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Abstract: Dietary soy isoflavones reduce hepatic 3-hydroxy-3-methylglutaryl CoA reductase and Delta six
desaturase activities and i1soflavone metabolites from diet may act as scavengers of reactive oxygen species.
Since, dietary mtake of soy 1soflavones has been associated with reduced lipid perxidation, we investigated the
effects of soy isoflavone supplementation on the cholesterol and fatty acid levels of muscle and liver tissue
in JTapanese quails (Coturniv coturnix japonica). One hundred and twenty quail (5 month old) were assigned
to three experimental groups consisting of 10 birds in each group. Birds were fed either a basal diet or a basal
diet supplemented with 200 or 800 mg of soy 1soflavones/kg of diet. The ammals were sacrificed after 10 month
and the tissue samples werecollecetd and analyzed in HPL.C and GC equipments. Muscle and liver fatty acid
composition, palmitic acid (16:0), palmitoleic acid (16:1,n-9), oleicacid (18:1, n-9), linoleic (18: 2, n-6) and linolenic
acids (18:3, n-3) mereased (p<0.001), whereas, stearic acid (18:0) (p<0.001) eicosatrienoic (20:3, n-6), aracludomnic
(20:4, n-6) and eicosapentaenoic acids (20:5, n-3) docosahexaenoic acid level (226, n-3) concentrations
decreased with soy isoflavone supplementation. Liver and muscle cholesterol concentrations decreased
decreased with soy isoflavone supplementation (p<<0.001). As a result, administration of isoflavones was seen
to elevate the amount of monounsaturated fatty acids m both muscle and liver tissues, while, reducing the
amount of polyunsaturated fatty acids. This suggests that 1soflavones mfluence the liver enzymes taking part

in the lipid metabolism.
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INTRODUCTION

Fatty acids affect many structural, metabolic and
regulatory component of cells (Jump, 2004). Cholesterol
has long been acknowledged to play a key role mn
determining eukaryotic membrane structure and dynamics,
allowing regulation of integral membrane protein activity
through composition, in the essentially isothermal/
1sobaric environment of the cell (Pitman and Suits, 2004).
As essential amino acids and fatty acids cannot be
synthesized by animals and humans, they are taken from
foods and have to be converted within the metabolism
(Tang et al., 1998). Isoflavones, called phytoestrogens,
which are compounds of sterol origin, are produced from
plants (Anderson and Garner, 1997, Sirtori, 2001).
Isoflavones, which constitute a sigmficant phytochemical
for animals and humeans, are found in high amounts in the
soy plant (Faraj and Vasanthan, 2004). The soy plant

contains  daidzein
{Bames and Kim, 1998). These compounds are found in
the soybean either as glucosides or in free form as
glucans (Coward et al., 1998). Gemstein 1s converted first
mto a glycone form and then to dehydrogeristein
and p-ethylphenol by colonic microflora. The other
major isoflavone of the soy, daidzein, is converted into
O-desmethylangolensin  and  dihydrodaidzein  after
hydrolysis (Hemonen et al., 1999). Isoflavones, which are
found abundantly in the soybean and which are a group
of flavonoids, have been established to have very high
biological activities (Scnee et af, 2004; Murphy and
Hendrich, 2002). The effects of the consumption of
isoflavones obtained from soy products on health have
been investigated (Umphress et al, 2005). There are
findings mdicating that these phytochemicals are
effective i preventing heart diseases and diabetes
(Wang et al., 2002), lead to a decline in the incidence of

and genistein isoflavones most
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such cancer types as breast, prostate and colon cancer
(Birt et al, 2001) show strong antioxidant effects in
preventing lipid peroxidation (Santiago et al., 1992) and
reduce the rate of Low-Density Lipoprotein (LDL).

There are only a few studies about the effect of
quails. Tt was reported that
phytoestrogens caused a decrease in the reproduction of
Califormia quails (Leopold et af., 1976; Fitzpatrick, 2003).
Similarly, it was stated that the number of copulations
dropped in Japanese quails, which were administered
different doses of gemstein (Panzica et al., 2005). The
present study was to mvestigate the effects of dietary soy
1soflavones on fatty acids composition and cholesterol
values in liver and muscle tissues of quail.

isoflavones on

MATERIALS AND METHODS

Animal selection and treatment: One hundred and
twenty, 5 month old Japanese quails (Cotwrnix coturnix
Japonica) were used m this study. The birds were
assigned randomly to three treatment groups consisting
10 birds each group. The birds were fed a basal diet in
the control group contaimng 17% Crude Protein (CP) and
12.4 MJ kg™ Metabolizable Energy (ME) whereas the
birds in the two treatment groups were fed basal diet or
basal diet supplemented with either 200 or 800 mg of soy
1soflavones/kg of diet. Soy 1soflavone supplement was
provided by Solgar Inc., Istanbul, Turkey. Water and diets
were offered ad libitum throughout the experiment. The
bird-house was lit for 17 h day™. At the end of 10 months,
birds were slaughtered and muscle and liver tissues were
collected. These tissue parts were washed immediately in
0.9% serum physiologic to rinse off blood.

Total cholesterol analysis: Tissue samples (500 mg)
were extracted m 3 mL acetomitrile/isopropyl alcohol
(7030, v v D-containing tubes and the mixture were
vortexed for 30 sec and centrifuged at 6000xg for 10 min
at 4°C. Supernatants were transferred to autosampler vials
of the HPLC mstrument. Acetomtrile-isopropyl alcohol
(7030 v v~") was used as mobile phase at a flow rate of
1 mL min~" (Katsanidis and Addis, 1999). Supelcosil L.
18™ DB column (250%4.6 mm, 5 pum) was used as the
HPLC column. Detection was performed by UV at 202 nm
and 40°C column oven (Bragagnolo and Rodriguez-
Amaya, 2003). Quantification was carried out by external
standardization using Class VP software. The results were
expressed as pmol g- wet tissue samples.

Extraction of lipids, preparation of fatty acid methyl
esters and Gas Chromatographic (GC) analyses:
Extraction of lipids from the tissue samples was performed

according to Hara and Radin (1978) method, which uses
32 (v v ) hexane isopropanol mixtures. According to this
method, 1 g liver and muscle tissue was broken down
a Micra-D.8 homogemser at 11.000 rpm for 1 min
with 10 ml, hexane isopropanol mixture having a rate
of 32 (v v7"). The tissue homogenate was put into 15 mL
centrifuge tubes and centrifuged at 15.000%g to separate
the tissue pellet. The supernatant part was put mto
capped tubes and stored at -25°C until a second analysis.
The organic solvent in which the tissues were broken
down was added 0.01% butylated hydroxytoluene (BHT).
Fatty acid methyl esters were prepared according to
Christie (1990) methylation method. After the fatty acids
in the lipid extract were converted into methyl esters, they
were analyzed m SHIMADZU GC 17 wver3 gas
chromatography. A 25 cm long MACHERY-NAGEL
(Germany) capillary colon with a 0.25 pm internal diameter
and a PERMABOND 25 micron film thickness was used in
this analysis. Throughout the analysis, colon temperature
was kept at 120-220°C, imyjection temperature at 240°C and
detector temperature at 280°C. Nitrogen was used as the
carrier gas. Mixtures of standard fatty acid methyl esters
were mjected to determine the retention time of each fatty
acid. Following this procedure, appropriate programming
was conducted and the fatty acid methyl ester mixtures of
the samples were analyzed.

Statistical analyses: The data was reported as
meantSEM. Statistical analysis was performed using
SPSS Software (Version 10). Analysis of variance
(ANOVA) and an LSD test were used to compare the
experimental groups with the controls.

RESULTS

Cholesterol concentrations of muscle and liver:
Although, amount of cholesterol in the muscle tissue was
not different in the group administered 200 mg isoflavone
and control group, it was found to be lower in the group
administered 800 mg isoflavone, mn comparison to the
control group (Table 1) (p<0.001). Amount of cholesterol
in the liver tissue was found to have declined in both
isoflavone groups (Table 1) (p<0.001).

Fatty acid composition of muscle and liver: Analyses of
the fatty acids obtained from the muscle tissue revealed
that palmitic acid (16:0) elevated mn 1soflavone groups,

Table 1: The effecets of sov isoflavones on cholestrol concentrations of
muscle and liver tissues (ug g~ ! tissue)

Control 200 800
Liver 431.31+£15.07* 318.61+£7.27 359.08+20.80
Muscle 184.97+6.74* 197.18+£5.11 121.84+9.95°

a-c: Different letters indicate significant differences between groups (p<0.05)
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Table 2: The effecets of soy isoflavones on fatty acid composotion of muscle
tissue (%)

Fatty acids Control 200 800

14:0 0.25+£0.02 0.51+0.03 0.43+0.02
16:0 17.50+0.62° 21.07+0.31* 19.78+0.64°
16:1,n-7 3.96+0.38 5.16+0.32% 4.974+0.32°
18:0 18.31+0.60¢ 11.42+0.48° 12.13+1.02¢
18:1,n-9 16.50+1.23° 27.4441.09° 26.68+1.41*
18:2, n-6 20.33+0.34° 20.45+0.37° 22.21+0.64¢
18:3, n-3 0.65+£0.06 0.82+0.05 0.92+0.07
20:3, n-6 0.71+£0.02 0.18+0.03 0.12+0.007
20:4, n-6 11.14+0.64¢ 6.38+0.36° 6.19+0.59*
20:5,n-3 0.56+0.03 0.26+0.03 0.28+0.03
22:4, n-6 0.47+0.06 0.77+0.06 0.68+0.07
22:5,n-6 0.58+0.01 0.40+0.02 0.38+0.03
22:5,n-3 0.76+£0.07 0.49+0.06 0.43+£0.04
22:6,n-3 836077 4.8940.30° 4.800.56"
% Saturated 36.06+0.43 33.00+0.26 32.3440.53
¥ Unsaturated 63.64+0.30 67.24+0.27 68.18+0.32
% MUFA! 20.46+£0.76 32.60+0.76 31.654+0.82
% PUFA? 43.16+ 0.25 34.64+0.17 36.53+0.26
w3 10.33+0.24 6.43+0.13 6.15+0.19
Z w6 33.23+£0.22 28.214+0.18 30.38+0.30

a-b: Difterent letters indicate significant differences between groups (p<0.05);
MUFA'®: Monounsaturated Fatty Acid; PUFA?: Polyunsaturated Fatty Acid

Table 3: The effecets of soy isoflavones on fatty acid composotion of liver
tissue (%0)

Fatty acids Control 200 800

14:0 0.59+0.04 0.61=0.05 0.48+0.02

16:0 26.60+0.63° 27.13+£0.32° 25.22+0.67
16:1,n-9 4.09+0.16 4.38+0.13 3.73+0.10
18:0 18.47+0.54° 16.89:0.57 18.62+0.28
18:1,n-9 19.07+0.43" 27.08+0.72* 19.97+0.24°
18:2,n-6 14.40+0.34° 11.31£0.34° 14.724+0.67
18:3,n-3 0.65+0.05 0.41+0.11 0.50+0.05

20:2, n6 0.36+0.03 0.32+0.09 0.32+0.03

20:3, n-6 0.52+0.04 0.36+0.04 0.49+0.03

20:4, n-6 7.22+0.24° 5.31£0.3%° 7.33£0.29°
20:5, n-3 0.51+0.03 0.36+0.07 0.60+0.12

22:4,n-6 0.58+£0.06 0.64+0.11 0.69+0.07

22:5, n-6 0.21+0.03 0.23+0.02 0.26+0.08

22:5,n-3 0.434+0.06 0.30£0.06 0.42+0.04

22:6,n-3 5.90£0.28 4.6700+0.31 6.74+0.22

¥ Saturated 45.66+0.45 44.63+0.36 44.32+0.35

¥ Unsaturated ~ 53.87+0.15 54.96+0.18 55.77+0.14

% MUFA! 23,1630 31.46+0.41 23.70+0.18

¥ PUFA? 30.71+0.10 23.50+0.16 32.07+0.18

% w-3 7.48+0.11 5.27£0.12 7.66+0.11

R w-6 23.2340.14 18.13+0.18 24.41+0.17

a-b: Different letters indicate significant differences between groups (p<0.05);
MUFA!: Monounsaturated Fatty Acid; PUFA ?: Polyunsaturated Fatty Acid

relative to the control group (p<0.001). Amount of
palmitoleic acid (16:1, n-9) mereased m the 200 mg
isoflavone group (p<<0.03), but did not change in 800 mg
isoflavone group, compared to the control group (p=0.05).
Stearic acid (18:0) declined in both isoflavone doses,
whereas oleic acid (18:1, n-9) increased (p<0.001). Amount
of linoleic acid (18:2, n-6) did not change in the 200 mg
isoflavone group (p=0.05), but increased in the 800 mg
1soflavone group, relative to the control group (p<0.01).
Similar results were obtained with linolenic acid (18:3, n-3),
which was observed to increase in the 800 mg isoflavone
group, in comparison to the control group (p<0.005).

Eicosatrienoic acid (20:3, n-6), arachidonic acid (20:4, n-6)
and eicosapentaenoic acid (20:5, n-3) were observed to fall
1n 1soflavone-administered groups, relative to the control
group (p<0.001). It was found that amount of
docosatetraenoic acid increased in isoflavone groups, in
comparison to the control group (p<0.003), while,
docosapentaenoic acid (22:5, n-6) did not chenge (p=0.05).
Docosapentaenoic acid (22:5, n-3) did not change in the
200 mg isoflavone group (p=0.05), but declined in 800 mg
isoflavone group, relative to the control group (p<<0.001).
Amount of docosahexaenoic acid (22:6, n-3) was found to
decrease 1 1soflavone admimstered groups, when
compared to the control group (p<0.001) (Table 2).

It was found that myristic acid (14:0), palmitic acid
(16:0) and palmitoleic acid (16:1, n-7) mn the liver tissue did
not vary among groups (p=0.05). Stearic acid (18:0) value
dropped in 200 mg isoflavone group (p<<0.03), but did not
change in 800 mg isoflavone group (p=0.05). Oleic acid
(18:1, n-9) was found to merease m 200 mg isoflavone
group relative to the control group (p<0.001), but did not
change in the 800 mg isoflavone group (p=0.05). Amounts
of linoleic (18:2, n-6), linolenic (18:3, n-3), eicosatrienoic
(20:3, n-6), arachidonic (20:4, n-6) and docosahexaenoic
acid (22:6, n-3) decreased in 200 mg 1soflavone group
(p = 0.05), but did not change in the group that was
administered 800 mg isoflavone (p=0.05). No difference
was observed m the amounts of eicosapentaenoic (20:5,
n-3), docosatetraenoic (22:4, n-6) and docosapentaenoic
acid (22:5, n-3) between the control group and isoflavone
groups (p=0.05) (Table 3).

DISCUSSION

Diets r1ich 1n isoflavones influence several
biochemical wvalues in both humans and ammals
(Potter et al., 1993; Baum et al., 1998; Crouse et al. 1999,
Farhan et al., 2002). Including lipid metabolism, which is
important in many diseases. The soy protein was shown
to affect the lipid metabolism by mfluencing the activities
of sterol-regulatory element binding protemns (SREBP)
(Torres et al., 2006). Similarly, intake of soy protein was
demonstrated to reduce expression of fatty acid synthase
(FAS), malic enzyme, storage of triglycerides m the liver
and the amount of cholesterol (Ascencio et al., 2004). In
the present study, amount of cholesterol in muscle tissue
of birds did not change in the group administered 200 mg
isoflavone, but decreased in the group that was
administered 800 mg isoflavone. Amount of cholesterol in
the liver tissue of the quails, on the other hand, was found
to decrease in both doses of isoflavone (Table 1). Similar
to our results, it 1s reported that 1soflavones have been

implicated as contributors to its hypocholesterolaemic
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effect (Crouse et al., 1999, Ascencio et al., 2004). Tt was
recently demonstrated in an isoflavone dose-response
study that a daily intake of 25 g of soy proten contaiing
37-62 mg of 1soflavones could significantly lower total
and LDL cholesterol. Tt was found that dietary soy
isoflavones lowered hepatic 3-hydroxy-3-methylglutaryl
CoA reductase activity, although, liver cholesterol level
was not modulated n rats (Anthony et al, 1996).
However, the levels of serum cholesterol and triglyceride
decreased by consumption of soy isoflavones. Therefore,
dietary soy isoflavones may extubit hypocholesterolmic
and hypolipidemic fimctions (Kawakami et al., 2004).

The other main component of the lipid metabolism is
the types of fatty acids. Of these, fatty acids like myristic
(14:0), palmitic (1 6:0), palmitoleic (16:1, n-7), stearic (18:0),
oleic (18:1, n-9) acids are synthesized endogenously
mn all the ammal tissues (Legrand and Bensadoun 1991,
Leonarda et al., 2004). The synthesis of 16:1 from 16:0 is
realised via introduction of a double bond between the
Sth and 10th Cs by Delta 9 desaturase (Steroil CoA
desaturase) enzyme. Activities of both the fatty acid
synthetase (FAS) and delta 9 desaturase enzymes are
affected by different diets, various hormones and dietary
supplements (Ntambi, 1999; Rimoldi et al., 2001). In this
study, amount of palmitic acid was observed to increase
in the muscle tissue in both 1soflavone groups, but did
not change in the liver tissue. Likewise, stearic acid
amount declined, while, oleic acid amount increased in the
muscle tissue of both groups which were admimstered
isoflavone, relative to the control group. Tt is assumed
that the decrease in stearic acid and the increase in oleic
acid mn the liver tissues of the group that was admmistered
200 mg isoflavone may have resulted from the increase in
the activity of Delta 9 desaturase enzyme. Since, muscle
tissue lacks the capability of de novo synthesizing fatty
acid (FA), myocytes rely on the supply of FA from
extracellular sources to cover their need of these
substrates (Van Bilsen ef al., 1997). Since, the metabolic
fate of FA in skeletal muscle may depend on chain length
and degree of unsaturation (Van der Vusse et al., 1998). Tt
1s of importance to analyze the relative composition of the
FA pool in these tissues. FA not only substantially
contribute to muscle oxidative energy conversion, but
also serve as substrates for biological active compounds,
such as eicosanoids and membrane phospholipid
synthesis and act as ligands for protein factors involved
mn signalling transduction and gene expression.

Lipid metabolism in the liver is very complex and
involves, among many other functions, the synthesis and
secretion of very low density lipoproteins and a high rate
of fatty acid oxidation, which provides most of the energy
that the organ requires to exert its many functions in the
organism (Fla'via and Mari 'lia, 2004).

This fatty acid metabolism starts with linoleic
(18:2, n-6) and linolenic (18:3, n-3) acids. Synthesis of
such acids as stearidonic (18:4, n-3), eicosadienoic (20:2),
eicosatrienoic (20:3, n-6), arachidome (20:4, n-6),
eicosapentaenoic (20:5, n-3), docosapentaenoic (22:4, n-6),
docosapentaenoic (22:5, n-3) and docosahexaenoic
(22:6, n-3) are synthesized n the animal tissues via Delta
6 desaturation, called Delta 6 and 5 desaturase enzymes
(Leonarda et al., 2004; Ntambi, 1999, Cheul Kim and
Nitambi, 1999). According to the results of our study,
excessive amounts of polyunsaturated fatty acids in the
muscle tissue were observed to decrease in both
1soflavone groups in comparison to the control group,
while, such a decrease was found in the liver tissue only
1n the group which was admimstered 200 mg isoflavone.
Kawakami et al. (2004) was observed that the dietary soy
isoflavones lowered hepatic delta 6 desaturase activity in
rats. Reflecting Kawakami ez al. (2004) observation,
Delta 6 desaturation I ndices linoleic (18:2, n-6), linolenic
(18:3, n-6) and arachidomc (20:4, n-6) acids of tissue lipids
tended to be lower in rats fed isoflavones than in those
fed isoflavones free diet. According to results, it was
suggested that the prevention of inflammatory response
by iunbalance of eicosenoids may be contributed.
Isoflavone glucosides such as puerarin and daidzein have
showed lower inhibitory activities on the release of
arachidonic acid and metabolites (Jun ef al., 2005).

It has been noted that liver fatty acid metabolism 1s
controlled by such enzymes as ATP citrate-lyase (ACL),
acetyl-CoA carboxylase (ACC), fatty acid synthase (FAS),
malic enzyme (ME) and stearoyl-CoA desaturase 1
(SCD-1), which functions in fatty acid desaturation and
secretion (Towle et al., 1996; Daval ef al., 2000). Different
food and hormones mnfluence the genes of these enzymes
{(Jump and Clarke, 1999). Furthermore, SREBP-1 regulates
the expression of SCD-1, delta 6 and 5 desaturase
enzymes, which are necessary for polyunsaturated and
monosaturated fatty acid formation (Assaf et al., 2004,
Dobrzyn and Ntambi, 2005). Hepatic SCD-1 activity affects
fatty acid synthesis, triglyceride esterification and amount
of very low-density lipoprotein (VLDL) cholesterol
(Ntambi et al., 2002; Tovar et al., 2005). Decrease in SCD-1
in the livers of rats fed on soy protein 1s noted as an
explanatory mechanism for the decrease in VLDL and
hepatic triglyceride in circulation (Tovar et al., 2005). In
ow study, it was observed that both cholesterol and
some fatty acid values changed mn both muscle and
liver tissues of Japanese quails. It 1s believed that this
change has been caused by the effect isoflavone
administration has of enzymes
functiomng m the Lipid metabolism of liver. In addition,
these observations may

on the activities

contrubute to the antiin-
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flammatory properties of isoflavones and may reduce he
risk of some cardiovascular diseases through their radical
scavenging function and hypocholestero-lemic action.
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