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ABSTRACT

In the atherosclerotic subjects, arterial endothelial cell injury and plague formation are suspected to be strong causable factors in
developing acute coronary syndrome, and it was revealed that platelets have a very important role in this case. Women are exposed
to atherosclerosis at a different degree after menopause or oral contraception. The purpose of this study was ro determine the effects
of endogenous and exogenous estrogen on the degree of platelet aggregarion in platelet rich plasma(PRP) in twenty nonsmoking
healthy Korean women for 12 weeks. The subjects were assigned to three groups: (1) eight women aged 49 to 60(yr) for the
postmenopausal(Pst) group, (2) eight, aged 22 to 30(yr) for the premenopausal(Pre) group, (3) four, aged 23 to 30(yr) for the oral
contraceptive(OC) group which used triphasic OC formulaton. Fasting blood samples were obtained from the subjects, (1) once
per 6 wecks in the Pst group, (2) every phase of the menstrual cycle in the Pre group, (3) each once during and after OC
administration in the OC group. ADP, collagen and epinephrine were used as aggregating reagents, and platelet aggregation and
time(A t: tme reaching to the maximum point of aggregaton) in PRP were measured at the maximum point of aggregation in five
minutes. All the data were adjusted for dierary effects, exercise, personality type and body mass index(BMI) by using analysis of
covariation(ANCOVA). Platelet aggregation to ADP and collagen(MADP and MCOLL) were not significantly different among the
three groups, and At to ADP and collagen(TADP and TCOLL) were not either. But maximum platelet aggregability and At to
epinephrine(MEPIN and TEPIN) were significantly different among the three groups, and the OC group showed the lowest value
(p < 0.01). Maximum plateler aggregability and At during the menstrual cycle were not significandy different in the Pre group.
Any other significant differences in the maximum platclet aggregability and A t were found between oral contraception phase and
washing out phase{menstruation) in the OC group. In results, maximum platelet aggregability and aggregation time to ADP and
collagen seemed not to be affected by endogenons and exogenous estrogen, even though MEPIN and TEPIN showed significantly
low in the OC group among the three groups. (Korean T Nutridon 32(5) © 361569, 1999)

KEY WORDS: coronary heart disease(CHD), estrogen, plarclet aggregation, oral contraceptives, menopause.
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Table 1. Clinical profiles of the subjects”

1
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1. A9 bt My

RS AAH, A4 E4L Table 173 7).
Pst, Pre7? % OCT¢] By 98E 217} 54, 24 2 284)
Hon, 2137 2T L BMIE Pst7& A9 F 2 25
=Y ZE AN 7Y Pt A4 A% 2
BMIZ} 25 2&& Zdshe JHded. vada & 4
£o] Z78 BENA estradiol S FAIA] 21F HH o] 2
4dke Yo R Hol FHAoF AU AHIZE estrog-
eno] #aEo] A2 4 AFZdo] Jee vA Foz
FAHAL P o}7] AgE 7)1 4.e gl bt

Prew3 OCTY H¢ 9357 27 3093 31.59
24 Yoo & Yu?9 Yu & Rhyu™9) Aot fA48t9.0.
o, Psto] B HADH 2 AAAAA6H) S B 47
8AIZ HAEA oF o] Auak AR, AFTHAAHE)
o B¢ HAAFEL MR AFHEee YIH) FF 14
o] @ JEH A

2. 92 A W, 2FTE ¥ A
=2

IAE 0] 32 A2 ol8 et A= £4l9) %
79 ozt 2 AEHELE o889 ANY

Group Age Height Weight BMEP Menstrual Menopausal Uterectomized
{yr) (cm) (kg) cycle(day) age(yr) agelyr)
Pst!n = 8 536" £ 13 1593+ 1.3 639+ 24 252 + 08 =3 47.8n =6+ 1.2 39.0n = 2) £+ 0.0
Pre(n =8 241 +10 1618+ 14 526 £ 2.0 201 = 0.6 300+ 1.5 - -
OCh=4) 275 %16 1595 % 0.5 518+ 29 203 £ 1. 315 1.8 - -

1) Published in Korean ) Nutr 30(3): 307 - 317, 1997

2) Body mass index = Weighttkg) / (Height(m))*

3) Pst: Postmenopausal group: Pre: Premenopausal group: OC: Oral contraceptive group

4) Mean =+ SEM
6) n: Number of subjects

5) Not determined

Table 2. Comparison of daily energy, protein, fat, carbohydrate, fiber, cholesterol, saturated fatty acid(SFA), monounsaturated fatty acid
(MUFA), polyunsaturated fatty acid(PUFA) intakes and P/ § ratio of the three groups”

Group  Energy(kcal) Protein(g)  Fat(g) CHO(g) Fiber(g)  Cholesterolimg)  SFA®R)  MUFA(g PUFA() P/$ ratio”
Pst” 1708.53" 7191 50.43 242.90 6.81% 321.17 17.08 20.32° 14.16 0.94%°
h=8" +£9766 +513 +443 + 1334  + 032 + 40.66 +157  + 177 + 104 =+007
Pre 1826.11 72.25 54.82 254.23 5.65° 367.38 17.61 20.20° 15.01 0.90°
(n =8 +4925  +259 +£197 834 +0.28 + 27.63 + 076 +089 +081 +004
oC 1817.22 67.56 48.83 277.93 7.04° 32798 14.18 16.27b 13.75 1.10°
(n=4 + 7515 +373 +£337 #1113 £+ 053 + 32.72 +118 =123 +098 + 007

NS NS NS NS p < 0.05 NS N p < 0.05 NS p < 0.05

1) Published in Korean | Nutr 30(3): 307 - 317, 1997

2) PUFA / SFA ratio

3) Pst: Postmenopausal group: Pre: Premenopausal group: OC: Oral contraceplive group

4) Mean £+ SEM

Values in the same column with different letters are significantly different at p < 0.05 by Tukey's test

5) n: Numnber or subjects

6) No significant difference at @ = 0.05 by Tukey's test
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AZ o2 Aoig 72, 2FAZ ADP. collagen, epine-
phrine$ 74z} Abg38le) £33 @43 A $4 FE(ma-
ximum platelet aggregability to ADP, collagen or fﬂ
inephrine: MADP, MCOLL, MEPIN) & =t -5

2 A7 (maximum platelet ageregation time to ADP, co-
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2 A T3l ¥ w3k 23 Table 49F 2t} ADP2} coll-
agenel &% g2% Hd} &3 A=MADP, MCOLL)=
A T2 93 Ao)E BolA] E%ert, MEPINS OC
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low-dose estrogens EH3te A7Hgerd B85 4
’3& )3 Beisiegel B3 fAFSH AxE RHo] ADPY
9% ¥28 SHAEYE ALY B-gofRoe Fast
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T3 Huch $¥% 243 platelet ageregometerd]
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7F 0T Based B AT Ade fAME 242 Yet
Wich daatke 1 &3] E2dle Ak TADPS
TCOLL®! 7% A Zzkel] fofgh Zpol7h gila, TEPING]

Table 3. Comparison of the exercise duration and personality type score of three groups”

Variable Pst!(n = 8)” Pre(n = 8) oC(n = 4)
Exercise®(min / day) 43.63 + 5.34% 30.63 = 3.18" 19.75 + 2.71° p < 0.001
Personality®(score) 86.00 + 1.40° 85.25 = 1.32° 91.50 = 1.37° p < 0.003

Published in Korean } Nutr 30(3): 307 -317, 1957
Body mass index = Weighttkg) / (Height(m))®

1)
2)
3) Pst: Postmenopausal group: Pre: Premenopausal group: OC: Oral contraceptive group
4)

Total exercise duration in a day
5) Mean + SEM

Values in the same column with different letters are significantly different at p < 0.05 by Tukey's test

6) Personality type score
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Table 4. Comparison of the maximum aggregability and aggregation rime(4 0" of platelets to ADP, cllagen, epinephrine of three groups

Group MADP?(%) MCOLL(%) MEPIN(%) TADP(sec) TCOLL(sec) TEPIN(sec)
Pstn = 8)”  88.46 + 4.46" 82.72 £ 1.09 62.35 & 5.94 26550 + 11.79  289.38 + 1.74  283.13 + 367
Pe(n=28 7777 + 3.06 8453 + 1.53 61.29 + 4.59 25713 + 11.46 28356 + 2.31 287.31 = 1.77
Oc(n = 4) 83.88 + 1.53 84.00 + 1.02 24.61 + 6.35 279.65 £ 12.77  289.88 + 2.27  244.82 + 15.05
N5 NS p < 0.01 NS NS p < 0.01

1) Time reaching to the maximum point of aggregation
2) MADP: Maximum platelet aggregability to ADP: TADP: At lo ADP; MCOLL: Maximum platelel aggregability to collagen; TCOLL: At
to collagen; MEPIN: Maximum platelet aggregability to epinephrine: TEPIN: At to epinephrine
3) Pst: Postmenopausal group: Pre: Premenopausal group: OC: Oral confraceptive group omitting the data during menstruation

4) Mean t SEM

5) n: Number of subjects
6) NS: No significant difference at o = 0.05 by ANCOVA which adjust the values for all the covariates

Table 5. Fluctuation of the maximum aggregability and aggregation time(4 ()" of platelets to ADP, collagen, epinephrine during the menstr-
g

ual cycle of the premenopausal group

Group MADP?(%) MCOLL(%) MEPIN(%) TADP(sec) TCOLL(sec) TEPIN(sec)
Level 1%n = 8%  84.51 = 6.52” 87.39 & 5.38 6494 £ 7.54 27725+ 877 29150 + 3.06 279.75 + 5.08
Level 2 (n = 9) 79.73 = 6.76 81.02 + 1.50 60.00 + 929 25044 + 21.90 27578 = 438  292.00 £ 1.94
Level 3 (n = 8) 73.59 + 4.23 86.39 £ 0.82 6481 = 1038 25475 + 2799 28550 + 4.17  285.25 + 2.85
Level 4 (n = 7) 7230 + 6.71 83.66 -+ 2.56 5477 + 10.87  245.43 + 3195 28229 + 5.63 29229 + 1.41

NS NS NS NS NS p < 0.05

1) Time reaching to the maximum point of aggregation

2) MADP: Maximumn platelet aggregability to ADP: TADP: At to ADP; MCOLL: Maximum platelet aggregability to collagen; TCOLL: At
to collagen: MEPIN: Maximum platelet aggregabhility to epinephrine: TEPIN: At to epinephrine
3) Level 1: 1 -3 days before ovulation: Level 2: luteal phase: Level 3. menstruation period: Level 4: at the beginning of the follicular

phase
4) Mean +5EM
5) n: Number of data collected each level

6) NS: No significant difference at o = 0.05 by ANCOVA which adjust the values for all the covariates

M OCT-e] hE F ol vls] Fo)3A we SRAANTS
By FEd(p <0.01), Sudhir 9% 4A EZE 0
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Table 6. Cornparison of the maximum aggregability and aggregaion time(4 8" of platelets to ADP, collagen, epinephrine to the changes of

exogenous estrogen in the oral contraceptive group

Group MADP(%) MCOLL(%) MEPIN(%) TADP(sec) TCOLL{sec) TEPIN(sec)

Phase™(n = 17)* 83.88 + 1.53%  54.00 £ 1.02 24,67 + 6.35 27965 4+ 3.10  289.88 £ 2.27  244.82 = 15.05

Mense (n = 4) 78.28 + 1,08 86.53 + 1.43 13.70 £ 3.93 27450 + 680  287.00 + 7.33  252.50 = 22.63
NS® NS NS NS NS

1) Time reaching to the maximum point of aggregation

2) MADP: Maximum platelet aggregability to ADP: TADP: At to ADP: MCOLL: Maximum platelet aggregability to collagen: TCOLL: At
to collagen: MEPIN: Maximum platelet aggregability to epinephrine: TEPIN: At to epinephrine
3) Phase: During administration of oral contraceptives: Mense: During menstruation period

4) Mean + S5EM
5) n: Number of data collected each phase
)

6) NS: No significant difference at a0 = 0.05 by ANCOVA which adjust the values for all the covariates



oA %

568 / Estrogen®] CHD $]¥ sl=}el]

5o} 913 progestogend] FF 9 ol 25+ estro-
genﬂ 347} zx—lg]o-] %aﬂ o 9_] o]:A]-o} y,].o]:-a]. cxlo-]:__
ogvn Badtdct, Sabra 592 estrogen® proge-
stogene] 8¢ & L Y|} A tirbel HAghe] G
2 vxe EgEEE 300 estrogendt 1508g levonorge-
streH ZFogA, o] “AAMEE Azste] Eae
¢ Ag AFE 0 ¢ 22 s i 2F
g el A9 Hardg Akst vt du, 3089
& Hl & Aol A 20ug estradiol=} 150pg desogestr-
o] 2oz A AFdorS wIET 54171 Ma-
ssafra 579 d7elA B2 $H 2 8983 94, &
A2 o] ol FE Ho]k MElE dojulr] gglrte A7
= 239 v Qv B 7oA AES AT Yt Sa-
bra S| A¢tet 30pg estrogen® 150ug levonorgestr-
&gl g8 AzAT Ao RA, MEPIN
2 A8lsk e MADPS MCOLL
& BF ARl 27 ool &aflon, Ay HiE
& A3 ¥ w9 E MEPIN®] #2l8HA we AL A9
Aol f-2 gt o]zt fATHTable 4).

ey

00

s)

0!
it
rh

ol

4]
113‘1 E,Iq{.

-
2 =

14 = 2JolA estrogen©] ©34d9) 4
A3t HuAl 2099 8Ed A4S it
0% 1257F AAEE T B 49~60418] HAFT
o4 8% (Pstd), 22~3041e] HAH7) o4 8% (Pred)
A 23~3041Y ATH Yt BE o4 44 (0CTE) LR
olFoB e, AFHYetE 384 F49 Trinordiole]
ARHAT EE " SAHXEL Eehiael BRI
Ui HHF 2EEE 4E4FE 2 uRin)E FEFEA
oz AAgeo =y Fi& #AFsAT. A+ AR, Pst
T, Pre? % OCT7re] v]l™ellA epinephrined] &% &
23 A 23 A=) & F ol vs] OCTelM 71
w$oka(p <0.01), 7 AR F& Aoz JEront

(p <0.01), ADP¢} collagen®l 2)8 43 2 A 247t
of -g-2lat zpo|7t gt PrewelA AdEe 43575
oko] Y914 estrogend) & HE] W 4w Y &

]

F AL 2 Azre] Wiz TEPINe| #j# 1~39 Aol &
oldo g Zhashzx AL AdnE ADP, collagen. epin-
ephrine 25 tsled {23 Aolr Ueh}A] sk}
OCToNA A7t B g e} v ELTAE T o
=, ADP, collagen, epinephrinec] 213 €43 o) &
g ARG AZielA o} Fa F93 Aok AHA FHL

o}, B A Aol A £3ke] 8]AA] epinephrined] &
& A4 23 AL 9 A7te] §e8A LA BES
Hel AL MacMillan,® Siess 5.2 Jones £97% ¢33}
9134, o|& epinephrined] 2] 43 3] dhgo] 4
i3 o];(oqnﬂjq Ma]z%o] AE ﬂA _ﬁ._trf.g}. _o_.j_

2 < 5
s °o%3=% TM] 7] wEel Aoz oAt
A3 72 Z7F B2 7} UM epine-

5
i
JZi
Fﬂi

7hol gk
FAHES l QC)
% estrogen 5E% i—f‘éﬁ} Zot7) wEd ] in vitroel
A Qe of ot AT IHE Aol FLeke], Uidd 2
2]o1A] estrogenol A E4ad A 27 A= A &
A Azhol ol @3t v XA vk ©wAs s o
ol AT

Literature cited

1) Annual Report on the Cause of Death Statistics. National Statistical
Office, Seoul, 1997
2) Belchetz PE. Hormonal treatment of postmenopausal women. N Eng
J Med 330: 1062-1071, 1994
3) McGill HC. The pathogenesis of atherosclerosis. Clin Chem 34(8B): B
33-B39, 1988
4) Gibbons GH, Dzau VJ. The emerging concept of vascular remodel-
ing. N Eng J Med 330 1431-1438, 1994
5) Falk E, Shah PK, Fuster V. Coronary plaque disruption. Circulation 92:
657-671, 1995
6) Verstraete M, Fuster V. Thrombogenesis and antithrombic therapy. In:
Alexander RW, Schlant RC, Fuster V. Hurst's Feart. 9¢h Ed, pp.1501-
1532, MaGraw-Hill, 1998
7) Holmsen H. Physiological Functions of Platelets. Annals of Medicine 21
23-30, 1989
8) Riess H, Braun G, Brehm G, Hiller E. Critical evaluation of platelet agg-
regation in whole human blood. Am J Clin Patho! 85. 50-56, 1986
9) Carter AJ, Heptinstall 5. Platelet aggregation in whole blood: The ro-
le of thromboxane A, and adenosine diphosphate. Thrombosis and Ha-
emostasis 54(3): 612-616, 1985
10) Stadel BV. Oral contraceptives and cardiovascular disease(lst of 2 pa-
tis). N Eng J Med 305" 612-618, 1981
11) Cecily CK. Chinical aspects of the relationship between oral contrace-
ptives and abnormalities of the hemostatic system” Relation to the de-
velopment of cardiovascular disease. Am J Obstet Gynecol 163. 392-395,
1990
12) Meade YW. Oral contraceptives, clotting factors, and thrombosis. Am J
Obster Gynecol 142" 758-761, 1982
13) Sabra A, Bonnar |. Hemostatic system changes induced by 50ug and
30ug estrogen / progestogen oral contraceptives. Modification of estro-
gen effects by levonorgestrel. J Reprod Med 28(1 suppl): 85-91, 1983
14) Vessey MP. Oral contraceptives and stroke: Finding in a large prospe-
ctive study. Br Med J 289. 530-531, 1984
15) Beswick AD, Fehily AM, Sharp DS, Renaud 5, Giddings. Long-term di-
et modification and platelet activity. J Jnt Med 2291 511-515, 1991
16) Malle E, Sattler W, Prenner E, Leis H), Hermetter A, Gries A, Kostn-



er GM. Effects of dietary fish oil supplementation on platelet aggrega-
bility and platelet membrane fluidity in normolipemic subjects with
and withoat high plasma Lp(a) concentrations. Atherosclerosis 88: 193-
201, 1991

17) Wood L. Treatment of atherosclerosis and thrombosis with aspirin, La-
ncet 532, 1972

18) Harrison MJG, Emmons PR, Mitchell JRA. The vatiability of human pl-
atelet aggregation. Atheroscler Res 7: 197, 1967

19) Pechavanne M. Influence of diet and life habils on platelet function.
Rev Prat Nov 1" 39(25): 2223-2227, 1989

20) Longenecker GL. The Platelets. In: Physiology and Pharmacology. pp.1-
489, Academic Press, Oralano, US.A., 1985

21) Jung YT. Human Physiology. 3rd revised, pp.383-414, Chunglu Pre-
55, Seoul, 1994

22) The Korean Nulrition Society. Recommended dietary allowances for
Korean, 6th revision, pp.329-342, Seoul, 1995

23) Friedman M, Rosenman R. Type A behavior and your heart. New Yo-
rk: Random House, Inc., 1974

24) Burris JE. Methodological considerations in evaluating the evidence.
In: Diet and Health, pp.23-84, National Research Council, National Ac-
ademy Press, 1950

25) Rural Nuirition Institute, RD.A. Food composition table, 5th revisi-
on, 1997

26) Triplett DA, Harms CS, Newhouse P, Clark C. Platelet function labo-
ratory evaluation and clinical application, Chap.9 Specialized labora-
tory procedures. American Society of Clinical Pathologists, 1978

27) Steinberg D, Parthasarathy S. Beyond cholesterol. Modifications of low-
density lipoprotein that increase its atherogenecity. N Eng J Med 320:
915-924, 1989

28) Schemme] RA, Teague Rj, Brau GA. Obesity in Osborne-Mendel and
S4B / P1 rats: Effects of sucrose solution, castration and treatment wi-
th estradiol or insulin. Am J Physiol 243: R347-R353, 1982

29) Lee S5, Park JHY. Long-term effect of ovarectomy on body composi-
tion. Korean J Nutrition 22(2): 102-107, 1989

30) Yoo JO, Yu HK. Patterns of circulating gonadotropins(FSH and LH)
and steroid hormones(estradiol and progesterone) during the normal
menstruation cycles. J Korean Med Assoc 33(1): 51-58, 1990

31) Yu HK, Rhyu KJ. Hormonal changes of LH, FSH; eslradiol and proge-
sterone concentrations during menstrual cydes of premenopausal wo-
men. J Korean Obs & Gyn 28(11): 1537-1547, 1985

32) Larsson PT, Hjemdah! P. Platelet aggregability in humans: Contrast-
ing in vivo and in vitro findings during sympatho-adrenal activation
and relationship to serum lipids. European J Clin Invest 20: 398-405, 1990

33) Beisiegel B, Treese N, Hafner G, Meyer J, Darius H. Increase in endo-
genous fibrinolysis and platelet activity during exercise in young vol-
unteers. Agents Actions Suppl 37° 183-189, 1992

34) Huch KM, Elam MB, Chesney CM. Oral contraceptive steroid induced
platelet coagulant hyperactivity: Dissodation of in vivo and in vitro

BRESHEAE 32(5: 561-569, 1999/569
effects. Thromb Res Oct 1: 48(1): 41-50, 1987

35) Inman WHW, Vessey MP, Westerholm B, Engelund A. Thromboem-
bolic disease and the steroidal content of oral contraceptives™ A repo-
Tt to the committee on safety of drugs. Br Med J 2: 203-209, 1970

36) Sudhir §, Cupta LC, Singh J, Garg KN. Enhanced platelet aggregati-
on by oral contraceptives: Effect of PG synthetase intibitors. Indian J
Physiol Pharmacol 26(3): 231-234, 1982

37) For use in the evaluation of platelet aggregation. BIO / DATA Corp

38) MacMillan DC. Secondary clumping effect in human citrated platelet ri-
ch plasma produced by adenosine diphosphate and adrenalin. Nam-
re 211: 140, 1966

39) O'Brien JR. Platelet stickiness. Ann Rev Med 17 275, 1966

40) Kjeldsen SE, Neubig KR, Weder AB, Zweifler AJ. The hypertension-co-
ronary heart disease dilemma: The catecholamine-blood platelet conne-
ction. J Hypertens 7. 831-860, 1989

41) Larsson PT, Hjemdahl P, Olsson G, Angelin B, Homstra G. Platelet agg-
regability in humans: Contrasting in vivo and in vilro findings during
sympatho-adrenal activation and relationship to serum lipids. Eur J Cl-
in Invest 20: 398-405, 1990

42) Siess W, Lorenz R, Roth P, Weber PC. Plasma catecholamines, platel-
et aggregation and assodiated thromboxane formation after physical ex-
ercise, smoking or norepinephrine infusion. Circulation 66. 44-48, 1982

43) Jones CR, Giembeyz M, Hamilton CA, Rodger TW, Whyte K, Deigh-
ton N, Elliott HL, Reid JL. Desensitization of platelet o-adrenocepto-
15 after short-term infusions of adrenoceplor agonist n man. Clin Sei
70: 147-153, 1986

44) Aviram M, Brooks JG. Platelet activation by plasma Iipoproteins. Pr-
og Cardiovase Dis 30: 61-72, 1987

45) Tikkanen MJ. Role of plasma lipoproteins in the pathogenesis of ath-
erosclerotic disease, with special reference to sex hormone effects. Am
J Obstet Gynecol 163(1 pt 2): 296-304, 1990

46) Sack MN, Rader DJ, Cannon RO 3rd. Oestrogen and inhibition of ox-
idation of low-density lipoproteins in postmenopausal woman. Lance!
29: 343(8892), 269-270, 1994

47) Riedel M, Rafflenbeul W, Lichtlen P. Ovarjan sex steroids and ather-
osclerosis. Clin Invest 71(5): 406-412, 1993

48) Notelovitz M, Kitchens C8, Coone L, McKenzie I, Carter R. Low-dose
oral contraceptive usage and coagulation. Am J Obstat Gynecol 141: 71-
75, 1981

49) Gerstman BB, Piper IM, Tomita DK, Ferguson W], Stadel BV, Lundin
FE. Oral contraceptive estrogen dose and the 1isk of deep venous throm-
hoembolic disease. Am J Epidemiol 133: 32-37, 1991

50) Bonnar J. Coagulation effects of oral contraception. Am J Obstet Gyne-
col 157: 1042-1048, 1987

51) Massafra C, Butin P, Cavion MA, Minuto SM, Colombini G. Evaluat-
ion of risk of thrombosis during use of low-dose ethyl estradiol-desoge-
strel oral contraceptive. Adv Contracept %(3). 195-203, 1993



