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he main objective of this research was
to determine the effects of soy protein
isoflavones on serum lipids, lipopro-
teins and fasting blood sugar levels in
hypercholesterolemic rabbits.
Materials and Method: Twenty-four male New
Zealand rabbits received the basic pellet diet for
two weeks and were then placed on a hypercho-
lesterolemic diet (pellets plus 1% cholesterol) for
three weeks. After elevation of total cholesterol,
the rabbits were randomly allocated into four
experimental groups. Groups 1 to 3 received 100g
soy protein containing 200mg (SPI+), 100mg
(SPI50%) soy protein diet and without isofla-
vones (SPI-), respectively, for six weeks. The
fourth group was kept on the hypercholes-
terolemic diet (HC).
Results: Findings showed that cholesterol rich
diet produced significant increase in total, LDL-
and HDL-cholesterol concentrations. In SPI+
group these parameters remained unchanged,
compared with SPI- and SPI50% groups
(P<0.0001). HDL-cholesterol was significantly
elevated after administration of HC diet and re-
mained high (almost three fold) in all soy diets
relative to baseline. However, its level was sig-
nificantly lower in SPI50% compared with SPI-
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group (p<0.01). Triglycerides and VLDL concen-
trations were significantly increased in SPI50%
compared with baseline and HC groups (P<0.03).
Fasting blood sugar levels were not changed in
all soy treatment groups.

Conclusions: These results suggest that intact
soy protein isoflavones ameliorate the lipid pro-
file in spite of high-cholesterol intake, but has
no obvious effect on blood sugar levels and can
therefore be useful in hyperlipidemias espe-
cially when cholesterol intake is simultaneously
decreased. Moreover, there is no direct dose-
response relationship between soy isoflavone
content and its lipid-lowering effect.
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Introduction

Prospective, epidemiological studies have
established that lipid and lipoproteins play a
role as risk factors for atherosclerotic cardio-
vascular diseases (CVD). It is generally rec-
ognized that the higher the total cholesterol,
the higher the mortalities of CVD.'*

In recent years, a great deal of interest has
emerged in the role of soy-bean isoflavones
in reducing heart diseases, and isoflavones

might be responsible, in part, for the ability .

of soybean to lower the risk of CVD and
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atherosclerosis.*® Anderson in his review of
38 trials suggested that about 60-70% of the
cholesterol lowering effect of soy protein
may be due to its isoflavone content.” Isofla-
vones are a group of phytoestrogens which
occur mainly in soy and its products receiv-
ing great scrutiny as food supplements for the
purpose of both enhancing health and pre-
venting several chronic diseases, including
coronary heart disease, cancers of reproduc-
tive organs and osteoporosis.®® Aglycone
forms of soy isoflavones especially genistein
and daidzein have been greatly studied be-
cause of their greater estrogenic and antioxi-
dant activities."’

Soy isoflavones have been shown to de-
crease total, VLDL and LDL cholesterol lev-
els while increasing HDL cholesterol levels
in peripubertal rhesus monkeys fed soy pro-
tein-based diets."’

Anthony et al. in their study on young cy-
nomolgus monkeys, fed the animals with di-
ets containing either casein and lactalbumin,
alcohol extracted soybean-protein isolate (S-),
or unextracted soybean protein isolate (S+) as
the source of protein.'” The extent of coro-
nary artery atherosclerosis was quantified on
a subset of monkeys from each treatment
group (S-, n18, S+, n15). At the end of study,
the authors concluded that the average lesion
size in the S+ group was approximately 70%
smaller than in the S- group,12

In a randomized clinical trial, mildly hy-
percholesterolemic men and women were
treated with protein supplements (25 g pro-
tein in each) which contained casein, alcohol-
extracted soybean protein isolate (3mg
isoflavones), or soybean protein isolate that
contained 27, 37, or 62mg isoflavones per
day. The treatment phase lasted 9 weeks and
at the end, the 62 mg isoflavone group had
significantly lower LDL- cholesterol concen-
trations than in the casein group while the al-
cohol- extracted soybean protein had no ef-
fect. The authors also reported a dose-
response relationship between lowering of to-
tal and LDL-cholesterol concentrations with
increasing isoflavone dose.” An additional

support for the lipid lowering effect of soy
isoflavones came from the Baum et al re-
search in which two doses of isoflavones (56
and 90 mg/d) were given to postmenopausal
women and it was seen that LDL+VLDL
cholesterol was lower and HDL cholesterol
was significantly higher in both groups than
the control group."

On the other hand, it is claimed that puri-
fied isoflavones have no effect on plasma
lipid and lipoprotein concentrations in nor-
molipidemic subjects.'>'® At present, there is
no general agreement about the effect of soy
protein isoflavones (SPI) on lipid profiles and
moreover, it is not clear that which part of the
soy protein has lipid-lowering effects. In this
study, an animal model was designed to as-
sess the effect of SPI on serum lipid, lipopro-
tein profile, and blood sugar of experimen-
tally-induced hypercholesterolemic rabbits,
and to detect any dose-response effect of SPI
on the above mentioned variables.

Materials and Methods

Animals: 24 male New Zealand rabbits,
three months of age and mean body weight of
1650 +/- 100 g were purchased from the Razi
Institute, Tehran, Iran. After two weeks of an
adaptation period and feeding with standard
pellets they were placed on the hypercholes-
terolemic diet (HC: 1% purified cholesterol,
Merck, Germany) for the next three weeks.
After HC diet, rabbits were then divided ran-
domly into four groups as follows (six rabbits
in each group):

SPI+ group: which received 100 g soy pro-
tein with 200 mg isoflavones (intact soy pro-
tein) and 1% cholesterol.

SPI- group: which received 100 g alcohol-
extracted soy protein with trace amounts( < 5
mg ) of isoflavones and 1% cholesterol.

SPI 50% group: which received 100 g soy
protein with 100 mg isoflavones (half-dose
isoflavone) and 1% cholesterol.

HC group: which continued the same HC
diet. The soy treatment period lasted for 45
days.
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Soy isoflavones: Textured soy protein con-
centrate was purchased from Karoon Soya
factory, Ahvagz, its isoflavone content was de-
termined by a modified HPLC method'” and
alcohol extracted SPI was prepared from it.
The isoflavones contents of soy were: Gen-
istin 51.2, malonyl genistin 42.4, genistein
2.4, daidzin 54.5, malonyl deidzin 34.4 and
daidzein 13.5 mg in each 100 g textured soy
protein concentrate. The rest of soy isofla-
vones were acetyl derivatives.

Analytical procedure for the determina-
tion of isoflavones: Textured soy protein
concentrate was extracted with 80% metha-
nol, and 20ul of filtered extracts were in-
jected to HPLC (Cecil, CE 1000, UK). A re-
verse phase 125x4mm Eurospher-100 C18-5
column with a gradient system of elution was
employed.

Mobile phase consisted of solvent A (5%
acetic acid in water) and solvent B (methanol:
acetonitrile+  dichloromethane, 100:50:10).
Gradient system started with 90% solvent A,
and reduced to 25% in 25 minutes and then
increased to 90% in the next 5 minutes. Des-
methylangolensin was used as an internal
standard because it has some advantages over
the flavone and flavanone which have been
used previously.'” Detection was carried out
at 260nm. All 12 members of soy isoflavones
were isolated successfully within 20 minutes.

Characteristics of assays: Extraction effi-
ciencies and HPLC conditions were evalu-
ated and optimized, leading to precision and
spiking recovery of 3-7 % and 94-104 %, re-
spectively.

Laboratory tests: Serum triglycerides, to-
tal and HDL — cholesterol concentrations of
each rabbit were measured by enzymatic
methods (Mann Kit, Iran) at base line, after
HC period and after 45 days of soy treat-
ments. VLDL and LDL-cholesterol levels
were calculated. Fasting blood sugar (FBS)
concentrations were measured after six weeks
of triple soy treatments only. Body weights
of rabbits were recorded in three phases of
study for comparison of their actual intakes.
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Temperature was set at 24 degree C and wa-
ter consumption was unrestricted.

Statistics: SPSS software version #10 was
used for statistical analysis and ANOVA fol-
lowed by Tukey’s post hoc tests for compari-
son between and within groups and a 0.05
cut-off point was considered as the signifi-
cant level.

Results

Table 1 presents the serum lipids and lipo-
protein profile at three stages of the study.
After the three week HC period, serum total
cholesterol concentrations increased signifi-
cantly. LDL- and HDL-cholesterol levels
were also elevated (P<0.0001). In the SPI+
group, after six weeks treatment, serum total
and LDL-cholesterol concentrations re-
mained unchanged but in both SPI- and
SPI50% these variables (P<0.0001) and also
triglycerides levels (P<0.03) significantly in-
creased. Blood sugar concentrations showed
no changes in any of the three SPI treatment
groups (Fig.1). Weight changes during triple
soy diets treatments were similar and showed
no significant differences.

Discussion

Isoflavones are a group of phytoestrogens
which are mainly found in soy and soybean-
based foods in the human diet. The major
dietary isoflavones are the glycosides of gen-
istein and daidzein which have been shown to
have estrogenic or anti-estrogenic activity in
vitro'® and in vivo.'”** Hypocholesterolemic
effects of soy protein have been demon-
strated in experimental animals and human
subjects,”"”” and it has been suggested that
isoflavones could mainly be responsible.” Ex-
tensive evidence has been derived from re-
searches which applied isoflavones in con-
junction with soy protein but the effect of soy
protein supplementation after removal of
isoflavones remains unclear.

In this research, the effect of soy protein
containing 200 mg, 100 mg and a trace
amount of both glycoside and aglycone forms
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Table 1. Comparison of lipid profile of rabbits at the end of each stage (mg/dl)*

D I E T S
Variables Baseline HC SPI + SPI - SPI 50%
TC 43.1(12.6) 415.3(122.6)" 517.2(162.1)  1050.4(202.8)*  1243.5(122.4)
TG 42.2(17.4) 39.3(21.1)” 51.6(23.3) 84(39.2) 113.5(27.5)}
LDL-C 15.1(8.9) 367.4(125.9)" 450.2(168.4) 963.8(196.9)* 1187.8(121.9)
HDL-C 18.2(4.3) 40.1(9.9)" 56.6(12.6) 58.8(16.1) 33(5.9)”
VLDL-C 8(2.7) 7.8(4.2) 10.4(4.7) 17(7.6) 22.6(5.3)°

* Values are means (SD); T- P<0.0001 Compared with baseline; {- P<0.0001 Compared with SPI+; §-
P<0.03 Compared with baseline HC and SPI+; || - P<0.01 Compared with SPI-
TC: Total Cholesterol; TG: Triglycerides; HC: Hypercholesterolemic diet

SPI + : Soy protein with intact isoflavones (200mg)

SPI - : soy protein without isoflavones (<5 mg)

SPI 50%: Soy protein with half- dose isoflavones (100mg)

200
150 A

100 A

mg/dL

50 4

Q-

SPI+

SPI-  SPIS0%

Fig.1. Serum glucose levels in the three soy treatments at the end of study

of soy isoflavones were assessed in hyper
cholesterolemic male rabbits. Although the
rabbits had a cholesterol-rich diet, the serum
total and LDL-cholesterol remained un-
changed in the SPI+ group (i.e. with intact
soy protein diet). The lipid profile showed a
deterioration in both SPI- and SPI50%
groups and unanticipated findings were seen
in the latter group. Some researchers have
suggested that 30-50mg isoflavones per day
is necessary for achieving a biological effect
in humans.? Hence, the effective dose in ex-
perimental animals, due to their faster blood
circulation, should be higher.

Wangen et al also have reported a small
(6.5%) but significant reduction in LDL-
cholesterol concentration in the high-

isoflavone diet (132 mg/d) and an almost sig-
nificant decrease in the low isoflavone diet
(65 mg/d) compared with the control group in
normo- and mildly hypercholesterolemic
postmenopausal women.”* Nestel” and
Hodgson'® however have shown that 80 and
55 mg purified isoflavones have no signifi-
cant cholesterol-lowering effect on normolip-
idemic subjects. It is important to remember
aglycon forms of soy isoflavones i.e. gen-
istein and daidzein have more estrogenic ac-
tivity,” but in the present research the
amounts of free forms were much lower than
the contents of glycosidic forms. The final ef-
fect therefore may be different when the
isoflavones content varies.
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Kirk et al. evaluated the effects of diets
containing either intact or phytoestrogen-
extracted soybean protein; on atherosclerosis,
in two strains of mice, LDL receptor-
deficient and wild-type (C57BL/6) mice and
observed that the lesion area in wild-type
mice was significantly smaller in those fed on
intact or unextracted soybean protein as
compared with phytoestrogen-extracted soy-
bean protein, no differences however in the
extent of atherosclerosis was seen in the LDL
receptor-deficient mice.”®

Anthony also reported that soybean isofla-
vones inhibit atherosclerotic plaque progres-
sion in surgically postmenopausal cynomol-
gus monkeys, which is comparable with
those, treated with conjugated equine estro-
gens.”’ Both these researches have indicated
that isoflavones modulate plasma cholesterol
concentrations by increasing LDL receptor
activity and thereby inhibiting atherosclero-
sis.

In our study, in spite of the Crouse et al.
ﬁndings,13 total, LDL- and VLDL-cholesterol
levels were higher in SPI50% than that of
both the SPI+ and SPI- groups, suggesting
that there was no dose-response relationship
between isoflavones intake and serum lipids
variations. Therefore, the effect of isofla-
vones may be in association with soy protein
or its other components. Weggemans and
Trautwein in their meta-analysis article of ten
clinical trials also reported that the changes in
LDL- and HDL-cholesterol levels were not
correlated to soy-associated isoflavones.”®
HDL-cholesterol elevation after the HC pe-
riod may be due to high cholesterol intake
and it remained elevated in both the

References

l.  Munro IC, Harwood M, Hlywka JJ, Stephen AM,
Doull J, Flamm WG, etal. Soy isoflavones: a
safety review. Nutr Rev. 2003 Jan;61(1):1-33.

2. Anthony MS, Clarkson TB, Williams JK. Effects
of soy isoflavones on atherosclerosis: potential
mechanisms. Am J Clin Nutr. 1998 Dec;68(6
Suppl):1390S-1393S.

Soy protein isoflavones and lipids 91

SPI+(intact) and SPI-(alcohol extracted)
groups but it was attenuated in the SPI50%
group. The triglycerides changes in the latter
group were reciprocal to HDL-cholesterol
variations. Anthony et al. have shown that
HDL-cholesterol increased 50% after +soy
isoflavones treatment in monkeys but in the —
soy isoflavones group the increment was
20%.” Furthermore, in gerbils, apoprotein A-
1 levels significantly increased after one
month soy protein isoflavones treatment.”

At present, the findings about HDL-
cholesterol and triglycerides concentrations
are inconclusive.

In this study, it is shown that soy isofla-
vones have no significant effect on serum
sugar concentrations. Vedavanam et al.
showed that soybean phytochemical extract
(SPE) may act as an inhibitor of glucose up-
take in the rabbit intestinal brush border
membrane vesicles in vitro.’® However, the
effect of soy isoflavones on blood sugar lev-
els has not been clearly mentioned in litera-
ture and needs further research.

The results of this research have indicated
that soy protein isoflavones maintained the
serum lipid and lipoprotein levels in hyper-
cholesterolemic rabbits kept on a high-
cholesterol diet, but alcohol-extracted (even
half-dose isoflavones) soy protein diets do
not have positive effect. Moreover, the hypo-
cholesterolemic effect of isoflavones is not in
a dose-response manner and it is suggested
that isoflavones activity is closely related to
soy protein.

3. Cassidy A, Griffin B. Phyto-oestrogens: a poten-
tial role in the prevention of CHD?. Proc Nutr
Soc. 1999 Feb;58(1):193-9.

4. Potter SM. Soy protein and cardiovascular dis-
ease: the impact of bioactive components in soy.
Nutr Rev. 1998 Aug;56(8):231-5.

5. Anderson JW, Johnstone BM, Cook-Newell ME.
Meta-analysis of the effects of soy protein intake

International Journal of Endocrinology and Metabolism


http:vitro.3o
http:treatment.29
http:isoflavones.28

10.

11.

13.

14.

15.

16.

17.

R. Amani et al.

on serum lipids. N Engl I Med. 1995 Aug
3;333(5):276-82.

Anerson JIB, Anthony M, Messina M, Garner
SC. Effects of phyto-oestrogens on tissues. Nutr
Res Rev. 1999; 12: 75-116.

Lichtenstein AH. Soy protein, isoflavones and
cardiovascular disease risk. J Nutr. 1998
Oct;128(10):1589-92.

Santibanez JF, Navarro A, Martinez J. Genistein
inhibits proliferation and in vitro invasive poten-
tial of human prostatic cancer cell lines. Antican-
cer Res. 1997 Mar-Apr;17(2A):1199-204.

Potter SM, Baum JA, Teng H, Stillman RJ, Shay
NF, Erdman JW Jr. Soy protein and isoflavones:
their effects on blood lipids and bone density in
postmenopausal women. Am J Clin Nutr. 1998
Dec;68(6 Suppl):1375S-1379S.

Arora A, Nair MG, Strasburg GM. Antioxidant ac-
tivities of isoflavones and their biological me-
tabolites in a liposomal system. Arch Biochem
Biophys. 1998;356(2):133-41.
Anthony MS, Clarkson TB, Hughes CL Jr, Mor-
gan TM, Burke GL. Soybean isoflavones improve
cardiovascular risk factors without affecting the
reproductive system of peripubertal rhesus mon-
keys. J Nutr. 1996;126(1):43-50.

. Anthony MS, Clarkson TB, Bullock BC, Wagner

JD. Soy protein versus soy phytoestrogens in the
prevention of diet-induced coronary artery athero-
sclerosis of male cynomolgus monkeys. Arterio-
scler Thromb Vasc Biol. 1997;17(11):2524-31.
Crouse JR 3rd, Morgan T, Terry JG, Ellis J, Vito-
lins M, Burke GL. A randomized trial comparing
the effect of casein with that of soy protein con-
taining varying amounts of isoflavones on plasma
concentrations of lipids and lipoproteins. Arch In-
tern Med. 1999 Sep 27;159(17):2070-6.

Baum JA, Teng H, Erdman JW Jr, Weigel RM,
Klein BP, Persky VW, et al. Long-term intake of
soy protein improves blood lipid profiles and in-
creases mononuclear cell low-density-lipoprotein
receptor messenger RNA in hypercholesterolemic,
postmenopausal women. Am J Clin Nutr. 1998
Sep;68(3):545-51.

Nestel PJ, Yamashita T, Sasahara T, Pomeroy S,
Dart A, Komesaroff P, et al. Soy isoflavones im-
prove systemic arterial compliance but not plasma
lipids in menopausal and perimenopausal women.
Arterioscler ~ Thromb  Vasc  Biol. 1997
Dec;17(12):3392-8.

Hodgson JM, Puddey 1B, Beilin LJ, Mori TA,
Croft KD. Supplementation with isoflavonoid
phytoestrogens does not alter serum lipid concen-
trations: a randomized controlled trial in humans.
J Nutr. 1998 Apr;128(4):728-32.

Frank AA, Custer LJ, Wang SC. HPLC analysis of
isoflavonoids and other phenolic agents. Soc Exp
Biol Med. 1998 ; 217: 263-270.

19.

20.

22.

23,

pL

25.

26.

217.

28.

29.

30.

Setchell KDR, Adlercreutz H. Mammalian lignans
and phyto-oestrogens: recent studies on their for-
mation, metabolism and biological role in health
and disease. In : Role of Gut Flora in Toxicity and
Cancer (Rowland IR ed. ), PP.315-345. Academic
Press, San Diego CA.1998.

Cassidy A, Bingham S, Setchell KD. Biological
effects of a diet of soy protein rich in isoflavones
on the menstrual cycle of premenopausal women.
Am J Clin Nutr. 1994 Sep;60(3):333-40.

Lu LJW, Anderson KE, Graddy JJ, Nagamani M.
Effects of soya consumption for one month on
steroild hormones in premenopausal women-
implications for breast cancer risk. Cancer Epide-
miol Biomarkers Prev 1996; 5: 63-70.

. Potter SM. Overview of proposed mechanisms for

the hypocholesterolemic effect of soy. J Nutr.
1995 Mar;125(3 Suppl):606S-6118S.

Puska P, Korpelainen V, Hoie LH, Skovlund E,
Lahti T, Smerud KT. Soy in hypercholesterolae-
mia: a double-blind, placebo-controlled trial. Eur J
Clin Nutr. 2002 Apr;56(4):352-7.

Setchell KD. Phytoestrogens: the biochemistry,
physiology, and implications for human health of
soy isoflavones. Am J Clin Nutr. 1998 Dec;68(6
Suppl):1333S-1346S.

Wangen KE, Duncan AM, Xu X, Kurzer MS. Soy
isoflavones improve plasma lipids in normocho-
lesterolemic and mildly hypercholesterolemic
postmenopausal women. Am J Clin Nutr. 2001
Feb;73(2):225-31.

Markiewicz L, Garey J, Adlercreutz H, Gurpide E.
In vitro bioassays of non-steroidal phytoestrogens.
J Steroid Biochem Mol Biol. 1993;45(5):399-405.
Kirk EA, Sutherland P, Wang SA, Chait A, Le-
Boeuf RC. Dietary isoflavones reduce plasma
cholesterol and atherosclerosis in C57BL/6 mice
but not LDL receptor-deficient mice. J Nutr. 1998
Jun;128(6):954-9.
Anthony MS, Clarkson TB. Comparison of soy
phyto-estrogens and conjugated equine oestrogens
on atherosclerosis progression in postmenopausal
monkeys, Circulation, 1998;97: 829, [Abs].
Weggemans RM, Trautwein EA. Relation between
soy-associated isoflavones and LDL and HDL
cholesterol concentrations in humans: a meta-
analysis. Eur J Clin Nutr. 2003 Aug;57(8):940-6.
Tovar-Palacio C, Potter SM, Hafermann JC,
Shay NF. Intake of soy protein and soy protein
extracts influences lipid metabolism and hepatic
gene  expression in  gerbils. J  Nutr
1998;128(5):839-42. '

Vedavanam K, Srijayanta S, O'Reilly J, Raman
A, Wiseman H. Antioxidant action and potential
antidiabetic properties of an isoflavonoid-
containing soyabean phytochemical extract
(SPE). Phytother Res. 1999 Nov;13(7):601-8.

International Journal of Endocrinology and Metabolism



	1
	88
	89
	90-91
	92



