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Prevention of Arteriosclerosis and Promotion

of Well-Aging

A Phytochemical Approach with Ginkgo biloba (EGb 761)

Zum ersten Mal publiziert «phytothera-
pie» einen englischen Artikel. Dies ge-
schieht auf Wunsch des (deutschspra-
chigen) Hauptautors. Damit leitet die
Redaktion von «phytotherapie» nicht
etwa einen Wechsel zu nur noch eng-
lisch verfassten Beitréigen ein, es ist
ganz einfach eine Anpassung an die
Realitdt. Und heute darf man davon
ausgehen, dass ein auf Englisch
verfasster Artikel allen an Phytothera-
pie interessierten Personen zugdng-

lich ist.

Giinter Siegel, Petra Schafer, Séren Just,
Martin Malmsten, Karl Winkler

Zusammenfassung

Die Vorbeugung oder Verzégerung
der Arterioskleroseentstehung ist eine
der bedeutsamsten Well-Aging-Mass-
nahmen, da dies eine Moglichkeit zur
Vermeidung von Myokardinfarkt und
Schlaganfall ist. Zur Erreichung dieses
prophylaktischen Ziels kann moglicher-
weise eine phytochemische Behand-
lung dienen, die der Peroxidation von
Blutlipiden aufgrund ihrer Radikalfan-
gereigenschaften fir reaktive Sauer-
stoffspezies (ROS) entgegenwirkt. So
sind zum Beispiel oxidierte LDL-Parti-
kel hochatherogen. Auf diesem Hinter-
grund erforschten wir in einer Pilot-
studie die Wirkung von Ginkgo biloba —
dessen  Fangereigenschaften  freier
Sauerstoffradikale ausfithrlich doku-
mentiert sind — auf die arterioskleroti-
sche Nanoplaquebildung bei kardiovas-
kuldaren Hochrisikopatienten.

Nach Beschichtung einer Silikatober-
fliche mit dem isolierten Lipoprotein-
rezeptor Proteoheparansulfat (HS-PG)
aus arteriellem Endothel und der Ge-
fassmatrix konnten wir die allerersten
Stufen der arteriosklerotischen Pla-
queentstehung mit ellipsometrischer
Technik beobachten (Patent EP 0 946
876). Diese sogenannte Nanoplaque-
bildung wird durch den ternaren
Aggregationskomplex aus HS-PG-Re-
zeptor, Lipoproteinpartikeln und Kalzi-
umionen reprasentiert. Dieses Modell
wurde in mehreren klinischen Studien
mit kardiovaskuldren Hochrisikopatien-
ten bestitigt, wobei deren native Blut-
lipoproteinfraktionen zur Anwendung
kamen.

Bei acht Patienten, die sich einer
aortokoronaren Bypass-Operation un-
terziechen mussten, betrug die Reduk-
tion der arteriosklerotischen Nanopla-
quebildung nach einer zweimonatigen
Therapie mit Ginkgo-biloba-Spezialex-
trakt (EGb 761, 2-mal 120 mg taglich,
Roékan®novo, Spitzner Arzneimittel, Ett-
lingen, Deutschland) im Mittel 11,9 *
2,5 Prozent (p < 0,0078) und der Nano-
plaquegrosse 24,4 + 8,1 Prozent (p <
0,0234). Zusitzlich war die Superoxid-
dismutase (SOD-)Aktivitit um 15,7 +
7,0 Prozent (p < 0,0391) aufreguliert,
der Quotient oxLDL/LDL um 17,0 +
5,5 Prozent (p < 0,0234) erniedrigt und
die Lipoprotein(a)-Konzentration um
23,4 + 7,9 Prozent (p < 0,0234) im Pa-
tientenblut nach der zweimonatigen
Ginkgo-Einnahme vermindert. Die
Konzentration der gefisserweiternden
Substanzen cAMP und cGMP war um
37,5 + 9,1 Prozent (p < 0,0078) bezie-
hungsweise um 27,7 + 8,3 Prozent
(p < 0,0156) erhoht. Eine multimodale
Regressionsanalyse ergab die Basis fiir
eine mechanistische Erklarung der
Nanoplaquereduktion unter Ginkgo-
Behandlung. Der arteriosklerosehem-
mende Effekt ist der Aktivitits-
erhohung der korpereigenen Radikal-
fangerenzyme zuzuschreiben sowie
einer Beeintrachtigung der Risikofak-
toren oxLLDL/LDL und Lp(a). Weiter-
hin wurde das Offenhalten des Bypas-
ses durch die signifikante Erhohung

der gefésserweiternden cAMP- und
cGMP-Konzentrationen kraftig unter-
statzt.

Introduction

In westernized societies, the epi-
demic atherosclerosis and its clinical se-
quelae heart disease and stroke are the
underlying cause of about 50 percent of
all deaths. Thus, the prevention or de-
celeration of atherogenesis is one of the
most significant anti-aging objectives
since this is a matter of avoidance of
myocardial and cerebral infarction.
Epidemiological studies have revealed
several important environmental and
genetic risk factors associated with athe-
rosclerosis. Therefore, it is badly indica-
ted that long-term changes in life style
and prophylactic measures to reduce
cardiovascular risk factors, solid dia-
gnostic examinations before and du-
ring medicinal treatment, and pro-
found and safe course controls are
applied. Central to disease diagnosis
and therapy is a clear understanding of
the underlying biophysicochemical al-
terations and abnormalities.

The oxidation of LDL and other li-
poproteins is an essential step in the pa-
thogenesis of atherosclerosis, so the
‘oxidative modification hypothesis’
[50]. Many studies in animal models
and clinical trials in humans pointed to
the importance of oxidized LDL
(oxLLDL) [22]. Despite of epidemiolo-
gic data in humans supporting a pro-
tective role for antioxidant supplemen-
tation [17], prospective clinical trials

Figure 1: Cholesterol receptor (proteoheparan sul-
fate) with bound high-density lipoprotein HDL (nor-
mocholesterinaemic condition).

phytotherapie Nr. 2 ¢ 2007




Figure 2: Cholesterol receptor (proteoheparan sul-
fate) with bound low-density lipoprotein LDL (hy-
percholesterinaemic condition). LDL is also located
in the subendothelial space.

with antioxidant vitamins, such as vita-
min E and B-carotene, in patients with
preexisting atherosclerosis have thus
far been disappointing [52]. This, how-
ever, is not necessarily in contradiction
to the oxidative modification hypo-
thesis, especially because antioxidants
may have a beneficial effect on the long-
term outcome only in the early stages
of atherosclerosis. Furthermore, it is
possible that these studies with antioxi-
dants have not yet led to convincing re-
sults in favour of the oxidative modifica-
tion hypothesis only because of
methodologic difficulties [50]. Thus,
pinpointing the molecular mechanisms
responsible for LDL oxidation in vivo
and defining the most susceptible pa-
tient populations will be necessary for
the development of specific and effi-
cacious approaches to antioxidant
therapy.

The present communication eluci-
dates results from a clinical trial which
led to the discovery of a further pleiotro-
pic Ginkgo biloba effect, that is the im-
mediate intervention into plaque for-
mation at the very earliest stages in
atherogenesis before any cellular reac-
tions. Nanoplaque build-up and esti-
mate of its size could be pursued by
ellipsometric techniques using an esta-
blished molecular model for athero-
sclerosis [40], that was tested in a bio-
sensor application with the lipid
fractions of ginkgo-treated patients.
Since the initial lipid deposition steps
in atherogenesis are surface-related
phenomena at endothelial cells and
vascular matrices, we carried out this in-
vestigation on the adsorption of lipo-
proteins in order to learn more about
their interfacial behaviour. Hydropho-
bic silica surfaces were modified
through adsorption of heparan sulfate
proteoglycan (HS-PG), the latter sub-
strate both mimicking the surface re-
ceptors exposed to lipoproteins in the
blood stream or on their paracellular
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pathway [38,41]. In order to obtain in-
formation of some biological relevance,
an important aspect of the present in-
vestigations was to perform these expe-
riments at close to in vivo conditions. In
the present study, the results of a long-
term intervention of ginkgo, indepen-
dent of any change in lipid concentra-
tions, into atherosclerotic nanoplaque
build-up using the plasma of eight
cardiovascular high-risk patients after
aortocoronary bypass operation are
discussed and mechanistically interpre-
ted.

Results and Discussion

Development of Atherosclerosis

To begin with, the formation and de-
velopment of an atherosclerotic plaque
and of a thrombus, as they occur in the
peripheral large and small arteries,
shall be called back to mind very briefly.
The primary lesion (fatty streak) pro-
ceeds over months and years to a calci-
fied atheroma with fibrous cap which
can disrupt at the shoulder in the case
of a vulnerable plaque [22,50]. The in-
jury is occluded by wound healing pro-
cesses (finally thrombus formation),
which may have fatal consequences im-
perative to prevent. Looking at blood
vessels in a longitudinal section, the vas-
cular smooth muscle cells are found
crossways. In the endothelial cell mem-
brane, the molecular cholesterol recep-
tors (heparan sulfate proteoglycan, HS-
PG), the size of which is in the
nanodimension scale, are represented.
Physiologically,  these  cholesterol
docking sites are occupied by high-den-
sity lipoprotein (HDL), because HDL
has a fourfold higher affinity constant
to HS-PG as compared to LDL [1] (/-
gure I).

This means that a person with a
blood concentration of 50 mg/dL HDL
can afford a 200 mg/dL LDL concen-
tration without being cardiovascularly
endangered if otherwise no further risk
factors (e.g. smoking, hypertension
etc.) exist. Thus, HDL bound to the HS-
PG receptor does not only control the
cholesterol back transport (lipid exit)
from the cells to the liver, but also, in a
feedforward circuit, the entire trans-
membrane and paracellular lipid entry
into the vessel wall [1,39]. Thus, for
diagnostics at least the LDL/HDL quo-
tient has to be measured in order to ob-
tain a first insight into the lipid status of
a person.

If the LDL cholesterol concentration
in the plasma of a patient is strongly in-

creased, his HDL concentration is di-
minished or if both are the case, the
lipoprotein receptors are occupied by
LDL (Figure 2). An interaction can eas-
ily occur between HS-PG receptors,
LDL and the Ca* ions in the blood, ter-
nary aggregational complexes can be
formed, atherosclerotic nanoplaques
have developed, the very first stages of
atherosclerotic plaques before any cel-
lular response.

At present, these nanoplaques can-
not be detected by laboratory chemical
procedures nor can they be depicted by
NMR imaging or spiral-computer to-
mography. The chemical analysis of
fully blown atherosclerotic plaques yiel-
ded heparan sulfate proteoglycan re-
ceptors, lipoproteins and calcium as
main components, i.e. the same consti-
tuents as in the atherosclerotic nano-
plaque on the molecular level. When a
high concentration of reactive oxygen
species (ROS) occurs in the blood
and/or tissue, as, for example, in the
case of smoking or after extensive ex-
posure to sunlight, LDL particles, cell
membranes or even DNA can be oxida-
tively attacked [50]. By lipid peroxida-
tion, LDL is transformed to the even
more aggressive oxLDL (an oxygen ra-
dical itself), which does not only create
nanoplaques very easily, but, being no
longer recognized as endogenous, is
taken up by attracted macrophages fi-
nally changing to foam cells. Now a
stage of atherosclerosis is reached, in
which cellular reactions promote pla-
que formation progrediently [35].

Preventive Effects of Ginkgo Extract
on Nanoplaque Formation

The cell surface membrane uptake
of lipoproteins in general is carried out
by the LDL receptor, lipoprotein re-
lated peptide (LRP) [20] and HS-PG
pathways [3]. As just elaborated, in the
arterial vascular wall, where athero-
sclerotic plaques develop, HS-PG se-
questration plays the major role [18].
In our atherosclerosis model, a hydro-
phobic methylated silica surface is
coated by a monomolecular layer of iso-
lated proteoheparan sulfate depositing
through its transmembrane hydropho-
bic core domain (patent EP 0 946 876)
[40] (Figure 3). The glycosaminoglycan
(GAG) side chains are stretched out
into the blood substitute solution be-
cause of their negative fixed charges
giving rise to electrostatic repulsion
[23,42,43].

Lipoprotein particles or cations may
interact with the GAG chains, for exam-
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Figure 3: Monomolecular coating of a methylated silica surface with proteoheparan sulfate molecules
and their inferaction both with Ca** and Na* ions and lipoprotein particles in blood substitute solution
(not to scale). Furthermore, the influence also of pharmaceuticals can be tested in this laser-based bio-

sensor model (EP 0 946 876).
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Figure 4: Problem Formulation

ple, on occasion of their positive amino
acid residues or simply their positive
charges. Thus, the situation reflects
physiological conditions, since, for ex-
ample, in the endothelial cell mem-
brane, the scenario differs only in one
respect, that the short hydrophilic in-
tracellular core domain is located in
the cell interior. In this sense, the hy-
drophobic silica surface simulates the
cell membrane overlaid with the glyco-
calyx quite perfectly.

With the following pilot study we
wanted to evaluate the applicability of
the molecular model for nanoplaque
formation in the clinical situation (Fig-
ure 4).

The study «Klinische Studie zur arte-
riosklerotischen Nanoplaquebildung an
Bypass-Patienten unter dem Einfluss von
Ginkgoextrakt Rokan® (EGb 761)» was
conducted at the Heart Center Branden-
burg, Clinic for Cardiac Surgery, Bernau,
Germany, according to good clinical
practice and ethical principles of the
Declaration of Helsinki. All patients gave

their written informed consent prior to
their inclusion in the study. The local
Ethics Committee of the Landesarzte-
kammer Brandenburg, Cottbus, Ger-
many, approved the study (S10/2004).
Within this clinical trial investigating the
effectiveness of ginkgo extract on lipo-
protein subfractions in cardiovascular
high-risk patients after aortocoronary by-
pass operation, the blood of the patients
was taken before and after two months
therapy with 2 x 120 mg ginkgo daily (Fig-
wre 5), and the in vivo-concentration of
the VLDL/ IDL/LDIAraction applied in
our assay [3,9].

The atherosclerotic nanoplaque as re-
presented by the ternary complex of the
HS-PG receptor, lipoprotein particles
and calcium ions was then pursued
through increasing the Ca* concentra-
tion (Figure 6). This ternary aggregatio-
nal formation on endothelial
cell membranes and vascular

sometric techniques [41]. HDL was fo-
und to exhibit a high binding affinity
and a protective effect on interfacial
HS-PG layers with respect to LDL and
Ca* complexation. LDL proved to be
deposited strongly at the proteoglycan-
coated surface, particularly in the pre-
sence of Ca*, apparently through com-
plex formation ‘lipoprotein receptor
(HS-PG) —low-density lipoprotein — cal-
cium’. This ternary complex build-up
may be interpreted as atherosclerotic
nanoplaque formation on the molecu-
lar level before any cellular reactivity,
possibly responsible for the athero-
sclerotic primary lesion.

Although there was no change in
lipid concentrations after ginkgo medi-
cation, it is demonstrated in Figure 7
how nanoplaque generation can be re-
duced.

Here, the results with the lipoprotein
fraction of VLDL/IDL/LDL in its natu-
ral blood concentration of one of the
patients are illustrated. It is impressively
shown that the lipid docking mecha-
nism to HS-PG fundamentally changed
after drug treatment and that the first
gradual and then steep increase in
nanoplaque formation was largely
blocked upon a two month medication
with ginkgo. Since nanoplaque forma-
tion is a Ca*-driven process, a complete
Ca* titration curve was measured. As
one can easily see, the stepwise increase
in adsorbed amount (nanoplaque
build-up) upon Ca* additions of 10.08
and 17.64 mmol/L in the baseline mea-
surement is no longer present after
ginkgo treatment. Calculating the per-
cent reduction in nanoplaque forma-
tion and size at each Ca* concentration
used, the mean value of all experimen-
tal points during the Ca* period in
question was related to the mean value
of all experimental points during
the VLDL/IDL/LDL binding period
([Ca*] = 0 mmol/L). The respective
quotient for each Ca* period in the

matrices may mimic the ‘pri-
mary lesion’ with its endothe-
lial dysfunction, the very ear-
liest stages in atherogenesis
on a molecular level [39].
Summarizing, at an HS-PG-
coated silica surface repre-
senting a receptor site for
specific lipoprotein binding
through basic amino acid-
rich residues within their
apolipoproteins, the binding

Study design
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Figure 6: Comparison of the Ca?-induced LDL deposition at methylated silica
coated with heparan sulfate proteoglycan in the absence (circles) and pre-
sence (friangles) of HDL addition (0.75 mmol/L) prior to the LDL addition (1.5
mmol/L). At time zero, proteoheparan sulfate was adsorbed, whereas the
other additions are indicated in the figure (Cal: 2.52 mmol/L; Ca2: 10.08
mmol/L).
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Figure 7: Total adsorbed amount versus time. At time zero, HS-PG (0.1
mg/ml) was adsorbed on hydrophobic silica from a Ca*free Krebs solution.
The first arrow indicates the addition of the plasma VLDL/IDL/LDL fraction at
its in vivo concentration from a cardiovascular high-risk patient either un-
treated (o, black curve) or after 2 months treatment with daily 2 x 120 mg
Ginkgo biloba extract (O, red curve). Total Ca** concentrations in solution are
indicated at the arrows. The thick, solid lines were computed by an iterative
parameter fit of the nonlinear allosteric-cooperative, simple-saturative or ex-

ponential kinetics to the experimental points using an algorithm for leastsqua-

res estimates. The pH was 7.40 (o) and 7.24 (o), respectively.
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Figure 8: Total adsorbed amount (A) and adsorbed layer thickness (B) as derived from ex-
periments as shown in Figure 10, dependent on the Ca* concentration of the Krebs solu-
tions. Adsorbed amounts and layer thicknesses were normalized to a common mean value
of the VLDL/IDL/LDL incubation periods (zero Ca* concentration). Symbols as indicated in
Figure 10 (o,0) reflect the mean values of all experimental points during the Ca?* period in
question, averaged for 8 patients (A: p < 0.007 for all Ca? concentrations; B: p(*) <

0.016).

minently upon Ca2 additi-
ons, in complete accordance
with former experiments in
the absence of proteoglycan
coating of the silica surface
[42] and with light scattering
experiments [24], where the
adsorbed amount and par-
ticle size, respectively, increa-
sed significantly with Ca2 in-
cubation. The augmentation
in adsorbed layer thickness
with increasing Ca* concen-
tration took a distinctly redu-
ced course after 2 months of
therapy as compared to the
control curve. This applies
particularly to Ca* concen-
trations up to 17.64 mmol/L.

These investigations with
the atherogenic apoB100
lipoprotein  fraction from
eight high-risk patients em-
phasized that long-term
treatment with ginkgo can
partly prevent both the for-
mation and the size develop-
ment of ternary nanopla-
ques, and this even at high
Ca* concentrations. Figure 9
illustrates the extent of inhi-

control curves was set to 100 percent
[cf. 39].

Figure 8 shows that beyond nanopla-
que formation and deposition (A) also
its dimensional build-up (B) is a Ca*
driven process.

Adsorbed layer thickness which is re-
lated to the molecular size of the ter-
nary aggregational complexes did not
markedly increase upon Cal, but pro-

bition. There arose a similar curve pro-
file for both the reduction in adsorbed
amount and in adsorbed layer thickn-
ess of ternary nanoplaques dependent
on the Ca* concentration used.

The degree of inhibition varied be-
tween 11.9 and 44.5 percent for nano-
plaque formation. Similar in shape, but
more prominent results were found for
the reduction in nanoplaque size ran-

ging between 21.1 and 67.4 percent.
Thus, the special ginkgo extract EGb
761 effectively diminished both athero-
sclerotic nanoplaque formation
high-risk patients and reduced nano-
plaque size.

in

Mechanistic Explanation of Nano-
plaque Reduction

Unlike statins, ginkgo is not an HMG-
CoA reductase inhibitor and a lipid lo-
wering drug. Therefore, it is not surpri-
sing that no correlations are seen
between nanoplaque reduction on the
one hand and variations in the lipid
fractions VLDL, IDL and LDL applied
in the experiment on the other hand
(very low r-values). This result was to be
expected. Since ginkgo has been well
known for along time as an oxygen free
radical scavenging substance with high
antioxidative capacity [14,16,44] as well
as a potent vasodilator drug [4,10,12],
we determined superoxide dismutase
(SOD) activity, oxLDL/LDL ratio and
cyclic nucleotide concentrations of
cAMP and cGMP in the blood of the pa-
tients. In Figure 10, the results for both
the SOD activities and oxLDL/LDL ra-
tios before and after a 2-month ginkgo
treatment are summarized.

While the oxLDL/LDL quotient was
reduced by 17.0 percent (p < 0.0234),
the SOD activity increased by 15.7 per-
cent (p<0.0391) on average. Ob-
viously, the reactive oxygen species
(ROS) scavenging properties of ginkgo
diminished the share of oxidized LDL
in total LDL-cholesterol and in this way
relieved cytosolic SOD of the free radi-
cal burden. Alternatively, a direct stim-

phytotherapie Nr. 2 ¢ 2007



Forschung

08 0 )

I o v ) o

__----\-'\"'-. = __--""-.
. -
7 ™, ",
b ;s =
: ! - X
) i e (&1 i ¥ b’ LR k] - L]
| SR — o™ | —

Figure 9: Reduction in Ca*~induced changes in adsorbed amount (A) and layer thickness (B) as derived
from the curves in Figure 8. The reductions upon application of the VLDL/IDL/LDL fractions taken from 8
patients treated with 2 x 120 mg/d Ginkgo biloba for a 2-month intake were calculated as a ratio to
the control values of the untreated patients.
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Figure 10: Superoxide dismutase activity (SOD) and oxLDL/LDL ratios in the blood of 8 cardiovascular
high-risk patients before and after a 2-month ginkgo therapy. Mean time courses are given by the thick
grey lines.
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Figure 11: Production of free oxygen radicals in the respiratory chain and the uric acid cycle and their
elimination and detoxification by superoxide dismutase (SOD), catalase and glutathione peroxidase.
The SOD upregulation by ginkgo exiract attenuates the lipid/protein oxidation.

ulation of SOD by ginkgo has been de-
scribed [7,29].

As a powerful antioxidant, ginkgo di-
minishes oxidative stress by its high
content in flavonoid constituents [ 6,21,
33,48]. These phenylbenzopyrones are
free radical scavengers and thus
decrease ROS [cf. 30]. Superoxide
anion radicals generated in the respira-
tory chain and the uric acid cycle are
dismuted by SOD to hydrogen pero-
xide and oxygen. Under physiological
conditions, the conjugation of catalase
to SOD ensures that as soon as a super-
oxide dismutation reaction occurs, the
resultant HoO2 is removed by the im-
mediate proximity of the catalase mole-
cule [27]. Thus, catalase conjugated to
SOD and additionally the redox func-
tion of glutathione minimize the con-
version of hydrogen peroxide to hy-
droxyl radicals by the Fenton reaction.
These highly aggressive and toxic hy-
droxyl radicals can attack lipids, pro-
teins or DNA to acquire the missing
electron (Figure 11).

We have seen that the conversion of
H2O2 to H2O and Og is multiply safe-
guarded and normally not the rate lim-
iting step. Under ginkgo therapy, the
SOD activity was upregulated, either
because SOD was relieved through
the radical scavenging properties of
ginkgo or directly stimulated by
ginkgo. Thereby, the reaction *Og™
— HoOs is strongly promoted, and a
conversion under NO inward transfer
from *Og~ > *ONOO™ (peroxynitrite
radical) largely ceases. Since catalase
and glutathione peroxidase produce
H>0O and Og from hydrogen peroxide,
the *OH hydroxyl radical production is
minimized. This effect is reflected by a
decrease in the oxLLDL/LDL ratio; the
share of oxLLDL generated through li-
pid peroxidation, in total LDL is dimin-
ished. This presumption is substantia-
ted by the proof of a direct linear
correlation between SOD and oxLDL/
LDL (r = 0.89; p < 0.0077).

There are several theories how
oxLDL is created in vivo. In the blood
plasma, there are many antioxidants, so
that an extended oxidation of LDL par-
ticles could hardly take place. More-
over, endothelial cells of liver sinusoids
and Kupffer’s cells which are copiously
occupied by scavenger receptors [46],
would immediately remove modified
LDL from the circulation. Most proba-
bly, the oxidation occurs in the vascular
wall itself. There, microdomains could
develop, small spaces largely devoid of
antioxidants [49]. In the vascular wall,
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also those cells are located which are
able to cause an oxidation. Henriksen
et al. [15] showed already in 1981 that
cultured endothelial cells can modify
LDL. In the following years various
working groups detected that smooth
muscle cells and monocytes/macro-
phages can generate similar changes
[46]. Finally, oxLDL promotes the
build-up and progression of plaques
[34,35]. The reduction of the
oxLDL/LDL quotient observed under
ginkgo treatment is so important, be-
cause oxLDL leads preferably to the
formation of unstable plaques via the
induction of apoptosis [13].

An increased LDL and Lp(a), arterial
hypertension, diabetes mellitus, smok-
ing, lowered HDL as well as genetic fac-
tors are considered as the most essen-
tial risk factors in atherogenesis [51].
Analyzing the LDL subfractions in de-
tail, we quite unexpectedly detected
another pleiotropic ginkgo effect. The
Lp(a) concentration, known as a po-
tent atherothrombotic risk factor, was
decreased by 23.4 percent (p < 0.0234)
falling from 52.4 to 42.0 mg/dL (p <
0.0859). Practically, Lp(a) cannot be in-
fluenced therapeutically [36]. The
Lp(a) level is determined genetically to
about 74 percent [37]. But this para-
meter independent of the other lipid
values has an effect on the oxLDL level
and vice versa. After a percutaneous in-
tervention in the coronary arteries,
both the oxLDL and Lp(a) concentra-
tion rose steeply for a few hours [47].
Also, with the intake of a low-fat,
low/high-vegetable diet, oxLLDL and
Lp(a) changed concertedly [45]. The
influence of Lp(a) on oxLDL is speci-
ally interesting, because Lp(a) showed
no correlations to the other lipid para-
meters [11]. Thus, it should be realized
that an outstanding correlation be-
tween circulating oxLLDL and Lp(a) has
been proven [45]. We found a statisti-
cally significant linear correlation be-
tween oxLDL/LDL and Lp(a) (r=-0.84;
p < 0.0176). A similar result was ob-
tained by Witztum and coworkers [47]:
oxLDL and Lp(a) are correlated to
each other. The authors point out that
in settings of enhanced oxidative stress
and chronically elevated Lp(a) levels,
the atherogenicity of Lp(a) may stem
from its capacity as carrier of pro-
inflammatory oxidation byproducts.
Only 2 patients of our clinical trial suf-
fered from a borderline Lp(a) concen-
tration of 29 mg/dL, whereas all other
patients had highly pathobiochemic le-
vels ranging from 37 to 98 mg/dL.
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Figure 12: Relative contribution of the three risk factors oxLDL/LDL, Lp(a) and VLDL/IDL/LDL to changes
in nanoplaque formation in dependence on the Ca* concentration. Performing multiple correlations over
all Ca? concentrations by combining all three risk factors yields partly significant results and a trend of

relative contributions (tvalues) with consistent image.

Because a 2-month intake of ginkgo
extract significantly reduced both the
oxLDL/LDL ratio and the Lp(a) con-
centration in the blood of the patients,
we strived to unveil a potential relation-
ship between these changes and the
nanoplaque changes and to disclose a
mechanistic explanation for the latter.
We could show that the decrease in na-
noplaque formation is correlated not
only to changes in the oxLDL/LDL
quotient but also to the Lp(a) concen-
tration before treatment. Lowering in
nanoplaque build-up is large in case of
a strong reduction of the oxLDL/LDL
ratio and a high concentration of Lp(a)
before therapy. Finally, a multiple corre-
lation between nanoplaque reduction
and the three risk factors oxLLDL/LDL,
Lp(a) and VLDL/IDL/LDL reveals an
estimate of their relative contribution
to changes in nanoplaque formation
(Figure 12). In normal blood Ca* con-
centration of 2.52 mmol/L, reductions
of oxLLDL/LDL are to 35.7 percent, of
Lp(a) to 582 percent, and of
VLDL/IDL/LDL to 6.1 percent instru-
mental in nanoplaque diminution.

Under mechanistic aspects it is there-
fore clear, that the reduction of the
atherogenic risk factors oxLDL/LDL
and Lp(a) mutually correlated to each
other, had quite a predominating influ-
ence (94%) on nanoplaque reduction
in normal Ca* blood substitute solution
(Fig. 12). The multiple regression de-
monstrates as well that in high Ca* con-
centrations the share in nanoplaque re-
duction is strongly shifted to the side of
the lipid fraction VLDL/IDL/LDL ap-
plied (77%). In support of this result it

may be stated that under high Ca* con-
ditions nanoplaque formation per se is
much more pronounced using the
atherogenic apoB100-fraction existing
at a higher concentration compared to
the concentration of Lp(a) or oxLDL
[24]. The Ca* concentration range ap-
plied in our experiments is justified, be-
cause counterion condensation of cal-
cium up to a concentration of 25
mmol/L can appear in the immediate
vicinity of the proteoglycan receptors
with their highly negative charge
density [25,26]. Also in the imme-
diate plaque proximity, the extracellu-
lar Ca* concentration is so high that
Ca* ions finally precipitate within the
plaque after exceeding their solubility
product.

Vasodilating Cyclic Nucleotides cAMP
and cGMP

The results of the cyclic adenosine
monophosphate (cAMP) and cyclic gua-
nosine monophosphate (cGMP) con-
centration measurements in the blood
of the patients yielded a surprisingly
strong augmentation. On average, the
increase in cAMP amounted to 37.5 =
9.1 percent (p < 0.0078) rising from
61.6 + 4.7 nmol/L to 83.3 + 5.4 nmol/L
(p < 0.0058). The augmentation of the
c¢GMP concentration by 27.7 + 8.3 per-
cent (p < 0.0156) was less pronounced
compared to cAMP. The mean concen-
tration increased from 27.8 + 4.3
nmol/L to 385.3 + 5.2 nmol/L (p <
0.0090). Both cyclic nucleotides are
common regulators of ion channels
and potent dilators of smooth muscle
tissues.
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Numerous clinical studies proved
that ginkgo extract has a marked vaso-
dilating effect by improving the endo-
thelium and smooth muscle function
[4,10,12]. In pharmacologic investiga-
tions, a significant increase in smooth
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adhesion to vascular endothelial cells)
to improve blood flow and tissue perfu-
sion [4]. Furthermore, the protection
of NO against free radical attack (inhi-
bition of peroxynitrite formation) can
be added to the list of vasomotor ac-

tions of ginkgo. Thus,

the increase in cAMP and
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augmented because in
blood vessels, the NO re-
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lease is generally combi-
ned with a co-release of
PGIy [cf. 10]. The latter
would then increase the
cAMP concentration. Al-
ternatively, an inhibition
of a-adrenoceptors might
be discussed.

SummarZ

According to these re-
sults and explanations, it
is evident to compare the
effects of the ginkgo ex-

Figure 14:

muscle cGMP concentration was meas-
ured, which can be explained by a sti-
mulation of NO release from vascular
endothelial cells [19,32]. After a 2-
month EGb 761-intake we found the
concentration of cAMP elevated by 37.5
percent and of cGMP by 27.7 percent,
respectively. To our knowledge, in this
study it was observed for the first time
that the cAMP and cGMP concentra-
tion distinctly increased in the blood of
the patients under ginkgo therapy. This
emphasizes the membrane diffusibility
for cyclic nucleotides [5,8,28], which
are even transported in the kidney
[2,31]. This means that the strong rise
in cyclic nucleotide concentrations in
the blood of the patients reflects a simi-
lar enhancement within the cells. Such
ginkgo-induced increases in cAMP and
cGMP concentration could function
both abluminally (providing vasodilata-
tion) and luminally (reducing platelet
aggregation, and platelet and leukocyte

tract with those of statins
(Figure 13). Although, for
example, the nanoplaque
reduction can amount to
45-50 percent after a
single dose application of
fluvastatin without any lipid lowering
[39] and is thus considerably stronger
than after ginkgo intake, a significantly
higher risk for and wider spectrum of
sideeffects remains for statins.

In conclusion, even though this is a
pilot study, we could measure remark-
able effects in these cardiovascular high-
risk patients after a 2-month Ginkgo bi-
loba (EGb 761) medication (Figure 14):
arteriosclerotic nanoplaque formation
and size were diminished; the special
extract did not change blood lipid com-
position; the anti-arteriosclerotic effect
is possibly due to an upregulation in the
body’s own radical scavenging enzymes
and an attenuation of the risk factors
oxLDL/LDL and Lp(a); ginkgo in-
creased the concentration of the vaso-
dilating nucleotides cAMP and cGMP.
Of course, further clinical studies
are needed to corroborate these fin-
dings. |
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