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Abstract
Background: An inverse relationship between the level of high-density lipoprotein (HDL) and
coronary heart disease (CHD) has been reported. In contrast, oxidized HDL (oHDL) has been
shown to induce neuronal death and may play an important role in the pathogenesis of CHD. In
the present study we have investigated a: the effect of various equine estrogens on HDL oxidation,
b: the inhibition of LDL oxidation by HDL and c: the effect of these estrogens on LDL oxidation in
the presence of HDL.
Results: All 11 equine estrogens tested protected the HDL from oxidation in a concentration
dependant manner. Equilenin, 17β-dihydroequilenin, and 17α-dihydroequilenin (∆6–8-estrogens)
were found to be the most potent inhibitors of HDL oxidation. Some of the novel ring B
unsaturated estrogens were 2.5 to 4 times more potent inhibitors of HDL oxidation than 17βestradiol. HDL was found to delay LDL oxidation. The protection of LDL oxidation by HDL is
enhanced by the addition of estrogen, with equilenin being again more potent than 17β-estradiol.
Conclusions: Equine estrogens can differentially inhibit the oxidation of HDL with the ∆6–8estrogens being the most potent antioxidants. The ability of estrogens to enhance HDL's
antioxidant activity is to our knowledge the first report of an interaction of estrogen with HDL that
results in the delay or inhibition of LDL oxidation. This may be another mechanism by which
estrogens may reduce the risk of CHD and neurodegenerative diseases in healthy and younger
postmenopausal women.
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Background
Oxidatively modified lipoproteins, such as oxidized lowdensity lipoprotein (oLDL) have been implicated in the
pathogenesis of atherosclerosis and neurodegenerative
diseases such as Alzheimer's disease (AD) [1–5]. This peroxidation of the low-density lipoprotein (LDL) molecule
renders it immunogenic and causes monocyte recruitment, foam cell formation and cytotoxicity to various cells
including neurons [6–8].
In contrast, epidemiological data has suggested a strong
inverse correlation between plasma HDL concentrations
and the incidence of coronary and cerebral atherosclerosis
[9,10]. Traditionally, this relationship has been proposed
to be due in part to the involvement of HDL in reverse
cholesterol transport, however, recent studies have shown
that HDL can prevent the oxidation of LDL [11]. This prevention of LDL oxidation by HDL contributes to a
decrease in the formation of lipid peroxides, foam cell formation and cytotoxicity otherwise caused by oLDL [12–
14]. Recent evidence suggests that HDL associated
enzymes such as paroxonase, may play a critical role in
this protective effect [15,16]. However, HDL itself can get
oxidized and the ability of oxidized HDL (oHDL) in
reverse cholesterol transport is impaired [17]. Furthermore, oHDL is neurotoxic and has been postulated to play
a role in the genesis of coronary artery spasm that contributes to the process of CHD [8,18].
Epidemiological studies have indicated that premenopausal women have a decreased risk for the development of
atherosclerosis when compared to that of age-matched
males, however, this decreased risk diminishes following
menopause [19]. It has therefore been suggested that
ovarian hormones, such as estrogen, play a role in the
decreased risk observed in premenopausal women. During menopause, plasma LDL and HDL levels increase and
decrease respectively, however studies have shown that
estrogen replacement therapy (ERT) and hormone
replacement therapy (HRT, estrogen plus progestin) alter
these levels [20,21], in that serum total cholesterol and
LDL cholesterol decreases while HDL cholesterol
increases [22]. Until recently the modification of the
plasma LDL:HDL ratio was thought to be the main mechanism for the cardioprotective effects of estrogen
observed, however, recent evidence indicates that these
play a minor role [23]. More recently, it has been observed
that various equine estrogens can also differentially
inhibit the oxidation of the LDL and can attenuate the
cytotoxicity of oLDL on neuronal cells [8,24].
In the present study, the effects of various equine estrogens on the oxidation of HDL and the combined effect of
estrogen and HDL on LDL oxidation was assessed. The
equine estrogens tested in this study were: estrone (E1),
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17β-estradiol (17β-E2), 17α-estradiol (17α-E2), equilin
(Eq), 17β-dihydroequilin (17β-Eq), 17α-dihydroequilin
(17α-Eq), equilenin (Eqn), 17β-dihydroequilenin (17βEqn), 17α-dihydroequilenin (17α-Eqn), ∆8-estrone (∆8E1), and ∆8,17β-estradiol (∆8,17β-E2). All estrogens tested,
with the exception of ∆8,17β-E2 (a metabolite of ∆8-E1), in
their sulfate-conjugated form, are components of the conjugated equine estrogens (CEE; Premarin®, Wyeth Pharmaceuticals, Philadelphia, PA), commonly used by
postmenopausal women for ERT and HRT. The structural
differences between these estrogens are depicted in Figure
1.

Results
Oxidation of HDL in the presence and absence of various
estrogens
The effects of various concentrations of equine estrogens
on the kinetics of HDL oxidation induced by Cu2+ were
determined as described in the methods. Representative
examples of dose-response curves obtained with the various estrogens are shown in Figure 2. Three phases of diene
formation were observed in all control samples: an initial
induction phase (lag phase), a propagation phase and a
decomposition phase (plateau). During the induction
phase, the formation of dienes progressed slowly. In the
propagation phase, a sharp, linear increase in diene formation was noted and the plateau phase was followed by
a slow increase due to decomposition of products. The lag
time for control was 65 ± 4 min, and in presence of estrogens, it ranged from 75 to 244 min.

All 11 estrogens tested protected the HDL from oxidation
and increased the lag phase in a concentration dependant
manner. The results obtained for each of the highest concentration of estrogen tested were expressed as percent of
17β-E2 antioxidant activity (lag time for the highest 17βE2 concentration used was set to 100%, Figure 3). In the
presence of 17β-E2 (0.5 µg, 610 nM) the lag phase
increased from a control lag phase of 65 ± 4 min for HDL
alone, to 212 ± 4 min (P < 0.001). Similarly, Eqn (0.05 µg,
62.5 nM) increased the lag phase to 200 ± 16 min, as compared to the mean control value of 65 ± 4 min (P < 0.001).
This differential effect was observed with most of the
estrogens tested such that the order of antioxidant activity
from the most potent to least potent was: Eqn = 17α-Eqn
> 17β-Eqn > ∆8,17β-E2 = ∆8-E1 > 17α-Eq = 17β-Eq = 17βE2 > E1 = Eq > 17α-E2.
The ∆6–8 ring B unsaturated equine estrogens, Eqn, 17βEqn and 17α-Eqn, were found to be the most potent
inhibitors of HDL oxidation having two- to four-fold
higher activity than 17β-E2. Similarly, ∆8-E1 and ∆8,17β-E2
were found to have 150% greater antioxidant activity than
control. 17α-Eq and 17β-Eq were found to be equipotent
with 17β-E2, while Eq, E1 and 17α-E2 were found to be less
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Figure 1 of equine estrogens
Structure
Structure of equine estrogens. With the exception of ∆8,17β-estradiol, all estrogens in their sulfated form are components
present in the estrogen replacement drug CEE (conjugated equine estrogens; Premarin®, Wyeth Pharmaceuticals, PA, USA).

potent, with activities ranging from approximately 60 to
70% that of 17β-E2 (Figure 3).
The minimum concentration of estrogen required to double the lag phase from a mean (control) lag time of 65 ± 4
min are listed in Table 1. Eqn, 17α-Eqn, 17β-Eqn and
∆8,17β-E2 all required approximately 50 to 80 nM to double the lag phase. In contrast, 17α-Eq, 17β-Eq, Eq, 17β-E2,
E1, and 17α-E2 all required approximately 210 to 360 nM
concentrations to double the lag phase.

LDL oxidation in the presence of HDL alone and in the
presence of HDL with estrogen
The mean control lag phase for oxidation of LDL alone
was observed to be 73 ± 1.3 min. When LDL was subjected
to oxidation in the presence of HDL the lag phase was prolonged to 104.5 ± 7 min (P < 0.001) (Figure 4). The results
indicate that 17β-E2 in the presence of HDL further
enhances the inhibition of LDL oxidation than that
attained with 17β-E2 alone (Figure 5a). Thus, treatment of
LDL with 17β-E2 (0.5 µg, 610 nM) alone prolonged the
control oxidation lag time to approximately 140.5 min,
while 17β-E2 plus HDL treatment prolonged the oxidation
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Figure 2
oxidation
concentration-response curves of conjugated-diene formation for various estrogen concentrations against HDL
Representative concentration-response curves of conjugated-diene formation for various estrogen concentrations against HDL
oxidation. (A) 17β-E2, (B) 17β-Eqn (C) E1 (D) ∆8-E1.

lag time to 251.5 min. A similar effect was observed with
Eqn (0.5 µg, 625 nM), however, the combination of Eqn
plus HDL completely inhibited the lag phase of LDL oxidation, while Eqn alone prolonged the lag phase of LDL
oxidation to greater than 300 min (Figure 5b). Eqn was
observed to be more effective at prolonging LDL oxidation lag phase in combination with HDL than 17β-E2 in
combination with HDL (Figure 5b).

Discussion
In the present study, we assessed the rate of oxidation of
lipoproteins by monitoring continuously the formation
of conjugated dienes. The oxidation lag time is a measure
of the initial resistance of lipoproteins to oxidation, in our

case HDL, and has originally been used for LDL oxidation
[25]. The kinetics of HDL oxidation have been previously
shown to be mechanistically similar to LDL oxidation
[26].
A previous ex vivo study by Meng [27] and colleagues has
shown that the incorporation of very high concentrations
of esterified estrogen into HDL can prolong the oxidation
lag time of HDL, whether the concentrations of estrogens
incorporated inside HDL necessary for protection can be
attained in vivo, remains to be determined. In our present
study, we found that oHDL formation can be inhibited by
all of the 10 known components of CEE and ∆8,17β-E2, an
in vivo metabolite of ∆8-E1 [28]. In contrast to the estrogen
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Table 1: Dose of Estrogen Required to Double the Lag Phase of HDL oxidation

Estrogen
17α-Estradiol
Equilin
Estrone
17β-Estradiol
17β-Dihydroequilin
17α-Dihydroequilin
∆8-Estrone
∆8,17β-Estradiol
17β-Dihydroequilenin
17α-Dihydroequilenin
Equilenin

Dose of Estrogen (nM)
360
320
310
210
210
210
80
80
63
53
53
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Figure 4
Conjugated-diene
formation during oxidation of LDL in the presence of HDL
Conjugated-diene formation during oxidation of LDL in the presence of HDL. (Closed triangle) 20 µg LDL alone, (Open circle)
20 µg LDL + 200 µg HDL.

incorporation study by Meng et al [27], we have found
that in our system antioxidant protection is possible with
estrogen concentrations as low as 31 nM. A previous pharmacokinetic study [29] has shown that circulating estrogen levels following a single oral dose of CEE (2 × 0.625
mg) are > 70 ng/hr/mL, and thus daily pharmacological
doses of CEE during ERT or HRT can provide sufficient
plasma estrogen levels needed to prevent the oxidation of
HDL to the extent we have observed in our in vitro study.
Under our experimental conditions, esterification of
estrogens was not possible, indicating that inhibition of
HDL oxidation by estrogens does not require prior esterification of estrogens.
We have observed that estrogens differentially inhibit
HDL oxidation. For example, Eq, 17β-Eq, and 17α-Eq all
displayed antioxidant activities similar to 17β-E2, whereas
the ∆6–8 and ∆8-estrogens had two- to four-fold greater
activities. This difference is most likely due to the extra

double bonds in the B ring, thus making the molecule
more labile and therefore able to scavenge any free
radicals produced more readily. For example, the ring B
unsaturated estrogens were more potent antioxidants
than the classical estrogens tested. Previous reports have
demonstrated that the free radical scavenging activity of
estrogen depends upon the phenolic structure of the molecule [30–32]. In addition to this, our observations indicate that the presence of a β-napthol ring, such as that in
the ∆6–8 estrogens, may play a larger role in the antioxidant potential observed in these types of estrogens as they
were found to be the most potent antioxidants. Thus, our
results further extend the observation that the presence of
the phenolic A ring and the 3-hydroxyl group is required
for steroid antioxidant activity, but unsaturation in the B
ring of the steroid moiety greatly enhances estrogens' antioxidant potency.
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The order of oxidative protection for estrogens tested does
not appear to involve estrogen receptors as the relative
binding affinities to estrogen receptor (ER) α and β do not
correlate with their antioxidant activity. For instance,
compared to 17β-E2, the relative binding affinities for the
ring B unsaturated estrogens: Eq, Eqn, ∆8-E1 and 17α-Eqn
are 2 to 8 times lower for both ERs [33], whereas these
same estrogens with the exception of Eq displayed the
highest antioxidant potentials. Moreover, this order of
antioxidant activity does not correlate with their uterotropic activities as reported earlier [24,28,34].

In the current study we have demonstrated that HDL can
prolong the oxidation lag time of LDL using the conjugated diene formation method. This increase in oxidation
lag time is most likely due to the 10-fold higher concentration of HDL over LDL as lower concentrations of HDL
did not provide any protection (data not shown). Similarly, a study by Huang et al [35] showed HDL protection
of LDL is concentration dependant. One possible mechanism for this protective effect is that HDL is preferentially
oxidized over LDL and can act as a sink for harmful lipid
peroxides [14,36]. However, a more current hypothesis is
that HDL associated enzymes such as paroxonase, and
even the apolipoprotein Apo-A1, provide HDL with its
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antioxidant activity toward LDL oxidation. In support of
this hypothesis, it has been shown that incubation of LDL
with purified paroxonase inhibits lipid peroxidation
[16,37]. Furthermore, HDL apolipoproteins have also
been demonstrated to inhibit oxidative modifications of
LDL [38]. Equine estrogens have recently been shown to
stimulate the expression of Apo-A1 mRNA and protein
levels by an estrogen receptor independent mechanism.
Moreover, in these studies Eqn was also the most potent
stimulator of Apo-A1 gene expression [39]
In addition to the protective effect of HDL on LDL oxidation, we have also observed that the prolongation of LDL
oxidation with HDL can be enhanced with the addition of
estrogen. Treatment with 17β-E2 plus HDL was more protective than 17β-E2 or HDL alone against LDL oxidation.
Similarly, treatment with Eqn plus HDL displayed a
greater protection against LDL oxidation than either of the
constituents alone. In line with the previously defined
order of protection, the Eqn plus HDL combination was
observed to have a greater antioxidant effect than the 17βE2 plus HDL combination against LDL oxidation. Also,
the increased protection by the estrogen plus HDL treatment on LDL oxidation is not simply the sum of lag times
with HDL or estrogen alone on LDL oxidation, and thus is
suggestive of an interaction between estrogen and HDL.
This estrogen enhancement of HDL's antioxidant activity
is to our knowledge the first reported interaction of estrogen with HDL that causes a delay or inhibition of LDL oxidation. Recently it has been observed that HDL3 is a more
effective antioxidant than HDL2 [40]. Following ERT, the
main HDL subfraction that is found to increase, is HDL2
[22]. More studies are needed to determine the role of
each HDL subfraction in presence of estrogen on the inhibition of LDL oxidation.
Although the mechanisms involved in the antioxidant
properties of estrogen have not been fully defined, a
number of hypotheses have been put forth. Estrogens
acting as free radical scavengers are able to break the free
radical chain formation produced from membrane oxidation processes and hence inhibit lipid peroxidation. In
support of this, it has been postulated that estrogen may
be able to sequester metal ions or donate a proton to
reduce peroxy-free radicals [41]. Furthermore, the stimulation of Apo-A1 by estrogen may also be of importance
[39]. Thus acting as antioxidants directly and by the upregulation of antioxidant factors may be two additional
mechanisms that may be involved in the cardio- and neuroprotective effects of estrogen.
In conclusion, these results indicate that HDL oxidation
can be differentially inhibited by equine estrogens with
the three ∆6–8 ring B unsaturated equine estrogens (Figure
1, Figure 3) being three to four times more potent than
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17β-E2. Furthermore, the protection of LDL oxidation by
HDL is enhanced in the presence of 17β-E2 and more so
by Eqn. The inhibition of HDL oxidation and the
enhancement provided by estrogen toward the inhibition
of LDL oxidation may therefore be another mechanism by
which estrogens reduce the risk of CHD and neurodegenerative diseases in healthy young postmenopausal
women.

Materials and Methods
Lipoprotein Isolation
This study has been approved by the Research Ethics
Board of St. Michael's Hospital and the University of
Toronto. Blood (10 mL) was drawn by venipuncture into
vacutainer tubes containing ethylenediaminetetraacetic
acid (EDTA; 1 mg/mL) from fasting (overnight), postmenopausal women and healthy men. None of the subjects
used were on any hormone therapy. The plasma was stabilized by addition of 6 mg/ml sucrose and either used
immediately for lipoprotein isolation or stored at -80C for
up to four weeks as described previously [42]. HDL (d =
1.063-1.21 g/mL) and LDL (d = 1.019-1.063 g/mL) were
isolated simultaneously by a three gradient, single-step
ultracentrifugation as described previously [43]. Following ultracentrifugation the lipoprotein containing fractions (yellow-orange/colour) were collected by aspiration.
Crude HDL was further purified by re-ultracentrifugation.
Assessment of absorbance at 200 to 300 nm of the crude
and purified preparations of HDL, indicated that the
crude preparation was essentially similar to the purified
preparation and thus the single step method of isolation
was used for the experiments described. The LDL isolated
by this method had properties similar to those previously
described [24]. The freshly isolated lipoproteins were
stored at 4C under argon and used within 1 week of preparation. Prior to oxidation, EDTA was removed from the
lipoprotein isolate by rapid gel filtration through disposable desalting columns (ECONO-PAC 10 DG, Bio-Rad
Laboratories). The concentration of protein in each lipoprotein isolate was measured using the Bradford method
(Bio-Rad Protein Assay kit, catalog number 500–0006,
Mississauga, ON, Canada) [44].
HDL oxidation in the presence and absence of various
concentrations of estrogens
Oxidation of 50 µg HDL was induced by addition of 1.67
µM CuSO4 in the presence or absence of 0.025 µg, 0.05 µg,
0.25 µg, 0.5 µg, 1 µg of the 11 estrogens. The kinetics of
lipoprotein oxidation were assessed by measuring the rate
of formation of conjugated dienes measured at 234 nm
over a period of 6 hours at 32C. Absorbance was measured in a Beckman DU 640 spectrophotometer equipped
with a six-position cuvette changer and a Peltier temperature controller (Beckman Instruments, Mississauga, ON,
Canada) essentially as previously described [8,25]. The
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extent of lipoprotein oxidation was confirmed by assessing the electrophoretic mobility of oHDL and oLDL on a
1% agarose gel in 0.1 M Tris, pH 8.6 compared to the
native form of HDL and LDL [3,8,45,46].
LDL oxidation in the presence of HDL and estrogen plus
HDL
Oxidation of 20 µg LDL was induced in a similar manner,
however, in this case the effect of 200 µg HDL and the
combination of 17β-E2 plus 200 µg HDL or Eqn plus 200
µg HDL on LDL oxidation were assessed.
Analysis of data
The oxidation lag phase, defined as the point at which the
initial slope representing the initiation rate and the point
at which the propagation slope intersect, was calculated
from the kinetic plot of the change in absorbance versus
time as described previously [8,25,42]. From the dose
response curves, the concentration of each estrogen (nM)
required to double the length of the control lag time of
oxidation, was calculated. For comparison purposes, all
values obtained were adjusted to percent activity of 17βE2.

Authors' Contribution
JP is a graduate student who participated in the development of the hypothesis, study design and carried out most
of the experimental work and preparation of the
manuscript.

http://www.Lipidworld.com/content/2/1/4

Research, Wyeth Pharmaceuticals, Philadelphia, PA, USA. We wish to
thank Ms. Julie Binkley for assisting in the lipoprotein preparations.

References
1.
2.
3.
4.

5.
6.

7.

8.
9.
10.
11.

12.

MB is a research associate who took part in the development of the hypothesis, study design and carried out the
initial experimental work during the developmental
phase of the study.
AC is a physician who participated in the study design and
recruitment of subjects and their clinical evaluation and
obtained the consent and blood samples from the
subjects.
AG is also another physician who participated in the study
design and recruitment of subjects and their clinical evaluation and obtained the consent and blood samples from
the subjects.
BB conceived the study and participated in the development of the hypothesis, the study design, and overall
direction of the study and preparation of the manuscript.
All authors have read and approved the final preparation
of the manuscript and its submission to Lipids in Health
and Disease

13.

14.
15.

16.

17.
18.

19.

20.

Acknowledgements
This work was supported by the medical research council of Canada grant
MT-11929 and a basic research grant from Women's Health Care

Steinberg D, Parthasarathy S, Carew TE, Khoo JC and Witztum JL:
Beyond cholesterol. Modifications of low-density lipoprotein
that increase its atherogenicity N Engl J Med 1989, 320:915-924.
Paganini-Hill A and Henderson VW: Estrogen deficiency and risk
of AD in women Am J Epidemiol 1994, 140:256-261.
Draczynska-Lusiak B, Doung A and Sun AY: Oxidized lipoproteins
may play a role in neuronal cell death in Alzheimer disease
Mol Chem Neuropathol 1998, 33:139-148.
Keller JN, Hanni KB and Markesbery WR: Oxidized low-density
lipoprotein induces neuronal death: Implications for
calcium, reactive oxygen species and caspases J Neurochem
1999, 72:2601-2609.
Sugawa M, Ikeda S, Kushima Y, Takashima Y and Cynshi O: Oxidized
low-density lipoprotein causes CNS neuronal cell death Brain
Res 1997, 761:165-172.
Berliner JA, Territo M, Sevanian A, Ramin S, Kim JA, Ramshad B,
Esterson M and Fogelman AM: Minimally modified low density
lipoprotein stimulates monocyte endothelial interactions J
Clin Invest 1990, 85:1260-1266.
Fogelman AM, Shechter I, Saeger J, Hokom M, Child JS and Edwards
IA: Malodialdehyde alteration of low-density lipoproteins
leads to cholesteryl ester accumulation in human monocytemacrophages Proc Natl Acad Sci USA 1980, 77:2214-2218.
Berco M and Bhavnani BR: Differential neuroprotective effects
of equine estrogens against oxidized low density lipoproteininduced neuronal cell death J Soc Gynecol Investig 2001, 8:245-254.
Stampfer MJ, Sacks FM, Salvini S, Willett WC and Hennekens CH: A
prospective study of cholesterol, apolipoproteins, and the
risk of myocardial infarction N Engl J Med 1991, 325:373-381.
Durrington PN: High-density lipoprotein cholesterol: methods
and clinical significance Crit Rev Clin Lab Sci 1982, 18:31-78.
Bonnefront-Rousselot D, Therond P, Beaudeux JL, Peynet J, Legrand
A and Delattre J: High density lipoprotein (HDL) and the oxidative hypothesis of atherosclerosis Clin Chem Lab Med 1999,
37:939-948.
Chung BH, Segrest JP, Smith K, Griffin FM and Brouillette CG: Lipolytic surface remnants of triglyceride-rich lipoproteins are
cytotoxic to macrophages but not in the presence of high
density lipoprotein. A possible mechanism of atherogenesis?
J Clin Invest 1989, 83:1363-1374.
Ohta T, Takata S, Morino Y and Matesuda I: Protective effect of
lipoproteins containing apoprotein A-I on Cu2+-catalyzed
oxidation of human low density lipoprotein FEBS Lett 1989,
257:435-438.
Parthasarthy S, Barnett J and Fong LG: High-density lipoprotein
inhibits the oxidative modification of low-density lipoprotein
Biochim Biophys Acta 1990, 1044:275-283.
Sangvanich P, Mackness B, Gaskell SJ, Durrington P and Mackness M:
The effect of high-density lipoproteins on the formation of
lipid/protein conjugates during in vitro oxidation of low density lipoprotein Biochem Biophys Res Comm 2003, 300:501-506.
Mackness MI, Arrol S, Abbott C and Durrington PN: Protection of
low-density lipoprotein against oxidative modifications by
high-density lipoprotein associated paraoxonase Atherosclerosis
1993, 104:129-135.
Nagano Y, Arai H and Kita T: High density lipoprotein loses its
effect to stimulate efflux of cholesterol from foam cells after
oxidative modification Proc Natl Acad Sci USA 1991, 88:6457-6461.
Ohmura H, Watanabe Y, Hatsumi C, Sato H, Daida H, Mokuno H and
Yamagochi H: Possible role of high susceptibility of high-density lipoprotein to lipid peroxidative modifications and oxidized high-density lipoprotein in genesis of coronary artery
spasm Atherosclerosis 1999, 142:179-184.
Stampfer MJ, Colditz GA, Willett WC, Manson JE, Rosner B, Speizer
FE and Hennekens CH: Postmenopausal estrogen therapy and
cardiovascular disease. Ten-year follow-up from the Nurses'
Health Study N Engl J Med 1991, 325:756-762.
Tikkanen MJ: Sex hormones In Lipoproteins in health and disease
Edited by: Betterridge J, Illingworth R, Sheperd J. London, England: Hodder
and Stoughton Publishers; 1999:967-984.

Page 9 of 10
(page number not for citation purposes)

Lipids in Health and Disease 2003, 2

21.
22.

23.
24.

25.
26.

27.

28.

29.

30.

31.
32.

33.

34.
35.
36.

37.
38.

39.
40.

41.

Barrett-Conner E and Bush TL: Estrogens and coronary heart
disease in women JAMA 1991, 265:1861-1867.
Pickar JH, Thorneycroft I and Whitehead M: Effects of hormone
replacement therapy on the endometrium and lipid
parameters: A review of randomized clinical trials, 1985 to
1995 Am J Obstet Gynecol 1998, 178:1087-1099.
Subbiah MTR, Kessel B, Agrawal M, Rajan R, Abplanalp W and
Rymaszewski Z: Antioxidant potential of specific estrogens on
lipid peroxidation JCE & M 1993, 77:1095-1097.
Bhavnani BR, Cecutti A, Gerulath A, Woolever AC and Berco M:
Comparison of the antioxidant effects of equine estrogens,
red wine components, vitamin E, and probucol on low-density lipoprotein oxidation in postmenopausal women Menopause 2001, 8:408-419.
Esterbauer H, Striegil G, Puhl H and Rothender M: Continuous
monitoring of in vitro oxidation of human low density
lipoprotein Free Radical Res Comm 1989, 52:302-310.
Thomas MJ, Chen Q, Zabalawi M, Anderson R, Wilson R, Weinberg
R, M Sorci-Thomas MG and Rude LL: Is the oxidation of high-density lipoprotein lipids different than the oxidation of low-density lipoprotein lipids? Biochemistry 2001, 40:1719-1724.
Meng Q, Hockerstedt A, Heinonen S, Wahala K, Adlercreutz H and
Tikkanen MJ: Antioxidant protection of lipoproteins containing estrogens: in vitro evidence for low- and high-density
lipoproteins as estrogen carriers Biochim Biophys Acta 1999,
1493:331-40.
Bhavnani BR, Cecutti A and Gerulath A: Pharmacokinetics and
pharmacodynamics of a novel estrogen delta-8-estrone in
postmenopausal women and men J Steriod Biochem Mol Biol 1998,
67:119-131.
Bhavnani BR, Nisker JA, Martin J, Aletebi F, Watson L and Milne JK:
Comparison of pharmacokinetics of a conjugated equine
estrogen preparation (Premarin) and a synthetic mixture of
estrogens (C.E.S.) in postmenopausal women J Soc Gynecol
Investig 2000, 7:175-183.
Behl C, Skutella T, Lezoualc'h F, Post A, Widmann M, Newton CJ and
Holsboer F: Neuroprotection against oxidative stress by
estrogens – structure activity relationship Molec Pharm 1997,
51:535-541.
Green PS, Bishop J and Simpkins JW: 17 alpha-estradiol exerts
neuroprotective effects on sk-n-sh cells J Neurosci 1997, 17:511515.
Moosman B and Behl C: The antioxidant neuroprotective
effects of estrogens and phenolic compounds are independent from their estrogenic properties Proc Natl Acad Sci USA 1999,
96:8867-8872.
Bhavnani BR and Lu XF: Differential interaction of equine estrogens with recombinant human estrogen receptors alpha
(ERα) and beta (ERβ) J Soc Gynecol Investig 2003, 10(suppl):298A
(Abstract).
Bhavnani BR and Woolever CA: Interaction of equine estrogens
with estrogen receptors of human and rat uterus Steroids
1991, 56:201-209.
Huang J, Huang Z and Zhu W: Mechanism of high-density lipoprotein subfractions inhibiting copper-catalyzed oxidation of
low-density lipoprotein Clin Biochem 1998, 31:537-543.
Bowry VW, Stanley KK and Stocker R: High-density lipoprotein is
the major carrier of lipid hydroperoxides in human blood
plasma from fasting donors Proc Natl Acad Sci USA 1992,
89:10316-10320.
Mackness MI and Durrington PN: HDL, its enzymes and its
potential to influence lipid peroxidation Atherosclerosis 1995,
115:243-253.
Lin KY, Chen YL, Shih CC, Pan JP, Chan WE and Chiang AN: Contribution of HDL-apolipoproteins to the inhibition of low
density lipoprotein oxidation and lipid accumulation in
macrophages J Cell Biochem 2002, 86:258-267.
Zhang X, Jiao J, Bhavnani BR and Tam S: Regulation of human
apolipoprotein A-1 gene expression by equine estrogens J
Lipid Res 2001, 42:1789-1800.
Yoshikawa M, Sakuma N, Hibino T, Sato T and Fujinami T: HDL3
exerts more powerful anti-oxidative, protective effects
against copper catalyzed LDL oxidation than HDL2 Clin
Biochem 1997, 30:221-225.
Lacort M, Leal AM, Liza M, Matin C, Martinez R and Ruiz-Larrea MB:
Protective effect of estrogens and catechol estrogens against

http://www.Lipidworld.com/content/2/1/4

42.

43.
44.
45.
46.

peroxidative membrane damage in vitro Lipids 1995, 30:141146.
Kleinveld HA, Hak-Lemmers HL, Stalenhoof AF and Demacker PN:
Improved measurement of low-density lipoprotein susceptibility to copper-induced oxidation: application of a short procedure for isolating low-density lipoprotein Clin Chem 1992,
38:2066-2072.
Chung BH, Segrest JP, Ray MJ, Brunzell JD, Hokanson JE, Krauss RM,
Beaudrie K and Cone JT: Single vertical spin density gradient
ultracentrifugation Meth Enzymol 1986, 128:181-209.
Bradford MM: A rapid and sensitive method for quantification
of microgram quantities of protein utilizing the principle of
protein dye binding Anal Biochem 1976, 72:248-254.
Noble RP: Electrophoretic separation of plasma lipoproteins
in agarose gel J Lipid Res 1968, 9:693-700.
Steinbrecher UP: Oxidation of human low density results in
derivatization of lysine residues of apolipoprotein B by lipid
peroxide decomposition products J Biol Chem 1987, 262:36033608.

Publish with Bio Med Central and every
scientist can read your work free of charge
"BioMed Central will be the most significant development for
disseminating the results of biomedical researc h in our lifetime."
Sir Paul Nurse, Cancer Research UK

Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published immediately upon acceptance
cited in PubMed and archived on PubMed Central
yours — you keep the copyright

BioMedcentral

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

Page 10 of 10
(page number not for citation purposes)

