls). The culture medium (0.5 mL/well) consisted of
ical guidelines for investigations in laboratory animals andHam’s F-10 medium containing gentamicin (8@/mL). Af-
were approved by the Ethical Committee for Animal Experi ter incubation, EDTA and BHT were added (final concentra
mentation of the National Center for Scientific Researchtions of 20uM and 2 mM, respectively) to avoid any further
(CNIC). oxidation, and the medium was removed and centrifuged
(250 x g for 10 min at 4°C) to remove any detached cells.
Lipoprotein oxidation LDL + VLDL in the medium were assayed for TBARS as
described previously (Ohkawa et al. 1978). Calibration was

Lipoprotein from control and treated _animal; WEr€-pré yone with MDA as a standard. TBARS were expressed as
pared from fasted blood plasma by density gradient uItrf;lcer‘.,\/lDA equivalents (nmol MDA/mg cell protein).

trifugation in a Beckman ultracentrifuge (Lasser et al. 1973). : .
. . : Free amino groups were measured using TNBS
After centrifugation, VLDL + LDL fractions were removed, (Steinbrecher 1987). Aliquots of lipoprotein fractions

pooled, and dialyzed against a 200-fold volume of phos 60 were mixed with 1 mL of 4% NaHCOH 8.4) and
phate-puffered saline (PBS: 0.01 M phosphate, 0.15 Olhll?)of 0.1% TNBS. Samples wgre incuébxaﬂed fb)h at
NaCl, pH 7.4) at 4°C in the dark for 24 h. The dialysis 37°C. Then, 10QL of 10% sodium dodecyl sulphate (SDS)

buffer was purged with nitrogen and changed twice durin
this period. To investigate the effects of the addition of Doosggzg &r%oyv;slml\éagﬁleéve'lr% ealcig?r? e ?ggcm?tya\?vz?%%?gsid

in vitro on copper- and AAPH-mediated lipid peroxidation, : i

EDTA-free lipoprotein (10Qug) from nontreated rats was in- giid?ze%elricints)%gingf the absorbance obtained from non

cubated in 1 mL quartz cells with 1M CuSQ, and 5 mM bop N .

AAPH. In controls, 10puL of 0.4% Tween-20 was added, Carbpnyl groups In oxidized VLDL + LDL fracthns were

whereas treated groups received 10 DOO3 emulsions in ~d€termined according to Hazell et al. (1994). Lipoprotein
&ractlons (final concentration 1.6M) were mixed with an

0.4% Tween-20 to ensure concentrations of 5, 50, an ; . :
: ! '~ 10.€qual volume of DNPH (1 mM in HCI). After incubation for
100 pg/mL. It has been previously checked that 0.04% 0 min at 50°C, 1.5 volume of 1 M NaOH was added and

Tween-20 has no effect on lag time_and propagation_ rate. T e absorbance at 430 nm was measured. An average molar
study the effect of oral treatment with DOO3 on rat lipopro- absorption coefficient of 22 000 McnT! was used to esti-

tein lipid peroxidation, EDTA-free lipoprotein from control

and treated rats was incubated with{ld CuSQ, and 5mM mate the carbonyl content.
AAPH. AAPH is a water-soluble azo compound that ther
mally decomposes and generates water soluble peroxyl radiipid profile of plasma lipoprotein

cals at a constant rate (Frei et al. 1988). The kinetics of Cholesterol, phospholipid, and triglyceride content in the
copper-mediated oxidation were continuously monitored byipoprotein fraction of control and treated groups was deter
measuring the formation of conjugated dienes at 234 nm, usnined using kits according to the manufacturer’s instruction
ing an Ultrospec-plus spectrophotometer equipped with aBoehringer Mannheim) (cholesterol, No. 676535;
automatic six-cell position changer. The absorption wadryglicerides, No. 238473; and phospholipids, No. 691844).
measured at intervals of 10 min for a periodSoh at37°C.

Results were expressed as lag phase, the rate of oxidatiogtatistical analysis

and maximum conjugated-diene generation, according t0 pata are presented as means + SD. Statistical analysis was

Puhl et al. (1994). performed by two-tailed Mann Whitney test. Differences
The extent of AAPH-mediated oxidation was measured bywith p < 0.05 were considered statistically significant.

the thiobarbituric acid reactive substances (TBARS) assay

(Ohkawa et al. 1978). Oxidation was terminated by the -addi

tion of 10uM butylated hydroxytoluene (BHT) and refriger Results

ation at 4°C. Lipoprotein concentration was estimated by

determining protein concentration with a modified Lowry The effects of the addition of D003 in vitro on copper- and

procedure (Markwell et al. 1987). AAPH-mediated lipid peroxidation are shown in Table 1.
Cell-mediated oxidation of the VLDL + LDL fraction was When D003 was added at 0.5, 5, 50, and fig0nL, no mod

assessed as follows. After dialysis, EDTA-free VLDL + ification of lag time and propagation rate was observed. Also,

LDL samples were immediately subjected to a cell-mediated>003 did not affect the accumulation of TBARS after AAPH-

oxidation by resident macrophages that had been freshly isanitiated lipid peroxidation.

lated from male BalC mice according to de Whalley et al. The effect of in vivo administration of DO03 on the subse

(1990). Macrophages were isolated by peritoneal lavage ajuent susceptibility of rat lipoprotein was studied in several

mice (20—30 g), using ice cold Dulbecco’s PBS withoufTa oxidation systems, including those containing metal ions

and Mg*. The cells were plated in 12-well cluster plates at(CuSQ), those having the capacity to generate free radicals

© 2002 NRC Canada



16 Can. J. Physiol. Pharmacol Vol. 80, 2002

Table 1. Effects of the addition of D003 in vitro on the susceptibility of VLDL + LDL lipoprotein fraction on-cop
per- and AAPH-mediated lipid peroxidation.

Copper mediated

Treatment Duration of lag time (min) Propagation rateQD? x 10-¥min) AAPH mediated (OD)
Control 98.81+11.00 17.46+1.40 0.72+0.10
D003 5ug/mL 105.82+13.32 17.30+0.83 0.74+0.05
D003 50ug/mL 103.82+10.77 17.10+0.98 0.68+0.13
D003 100ug/mL 106.43+12.77 16.76+1.58 0.72+0.21

Note: EDTA-free lipoprotein (10Qug) isolated from nontreated animals were incubated witluWOCuSQ, and 5 mM AAPH in
the presence of vehicle (controls) and D003 (5, 50, 160nL). Results are means = SD of three experiments.
%0D, optical density.

Table 2. Effect of pretreatment with DO03 on the composition of VLDL + LDL lipoprotein frac
tion from rat plasma.

Cholesterol Triglycerides Phospholipids
Treatment (mg/mg protein) (mg/mg protein) (mg/mg protein)
Control 8.69+1.41 7.77+2.50 0.52+0.14
D003 0.5 mg/kg 8.28+1.27 6.81+1.54 0.43+0.22
D003 5 mg/kg 9.08+1.82 9.53+1.88 0.57+0.14
D003 50 mg/kg 9.60+1.69 8.32+1.13 0.48+0.14
D003 100 mg/kg 9.41+1.38 6.87+2.16 0.48+0.13

Note: Values are means + S, = 5.

Table 3. Effect of pretreatment with DO03 on the copper-mediated oxidation of VLDL + LDL as measured
by the formation of conjugated dienes.

Duration of lag phase Increase Propagation phase
Treatment (min) (%) (& OD? x 10°/min) Decrease (%)
Control 103.03+10.94 16.96+0.97
D003 0.5 mg/kg 110.23+16.79 6.9 15.43+0.99 9
D003 5 mg/kg 157.83+19.91* 53.1 14.13+0.97* 16.6
D003 50 mg/kg 221.90+6.13* 115.3 13.31+3.49* 215
D003 100 mg/kg 226.04+16.06* 119.3 13.63+2.12* 19.6

Note: Lipoprotein fractions (VLDL + LDL) were obtained 4 weeks after DO0O3 and vehicle (control) administration and
were oxidized as described in Fig. 1. Results are means + SD of three independently performed experiments, each
corresponding to a pool of 3 rat plasmas.

0D, optical density.

*p < 0.05, compared with control (Mann Whitnéy test).

(AAPH), and a more physiological system (resident macrocrease in the lag time (6.9%) and a decrease in propagation
phages). rate (9.0%) were observed when administered at 0.5 mg/kg,
Table 2 shows the effect of pretreatment with DO03 on thethese effects were not statistically significant.
composition of VLDL + LDL rat lipoprotein fractions. Pre To determine whether or not the inhibitory effect of DO03
treatment with D003 did not affect the cholesterol, phos on conjugated-diene generation is limited to the oxidation
pholipid, or triglyceride content in VLDL + LDL fraction. induced by metal ions, the effects on the oxidation of VLDL
In the copper ion oxidative system, oral administration of+ LDL by the nonmetal and aqueous radical initiator AAPH
D003 inhibited conjugated-diene generation in a concentrawere investigated. As shown in Fig. 2, oral administration of
tion-dependent manner (Table 3). Thus, the combined frad>003 also inhibited azo-compound initiated lipid per
tion VLDL + LDL isolated from the treated groups (5, 50, oxidation, since the generation of TBARS was significantly
and 100 mg/kg) were resistant to lipid peroxidation asinhibited. As occurred for copper-initiated oxidation, the
judged by the significant increase in the length of the laglowest dose assayed did not significantly inhibit the genera
phase and the significant decrease in the rate of conjugatetion of TBARS. It should be also observed that in both-sys
diene generation (Fig. 1). Thus, oral administration of DOO3tems, copper- and AAPH-initiated oxidation, the maximum
at doses of 5, 50, and 100 mg/kg significantly increased lagffect was attained at 50 mg/kg, since no additional effects
phase by 53.1, 115.3, and 119.3%, respectively, and signifiwere observed after the administration of 100 mg/kg.
cantly decreased the rate of conjugate-diene generation by It is interesting to note that DO03 reduced the susceptibil
16.6, 21.5, and 19.6%, respectively. Even when a slight inity of VLDL + LDL fractions to macrophage-mediated oxi

© 2002 NRC Canada
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Fig. 1. Representative kinetics of conjugated-diene formation of Fig. 3. Effect of pretreatment with DO03 on macrophage-induced
VLDL + LDL lipoprotein fraction. Rate of diene generation was lipid peroxidation. After dialysis, EDTA-free VLDL + LDL sam
measured in a pool of freshly prepared lipoprotein fraction of  ples isolated from control and treated rats (1@@mL) were

each experimental group. Lipoproteins (0.5 mg/mL) were incu  subjected (20 h) to a cell-mediated oxidation by resident

bated in PBS in the presence oy CuSQ,. The absorbance at macrophages freshly isolated from male BalC mice. After incu
234 nm was continuously monitored at 10 min intervals. Each bation, EDTA and butylated hydroxytoluene (BHT) were added
point represents the mean of triplicate determinations for each (final concentration of 2QuM and 2 mM, respectively) to avoid
experimental group. any further oxidation and the medium was removed and centri
fuged (250 g for 10 min at 4°C). Then TBARS were determined.

—=— Control - .
Bars show mean values + SD of triplicate experiments performed

Fig. 2. Effect of pretreatment with DO03 on the susceptibility of
VLDL + LDL fraction to azo compound-initiated oxidation as
measured by the formation of TBARS. Lipoprotein (10§)

from control and treated rats was incubated with 5 mM AAPH. 04
Oxidation was terminated by the addition of @ butylated
hydroxytoluene (BHT) and refrigeration at 4°C. TBARS were  Fig. 4. Effect of D003 pretreatment on reactive lysine groups in
measured in lipoprotein samples. Bars show mean absorbance Copper-mediated oxidized VLDL + LDL fractions. Lipoproteins
values + SD of three independently performed experiments, eactvere oxidized as described in Fig. 1 and, samples were taken at

N
1

1.8 —e— D003 5 mg/kg masu ‘ Bl 4
16 —a— 50 mg/kg with a pool of 3 rats. p < 0.05, significant difference from cen
=R 4 trol (Mann WhitneyU test).
c -4
& 12 I Control
S ] D003 0.5 mg/kg
g8 - 181 77 5 mglkg
E 0.8 = 16. B 50 mg/kg
5 06 2 E= 100 mg/kg
9 4] O 144
< o a *
0.2 = 12 _
0.0 8 10
0 100 200 300 400 ? *
Time (min) = 84
£
<
a
=

corresponding to a pool of 3 ratsp* 0.05, significant differ- various time points and analyzed for TNBS reactivity (expressed
ence from control (Mann Whitney test). as a percentage of the value obtained for nonoxidized lipoprotein
B Control fractions). Results represent the mean + SD of three experiments.
ontro % i ; ;
0.9+ [ D003 0.5 mglkg p < 0.05, significant difference from control (Mann Whitn&y
03 7 test).
€ o7] —@— % Control
L{C) 0.6+ —0— % 0.5 mg/kg
B —v— % 5 mg/kg
° 051 = —ml— % 50 mg/kg
O 0.4+ =
c c
8 o3 8 *
o .1 k] N
§ 0.2 2 N ]
0.1 = \T*
0.0+ % v
Time (min) » ?
s}
Z
dation in a dose-dependent manner, as assessed by o : : : : :

determination of TBARS generation (Fig. 3). Thus, mean 0 5 10 15 20 25

TBARS accumulation significantly decreased in the groups Time (h)

treated with 5, 50, and 100 mg/kg. As occurred for copper-

and azo-compound inhibition, the lowest dose assayed did

not protect lipoprotein fractions against lipid peroxidation.was reduced less than it was in the control. Also, formation

Besides, the maximal effect also occurred at 50 mg/kg. of carbonyl residues is diminished by D003 (5, 50, and
Treatment of VLDL + LDL fraction with CuS@reduced 100 mg/kg) in a dose-dependent manner, since the content

the TNBS reactivity (Fig. 4). However, this response wasof carbonyl groups was significantly reduced in lipoprotein

qualitatively different in controls than in treated rats. Thus,isolated from the treated group than from the control group

lysine reactivity of oxidized lipoproteins from treated groups (Fig. 5).
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Fig. 5. Effect of D003 pretreatment on carbonyl groups in-oxi  several amino acids, such as lysine, to carbonyl derivatives

dized VLDL + LDL fractions. Lipoprotein fractions were oxi (Reznick and Packer 1994). Therefore, the present results
dized in the presence of AAPH as described in Fig. 2. After 3 h,suggest that DO03 could also protect the protein moiety of

lipoprotein fractions (final concentration 118M) were mixed the lipoprotein.

with an equal volume of DNPH (1 mM in HCI). After incuba As we mentioned above, policosanol, a mixture of higher

tion for 30 min at 50°C, 1.5 volumefd M NaOH wasadded aliphatic alcohols, inhibited rat lipoprotein lipid peroxidation

and the absorbance at 430 nm was measured. An avera ge mo'%Menéndez et al. 1999). Therefore, the effect of D003 on
absorption coefficient of 22 000 WcnT! was used to estimate VLDL + LDL rat lipoprotein fractions is reasonable, bearing
the carbonyl content. Results represent the mean + SD of three jn mind that higher aliphatic acids are structurally similar to

experiments. their respective alcohols. However, the effects of D003 are
B Control more pronounced since the antioxidant effects of policosanol
] D003 0.5 mg/kg on the combined rat lipoprotein fraction VLDL + LDL were
. 777 5 mglkg observed after administration during a similar period of time
104 BB 50 mglkg but at higher doses (Menéndez et al. 1999). This fact seems
*  E= 100 mg/kg to be reasonable considering not only that the major cempo
’% . nent of policosanol could be possibly metabolized to its cor
i * responding acid (Kabir and Kimura 1993, 189399%) but
] * also that it is an active metabolite of policosanol (Mas
61 L 2000). Thus, since the major component of D003 is
octacosanoic acid, the metabolic transformation from -alco

hol to acid form is not necessary and the effect of D003 can
be exerted more directly.

2 The mechanism of action whereby pretreatment with

Carbonyl groups (

] D003 prevents the oxidation of the combined fraction VLDL
0 . + LDL is beyond the objective of the present work. How-

ever, as mentioned above, D003 protects the combined frac-
tion VLDL + LDL from metal and nonmetal lipid
. . peroxidation. Geiseg and Esterbauer (1994) have established
Discussion that the sensitivity of LDL to copper-initiated oxidation was

The present study demonstrated that oral administration losely related to the occupation of pro-oxidant binding sites

D003 (5, 50, and 100 mg/kg) for 4 weeks inhibited the in vi- Y COPPer. On the other hand, AAPH is a water-soluble azo-
tro oxidation of VLDL + LDL rat lipoprotein fractions. Oral compou_nd that generates free radicals in the aqueous ph.ase,
administration of D003 prolonged the stability of rat lipo- @nd radicals that diffuse into LDL from the medium can ini-
protein fractions against free radicals generated by the thefl@t€ oxidation (Thomas et al. 1997). Therefore, the effects
mal decomposition of AAPH and in the presence of coppePf D_003 on the oxidative modlflcauon_ of rat lipoprotein
ions. It is interesting to note that oral administration of D003/Tactions are not only related to a chelating action on copper
inhibited macrophage-induced lipid peroxidation. Oxidative'®NS: _ . o
modification of LDL has been demonstrated to occur in vivo However, it should be considered that when added in vi
(Haberland et al. 1988; Rosenfeld et al. 1990; Hoff andtro, DOO3 did not prevent copper- and AAPH-mediated- oxi
Gaubatz 1982) and therefore the oxidative modification ofdation of the combined fraction VLDL + LDL, even at high.
LDL in the arterial wall is currently believed to be central in concentrations. It suggests that D003 is not an antioxidant it
the generation of the atherosclerotic plaque. Arterial walls€lf. As seen in the present work, the effect of D003 is de
cells, including macrophages can mediate lipid peroxidatioriected after prolonged treatment because, as occurred when
of LDL (Leake and Rankin 1990). The oxidized LDL pos added in vitro, a single dose does not give the same result
sesses several atherogenic properties, including itgesults not shown). .Therefo.re, we believe that the an-tI'OXI
cytotoxicity to arterial cells, its proinflammatory and pro dant effect of DOO3 is not directly related to the chemical
thrombotic characteristics, and its enhanced uptake bgtructure of the components of D0O03.

macrophages via scavenger receptors (Krieger 1997). Thus, An alternative explanation for the antioxidant effects of
the finding that DOO3 protected VLDL + LDL against cell- D003 may be related to the lipid composition of the lipopro
mediated oxidation suggests that DO03 might also protedein particles. Frei and Gaziano (1993) have demonstrated
lipoproteins in vivo. There was also a parallel attenuation inthat the increase in cholesterol content in lipoprotein fraction
the reduction of lysine amino groups and the carbonylwas associated with an increased susceptibility to lipid
groups of the VLDL + LDL fraction after DOO3 administra peroxidation to copper ions and aqueous peroxyl radicals.
tion. It has been shown previously that oxidation of LDL is However, no modifications in cholesterol, triglyceride, and
accompanied by a marked decrease in amino group reactiphospholipid content in lipoprotein fractions were observed
ity (Steinbrecher 1987). Derivatization of lysine epsilon- after administration of D003 in this concentration range.
amino group residues of apolipoprotein B are produced byevertheless, esterified unsaturated fatty acyl side chains of
aldehydes derived from peroxidation of lipids, causing a delipids are the true substrates for lipid peroxidation and thus
crease in TNBS reactivity. Also, it is known that the attackthey are directly related to the oxidative susceptibility of
of free radicals can transform side chain amine groups oEDL. It has been demonstrated that the reduction of polyun
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saturated fatty-acid content of lipoprotein can reduce the con hipercolsterolemia tipo Il. Estudio abierto. La prensa
susceptibility of these particles to oxidative modification by ~Médica Argentina83: 665-672.

reducing the number of fatty acids as targets for lipidCanetti M., Morera, M.S., llinait, J., Mas, R., Fernandez, J.,
peroxidation (Parthasarathy et al. 1990; Scaccini et al. Castafio, G., and Fernandez, J.C. 1995. One-year study on the
1992). Therefore, further studies should be conducted-to in effect of policosanol (5 mg-twice-a-day) on lipid profile in-pa
vestigate the composition of fatty acids transported by t2|erl1ts with type Il hypercholesterolemia. Adv. Therapg, 245—

VLDL and LDL after DOO3 administration. 5 . ) ) ) )
Castafio, G., Mas, R., Fernandez, L., Fernandez, J.C., llinait, J.,

and Sellman, E. 1998. A double-blind placebo controlled study
of the effect of policosanol in patients with intermittent
claudication. Angiology J. Vasc. Di&0: 123-130.

. o . Castafio, G., Mas, R., Fernandez, J.C., Lopez, L.E., and
is by far the most abundant antioxidant in LDL and the ca Fernandez, L. 1999. A long-term open study of the efficacy and

pacity of |Ip0perEIn pa.lmdes to resist oxidation can be in tolerability of policosanol in patients high global coronary risk.

creased by increasing the amount of endogenous . Ther. Res60: 379-391.

antioxidants in the particles (Dieber-Rotheneder et al. 1991¢astafio, G., Mas, R., Fernandez, L., Fernandez, J.C., lllanit, J.,

Harats et al. 1991; Jailal et al: 195_91; Princen et al. 1992). Lépez, L.E., and Alvarez, E. 2000. Effect of policosanol on

Therefore, measurements of vitamin E content of the-com  postmenopausal women with type Il hypercholesterolemia.

bined lipoprotein fraction in control and treated groups Gynecol. Endocrinol13: 1-9.

would more definitely show by which mechanism D003 in chapman, M.J. 1980. Animal lipoprotein: chemistry, structure and

hibited lipoprotein oxidation. comparative aspects. J. Lipid R&l: 789-853.

In summary, the present study demonstrates that oral adowan, C.L., and Steffen, R.P. 1995. Lysophosphatidylcholire in
ministration of D003 (5, 50, and 100 mg/kg) over 4 weeks hibits relaxation of rabbit abdominal aorta mediated by endothe
protected combined rat lipoprotein fraction containing lium-derived nitic  oxide and  endothelium-derived
VLDL + LDL against lipid peroxidation. D003 inhibited, in hyperpolarizing factor independent of protein kinase C activa
a dose-dependent manner, copper-mediated conjugated-diendion. Arteriorcler. Thromb. Vasc. Bioll5: 2290-2297.
generation as judged by the significant increase in the lengtde Whalley, C.V., Ramkin, S.M., Hoult, J.R., Jessup, W., and
of the lag phase and the decrease in the propagation rate.Leaker, D.S. 1987. Flavonoids inhibit the oxidative modification
Also, oral administration of D003 at the same concentration ©Of low-density lipoprotein by macrophages. Biochem.
range inhibited AAPH-initiated lipid peroxidation, since Pharmacol39: 1743-1750. _

TBARS generation was significantly inhibited in the treatedDieber-Rotheneder, M., Ouhl, H., Waeg, G., Striegl, G., and

groups. In addition, D003 inhibited macrophage-mediated Esterbauer, H. 199.1. Ef:fect of oral supplmentation W|.th q-alpha-

TBARS generation. There was also a parallel attenuation in °copherol on the vitamin content of human low density lipopro-

the reduction of lysine amino groups and a significant reduc- telp and its 0><|da't|on resnstange. J. Lipid. 'RGQ. 1325-1332.

tion of carbonyl content after oxidation of lipoprotein sam- Fegandglz, J'F(;'MMas’dR"A:l Castanlg, Sdbgllegendez,_ R, A][n(;r, AﬁM"

ples. Taken together, the present results indicate that oral C;Cr;zaasg, toléré[b?llirt]y ofvsgﬁibsénol Vs ﬂﬂ\r?apsfgtsir?g ic:] telzeel’lyl-

ecinstiaton of DOOS protects Ipoprtein aclon 1 e _fpercholsterolemic women. cin. nvedt: 163113

Previous experiments have shown that D003 also reduees s'érasgaéxa mgge;delzégi" éf?e]gtr, oﬁ'gﬂdfic(gggﬁg:egﬁ %'\\/I/it’rg”;r?g elﬁ '

rL_Jm cholesterol LDL-C levels in noerChc’le_s‘terOIemi?'rab vi;/'o rat Iiver’ mi.crosor.nal lipid peroxidation. Arch. Med. Res.

bits (Mendoza et al. 2001) and exhibits antithrombotic and g 355 _360.

platelet effects in experlm_ental models (Mqllna et al. 2001) frei. B., and Gaziano, J.M. 1993. Content of antioxidant - pre

These effects together with DO03's antioxidant effects may formed lipid hydroperoxides and cholesterol as predictors of

have great potential in preventing deleterious events involved sysceptibility of human LDL to metal ion-dependent and inde

in the pathogenesis of atherosclerosis. pendent oxidation. J. Lipid Re84: 2135-2145.

Frei, B., Stocker, R., and Ames, B.N. 1988. Antioxidant defenses
and lipid peroxidation in human blood plasma. Proc. Natl. Acad.
Sci. U.S.A.85: 9748-9752.

Aneiros, E., Mas, R., Calderén, B., llinait, J., and Fernandez, LFrick, M.E., Elo, O., and Haapa, K. 1987. Helsinki heart study:
1995. Effects of policosanol in lowering cholesterol levels in pa  Primary intervention trial with gemfibrozil in middle age men
tients with type Il hypercholesterolemia. Curr. Ther. RB6: with dislypidemia. N. Engl. J. Med317: 1237-1245.

176—181. Geiseg, S.P., and Esterbauer, H. 1994. Low-density lipoprotein is
Arruzazabala, M.L., Carbajal, D., Mas, R., Molina, V., Valdés, S., saturable by pro-oxidant copper. FEBS L&43 188-194.

and Laguna, A. 1994. Cholesterol lowering effect of policosanolGonzalez, L., Marrero, D., Laguna, A., Mas, R., Arruzazabala,

An important factor that should be further considered is
the antioxidant content of lipoprotein in control and D0OO03-
treated groups. Lipoprotein contains a number of antioxi
dants that can inhibit lipid peroxidation. However, vitamin E
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