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Abstract

The relationship between hypertension
and manganese superoxide dismutase
(MnSOD) gene polymorphism has been
studied in the blackfoot disease endemic area.
The study subjects who were over 30 years
old and lived at least 5 days a week in the
three villages were recruited. The data of
study subjects were collected in 1989 and
biological samples were obtained from 1989
to 1997. Two well-trained public health
nurses performed a standardized personal
interview based on a structured questionnaire.
Information obtained from the interview
included  demographic  characteristics,
alcohol drinking and cigarette smoking,
working and residential history, history of
well water consumption as well as family



history of hypertension. Moreover, DNA was
extracted from buffy coat to analyze the
Val/Ala variant in the mitochondnal
targeting sequence in MnSOD gene utilizing
polymerase chain reaction (PCR) and
restriction fragment length polymorphism
(RFLP). Serum was measured for all trans-
retinol, a-tocopherol, lycopene, P-carotene
by high performance liquid chromatography
(HPLC). After adjustment for age, sex, body
mass index (BMI) and cumulative arsenic
exposure, MnSOD Val/Ala and Ala/Ala
genotype people had higher relative risk than
MnSOD Val/Val genotype people in any
concentration of triglyceride and vitamin E.
After adjustment for MnSOD genotype and
other important risk factors, The relative risk
of hypertension was significantly increased
with cumulative arsenic exposure or BMI
increasing whether eNOS Glu/Glu genotype
or Gluw/Asp and Asp/Asp genotype. The
relative risk of hypertension for MnSOD
Val/Val genotype people in lower cumulative
arsenic exposure, normal BMI and lower
triglyceride level was decreased after age and
sex were adjusted. The results of this study
suggested that MnSOD gene polymorphism
may be a genetic susceptible factor of
hypertension and MnSOD genotype may
modify individual hypertension  risk.
Acquired environment exposure, life style
and dietary habit were also very important
risk factors for hypertension.

Keywords : MnSOD, Inorganic arsenic,
Hypertension, Micronutrients
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Abstract

This study was designed to investigate isoflavone supplementation on plasma
micronutrients and bone mineral density in postmenopausal women. Thirty-seven
postmenopausal women were given 150 mg/d of isoflavone supplements twice daily
for 6 months. Peripheral blood was sampled from the subjects before and after the
1soflavone supplementation at 6 months. Subjects’ concentrations of plasma lycopene,
pB-carotene and estradiol after 6-month supplementation were significantly different as
compared with those of the baseline. After having adjusted other risk factors the
increment of bone mineral density was significantly positively associated with the
increment of plasma estradiol after receiving isoflavone supplements for 6 months.
The effect of soy isoflavones in normal postmenopausal women may increase the

plasma estradiol concentration and prevent bone mineral density loss.

Keywords: postmenopausal women; isoflavones; micronutrients; bone mineral

density



Introduction

Postmenopausal women are at risk for estrogen-deficiency related health problems

such as cardiovascular diseases and osteoporosis [1]. According to the literature the

prevalence of coronary heart diseases is lower in Japan than in western countries, and

the incidence of climacteric symptoms is lower in Japanese women as compared to

Canadian women [2]. These findings are thought to be due to the high intake of

soyfoods and high levels of phytoestrogens in the Japanese [3,4]. Soy is a rich source

of nonestradiol estrogens [5], which are structurally similar to the mammalian

estradio} and can bind to estrogen receptors [6]. Thus, the isoflavones are thought to

regulate several biological processes including lipid and bone metabolism.

Furthermore, soybean isoflavones and the metabolites of daidzein have been shown to

inhibit lipoprotein oxidation in vitro [1,7], and the isoflavones isolated from the

licorice root have been demonstrated to prevent B-carotene consumption and low-

density lipoprotein (LDL) oxidation [8].

The literature shows that micronutrients from cereals are also important to

maintain healthy bone structure [9]. For example, vitamin A deficiency slows down

bone growth [10]. Selenium and vitamin E deficiencies cause bone abnormalities and

weaken the mechanical strength of rabbits bone [11]. In the absence of vitamin C or E,



10 nM of 17 PB-estradiol did not protect LDL samples against oxidation [12]. Besides,
estrogenic effects of phytoestrogens are thought to prevent bone reabsorption and to
increase bone density [13]. Dietary soy protein, which contains isoflavones, has also
been shown to prevent bone loss caused by ovarian hormone deficiency in
ovariectomized rats with osteoporosis [14]. Thus soy protein was used previously to

evaluate the effect of isoflavones on plasma lipids and bone density [14].

The reports on isoflavone have focused only on examining their effects, but rarely
on assessing plasma micronutrients and bone density in postmenopausal women.
Isoflavone supplementation may have antioxidative and micronutrient-sparing effects.
The purpose of current study was to examine the effects of isoflavone
supplementation on plasma micronutrients and bone density in postmenopausal
women. In addition, plasma estradiol concentrations were measured to determine

whether isoflavone supplementation can influence plasma estradiol level.

Methods

Study Subjects

This 6-month study was conducted from December 1998 to December 1999 and
enrolled 61 healthy postmenopausal women at Taipei Medical University-Municipal
Wan-Fang Hospital. The TMU Ethical Committee approved the protocol, and all

subjects gave written informed consent prior to their participation. All women had



taken no medication for over 6 months before being enrolled.

The subjects were told to return to the Clinic of Department of Obstetrics and
Gynecology once 2 month. Being supplied with the isoflavone supplement at each
clinic visit to last until their next visit, they were instructed to consume a package the
isoflavone supplement each in the morning and in the evening with a glass of water
and a meal. These directions were stressed verbally at each clinic visit. Subjects were
instructed to eat as they normally would. The subjects brought in any unused
packages to the Clinic at each visit for package count. The study recruited 37 subjects

who consumed 90% packages and their blood were collected.

Study Materials

The product of the isoflavone supplement contained 25-mg isoflavones per gram,
and one isoflavone package had 3 grams. Each subject consumed daily isoflavone 150
mg (i.e., 75mg twice/day). Blood samples were taken from each subject on Day 0 and
at the end of 6 after having received isoflavone.

The blood was drawn after fasting the subject for 12 hours. The samples were
stored 1n tubes containing ethylenediaminetetraacetic acid (EDTA) and were
immediately centrifuged at 750 g for 10 minutes to separate the plasma. High-density
lipoprotein (HDL) was precipitated from plasma by a modification of the dextan-
sulphate method [15]. The reagent with phosphotungstic acid and magnesium chloride
was used to precipitate apoprotein B-containing lipoproteins. Total cholesterol,
triglyceride (TG) and HDL-cholesterol (HDL-C) was determined by colorimetric
methods after enzymatic reaction with peroxide (Randox Co., Antrim, Ireland). LDL-
cholesterol (LDL-C) was estimated by the Friedewald formula, which is reliable when

TG levels are less than 400 mg/dl [16].



The packed erythrocytes were washed twice with isotonic saline, and stored at
-70°C till the analysis of superoxide dismutase (SOD) and glutathione peroxidase
(GSHPx) activities (Randox Co., Antrim, Ireland). The enzyme concentrations were
expressed in U/mg of hemoglobin (Hb), which was determined by
cyanomethemoglobin assay (Sysmex F-500, San Tung Instrument Co., Taipel,
Taiwan).

Since calcaneus contains high content of trabeculas, the bone density of
calcanus was measured by dual-energy X-ray absorptiometry using OsteoAnalyzer
(Dove Medical System, Inc., Newbeury Park, California, USA). Plasma estradiol
concentration was determined by a competitive immunoassay using direct
chemiluminescent technology (ASC-180 SE, Automatic Chemiluminescence System,
Chiron Dianostic, Walpole City, Massetussets, USA). The coefficient of vartance for
plasma estradiol was 5.52 + 2.85%. All laboratory personnel were blind from the
information of subject’s status.

Levels of B-carotene, lycopene, a-tocopherol and retinol of plasma samples were
measured by HPLC according to the procedure described elsewhere [17]. Using
reversed-phase HPLC (Hitachi) and multi-wavelength monitoring carried out analysis.
The eluency expressed for mobile phase {methanol: acetonitrite: chloroform) was 47:
48: 5. Retinol was detected at 325 nm, a-tocopherol at 280 nm, and lycopene and B-
carotene at 466 nm. The baseline and 6-month plasma samples of the same subjects
were thawed from -70°C refrigerator in the dim light at room temperature and
assayed on the same day to ensure that temporal variability in the laboratory assays.
All laboratory personnel were blind from the information of subject’s status.

Recovery rates for B-carotene, lycopene, o-tocopherol and retinol were 87.6 +

7.0%, 842+ 7.1 %, 92.6 & 8.0%, and 78.9 + 4.6%, respectively. We also used internal



control a-tocopherol acetate to reduce the systematic error, and the coefficient of
variance for a-tocopherol acetate was 4.5 + 1.6%.
Statistics

All continuous variables were presented as means + SE. The paired t test was
used to analyze the difference of micronutrinets, estradiol and bone density between
the baseline and 6-month after the isoflavone supplementation. Correlation analysis
was used to examine estradiol, lipid profile, micronutrients and antioxidant enzyme,
between baseline and 6 months after the isoflavone supplement. In addition, we also
used multiple regression analysis to evaluate the associations of differences of bone
density and estradiol between baseline and 6 month after the isoflavone supplement
when lipid profile or lipid protein and nitric oxide variables were adjusted.

A p value < 0.05 was considered statistically significant.

Results

The characteristics of the subjects in this study were age 51.4 + 4.3 years (with
the ranges of 40-57 years), height 158.7 + 5.8 cm, weight 53.0 + 7.4 kg, age of onset
of menopause 47.9 + 4.6 years (with the ranges of 38-54 years), duration from
menopause 3.1 £ 2.3 years (with the ranges 1-8 years), and parity 2.2 + 1.0. Body
weights (data not shown) were monitored during the 6-month study period, and did
not change significantly.

There were no significant differences in the plasma retinol, a-tocopherol and
bon density but significant differences in plasma lycopene, B-carotene and estradiol
between the baseline and after the isoflavones supplementation 6-month (Table 1).
The concentrations of plasma micronutrient were all in the normal range.

As shown in Table 2, the bone density was significantly related to a-tocopehrol
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and triglyceride on baseline among postmenopausal subjects. But there were no
association among bone density, micronutrients, lipid profile, and antioxidant
enzymes after the 6 month isoflavone supplementation among postmenopausal
subjects.

In Table 3 was the correlation coefficient of the difference of plasma lipid,
lipoprotein concentrations, micronutrients, SOD, GSHPx and nitric oxide (NO) before
and afier the isoflavones supplementation for 6 months in postmenopausal subjects.
The difference of estradiol had no linear relationship to the micronutrients, lipid
profile and lipoprotein, so we can adjust with these variables in the same multiple
regression model, but the difference of estradiol was significantly related with the
difference of nitric oxide. The difference of LDL-C was significantly correlated with
the difference of total cholesterol and HDL-C; therefore they were adjusted in the
different model respectively.

Multiple regression analysis for the association between bone density and
estradiol when other risk factors (lipid profile, lipoprotein and nitric acid) were
adjusted, shown in Table 4. The older the age was the higher the difference of bone
density when other risk factors adjusted. The higher the difference of the total
cholesterol and LDL were the higher the difference of bone density when other risk
factors adjusted. The difference of bone density was significantly positively
associated with the difference of estradiol after adjusting the age, difference of o
tocopherol, nitric oxide, HDL-C, LDL-C or total cholesterol and triglyceride before
and after isoflavone supplementation. It means that the difference of bone density was
significantly increased with the difference of serum estridiol increment when the same
level of age, and the same level of the difference of a-tocopherol, nitric oxide, HDL-

C, LDL-C or total cholesterol and triglyceride before and after isoflavone



supplementation.

Discussion

Osteoporosis is characterized by low skeletal bone mass and fragility, which
cause hip, radius, and vertebral compression fractures [18]. Osteoporosis is a major
public health problem, particular for postmenopausal women. Menopausal loss of
ovarian estrogen is known to be associated with a rapid decrease in bone mineral

density, leading eventually to increased fracture risk [19].

The average per capita consumption of soy protein in Taiwan is 35 g/day [20].
Genistein and daidzein, both isoflavones and phytoestrogens, are found in relatively
high concentration in soy-based foodstuffs [21, 22]. Genistein and daidzein, along
with their B-glucoside conjugates, are present in soybeans in amounts of up to 3 mg/g.
Hence; the per capita isoflavone intake among the Taiwanese may reach at 100
mg/day. In this study, we showed further significant increment of serum estradiol
subjects receiving the soy isoflavones supplement for six months.

Isoflavones are nature plant hormones with the oestrogen-like structure.
Hypothetically, dictary intake of isoflavones has a bone-sparing effect. Isoflavones
mainly from soybeans, have also been suggested to give benefit of bone preservation.
The exact mechanism has not yet demonstrated because the supporting data from
laboratory and clinical studies are lacking. However, there are several reports showing
positive correlation of the intake of soy protein and the bone density. Arjmandi et al.
reported that bone loss in ovariectomized rats was prevented with a ;oy-protein diet,
but not with a casein diet [23]. Erdman et al. also reported a significant increase in
bone mineral content and bone mineral density of the lumbar spine in postmenopausal

women having received a daily dose of 40 g soy protein containing 2.25 mg
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isoflavones per gram protein for 6 months, as compared with a control group having
received protein from casein/nonfat dry milk [24].

Limited vitamin A has anticarcinogenic properties through its abilities to
stimulate the immune system and regulate cellular differentiation [25]. In this study,
we found that the concentrations of serum lycopene and B-carotene, but note retinol,
significantly increased after the soy isoflavone supplement for six months. Several
studies demonstraed that B-carotene is safe and free form having teratogenicity for
human [26]. Animal studies have shown the important role of vitamin A in the bone
remodeling process [10]. Whereas vitamin A deficiency results in retarded bone
growth [10], hypervitaminosis A accelerates bone resorption, bone fragility, and the
risk for spontaneous fracture [27]. Retinoic acid inhibits osteoblast activity [28],
stimulates osteoclast formation [29], and induces bone resorption [27,30]. However,
carotenoids do not cause hypervitaminosis A even when ingested in large amount [31].
The response in persons with normal retinol concentrations indicates that absorption
of carotenoids and their conversion to retinol may be regulated by the body’s needs of
vitamin A [32].

As indicated in Table 2, we analyzed plasma nitric oxide concentrations, as
well as erythrocyte SOD and GSHP, activities, which protect tissues from the effects
of free radical and lipidperoxides [33]. Nitric oxide, an intermediate metabolite
generated during the biochemical transformation of arginine to citrulline {34],
increases under oxidative stress [35]. The results in Table 2, showed no significant
differences in erythrocyte SOD, GSHP, and plasma nitric oxide or a-tocopherol
concentrations before and after the isoflavone supplement. Whether the higher plasma

p-carotene and lycopene levels after the isoflavone supplement observed in this study
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indicates that isoflavone have antioxidative micronutrient-sparing effect requires
further investigation.

Besides binding metal ions [37], flavonoids have been shown to react with and to
scavenge superoxide anions [38], hydroxyl radicals [39], and lipid peroxyl radicals [39].
As indicated in Table 1, serum lycopene and B-carotene significantly increased after
receiving soy isoflavones supplements for six months, but the amount of isoflavone
consumed had little effect on blood lipid variables in our previous study [36]. Further
study is needed to clarify this discrepancy. The mechanisms by which flavonoids inhibit
LDL oxidation are not clear. As show in Table 2, same plasma cholesterol and
triglyceride level, or the same LDL and HDL level, plasma estradiol concentration were
factors in bone density. As indicated in Table 1, a-tocopherol did not increase afier the
soy isoflavones supplement for six months in those postmenopausal women. These
findings may suggest that soy isoflavones do not protect LDL against oxidation. The
reason for these findings may be that the dietary concentration of isoflavones needed to
affect lipid metabolism is different from that needed to influence bone metabolism [40].

The possibility also exits that the cholesterol-lowering component of soy is not or
is only partially related to isoflavones [40). We found that under the same lipid profile, a-
tocopherol and defense enzyme level, the increment of serum estradiol was significantly
related with the increment of bone density after receiving the soy isoflavones
supplements for six months in those postmenopausal women. The reason may be related
to the increased exposure to endogenous estrogen and increased protection from calcium
loss, which in turn results in increased bone mineral density [41,42], or increased
endogenous estrogen levels result in improved blood flow to muscles and bones. This in
turn results in decreased bone turnover and increased bone mineral density [41,42], These
interesting findings need clarification in further investigation.
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Conclusion

The data from our study showed that after lipid profile, nitric oxide and o-
tocopherol adjustments, the bone density increment was significantly related with the
increment in plasma estradiol after receiving the isoflavone supplement for 6 months
in postmenopausal women. Since lipid metabolism was not altered after isoflavone
supplementation. These results may suggest that the requirement of isoflavone for

bone metabolism is different from the requirement for lipid metabolism.
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Table 1. Plasma micronutrient, estradiol and bone density before and
after the isoflavone supplementation for 6 months among
37 postmenopausal women

Baseline 6 month

Variables Mean + SE Mean + SE
Retinol (pg/mL) 0.73 £ 0.03 0.74 £ 0.04
a-tocopherol (pg/mL) 9.36 £ 0.58 9.01 £ 0.53
Lycopene (pg/dL) 0.06 +0.01" 0.08 £0.01"
B-carotene (pg/dL) 0.34 £ 0.04" 0.44 + 0.06"
Selenium (pg/L) 162.17 + 8.14 170.11 + 7.65
Estradiol (pg/ml) 9.22+1.58" 15.27 + 1.55™

Bone density (mg/cm®)  352.88 + 10.70" 358.12+ 11.66

SE, standard error
“Significantly different, P<0.05, tested by paired t test
“Significantly different, P<0.01, tested by paired t test
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Table 2. The relationship of bone density for micronutrient, lipid
profile, lipid protein and antioxidant enzymes before and
after isoflavone supplementation for 6 months among 37
postmenopausal subjects

Bone density
Baseline 6 month

Variables B SE B SE

Retinol (pg/mL) 66.37 61.49 -10.90 7.88
a-tocopherol (pg/mL) 835  3.54 3.75 4.12
Lycopene (ug/dL) 246.20 22494 28285  209.15
B-carotene (ug/dL) -84.27  49.11 -51.92 33.60
Estradiol (pg/ml) -1.02 1.31 -1.72 1.52
Triglyceride (mg/dL) 0.58" 0.21 -0.02 0.28
Total cholestrtol (mg/dL) 0.21 0.27 0.28 0.32
HDL-C (mg/dL) -1.16 0.65 0.64 0.71
LDL-C (mg/dL) 0.27 0.28 0.23 0.38
SOD (U/mg Hb) 11.88  19.45 63.79" 24.90
GSHPx (U/mg Hb) 10598 116.87 -32.90  111.72
NO (1 mole/L) 0.11  4.32 2.89 9.87
Selenium (ug/L) -0.12 0.18 -0.23 0.24

Abbreviation: HDL-C, high-density lipoprotein-cholesterol,
LDIL-C, low-density lipoprotein-cholesterol;
SOD, superoxide dismutase;
GSHPx, glutathione peroxidase; and
NOQO, nitric oxide

" Significantly different, P<0.05 in univariate regression analysis
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Table 3. The Correlation of the difference of plasma lipid, lipoprotein concentrations, micronutrients,
superoxide dimutase (SOD), glutathion peroxidaes (GSHPx), nitric oxide (NO), and
selenium before and after isoflavones supplementation for 6 months among postmenopausal

subjects
EST-D HDL-D LDL-D Chol-D Tg-D  Bone-D Selenium-D
(pg/m}) (mg/dL) (mg/dL) (mg/dL) (mg/dL) (mg/cm®)  (ug/L)
EST-D
0.033 -0276 -0.152 0307 -0.019 0.058
(pg/ml)
HDL‘D -
(mg/dL) -0.482° -0.120 0.113  -0.018 -0.027
LDL-D "
(mg/dL) 0.878" 0222 0.107 -0.025
Chol-D
(me/dL) 0.106 0.093 -0.077
Tg-D
(mg/dL) -0.010 0.135
EST-D Reti-D  Toco-D Lyco-D Bear-D GSH-D SOD-D NO-D Bone-D
(pg/ml) (ug/mL) (ug/mL) (ug/dL) (ug/dL) (U/mg Hb) (U/mgHb) (umole/L) (mg/cm?2)
EST-D 338 0241 0365 0280 -0.058 0.119 0.477 0,019
(pg/ml)
Reti-D 0.507° 0083 0.128  0.009 0.151 0.037 -0.061
(ng/mL)
Toco-D
0.091 0339 -0.312 -0.145 0.310 0.225
(ug/mL)
Lyco-D . .
0.391°  -0.411 0.237 -0.026 -0.060
(ug/dL)
Bcear-D
-0.232 -0.039 ~0.031 0.097
(ng/dL)
GSH-D
SOD-D
(U/mg Hb) -0.036 0.0007
NO-D
(mole/L) 0.149
Selemum-D 06 0079 -0.034 -0.054 -0.031 -0.035 0.148 0.691°
(ug/L)

Abbreviation: Bone-D, difference of bone density;

HDL-D, difference of high density lipoprotein-cholesterol,
LDL-D, difference of low density lipoprotein-cholesterol;
SOD-D, difference of superoxide dismutase; GSH-D, difference of glutathione peroxidas:
NO-D, difference of nitric oxide; Reti-D, difference of retinol;

Toco-D, difference of a-tocopherol; Lyco-D, difference of lycopene;
Bear-D, difference of B-carotene; EST-D, difference of estradiol;
CHO-D, difference of cholesterol; and TG-D difference of triglyceride;
Selenium-D, difference of selenium;
" Significantly different, P<0.01 in correlation analysis
"Significantly different, P<0.05 in correlation analysis
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Table 4. Stepwise multiple regression analysis of bone density for

micronutrient, lipid profile, lipid protein and antioxidant

enzymes before and after isoflavone supplementation for 6

months among 37 postmenopausal subjects

Bone density

Baseline 6 month

Variable B SE B SE
Age 2.20 2.47
EST (pg/ml) -2.44 0.87 -1.90 1.49
Reti (ng/mL ) 57.62 40.67
Toco (pg/mL) 2.59 2.68 5.64 3.84
Lyco (ug/dL ) 660.80" 152.29
Bear (pg/dL ) -179.777 32.65 -130.28"  34.65
Tg (mg/dL) 0.45° 0.17
SOD (U/mg Hb ) 84.94™ 25.81
NO (p mole/L) -21.87" 10.30
Se (ng/L) -0.20" 0.11 -0.21 0.23

Abbreviation: EST, estradiol; Reti , retinol; Toco, a-tocopherol;
Lyco, lycopene; Bear, 5 -carotene; Tg, triglyceride;
SOD, superoxide dissimulates; NO, nitric oxide;

Se, selenium;

* 0.05<P<0.1, paired t test * P<0.05, paired t test

7 P<0.01, paired t test
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Table 5. Stepwose multiple regression analysis of difterences of bone denstty before

and after the isoflavone supplementation for 6 months among the

postmenopausal subjects

Model 1 Model T Model I
Variables B SE B SE B SE
Age -1.267 0.52 -1.27 0.54 -1.15° 0.51
Estradiol-D (ug/L) 0.49  0.32 0.51 0.34 0.39 0.36
Retinol-D (pg/mL) -14.05 2172 -1673 2235
-carotene-D (png/mL) 1.64 10.88
Cholesterol-D (mg/dL) -0.09  0.08 -0.10 0.08
LDL-CD (mg/dL.) -0.06 0.08
GSH-D (U/mgHb) 156.18" 58.48  152.58 6045 161.56° 61.80
NO-D (p mole/L) 1.40°  0.69 1.30° 0.72 1.42° 0.72
Se-D (pg/L) -042"  0.08 -0.42"  0.08 -0.40"  0.08

Abbreviation: Estradiol-D, difference of estradiol,
Retinol-D, difference of retinol,;

[B-carotene-D, difference of B-carotene;

LDL-CD, difference of low density lipoprotein-cholesterol;

Cholesterol-D, difference of cholesterol;
GSH-D, difference of glutathione;
NO-D, difference of nitric oxide;
Se-D, difference of selenium;

" Borderline significantly different, 0.05<P<0.1

" Significantly different, P<0.05

™ Significantly different, P<0.01
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