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SUMMARY. Free radicals produce detrimental effects on target molecules, like increased lipid, protein
and DNA peroxidation, which can be inhibited or delayed by antioxidant substances. D-003 is a mixture of
high molecular weight sugarcane wax acids that has shown to inhibit lipid peroxidation (LP) in animal
models and healthy volunteers. Grape seed extracts (GSE), rich in flavonoids, have demonstrated potent
and effective antioxidant effects in experimental and clinical studies. No previous study, however, has
compared the in vivo antioxidant effects of D-003 and GSE. This study was undertaken in order to com-
pare the effects of oral treatment with D-003 and GSE on plasma and liver LP in the rat. Male Wistar rats
were distributed into 5 groups: a control treated with acacia gum/water vehicle, two treated with D-003
and two with GSE, both at 25 and 250 mg/kg. After 4 weeks on treatment, effects on plasma LP were as-
sessed by measuring the concentrations of malondyaldehide (MDA) and total peroxides, and effects on liv-
er LP by determining the MDA concentrations generated with the enzymatic (NADPH/ADP/ClFe3) and
non-enzymatic (FeSO4/ ascorbate/KH2PO4) oxidant systems. Compared with the controls, D-003 (25 and
250 mg/kg) significantly (p < 0.001), but modestly, reduced plasma MDA (25.4% and 35.6%, respectively),
whereas GSE at 250 mg/kg, not at 25 mg/kg, lowered MDA significantly (p < 0.001) and modestly (22.4%).
At 25 mg/kg the effects of D-003 were greater than (p < 0.001) those of GSE, but at 250 mg/kg were simi-
lar. D-003 and GSE at 25 and 250 mg/kg decreased significantly (p < 0.001) plasma peroxides. With the
highest dose, the reductions with GSE (62.1%) were greater (p < 0.001) than with D-003 (49.1%). In the
liver, D-003 (25 mg/kg) reduced significantly (p < 0.0001), but modestly, the MDA concentrations generat-
ed with the enzymatic (28.4%) and the non-enzymatic system (55.8 %), effects that increased noticeably at
250 mg/kg, lowering significantly (p < 0.0001) and markedly MDA levels by 77.4% (enzymatic system) and
79.1% (non-enzymatic system). At 25 mg/kg, GSE reduced (p < 0.0001) modestly (15.0%) MDA generated
with the non-enzymatic system only, while at 250 mg/kg, it decreased significantly (p < 0.0001) and
markedly MDA concentrations generated with the enzymatic (89.4%) and the non-enzymatic system
(91.2%), more (p < 0.01) than with D-003. D-003 and GSE did not change significantly the activity of GPX,
CAT and GSHR compared with the controls. In conclusion, D-003 and GSE orally administered to rats
for 4 weeks inhibited LP in plasma and liver. At the highest dose, the effects of both treatments on plasma
MDA were modest and similar, while the effects on total peroxides were moderate, and greater with GSE.
The effects of both treatments on liver LP induced with both systems were significant and marked, D-003
was more effective at 25 mg/kg, and GSE at the highest dose, although the differences between both treat-
ments were modest. No effects on antioxidant enzymes were observed.
RESUMEN. “Comparación de los Efectos In Vivo del D-003, una Mezcla de Ácidos de Alto Peso Molecular Ob-
tenida de la Cera de Caña de Azúcar y el Extracto de Uva sobre Marcadores de Peroxidación Lipídica en Ratas”.
Los radicales libres producen efectos dañinos sobre las moléculas diana, como una incrementada peroxidación de
lípidos (PL), proteínas y del ADN, lo cual puede ser inhibido o reducido por sustancias antioxidantes. El D-003
es una mezcla de ácidos de alto peso molecular obtenida de la cera de la caña de azúcar que ha mostrado inhibir
la peroxidación lipídica en modelos animales y voluntarios sanos. El extracto de Uva, rico en flavonoides, ha de-
mostrado poseer efectos antioxidantes efectivos y potentes en estudios experimentales y clínicos. Sin embargo,
ningún estudio previo ha comparado los efectos antioxidantes in vivo del D-003 y el extracto de Uva. Este estu-
dio tiene como objetivo comparar los efectos del tratamiento oral con D-003 y el extracto de Uva sobre la peroxi-
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dación lipídica en plasma e hígado de ratas. Ratas Wistar machos se distribuyeron en 5 grupos: un control tratado
con vehículo de goma acacia/agua, dos tratados con D-003 y dos con el extracto de Uva, ambos a 25 y 250
mg/kg. Después de 4 semanas de tratamiento, se determinaron los efectos sobre la PL por cuantificar las concen-
traciones de malondialdehido (MDA) y peróxidos totales, y los efectos sobre la PL en hígado mediante la deter-
minación de las concentraciones de MDA generadas con los sistemas oxidantes enzimáticos
(NADPH/ADP/ClFe3) y no-enzimáticos (FeSO4/ ascorbate/KH2PO4). El D-003 (25 y 250 mg/kg.) redujo de mo-
do modesto (25.4 % and 35.6 %, respectivamente), y significativo (p < 0. 001) los niveles de MDA plasmático
comparado con el grupo control, mientras el extracto de Uva a 250 mg/kg., no a 25 m/kg., redujo significativa (p
< 0. 001) y modestamente el MDA (22.4%). Los efectos del D-003 a 25 mg/kg. fueron mayores (p < 0. 001) que
los del extracto de Uva, pero a 250 mg/kg fueron similares. El D-003 y el extracto de Uva a 25 y 250 mg/kg. de-
crecieron significativamente (p < 0. 001) las concentraciones de peróxidos en plasma. Con la dosis más alta del
extracto de Uva, las reducciones (62.1%) fueron mayores que con el D-003 (49.1). En el hígado, el D-003 (25
mg/kg.) redujo significativamente (p < 0. 0001), pero modestamente, las concentraciones de MDA generadas con
los sistemas enzimático (28.4 %) y no-enzimático (55.8 %), efectos que incrementaron notablemente con 250
mg/kg., disminuyendo significativamente (p < 0. 0001) y marcadamente los niveles de MDA por 77.4% (sistema
enzimático) y 79.1% (sistema no-enzimático). Con la dosis de 25 mg/kg., el extracto de uva redujo (p < 0. 0001)
modestamente (15.0 %) las concentraciones de MDA generado con el sistema enzimático solo, mientras con 250
mg/kg. decreció significativa (p < 0. 0001) y marcadamente las concentraciones de MDA generadas con los sis-
temas enzimático (89.4%) y no-enzimático (91.2%), mas que con el D-003 (p < 0. 01). El D-003 y el extracto de
Uva no cambiaron significativamente la actividad de GPX, CAT and GSHR comparado con los controles. En
conclusión, el D-003 y el extracto de Uva administrados oralmente a ratas durante 4 semanas inhibieron la PL en
plasma y en hígado. Con la dosis más alta, los efectos de ambos tratamientos sobre el MDA plasmático fueron
modestos y similares, mientras los efectos sobre peróxidos totales fueron moderados, y mayores con el extracto
de Uva. Los efectos de los dos tratamientos sobre PL en hígado inducida por ambos sistemas fueron significati-
vos y marcados, el D-003 fue más efectivo con 25 mg/kg., y el extracto de uva con la dosis más alta, aunque las
diferencias entre ambos tratamientos fueron modestas. No se observó ningún efecto sobre las enzimas antioxi-
dantes.

INTRODUCTION
Reactive oxygen species, produced by sever-

al stimulus, including metabolic processes,
cause detrimental effects, like increased lipid
peroxidation, protein peroxidation, DNA dam-
age, and cellular degeneration in target cells 1,2.
Antioxidants can inhibit or delay these process-
es, with consequent beneficial health effects, de-
spite recent studies have questioned such bene-
fits. 3,4. 

D-003 is a mixture of higher primary aliphat-
ic acids purified from sugar cane wax, contain-
ing octacosanoic (C28) acid as the most abun-
dant component, and C30, C32 and C34, and C24,
C25, C26, C27, C29, C31, C33, C35 and C36 acids at
lower concentrations 5. D-003 has shown to pro-
duce in vivo antioxidant effects in animal and
clinical studies 6-8. D-003 orally given for to rats
for 4 weeks inhibited plasma lipoproteins LP,
decreasing the production of thiobarbituric acid
reactive substances (TBARS) and of carbonyl
groups and the reduction of lysine reactivity, 6

and also reduced liver LP 7. D-003 (5 and 10
mg/d) for 60 days to healthy volunteers has
shown to inhibit copper-induced LP of low-den-
sity lipoprotein (LDL) in vivo 8. 

Flavonoids, widely distributed in plants, pro-
duce several benefits, most linked to their an-
tioxidant and anti-inflammatory properties 9-14.

The grape seed is rich in flavonoids (95 %)
15,16, and consequently, grape seed extracts
(GSE) have shown effective antioxidant effects
not only in vitro 9,17 but also in vivo 18-28. GSE
given for 8 weeks raised the plasma total antiox-
idant capacity (TAC), but unchanged plasma
TBARS in rats 18. Also, GSE (100 mg/kg, 30
days) has shown neuroprotective and in vivo
antioxidant effects in aged rats 19-23. D-003 has
increased memory performance and lowered re-
active oxygen species and protein carbonyl lev-
els 19, and increased the glutathione, Vitamin C
and Vitamin E levels 20,21 in the central nervous
system of aged rats, while decreased the age-re-
lated oxidative DNA damage in spinal cord,
cerebral cortex, striatum and hippocampus 22.
Also, GSE has suppressed LP and lowered hy-
poxic ischemic brain injury in neonatal rats 23,24.
The antioxidant effects of GSE have been relat-
ed to the enhancement of the endogenous an-
tioxidant system 21,25,26. The antioxidant effects
of GSE have been also observed in clinical trials
27,28 GSE (600 mg/d) for 5 days has shown to in-
crease serum TAC, without modify serum Vita-
mins C and E, 27 and to reduce LP of LDL in
heavy smokers 28.

Therefore, GSE represents a good standard
to compare the antioxidant effects of any sub-
stance, but no previous study had compared the
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antioxidant effects of D-003 and GSE. In light of
these facts, and that beyond to demonstrate in
vitro antioxidant profile, it is necessary to inves-
tigate the in vivo effect of potential antioxidants,
this study compared the in vivo effects of D-003
and GSE in plasma and liver LP in the rat.

MATERIALS AND METHODS
Animals

Young adult (4-6 weeks) male Wistar rats,
150 - 200g, from the National Centre for Labora-
tory Animals (CENPALAB, Havana, Cuba) were
adapted for 7 days to laboratory conditions (25
± 2 °C, 65 ± 10% humidity, and 12 h light/dark
cycles), with free access to tap water and stan-
dard rodent chow (also from CENPALAB). 

Animal management was conducted accord-
ing to the Cuban regulations for the use of labo-
ratory animals and the ethical principles for ani-
mal management. An independent board ap-
proved the study protocol as well as the animal
use for the study.

Treatments 
D-003 was produced in the Plants of Natural

Products (Havana City, Cuba) and used after
corroborate that met quality specifications,
showing the following content of high molecu-
lar weight acids (%, w/w): C24 (0.8%), C25
(0.4%), C26 (0.9%), C27 (1.1%), C28 (49.8%), C29
(2.5%), C30 (16.0%), C31 (0.9%), C32 (7.1%), C33
(1.0%), C34 (6.0%), C35 (0.5%), C36 (3.0%) as-
sessed with a validated gas chromatographic
method 29. GSE used was from Solgar (Aus-
tralia). D-003 and GSE were suspended in aca-
cia gum/H2O (10 mg/mL), and suspensions
were prepared daily.

Rats were randomly distributed into five
groups (10 rats/group): a control group treated
with the acacia gum/water vehicle, two treated
with D-003 and two with GSE, both substances
administered at 25 and 250 mg/kg. Treatments
were given orally by gastric gavage (5 mL/kg),
once a day, during the morning (8:00-10:00
a.m), 6 days a week, during four weeks. The
last dose was administered 24 h prior to the sac-
rifice.

The doses selected were 25 and 250 mg/kg
since they are within the dose range at which
both D-003 5,6 and GSE 18-22,30 had shown an-
tioxidant effects. The day after treatment com-
pletion and after overnight fasting, rats were
anaesthetized under ether atmosphere. Blood
samples were drawn from the abdominal aorta.
To asses plasma malondialdehyde (MDA) sam-

ples were collected in tubes containing 10 %
EDTA, (final concentration 1 mg/ml), cen-
trifuged for 10 min at 3000 rpm, and plasma
samples frozen at –20 °C prior to the assay,
while for measuring total peroxides another
samples (1 mL) were collected in heparinized
eppendorf tubes and stored at –20 °C prior to
the analyses. 

Subsequently, aliquots of liver tissue were
collected and processed to determine the con-
centrations of MDA generated by both the enzy-
matic and non-enzymatic oxidant systems, and
the activity of the antioxidant enzymes glutation
peroxidase (GPX), glutation reductase (GSHR)
and catalase (CAT).

Effects on plasma lipid peroxidation
The extent of LP in plasma samples was de-

termined measuring the concentrations of
TBARS and total peroxides. TBARS concentra-
tions were determined, as the plasma MDA con-
centrations determined from a MDA-bis-
(dimethyl-acetal) standard curve, and expressed
as nmol of MDA/mg of protein, as per Ohkawa
et al. 31 while plasma total hydroperoxides were
determined according to Jian et al. 32 In brief,
0.9 ml of the Fox reactive (88 mg of butyl-hy-
droxytoluene, 7.6 mg of orange xylenol, 9.8 mg
of ammonium sulphate dissolved in a mix of 90
ml methane/10 ml sulphuric acid) was added to
0.1 ml of plasma, incubated at 37 °C for 30 min
and the absorbance at 560 nm was recorded.
Total hydroperoxides concentrations were deter-
mined from a cumene hydroperoxide standard
curve, and expressed as moles/mg of tissue pro-
tein.

Effects on liver lipid peroxidation
Livers (1 g) were homogenized in 9 volumes

of 150 mM tris/HCl buffer, pH 7.4, with a Vortex
homogenizer (model VEB MLW, Germany). Ho-
mogenate aliquots were taken to assess the ef-
fects on liver LP markers, assessed through the
MDA concentrations generated by both the en-
zymatic (NADPH/ADP/ClFe3) and no enzymatic
(FeSO4/ascorbate/ KH2PO4) oxidant systems (fi-
nal volume 1 ml, protein concentration equiva-
lent to 500 µg, assessed through a modification
of Lowry method 33. 

The effects on the GPX, GSHR and CAT en-
zymes were evaluated in hepatic cytosolic frac-
tions. Tissue homogenates were centrifuged at
20000 g for 15 min, and the floating centrifuged
for 60 min at 100000 x g. The cytosolic fraction
was stored at -70 °C prior to use.
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The activity of GPX and GSHR enzymes was
measured as the fall of absorbance at 340 nm in
5 min, as a measure of the GSHR formed and
the reduction in NADPH concentrations, respec-
tively, during the NADPH/NADP conversion
during the incubation, versus a blank without
added sample, as described 34,35 and the results
were expressed in nM NADPH/min/mg protein. 

CAT enzyme activity was determined by in-
cubating with benzinidine and radish peroxi-
dase, and assessing the decrease of the coloured
reaction between benzinidine/peroxidase and
the H2O2 generated in the sample, against a
blank without the sample 36. The enzyme activi-
ty was expressed in Ux10–1/mg of protein.

Statistical Analysis
Comparisons between groups were per-

formed with the Kruskal Wallis test and paired
comparison with the control group with the
Mann Whitney U test. The level of statistical sig-
nificance was set at α = 0.05. All analyses were
performed using Statistics software for Windows
(Release 6.0, StatSoft; Inc, Tulsa, OK, USA).

RESULTS
Table 1 shows the effects of treatments on

plasma MDA and total peroxides. Compared
with the controls, D-003 (25 and 250 mg/kg)
significantly (p < 0.001), but modestly, reduced
plasma MDA (25.4 % and 35.6%, respectively),
whereas GSE at 250 mg/kg, not at 25 mg/kg,
lowered MDA significantly (p < 0.001) and mod-
estly (22.4%). At 25 mg/kg the effects of D-003
were greater than (p < 0.001) those of GSE, but

Treatment Doses (mg/kg) nmol de MDA Inhibition percent

Plasma malondialdehyde (MDA) (x ( SD)

Control 0 41.11 ± 0.86 -
D003 25 30.65 ± 0.23** *A 25.4
D003 250 26.49 ± 0.23*** 35.6
GSE 25 41.01 ± 0.61 0.2
GSE 250 31.89 ± 0.41*** 22.4

Plasma total peroxides (x ± SD)

Control 0 25.87 ± 0.84 -
D003 25 14.86± 0.81*** 42.5
D003 250 13.18 ± 0.76*** B 49.1
GSE 25 13.33 ± 1.86*** 48.4
GSE 250 9.79 ± 1.11*** 62.1

Table 1. Effects of D-003 and grape seed extract (GSE) on plasma malondialdehyde and total peroxides in rats.
(x ± SD) (mean ± standard deviation). ***p <0.001 Comparison with the control group, A p < 0. 001, B<0.01
Comparison with similar doses of GSE (Mann Whitney U test).

at 250 mg/kg were similar. D-003 and GSE at 25
and 250 mg/kg decreased significantly (p <
0.001) plasma peroxides, but D-003 effects in-
creased only modestly with the doses, and GSE
effects increased sharply. The reductions with
GSE 250 mg/kg (62.1%) were greater (p <
0.001) than with D-003 250 mg/kg (49.1%). 

Table 2 summarizes the effects of D-003 and
GSE on liver MDA generated by the enzymatic
and non-enzymatic systems. D-003 (25 mg/kg)
reduced significantly (p < 0.0001), but modestly,
the MDA concentrations generated with the en-
zymatic (28.4%) and the non-enzymatic system
(55.8%), effects that increased noticeably at 250
mg/kg, lowering significantly (p < 0. 0001) and
markedly MDA levels by 77.4% (enzymatic sys-
tem) and 79.1% (non-enzymatic system). At 25
mg/kg, GSE reduced (p < 0.0001) modestly
(15.0%) MDA generated with the non-enzymatic
system only, while at 250 mg/kg, it decreased
significantly (p < 0.0001) and markedly MDA
concentrations generated with the enzymatic
(89.4%) and the non-enzymatic system (91.2%),
more (p < 0.01) than with D-003. 

Both D-003 and GSE did not change signifi-
cantly the activity of GPX, CAT and GSHR com-
pared with the controls (Table 3).

DISCUSSION
This study confirms that D-003 has in vivo

antioxidant effects on plasma and liver LP and
demonstrates that these effects can be compara-
ble to those of GSE. At the lower dose (25
mg/kg) D-003 was more effective than GSE for
lowering plasma MDA and liver MDA concentra-
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tions generated by both the enzymatic and the
non-enzymatic systems, but at the highest dose
(250 mg/kg) the effects of GSE on lipid perox-
ides and liver LP were greater than those of D-
003, while the effects on plasma MDA were sim-
ilar. 

Nevertheless, a limitation of this study is that
only two doses were tested. Since the effects in-
creased with the two doses of both D-003 and
GSE, and no higher dose was assessed, we can-
not asseverate that the effects here presented
were the maximal effects of these treatments on

CAT (Ux10–1/mg of protein)

Control 0 3.50 ± 0.01
D-003 25 3.93 ± 0.01
D-003 250 3.56 ± 0.02
GSE 25 3.56 ± 0.02
GSE 250 3.78 ± 0.02

GPX (nM NADPH /min/mg protein)

Control 0 4.34 ± 0.16
D-003 25 4.50 ± 0.19
D-003 250 4.56 ± 0.16
GSE 25 4.50 ± 0.21
GSE 250 4.49 ± 0.23

GSHR (nM NADPH/min/mg protein)

Control 0 0.368 ± 0.01
D-003 25 0.377 ± 0.01
D-003 25 0.380 ± 0.01
GSE 250 0.378 ± 0.01
GSE 250 0.386 ± 0.01

Table 3. Effects of D-003 and GSE on antioxidant en-
zyme activities in the liver tissue. All comparisons
were not significant (Mann Whitney U test).

LP markers, despite the magnitude of the effects
on liver LP were actually marked, and probably
near to the ceiling effects. 

The effects of both treatments on plasma
MDA and total peroxides were modest and
moderate, respectively, whereas the effects on
the liver LP induced with enzymatic and non-
enzymatic system were significant and marked,
indicating that liver target was more susceptible
to the antioxidant effects of the tested sub-
stances than the plasma. 

The present results are consistent with previ-
ous data of the antioxidant effects of D-003 5,6

and GSE 19-22,37 in experimental models, which
could explain some of the pharmacological ef-
fects of both treatments. In fact, GSE has shown
to provide antioxidant effects superior than
those of Vitamins C, E and beta-carotene 37, and
has shown to produce neuroprotective 19-22, an-
tiatherosclerotic 25 and cardioprotective 26 ef-
fects. D-003 has shown to prevent against ex-
perimental atherosclerosis 38, but also against
the liver damage induced with drugs that in-
crease liver LP, like Cl4C 39 and paracetamol 40

but not that induced with galactosamine 41,
which damages the liver mainly due to impair-
ment of the protein synthesis, not through in-
creased hepatic LP. 

No treatment modified the activities of GPX,
CAT and GSHR antioxidant enzymes. In the
case of D-003 these results are consistent with
previous data demonstrating that its antioxidant
effects do not involve the increase of the antiox-
idant enzymes activities 42. Nevertheless, the an-
tioxidant effects of GSE have been mainly asso-
ciated to the enhancement of endogenous an-

Treatment Doses (mg/kg) nmol de MDA/mg protein % of inhibition

Enzymatic (FeCl3/ADP/NADPH) oxidation

Control 0 53.56 ± 0.64 -
D003 25 38.35 ± 0.85**** C 28.4
D003 250 12.11 ± 0.30**** 77.4
GSE 25 51.64 ± 0.29 3.6
GSE 250 5.67 ± 0.24**** B 89.4

Non enzymatic (FeCl3/Ascorbate) oxidation (MDA) (x ± SD)

Control 0 35.56 ± 0.23 -
D003 25 15.73 ± 0.30**** C 55.8
D003 250 7.43 ± 0.28**** B 79.1
GSE 25 30.23 ± 0.26** 15.0
GSE 250 3.13 ± 0.15**** 91.2

Table 2. Effect of D-003 and GSE on MDA levels generated in liver homogenates. (x ± SD) (mean ± standard
deviation). ** p (0.01, ****p < 0.0001 Comparisons with the control group, B p < 0. 001, C p< 0.0001. Compari-
son with similar doses of GSE (Mann Whitney U test).
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tioxidant enzymes in vitro 26 and in vivo 19-22.
The lack of effect of GSE on these enzymes
here found, however, cannot be interpreted as a
result of inadequate exposure, since GSE at 100
mg/kg has shown antioxidant effects in different
studies 19-22, including the hepatic tissue 43.
Thus, GSE (25-100 mg/kg) produced a dose-de-
pendent inhibition of 12-O-tetradecanoylphor-
bol-13-acetate (TPA)-induced LP and DNA frag-
mentation in mice brain and liver, and dose-de-
pendently inhibited the production of reactive
oxygen species in peritoneal macrophages. The
GSE (100 mg/kg) inhibition on TPA-induced
DNA fragmentation in brain and liver tissues
was similar (about 50% and 47%, respectively)
and the same occurred on LP in brain ho-
mogenates and liver mitochondria and micro-
somes. GSPE and the other antioxidants tested
in that study (vitamin C 100 mg/kg, vitamin E
succinate 100 mg/kg, beta-carotene 50 mg/kg)
prevented significantly against TPA-induced ox-
idative damage, but GSE was the most effective.
Thus, the superiority of GSE over D-003 antioxi-
dant effects here found is consistent with previ-
ous comparison with other antioxidant com-
pounds.

Despite these evidences support that GSE at
the doses here tested should prevent LP in the
hepatic tissue, as we found, most data of its ef-
fects on the antioxidant enzyme system have
been obtained in nervous tissue and cell cultures
19-22, whereas here we studied in vivo effects on
the antioxidant enzymes. Nevertheless, a study
in hepatocarcinoma cell line HepG2 exposed to

GSE (0- 100 mg/L) for 24 h found that in cells
submitted to oxidative stress the GSH content
decreased, while MDA increased. The GSE pre-
treatment (15 mg/L, 23 h) before HepG2 submis-
sion to oxidative conditions showed that mRNA
of GPX/GR increased with respect to the H202
group, whereas the GSH content was similar to
the control group. GSE, however, did not in-
crease GPx/GR enzyme activities, being hypoth-
esized that it probably improved the cellular re-
dox status via glutathione synthesis pathways in-
stead of regulating the enzyme activities 44. 

Thus, the mechanisms whereby GSE pre-
vents LP in the liver seems not involve directly
the increase of antioxidant enzyme activities, al-
though further studies should discard or confirm
the present results, exploring the effects of high-
er doses of GSE and/or longer treatments on in
vivo liver LP and specifically, on the antioxidant
enzymes.

CONCLUSIONS
D-003 and GSE orally administered to rats for

4 weeks inhibited LP in plasma and liver. At the
highest doses, the effects of both treatments on
plasma MDA were modest and similar, while the
effects on total peroxides were moderate, and
greater with GSE. The effects of both treatments
on liver LP induced with both systems were sig-
nificant and marked, D-003 was more effective
at 25mg/kg, and GSE at the highest doses, al-
though the differences between both treatments
were modest. No effects on antioxidant en-
zymes were observed.
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