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Summary

In treating postmenopausal women both statins and estrogens have been shown to elicit favourable effects on lipids and lipopro-
teins. In addition direct beneficial effects of these substances on the vascular wall are discussed. However, progestin addition to
estrogen replacement therapy, which is mandatory in women with an intact uterus, is thought to deteriorate at least partly estradiol-
induced direct effects on the vasculature. Oxidation of LDL, which mainly takes place in the vessel wall, seems to be a crucial step
in the development of atherosclerosis. Therefore, for the first time, the effect of a statin and an estrogen/progestin combination on
the in vitro oxidation of human LDL was investigated comparing the monosubstances fluvastatin, 1783-estradiol and norethisterone
acetate (NETA) as well as the effect of the combination. LDL was isolated from human female serum and oxidation was initiated
by copper(Il)-chloride. The progression of LDL oxidation was monitored spectrometrically at 234 nm for 300 min. Fluvastatin signi-
ficantly delayed the onset of LDL oxidation (controls = 85 min) by 21 min at I uM, by 99 min and by 210 min at 5 and 10 uM,
respectively. 176-estradiol significantly reduced the onset by 73 min at 1 uM and by more than 300 min at 5 and 10 uM. NETA had
no significant effect. The combination of | uM 17B-estradiol and 1 pM fluvastatin with 1, 5 and 10 uM NETA showed an additive
antioxidative effect of estradiol and fluvastatin and no deterioration by the addition of NETA even at high dosages.

It can be concluded that treatment of postmenopausal women with fluvastatin and a combination of 178-estradiol with NETA may
have not only beneficial effects on lipid disorders but may also elicit a direct potent antiatherosclerotic action on the vasculature.
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Introduction

Fluvastatin is a synthetic 3-hydroxy-3-methylglutaryl
coenzyme A (HMG-CoA) reductase inhibitor. This drug
class has been shown to reduce intracellular cholesterol
synthesis thereby reducing circulating lipid and lipopro-
tein levels. Several epidemiological studies were able to
demonstrate that statins are potent compounds for the
primary and secondary prevention of cardiovascular
diseases [1]. The natural estrogen, 17B-estradiol, is
mainly used for the alleviation of menopausal symptoms
but also has beneficial effects on the lipid profile and may
reduce morbidity and mortality due to cardiovascular
diseases [2].

However, both substance classes may elicit their benefi-
cial effects on the development of cardiovascular diseases
not only by reducing hypercholesterolemia but also by
direct actions on the vascular wall [3, 4]. Thus, among
other effects, fluvastatin and 176-estradiol enhance
endothelial prostacyclin production and reduce endothelin
production [4, 5]. Moreover both substances have already
been shown to possess antioxidative potency [6, 7].

The concomitant administration of a statin and 1763-
estradiol may be required in hypercholesterolemic post-
menopausal women suffering from menopausal symp-
toms. So far only a few in vivo studies have been
conducted in this aspect, whereby the effect of the com-
bination on the lipid profile was examined [8-10]. In vitro
effects of the combination of a statin with an estrogen
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were conducted by our group with respect to prostacyclin
and endothelin production by human vascular endothelial
cells [11] In addition, in a previous study we investigated
the effect of a fluvastatin/estradiol combination on the
oxidation of LDL [12]. Since clinically progestin addition
to estrogen replacement therapy is mandatory in women
with an intact uterus to prevent endometrial hyperplasia,
we extended our experiments by inclusion of a com-
monly used progestin, i.e. norethisterone acetate.

Material and Methods

Fluvastatin was donated by Novartis, Nuremberg, Germany,
178-estradiol and norethisterone acetate (NETA) were purcha-
sed from Sigma, Munich, Germany. The substances were dis-
solved in ethanol and tested alone at the concentrations 1 puM,
5 uM and 10 uM and in combinations of 1 pM estradiol and 1
uM fluvastatin with 1, 5 and 10 uM NETA.

LDL oxidation was investigated according to Esterbauer et al.
[13] using pooled blood serum from healthy premenopausal
women containing the antioxidants EDTA (1 mg/ml) and butyla-
ted hydroxytoluene (BHT) (4.4 ug/ml). The collected blood was
stored at 4°C and LDL was obtained by ultracentrifugation within
4 h after the collection of blood samples. In brief: 1.638 g sodium
bromide was added to 3 ml serum which was overlaid with
saline. After ultracentrifugation of this solution at 105,000 g for
9 h (fixed angle rotor), the LDL-layer (density 1.02-1.05 g/ml)
was aspirated using a syringe. Oxidation of LDL was started
immediately after ultracentrifugation as follows: LDL-solution
was separated from BHT and EDTA by gelfiltration (Sephadex
G-25, column 10 x 1.5 cm, eluent: saline, fraction volumes: 500
ul). Samples of 150 pl of LDL (adjusted to 300 ug protein/ml)
were mixed with 850 pl saline containing 10 uM CuCl, and the
test substances. Fluvastatin, 178-estradiol and NETA, alone or in



180 H. Seeger, D. Wallwiener, A. O. Mueck

combination were added to this mixture. Control values were
obtained by the addition of alcohol alone in the same concentra-
tion as in the test substances (final ethanol concentration in all
samples approx. 1%).

The increase of conjugated diene formation, characteristic of
the oxidation of LDL, was monitored spectrometrically at 234
nm. Tangents were drawn to the segments of the absorption
curve corresponding to the lag phase and propagation phase of
LDL oxidation. The length of the lag phase = lag time was
determined as the intercept of the two tangents.

The antioxidative effect of the substances tested is expressed
as the elongation of the lag time after subtracting the time for
the oxidated LDL formation of the control. The lag time was
measured for an observation time of 300 min. Each concentra-
tion of the substances alone and in combination was tested in
duplicates from six different LDL pools.

Protein content of LDL was determined by a colorimetric
protein assay (Bio-Rad, Miinchen, Germany). Statistical analy-
sis was performed using the Student’s t-test.

Results

The values for oxidated LDL formation without test
substances showed an average lag time of 85.1 + 13.6
min. The changes in the lag time in minutes caused by
fluvastatin and 178-estradiol are depicted in Table 1. Flu-
vastatin increased the lag time prior to the onset of LDL
oxidation by 21.4 £ 5.2 min (p<0.05) at 1 uM, by 99.3 =
9.4 min at 5 uM (p<0.01) and by 209.8 + 11.1 min at 10
pM (p<0.01). 17B-estradiol elongated the onset of LDL
oxidation at 1 uM by 73.2 + 6.2 min (p<0.01) and at 5
and 10 pM by more than 300 min (p<0.01), which was
the longest test time observed in our test. NETA had no
significant effect on all concentrations tested.

The combinations of fluvastatin and 1783-estradiol with
NETA increased the lag time significantly over the effect
of each substance alone; the values for 1 uM fluvastatin
and 1 uM 17B-estradiol combined with 1 uM NETA were
99.8 = 4.9 min (p<0.01), for 5 uM and for 10 uM NETA
addition 101.7 = 6.3 min and 103.8 + 5.3, respectively
(p<0.01).

Table 1. — Increase of the lag time of LDL transformed into
oxidated LDL by copper(ll)-chloride after addition of different
concentrations of fluvastatin, 17f3-estradiol, norethisterone
acetate (NETA) and combinations of these substances; values
are expressed in minutes as means + SD, duplicates from six
different LDL pools.

Fluvastatin

178-Estradiol ~ NETA Fluvastatin/Estradiol/NETA

Combination

1 uyM 23.2+5.0%  73.8£6.2** <5  Fluvastatin | uM +
Estradiol 1 uM + NETA
1 uM = 99.8+4.9**
Fluvastatin 1 uM +
Estradiol 1 uM + NETA
5 uM = 101.7+6.3%*
Fluvastatin 1 pM +
Estradiol 1 uM + NETA
10 uM = 103.8+5.3**

5uM 109.6£11.7.%%  >300%* <5

10uM  220.5£12.4%%  >300%* <5

** p <0.01 compared to control value.

Discussion

An early step in the development of atherosclerosis is the
oxidative modification of LDL which has penetrated into
the vascular wall because of insufficient clearance [14].
Oxidated LDL is able to initiate the recruitment of mo-
nocytes, which after conversion to macrophages and after
ingestion of oxidated LDL form the so-called foam cells
[14]. Moreover oxidated LDL is able to provoke migration
and proliferation of smooth muscle cells which is a crucial
step in the progression of atherosclerosis [14]. In addition
oxidated LDL negatively influences hemodynamics by
shifting the balance towards vasoconstriction [15, 16].

Several antioxidative compounds like vitamin E and
probucol have been shown to inhibit LDL oxidation and
thus may have an anti-atherosclerotic potential [17,18].
The present study confirmed the previously observed
antioxidative potential of fluvastatin and 178-estradiol.
The potency of 17B-estradiol is about five times greater
than that of fluvastatin. The magnitude of the fluvastatin
effect in our experiments is of a similar order as obser-
ved by Suzumura et al. [19] for 1 pM. However, at 10 uM
the inhibitory potency of fluvastatin was greater under
our experimental conditions. This difference may be attri-
buted to methodical variations.

The progestin NETA exhibits, as already shown in pre-
vious experiments [20], no antioxidative capacity. In
combination with fluvastatin and 178-estradiol no dete-
riorating effect by NETA was observed either.

In in vivo studies conducted so far, the combination of
an estrogen/progestin therapy with simvastatin or prava-
statin, respectively, was investigated on its effect on lipid
metabolism [8-10]. These studies showed beneficial
effects of the combination on lipid metabolism which
were slightly superior to the effect of the single substan-
ces. The progestin used in these studies was medroxy-
progesterone acetate; for NETA no studies are yet availa-
ble. However, it seems unlikely that NETA antagonizes
the beneficial effects of a statin/estrogen combination on
the lipid profile.

It is noteworthy that the effective dosages of the sub-
stances tested were in the micromolar range. However,
higher concentrations may be required in vitro in short-
term tests in which the reaction threshold can only be
achieved with supraphysiological dosages. Ex vivo expe-
riments on the resistance of LDL oxidation after treat-
ment of patients with fluvastatin or estrogens have
already been done. For fluvastatin one study found no
antioxidative effect ex vivo [21] which, however, may be
attributed to the specific patient group investigated, i.e.
renal transplant patients. In another study fluvastatin
administration did not significantly increase the lag time
compared to the control values but significantly reduced
the diene production rate [22].

Most studies on estrogens have found a delay in the
onset of LDL oxidation after treatment with hormone
replacement therapy [23-27]. However, other studies
failed to prove such an effect [28-30]. This discrepancy
may be explained by different kinds of estrogen, duration
and modes of administration.



Additive antioxidative effect of hormone replacement therapy combined with a statin 181

The mechanism by which fluvastatin and estradiol
elicit their antioxidative property is not clear yet. Most
likely both agents act as radical scavengers, estradiol by
virtue of its phenolic structure, whereas for fluvastatin
the fluorophenyl indole moiety seems to be important for
the antioxidant activity [19].

In conclusion, fluvastatin and 178-estradiol are antioxi-
dants in vitro with respect to the oxidation of human
LDL. Since the combination of these substances showed
an additive effect on the inhibition of LDL oxdiation, the
combined administration in postmenopausal women may
improve further prevention of the development of athe-
rosclerosis. Addition of the progestin NETA seems to
have no negative effect on this beneficial antiatheroscle-
rotic action of fluvastatin and estradiol.
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