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Abstract. Estrogens are widely regarded as beneficial to arterial wall health, Among
the mechanisms of this benefit are antioxidant effects on LDL and the arterial wall.
Because progestlns oppose the effect of estrogen In several systems, we asked if
progestlns oppose the antioxidant effect of estrogen. To study this question, LDL and
various female sex hormones were Incubated alone and combined In the absence or
presence of bovine aortic endothelial cells, placental trophoblast, or macrophages,
and LDL oxidation and cytotoxicity were quantitated. In the absence of cells, LDL
Incubated with copper In phosphate-buffered saline enhanced the oxidation of LDL.
When 17~-estradiol was added to this system, an antioxidant effect was observed.
Progestlns Inhibited this protective estrogenic effect. In endothelial cell culture, pro-
gestlns also opposed the antioxidant effect of estrogen, with the strongest antiestro-
genic effect seen with the synthetic progestins, levonorgestrel and medroxyproges-
terone acetate (MPA). Endothelial cell cytotoxicity was proportional to the enhanced
lipid peroxide formation observed with progestlns or estrogen. Similar opposing ef-
fects were seen when estrogen and progesterone were added to primary cultures of
placental trophoblast or macrophages. Thus, three cell culture systems modeling
circulating arterial blood contact with cell surfaces demonstrated opposing effects of
estrogens and progestins on LDL oxidation and cell cytotoxicity. These studies are in
keeping with published reports that female sex steroids influence LDL oxidation in
vivo and consequent arterial wall Injury. [P.S.E.B.M. 1999. Vol 2221

Beneficial Effects of Estrogen

Estrogen is widely regarded as beneficial to arterial
wall function. As shown in Figure I, the beneficial effects
include changes in the circulating blood, the physiology of
the endothelium, and the intima-media of the arterial wall.
The estrogen-induced changes in the bloodstream are well
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described. In plasma, these changes include a reduction in
LDL, an increase in HDL, a reduction in Lp(a), and an
increase in plasma triglyceride levels (1-5). Also described
in the literature are reductions in plasma fibrinogen, PAI-l
activity, diminished LDL oxidation in plasma, enhanced
glucose metabolism, and enhanced insulin sensitivity
(1,2,6-8).

In the arterial endothelium, estrogen increases nitric
oxide synthase activity and the secretion of nitric oxide
(9-11). Nitric oxide has favorable effects on arterial vaso-
motion in a number of models, including women who have
angina pectoris due to vasospasm, so-called cardiovascular
syndrome X (12, 13). In the intima-media of the arterial
wall, estrogen diminishes calcification and diminishes the
secretion of a number of inflammatory cytokines, including
FOF, ICAM-I, YCAM-I, the nuclear receptor NFKB, and
atherosclerosis itself in several animal models (1, 2,12-16),
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Opposing Effects of Progestins on
Estrogen Action

The opposing effects of estrogen and progestins are
seen in their divergent effects on lipoprotein transport. As
shown in Figure 2, estrogens enhance the flow of choles-
terol from the diet through chylomicrons and chylomicron
remnants to the liver, subsequently through VLDL to LDL
to cells, through reverse cholesterol transport from cells via
HDL to the liver and then the bile (1-3). Under the influ-
ence of estrogen, plasma triglyceride levels rise because of
increased VLDL production; LDL levels are reduced due to

Figure 1. Beneficial effects of es-
trogen on arterial wall biology. Ben-
eficial effects are listed as occurring
in the vascular space, the arterial
endothelium, and the arterial wall it-
self.

the upregulation of the LDL receptor; and HDL is increased
due to increased secretion of apoprotein A-I and diminished
removal of HDL lipid due to a reduction in hepatic lipase
activity (1-4). On the other hand, progestins appear to slow
the stimulatory effect of estrogens on lipoprotein transport
in the bloodstream. Specifically, VLDL secretion is re-
duced, remnant removal appears to be impaired, LDL re-
ceptor activity is downregulated with a rise in LDL-C in
some settings, and HDL levels fall in association with an
increase in hepatic lipase activity. Antiestrogenic effects of the
progestins are also described for plasma levels of glucose,
insulin, and fibrinogen, all of which tend to increase (I, 2, 7).
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Figure 2. The effect of estrogen
and estrogen plus progestin on lipo-
protein transport. The broad lines in
the left illustration depict an in-
creased rate of cholesterol flow
from the intestine to the liver and
then from the liver to peripheral tis-
sues and then back to the liver. All
steps are believed to be increased
by the effect of estrogen. These ef-
fects include the enhanced secre-
tion of VLOL by the liver, enhanced
removal of VLOL remnants by the
upregulated LOL receptor, and in-
creased removal of the LOL also by
the LOL receptor. HOL levels are in-
creased, and transport may be in-
creased due to the increased pro-
duction of apoprotein A-I and the re-
duction of hepatic lipase (HTGL),
which shunts HOL cholesterol from
the liver back to LOL, facilitated by
cholesterol ester transport protein
(LTP). Shown on the right is the ef-
fect of progestins added to estro-
gen, which inhibits all of the steps
upregulated by estrogen. (Repro-
duced by permission from Ref. 39.)
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The effects of progestins on atherosclerosis are contro-
versial. Several studies have reported no adverse effect, in-
cluding natural progesterone in the subhuman primate (16)
as well as synthetic progestins in the cholesterol-fed rabbit
model (14, 15). On the other hand, Hanke and associates
have shown that high doses of natural progesterone oppose
the antiatherosclerotic effect of estrogen (17, 18). Others
have reported a proatherosclerotic/antiestrogenic effect of
synthetic progestins, including medroxyprogesterone ac-
etate (MPA) (19) and levonorgestrel (20) as well as testos-
terone (21). In addition, an antivasodilatory effect of MPA
has been described by Miyagawa et at. (22), associated with
an alteration in arterial wall calcium signaling (23). Finally,
Imthurn et at. (24) have found that two progestins, MPA
and cyproterone acetate, oppose the estrogen-induced in-
crease of plasma nitric oxide metabolites (nitrate and ni-
trite). This observation links progestin administration to an
antiestrogenic effect on nitric oxide synthesis at the endo-
thelial surface or possibly other sites in the body and is in
keeping with the reports of a proatherosclerotic effect of
progestin in the presence of estrogen.

The potential clinical significance of the antagonism of
estrogen by progestin on the arterial wall has recently been
underscored by the surprising results of the Heart and Es-
trogen/progestin Replacement Study (HERS) (25), which
showed that postmenopausal women with the diagnosis of
coronary artery disease given an equine estrogen-MPA
combination had no better outcome after a 4-5 year follow-
up than women given a placebo. In fact, in the first year of
the study, an increase was observed in cardiovascular mor-
bidity and mortality, which tended to decline in the subse-
quent years. It is possible that an enhanced sensitivity to
clotting from estrogen among some of the women might
explain the excess mortality in the first year. Another pos-
sibility is that the progestin administered with estrogen
might have attenuated the ability of estrogen to benefit the
arterial wall over the course of the study.

Estrogen and Progestin Effects on LDL Oxidation
A potential mechanism whereby estrogen benefits the

arterial wall is by its function as an antioxidant (1, 2, 8, 12,
13, 26, 27). As shown in Figure 3, the susceptibility of LDL
to copper-mediated oxidation in the formation of conjugated

dienes is inhibited in a dose-dependent manner by increas-
ing concentrations of estrogen. The effect in these studies is
discernible at a plasma concentration of I nM, which is
equivalent to the circulating plasma estrogen concentration.
Because estrogen is bound to albumin and sex-hormone-
binding-globulin (SHBG) in the plasma, the free estradiol
concentration in the plasma is even lower. However, the
relevance of free vs. plasma-bound estradiol to oxidation is
uncertain. In addition, it is possible that estrogen may be
concentrated in certain microenvironments, including the
surface of LDL, the ovary and placenta where estrogen is
secreted, or areas where estrogen receptors are abundant,
which could include the arterial wall.

Since progestins oppose the effects of estrogen in so
many systems, as described above, we reasoned that pro-
gestins may have a pro-oxidant effect that opposes the an-
tioxidant effect of estrogen. As shown in Figure 4, proges-
tins and androgens accelerated the rate of LDL oxidation in
the conjugated dienes assay compared to the inhibitory ef-
fect of 17f3-estradiol.

We further investigated the pro-oxidant effect of pro-
gestins in the presence of cultured bovine aortic endothelial
cells (28). As shown in Figure 5, four different progestins,
at a medium concentration of 5 fLM, increased lipid perox-
ide formation after 24 hr of incubation. When estrogen was
added alone at a concentration of I fLM, lipid peroxide
formation was inhibited. When estrogen was combined with
progestin, the estrogen effect was opposed by the addition
of progestins, most strongly by levonorgestrel and me-
droxyprogesterone acetate (28).

Shown in the bottom of Figure 5 is the effect of LDL
oxidation on endothelial cell cytotoxicity (28). When pro-
gestins were added alone, levonorgestrel and MPA dimin-
ished conversion of the tetrazolium reagent (MIT) to a
colored formazan, indicating diminished cell viability. On
the other hand, when I fLM 17f3-estradiol was added alone,
MIT conversion was greatly enhanced. This estrogen effect
was diminished in each of the cultures where progestin was
added in combination. The greatest antiestrogenic effect
was seen with levonorgestrel and MPA, statistically signifi-
cantly in the case of MPA versus norgestimate. As shown in
Figure 6, a curvilinear relationship describes the association
between the formation of lipid peroxides and reduction in
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Figure 3. Effect of increasing con-
centrations of 17(3-estradiolon LDL
oxidation expressed as conjugated
diene formation in the presence of 2
IJMcopper and 0.1 mglml LDL pro-
tein. Inhibition of oxidative stress by
estrogen is dose-dependent and is
detectable down to an estrogen
concentration of 1 nM.
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Figure 4. Effect of 0.1 lJM concentrations of progesterone and sev-
eral androgens on LDL oxidation. Conditions are the same as in
Figure 3.

MIT conversion to formazan, based upon the aggregate of
the cell culture studies performed (28).

In summary, these studies suggest that the opposing
effects of estrogen and progestin on plasma and arterial
endothelial cell redox state can modulate the oxidizability of
LDL, the viability of the adjacent cells in the arterial wall,
and the consequent progression of atherogenesis.

Figure 5. Effect of progestins at 5 lJM concentrations and on LDL
oxidation. Copper is present at 0.5 lJM. Pro-oxidant effects of pro-
gestins are greatest for levonorgestrel, and MPAand these two pro-
gestins have the maximum antiestrogenic effect in this system. Simi-
larly, in the bottom of Figure 5, levonorgestrel and MPA inhibit the
conversion of MIT to formazan. The effect of estrogen is also op-
posed to the greatest extent by these two progestins. " ", ..., or #,
##, ### denote significant differences from control without or with
estrogen respectively at p < 0.05, 0.01, or 0.001. (From Ref. 28 with
permission.)

Effects of Estrogen, Progesterone, and
Testosterone on Placental Cell-Mediated LDL
Oxidation and Cytotoxicity

Another model of the interaction of LDL with vascular
cells is the interface of blood and trophoblast in the inter-
villous space. In a cell culture model of this system, we have
again observed opposing effects of estrogen and progestin
in placental trophoblast and macrophage primary cell cul-
ture (29). Placental cells were isolated from healthy term
elective cesarean section pregnancies. Placentas were dis-
sected free of membrane, cut into small pieces, and sub-
jected to enzymatic digestion. Trophoblast and macro-
phages were then isolated on a 40% Percoll gradient (29).
As shown in Figure 7, increased LDL oxidation increased
the release of c.-s t from prelabeled cells. These results in-
dicate a cytotoxic effect of LDL oxidation in this placental
cell culture system (29). The effects of adding metal ions
or inhibiting LDL oxidation with antioxidants had the ex-
pected pro- and anticytotoxic effects on these cells, as
previously described in the arterial wall (30). For this

reason, we believe that primary cultures of trophoblast and
macrophages from healthy human placenta are another
model of the interaction between oxidative stress in the
circulating blood stream and the cells with which it comes
in contact.

The influence of sex hormones on these processes is
shown in Figures 8 and 9. In Figure 8, the antagonistic
effect of estrogen on cytotoxicity is illustrated in cultured
placental macrophages. In contrast, natural progesterone
and testosterone increase C.-s t release from macrophages in
the presence of LDL and 0.5 IJ.M copper. Linear relation-
ships are described in the inset between lipid peroxide for-
mation or TBARS formation and c.-s I release, as observed
in the aggregate of the experiments performed.

Similarly, in the cultured trophoblast (Fig. 9), increas-
ing concentrations of estrogen again inhibit cytotoxicity
whereas progesterone and testosterone enhance cytotoxic-
ity. A linear relationship is again observed between lipid
peroxide or TBARS formation and c.-s I release, as shown in
the inset.
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Figure 6. A curvilinear relationship exists between lipid peroxide
formation and MTI conversion to formazan. (From Ref. 28 with per-
mission.)
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Figure 8. Effect of increasing concentrations of estrogen, proges-
terone, or testosterone on placental macrophage Cr' release. In this
system containing LDL and 0.5 IJM copper, Cr1 release is inhibited
by increasing concentrations of estrogen and enhanced by increas-
ing concentrations of progesterone and testosterone. The inset
shows a parallel association of lipid peroxide and TSARS formation
on Cr1 release. (From Ref. 29 with permission.)
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A depiction of the circulation of the blood in the pla-
cental bed is shown in Figure 10. The illustration shows
how maternal arterial blood flows into the intervillous space
and percolates over the placental villi, which are covered by
trophoblast. Fixed macrophages (Hofbauer cells) are pre-
sent in the interior of the placental villi. A similarity exists

Hormone Concentration (uM)
P <0.05. •• P <0.01 VS. control (0)

Figure 9. Effect of sex hormones on placental trophoblast cytotox-
icity. Incubation conditions are the same as in Figure 7. Increasing
concentrations of the 1713-estradiol again inhibit Cr5 1 release
whereas progesterone and testosterone increase this release. The
inset shows a parallel association of lipid peroxide and TSARS for-
mation on Cr1 release. (From Ref. 29 with permission.)
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Figure 10. Schematic of placen-
tal blood flow. Maternal blood
passes over placental villae,
which are covered with a layer of
trophoblast, and tissue macro-
phages that are present in the
subtrophoblast area oftheplacen-
talvillae. Asinthearterial wall, en-
hanced oxidative stress may have
an injurious effect on placental
health, as is seen in toxemia or
diabetes. (From Ref. 30 with per-
mission.)

Table I. Effects of Sex Hormones on LDL Oxidation in vivo

Authors Journal Year Results

Sack et a/. (8) Lancet 1993 Patch: lag phase t 36 min
E2 infusion: lag phase t 45 min

Keaney et a/. (32) Circulation 1994 Swine: lag phase t 50 min (endogenous E2 ) B

lag phase t 70 min (exogenous E2 ) B

Guetta V et at, (33) Am J Cardiol 1995 Patch: lag phase t 18 min + vitamin E
Wilcox et a/. (34) Fertil Steril 1997 Equine E2 : lag phase t 24.5-87.8 min
Wagner et a/. (35) Arterioscler 1996 Estx. E2 : aortic MDA J,. 50%

(ovariectomized monkeys)
McKinney et a/. (36) Fertil Steril 1997 E2 : lag phase t 53 min

(postmenopausal monkeys)
E2 + Pg: lag phase t 27 min

McManus et a/. (37) Atheroscler 1997 CEE: lag phase 0
Implant: LOOH J,. 12%

Brussard et a/. (38) Arterioscler 1997 Estrace 2 mg: lag phase 0
-Diabetics

B vs ovariectomy.

between arterial endothelium and trophoblast, both of which
are exposed to LOL and to potential arterial injury. Macro-
phages may then be recruited, either from the blood stream,
as in the case of the arterial wall (31), or from the interior
of the placenta itself in response to the inflammatory injury
of oxidative stress, such as is seen in diabetes and pre-
eclampsia or eclampsia.

Regarding the related question of whether testosterone
is atherogenic, the studies of Adams et al. (21) in 1995
indicated that testosterone administration to female mon-
keys can induce atherosclerosis without any influence of
changes in plasma lipoproteins.

The above observations raise the question of whether
the changes in plasma hormone levels or the presence of
estrogen and progestin in vivo can influence LOL suscep-
tibility to oxidation in vitro. Table 1 summarizes the eight
publications of which we are aware (8, 32-38). All but one
show an antioxidant effect of estrogen in some parameter,
including prolongation of lag phase, reduction of arterial
malonyldialdehyde (MOA) content, and reduction in forma-
tion of plasma lipid peroxides. The only study that did not
show an effect of estrogen on lag phase or other oxidative
parameter is that of Brussard et al. (38) who found no
benefit of estrogen treatment on the LOL of diabetic post-

menopausal hormone-treated women. This result may be
related to the oxidative stress associated with diabetes. Con-
versely, McKenny et al. (36) found that the addition of
natural progesterone to estrogen in postmenopausal mon-
keys was associated with an enhanced susceptibility of LOL
to oxidation.

Summary
The opposing effects of estrogen and progestin on mul-

tiple physiological systems in the body have been reviewed.
Estrogens and progestins oppose each other in many ways:
at the receptor level, on lipoprotein physiology, in carbo-
hydrate metabolism, on insulin sensitivity, and on the clot-
ting system. Regarding arterial wall biology, progestins op-
pose the effects of estrogen in atherogenesis itself; nitric
oxide formation, arterial vasomotion, and, in our studies,
LOL oxidation and cultured vascular cell cytotoxicity. In
addition. we found some distinctions among the progestins,
with the greatest pro-oxidant effect associated with MPA
and the androgenic progestin, levonorgestreJ. In light of the
surprising lack of benefit of an estrogen/progestin combi-
nation in preventing recurrent coronary artery disease in the
HERS study, some consideration should be givento the use
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of lower doses of progestin, alternative progestins, or non-
oral progestins. Overall, our results point to the possibility
that progestins as well as estrogens may be involved in the
health of cells exposed to arterial blood flow, including the
arterial endothelium and the placental trophoblast covering
the placental villi. The results also suggest that common
pathophysiological mechanisms may be involved in athero-
sclerosis and the placental injury seen in maternal diabetes
and preeclampsia.

I. Knopp RH, Zhu XeD, Lau J. Walden CEo Sex hormones and lipid
interactions: Implications for cardiovascular disease in women. The
Endocrinologist4:286-301, 1994.

2. Knopp RH. Estrogen, female gender, and heart disease. In: Topol E,
Ed. Textbook of Cardiovascular Medicine: Preventive Cardiology.
New York: Lippincott-Raven, ppI95-218, 1997.

3. Knopp RH. Editorial: Multiple beneficial effects of estrogen on lipo-
protein metabolism. J Clin Endocrinol Metab 82:3952-3954, 1997.

4. Espeland MA, Marcovina SM, Miller V, Wood PO, Wasilauskas C,
Sherwin R, Schrott H, Bush TL. Effect of postmenopausal hormone
therapy on lipoprotein(a) concentration. PEPI Investigators. Post-
menopausal Estrogen/Progestin Interventions. Circulation 97:979-
986,1998.

5. Mendelsohn ME, Karas RH. The protective effects of estrogen on the
cardiovascular system. N Engl J Med 340:1801-1811, 1999.

6. CushmanM, MeilahnEN, Psaty BM, Kuller LH, Dobs AS, Tracy RP.
Hormonereplacementtherapy, inflammation,and hemostasis in elder-
ly women. Arterioscler Thromb Vase Bioi 19:893-899, 1999.

7. The Writing Group for the PEPI Trial. Effects of estrogen or estrogen!
progestin };;.gimens on heart disease risk factors in postmenopausal
women. The Postmenopausal EstrogenlProgestin Intervention Trial.
JAMA 273:199-208, 1995.

8. Sack MN, Rader OJ, Cannon RO III. Oestrogen and inhibition of
oxidation in low-density lipoproteins in postmenopausalwomen. Lan-
cet 343:269-270, 1994.

9. Hishikawa K, Nakaki T, Marumo T, Suzuki H, Kato R, Saruta T.
Upregulation of nitric oxide synthase by estradiol in human aortic
endothelial cells. PEBS Lett 360:291-293, 1995.

10. Hayashi T, Yamada K, Esald T et al. Estrogen increases endothelial
nitric oxide by a receptor-mediated system. Biochem Biophys Res
Commun 214:847-855, 1995.

II. Caulin-Glaser T, Garcia-Cardena G, Sarrel P, Sessa WC, Bender JR.
1713-estradiol regulation of human endothelial cell basal nitric oxide
release, independentof cytosolicCa2

+ mobilization.Circ Res 81:885-
892, 1997.

12. Blum A, Cannon RO III. Effects of oestrogens and selective oestrogen
receptor modulatorson serum lipoproteinsand vascular function. Curr
Opin Lipidol 9:575-586, 1998.

13. Guetta V, Cannon ROIlI. Cardiovascular effects of estrogen and
lipid-lowering therapies in postmenopausal women. Circulation
93:1928-1937, 1996.

14. HaarboJ, Leth-EspensenP, StenderS, ChristiansenC. Estrogen mono-
therapy and combined estrogen-progestinreplacement therapy attenu-
ate aortic accumulation of cholesterol in ovariectomized cholesterol-
fed rabbits. J Clin Invest 87:1274-1279, 1991.

15. Haarbo J, Svendsen OL, Christiansen C. Progestogens do not affect
aortic accumulation of cholesterol in ovariectomized cholesterol-fed
rabbits. Circulation Res 70:1198-1202,1992.

16. Adams MR, Kaplan JR, Manuck SB, Koritnik DR, Parks JS, Wolfe
MS, Clarkson TB. Inhibition of coronary artery atherosclerosis by

1713-estradiol in ovariectomizedmonkeys: Lack of an effect of added
estrogen. Arteriosclerosis10:1051-1057, 1990.

17. Hanke H, Hanke S, Bruck B et al. Inhibitionof the protectiveeffect of
estrogen by progesterone in experimental atherosclerosis. Atheroscle-
rosis 121:129-138, 1996.

18. Hanke H, Hanke S, Finking G et al. Different effects of estrogen and
progesterone on experimental atherosclerosis in female versus male
rabbits: Quantificationof cellular proliferationby bromodeoxyuridine.
Circulation 94:175-181, 1996.

19. Adams MR, Register TC, Golden DL, Wagner JD, Williams JK. Me-
droxyprogesteroneacetate antagonizesinhibitoryeffects of conjugated
equine estrogens on coronary artery atherosclerosis. Arterioscler
Thromb Vase Bioi 17:217-221, 1997.

20. Adams MR, Clarkson TB, Koritnik PR, Nash HA. Contraceptive ste-
roids and coronary artery atherosclerosis in cynomolgus macaques.
Fertil Steril 47:1010-1018, 1987.

2 I. Adams MR, Williams JK, Kaplan JR. Effects of androgens on coro-
nary artery atherosclerosis and atherosclerosis-related impairment of
vascular responsiveness. Arterioscler Thromb Vase BioI 15:562-570,
1995.

22. Miyagawa K, Rosch J, Stanczyk F, Hermsmeyer K. Medroxyproges-
terone interferes with ovarian steroid protection against coronary va-
sospasm. Nat Med 3:324-327, 1997.

23. Minshall RD, Stanczyk FZ, Miyagawa K et al. Ovarian steroid pro-
tection against coronary artery hyperreactivity in rhesus monkeys. J
Clin Endocrinol Metab 83:649-659, 1998.

24. Imthurn B, Rosselli M, Jaeger AW, Keller PJ, Dubey RK. Differential
effects of hormone-replacement therapy on endogenous nitric oxide
(nitrite/nitrate)levels in postmenopausalwomen substituted with 1713-
estradiol valerate and cyproteroneacetate or medroxyprogesterone ac-
etate. J Clin Endocrinol Metab 82:388-394, 1997.

25. Hulley S, Grady D, Bush T et al. Randomized trial of estrogen plus
progestin for secondary prevention of coronary heart disease in post-
menopausal women. JAMA 280:605-613, 1998.

26. Maziere C, Auclair M, Ronveaux MF, Salmon S, Santus R, Maziere
Je. Estrogens inhibit copper and cell-mediated modification of low-
density lipoprotein. Atherosclerosis 89:175-182, 199I.

27. Sugioka K, Shimosegawa Y, Nakano M. Estrogens as natural antioxi-
dants of membrane phospholipidperoxidation.FEBS Lett 210:37-39,
1987.

28. Zhu XeD, Bonet B, Knopp R. Estradiol-17§ inhibition of LDL oxida-
tion and endothelial cell cytotoxicity is opposed by progestins to dif-
ferent degrees. Atherosclerosis 148:31-41, 2000.

29. Zhu X-D, Bonet B, Knopp RH. 1713-estradiol, progesterone and tes-
tosterone inversely modulate LDL oxidation and cytotoxicity in cul-
tured placental trophoblast and macrophages. Am J Obstet Gynecol
177:196-209, 1997.

30. Bonet B, Hauge-GillenwaterH, Zhu X-D, Knopp RH. LDL oxidation
and human placental trophoblast and macrophage cytotoxicity. Proc
Soc Exp Bioi Med 217:203-211, 1998.

31. Ross R. Atherosclerosis: An inflammatory disease. N Engl J Med
340:115-126, 1999.

32. Keaney JF Jr., Shwaery GT, Xu A et al. 1713-estradiol preserves en-
dothelial vasodilator function and limits low-density lipoprotein oxi-
dation in hypercholesterolemic swine. Circulation 89:2251-2259,
1994.

33. Guetta V. Lush RM, Figg WD, Waclawiw MA, Cannon RO 111. Ef-
fects of the antiestrogen tamoxifen on low-density lipoproteinconcen-
trations and oxidation in postmenopausal women. Am J Cardiol
76:1072-1073, 1995.

34. Wilcox JG, Hwang J, Hodis HN, Sevanian A. Stanczyk FZ, Lobo RA.
Cardioprotective effects of individual conjugated equine estrogens
through their possible modulation of insulin resistance and oxidation
of low-density lipoprotein. Fertil Steril 67:57-62, 1997.

220 OPPOSING EFFECTS OF HORMONESON LDL OXIDATION



35. Wagner JD, Zhang L, Williams JK et al. Esterified estrogens with and
without methyltestosterone decrease arterial LDL metabolism in cy-
nomolgus monkeys. Arterioscler Thromb Vase Bioi 16:1473-1480.
1996.

36. McKinney KA. Duell PB. Wheaton DL et aI. Differential effects of
subcutaneous estrogen and progesterone on low-density lipoprotein
size and susceptibility to oxidation in postmenopausal rhesus mon-
keys. Fertil Steril 68:525-530. 1997.

37. McManus JM. Eneny JM. Thompson W, Young IS. The effect
of hormone replacement therapy on the oxidation of low-density

lipoprotein in postmenopausal women. Atherosclerosis 135:73-81.
1997.

38. Brussard HE, Leuven JAG. Kluft C et al. Effect of 17J3-estradiol
on plasma lipids and LDL oxidation in postmenopausal women with
Type II diabetes mellitus. Arterioscler Thromb Vase Bioi 17:324-339.
1997.

39. Knopp RH. The effects of oral contraceptives and postmenopasual
estrogens on lipoprotein physiology and atherosclerosis. In: Halbe
HW, Rekers H, Eds. Oral Contraception into the 1990s. Carnforth.
UK: Parthenon Publishing. pp31--45. 1989.

OPPOSING EFFECTS OF HORMONES ON LDL OXIDATION 221


