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Abstract

While peripheral insulin resistance is common during obesity and aging in mice and people, the
progression to type 2 diabetes (T2D) is largely due to loss of -cell mass and function through
apoptosis. We recently reported that genistein, a soy derived isoflavone, can improve glycemic
control and p-cell function in insulin-deficient diabetic mice. However, whether it can prevent -
cell loss and diabetes in T2D mice is unknown. Our current study aimed to investigate the effect
of dietary supplemented genistein in a nongenetic T2D mouse model. Nongenetic, middle-aged
obese diabetic mice were generated by high fat diet and a low dose of streptozotocin injection. The
effect of dietary supplementation of genistein on glycemic control and -cell mass and function
was determined. Dietary intake of genistein (250 mg-kg™! diet) improved hyperglycemia, glucose
tolerance, and blood insulin level in obese diabetic mice, whereas it did not affect body weight
gain, food intake, fat deposit, plasma lipid profile, and peripheral insulin sensitivity. Genistein
increased the number of insulin-positive B-cell in islets, promoted islet -cell survival, and
preserved islet mass. In conclusion, dietary intake of genistein could prevent T2D via a direct
protective action on p-cells without alteration of periphery insulin sensitivity.
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Introduction

Type 2 diabetes (T2D) is a result of chronic insulin resistance and loss of -cell mass and
function (Stoffers 2004). Both in experimental animals and people, obesity is a leading
pathogenic factor for developing insulin resistance. Constant insulin resistance will progress
to T2D when B-cells are unable to secret adequate amount of insulin to compensate for
decreased insulin sensitivity, which is largely due to insulin secretory dysfunction and
significant loss of functional B-cells (Kahn et al. 2006). Indeed, those individuals with T2D
always manifest increased -cell apoptosis and reduced B-cell mass (Butler et al. 2003). As
such, the search for novel agents that simultaneously promote insulin sensitivity and p-cell
survival may provide a more effective strategy to prevent the onset of diabetes.
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Genistein is widely used as a dietary supplement in the United States for various presumed
health benefits (Si and Liu 2008), although the research evidence supporting the beneficial
effects of genistein consumption on human health is not well established. Genistein intake is
considered safe as no toxic effects were observed in monkeys (Anthony et al. 1996) and
humans (Bloedon et al. 2002) following pharma cological administration, although genistein
may have weak estrogenic or anti-estrogenic effects in some tissues by primarily binding to
estrogen receptor-p (Kuiper et al. 1997). Genistein has been previously investigated for its
potential beneficial effects on cancer treatment, cognitive function, and cardiovascular and
skeletal health, with a primary focus on exploring its potential hypolipidemic, anti-oxidative,
and estrogenic effects (Si and Liu 2008). While studies on whether genistein has an effect on
diabetes are very limited, available data showed that administration of genistein moderately
lowered plasma glucose in diabetic patients (Villa et al. 2009) without affecting insulin
sensitivity and fat metabolism. Consistently, dietary supplementation of isoflavones has
been shown to improve insulin secretion and reduce serum glucose levels in chemically
induced diabetic rats (Lu et al. 2008). However, the mechanism of this genistein action is
unknown. There is increasing evidence that shows that oxidative stress and reactive oxygen
species (ROS) play a potential role in the initiation of diabetes (Lankin et al. 2005).
Genistein has been reported to exhibit antioxidant activity (Ruiz-Larrea et al. 1997).
However, this effect of genistein is achieved only at concentrations ranging from 25-100
pmol-L~1, while the achievable levels of plasma genistein in humans through dietary
ingestion of genistein or soy-based diet is always less than 10 pmol-L~1 (Xu et al. 1995).

We recently discovered for the first time that genistein at physiologically achievable
concentrations (0.1-5 pmol-L~1) activated cAMP/PKA signaling by stimulating adenylate
cyclase activity in p-cells and islets (Liu et al. 2006). We further found that dietary intake of
genistein improved pancreatic B-cell proliferation and survival and prevented diabetes in
insulin-deficient type 1 diabetic (T1D) mice (Fu et al. 2010). Because loss of functional -
cell mass and its progressive dysfunction are hallmarks in the pathogenesis of T2D (Weir
and Bonner-Weir 2004), we tested in the present study the hypothesis that genistein can also
protect pancreatic islets from apoptosis and thereby prevent T2D. In that regard, we gave
genistein to nongenetic, middle-aged diabetic mice that were generated by high fat feeding
and a low dose of STZ that did not cause diabetes in chow-fed mice. We show that dietary
intake of genistein ameliorated hyperglycemia and improved p-cell mass in middle-aged
T2D mice, which were associated with improved pancreatic -cell survival and circulating
insulin levels.

Materials and methods

Animals and study design

Ten-month-old male C57BL/6 mice (NCI, Frederick, Md., USA) were housed individually
on a 12-h light / 12-h dark cycle with free access to food and water. Mice were divided into
4 groups with 8 mice per group and fed either a standard diet (STD) with 10% of calories
derived from fat, or a high fat diet (HF; Research Diets Inc., New Brunswick, N.J., USA)
with 60% of calories from fat, or a HF diet containing 250 mg genistein-kg™2 diet (genistein,
LC Laboratory Inc., Woburn, Mass., USA; Table 1). After 4 weeks of dietary treatment,

Appl Physiol Nutr Metab. Author manuscript; available in PMC 2015 February 23.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Fuetal.

Page 3

mice were intraperitoneally injected with a single dose of streptozotocin (90 mg-kg™1;
Sigma—Aldrich, St. Louis, Mo., USA) or vehicle. Fasting blood glucose was measured once
every other week. Food intake and body weight were monitored weekly. Kidney, liver,
pancreas, heart, spleen, and abdominal subcutaneous fat pad were weighed after mice were
euthanized.

Animal procedures performed in this study were reviewed and approved by the Institutional
Animal Care and Use Committee at Virginia Tech.

Fasting blood glucose, glucose tolerance test (GTT), and insulin tolerance test (ITT)

Fasting blood glucose was measured from whole blood attained via tail vein after overnight
fasting using an ultra-sensitive hand-held glucometer (The Kroger Co., Cincinnati, Ohio,
USA). For glucose tolerance tests, mice were fasted overnight and intraperitoneally injected
with a single bolus of glucose (2 g-kg™1 body weight). Glucose levels were measured at 0,
15, 30, 60, and 120 min after glucose administration. For ITT, mice were intraperitoneally
injected with insulin (0.75 units-kg™! body weight), and blood glucose levels were measured
before and at 15, 30, 60, and 120 min after insulin administration as described previously
(Fu et al. 2010).

Blood lipid profile and insulin

Blood total cholesterol, high-density lipoprotein (HDL)-cholesterol, and triglycerides were
measured using plasma using a CardioChek blood analyzer (Polymer Technology Systems,
Indianapolis, Ind., USA). The low-density lipoprotein (LDL)-cholesterol levels were
calculated using the Friedewald equation: LDL-cholesterol = total cholesterol — (HDL-
cholesterol + triglycerides/5). Insulin levels in plasma were measured using a mouse insulin
ELISA kit (Mercodia, Inc., Uppsala, Sweden).

Pancreatic p-cell mass and apoptosis

Pancreata were collected and weighed from animals after euthanasia. Pancreas samples were
embedded in paraffin and sectioned by AML Laboratories Inc. (Baltimore, Md., USA). A
series of tissue sections (5-um thickness) were prepared, mounted on glass slides, and
immunofluorescently stained with an insulin antibody and FITC-conjugated secondary
antibody (Abcam, Cambridge, Mass., USA) for determining p-cell mass. Pancreatic p-cell
area was measured using images acquired from 5 serial insulin-stained pancreatic sections
sampled at 2.5 mm intervals. Pancreatic f-cell mass was calculated by dividing the area of
insulin-positive cells by the total area of pancreatic tissue and multiplied by the pancreas
weight (Fu at al. 2010, Xu et al. 1999). Average was obtained from 8 mice in each group.
Apoptotic -cells were labeled with an antibody against activated caspase-3 followed by
detection with a streptavidin-biotin immunoenzymatic antigen system (Abcam, Cambridge).
Five pancreatic sections from each mouse with 8 mice per group were co-stained with
activated caspase-3 and insulin.

Statistical analysis

Data were analyzed with 1-way ANOVA using the mixed models procedure of SAS (SAS
Inc., Cary, N.C., USA). The statistical model included the main effects of food and water
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intake, blood glucose, and body weight. Significant treatment differences were subjected to
Tukey's test. A p value <0.05 was considered significant.

Food intake, body, and organ weights

Genistein supplementation (~0.7-0.9 mg-day~1-mouse™! genistein except for the first
adaptation week) did not alter food consumption pattern compared with HF diet-fed mice
before or after STZ injection. The high fat diet decreased the accumulative average food
intake, though it increased food consumption at the first week (Figs. 1A and 1B). Four
weeks of consuming HF diet significantly increased body weight of mice. However, dietary
intake of genistein at 250 mg-kg™! diet had no effect on body weight gain before STZ
injection. Injection of STZ resulted in a reduction in body weight. After STZ injection, mice
fed genistein supplemented HF diet (HF-STZ-GE mice) were slightly heavier compared
with mice on HF diet alone (Fig. 1C).

There was no change in heart, pancreas, and spleen absolute weight. A slight increase in
liver and kidney weight was observed in mice on HF diet compared with mice on STD diet
but the change was not significant. The abdominal sub-cutaneous fat pad was 50% greater in
HF mice, while fat pads of mice in the HF-STZ group was 20% greater than that of STD
mice. The fat pad weight of HF-STZ-GE mice was similar to that of HF mice (Fig. 1D).

Fasting blood glucose

After 4 weeks of HF diet consumption, mice displayed significantly elevated fasting blood
glucose concentrations compared with animals that consumed STD diet. However, genistein
did not affect HF diet-induced rise in blood glucose. One week after injection of STZ,
fasting blood glucose started to rise sharply in HF-STZ mice. In HF-STZ-GE mice blood
glucose levels were significantly lower (30% reduction) at this point than in HF-STZ mice
(Fig. 2A). Although in the following weeks, fasting blood glucose of animals that received
STZ injection continued to rise, blood glucose levels in HF-STZ-GE mice continued to be
significantly lower.

GTT, ITT, and plasma insulin levels

Two weeks post-STZ-injection, we performed a GTT, and the data showed that blood
glucose levels in HF-STZ-GE mice was significantly lower at baseline and 15 min after
glucose injection than those in HF-STZ mice; but followed the same pattern after 30 min as
HF-STZ mice (Fig. 2B). The results from GTT demonstrated that blood glucose levels of
HF-STZ mice at all time points were almost twice that of HF animals (p < 0.05), which were
the result of STZ administration. HF-STZ-GE mice had a similar insulin response pattern as
HF-STZ mice except a significantly lower (p < 0.05) baseline blood glucose level (Fig. 2C).
The plasma insulin levels in HF mice was almost twice as high as mice that received a STD
diet (p < 0.05). HF-STZ mice displayed the lowest plasma insulin levels, while HF-STZ-GE
mice had plasma insulin concentrations close to those of STD mice and significantly higher
than those in HF-STZ mice (p < 0.05) (Fig. 2D).
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Blood lipid profile

Whole blood was collected from overnight-fasted animals for measurement of total
cholesterol, HDL-cholesterol, triglyceride, plasma insulin, and then calculation of LDL-
cholesterol. HF mice had slightly higher total cholesterol but not significant and
significantly higher LDL-cholesterol. HF-STZ and HF-STZ-GE mice had similar levels of
total cholesterol (Fig. 3A), HDL-cholesterol (Fig. 3B), triglyceride (Fig. 3C), and LDL-
cholesterol (Fig. 3D) as STD mice.

Pancreatic B-cell mass and apoptosis

We evaluated pancreatic islet B-cell mass through immunohistochemical technique. We
found that consumption of the HF diet dramatically increased p-cell mass, while STZ
administration severely decreased p-cell mass compared with mice on STD diet. However,
dietary provision of genistein significantly improved islet 3-cell mass compared with
HFSTZ mice (Fig. 4). In both STD and HF mice, apoptosis was rare. However, almost 30%
of p-cells were caspase-3 positive in pancreatic islets of HF-STZ mice. HF-STZ-GE mice
have significantly lower (p < 0.05) B-cell apoptosis as compared with that in islets from HF-
STZ mice (29% % 5.6% vs. 17% + 6.1%) (Fig. 5).

Discussion

In humans, insulin resistance is associated with both obesity and T2D. However, most of the
individuals with insulin resistance do not develop diabetes because of the compensatory
insulin secretion that overcomes the reduced insulin sensitivity in peripheral tissues (Kahn et
al. 1993). Therefore, those individuals with constant insulin resistance will progress to T2D
only when extensive -cell destruction occurs and residual B-cells are unable to meet the
demands of the increased insulin requirement (Marchetti et al. 2004). Indeed, even though
compensatory insulin secretion is capable of maintaining blood glucose homeostasis, p-cell
damage reportedly already exists in the individuals at high risk for developing T2D, and
those individuals with T2D always manifest increased B-cell apoptosis and reduced p-cell
mass (Marchetti et al. 2004). As such, the search for novel agents that promote 3-cell
survival and thereby preserve functional -cell mass may provide an effective strategy to
prevent the onset of diabetes. In the present study, we determined whether genistein has a
protective effect on B-cells in a rodent T2D model.

We show that genistein (250 mg-kg~ diet) significantly prevented the development of
diabetes and improved pancreatic islet mass in a nongenetic mouse model of T2D, which
were generated by HF feeding and a mild dose of STZ administration that did not cause
diabetes in chow-fed mice (data not shown). We used C57BL6 mice near 1 year old, the
mouse equivalent of middle age in humans, because T2D usually occurs at middle and older
age in humans. This mouse model shares the metabolic characteristics of human T2D with
peripheral insulin resistance and reduced B-cell mass and function (Mu et al. 2006). The use
of a low dose of STZ also minimizes the variability of diet-induced diabetes development
and thus provides better experimental controls for evaluating the anti-diabetic effects of this
compound. The anti-diabetic effect of genistein observed in this study might be relevant to
humans, because this dose of genistein used in the present study (equivalent to the human
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intake of 75-100 mg-day~1) is within the dose range typically consumed by humans (Teede
et al. 2001).

One study reported an improved lipid profile after genistein consumption in obese Zucker
rats, which could result in an improvement in insulin sensitivity (Mezei et al. 2003). Thus,
we might expect that supplemental genistein in a HF diet may ameliorate lipid profile and
therefore influence insulin sensitivity lower HF diet-induced hyperglycemia. However,
insulin sensitivity was not modulated by the presence of genistein in the diet for 4 weeks. At
the fourth week of consuming HF diet, we did observe a significant increase in fasting
plasma cholesterol, blood glucose, and insulin levels in HF mice, which implies the
existence of insulin resistance, consistent with the higher body weight observed in these
mice. Excess fat deposit in adipocytes plays critical roles in the development of insulin
resistance (Steppan et al. 2001). In this study the majority of weight gain in HF diet-fed
mice came from adipose tissue as shown by the organ fat pad weight data. However,
genistein supplemented in HF diet did not cause any change either in body weight gain, fat
mass, or fasting blood glucose after 4 weeks of genistein supplementation. In addition,
identical food intake between HF mice and HF-STZ-GE mice suggested unchanged appetite
and metabolic rate. These experimental results provide further evidence that genistein had
no effect on energy metabolism and insulin sensitivity, which are in line with our recent
finding in insulin-deficient diabetic mice (Fu et al. 2010).

We used STZ to induce diabetes by directly causing destruction of B-cells. As expected,
STZ-injected mice had a marked increase in fasting blood glucose and started to lose body
weight the week after STZ administration. Genistein supplementation significantly lowered
fasting blood glucose compared with HF-STZ-treated mice. The results from ITT showed
that genistein-supplemented animals had significantly lower baseline blood glucose, while
during the time after insulin injection their blood glucose fell to similar levels as HF-STZ
mice. These data further confirm that genistein had no significant effect on insulin
sensitivity in HF-STZ mice.

To further confirm the effect of genistein on lipid profiles, we measured total cholesterol,
triglyceride, LDL-cholesterol, and calculated LDL-cholesterol after mice were sacrificed.
All the lipid parameters remained the same between HF-STZ and HF-STZ-GE mice. While
mice consumed HF diet had significantly higher LDL-cholesterol and slightly higher total
cholesterol. These cholesterol numbers are lowered in all of the mice that received STZ
administration regardless of genistein supplementation, which could result from the
reduction in fat mass and insulin caused by STZ injection (Maggi et al. 2001).

Fasting blood glucose is derived primarily from hepatic gluconeogenesis. Thus, excessive
hepatic glucose output is an important factor contributing to fasting hyperglycemia (Consoli
et al. 1989). A recent study demonstrated that dietary provision of genistein elevated blood
insulin levels and suppressed hepatic gluconeogenesis enzyme activities in non-obese
diabetic (NOD) mice (Choi et al. 2008), suggesting that genistein may improve
hyperglycemia partially through inhibition of hepatic gluconeogenesis. However, the effect
of genistein on hepatic gluconeogenesis enzymes could be due to a secondary action
whereby genistein induces or preserves pancreatic f-cell insulin secretion (Fu et al. 2010;
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Liu et al. 2006), given that insulin is required for regulating hepatic gluconeogenesis (Moore
et al. 1998). In the present study, our results suggest that the improvement in fasting blood
glucose by genistein treatment is primarily due to the improved pancreatic insulin secretion
as demonstrated by significantly higher levels of circulating insulin levels in genistein-
treated diabetic mice, because STZ induces diabetes by directly causing p-destruction and
insulin deficiency. We further showed that dietary supplementation of genistein partially
prevented islet B-cells from apoptosis, which may primarily contribute to improved p-cell
mass and insulin secretion in diabetic mice.

The glucose analogue STZ is reported to be transported into -cells by the glucose
transporter 2 (GLUT?2) for exerting its apoptotic effect (Wang and Gleichmann 1998). While
we did not study the effect of genistein on GLUT2 protein expression in mouse islets, our
recent studies found that genistein had no such an effect in cultured B-cells (Fu and Liu
2009), suggesting that improvement of islet 3-cell mass and survival by genistein may not be
due to modulation of GLUT2 expression, thereby preventing STZ influx in B-cells. Some
studies showed that STZ increased peripheral lymphocytic infiltration into islets by
stimulating the production of several pro-inflammatory cytokines, thereby producing
insulitis, which may contribute to STZ-induced p-cell apoptosis and diabetes. However, we
showed that genistein had no effect on mononuclear cell infiltration into the islets (Fu et al.
2010). Indeed, the mouse strain used in this study is reportedly resistant to STZ-induced
insulitis as STZ-caused infiltration of immune cells into islets is very rare in these mice
(Leiter 1982)

We recently discovered for the first time that genistein at physiologically achievable
concentrations (0.1-5 pmol-L1) activated cAMP/PKA signaling by stimulating adenylate
cyclase activity in p-cells and islets (Liu et al. 2006). Several factors protect pancreatic -
cells from apoptosis by activating the cAMP/PKA pathway (Granata et al. 2008). While we
did not measure whether dietary intake of genistein affects the cCAMP signaling pathway in
the islets in vivo because it is difficult to isolate adequate amount of islets for this study in
STZ-induced diabetic mice, it is tempting to speculate that genistein might protect islets
from apoptosis through activation of this signaling pathway.

In summary, using a middle-aged T2D mouse model, we provide evidence that genistein as
the form of dietary supplement ameliorates hyperglycemia. This anti-diabetic action of
genistein is not mediated through improving insulin sensitivity, but rather was due to
protecting pancreatic -cell from apoptosis and preserving functional -cell mass. Loss of
functional B-cell mass is the key for deterioration of glycemic control in both T1D and T2D.
In this context, genistein may be a naturally occurring, low-cost agent that can be used as an
alternative or complementary treatment for diabetes. However, more studies are needed to
further characterize the potential anti-diabetic effect of this compound and to define the
cellular and molecular mechanisms underlying this effect.
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Genistein supplementation had no influence on food consumption, body weight, or major
organ weight. Food intake was recorded every 3 or 4 days (A). Cumulative daily food
consumption was calculated at the termination of the experiment (B). Body weight was
monitored every week (C). Major organs were weighed after mice were sacrificed (D). Data
are shown as means + SE (n = 8 mice per group; groups that are identified by different
letters are significantly different, p < 0.05). STD, standard diet; HF, high fat diet; STZ,

streptozotocin; GE, genistein.

Appl Physiol Nutr Metab. Author manuscript; available in PMC 2015 February 23.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Fuetal.

) >

NOW s W
S S e 2
S S & 2

Blood glucose (mg-dL™!
g

@}

700
600
500
400
300
200
100

Blood glucose (mg~dL‘1)

Fig. 2.

—&— STD
O~ HF

Y HF-STZ STZ
—A—

HF-STZ-GE \l,

(weeks)

—&— STD
—O— HF

f ~Y~ HF-STZ
e O HF-STZGE [©
< f S e

M{)d\qk—og———o
c C c

C
a
2 a

0 20 40 60 80 100 120
(min)

Blood glucose (mg-dL1) &

=/

Plasma insulin (pg-L™1)

600

400

200

—o—STD
—O— HF

—¥~ HF-STZ
—A— HF-STZ-GE

20 40 60 80 100 120
(min)

STD HF HF HF
STZ STZ

Page 11

Genistein supplementation improved glycemic control and insulin levels, but did not affect
insulin tolerance. Blood glucose was monitored every other week. Arrow points to the time
when STZ injection was started (A). Glucose tolerance (B) and insulin tolerance (C) tests
were performed as stated in the Materials and methods section. Plasma insulin levels (D)
were measured with an ELISA kit. Data are means + SE (n = 8 mice per group; groups that
are identified by different letters are significantly different, p < 0.05). STD, standard diet;
HF, high fat diet; STZ, streptozotocin; GE, genistein.
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Genistein supplementation did not affect blood lipid profile. At the end of the eighth week

of the experiment, fasting plasma total cholesterol (A), HDL-cholesterol (B), and

triglyceride (C) were measured. Low-density lipoprotein (LDL)-cholesterol levels (D) were

calculated based on total cholesterol, high-density lipoprotein (HDL)-cholesterol, and

triglyceride. Data are shown as means + SE (n = 8 mice per group; groups that are identified
by different letters are significantly different, p < 0.05). STD, standard diet; HF, high fat
diet; STZ, streptozotocin; GE, genistein.
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Fig. 4.
Genistein supplementation improved p-cell mass. A, B, C, and D (40x magnification)

represent pancreatic sections from mice receive a STD (A), HF (B), HF and STZ
administration (C), and genistein supplemented HF and STZ administration (D),
respectively. Data are shown as means + SE. (n = 8 mice per group; groups that are
identified by different letters are significantly different, p < 0.05). STD, standard diet; HF,
high fat diet; STZ, streptozotocin; GE, genistein.
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Fig. 5.

ngistein supplementation reduced apoptosis of pancreatic p-cells. A, B, C, and D (40x
magnification) are representative pancreatic sections stained with activated caspase-3 from
mice received a STD (A), HF (B), HF and STZ administration (C), and genistein
supplemented HF and STZ administration (D); E, F, G, and H (40x magnification) are the
same sections fluorescently stained with insulin. Data are means + SE (n = 8 mice per
group; groups that are identified by different letters are significantly different, p < 0.05).
STD, standard diet; HF, high fat diet; STZ, streptozotocin; GE, genistein.
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Table 1
Formula for standard diet (STD), high fat diet (HF), and high fat diet supplemented with genistein (HF-GE).

STD HF HF-GE
gn% kcal% gm% kca% gm% kcal%
Casein, 80 Mesh 19.0 19.7 25.8 19.7 25.8 19.7
L-Cystine 0.3 0.3 04 0.3 04 0.3
Corn starch 29.9 31.1 0.0 0.0 0.0 0.0
Maltodextrin 10 33 35 16.2 12.3 16.1 12.3
Sucrose 332 345 8.9 6.8 8.9 6.8
Cellulose, BW200 4.7 0.0 6.5 0.0 6.5 0.0
Corn Qil 2.4 55 3.2 55 3.2 55
Lard 1.9 4.4 317 54.4 31.7 54.4
Mineral Mix, S10026 0.9 0.0 13 0.0 13 0.0
DiCalcium Phosphate 1.2 0.0 17 0.0 17 0.0
Calcium carbonate 0.5 0.0 0.7 0.0 0.7 0.0
Potassium citrate, 1 H,O 1.6 0.0 2.1 0.0 2.1 0.0
Vitamin Mix, V10001 0.9 1.0 13 1.0 13 1.0
Choline Bitartrate 0.2 0.0 0.3 0.0 0.3 0.0
Genistein 0.0 0.0 0.0 0.0 0.025 0.0
Protein 19 20 26 20 26 20
Carbohydrate 67 70 26 20 26 20
Fat 4 10 35 60 35 60
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Note: The amount of calories for STD was 3.8 kcal-g_l, HF was 5.2 kcal‘g_l, and HF-GE was 5.2 kcal-g_l. The amount genistein in STD and HF

was 0 mg-kg_l, and in HF-GE was 250 mg-kg_l.
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