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Protective effects of 17B-estradiol on endothelial function
injured by oxidized low-density lipoproteins'
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AIM: To test the protective effects of 17p-
estradiol against endothelial cell damages due to
oxidized low-density lipoproteins (LDL ) and
lysophosphatidylcholine ( LPC ), a principal
component of oxidized LDL. METHODS: Afier
the tension was increased by phenylephrine, the
effects of oxidized LDL or LPC on the
vasorelaxation responses to acetylcholine ( ACh)
were investigated in the Isclated rabbit thoracic
aortas. RESULTS:' 17p-Estradiol attenuated the
inhibition of vasorelaxation responses to ACh by
oxidized LDL or LPC in a concentration-dependent
manner. However, the protective effect of 17p-
estradiol was partially attenuated by indometacin
(10 wmol «+ L"), a cyclooxygenase inhibitor.
CONCLUSION: 17p-Estradiol possesses protec-
tive effects on the endothelium against injury
elicited by oxidized LDL or LPC. which may be
related to its stimulation of epoprostencl
produciion.

Coronary athercsclerosis and other cardio-
vascular diseases are less commonly seen in women

W and the cardiovascular mortality

than in men
rate of postmenopausal women who received
estrogens s 30 % - 50 % less than that of their

untreated counterparts™ .

Oral estrogen therapy
increases blood high-density lipoprotein cholesterol
level and decreases low-density lipoproteins { LDL)
cholesterol'™. These suggest that estrogen possess
a protective role in cardiovascular events.
Abpormalities of endothelial function may be

related, in part, to the oxidatively modified LDL.
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173-Estradiol preserves endothelial vasorelaxation
function and limits LDL oxidation
cholesterolemic pigs™® .
study the effects of 17f-estradiol on the endothelial

function injured by oxidized LDL or lysophos-

in hyper-
The present work was to

phatidylchaoline { LPC), a principal component of
LDL. in the isclated rabbit aortas.
whether
participated in the protective effect of 17f-estradiol.

Indometacin

was used to explore epoprostenol

MATERIALS AND METHODS

Reagents All drugs were purchased from Sigma.

Preparation of oxidized LDL  Native 1LDL { density of
1.019 - 1.063 kg - L7!') were isolated from human
plasma'®.  Plasma was obtaned from fresh normal human
blood, LDL was isclated by sequential ultracentrifugation at
118900 < g in the presence of edetic acid 0.2 mmol+L™".
Then LDL was filtered aseptically (0.2 um} into dialysis
tubing and dialyzed in phasphated-buffered solution { PBS) at
4 U jor 24 h. For the preparation of oxidized LIDL., native
LIDL was oxidized by exposure to CuSO, 10 pmol* L1 at
37 T for 20 h.  Oxidized 1D was stored at 4 T in the dark
and used within 2 wk. Protein concentrations of LDDL were
determined'®

Preparation of aortic rings and tension recording
Aortic rings were prepared” . Rabbits (2.2 £ 0.2 kg, = =
50, %) were decapitated, and the choracic aortas were cut
into rings {4 mm in length]  Rings were suspended in Krebs
solutiont NaCl 118, KCI 4.8, CaCl, 2.5, KILPO, 1.2,
NaHCO; 25, MgSO, 1.2, and dextose 11.5 mmol - 171
(37 T, aerated with 95 % Oy, +5 % O0;). The tension
was recorded by a two-channel physiological recorder { Model
MI.5-2B}. The ring was stretched with 6-g resting tension
for 60 min, and then pre-contracted with KCl 40 mmol-L ™!
Aftrer a maximal response to KCl was obtained, the rings were
washed repeatedly with Krebs solution and equilibrated again
for 30 min. To measure vasorelaxation responses, rings were
contracted with phenylephrine (0.3 -3 umot<L ™) 1o 40 %
- 50 % of ther maximal extent. After the contractions
stabilized. cumulative concentration-responses to acetylcholine
{ACh) {0.001 -1 pmol-L""} were obtained. For oxidized
LDL or LPC, nngs were exposed for 40 and 30 min,
respectively, and these remained in the perfusate for the
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remaining study. To study the effect of 17f-estradicl on the
inhibition of vasorelaxarion responses to ACh by oxidized LDL
or LPC, rings were exposed to 17f-estradiol {0.3 — 3 umol
*L™ ") for 10 min and then exposed to oxidized LDL or LPC
in the presence of 178-estradiol for 40 and 30 min,
respectively. In the case of mdomctacin, rings were
premncubated with indometacin (10 pmol- L") for 30 min
and the drug remained n the perfusate for the remaining
study.

Statistics Staustical analyses were performed using one-
way ANOVA, and Tukey's test was used for multiple
camparisons when ANOVA mdicated significant differences
between groups.

RESULTS

Effect of 17p-estradiol on vasorelaxation
responses to ACh After the tension was increased
by phenylephrine (0.3 -3 pmol-L "), ACh cansed
a concentration-dependent relaxation in the isolated

rabbit thoracic aortas. After preincubation with

17B8-estradiol {1 pmol-L™') for 30 min, phenyl-
ephrine-induced contraction in the presence of 173
estradiol was stable {# =23)}. Exposure to oxidized
LDL {500 mg protein*L™') or LPC (5 mg-L™ ')
reduced vasorelaxation responses to ACh. How-
ever, pretreatment with 17R-estradiol markedly
attenuated the inhibition of vasorelaxation responses
to ACh by oxidized LDL or LPC in a concentration-
dependent manner ( Tab 1, 2)}.

Influence of indometacin on the protective
effect of 17P-estradiol
treated with indometacin (10 pmol- L~ '). 178-
Estradiol markedly attenuated the inhibition of

Preparations were pre-

vasorelaxation responses to ACh by LPC. The
effect of 178-estradiol was significantly attennated in
the presence of indomethacin { Tab 3). However,
indometacin itself had no effect on the wvaso-

relaxation responses to ACh on the aortas (2 =3}.

Tab 1. Effects of 17f-estradiol (Est} on inhibitlon of vasorelaxatlon responses to acetylcholine by oxldized LDL.
n=5, ¥%s. "P<0.05 vz control; P >0.05, *P<0.05 vs oxldized LDL.

Relaxation of isclated rabbit aorta/ %

ACh/
- Oxidized LDL LDL + Est LDL + Est LDL + Est
~lg mot-L.7? Control
e 0.5 mg-L"" 0.3 pmol- L7 1 pmol-L™! 3 pmol-L ™!
9 4.0+ 0.6 0+ 0ok (TES 3.2+1.59 3.6+1.2¢
8.5 14+ 4 0+0b NENE 11+ 4¢ 15.3+1.5°
B 3745 0+0k 3.4+1.6¢ 18 +7¢ 28 +3°
7.5 4716 6.2+1.4° 10.3+2.91 32+6° 38+ 6
7 61+5 10.8+2.1b 19+ 41 30 +38° 44+ 8°
6.5 69+ 4 18.2+1.9"° 28 + 3¢ 47 + B¢ 55+ 5¢
6 70=3 25,7+2,1" 34 + 41 50 + 5° 60+ 4*
Tah 2. Effects of 17B-estradiol (Est) on inhibition of vasorelaxation responses to acetyicholine by LPC.
n=5, ¥xs5. "P<0.05 vs controi: ‘P >0.05, *P<0.05 vz LPC.
Relaxation of isolated rabbit aorta/ %
ACh/ LPC N
—lg mol-L7! Control PC » LPC ESt, LPC + ]:“,s_tl LPC+ Esf,
5 pg- L. 0.3 pmol-L 7! 1 pmol-L 3 umol- L
9 3.5+1.3 o EQr 0+0° 1.6+0.7¢ 0.9+0.5¢
8.5 11.4+1.8 ek 0+ ¢ 4.4=1.0¢ 3.4+0.7
8 -39.3+2.9 0+0b 0.9+0¢.5" 16 + 54 23 +8°
7.5 50.7+2.6 D.8+p.8° 55+0,.8 30+ 6° 37+6°
7 69 5 9.4+2. 3° 2143 46 ~ 6° 59 & 4*
6.5 79+5 24 + 5b 36 +5¢ 66 = 5° 72.241.5°
6 814 33+ gb 49+ 5¢ 70.6£2.7° 72.2+1.5°
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Tah 3. Influence of indometacin (Ind) on protective effect
of 17P-estradiol (Est}. n=15, ¥1s. "P>0.05, "P<0.05
vs LPC: “P>0.05, "P<0.05 vs LPC + Est.

Relaxation of isolated rabhit aorta/ %
ACh/

\ LPC + fnd
- lgv  Control LPC LPC + Est + Ese
mal- L. Seel ' lumoll ! 1 pmol-L™!
9 4.0+0.6 0=0 3.2x2.5 0+0d
3.5 15+ 3 0=0 11 + 4* 2.4~1.6°
8 Bt4 0+0 20+ 7 4.4+1.9°
7.5 546 6.5+1.2 32:p* 16=4°
7 66+3 12.1+2.2 39+g* 21.1+2.5°
6.5 68.5+2.6 18.4+1.7 47=-gd 33+5°
6 68.6+2. 6 24.8+1.0 s5g-s5b 37+ 8°

DISCUSSION

We demonstrated that 173-estradiol attenuated
the impairment of endothelium-dependent relaxation
due to oxidized LDL or LPC, a principal component
of oxidized LDL.

anti-atherogenic

These results suggest that the
effect of
inhibiting low-density lipoprotein oxidation, may be

estrogen,  besides
related to the reduction of endothelial cell damages
due to oxidized LDL.

LPC increases the intracellular free calcium
conceniration in vascular smooth muscle ecells'™ .
LPC increases vascular superoxide anion production
and impairs release of the EDRF via activation ol
protein kinase C''. Estrogens act as natural
antioxidants of membrane phespholipid peroxida-

17B-estradiol

endothelium-

tion!19", In the present study,
attenuated the impairment of
dependent relaxation elicited by oxidized LDL or
LPC in isolated rabbit thoracic aortas. It is
probable that the protective effect of 173-estradiol is
related to its anti-oxygen free radical and anti-lipid
peroxidation.

Epoprostenol as  well as calcium-channel
blocking agents which stimulate the preduction and/
or release ol epoprostencl protect the endothelial
cells via anti-oxygen Iree radical and anti-lipid
peroxidation'''® | The 17p-estradiol stimulates
the secretion of epoprostenol in the cultured piglet
endothelial cells*® .

protective effects of 17f-estradiol was partially

In the present study, the

reversed by indometacin, a cyclooxygenase

inhibitor, suggesting that the protective role played
by 17B-estradiol
stimulation of epoprestenol production.

17B3-estradiol possesses a
protective effect on endothelium against injury
elicited by oxidized LLIDL., and this effect may be due

to its stimulation of epoprostenc] production.

may be correlated with its

In conclusion,
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Induction of apoptosis in human leukemia K562 cells by @-anordrin’
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AIM: To study antitumor action of «-anordrin
{Ano). METHODS: Morphological assessment of
apoptosis was performed with light microscope and
electron microscope. Membrane integrity was
determined by trypan blue exclusion method.
Endonucleclysis was assessed by agarose gel
electrophoresis and flow cytometric methods.
RESULTS: Exposure of exponentially growing
K562 cells to Ano 2.5 — 50 umol * L™ for 48 h
resulted in growth arrest, Anc 50 pmeol + L™
inhibited the growth of K562 cells by 67 % . Cells
were mainly blocked to progress through S-phase
and arrested at G, phase. After treatment of K562
cells with Ano, marked morphological changes

including condansed chromatin, nuclear
fragmentation, and reduction in volume were
observed. Agarose gel electrophcresis of DNA

from cells treated with Ano for 24 — 48 h revealed
“ladder” pattern, typical teatures of apoptosis,

! Project supported by cthe Natonal Marural Seence Foundation of
China, No 39320003,

Recewved 1995-G7-13 Accepted 1995-12-18

and near 70 % of cells underwent apoptosis as
determined by flow cytometry. The S-phase cells
were more susceptible to apoptosis. Despite
extensive cleavage of DNA and nuclear
fragmentation, the cell membrane of Ano-treated
cells remained intact, excluding trypan blue.
Apoplctic cells were detected as early as 8 h after
Ano {50 pmol+L™') treatment. CONCLUSION:
Ano induces apoptesis in K562 cells.

Anordrin is a postcoital contraceptive developed
in China'" and possesses antiestrogenic proper-

E2|'

ties QOur laboratory found that the alpha isomer

of anordrin { c-anordrin, Ano} exhibited potent
antitumor activities both in witro and in vive ™4,
In this study we investigated the apoptatic effect of

Ano on K562 cells.
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