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SUMMARY. D-002 is a mixture of higher aliphatic alcohols (tetracosanol, hexacosanol, octacosanol, tria-
contanol, dotriacontanol, tetratriacontanol) purified from beeswax with antioxidant effects, whose effects
on plasma total hydroxyperoxides (TOHP) had not been investigated. This randomised, double-blinded,
placebo-controlled study investigated the effects of D-002 (50 mg/day) on plasma TOHP and other oxida-
tive variables in 56 subjects who received placebo or D-002 for 12 weeks. D-002, not placebo, reduced sig-
nificantly plasma malondialdehyde (MDA) (22.6%) and TOHP (23.8%), and increased plasma total an-
tioxidant status (TAS) (19.7%) versus baseline and placebo. D-002 did not affect safety indicators. There
were 6 withdrawals (4 placebo, 2 D-002), only one (placebo) due to adverse experiences (AE). Six subjects
(5 placebo, 1 D-002) referred some AE. Concluding, D-002 (50 mg/day) reduced significantly plasma
TOHP and MDA, increased TAS, and was well tolerated by study subjects, which expands previous
knowledge on its antioxidant effects in humans. 
RESUMEN. “Efectos del D-002 (Alcoholes de la Cera de Abejas) sobre la Peroxidación Lipídica en Sujetos de
Edad Media y Avanzada”. El D-002 es una mezcla de alcoholes alifáticos primarios superiores (tetracosanol, he-
xacosanol, octacosanol, triacontanol, dotriacontanol, tetratriacontanol) purificada de la cera de abejas con efectos
antioxidantes, cuyos efectos sobre los niveles plasmáticos de hidroperóxidos totales (OHPT) no habían sido in-
vestigados. Este estudio aleatorizado, doble ciego y controlado con placebo investigó los efectos del D-002 (50
mg/día) sobre los valores plasmáticos de OHPT y otras variables oxidativas en 56 sujetos que recibieron aleato-
riamente placebo ó D-002 durante 12 semanas. D-002, no el placebo, redujo significativamente los niveles plas-
máticos de malondialdehido (MDA) (22,6%) y OHPT (23,8%), y aumentó el estado antioxidante total del plasma
(EAOTP) (19,7%) versus los basales y del placebo. El D-002 no afectó los indicadores de seguridad. Hubo 6 ba-
jas (4 placebo, 2 D-002), sólo una (placebo) debida a experiencias adversas (EA). Seis sujetos (5 placebo, 1 D-
002) refirieron alguna EA. Concluyendo, el D-002 (50 mg/día) redujo significativamente los niveles plasmáticos
de OHPT y MDA, aumentó el EAOTP y fue bien tolerado por los sujetos de estudio, lo que expande el conoci-
miento previo sobre sus efectos antioxidantes en humanos. 

INTRODUCTION
D-002 (beeswax alcohols) is a reproducible

mixture of 6 higher aliphatic alcohols (tetra-
cosanol, hexacosanol, octacosanol, triacontanol,
dotriacontanol and tetratriacontanol) purified
from beeswax. D-002 has proven to produce an-
tioxidant effects in experimental and clinical
studies 1-6, while triacontanol, the most abun-
dant component of D-002, has shown to inhibit
both enzymatic and non-enzymatic lipid peroxi-
dation (LP) in vitro 7.

Oral treatment with D-002 has demonstrated
to reduce iron, CCl4 and toluene-induced LP in
rat plasma, liver, brain and stomachs 2,3 and to
increase the activity of antioxidant defensive en-
zymes in rats 4. Clinical trials have shown that
D-002 (50 mg/day) for 12 weeks significantly
delayed the formation of conjugated dienes in
whole plasma, increased the plasma total an-
tioxidant status (TAS) and reduced plasma mal-
ondialdehyde (MDA) levels in healthy volun-
teers and older subjects, without change super-
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oxide dismutase (SOD) and glutathione peroxi-
dase (GSHPx) activities 5,6. Effects of D-002 on
plasma total hydroxyperoxides (TOHP), howev-
er, had not been explored. 

Free radicals like ·OH, H2O2 and other
chemical forms are byproducts of normal bio-
logical redox reactions 8. The balance between
oxidants and antioxidants is essential for human
health. Oxidative stress (OS) takes a place when
the rate of production of oxidants in vivo ex-
ceeds their disposal through defensive antioxi-
dant mechanisms.

Reactive oxygen species (ROS) cause oxida-
tive damage that may affect lipids, proteins, nu-
cleic acids and other molecules and specifically
quantification of LP-induced end products is
considered to be a measure of whole-body ox-
idative damage 9. LP can lead to the loss of
membrane fluidity and integrity due to structural
deformity and production of lipoperoxides and
their products, like MDA and TOHP 10. Plasma
MDA, a marker of lipid oxidation, is the most
abundant aldehyde generated by the attack of
free radicals on polyunsaturated fatty acids of
cell membranes and its measurement provides
information of oxidative injury in vivo 9,11,12.
Plasma TOHP levels indicate the extent of en-
dogenous OS and are among the markers that
better reflects health status 13,14, being also cyto-
toxic products that can modify the structure of
proteins and DNA 15. 

Increase of OS and specifically augmented
LP have been linked to the aging process, as the
joint result of systematic aggression of pro-oxi-
dant stimulus over the time and the progressive
defects in the protection against free radical re-
actions 16,17 .

Since D-002 has demonstrated to be devoid
of treatment-related toxicity in extensive preclin-
ical toxicological studies 18-20, and safe and well
tolerated by humans 5,6,21,22, the potential risk
balance of taking D-002 seems to be negligible,
and new studies providing its benefits on hu-
mans are encouraged.

In light of these facts, this study investigated
the effects of treatment with D-002 on plasma
oxidative variables, like TOHP, MDA and TAS,
in middle-aged and older subjects.

SUBJECTS AND METHODS
Study Design 

This randomised, double-blinded, placebo-
controlled, parallel-group study was conducted
at the Medical Surgical Research Centre. The in-
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stitutional Ethics Committee approved the study
protocol, which was in accordance with the
Helsinki Declaration. 

Study subjects provided written informed
consent before enrolling the trial (visit 1), when
physical examination and clinical history were
performed. Subjects without evident exclusion
criteria were indicated to perform laboratory
analyses within the next week. At visit 2, eligi-
ble subjects were randomised to placebo or D-
002 (50 mg) tablets. Subjects were instructed to
take the tablets once a day with the evening
meal for 12 weeks and to continue their usual
dietary habits. An interim check-up (visit 3) and
a final visit (visit 4) were done after complete 6
and 12 weeks on treatment, respectively. Sub-
jects underwent physical examination at each
visit. Compliance with study treatments and ad-
verse experiences (AE) were controlled at
weeks 3 and 6, while laboratory tests (oxidative
variables, blood safety indicators) were conduct-
ed at baseline and at study completion.

The double-blind design reduces subjective
bias due to investigators and study subjects and
the inclusion of a placebo group allows control
the changes on response variables, which can
be influenced by external factors, helping to
conclude which changes are actually treatment-
related. The selection of a dose of 50 mg/day
and a treatment period of 12 weeks was based
in previous data of D-002 studies 5,6. 

Study participants
The study enrolled men and women (aged

55 to 80 years) who provided informed written
consent for participating in the trial. All partici-
pants were in good health as per medical histo-
ry interview, physical examination and laborato-
ry tests.

Subjects were excluded from the trial if they
had diagnosed thyroid, hepatic and/or renal dis-
eases, uncontrolled diabetes (fasting glucose > 7
mmol/L), severe hypertension (diastolic pres-
sure ≥ 100 mm Hg), diagnosed cancer, or/and
the following values of blood indicators: total
cholesterol (TC) >5.9 mmol/L, triglycerides (TG)
≥ 2.3 mmol/L, alanine amino transferase (ALAT)
> 55 UI, creatinine > 130 µmol/L, or if they had
suffered myocardial infarction, unstable angina,
stroke, ischaemic transient attacks, major
surgery or disease-related hospitalisations within
the 6 months prior to the study. Subjects that
were consuming antioxidant supplements or vi-
tamins within the last 4 weeks prior to the trial
were also excluded from the trial.
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Study protocol predefined the following
causes of premature withdrawals: to experience
AE justifying such a decision, unwillingness to
follow-up and major violations (including intake
of others supplements or medicines with antiox-
idant effects or failure in taking study treatments
for ≥7 days during the trial).

Treatments
Placebo and D-002 50 mg-tablets of identical

appearance were placed in numbered identical
containers and given to patients by progressive
inclusion order. Randomisation was computer-
generated, with a fixed randomisation method,
using balanced blocks and allocation ratio 1:1. 

Compliance with study medications was as-
sessed at visits 3 and 4 by counting the remain-
der tablets and interviewing to subjects. At trial
completion, non-used tablets were recovered.
Compliance was good if the subjects taken at
least 85% of the tablets scheduled from the pre-
vious visit. 

Consumption of medications and/or supple-
ments with recognized antioxidant effects was
not allowed from the 4 weeks prior to the entry
in the study up to study completion, and sub-
jects who have been taking some of them were
eligible for the trial only after at least 4 weeks of
stopping such consumption. 

Response variables
The primary efficacy variable was to achieve

a significant decrease of plasma TOHP concen-
tration of at least 20% compared with baseline
and placebo. The secondary efficacy variables
were to obtain a significant reduction of MDA
and/or significant increase of TAS versus base-
line and placebo. 

Safety and tolerability
Data from physical examination, laboratory

tests and adverse experiences (AE) were includ-
ed for safety and tolerability analysis. Any unde-
sirable event that occurred to a subject during
the study, disregarding its cause, was recorded
as an AE, whenever they newly appeared dur-
ing the trial. 

According to their intensity, AE were classi-
fied as mild, moderate or serious. Mild AE
should not require suspension of treatments
and/nor specific treatment of the AE, moderate
AE should require stopping therapy and/or spe-
cific treatment of the AE, while serious AE (SAE)
should lead to hospitalisation and/or deaths. 

Assessment of study variables
Blood samples, which were obtained an

overnight fast of 10-12 h and collected in EDTA-
coated tubes (1 mg/mL). Plasma was separated
from red blood cells by centrifugation at 4 °C
and 2000 x g for 10 min. Plasma portions to as-
sess oxidative variables were immediately used,
and the remaining plasma was portioned and
stored at -30 °C for the other analysis described
below within 24 h. 

Oxidative variables
Effects on plasma total hydroxyperoxides

Plasma TOHP levels were determined ac-
cording to Jian et al. 23 Briefly, 0.9 mL of Fox re-
active (88 mg of buthylated hydroxytoluene, 7.6
mg of orange xilenol, 9.8 mg of ammonium sul-
phate) dissolved in a mixture of methanol/ sul-
phuric acid 9:1) was added to 0.1 mL of hep-
arinised plasma. This mixture was incubated at
37 °C for 30 min and the absorbance was mea-
sured at 560 nm. A cumene hydroperoxide stan-
dard curve was performed for calculating the
concentration of TOHP, which was expressed as
mol/mg of tissue protein.
Effects on plasma lipid peroxides

Lipid peroxides were assessed through the
content of plasma MDA using the colorimetric
reaction with thiobarbituric acid 24. For that, 0.5
mL of plasma were added to 0.2 mL of 8.1%
SDS plus 1.5 mL of 20% acetic acid solution ad-
justed to pH 3.5, and 1.5 mL of aqueous solu-
tion of thiobarbituric acid (TBA). The volume
was completed to 4 mL with distilled water and
heated at 95 °C for 45 min. To prevent the pro-
duction of TBA reactants 1mM of BHT was
added to the mixtures. After cooling, 1 mL of
distilled water and 5 mL of a mixture of n-bu-
tanol:piridine (15:1 v/v) were added, shaken
and centrifuged. The organic layer was taken
and the absorbance at 532 nm was measured.
The concentrations of thiobarbituric acid reac-
tive substances (TBARS) were expressed as
MDA equivalent/mL, using freshly diluted mal-
ondialdehyde bis (dimethyl acetal) as standard. 
Effects on plasma total antioxidant status (TAS)

Total antioxidant capacity of plasma samples
(0.01 mL) was evaluated with a colorimetric kit
(Randox, NX2332, Crumlin, UK) that incubates
2,2´-Azido-di-(3-ethylbenzthiazoline sulphonate)
(ABTS) with a peroxidase (metamyoglobin) and
H2O2, which produces a blue-green radical
cation ABTS,+ detected at 600 nm. The antioxi-
dant potential of plasma was determined
through colour suppression, expressed in mmol/L.
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Safety indicators
Safety indicators included physical (body

weight, pulse rate, blood arterial pressure) and
blood biochemistry indicators [ALAT, glucose,
creatinine, lipid profile-(TC, low-density lipopro-
tein cholesterol -LDL-C-, high-density lipopro-
tein cholesterol -HDL-C- and TG], which were
assessed with enzymatic routine methods using
reagent kits (Roche, Switzerland) in the Hitachi
719 autoanalyser (Tokyo, Japan), of the Centre
for Surgical and Medical Research (Havana City,
Cuba).

Statistical analysis
Data were analysed as per intention to treat

(ITT). Sample size was calculated upon the as-
sumption that differences between mean reduc-
tions from baseline in TOHP levels in the treat-
ed group would be ≥20 % respect to the change
occurred in placebo. Then, a sample size of 25
subjects per treatment arm was estimated to be
sufficient to detect such difference at a 5% level
of significance with 80% power. Assuming a 10
% of premature withdrawals, 55 subjects, round-
ed to 60, should be enrolled. Despite we did
not plan to analyze the effects by gender and
age, a post-hoc analysis of the effects of D-002

Characteristics Placebo (n = 28) D-002 50 mg/day (n = 28) Total (n = 56)

Age (years) (mean ± SD) 69 ± 5 69 ± 7 69 ± 6
Body mass index (kg/m2) (mean ± SD) 25.4 ± 4.1 28.7 ± 7.9 27.1 ( 6.4

Gender (F/M)(n) 13/15 12/16 25/31

Personal history (n, %)

Arterial hypertension 11 39.3 16 57.1 27 (48.2)
Hypercholesterolemia 10 35.7 9 32.1 19 (33.9)

Smoking 3 10.7 4 14.3 7 (12.5)
Peripheral artery disease 4 14.3 4 14.3 8 (14.3)

Diabetes mellitus 1 3.6 3 10.7 4 (7.1)
Myocardial infarction 0 0.0 1 3.6 1 (1.8)

Concomitant therapy (CT)

Non-steroidal anti-inflammatory drugs 2 7.1 0 0.0 2 (3.4)
Angiotensin converting enzyme inhibitors 8 28.6 10 35.7 18 (32.1)

Diuretics 9 32.1 9 32.1 18 (32.1)
β-blockers 3 10.7 4 14.3 7 (12.5)
Vitamins 4 14.3 2 7.1 6 (10.7)

Antiplatelet drugs 2 7.1 3 10.7 5 (8.9)
Phlebotonics 2 7.1 4 14.3 6 (10.7)

Dipirone 2 7.1 2 7.1 4 (7.1)
Metochloropramide 3 10.7 0 0.0 3 (5.4)

Carbamazepine 2 7.1 1 3.6 3 (5.4)
Patients consuming some CT 22 78.6 20 71.4 42 (75.0)

Table 1. Main baseline characteristics of study subjects. Table lists CM consumed by ≥3 subjects. All compar-
isons were not significant (Fisher Exact Probability).
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on efficacy variables according to sex and age
subgroups (younger than 65 and ≥ 65 years old)
was included.

Within group comparisons were performed
using the Wilcoxon test for paired samples and
between group comparisons with the Mann
Whitney U Test. Comparisons of categorical
variables were done with the Fisher’s Exact Test.
All tests were two tailed. A value of α = 0.05
was assumed for statistical significance. Compar-
isons were done with the Statistics software for
Windows (USA).

RESULTS
Baseline characteristics of study subjects

The study enrolled 61 subjects, of whom 56
were eligible subjects for the study. Five sub-
jects were not included due high baseline val-
ues of TC (4), glucose > 7 mmol/L (1) and ALAT
>55UI (1). Both groups were comparable re-
spect to baseline characteristics (Table 1), being
homogeneous for all comparisons. 

Effects on oxidative variables
Compliance with study treatments was good

and balanced in both groups. Table 2 shows the
effects of treatments on oxidative variables of
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study subjects. Both groups were well balanced
at randomization. No significant changes were
observed in placebo. After 12 weeks on therapy,

Treatment Baseline 12 weeks Percent changes

TBARS (nmol MDA/mL)

Placebo 0.30 ± 0.09 0.30 ± 0.09 0.0
D-002 0.31 ± 0.09 0.24 ± 0.06++ - 22.6 ++++

Total hydroxyperoxides (mmol/mg prot)

Placebo 43.32 ± 7.94 41.66 ± 8.45 - 3.8
D-002 41.71 ± 7.33 31.76 ± 9.68*** +++ - 23.8 ++++

Plasma TAS (mmol/L)

Placebo 0.68 ± 0.18 0.71 ± 0.18 + 4.4
D-002 0.71 ± 0.18 0.85 ± 0.19*** + +19.7 ++++

Table 2. Effects on oxidative variables (X ± SD) of study subjects . X mean, SD standard deviation, TBARS thio-
barbituric acid reactive substances, MDA malondialdehyde, TAS total antioxidant status, *** P < 0.0001 Compari-
son with baseline (Wilcoxon test for paired samples). +p < 0.05; ++ p < 0.01, +++ p < 0.001, ++++ p < 0.0001 Com-
parison with placebo (Mann Whitney U test). Values were means of triplicates.

D-002 (50 mg/day) reduced significantly plasma
TOHP, the primary efficacy variable, compared
with baseline and placebo. The reduction of this

Treatment Baseline 12 weeks % changes Baseline 12 weeks % changes

Men (15 placebo, 16 D-002) Women (13 placebo, 12 D-002)

TBARS (nmol MDA/mL) 

Placebo 0.33 ± 0.11 0.32 ± 0.11 - 3.0 0.28 ± 0.06 0.28 ± 0.03 0
D-002 0.33 ± 0.08 0.25 ± 0.06 ** + -24.2 ++++ 0.28 ± 0.08 0.22 ± 0.07 * + -21.4 +

Total hydroxyperoxides (mmol/mg prot)

Placebo 43.92 ± 6.1 42.96 ± 6.6 -2.2 42.64 ± 9.8 39.77 ± 10.0 -6.7
D-002 40.88 ± 6.3 28.73 ± 7.2** ++++ -29.7 +++ 42.92 ± 9.8 36.13 ± 11.46 ** -15.8 +

Plasma TAS (mmol/L)

Placebo 0.76 ± 0.17 0.77 ± 0.18 1.3 0.59 ± 0.15 0.60 ± 0.15 + 1.7
D-002 0.73 ± 0.18 0.93 ± 0.18 *** + + 27.4 ++++ 0.69 ± 0.19 0.74 ± 0.14 **+ + 7.2

Subjects < 65 years (5 placebo, 6 D-002) Subjects ≥ 65 years (23 placebo, 22 D-002)

TBARS (nmol MDA/mL)

Placebo 0.37 ± 0.12 0.32 ± 0.12 0 0.29 ± 0.09 0.29 ± 0.07 0
D-002 0.34 ± 0.08 0.25 ± 0.05 * + -26.5 + 0.30 ± 0.09 0.23 ± 0.07 *** + -23.3 +++

Total hydroxyperoxides (mmol/mg prot)

Placebo 36.28 ± 5.02 35.88 ± 5.25 -2.5 44.85 ± 7.69 43.50 ± 8.42 -3.0
D-002 41.15 ± 5.73 30.31 ± 3.83 ** ++ -28.1 +++ 41.59 ± 7.82 32.22 ± 10.95 *** ++ - 22.5 +++

Plasma TAS (mmol/L)

Placebo 0.61 ± 0.17 0.62 ± 0.20 + 1.6 0.70 ± 0.18 0.72 ± 0.18 + 2.9
D-002 0.70 ± 0.16 0.86 ± 0.21 * + 21.1 + 0.71 ± 0.19 0.85 ± 0.19 *** + + 19.7 ++

Table 3. Effects on oxidative variables (X ± SD) of subjects grouped by gender and age. X mean, SD standard
deviation,  TBARS thiobarbituric acid reactive substances,  MDA malondialdehyde,  TAS total antioxidant status,
*** P < 0.0001 Comparison with baseline (Wilcoxon test for paired samples), + p < 0.05; ++ p < 0.01, +++ p <
0.001, ++++ p < 0.0001 Comparison with placebo (Mann Whitney U test).
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variable versus baseline was 23.8 % and the net
reduction versus placebo was 20.0%, reaching
the efficacy hypothesis. D-002 also reduced sig-
nificantly plasma levels of MDA (22.6%), while
significantly increased plasma TAS (19.7%) both
differences being significant compared with
baseline and placebo.

Table 3 lists these data as analyzed post-hoc.
Overall, the effects on subgroups were consis-
tent with the whole analysis, since differences
versus baseline and placebo were appreciated.
The effects of D-002 on both age subgroups
were statistically similar. The effects on D-002
on plasma TOHP and TAS in men seem to be
higher than in women. 

Safety and tolerability
D-002 was safe and well tolerated. No signif-

icant changes of physical or blood biochemistry
indicators were detected (Table 4). In addition,
individual values remained within normal range.

There were six (10.7%) withdrawals (4 place-
bo, 2 D-002) during the trial, only one (placebo)
due to an AE (retina surgery), while the other
five were due to other reasons, like protocol vi-
olations (1 placebo, 1 D-002) and unwillingness
to follow (2 placebo, 1 D-002). 

Table 5 shows the AE reported during the
study. Six (6) subjects (5 placebo, 1 D-002) re-
ferred some AE. The AE leading to retina
surgery (outpatient mode) was moderate, the
others AE were mild.
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Group Baseline 6 weeks 12 weeks

Physical indicators

Weight (kg)

Placebo 67.03 ± 9.70 67.10 ± 9.87 68.00 ± 9.41

D-002 70.38 ± 13.39 70.85 ± 13.32 70.12 ± 13.06

Pulse rate (beats/min)

Placebo 71.43 ± 3.92 71.38 ± 4.03 71.17 ± 6.32

D-002 70.56 ± 13.44 72.67 ± 6.63 72.00 ± 7.11

Diastolic arterial pressure (mm Hg)

Placebo 74.64 ± 8.81 77.31 ± 5.33 76.67 ± 8.16

D-002 77.64 ± 9.89 79.26 ± 7.81 77.69 ± 9.08

Systolic arterial pressure (mm Hg)

Placebo 130.14 ± 22.73 127.31 ± 14.30 126.88 ± 14.73

D-002 133.11 ± 21.97 130.74 ± 12.99 128.46 ± 15.92

Blood indicators

TC (mmol/L)

Placebo 5.01 ± 0.42 5.14 ± 0.64

D-002 5.04 ± 0.43 5.12 ± 0.45

LDL-C (mmol/L)

Placebo 3.21 ± 0.50 3.35 ± 0.62

D-002 3.28 ± 0.41 3.41 ± 0.52

HDL-C (mmol/L)

Placebo 1.34 ± 0.43 1.34 ± 0.46
D-002 1.28 ± 0.42 1.28 ± 0.35

TG (mmol/L)

Placebo 1.24 ± 0.42 1.22 ± 0.48

D-002 1.28 ± 0.38 1.17 ± 0.32

ALAT (U/L)

Placebo 17.18 ± 7.51 18.79 ± 7.42

D-002 18.64 ± 7.59 19.36 ± 11.70

Glucose (mmol/L)

Placebo 3.68 ± 0.38 3.81 ± 0.43
D-002 3.81 ± 0.58 3.80 ± 0.47

Creatinine (µmol/L)

Placebo 81.07 ± 19.81 82.92 ± 15.85
D-002 83.39 ± 19.31 85.42 ± 17.92

Table 4. Effects on safety indicators (X ± SD) X mean,
SD standard deviation.

Placebo D-002 50 mg/day
AE (n = 28) (n = 28)

Neuropathy pain 1 (3.6) 0 (0.0)

Retina surgery 1 (3.6) 0 (0.0)

Heartburn 1 (3.6) 0 (0.0)

Haemorrhoidal 1 (3.6) 0 (0.0)
bleeding & pain

Lymphangitis 1 (3.6) 0 (0.0)

Renal infection 1 (3.6) 0 (0.0)

Cystitis 0 (0.0) 1 (3.6)

Total AE 6 (21.4) 1 (3.6)

Total of patients 5 (17.9) 1 (3.6)
with AE

Table 5. Adverse experiences (AE) (n, %) reported
during the study. n = number of subjects who experi-
enced AE. Note: One placebo subject referred two AE
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DISCUSSION
This study demonstrates, for the first time,

that D-002 at 50 mg/day for 12 weeks signifi-
cantly reduced plasma TOHP, the main efficacy
variable, and MDA, while increased plasma TAS
in middle-aged and older subjects. 

At randomisation comparison groups were
homogeneous, which supports that the results
are treatment-related. Study population consist-
ed of individuals aged from 55 to 80 years with
a health status currently stable, some with coro-
nary risk factors, of which hypertension and hy-
percholesterolemia were those most frequent
(>30%) among study subjects. It should be not-
ed this study did not excluded smokers, despite
it is known that smoking increases OS and de-
creases the concentration of some antioxidants
25. This decision was made in order to assess the
antioxidant effects of D-002 in conditions near
to those of routine clinical practice, in which
unfortunately smoking habits are common. Nev-
ertheless, since the frequency of smokers was
well matched in both groups, the observed ef-
fects of D-002 are not related with a disparity
that could favour the treated group.

Also, a post-hoc analysis per age and gender
corroborated the effects of D-003 on oxidative
variables observed in the whole study popula-
tion, confirming differences versus baseline and
placebo. Changes of variables induced by D-002
were similar in subjects of both age subgroups.
Nevertheless, when randomisation is not strati-
fied and sample size is not large, differences in
baseline values and relative sample sizes of sub-
groups can occur. In this case, although base-
line values were statistically similar, sample size
per age subgroup was too low to support mean-
ingful conclusions. The analysis by sex, howev-
er, revealed that changes of plasma TAS in-
duced in women, however, were lower than in
men, which could be related with the difference
(not significant, but appreciable) of the baseline
values in placebo and D-002 groups (0.59 vs
0.69 mmol/L) that attenuates the resulting per-
cent change. A conclusive explanation of this
difference is not available. 

The present results can likely be extrapolat-
ed to similar populations, i.e., middle-aged and
older subjects with stable health conditions, but
including some coronary risk factors common in
populations of such age. Since increased OS
and decreased defensive antioxidant mecha-
nisms are associated with aging 26, the beneficial
antioxidant effects of D-002 on the oxidative
variables of these individuals is encouraged. 

This study demonstrates that D-002 lowered
plasma MDA and increased TAS, which is gen-
erally consistent with previous data 5,6. Never-
theless, while the increase of TAS here found
(19.7%) is very similar to that previously report-
ed (about 20%) 5,6, the MDA reduction (22.6%)
is greater than that found (<10%) in previous tri-
als. Also, this study demonstrates that D-002 de-
creases plasma TOHP (23.8% versus baseline,
20% versus placebo). Disregarding the factors
that could contribute to the difference in the
magnitude of the effects on MDA, the present
data show internal consistency, since the
changes on all oxidative variables here assessed
were of the same order, which supports that the
increase of TAS can support the decrease on LP
parameters. 

The present results, therefore, extent the
characterization of the effects of D-002 on LP-
products, since they include not only the assess-
ment of plasma MDA levels, but also of TOHP,
another marker of LP. It is known that increase
of OS status is linked with several age-depen-
dent diseases 27,28, but in particular, increased
plasma TOHP has been linked with type 2 dia-
betes 29 and with the insulin-resistance previous
to develop glucose intolerance 15, and also with
gastric 30 and colon cancer 13,31.

Also, the evidences of the implication of in-
creased OS in upper gastrointestinal diseases
have been steadily increasing 32. Thus, the gas-
troduodenal damage leading to ulcers, gastritis
and gastroesophageal reflux is not merely relat-
ed with increased acid secretion, but with the
imbalance between aggressive and defensive
factors 33. Helicobacter pylori infection and non-
steroidal anti-inflammatory drugs (NSAIDs) are
the two main aggressive factors for gastroduo-
denal mucosa. While ulcer mortality has been
declining as per the increasing control of H. py-
lori 34, the use of aspirin and non-aspirin
NSAIDs has been expanding and it is predicted
to increase greatly as a result of the aging of so-
ciety, since cardiovascular diseases are the main
cause of mortality in adults worldwide and
arthritis is a major cause of disability, mainly in
the elderly 35.

Aggressive factors, like NSAIDs, H. pylori,
ethanol and stress cause mucosal damage
through different mechanisms, of which ROS
generated by the metabolism are one of the ma-
jor causative factors. LP (an important process
for ·OH-induced oxidative damage of mem-
brane) is increased in gastric lesions caused by
NSAIDs and ethanol 36-38. In turn, the gastropro-



702

tective effects of proton pump inhibitors (PPIs),
first-line treatment for gastroduodenal ulcers and
reflux, are not merely linked with the inhibition
of acid secretion that they cause by irreversibly
interacting with the H+-K+-ATPase, the terminal
proton pump of the parietal cell, but with their
antioxidant effects, since PPIs block the in-
creased generation of ·OH radicals and associat-
ed LP, and also protein oxidation in stress-in-
duced gastric damage, indicating that they dis-
play gastroprotection by acting as potent antiox-
idant molecules 39,40.

D-002 has shown to cause gastroprotective
effects experimentally and clinically 21,22,41-44,
preventing NSAIDs, ethanol, stress and pylorus
ligation-induced gastric ulcers. D-002 does not
change the acidity of the gastric secretion, so
that its antiulcer action is cytoprotective 41 and
involves several mechanisms, like the reduction
of the LP 3 and the thromboxane A2 concentra-
tion in the rat stomach, 43 and the increase of
the quantity and glycoproteins content of the
gastric mucus 44. Also, D-002 has shown to heal
duodenal ulcers and to produce symptom relief
in patients with duodenal ulcers or in os-
teoarthritic subjects consuming NSAIDs 21,22.
Then, it is plausible to think that the antioxidant
effects of D-002 could contribute to its antiulcer
effects in humans, but this matter deserves fur-
ther research in which both antioxidant and gas-
troprotective effects should be studied in sub-
jects with gastritis, ulcers or gastroduodenal re-
flux. 

A limitation of this trial, however, was that
plasma levels of defensive antioxidant enzymes
were not assessed. In such regard, animal and
human data have given different results, since
D-002 has increased the activity of these en-
zymes in rats 4, but no effects have been found
in clinical studies 5,6, which could be related
with the differences in the methods used in ex-
perimental and clinical studies to assess these
variables, being convenient to confirm the lack
of effects of D-002 on these enzymes in other
clinical studies.

Consistent with prior clinical data 5,6,21,22, D-
002 was safe and well tolerated. D-002 did not
affect safety indicators and did not increase the
frequency of withdrawals or of subjects experi-
encing AE compared with placebo. Since these
results were obtained in middle-aged and older
subjects, who consumed frequently concomitant
medications, they support that the tolerability of
D-002 is very good.

CONCLUSIONS
This study demonstrates that D-002 (50

mg/day) for 12 weeks improves the OS status of
middle aged and older subjects. The evidence
includes significant reductions in plasma mark-
ers of oxidative damage, like TOHP and MDA;
and the increase of plasma TAS. D-002 was safe
and well tolerated. These results, therefore, con-
firm and expand previous data on the antioxi-
dant effects and tolerability of D-002 in humans.

LÓPEZ E., ILLNAIT J., MOLINA V., OYÁRZABAL A., FERNÁNDEZ L., PÉREZ Y., MAS R., MESA M., FERNÁNDEZ J., MENDOZA S.,
GÓMEZ M., JIMÉNEZ S. & RUIZ D.
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