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ABSTRACT

Pycnogenol (procyanidins extracted from Pinus maritima) has been reputed as a
potent free-radical scavenger and an antioxidant phytochemical. We previously
reported that pycnogenol prevents vascular endothelial cells from injury induced
by an organic oxidant t-butyl hydroperoxide. In this study, we determined the ef-
Sects of pycnogenol on (a) oxidative burst of macrophages, (b) oxidation of plasma
low density lipoprotein (LDL}, and (c} hydroxyl radical-induced breakage of plas-
mid DNA. Pycnogenol was incubated with J774 murine macrophages at 37°C and
5% CO, and oxidative burst was triggered by zymosan. The intensity of fluores-
cence was measured. Pycnogenol exhibited a concentration-dependent inhibition
of oxidative burst. CuSO, was used to oxidize human plasma LDL and the forma-
tion of thiobarbituric acid reactive substances (TBARS) was determined. Co-incu-
bation with pycnogenol resulted in a concentration-dependent inhibition of LDL
oxidation. Exposure of pBR322 plasmid DNA to iron/ascorbic acid system resulted
in cleavage/damage of DNA by hydroxyl radical, measured by agarose gel elec-
trophoresis. Pycnogenol significantly minimized this cleavage. The results indicate
that pycnogenol exhibits an extensive antioxidant effect in all three in vitro sys-
tems.
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INTRODUCTION

There is growing evidence that the active oxygen-
induced and free-radical-mediated oxidation of biologi-
cal molecules, membranes, and tissues is closely related
to a variety of pathological events such as cancer, ath-
erosclerosis, diabetes, the damage of reperfusion after
organ ischemia, liver disease, inflammation, arthritis,
and the regressive changes in aging (1,2). Once free
radicals are produced, they multiply geometrically in
chain reactions unless they are quenched by antioxidants
or other free-radical scavengers. Antioxidants are com-
pounds that react easily with free radicals and thus pro-
tect neighboring structures from oxidant damage. Com-
mon protective antioxidant nutrients include vitamins C,
E, and B-carotene.

Pycnogenol is a blend of oligomeric and monomeric
procyanidins isolated from the bark of pine (Pinus mar-
itima) (3). These compounds are also found in fruits,
vegetables, and other plants. About 85% of the com-
pounds in pycnogenol are identified as procyanidins. Of
these procyanidins, about 60% are oligomeric pro-
cyanidins (dimers and trimers); 20% are oligomers and
phenolic acids such as gallic acid, caffeic acid, and feru-
lic acid. Pycnogenol has been extensively used in Eu-
ropean countries as a dietary supplement because of
its putative free-radical scavenging activity (4,5). This
phytochemical is currently being sold in the health food
market in the U.S. as well. Very few scientific studies
have, however, been carried out.

In our laboratory, we previously demonstrated that
pycnogenol can protect vascular endothelial cells from
oxidant injury induced by an organic oxidant z-butyl
hydroperoxide (6). In the present study, three in vitro
systems were used to determine the antioxidant activity
of pycnogenol.

MATERIALS AND METHODS

Reagents

Pycnogenol was provided by M. W. International
(Hillside, NJ). Agarose, a-tocopherol succinate, ascor-
bic acid, butylated hydroxytoluene (BHT), ethidium
bromide, ethylenediamine tetraacetic acid (EDTA), hu-
man low density lipoprotein (LDL), ferric chloride,
Hanks’ balanced salt solution (HBSS), N,N’-dimethyl
formamide (DMF), phosphate buffer solution (PBS),
sodium dodecyl sulfate (SDS), tetracthoxypropane, 2-
thiobarbituric acid (TBA), Tris-borate-EDTA buffer,
and zymosan A were purchased from Sigma Chemical
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Co. (St. Louis, MO). 2’,7-dichlorofluorescein diacetate
(DCFH-DA) was obtained from Molecular Probes, Inc.
(Eugene, OR). n-Butanol and pyridine were from Fisher
Chemical (Fair Lawn, NJ). Dulbecco’s modified Eagle's
medium (DMEM), and penicillin-streptomycin solution
were from Mediatech Co. (Washington, DC). Cupric
sulfate was purchased from J.T. Baker Co. (Phillips-
burg, NJ). Fetal bovine serum (FBS) was obtained from
Gemini Bioproducts (Calabasas, CA). Plasmid pBR322
DNA was obtained from Promega (Madison, WI).

a-Tocopherol succinate was dissolved in 95% etha-
nol and pycnogenol was dispensed in PBS. LDL was
dialyzed in PBS for 48 hr at 4°C to remove EDTA. The
protein content was measured (7).

Oxidative Burst Assay

The murine macrophage cell line 1774 was obtained
from the American Type Culture Collection (ATCC,
Rockville, MD). J774 cell line has been used as a model
for studying oxidative burst (8-10). Cells were grown
in DMEM supplemented with 10% heat-inactivated
FBS, 500 U/ml penicillin, and 0.5 mg/ml streptomycin,
at 37°C in a humidified 5% CO, atmosphere for 3-4
days. Cells were harvested, washed once, and resus-
pended in HBSS. Assays were performed using 96-well
tissue culture plates (Falcon, 3072) as previously de-
scribed (11). The cell density was adjusted to 2 X 10°/
ml and 100 pl of the cell suspension was pipetted into
each well. Different concentrations of pycnogenol in
HBSS were added to wells. Plates were incubated for 1
hr at 37°C in 5% CO,. Following the removal of
pycnogenol from wells, zymosan and DCFH-DA diluted
in HBSS were added. The plate was covered with a lid
and incubated for 2 hr in a 37°C humidified incubator
with 95% air and 5% CO,. The fluorescence intensity
(relative fluorescence unit, RFU) was determined at 485
nm excitation and 530 nm emission wavelengths using
an automated fluorescence reader (Microplate Fluorom-
eter Model 7610, Cambridge Technology, Watertown,
MA) interfaced with a PC-compatible computer.

LDL Oxidation

Cu?*-induced oxidation of LDL was performed (12).
Several concentrations of pycnogenol (or a-tocopherol
succinate as a control) in 0.1 ml and LDL (0.1 ml of
0.2 mg protein/ml) were added to 0.8 ml of 5 uM
CuSO, and incubated at 37°C for 24 hr. After the in-
cubation, the reaction was stopped by adding 0.1 ml of
1 mM EDTA. The extent of lipid oxidation was deter-
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mined by measuring thiobarbituric acid reactive sub-
stances (TBARS) as previously described (13). Briefly,
LDL solution was mixed with SDS, acetic acid solution,
BHT-acetic acid solution, TBA, and distilled water in
this order. The mixture was boiled at 100°C for 60 min.
TBARS were extracted with n-butanol-pyridine, the
butanol layer was removed, and the absorbance at 532
nm was measured using Bausch & Lomb Spectronic
2000 spectrophotometer. Tetraethoxypropane was used
as a reference standard and the results were expressed
in nmol/mg protein.

Quantification of Hydroxyl Radical-Induced DNA
Damage

Hydroxy! radical-mediated DNA damage was carried
out by exposing pBR322 plasmid DNA to various con-
centrations of ferric chloride/ascorbic acid for 1 hr at
room temperature (14). Samples were run with various
concentrations of pycnogenol. Determination of differ-
ent conformations of pBR322 DNA (I, supercoiled; II,
circular resulting from single-strand breaks; IlI, linear
resulting from double-strand breaks) was made using
0.8% agarose and 0.5 ug/ml ethidium bromide in a
horizontal gel electrophoresis chamber at 30 mA for 2
hr in 90 mM Tris borate/2 mM EDTA buffer at pH 8
(15). Relative intensity of bands was quantified by den-
sitometry scanning using the Bio Image Band Analyzer
(Millipore Corporation, Ann Arbor, MI).

Statistical Analyses

The data were analyzed by using one-way analysis of
variance (ANOVA) followed by Tukey’s multiple range
test for significant difference and the results were ex-
pressed as the means + SE. A p value less than 0.05
was considered significant. All statistical procedures
were performed with Statgraphics software version 5.0
(STSC, Inc., Rockville, MD).

RESULTS

To determine the effect of pycnogenol on oxidative
burst of macrophages, J774 cells were preincubated with
0, 2.5, 5, 10, 20, 40, 80, and 160 pg/mi of pycnogenol
for 1 hr. After removal of pycnogenol, zymosan and
DCFH-DA were added to each well. Fluorescence read-
ings reflecting oxidative burst were assessed 2 hr later
by an automated micro-fluorometric assay. Pycnogenol
exhibited a concentration-dependent suppression of oxi-
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dative burst of J774 cells (Fig. 1). Ceil viability re-
mained >95% when evaluated with trypan blue exclu-
sion, thus ruling out the possibility that the suppression
might be due to pycnogenol toxicity.

When LDL was incubated with CuSO, for 24 hr, a
significant increase of TBARS indicating L.DL oxidation
was observed, but in the absence of this metallic salt
only trace amount of TBARS was detected. A concen-
tration-dependent decrease of TBARS was noted with
pycnogenol [Fig. 2(a)]. A known antioxidant, a-toco-
pherol succinate, also suppressed Cu?*-induced forma-
tion of TBARS, although much higher concentrations
were required [Fig. 2(b)]. Multiple range statistical
analysis shows pycnogenol to be 50-100 times more
active than a-tocopherol in inhibiting LDL oxidation.

The iron/ascorbic acid system produces hydroxyl
radicals which cause cleavage of DNA manifested as
nicking of supercoiled pBR322 plasmid to yield circu-
lar form (II) and linear form (III). Figure 3(a) shows
that as the concentrations of Fe’*/ascorbic acid in-
creased, there was a decrease of the supercoiled DNA
(I) accompanied by an increase of circular/linear forms
(II/11). Densitometry scanning of the image showed
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Figure 1. Effect of pycnogenol on oxidative burst of J774

cells, Cells (2 x 10°/ml) were preincubated with various con-
centrations of pycnogenol (0, 2.5, 5, 10, 20, 40, 80, and 160
pg/ml) at 37°C and 5% CO, for 1 hr. Following removal of
pycnogenol, zymosan and DCFH-DA were added. The fluo-
rescence readings were taken after an additional 2 hr of incu-
bation at 37°C and 5% CO, Data represent means + SE of
triplicate samples. Asterisks denote significant difference from
control without pycnogenol (p < 0.05).
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Figure 2. Effects of pycnogenol and vitamin E on Cu®*-in-
duced oxidation of LDL. Data represent means + SE of trip-
licate samples. CTL = control not exposed to CuSO,. Aster-
isks denote significant difference from samples without
pycnogenol (p < 0.05).

untreated pBR322 to contain 80% form I and 20%
forms II/III. Treatment with 40 pM FeCl,/40 mM ascor-
bic acid resulted in a change of distribution of 10%
form I and 90% forms II/IIl and this concentration of
the inducers was used to determine the effects of
pycnogenol. As shown in Fig. 3(b), 3.75-6.25 pg/ml of
pycnogenol minimized the nicking of supercoiled plas-
mid DNA; the supercoiled form (I) detected was in the
range of 50-60% of the total. Pycnogenol alone had no
effect on pBR322 DNA [Fig. 3(c)].
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DISCUSSION

The oxidative burst assay employed in this study
utilizes dichlorofluorescein diacetate as a fluorescent
probe. This assay detects mainly superoxide anion and
hydrogen peroxide, and to a lesser extent, other reac-
tive oxygen species such as hydroxy! radicals (11). The
inhibition of oxidative burst by pycnogenol would sug-
gest its ability to scavenge superoxide anion and hydro-
gen peroxide.

Copper-dependent oxidation of LDL has been shown
to result from direct reduction of Cu?* to Cu* by a
reductant associated with the lipoprotein (16,17). Very
low concentrations of pycnogenol were capable of inhib-
iting Cu?*-induced oxidation of LDL [Fig. 2(a)]. The
inhibition of LDL oxidation by pycnogenol would sug-
gest its ability to effectively scavenge Cu?* oxidant.
Oxidation of LDL has been recognized as one of the
pivotal events in plaque formation in blood vessels lead-
ing to the development of atherosclerosis (18-20). The
ability of pycnogenol to prevent LDL oxidation may
thus have several clinical implications including lower-
ing the risk of heart disease, stroke, and hypertension
(20).

In this study, three in vitro systems were employed
to determine the antioxidant activity of pycnogenol. J774
macrophages were used to detect its effect at the cellu-
lar level. Experiments with this cell line involved pre-
incubation of J774 cells with pycnogenol in the culture
medium. Oxidative burst reflecting generation of reac-
tive oxygen species was triggered by zymosan and
measured with the fluorescent probe. Since the trigger-
ing process was carried out after removal of
pycnogenol, the suppression of oxidative burst observed
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Effects of pycnogenol on iron/ascorbic acid-induced damage of plasmid DNA. (a) Lane 1 = DNA molecular weight

marker; lane 2 = untreated pBR322 DNA; lanes 3-7 = pBR322 DNA treaied with 5, 10, 20, 30, and 40 pM Fe?*/uM ascorbic
acid, respectively. (b) Lane 1 = DNA molecular weight marker; lane 2 = untreated pBR322 DNA; lanes 3-7 = pBR322 DNA
treated with 40 pM Fe3* /40 uM ascorbic acid; in addition, they were treated with 1.25, 2.5, 3.75, 5, and 6.25 pg/ml of pycnogenol,
respectively. (c) Lane 1 = DNA molecular weight marker; lanes 2-7 = pBR322 DNA treated with 1.25, 2.5, 3.75, 5, 6.25, and
7.5 ug/ml of pycnogenol, respectively, in the absence of Fe3*/ascorbic acid.
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in this study would indicate that pycnogenol was able to
enter the cells to carry out its protective effect. Among
the cellular constituents generally thought to be most
sensitive to free radicals are the lipids and proteins in
the biomembranes. Oxidation of these macromolecules
may be the basis for many toxicological phenomena
(21). Previously, we demonstrated that pycnogenol pro-
tects lipid oxidation of vascular cell membrane (6). In
the present study, we observed that pycnogenol inhib-
ited oxidation of LDL, possibly by direct quenching of
Cu?* oxidant.

Another target of free-radical oxidation is the nucleic
acid. Relatively low concentrations of pycnogenol
(3.75-6.25 pg/ml) minimized the breakage of pBR322
DNA. The iron/ascorbic acid system used in this study
generates mainly hydroxyl radicals (14). Our inability to
observe a more complete protection of plasmid DNA
breakage may suggest that pycnogenol is not as potent
a scavenger for hydroxyl radicals as it is for superox-
ide anion or hydrogen peroxide. Nevertheless, its abil-
ity to minimize DNA damage is still of interest.

Pycnogenol used in this study is a patented product
consisting of proanthocyanidins extracted from maritime
pine (Pinus maritima). According to the U.S. patent
granted to J. Masquelier (3) of the University of Bor-
deaux in France, pycnogenol has potent radical scaveng-
ing activity. Data from this study confirm this claim.
This product has been extensively used in European
countries as a dietary supplement because of its value as
an antioxidant (4,5). A computer literature search for
pycnogenol or procyanidins reveals that only a few re-
search papers have thus far been published. One paper
shows that pycnogenol prevents elastin degradation (22)
while another paper demonstrates absence of toxicity of
procyanidins in a mutagenicity assay (23). Our present
study, using three in vitro systems, demonstrates a
rather extensive antioxidant activities of pycnogenol at
the cellular, lipoprotein, and DNA levels.

In summary, this study demonstrates antioxidant ef-
fects of pycnogenol in three in vitro systems. A signifi-
cant effect was noted in the prevention of oxidative burst
of macrophages, oxidation of plasma LDL, and hy-
droxyl radical-induced breakage of plasmid DNA. The
data from this study are encouraging as researchers
across the world are searching for ways to prevent the
development of free-radical-mediated disorders such as
atherosclerosis, arthritis, cancer, and aging. Whether or
not pycnogenol may be beneficial for prevention of free-
radical-mediated processes awaits further animal and
human studies. Such studies are warranted and should
be encouraged.
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