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ABSTRACT 
 
D-002, a mixture of high molecular weight alcohols from beeswax (Appis 
mellifera), and grape seed extract (Vitis vinifera, L), rich in flavonoids, 
presents antioxidant effects, but no previous study had compared such effects. 
The aim of this study was to investigate the effects of D-002, grape seed 
extract and their combined therapy on rat plasma and liver oxidative markers. 
Two experiments were conducted. First experiment: rats were distributed into 
seven groups: a vehicle control, three D-002-treated, three grape seed 
extract-treated (25, 100 and 250 mg/kg/day, respectively). Second 
experiment: rats were randomized into four groups: one vehicle control and 
three treated with D-002, grape seed extract or their combined therapy (25 
mg/kg/day). Treatments were given orally for 30 days. In the first experiment: 
D-002 and grape seed extract (25-250mg/kg/day) reduced plasma 
malondialdehyde, total hydroperoxides, carbonyl groups and liver 
malondialdehyde formation with similar efficacy, but unchanged blood 
superoxide dismutase. Second experiment: each monotherapy produced 
significant and comparable reductions of plasma malondialdehyde, carbonyl 
groups and liver malondialdehyde formation. The combined therapy lowered 
plasma oxidative variables was more effectively than each monotherapy, and 
reduced liver malondialdehyde more than grape seed extract, not than D-002. 
In conclusions D-002 and grape seed extract (25-250 mg/kg/day) significantly 
and similarly reduced plasma oxidative variables and liver malondialdehyde 
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formation, without modifying blood superoxide dismutase. The combined 
therapy displayed benefits over each monotherapy regarding to plasma 
oxidative variables, whereas regarding to liver malondialdehyde was more 
effective than grape seed extract, not than D-002. 
 
Key words: D-002, grape seed extract, lipid peroxidation, protein oxidation. 
 
 
 
RESUMEN 
 
El D-002, mezcla de alcoholes de alto peso molecular obtenida de la cera de 
las abejas (Appis mellifera) y el extracto de semillas de uva (Vitis vinifera, L), 
rico en flavonoides, presentan efectos antioxidantes, pero estudios previos no 
han comparado tales efectos. El objetivo de este estudio fue investigar el 
efecto del D-002, el extracto de semillas de uva y su terapia combinada sobre 
marcadores oxidativos en plasma e hígado de ratas. Se realizaron dos 
experimentos. En el primero las ratas se distribuyeron en siete grupos, un 
control tratado con el vehículo, tres tratados con D-002 y tres con extracto de 
semillas de uva (25, 100 y 250 mg/kg/día, respectivamente). En el segundo 
experimento las ratas se distribuyeron en cuatro grupos, un control tratado 
con el vehículo y tres tratados con D-002, extracto de semillas de uva o su 
terapia combinada (25 mg/kg/día). Los tratamientos se administraron 
oralmente durante 30 días. En el primer experimento el D-002 y el extracto de 
semillas de uva (25 - 250 mg/kg/día) redujeron las concentraciones 
plasmáticas de malondialdehido, hidroperóxidos totales y grupos carbonilos, 
así como la formación de malondialdehido en hígado con similar eficacia, pero 
no modificaron la superoxido dismutasa en sangre. En el segundo experimento 
cada monoterapia produjo una reducción significativa y comparable de las 
concentraciones de malondialdehido y grupos carbonilos en plasma, así como 
la formación de malondialdehido en hígado. La terapia combinada disminuyó 
las variables oxidativas plasmáticas más efectivamente que cada monoterapia, 
y redujo las concentraciones de malondialdehido en hígado más que el 
extracto de semillas de uva, pero no que el D-002. En conclusión, el D-002 y el 
extracto de semillas de uva (25-250 mg/kg/day) redujeron significativamente 
y  similarmente las variables oxidativas en plasma y la formación de 
malondialdehido en hígado, sin modificar la superoxido dismutasa en sangre. 
La terapia combinada mostró un beneficio sobre cada monoterapia con 
respecto a las variables oxidativas en plasma, mientras que en relación a la 
formación de malondialdehido en hígado fue más efectivo que el extracto de 
semillas de uva, pero no que el D-002. 
 
Palabras claves: D-002, extracto de semilla de uva, peroxidación lipídica, 
oxidación proteica. 
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1. INTRODUCTION 
 
Oxygen free radicals and reactive oxygen species (ROS) produce cell damage 
by several mechanisms, like lipid, protein and dexosirribonucleic acid (DNA) 
oxidation. On the other hand, the cell defence against oxidation forces is 
determined by the interaction between antioxidant enzymes (superoxide 
dismutase –SOD,  glutathione peroxidase –GSHPx-) and molecules 
(glutathione –GSH-, α-tocopherol, ascorbic acid).1, 2    
 

Due to the production of ROS, oxidative stress has been implicated in the 
pathogenesis of several diseases, like cardiovascular, osteoarticular and 
digestive diseases and cancer.3-5 It seems logical to expect that antioxidant 
substances can ameliorate free radical-related pathological conditions,1, 2, 6 as 
supports several experimental studies, despite the fact that some clinical 
studies and reviews have questioned the health benefits of antioxidants.7, 8 

 

D-002 is a mixture of six high molecular weight alcohols purified from the 
beeswax that contains triacontanol (C30) as the main component, and 
tetracosanol (C24), hexacosanol (C26), octacosanol (C28), tetratriacontanol (C32) 
and tetracontanol (C34) alcohols at lower concentrations.9 D-002 orally given to 
rats for 2 weeks reduced the susceptibility of plasma lipoproteins to undergo 
lipid peroxidation (LP), lowering the levels of malondialdehyde (MDA), in rat 
plasma, stomach, liver and brain,10-12 and increased the activity of antioxidant 
endogenous enzymes.11  In turn, D-002 (50 mg/d) orally administered for 12 
weeks has been shown to inhibit copper-induced LP of plasma lipoproteins, and 
plasma levels of MDA and total hydroperoxides (TOH) in healthy volunteers, 
middle-aged and older subjects,13-15 and to increase plasma total antioxidant 
status (TAS). 
 
Grape seed extracts (GSE), rich in flavonoids, mainly proanthocyanidin, have 
been shown to produce effective antioxidant effects in vitro and in vivo. 16-18  
 
Oral treatment with GSE for 4 weeks has decreased the levels of plasma 
protein-linked carbonyl groups and ROS, while increased memory 
performance, and the levels of glutathione, Vitamin C and Vitamin E in the 
central nervous system of aged rats, 19 and has suppressed LP and lowered 
hypoxic ischemic brain injury in neonatal rats.20, 21 The antioxidant effects of 
GSE have been related to the enhancement of the endogenous antioxidant 
system.22, 23 

 

Clinical trials have been also shown the antioxidant effects of GSE.24, 25 
Treatment with GSE (600 mg/day) has been shown to increase serum TAS, 
and to reduce the extent LP of LDL in heavy smokers.24  
 
Nevertheless, no previous study had compared the antioxidant effects of D-
002 and GSE, and of the combined therapy with these two substances. In light 
of these facts, the aim of this study was to compare the antioxidant effects of 
D-002, GSE and combined therapy on plasma and liver oxidative variables in 
the rat. 
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2. MATERIALS AND METHODS  
 
Animals: Young adult (4 – 6 weeks) male Wistar rats, 150 – 200 g, from the 
National Centre for Laboratory Animals (CENPALAB, Havana, Cuba) were 
adapted for 7 days to laboratory conditions (25 ± 2 oC, 60 ± 10 % relative 
humidity and 12 hour light/dark cycles), with free access to tap water and 
standard rodent chow (from CENPALAB). Animal management complied with 
Cuban regulations for the use of laboratory animals and the ethical principles 
for animal management. An independent board approved the study protocol 
and the animal use. 
 
Administration and dosage: The batch of D-002 was obtained from the 
Plants of Natural Products (Havana City, Cuba), the high molecular weight 
composition and purity [w/w] of the tested batch, assessed with a validated 
gas chromatography method, 26 were as follows: C24 8.3 %, C26 11.3 %, C28 
14.4 %, C30 30.1 %, C32 22.4 % and C34 3.1 %, purity of 89.6 %. Results 
complied with substance specifications.  
 
GSE (85 % in proanthocyanidine) came from Blackmores (Sydney, Australia).  
D-002 and GSE powders were suspended in acacia gum/H2O (10 mg/mL). 
Suspensions were prepared daily, 1 hour before use.  
 
Two experiments were conducted. First experiment: Rats were randomized 
into seven groups (10 rats/group): a vehicle control, three groups treated with 
D-002 (25, 100 and 250 mg/kg/day, respectively) and three with similar doses 
of GSE. Second experiment: Rats were randomised into four groups (10 
rats/group): a vehicle control and three groups treated with D-002, GSE or the 
combined therapy D-002 + GSE, all at 25 mg/kg/day, a submaximal dose in 
the first experiment. 
 
In both experiments, treatments (vehicle, D-002 or GSE) were given by gastric 
gavage through the oral route (1 mL/rat), once daily, in the morning (08:00-
10:00) during 4 weeks. 
 
In the first experiment, we assessed the effects on plasma MDA, TOH, protein-
linked carbonyl groups and SOD, and on the enzymatic and spontaneous 
formation of MDA in the liver. In the second experiment, we assessed the 
effects on plasma MDA, carbonyl groups and liver MDA concentrations 
generated by spontaneous oxidation.  
 
Euthanasia: The day after treatment completion and after overnight fasting, 
rats were anaesthetised under ether atmosphere for blood samples drawing 
from the abdominal aorta and immediately euthanized by bleeding.  
 
Samples: To assess the levels of plasma MDA, blood samples were collected 
in tubes containing 10 % EDTA, (final concentration 1 mg/mL), centrifuged for 
10 minutes at 3 000 rev/min-1, and plasma samples frozen at -20 oC prior to 
the assay, while for measuring total peroxides other samples (1 mL) were 
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collected in heparinized eppendorf tubes and stored at -20 oC prior to the 
analyses. After sacrifice of rats, aliquots of liver tissue were collected and 
processed to determine the MDA concentrations generated by spontaneous 
oxidation. 
 
Effects on plasma oxidative variables 
 
All determinations of plasma oxidative variables were done as triplicates. In all 
cases, protein concentrations were assessed with a modified Lowry method.27 

 

Effects on plasma MDA levels. Lipid peroxidation was assessed through the 
formation of thiobarbituric acid reactive substances (TBARS).28  For that, 0.5 
mL of plasma were added to 0.2 mL of 8.1 % SDS plus 1.5 mL of acetic acid 
20 % (pH 3.5), and 1.5 mL of thiobarbituric acid (TBA) (0.8 %) and heated to 
95 oC for 1 hours. To prevent the production of TBA reactants was added to 
the mixtures, 50 μL of butylated hydroxytoluene (BHT) (1 mmol/L). After 
cooling, were added 5 mL of a mixture of n-butanol:piridine (15:1 v/v), a 
mixture was shaken and centrifuged. The absorbance of the organic layer at 
532 nm was measured. Concentrations of TBARS were expressed as nmol of 
MDA/mg of protein, using freshly diluted malondialdehyde bis (dimethyl acetal) 
as standard.  
 
Effects on plasma TOH levels. Plasma TOH levels were determined according to 
Jiang et al. 29 Briefly, 0.9 mL of Fox reactive (88 mg of BHT, 7.6 mg of orange 
xylenol, and 9.8 mg of ammonium sulphate) dissolved in a mixture of 
methanol/ sulphuric acid (9:1) was added to 0.1 mL of heparinised plasma. 
This mixture was incubated at 37 0C for 30 minutes and the absorbance was 
measured at 560 nm. A cumene hydroperoxide standard curve was performed 
for calculating TOH concentrations, which were expressed as mol/mg of tissue 
protein. 
 
Effects on protein-linked carbonyl groups. Protein oxidation was assayed 
through the dinitro-phenyl-hydrazine (DNPH) assay.30 In brief, plasma samples 
were measured at 280/260 nm to discard the presence of nucleic acids. In all 
cases streptomycin sulphate 1 % was added to eliminate nucleic acids. After 
that, a plasma volume equivalent to 50 mg of protein was added to 4 mL of 
DNPH 10 mmol/L dissolved in HCl 2.5 mol/L. The mixture was vigorously 
stirred and placed in the darkness for 1 h, 5 mL of trichloroacetic acid at 10 % 
were added, and the mixture centrifuged at 3000 rev/min-1 for 15 minutes. 
The protein pellet was washed three times with a mixture of ethanol: ethyl 
acetate (1:1, v/v) to eliminate the excess of DNPH. The protein pellet was 
dissolved in 2 mL of guanidine 6 mol/L. Optical density was measured at 450 
nm (coefficient of molar extinction: 22000 M-1) and the concentration of 
carbonyl groups was reported in nmol/mg of protein.  
 
Effects on liver MDA concentrations  
 
Livers (1g) were homogenized in 9 volumes of 150 mM tris/HCl buffer, pH 7.4, 
with a Vortex homogenizer (model VEB MLW, Germany). Homogenates were 



REDVET Rev. electrón. vet. http://www.veterinaria.org/revistas/redvet  
2012 Volumen 13 Nº 4 - http://www.veterinaria.org/revistas/redvet/n040412.html 

6/13 

Efectos del D-002, el extracto de semilla de uva y su terapia combinada sobre marcadores oxidativos en ratas 
http://www.veterinaria.org/revistas/redvet/n040412/041205.pdf 
 
 

6

incubated at 37 oC for 60 minutes with no addition (spontaneous) or after 
adding a free radical generating system (NADPH/ADP/FeCl3) (enzymatic 
system), and aliquots (final volume 1 mL, protein concentration equivalent to 
500 μg) were taken to determine liver concentrations of MDA as referred 
above. 28 MDA concentrations were determined from a standard curve of 
malondialdehyde bis (dimethyl acetal) and reported as nmol MDA/mg protein.  
 
Effects on SOD activity in whole blood 
 
The SOD activity was measured through the enzymatic method 
xanthine/xanthine oxidase using the reagent kit Randox SD125 (Randox, UK). 
In brief, 0.5 mL of whole blood mixed with EDTA were centrifuged at 3000 
rev/min-1 for 10 minutes and red blood cells pellet was successively washed 
four times with 3 mL of a NaCl solution (0.9 %) and centrifuged after each 
wash-out. Two mL of cool distilled water were added to the pellet. This mixture 
was placed at 4 0C for 15 minutes in order to achieve the lysis of the 
erythrocytes, being diluted 50 times with phosphate buffer (0.01 mol/L, pH 7) 
(final dilution factor:200). Samples were measured at 505 nm. SOD values 
were reported as SOD U/mL of whole blood. 
 
Statistical Analysis  
 
Comparisons between groups were performed with the Kruskal Wallis test and 
paired comparisons versus the control group with the Mann Whitney U test. 
The level of statistical significance was set at α=0.05. All analyses were 
performed using Statistics software for Windows (Release 6.0, StatSoft; Inc, 
USA). 
 
3. RESULTS 
 
First experiment 
 
The effects of both treatments on plasma LP markers are shown in Table 1. D-
002 (25, 100 and 250 mg/kg/day) significantly, but modestly reduced plasma 
MDA and TOH, and similar effects were obtained with similar doses of GSE.  
 
Treatment with D-002 (25, 100 and 250 mg/kg/day) reduced plasma protein-
carbonyl groups, while similar reductions were obtained with the same doses 
of GSE. No treatment affected SOD activity in whole blood (Table 2).  
 
D-002 and GSE (25, 100 and 250 mg/kg/day) also similar and significantly 
lowered liver concentrations of MDA induced by the enzymatic and 
spontaneous oxidation (Table 3).  
 
Second experiment  
 
The effects of D-002, GSE and D-002 + GSE on rat plasma and liver oxidative 
markers are shown in Table 4. Compared with the controls, oral treatment with 
D-002 at 25 mg/kg/day, significantly (p<0.05), but modestly (<30 %), 
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reduced plasma MDA and protein-linked carbonyl groups, and similar effects 
were obtained with GSE 25 mg/kg/day. The combined therapy D-002 + GSE 
significantly (p<0.001) lowered plasma levels of MDA and carbonyl groups. 
The reductions achieved with this combination therapy were significantly 
greater than the independent effects of both monotherapies and their 
magnitude near, but slightly lower, than the sum of the effects of D-002 and 
GSE administered alone. 
 
Liver MDA concentrations generated by spontaneous oxidation were 
significantly, but modestly, reduced (p<0.01) by D-002 and GSE, while the 
combined therapy reduced such values more effectively (p <0.05) than GSE, 
not than D-002, although the magnitude of the reduction was near, but did not 
reach the sum of the independent effects of each therapy. 
 
 
Table 1. Effects of D-002 and grape seed extract (GSE) on rat plasma 
lipid oxidation markers 
 

Treatment MDA  
(nmol/mg 
protein) 

Inhibit
ion 
(%) 

TOH 
(nmol/mg 
protein) 

Inhibitio
n (%) 

Control 58.92 ± 4.57 - 31.05 ± 3.23 - 
Effects of D-002 
D-002 
(25mg/kg) 

42.91 ± 3.66* 27.1 23.63 ± 1.10* 23.9 

D-002 
(100mg/kg) 

36.60 ± 3.20** 37.9   21.41 ± 
1.03** 

31.0 

D-002 
(250mg/kg) 

36.89 ± 3.46** 37.4   21.01 ± 
1.29** 

32.2 

Effects of GSE 
GSE 
(25mg/kg) 

38.06 ± 3.22** 35.4 23.63 ± 0.92* 23.9 

GSE 
(100mg/kg) 

36.57 ± 2.37** 37.9       23.04 ± 
0.99** 

25.8 

GSE 
(250mg/kg) 

36.81 ± 
0.73*** 

37.5   22.24 ± 
1.06** 

28.4 

MDA malondialdehyde, GSE grape seed extract, Mean ± SE 
*p<0.05, **p<0.01, ***p<0.001. Comparisons with control  
Differences between same doses of D-002 and GSE were not significant  
(Mann Whitney U test) 
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Table 2. Effects of D-002 and grape seed extract (GSE) on rat plasma 
protein-linked carbonyl groups and on superoxyde dismutase (SOD)  
 

Treatment Protein-linked 
carbonyl groups 
(nmol/mg protein) 

Inhibit
ion 
(%) 

SOD 
(UI/mL of 
whole blood) 

Control 1.57 ± 0.12 - 561.93 ± 19.2 
Effects of D-002 
D-002 (25mg/kg) 1.27 ± 0.11* 19.1 522.85 ± 16.4 
D-002 
(100mg/kg) 

  1.15 ± 0.06** 26.7 523.09 ± 19.3 

D-002 
(250mg/kg) 

  1.16 ± 0.07** 26.1 561.68 ± 18.6 

Effects of GSE 
GSE (25mg/kg) 1.30 ± 0.05* 17.2 557.91 ± 24.7 
GSE (100mg/kg)   1.22 ± 0.05** 22.3 554.31 ± 18.08 
GSE (250mg/kg)     0.95 ± 0.11*** 39.5 570.11 ± 27.14 

GSE: grape seed extract, Mean ± SE  
*p<0.05, **p<0.01, ***p<0.001, Comparisons with control 
 Differences between same doses of D-002 and GSE were not significant 
 (Mann Whitney U test) 
 
Table 3. Effects of D-002 and grape seed extract (GSE) on rat liver 
MDA concentrations (nmol de MDA/mg protein) induced by 
spontaneous and enzymatic oxidation  
 
Treatment MDA 

concentrations 
generated by 
spontaneous 
oxidation 

Inhibiti
on (%) 

MDA 
concentrations 
generated by 
Enzymatic 
oxidation 

Inhibiti
on (%) 

Control 87.75 ± 4.73 - 36.15 ± 2.54 - 
Effects of D-002 
D-002 
(25mg/kg) 

63.80 ± 4.38** 27.3 28.01 ± 2.63* 22.5 

D-002 
(100mg/kg) 

47.95 ± 3.89*** 45.4 22.05 ± 2.13** 39.0 

D-002 
(250mg/kg) 

45.78 ± 5.28*** 47.8 22.08 ± 1.83** 38.9 

Effects of GSE 
GSE 
(25mg/kg) 

66.32 ± 5.58**  24.4           28.20 ± 
3.29 

22.0 

GSE 
(100mg/kg) 

53.06 ± 4.70*** 39.5 24.36 ± 2.42** 32.6 

GSE 
(250mg/kg) 

48.47 ± 5.50*** 44.8 20.64 ±1.36*** 42.9 

GSE grape seed extract, Mean ± SE  
*p<0.05, **p<0.01, ***p<0.001 Comparison with control 
 Differences between same doses of D-002 and GSE were not significant (Mann Whitney U test) 
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Table 4. Effects of D-002, grape seed extract (GSE) and the combined 
therapy on oxidative variables in rat plasma and liver 
 

Treatment Oxidative variables Inhibition 
(%) 

Effects on plasma malondialdehyde (MDA) (nmol de MDA/mg 
protein) 
Control 76.22 ±  6.27 - 
D-002 (25mg/kg)    55.40 ± 3.33 *+ 27.3 
GSE (25mg/kg)    54.97 ± 5.07 *+ 27.8 
D-002 + GSE (both 25 
mg/kg) 

    38.04 ± 2.08 *** 50.1 

Effects on plasma protein-linked carbonyl groups (nmol/mg 
protein) 
Control 1.43 ± 0.05 - 
D-002 (25mg/kg)       1.15 ± 0.06**+ 19.5 
GSE (25mg/kg)    1.13 ± 0.08*+ 20.9 
D-002 + GSE (both 25 
mg/kg) 

      0.93 ± 0.06*** 34.9 

Effects on liver MDA levels a (nmol MDA/mg protein) 
Control 46.85 ± 2.95 - 
D-002 (25mg/kg)       33.37 ± 2.05 ** 28.7 
GSE (25mg/kg)       37.86 ± 2.88 *+ 19.1 
D-002 + GSE (both 25 
mg/kg) 

        30.15 ± 1.56 *** 35.6 

 a MDA generated by spontaneous oxidation, Mean ± SE 
* p<0.05, ** p<0.01, *** p<0.001 Comparisons with control, + p<0.05 Comparisons with 
combined therapy 
(Mann Whitney U test) 
 
4. DISCUSSION 
 
This study confirms the in vivo antioxidant effects of D-002, and demonstrates 
a similar efficacy of D-002 and GSE administered at doses of 25, 100 and 250 
mg/kg/day on plasma markers of lipid (MDA, TOH), protein (carbonyl groups) 
oxidation and on hepatic MDA formation induced by spontaneous or enzymatic 
induced oxidation. This study also suggests that the combined therapy with a 
minimum dose (25 mg/kg/day) of both substances produces greater 
antioxidant effects than the respective monotherapies.  
 
 The effects of D-002 and GSE on plasma markers of LP, although significant, 
were moderate (< 50 %), since the highest reduction of plasma MDA (about 
38 %) was obtained with 100 mg/kg/day, and the next dose (250 mg/kg/day) 
did not improve such effect. Similar results were found regarding to plasma 
levels of TOH, another marker of LP, which were lowered by D-002 and GSE up 
to about 30 %.  
 
Consistently, the effects of both substances on liver formation of MDA in 
conditions of spontaneous and enzymatic LP were also moderate (< 50 %). D-



REDVET Rev. electrón. vet. http://www.veterinaria.org/revistas/redvet  
2012 Volumen 13 Nº 4 - http://www.veterinaria.org/revistas/redvet/n040412.html 

10/13 

Efectos del D-002, el extracto de semilla de uva y su terapia combinada sobre marcadores oxidativos en ratas 
http://www.veterinaria.org/revistas/redvet/n040412/041205.pdf 
 
 

10

002 reduced hepatic MDA levels up to 47.8 % (spontaneous oxidation) and by 
about 39 % (enzymatic oxidation), while GSE decreased such values by 44.8 
% and 42.9 %, respectively. Although the effects of the same doses of both 
substances were statistically similar, it should be noted that in the case of GSE 
plateau effects were not obtained, since the effects of 250 mg/kg/day were 
appreciable greater than those of 100 mg/kg/day, and higher doses were not 
assessed. Hence, we cannot discard that greater reductions could be achieved 
with a higher dose of GSE. In the case of D-002, however, the dose of 100 
mg/kg/day achieved the ceiling effect. Curiously, the reductions achieved with 
D-002, not with GSE, were apparently more pronounced in conditions of 
spontaneous oxidation. Since MDA formation by spontaneous oxidation is 
produced in physiological conditions and that caused by the enzymatic system 
results from the induction of different enzymes linked to the enzymatic 
cytochrome P450 system, 31 the less pronounced effect of D-002 in this system 
suggests that its antioxidant mechanisms do not involve the inhibition in this 
system, although such explanation is merely speculative.    
 
The effects of D-002 on LP markers here shown are consistent with previous 
data since D-002 (5 – 100 mg/kg/day) orally given for two weeks significantly, 
but moderately, reduced in vitro iron-generated LP and MDA formation in basal 
conditions (41 %), while reduced completely (100 %) the LP induced with 
drastic conditions, like CCl4 or toluene, which suggests that in such aggressive 
oxidative conditions the antioxidant effect of D-002 was more efficient.10 Since 
no study had investigated the effects of D-002 on rat plasma MDA and TOH we 
cannot compare our data with previous ones. Despite this limitation, the 
present results are consistent with the D-002-induced reduction of plasma 
MDA 13-15 and TOH 15 levels in humans. In turn, although grossly speaking our 
results agree with previous data of own group, in that study GSE (25 and 250 
mg/kg/day) produced greater reductions of plasma total peroxides (48.4 % 
and 62.1 %, respectively), while GSE 250 mg/kg/day reduced plasma MDA by 
only 22.4 %.32 Another study conducted in rats fed with a diet supplemented 
with GSE for four weeks found that although plasma antioxidant capacity 
increased, plasma MDA was not reduced.18 Overall, the reported effects of GSE 
on these markers are variables, which could depend on the different sources 
and quality of the GSE that have been used in these studies 18, 32 and in the 
present one. 
 
The reduction of rat plasma levels of carbonyl groups by GSE was similar to 
obtained in a previous study of our group,33 but D-002 plasma level carbonyl 
reduction had not been referred before (Entrez PubMed, review up to January 
2011), therefore, we cannot compare this result with previous data. 
 
No significant increases of plasma SOD were achieved with D-002 or GSE. A 
previous study has shown that D-002 increased the activity of mitochondrial, 
but not of cytosolic SOD.11 Hence, considering that SOD activity in whole blood 
reflects the activity of the cytosolic rather than the mitochondrial SOD, the lack 
of effect of D-002 on this enzyme seems to be consistent with previous data.11  
On the other hand, although the antioxidant effects of GSE and different grape 
formulations have been linked with the increase of the activity of antioxidant 
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enzymes22, 23 this study has failed to reproduce such results, a matter without 
conclusive explanation.  
 
The combined therapy of D-002 and GSE (both at the lowest dose of 25 
mg/kg/day) produced greater reductions of plasma MDA and carbonyl groups 
than the respective monotherapies, while the effects on hepatic MDA formation 
induced by spontaneous oxidation were better than those of GSE, but not of D-
002. In general, the magnitude of the effect of the combination therapy was 
almost additive, not synergic. The fact that the combined therapy was more 
effective than monotherapies suggests that the mechanisms whereby these 
substances exert their antioxidant effects are different. Nevertheless, this 
study does not support any mechanistic explanation for such enhanced 
response, since both substances were ineffective for increasing SOD in whole 
blood and the effects of other enzymatic activities or endogenous antioxidants 
(glutathione, Vitamin C, Vitamin E) were not assessed, which represents a 
limitation of the present study.  
 
Disregarding the mechanisms that support the improved antioxidant efficacy of 
the combined therapy with D-002 and GSE, the effects here shown are 
encouraged and merits to conduct new studies on this matter, including the 
search of the effects on different oxidative variables and conditions. 
 
The fact that D-002 presents a similar antioxidant efficacy compared to GSE, a 
antioxidant supplement widely used in the world, and that additionally the both 
combination produces an superior antioxidant effect than achieved by 
monotherapies in experimental animals, represent a potential benefit in 
humans of advanced age or in those with pathological conditions wherein the 
oxidative stress play an important role. 
 
5. CONCLUSIONS 
 
Oral treatment on rats with D-002 and GSE at doses of 25, 100 and 250 
mg/kg/day significantly and moderately reduced with similar efficacy markers 
of LP in plasma (MDA, TOH) and liver (MDA formation) and plasma markers of 
protein oxidation as well, and failed to increase SOD activity in whole blood. 
The combined therapy D-002 + GSE (25 mg/kg/day each), produced greater 
effects than each monotherapy. Further studies, however, should explore the 
effects of such combined therapy on other oxidative variables and of other 
dosage schemes, as well as the potential mechanisms the therapy with D-002 
+ GSE to produce better antioxidant effects than each monotherapy. 
 
6. REFERENCES 
 
1) Finkel T, Holbrook NJ. Oxidants, oxidative stress and biology of ageing. 

Nature 2000; 408: 239-41. 
2) Vaya J, Aviram M. Nutritional antioxidants: mechanisms of action, analyses 

of activities and medical applications. Current Med Chem 2001; 1: 99-117. 
3) Castelao JE, M Gago-Dominguez. Risk factors for cardiovascular disease in 

women: relationship to lipid peroxidation and oxidative stress. Med 



REDVET Rev. electrón. vet. http://www.veterinaria.org/revistas/redvet  
2012 Volumen 13 Nº 4 - http://www.veterinaria.org/revistas/redvet/n040412.html 

12/13 

Efectos del D-002, el extracto de semilla de uva y su terapia combinada sobre marcadores oxidativos en ratas 
http://www.veterinaria.org/revistas/redvet/n040412/041205.pdf 
 
 

12

Hypotheses 2008; 71:39-44. 
4) Koh KK, PC Oh, MJ Quon. Does reversal of oxidative stress and 

inflammation provide vascular protection? Cardiovasc Res 2009; 81: 649-59 
5) Tandon R, Khanna HD, Dorababu M, Goel RK. Oxidative stress and 

antioxidants status in peptic ulcer and gastric carcinoma. Indian J Physiol 
Pharmacol 2004; 48: 115-8. 

6) Sonnen Ja Larson EB, Gray SL, Wilson A, Kohama SG, Crane PK, Breitner 
JC, et al. Free radical damage to cerebral cortex in Alzheimer's disease, 
microvascular brain injury, and smoking. Ann Neurol  2009; 65: 226-9. 

7) Bjelakovic G Nikolova D, Gluud LL, Simonetti RG, Gluud C. Mortality in 
randomized trials of antioxidant supplements for primary and secondary 
prevention: systematic review and meta-analysis. JAMA 2007;  297: 842-
57. 

8) Fang J Seki T, Maeda H. Therapeutic strategies by modulating oxygen stress 
in cancer and inflammation. Adv Drug Deliv Rev 2009; 61: 290-302.  

9) Mas R. D-002. Drug Future 2001;  26: 731-44. 
10) Menéndez R, Amor A.M., González R.M., Jiménez S, Mas R. Inhibition of 

rat microsomal lipid peroxidation by the oral administration of D-002. Brazil 
J Med Biol Res 2000; 33: 85-90. 

11) Pérez Y, Gonzalez RM, Amor AM, Jiménez S, Menéndez R. D-002 on 
antioxidant enzymes in liver and brain of rats. Rev Cenic Cien Biol 2002; 
33: 3-5.  

12) Mendoza S, Noa M, Pérez Y, Más R. Preventive effect of D-002, a mixture 
of long-chain alcohols from beeswax, on the liver damage induced with CCl4 
in rats. J Med Food 2007; 10: 379-83.  

13) Menéndez R, Más R, Amor AM, Pérez Y, González RM, Fernández JC, et 
al. Antioxidant effects of D-002 on the in vitro susceptibility in healthy 
volunteers. Arch  Med Res 2001; 32: 436-41.  

14) Menéndez R, Mas R, Illnait J, Pérez J, Amor AM, Fernández JC, et al. 
Effects of D-002 on lipid peroxidation in older subjects. J Med Food 2001; 4: 
71-7.  

15) López E, Illnait J, Molina V, Oyárzabal A, Fernández L, Pérez Y, et al. 
Effects of D-002 (beeswax alcohols) on lipid peroxidation in middle-aged 
and older subjects. Lat Am J Pharm 2008; 27: 695-703. 

16) Rababah Tm, Hettiarachchy NS, Horax R. Total phenolics and antioxidant 
activities of fenugreek, green tea, black tea, grape seed, ginger, rosemary, 
gotu kola, and ginkgo extracts, vitamin E, and tert-butylhydroquinone. J 
Agric Food Chem 2004; 52: 5183-6. 

17) Balu M, Sangeetha P, Murali G, Panneerselvam C. Age-related oxidative 
protein damages in central nervous system of rats: modulatory role of 
grape seed extract. Int J Dev Neurosci 2005; 23: 501-7. 

18) Busserolles J, Gueux E, Balasinska B, Piriou Y, Rock E, Rayssiguier Y, 
Mazur A. In vivo antioxidant activity of procyanidin-rich extracts from grape 
seed and pine (pinus maritima) bark in rats. Int J Vitam Nutr Res 2006; 76: 
22-7. 

19) Balu M, Sangeetha P, Murali G, Panneerselvam C. Modulatory role of 
grape seed extract on age-related oxidative DNA damage in central nervous 
system of rats. Brain Res Bull 2006; 68: 469-73. 

20) Feng Y, Liu YM, Fratkins JD, LeBlanc MH. Grape seed extract suppresses 



REDVET Rev. electrón. vet. http://www.veterinaria.org/revistas/redvet  
2012 Volumen 13 Nº 4 - http://www.veterinaria.org/revistas/redvet/n040412.html 

13/13 

Efectos del D-002, el extracto de semilla de uva y su terapia combinada sobre marcadores oxidativos en ratas 
http://www.veterinaria.org/revistas/redvet/n040412/041205.pdf 
 
 

13

lipid peroxidation and reduces hypoxic ischemic brain injury in neonatal 
rats. Brain Res Bull 2005; 66: 120-7. 

21) Feng Y, Liu YM, Leblanc MH, Bhatt AJ, Rhodes PG. Grape seed extract 
given three hours after injury suppresses lipid peroxidation and reduces 
hypoxic-ischemic brain injury in neonatal rats. Pediatr Res 2007; 61: 295-
300 

22) Ah Rho K and Kim MK. Effects of different grape formulations on 
antioxidative capacity, lipid peroxidation and oxidative DNA damage in aged 
rats. J Nutr Sci Vitaminol 2006; 52: 33-46. 

23) Du Y, Guo H, Lou H. Grape seed polyphenols protect cardiac cells from 
apoptosis via induction of endogenous antioxidant enzymes. J Agric Food 
Chem 2007; 55: 1695-701. 

24) Vigna B, Constantini F, Alani G, Carini M, Schena F, Tangerini A, et al. 
Effect of standardized grape seed extract on low-density lipoprotein 
susceptibility to oxidation in heavy smokers. Metabolism 2003; 52: 1250-7.  

25) Sano A, Uchida R, Saito M, Shioya N, Komori Y, Tho Y, et al. Beneficial 
effects of grape seed extract on malondialdehyde-modified LDL. J Nutr 
Vitaminol 2007; 53: 174-82. 

26) González V, Marrero D, Sierra R, Velásquez C, Vicente R. Nuevo método 
por cromatografía gaseosa capilar para el análisis del ingrediente activo D-
002. Rev CENIC Cien Quím 2008; 39: 123-4. 

27) Marxwell Ma, Haas SM, Beiber LL, Tolbert NE. A modification of the 
Lowry procedure to simplify protein determination in membrane lipoprotein 
samples. Anal. Biochem 1987; 87: 206-9.  

28) Ohkawa H, Ohishi N, Yagi K. Assay of lipid peroxides in animal tissues by 
the thiobarbituric acid reaction. Anal. Biochem 1979; 95: 351-8.  

29) Jiang Zy, Hunt JV, Wolff SP. Detection of lipid hydroperoxides using the 
FOX method. Anal Biochem 1992; 384-9. 

30) Reznick Az, Packer L. Oxidative damage to proteins: spectrophotometric 
method for carbonyl assay. Methods Enzymol 1994;  233: 357-363 PMID: 
8015 470. 

31) Halliwell B, Gutteridge JMC. Free radicals in biology and medicine. New 
York: Oxford University Press1989; 288-98.  

32) Pérez Y,  Molina V, Más R, González RM, Jiménez  S. Comparison of in 
vivo effects of D-003, a mixture of high molecular weight sugarcane wax 
acids, and grape seed extract on lipid peroxidation markers in rats. Lat Am 
J Pharm 2008; 27: 498-504. 

33) Oyarzábal A, Molina V, Jiménez S, Curveco D, Mas R. Efectos del 
policosanol, el extracto de semilla de uva y su terapia combinada sobre 
marcadores oxidativos en ratas. Rev Cubana de Farmacia 2010; 45 (1): 87-
96. 

 

REDVET: 2012, Vol. 13 Nº 4 
Recibido 15.08.2011 /  Ref. prov. JUL1120_REDVET / Aceptado 29.03.2012 / Ref. def. 041205_REDVET / Publicado: 01.04.2012 

Este artículo está disponible en http://www.veterinaria.org/revistas/redvet/n040412.html 
concretamente en http://www.veterinaria.org/revistas/redvet/n040412/041205.pdf 

REDVET® Revista Electrónica de Veterinaria está editada por Veterinaria  Organización®. 
Se autoriza la difusión y reenvío siempre que enlace con Veterinaria.org®  http://www.veterinaria.org y con REDVET®- 

http://www.veterinaria.org/revistas/redvet  

 


