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ABSTRACT

The purpose of this study was to investigate the effects of isoflavone on serum lipids and
antioxidant enzymes activities in growing rats fed high lard diet. Twenty four female Sprague-
Dawley rats (body weight 50-60 g) were divided into three groups, control, high fat (HF,

lard 200 g/kg diet) and high fat + isoflavone (HFI, lard 200 g/kg diet + isoflavone 310.9 mg/
kg diet) for 4 weeks. The results of study indicated that body weight gain was not different by
isoflavone diet. Mean intake was significantly lower in HF group and HFI group than control
group. Food efficiency ratio was significantly higher in HF group and HFI group than control
group. The level of serum triglyceride and total cholesterol were significantly lower in HFI
group than control group and HF group. The level of high-density lipoprotein cholesterol,
was significantly higher in control group than HF group and HFI group. The level of low-
density lipoprotein cholesterol was not significantly different by experimental diets, but
atherogenic index (AI) was significantly lower in control group and HFI group than HF group.
Contents of total cholesterol and triglyceride in liver tissues were found to be insignificant.
The concentration of lipid peroxidation, malondialdehyde was significantly lower in control
groups and HFI group than HF group. And antioxidant enzymes in liver tissue were not
significantly different by lard and isoflavone supplemented diets. In conclusion, it seems
possible that isoflavone supplemented high fat diet may produce positive results on level of
serum triglyceride, serum total cholesterol, Al and concentration of malondialdyhyde.

Keywords: Isoflavones; Lipids; Antioxidants; Rats; Diet, high fat

INTRODUCTION

Gradual westernization of the dietary life of people accompanies nutritional imbalance and
increased prevalence of diseases in circulatory system such as hypertension due to increasing
stress, heart disease, and cerebrovascular diseases. According to the report from the
Statistics Korea in 2018, the mortality rate due to heart disease, among three mortal diseases
(cancer, cerebrovascular diseases, and heart disease) was 60.2%, which was an increase by
approximately 14% compared to that 10 years ago [1]. Hypertension, diabetes mellitus, and
hyperlipidemia have been reported to be risk factors of cardiovascular diseases. Favorable
dietary control and life-styles away from drinking and smoking can prevent such diseases [2].
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Hyperlipidemia is regarded as one of the risk factors of cardiovascular disease wherein the
high level of low-density lipoprotein cholesterol (LDL-C) could cause hypercholesterolemia
[3]- Besides, patients suffering from hyperlipidemia are reported with high level of blood
cholesterol, high atherogenic index (AI) [4], and level of triglyceride [5]. One study has
reported that high fat and high cholesterol diets can induce oxidative damage of internal
tissue [6,7]. Enzymes play key roles in the defense system involving antioxidant. They
comprise antioxidant enzymes such as superoxide dismutase (SOD), glutathione peroxidase
(GSH-Px), and catalase (CAT). Dietary natural antioxidants include glutathione, tocopherol,
ascorbic acid, carotenoid, and polyphenol compounds [8]. Antioxidant system can lose its
balance due to oxidative stress, diseases, and other factors, resulting in an unbalance of the
defense mechanism. The creation and promotion of free radicals could damage tissues [9].
Thus, foods selected according to guidelines of diet therapy should be taken to reduce the
risk of cardiovascular diseases and improve blood lipid. In particular, total fat level should be
considered when taking cholesterol and saturated fat [10].

According to Korea National Health and Nutrition Examination Survey in 2017, 5.2% of the
total population had excessive intake of energy/fat. In particular, this percentage increased
from 1.5% in 2007 to 5.5% in 2017 for children aged 1-9 years; and from 2.0% in 2007 to 5.0%
in 2017 for adolescents of ages 10-18 years [11]. The food sources of fat supply included pork,
soybean oil, beef, and so on, with pork accounting for 16.6% as the food source of fat, which
was highest among all food sources [12]. Diseases such as hyperlipidemia and cardiovascular
disorders can be prevented sufficiently by employing the healthy dietary control and the
healthy dietary habit. Therefore, interests in functional foods have been increasing.

Soybean is a food mainly consumed in Asian countries because it is rich in nutrients and
diverse functional substances such as isoflavone, saponin, anthocyanin, tocopherol,

and phytic acid [13]. Among various substances in soybean, there are aglycones such as
daidzein, genistein, and glycitein which are known as vegetative estrogen, and glucosides
including daidzin, genistin, and glycitin [14]. According to a recent research, the intake of
isoflavone after menopause could increase the amount of calcium in bones of women and
prevent osteoporosis [15]. It has been reported that isoflavone can decrease the process of
adipogenesis in mouse cells [16]. In addition, the intake of isoflavone can result in improved
blood lipid with antioxidant effect in mouse fed with a high cholesterol diet [17]. It can

also decrease apoptosis and oxidative stress of female mouse [18]. The effect of intake of
isoflavone has been studied previously. It has been reported that isoflavone shows anti-
inflammatory and anti-atherosclerosis effects in C57BL/6 mouse [19]. The effect of intake
of isoflavone in adult patients suffering hyperlipidemia has also been studied, showing that
male patients suffering hyperlipidemia - reduced level of total cholesterol after the intake
of isoflavone [20], while adult menopausal women of hyperlipidemia exhibit increased
levels of high-density lipoprotein cholesterol (HDL-C) and decreased Al and blood level of
malondialdehyde [21].

Although the effect of intake of isoflavone for male and menopausal female adults suffering
hyperlipidemia has been studied and reported in terms of improvement in lipids and
antioxidant effects, subjects who are in their growth stage requiring higher rate of intake of
fat have been hardly employed for studies delving into the effects of the intake of isoflavone
to analyze corresponding changes in concentration of lipids and antioxidant indices. Thus,
the objective of the present study was to analyze the effect of intake of isoflavone in rats at
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growth stage fed with high fat to find resulting changes in blood levels of lipids, contents of
liver lipids, and antioxidant indices.

MATERIALS AND METHODS

Experimental animals and diet

For the experiment conducted in the present study, 28 female Sprague-Dawley rats (50—-60

g) were obtained from Daehan Bio-Link Co., Ltd. The entire process covering from adoption
to breeding of experimental animals was approved by the Institutional Animal Care and Use
Committee of Keimyung University (approval No. KM-2012-35). These experimental animals
were acclimated for one week with rat chow (Samyang Co., Seoul, Korea), and then bred by
dividing into 3 groups using a completely randomized design. Temperature and humidity of
breeding chamber were kept at 22°C + 2°C and 63% * 5%, respectively. Periods of light and
darkness were controlled to be an interval of 12 hours. Animals were allowed access to diet
and water ad libitum. All rats were fed on experimental diet for 4 weeks.

Experimental diet was prepared based on standard compositions of AIN-93G. Dietary
compositions of the experimental diet are summarized in Table 1. Experimental groups
included a control group, a high fat (HF) group, and a high fat + isoflavone (HFI) group

in accordance with the addition of high fat and isoflavone into the experimental diet. The
amount of lard equivalent to 20% of the amount of experimental diet was added to the basic
diet for the HF group, whereas an equal amount of 20% of lard plus 0.1% of isoflavone (total
isoflavone 31.09%) was added to the basic diet for the HFI group.

Measurement of food intake and weight

Weights of experimental animals were measured at an interval of 1 week at predetermined time
from the day of the uptake of experimental diet. The amount of food intake was measured at the
predetermined time on every other day, and the food efficiency ratio (FER) was calculated by
dividing average weight gain of experimental animals by the amount of food intake.

Table 1. Composition of experimental diets (g/kg diet)

Ingredients Control HF HFI
Casein” 200 200 200
Corn starch 529.486 329.486 328.486
Sucrose 100 100 100
Soybean oil 70 70 70
a-Cellulose® 50 50 50
Min-mixture* 35 35 35
Vit-mixture$ 10 10 10
L-Cystine! 3 3 3
Choline bitartate 2.5 2.5 2.5
TBHQ™* 0.014 0.014 0.014
Lard'® - 200 200
Isovone*t - - 1
Kcal (per g diet) 3.95 4.95 4.94

HF, high fat; HFI, high fat + isoflavone.

*Casein, Maeil dairy industry Co., Ltd., 480 Gagok-Ri, Jinwi-Myun, Pyungtaek-City, Kyunggi-Do, Korea;
Ta-Cellulose, Sigma Chemical Co., St. Louis, MO, USA; *Min-mixture, AIN-93G-Mx, Teklad Test Diets, Madison,
Wisconsin, USA; SVit-mixture, AIN-93G-Vx, Teklad Test Diets, Madison, Wisconsin, USA; 'L-Cystine, Sigma
Chemical Co., St. Louis, MO, USA; icholine bitartate, Sigma Chemical Co., St. Louis, MO, USA; **TBHQ, Aldrich
Chemical Co., St. Louis, MO, USA; tfLard, Chungil Food Co., Ltd. 298 Chujeong-Ri, Chubu-Myeon, Geumsan-Gun,
Chungcheongnam-Do; Hisoflavone, Bioland Co., Ltd. 1058 Shingil-Dong, Danwon-Gu, Ansan-Si, Kyunggi-Do,
Korea (Isoflavone component: daidzein 16.55%, glycitein 10.9%. genistein 3.65%, Total isoflavone 31.09%).
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Preparation of specimens

Experimental animals were anesthetized using ethyl ether. Abdominal incision was made
to extract liver and collect blood samples from the aorta. Collected blood samples were left
at room temperature for 30 minutes and then centrifuged at 3,000 rpm for 20 minutes to
separate serum. To preparation liver specimens, 0.25 M sucrose solution (4 times of the
tissue volume) was added and crushed together to produce 20% (w/v) homogenate using

a homogenizer. The nuclei and uncrushed parts were removed from the homogenate.

The supernatant was then centrifuged at 10,000 xg (rcf) for 20 minutes. The pellet as
mitochondrial fraction and the supernatant as cytosol fraction were obtained to measure
activities of enzymes.

Analysis of lipids in serum

Concentration of cholesterol, triglyceride, and HDL-C in the serum were measured using an
Analysis Kit (Asan Pharmaceutical Co., Seoul, Korea). The absorbance was measured using A
spectrophotometer (UV-1800, Shimadzu Co., Kyoto, Japan) and then analyzed by colorimetric
titration method. The analysis of LDL-C in the serum was performed following method of
Friedwald et al. [22]. Al was used to predict the risk of occurrence of atherosclerosis.

Measurement of malondialdehyde

Malondialdehyde (MDA) in liver tissue was measured using the method described by Ohkawa
etal. [23]. For the measurement, 1,1,3,3-tetraethoxypropane (TEP) was employed as the
standard material. The level of lipid peroxide(s) is presented as nmole MDA/g.

Measurement of activity of antioxidant enzymes in liver tissues

To measure the activity of SOD, the hematein, which was created by the methods employed
by Martin et al. [24] to observe the degree of suppression of automatic oxidation of
hematoxylin, was measured at 560 nm. The activity of GSH-Px was measured according

to the method of Paglia and Valentine [25]. Glutathione matrix and nicotinamide adenine
dinucleotide phosphate, the coenzyme, were reacted at temperature of 20°C for 5 minutes
together with specimens. NADPH is a coenzyme that regenerates glutathione and acts as an
electron transporter. The decreasing rate of absorbance owing to oxidation of NADPH was
measured at wavelength of 340 nm. The CAT activity of the mitochondrial fraction of the
liver tissue was measured according to the method described by Abei [26] which produced
the activity by using molecular extinction coefficient by reading absorbance at 240 nm, the
degree of reduction, on the matrix of hydrogen peroxide (H,0,). The content of protein in
the liver tissue was measured according to the method employed by Lowry et al. [27] using
bovine serum albumin as the standard.

Statistical analysis

Results obtained from the present study were analyzed using SAS Package (Ver 9.2: Institute
Inc., Cary, NC, USA). The mean and standard deviation were obtained for variables.
Statistical significance of difference between groups was verified by analysis of variance and
Duncan's multiple range test. Significance level was set at p < 0.05.
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RESULTS

Body weight, mean intake and FER

Effects of intake of the diet added with isoflavone on weight, mean intake and FER of
experimental animals are summarized in Table 2. At the beginning of the experiment, the
difference in the weight of animals between groups was insignificant (control group 82.4 +
5.3 g, HF group 82.5 + 4.2 g, and HFI group 82.6 * 4.3 g). The final weight of experimental
animals in the HF group and HFI group tended to be higher than that of the control group,
although intergroup differences were not statistically significant (control group 189.6 + 14.2
g, HF group 194.2 + 9.2 g, and HFI group 194.3 +12.1 g). Weight gains after the intake of the
diet added with isoflavone were not significant among groups (control group 107.1+11.6 g,
HF group 111.7 + 9.7 g, and HFI group 111.7 £ 11.0 g).

The amount of intake of diet appeared to be significantly lower in the HF group and the HFI
group than that in the control group (control group 14.8 + 2.2 g/day, HF group 10.9 + 0.6 g/
day, and HFI group 10.0 + 0.9 g/day; p < 0.05). Efficiency ratio of diet in the HF group or the
HFI group was significantly higher than that in the control group (control group 0.26 + 0.05,
HF group 0.36 + 0.03, and HFI group 0.40 £ 0.06; p < 0.05).

Concentrations of lipids in the serum

Effects of diet added with isoflavone on concentrations of lipids in the serum are summarized
in Table 3. Concentrations of total cholesterol in the HFI group after the intake of isoflavone
appeared to be significantly (p < 0.05) lower than that in control group or the HF group
(control group 94.5 + 14.1 mg/dL, HF group 100.3 +12.9 mg/dL, and HFI group 84.6 + 7.6
mg/dL). Concentrations of triglycerides in the HFI group after the intake of isoflavone were
significantly (p < 0.05) lower than those of the control group and the HF group (control
group 125.1 + 20.5 mg/dL, HF group 128.8 + 26.4 mg/dL, and HFI group 94.7 + 8.9 mg/dL).
Concentrations of HDL-C in HF group and HFI group were significantly (p < 0.05) lower than

Table 2. Effects of isoflavone diet on body weight, mean intake and FER in rats fed high fat diet

Variables Control HF HFI
Initial weight (g) 89.4+5.3" 82.5+ 4.2 89.6 + 4.3
Final weight (g) 189.6 +14.2" 194.2 + 9.2 194.3 £12.1
Weight gain (g) 1071+ 11.6" M.7+9.7 111.7 £ 11.0
Mean intake (g/day) 14.8 £9.9° 10.9 + 0.6° 10.0 + 0.9°
FER 0.26 + 0.05° 0.36 + 0.03° 0.40 + 0.06°

Data are presented as mean + standard deviation.

HF, high fat; HFI, high fat + isoflavone; FER, food efficiency ratio.

*bvalues with different superscripts within the row are significantly different at p < 0.05 by Duncan's multiple
range test. *Not significant.

Table 3. Effects of isoflavone diet on serum lipid concentrations in rats fed high fat diet

Variables Control HF HFI

Total cholesterol (mg/dL) 94.5 £14.13% 100.3 +£12.9° 84.6 = 7.6"
Triglyceride (mg/dL) 125.1 £ 20.5% 128.8 + 26.4% 94.7 + 8.9°
HDL-C (mg/dL) 43.6+ 4.7 37.7+3.8° 38.0 +3.0°
LDL-C (mg/dL) 26.4 + 11.4* 36.8+12.5 97.4 +10.2
Al 1.2+0.3* 1.7 +0.4° 1.2+ 0.3?

Data are presented as mean + standard deviation.

HF, high fat; HFI, high fat + isoflavone; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein
cholesterol; Al, atherogenic index.

*bvalues with different superscripts within the row are significantly different at p < 0.05 by Duncan's multiple
range test. *Not significant.
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those of the control group (control group 43.6 + 4.7 mg/dL, HF group 37.7 + 3.8 mg/dL, and
HFI group 38.0 + 3.0 mg/dL). Concentrations of LDL-C after the intake of diet added with
or without isoflavone were not significantly different (control group 26.4 + 11.4 mg/dL, HF
group 36.8 = 12.5 mg/dL, and HFI group 27.4 +10.2 mg/dL). Al values of the control group
and the HFI group were significantly (p < 0.05) lower than those of the HF group after the
intake of the diet added with isoflavone (control group 1.2 + 0.3, HF group 1.7 + 0.4, and HFI
group 1.2 + 0.3).

Contents of lipids, malondialdehyde, and activities of antioxidant enzymes in
liver tissues

Effects of diet added with isoflavone on contents of lipids, malondialdehyde, and activities
of antioxidant enzymes in liver tissues are summarized in Table 4. After the intake of the

diet added with or without isoflavone, the content of total cholesterol exhibited insignificant
intergroup differences as follows: control group 79.3 + 2.4 mg/g, HF group 81.1 + 5.3 mg/g,
and HFI group 77.0 + 5.5 mg/g. Similarly, the content of triglyceride after intake of diet added
with or without isoflavone revealed insignificant intergroup differences: control group 106.1
+17.4 mg/g, HF group 110.2 * 6.3 mg/g, and HFI group 102.7 + 14.6 mg/g.

Contents of MDA in the control group and the HFI group were significantly (p < 0.05) lower
than those in the HF group (control group 1.7 + 0.3 nmole MDA/g, HF group 2.1 + 0.1 nmole
MDA/g, and HFI group 1.7 + 0.3 nmole MDA/g).

The activity of SOD in response to the intake of isoflavone manifested insignificant intergroup
differences as follows: control group 4.0 + 1.6 unit/mg protein/min, HF group 3.4 £ 1.6
unit/mg protein/min, and HFI group 3.3 + 1.6 unit/mg protein/min. The activity of GSH-

Px exhibited no significant intergroup difference in response to the intake of isoflavone as
follows: control group 4.6 + 0.4 nmole NADPH/mg protein/min, HF group 4.7 + 0.7 nmole
NADPH/mg protein/min, and HFI group 4.5 + 1.6 nmole NADPH/mg protein/min. CAT activity
manifested no significant intergroup differences either in response to the intake of isoflavone:
control group 57.4 +16.1 nmole H,0, reduced/mg protein/min, HF group 58.0 + 12.4 nmole
H,0, reduced/mg protein/min, and HFI group 57.3 + 13.7 nmole H,0, reduced/mg protein/min.

Table 4. Effects of isoflavone diet on the contents of lipids, malondialdehyde, and activities of antioxidant enzymes
in the liver tissues in rats fed high fat diet

Variables Control HF HFI
Total cholesterol (mg/g) 79.3+2.4" 811+5.3 77.0 £ 5.5
Triglyceride (mg/g) 106.1 £17.4* 110.2 £ 6.3 102.7 £ 14.6
MDA (nmole MDA/g) 1.7 0.3 21%0.1° 17 0.3
SOD (unit/mg protein/min) 4.0 +1.6" 3.4+1.6 3.3+1.6
GSH-Px (nmole NADPH/mg protein/min) 4.6+0.4" 4.7+0.7 4.5+1.6
CAT (nmole H,0, reduced/mg protein/ 57.4 £16.1" 58.0 £12.4 57.3£13.7
min)

Data are presented as mean = standard deviation.

HF, high fat; HFI, high fat + isoflavone; MDA, malondialdehyde; SOD, superoxide dismutase; GSH-Px, glutathione
peroxidase; CAT, catalase.

2bvalues with different superscripts within the row are significantly different at p < 0.05 by Duncan's multiple
range test. *Not significant.
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The present study intended to identify effects of intake of isoflavone (310.9 mg/kg diet) for
rats in growth period fed with high fat diet on in serum lipid concentration, contents of lipids
in livers, and antioxidant indices. The amount of high fat added to the diet of 200220 g of
Sprague-Dawley rats was based on a previous study [28], wherein the amount of triglyceride
was increased through intake of lard corresponding to 20% of the diet. The amount of
isoflavone added to the feed was based on a previous study wherein isoflavone (0.32 g/kg
diet) was fed to Sprague-Dawley rats of 210 g which increased enzymatic activity [29].

In the present study, no significant differences in weight gain of animals was found between
groups, although the amount of mean intake of feed of the HF group or the HFI group was
found to be significantly lower than that of the control group. In addition, FER to be appeared
significantly higher in the HF group or the HFI group than that in the control group. However
the 2 groups fed with high fat diet showed increases in weight gain despite their lower levels
of mean intake of feed. According to a study conducted by Lim et al. [30], when male rats at
the age of 4 weeks were fed high fat diet added with isoflavone diet, they showed no significant
intergroup difference in weight gain. However, the amount of intake of diet in the group fed
high fat diet or the group fed high fat diet + isoflavone appeared to be lower than that of the
control group, similar to results of the present study. Another study on the effect of isoflavone
on rats fed high fat diet also revealed no intergroup differences in weight gain. However, the
group fed with high fat diet, was found to have significantly lower intake of diet compared

to the control group [31]. The intake of fat can reduce the amount of dietary unit through

its unique flavor together with the sense of satiety [32]. Mitchell et al. [33] have mentioned
that the amount of dietary unit can be affected by the preference to feed of subject animals in
experiment due to varying compositions therein. In the present study, the level of mean intake
of dietary feed was found to be lower in the groups fed with high fat diet. It might be due to
effects such as unique flavor of fat and the sense of satiety of the high fat diet.

Concentration of total cholesterol and triglyceride in serum in samples of the HFI group
appeared to be significantly lower than those in the control group and the HF group, whereas
concentrations of HDL-C in the HF group and the HFI group appeared to be significantly
lower than those in the control group. Levels of LDL-C showed no significant intergroup
differences, while AI of the control group or the HFI group was significantly lower than

that of the HF group. In the meantime, contents of total cholesterol and triglyceride in

liver tissues according to the amount of intake of isoflavone were found to be insignificant.
According to a study that reported effects of improvement in blood lipids by the intake

of isoflavone diet (154.8 mg/kg) for rats fed with lard to induce hyperlipidemia [30],
concentrations of total cholesterol and triglyceride in blood and AI of groups fed with high
fat added with and isoflavone appeared to be lower than those of the group fed solely fed
high fat, similar to results of the present study. In addition, in the study conducted by Liu

et al. [34], after male rats (average weight 205.20 g) were fed high fat added with isoflavone
(isoflavone 10 mg/kg/day and isoflavone 20 mg/kg/day) for 12 weeks levels of triglycerides in
serum samples tended to decrease without showing significant difference. However, levels of
total cholesterol in serum samples appeared to be significantly lower in the 2 groups fed with
high fat and isoflavone than in the group fed solely with high fat, suggesting an improving
effect of intake of isoflavone on total cholesterol level. Besides, Lim et al. [35] have reported
that levels of total cholesterol and triglycerides in serum samples are reduced while levels of
HDL-C in serum samples were increased in rat with induced hyperlipidemia fed with a diet
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containing aglycone isoflavone (at 3.5, 7, or 30 g/kg of diet in composition of the feed). Zang
et al. [36] took C57BL/6] mice at ages of 6 weeks and fed them with high fat diet added with
isoflavone at 0.06%. They reported that consequential Al appeared to decrease. However,

the decrease did not affect contents of lipids in the liver, similar to results of the present
study. Lee et al. [31] took rats with age of 4 weeks and fed them with beef tallow to determine
effects of intake of genistein added to feed by 0.1% and 0.2% of dietary unit. They found that
contents of total cholesterol and triglyceride in liver appeared to be lower, contrary to results
of the present study. Considering that experimental period lasted 6 weeks in previous studies,
meaning that the period of intake of isoflavone sustained longer than the period of the
present study, the difference in isoflavone components might have contributed to different
results between the present study and previous studies. According to studies conducted by
Zhan and Ho [37], the intake of soybean protein containing isoflavone reduced levels of total
cholesterol, LDL-C, and triacylglycerol. They suggested that the result might have varied
according to contents of isoflavone, period of intake, and sex. Diverse studies on the effect
of intake of isoflavones such as genistein and daidzein have been conducted solely or in a
complex form. However, the definite mechanism describing the effect of isoflavone clearly is
yet to be reported. Thus in-depth studies thereof are required in the future.

Lipid peroxidation is a result of peroxidation reaction such as active oxygen. The level of
oxidative stress can be determined by using MDA, the final product of lipid peroxidation
which is an indirect indicator identifying the reaction [38]. In the present study, contents of
MDA in liver tissues of the control group and the HFI group appeared to be significantly lower
than those in the HF group. The contents of MDA in control group and in HFI group decreased
by approximately 20% than rats in HF group. According to a study conducted with C57BL/6
mice at age of 5 weeks to determine the antioxidant effects in accordance with the intake

of isoflavone, the degree of creation of ThioBarbituric Acid Reactive Substances (TBARS)
appeared to be significantly decreased with increasing amount of addition of isoflavone

[19]. In the meantime, after rats were fed with high cholesterol and isoflavone by 3 g/kg diet,
levels of MDA appeared to be not significantly different from results of the present study. The
different effect of the intake of isoflavone might be due to differences in lipid compositions
such as cholesterol and triglyceride in the feed [17]. Lim et al. [30] have reported results
corresponding to those of the present study, showing that the level of TBARS in serum of

rats is decreased in accordance with the intake of isoflavone of rats fed with lard by the level
identical to that of the present study (200 g/kg diet). In the present study, anti-atherosclerosis
and antioxidant effects in rats fed with high fat were presented indirectly as a consequence

of reduced lipid peroxide resulting from the intake of isoflavone. It suggests that the need for
soybean foods containing high amount of isoflavone will be increasing in the future.

Regarding activites of SOD, GSH-Px, and CAT as important enzymes in the antioxidant
system, they revealed no significant differences in accordance with feeding isoflavone to rats
fed with high fat. When the high fat diet containing isoflavone (310.9 mg/kg diet) was fed to
experimental animals for 4 weeks, it showed no effect on the antioxidant enzyme system in
the present study. Reactive oxygen species (ROS) can affect internal homoeostasis, trigger
oxidative stress [39], and cause peroxidation of lipids. It has been reported that ROS could
cause diseases such as diabetes mellitus and atherosclerosis [40]. Vidal et al. [41] have
reported higher level of intake of fat is associated with higher level of stress, suggesting that
factors, such as diseases besides oxidative stress, can create peroxides and cause damages
to tissues, thus affecting the antioxidant system [9]. SOD, CAT, and GSH-Px are important
antioxidant enzymes that can remove ROS through mutual interactions. SOD converts

https://doi.org/10.7762/cnr.2019.8.4.296 303


https://e-cnr.org

;

CI1I

Effects of Isoflavone on Lipids and Antioxidation CLINICAL NUTRITION RESEARCH

peroxy-radical (O,-) into hydrogen peroxide wherein catalase converts hydrogen peroxide
into water and oxygen. GSH-Px also transforms hydrogen peroxide into water and shows
antioxidant reactions by removing radicals [25,26]. According to the study that analyzed the
antioxidant index of rats fed with isoflavone and a high fat diet [42], rats fed with high fat
showed no significant intergroup differences in GSH-Px according to the intake of isoflavone
(genistein 320 mg/kg diet), whereas the activity of catalase showed significant increase in
the group fed with isoflavone and high fat that in the group fed with high fat solely, different
from results of the present study. The difference might be ascribable to different ages (in
weeks), sex, and diets of experimental animals between the 2 studies. In the previous study,
male adult rats of 210 g in weight were used together with the diet of high fat employing

beef tallow. Lee et al. [29] have conducted a test employing male rats aged 7 weeks and fed
them with high fat to determine the effect of intake of isoflavone (320 mg/kg diet) for 10
weeks. They found that the activity of antioxidant enzyme in the liver showed no significant
intergroup differences, although the level of erythrocytes and activities of catalase and GSH-
Px in the group fed with high fat and isoflavone appeared to be higher than those of the group
solely fed with high fat. They suggested that the decrease in oxidative stress in blood and liver
was due to the intake of isoflavone. In the present study, liver MDA contents in the group

of rats fed with high fat and isoflavone diet were decreased without affecting activities of
antioxidant enzymes. The unaffected activities of antioxidant enzymes might be attributable
to the short period of experiment conducted in the present study. Thus, further studies
delving into the identification of effective internal synergism of the intake of equivalent
amount of isoflavone for a longer period of time, are warranted.

In conclusion, the intake of isoflavone provides beneficial effect on metabolism of lipid
peroxide by decreasing MDA content in tissues of liver, and improved the serum status of
total cholesterol and triglyceride together with decrease in Al for the growing rat which were
fed with high fat feed.

1. Statistics Korea. Korean statistical information service. Available from http://www.index.go.kr [cited
2019 August 19]. 2018.

2. World Health Organization. Cardiovascular diseases (CVDs). https://www.who.int [cited 2019 August
20]. 2017.

3. Xia W, Sun C, Zhao Y, Wu L. Hypolipidemic and antioxidant activities of sanchi (radix notoginseng) in rats
fed with a high fat diet. Phytomedicine 2011;18:516-20.
PUBMED | CROSSREF

4. Yeon]Y, Kim MH. A study on blood lipid levels, nutrient intakes, and oxidation and inflammation
markers of overweight and obese adults according to blood cholesterol levels in Korea. Korean J Food
Nutr 2011;24:1-11.
CROSSREF

5. Kim]JS, HanJS. Effects of web-based nutrition counseling on dietary behavior and food intake in
hyperlipidemic patients. ] Korean Diet Assoc 2005;11:418-29.

6. Jeon SM, Bok SH, Jang MK, Lee MK, Nam KT, Park YB, Rhee SJ, Choi MS. Antioxidative activity of
naringin and lovastatin in high cholesterol-fed rabbits. Life Sci 2001;69:2855-66.
PUBMED | CROSSREF

https://e-cnr.org https://doi.org/10.7762/cnr.2019.8.4.296 304


http://www.ncbi.nlm.nih.gov/pubmed/21036582
https://doi.org/10.1016/j.phymed.2010.09.007
https://doi.org/10.9799/ksfan.2011.24.1.001
http://www.ncbi.nlm.nih.gov/pubmed/11720089
https://doi.org/10.1016/S0024-3205(01)01363-7
https://e-cnr.org

%

CI1I

Effects of Isoflavone on Lipids and Antioxidation CLINICAL NUTRITION RESEARCH

https://e-cnr.org

10.
11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

ChaJy, Kim HJ, Cho YS. Effects of water-soluble extract from leaves of morus alba and cudrania
tricuspidata on the lipid peroxidation in tissues of rats. ] Korean Soc Food Sci Nutr 2000;29:531-6.

Song WY, Sung BH, Kang SK, Choi JH. Effects of water extracts from Phellinus linteus on lipid
composition and antioxidative system in rats fed high fat high cholesterol diet. ] Korean Soc Food Sci
Nutr 2010;39:71-7.

CROSSREF

Song WY, YangJA, Ku KH, Choi JH. Effect of red pepper seeds powder on antioxidative system and
oxidative damage in rats fed high-fat, high-cholesterol diet. ] Korean Soc Food Sci Nutr 2009;38:1161-6.
CROSSREF

Korea Centers for Disease Control and Prevention. http://www.cdc.go.kr [cited 2019 August 20]. 2018.

Ministry of Health and Welfare, Korea Centers for Disease Control and Prevention. Korea Health
Statistics 2017: Korea National Health and Nutrition Examination Survey (KNHANES VII-2). Cheongju:
Korea Centers for Disease Control and Prevention; 2018.

Ministry of Health and Welfare, Korea Centers for Disease Control and Prevention. Korea Health
Statistics 2016: Korea National Health and Nutrition Examination Survey (KNHANES VII-1). Cheongju:
Korea Centers for Disease Control and Prevention; 2017.

Myung JE, Hwang IK. Functional components and antioxidative activities of soybean extracts. Korea
Soybean Dig 2008;25:23-9.

Shigemitsu K, Makoto S, Takashi I, Teiji U, Kazuyoshi O. A new isoflavone glycoside in soybean seeds
(Glycine max Merrill), glycitein 7-O-a-d-(6"-O-acetyl)-glucopyranoside. Agric Biol Chem 1991;55:859-60.
CROSSREF

Pawlowski JW, Martin BR, McCabe GP, McCabe L, Jackson GS, Peacock M, Barnes S, Weaver CM. Impact
of equol-producing capacity and soy-isoflavone profiles of supplements on bone calcium retention in
postmenopausal women: a randomized crossover trial. Am J Clin Nutr 2015;102:695-703.

PUBMED | CROSSREF

Lim SH, Kim HR, Kim MJ, Kim JS. Effects of genistein on cell proliferation and adipogenesis in mouse
3T3-L1 Preadipocytes. J Life Sci 2012;22:49-54.

CROSSREF

Kim SY, Kim SY, Chung CE, Yoon S, Park JH. Effects of isoflavone supplementation on lipid profiles and
antioxidant systems in rats fed with cholesterol diet. J Life Sci 2010;20:1683-90.

CROSSREF

Teixeira CP, Florencio-Silva R, Sasso GR, Carbonel AA, Simédes RS, Simdes MJ. Soy isoflavones protect
against oxidative stress and diminish apoptosis in ovary of middle-aged female rats. Gynecol Endocrinol
2019;35:586-90.

PUBMED | CROSSREF

Cho HY, YangJL, Noh KH, Kim JJ, Kim YH, Huh KH, Song YS. Effect of isoflavone through
hypolipidemic, anti-oxidative and anti-inflammatory actions in C57BL/6 mice. ] Korean Soc Food Sci Nutr
2007;36:276-83.

CROSSREF

Jenkins DJ, Kendall CW, Jackson CJ, Connelly PW, Parker T, Faulkner D, Vidgen E, Cunnane SC, Leiter LA,
Josse RG. Effects of high- and low-isoflavone soyfoods on blood lipids, oxidized LDL, homocysteine, and
blood pressure in hyperlipidemic men and women. Am J Clin Nutr 2002;76:365-72.

PUBMED | CROSSREF

Lee JH, Kim EM, ChaeJS, Jang YS, Lee JH, Lee G. The effect of isoflavone supplement on plasma lipids &
antioxidant status in hypercholesterolemic postmenopausal women. Korean J Nutr 2003;36:603-12.

Friedewald WT, Levy RI, Fredrickson DS. Estimation of the concentration of low-density lipoprotein
cholesterol in plasma, without use of the preparative ultracentrifuge. Clin Chem 1972;18:499-502.
PUBMED

Ohkawa H, Ohishi N, Yagi K. Assay for lipid peroxides in animal tissues by thiobarbituric acid reaction.
Anal Biochem 1979;95:351-8.

PUBMED | CROSSREF

Martin JP Jr, Dailey M, Sugarman E. Negative and positive assays of superoxide dismutase based on
hematoxylin autoxidation. Arch Biochem Biophys 1987;255:329-36.

PUBMED | CROSSREF

Paglia DE, Valentine WN. Studies on the quantitative and qualitative characterization of erythrocyte
glutathione peroxidase. J Lab Clin Med 1967;70:158-69.

PUBMED

Aebi H. Catalase in method of enzymatic analysis. 2nd ed. New York (NY): Academic Press Inc.; 1974. p.
673-84.

https://doi.org/10.7762/cnr.2019.8.4.296 305


https://doi.org/10.3746/jkfn.2010.39.1.071
https://doi.org/10.3746/jkfn.2009.38.9.1161
https://doi.org/10.1080/00021369.1991.10870668
http://www.ncbi.nlm.nih.gov/pubmed/26245807
https://doi.org/10.3945/ajcn.114.093906
https://doi.org/10.5352/JLS.2012.22.1.49
https://doi.org/10.5352/JLS.2010.20.11.1683
http://www.ncbi.nlm.nih.gov/pubmed/30784335
https://doi.org/10.1080/09513590.2018.1559287
https://doi.org/10.3746/jkfn.2007.36.3.276
http://www.ncbi.nlm.nih.gov/pubmed/12145008
https://doi.org/10.1093/ajcn/76.2.365
http://www.ncbi.nlm.nih.gov/pubmed/4337382
http://www.ncbi.nlm.nih.gov/pubmed/36810
https://doi.org/10.1016/0003-2697(79)90738-3
http://www.ncbi.nlm.nih.gov/pubmed/3036004
https://doi.org/10.1016/0003-9861(87)90400-0
http://www.ncbi.nlm.nih.gov/pubmed/6066618
https://e-cnr.org

%

CI1I

Effects of Isoflavone on Lipids and Antioxidation CLINICAL NUTRITION RESEARCH

27. Lowry OH, Rosebrough NJ, Farr AL, Randall R]. Protein measurement with the Folin phenol reagent. J
Biol Chem 1951;193:265-75.

PUBMED

28. Noriega-Lopez L, Tovar AR, Gonzalez-Granillo M, Hernandez-Pando R, Escalante B, Santillan-Doherty
P, Torres N. Pancreatic insulin secretion in rats fed a soy protein high fat diet depends on the interaction
between the amino acid pattern and isoflavones. ] Biol Chem 2007;282:20657-66.

PUBMED | CROSSREF

29. LeeYS, Jang SY, Kim KO. Effects of soy isoflavone intake on nitrite content and antioxidant enzyme
activities in male rats fed high-fat diet. Korean J Nutr 2005;38:89-95.

30. Lim AK, Jung HK, HongJH, OhJS, Kwak JH, Kim YH, Kim DI. Effects of the soybean powder with rich
aglycone isoflavone on lipid metabolism and antioxidative activities in hyperlipidemic rats. ] Korean Soc
Food Sci Nutr 2008;37:302-8.

CROSSREF

31. Lee SH, Kim MH, Park MN, Lee YS. Effects of genistein supplementation on fatty liver and lipid
metabolism in rats fed high fat diet. Korean ] Nutr 2007;40:693-700.

32. ZouY,LiJ, Lu C, Wang]J, GeJ, Huang Y, Zhang L, Wang Y. High-fat emulsion-induced rat model of
nonalcoholic steatohepatitis. Life Sci 2006;79:1100-7.

PUBMED | CROSSREF

33. Mitchell GV, Jenkins MY, Grundel E. Protein efficiency ratios and net protein ratios of selected protein
foods. Plant Foods Hum Nutr 1989;39:53-8.
PUBMED | CROSSREF

34. LiuH, Zhong H, Leng L, Jiang Z. Effects of soy isoflavone on hepatic steatosis in high fat-induced rats. J
Clin Biochem Nutr 2017;61:85-90.

PUBMED | CROSSREF

35. Lim AK, Jung MJ, Kim DW, Hong JH, Jung HK, Kim KS, Kim YH, Kim DI. An extrapolation concentration
decision effect antihyperlipidemic of aglycone isoflavone from biotransformation soybean on the fed
high-fat diet rats. ] Korean Soc Food Sci Nutr 2009;38:1167-73.

CROSSREF
36. ZangY, Igarashi K, Yu C. Anti-obese and anti-diabetic effects of a mixture of daidzin and glycitin on
C57BL/6] mice fed with a high-fat diet. Biosci Biotechnol Biochem 2015;79:117-23.
PUBMED | CROSSREF
37. Zhan S, Ho SC. Meta-analysis of the effects of soy protein containing isoflavones on the lipid profile. AmJ
Clin Nutr 2005;81:397-408.
PUBMED | CROSSREF

38. Urso ML, Clarkson PM. Oxidative stress, exercise, and antioxidant supplementation. Toxicology
2003;189:41-54.
PUBMED | CROSSREF

39. Hongs§, Seo W, Jung H, Kang S. Protecting effects by rooibos tea against immobilization stress-induced
cellular damage in rat. Korean J Food Sci Technol 1998;30:1222-8.

40. Kim YD, Mahinda S, Koh KS, Jeon YJ, Kim SH. Reactive oxygen species scavenging activity of Jeju native
citrus peel during maturation. J Korean Soc Food Sci Nutr 2009;38:462-9.

CROSSREF

41. Vidal EJ, Alvarez D, Martinez-Velarde D, Vidal-Damas L, Yuncar-Rojas KA, Julca-Malca A, Bernabe-

Ortiz A. Perceived stress and high fat intake: a study in a sample of undergraduate students. PLoS One
2018;13:0192827.
PUBMED | CROSSREF

42. Kim MH, Jang SY, Lee YS. Effect of dietary fat and genistein on lipid metabolism and antioxidant activity

in hyperlipidemic male rats induced high fat diet. Korean ] Nutr 2006;39:100-8.
https://e-cnr.org https://doi.org/10.7762/cnr.2019.8.4.296 306


http://www.ncbi.nlm.nih.gov/pubmed/14907713
http://www.ncbi.nlm.nih.gov/pubmed/17507381
https://doi.org/10.1074/jbc.M701045200
https://doi.org/10.3746/jkfn.2008.37.3.302
http://www.ncbi.nlm.nih.gov/pubmed/16624332
https://doi.org/10.1016/j.lfs.2006.03.021
http://www.ncbi.nlm.nih.gov/pubmed/2710752
https://doi.org/10.1007/BF01092401
http://www.ncbi.nlm.nih.gov/pubmed/28955124
https://doi.org/10.3164/jcbn.16-98
https://doi.org/10.3746/jkfn.2009.38.9.1167
http://www.ncbi.nlm.nih.gov/pubmed/25209298
https://doi.org/10.1080/09168451.2014.955453
http://www.ncbi.nlm.nih.gov/pubmed/15699227
https://doi.org/10.1093/ajcn.81.2.397
http://www.ncbi.nlm.nih.gov/pubmed/12821281
https://doi.org/10.1016/S0300-483X(03)00151-3
https://doi.org/10.3746/jkfn.2009.38.4.462
http://www.ncbi.nlm.nih.gov/pubmed/29522535
https://doi.org/10.1371/journal.pone.0192827
https://e-cnr.org

	Effects of Isoflavone Supplementation on Lipid Profiles and Antioxidant Enzyme Activities in Growing Rats Fed High Fat Diet
	INTRODUCTION
	MATERIALS AND METHODS
	Measurement of food intake and weight
	Preparation of specimens
	Analysis of lipids in serum
	Measurement of malondialdehyde
	Measurement of activity of antioxidant enzymes in liver tissues
	Statistical analysis

	RESULTS
	Concentrations of lipids in the serum
	Contents of lipids, malondialdehyde, and activities of antioxidant enzymes in liver tissues

	DISCUSSION
	CONCLUSION
	REFERENCES


