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Endothelium-Dependent Vascular Effects of Pycnogenol
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Summary: Pycnogenol (P) is pusported to exhibit effects that
could be beneficial in terms of prevention of chronic age-re-
Jated diseases such as atherosclerosis. The most studied of these
cffects is its antioxidant/free radical-scavenging activity. In this
study, we investigated the possibility that this supplement might
produce vascular effects by stimulation of nitric oxide (NO)
production by vascular endothelial cells. In the in vitro experi-
ments, P (1-10 pg/ml) relaxed epinephrine (E)-, norepinephrine
(NE)-, and phenylephrine (PE)-contracted intact rat sortic ring
preparations in a concentration-dependent manner. However,
when the endothelial lining of the aortic ring was removed, P
had no effect, indicating an endothelium-dependent relaxing
(EDR) effect. This EDR was caused by enhanced NO
levels, because the NO synthase (NOS) inhibitor N-methyl-L-
argininc (NMA) reversed (or prevented) the relaxation, and this
response, in tum, was reversed by addition of L-arginine, the
normal substrate for NOS. Pycnogenol-induced EDR persisted
after exposure of intact rings to high levels of superoxide dis-

mutase (SOD), suggesting that the mechanism of EDR did not
involve scavenging of superoxide anion. In addition to caus-
ing relaxation, preincubation of sortic rings with P (1-10
{ig/ml) inhibited subsequent E- and NE-induced contractions
in a concentration-dependent manner. Fractionation of P by
Sephadex LH-20 chromatography resulted in three fractions,
one of which (fraction 3, oligomeric procyanidins) exhibited
potent EDR activity. These results indicate that P, in addition
to its antioxidant activity, stimulates constitutive endothelial
NOS (eNOS) activity to increase NO levels, which could
counteract the vasoconstrictor cffects of E and NE. Further-
more, additional protective effects could result from the well-
established properties of NO to decrease platelet aggregation
and adhesion, as well as to inhibit low-density lipoprotein
(LDL) cholcstcrol oxidation, all of which could protec
against atherogenesis and thrombus formation. Key Words:
Blood vessel—Endothelium—Nitric oxide—Nutritional sup-
plement—Procyanidins—Pycnogenol.

The nutritional supplement Pycaogenol (P) contains
compounds capable of producing a variety of potentially
prolective cffects against chronic age-related diseases
such as athcrosclerosis and the cardiovascular consc-

- quences of this discase. These compounds consist of cat-

echin, taxifolin, procyanidins of various chain leagths
formed by catechin and epicatechin units, and phenolic
acids and their glucose esters or glucosides, extracted
from the bark of the French maritime pine (1).

Many of the beneficial effects of P appear to bé related
to the antioxidant properties of its componeats. These
propertics include inactivation of the radical
(2-5) and the hydroxy! radical (2,5,6) and inhibition of
singlet oxygen formation (6). With respect to the vascu-
lar system, prevention of lipid peroxidation, especially of
low-density lipoprotein (LDL), would lead to a reduced
risk of atherosclerosis. In vitro, thlbnspemndnhonof
LDL (7). -lipid peroxidation in phospholipid liposomes
(2), lipid peroxidation caused by t-butylhydroperoxide
(8), and UV-B-mduwd lipid peroxidation in cells (4). An

intact capillary system is one of the prerequisites for op-
timal fonctioning of the microcirculation, Components of
P protect collagen (9) and elastin (10) against enzymatic
attack. Treatment of animals with pathologically low
capillary resistance (e.g., spontaneously hypertensive
rats) with P enhanced capillary resistance siguificantly
(ll) In bumans. edema formation in the lower legs re-
from venous insufficiency could be reduced sig-
nificantly by oral intake of this supplement (12).
Pycnomohlsoxsrepmtbd to exert a weak inhibitory
effect on the angiotensin-converting enzyme (ACE; 13).
The mild hypotensive effect observed in Sprague-Daw-
ley rats after i.v. administration of the supplement may be
related to this effect. Taking all of these beneficial effects
together, P may prevent damage to the vascular system.
Another property of plant extracts in general is en-
dothelium-dependent relaxing (EDR) activity. As was
demonstrated carlier (14), red wines, grape juice, and
grape-skin extracts cause EDR in isolated rat aortic rings
(and in canine coronary artery rings; unpublished re-
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pretreating rings with these and by addition of each dur-
mgﬂ\ere:ponsesequmce.lsdeucﬁbedinﬂwﬁgumlegends.
Inhibition of E- and NE-induced contractions was accom-
plished by preincubating rings with & particular concentration
of P(1, 3, or 10 pg/ml) for 10 min, followed by performance of
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stantially by increasing the SOD concentration to 100
U/ml. The presence of SOD did not alter the subsequent
relaxation response to P. Pretreatment of rings with SOD
before contraction likewise did not significantly alter P-
induced vasorelaxations (Fig. 3B). These results indicate



