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ABSTRACT

The influence of isoflavone-genistein on some hormones and metabolic parameters in
sexually immature, female rats was studied. Rats (34 days old) were divided into three groups:
control (receiving no genistein), receiving 1 or 5 mg of genistein/kg body weight (BW). The tested
compound was administered intragastrically, i.e. by using a cannula inserted via oesophagus into
the stomach once a day for seven days. In genistein-treated rats body weight gains were unchanged
in comparison to control animals. Genistein at a higher dose caused a significant (P<0.01) decrease
in blood insulin concentrations. Simultaneously, in animals treated with this phytoestrogen
(5 mg/kg BW) blood leptin was significantly reduced (P<0.01). This latter effect was probably
due to the direct inhibitory influence of genistein on leptin secretion from adipocytes. Thyrotropin,
total and free triiodothyronine and thyroxine were not changed by the tested phytoestrogen. Several
metabolic parameters determined in blood (glucose, triglycerides, free fatty acids, cholesterol), liver
(glycogen, triglycerides and cholesterol) and muscle (glycogen and cholesterol) were also unaltered
in rats receiving genistein. However, genistein administered at a higher dose evoked a significant
reduction (P<0.01) of muscle triglyceride stores. Results obtained in the experiment indicate that
genistein may affect insulin and leptin-hormones responsible for metabolism, energy expenditure
and food intake in young, sexually immature female rats. The muscle triglicerydes are the only
metabolic parameter affected by the compound in these rats.
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INTRODUCTION

Genistein is a plant-derived, isoflavone compound which belongs to the group
called phytoestrogens. It is present predominantly in leguminous plants, but also
in other vegetables, fruits and whole grains consumed by animals and humans.
However, soya is the richest source of this phytoestrogen and contains milligrams
of genistein per gram of dry matter (Price and Fenwick, 1985). Genistein may
exist in plants as a bioactive aglycone - genistein or - more frequently - as an
inactive glycoside - genistin (Price and Fenwick, 1985).

After consumption the glycoside form is hydrolysed by gut bacterial
B-glucosidases or hydrochloric acid (Kelly et al., 1993). After absorption in the
small intestine genistein is conjugated with glucuronic acid and sulphate by
hepatic phase Il enzymes. These conjugates are excreted by urine and bile, undergo
enterohepatic circulation and can be deconjugated once again by gut bacteria and
reabsorbed (Xu et al., 1995).

The action of genistein in the organism is pleiotropic and may include
oestrogenic (e.g., reproductive functions; Dusza et al., 2006; Goérski et al., 2006)
- and antioestrogenic effects (e.g., some anticancerogenic effects; Kurzer and
Xu, 1997). Genistein is a well known antioxidant compound. It also prevents
cardiovascular disease and some postmenopausal problems e.g., osteoporosis.
Soya protein or isoflavones added to the rat diet exert hypotriglyceridaemic
action (Demonty et al., 2002). A similar effect may be demonstrated for pure
genistein (Nogowski et al., 1998). Changes in metabolic parameters evoked
by pure isoflavone administered to rats also involves an increase in blood free
fatty acid contents and a decrease in liver glycogen stores (Nogowski et al.,
2002).

In experiments in vitro genistein was found to augment free fatty acid output
from the liver and abated the conversion of glucose into lipids (Nogowski et al.,
1998). It was also demonstrated that the phytoestrogen substantially affected the
metabolism of isolated rat adipocytes (Szkudelska et al., 2000).

Soya containing diets are commonly used in rodent feeding (Gorski et al., 2006).
Therefore, rodents may be influenced by isoflavones during different life stages.
It may result in hormonal and metabolic disturbances. The effects concerning the
metabolic action of genistein in vivo and in vitro come from studies performed on
adult rats. In the majority of these experiments, intact males or ovariectomized
animals were used. Recently, the effects of genistein in pregnant rats were also
described (Nogowski et al., 2006). However, there is no literature data concerning
the metabolic action of the isoflavone in very young rats. The purpose of the
experiment was to determine the influence of genistein administered to sexually
immature, female rats for a period of one week on some hormones and metabolic
parameters.
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MATERIAL AND METHODS
Animals and treatment

Thirty four days old female, immature Wistar rats weighing 4844 g were used.
The experiment was performed according to rules accepted by Local Ethical
Commission for Investigation on Animals. Rats were kept in cages in an air
conditioned animal room in standard conditions - at constant temperature (21+1°C)
with a 12-h dark-light cycle and were fed ad libitum a soya-free diet (Motycz,
Poland) containing no genistein. The fodder ingredients were: maize meal, wheat
meal, oat meal, linseed oilmeal, yeast, egg powder, lactoalbumin, sugar beet pulp,
vitamins and minerals. The energy value was 15.1 MJ metabolizable energy/kg.
Animals were divided into three groups (in each group n=9). Rats in the first
(control) group received vehicle i.e. dimethyl sulphoxide: water mixture (4:6 v/v;
0.5 ml/100 g BW) whereas rats in the second and third groups received vehicle
with genistein (Sigma) at the amount 1 or 5 mg/kg BW, respectively. The vehicle
or genistein solutions were administered intragastrically i.e. by using a cannula
inserted via oesophagus into the stomach once a day for seven days. After this
time, animals were killed by decapitation and their blood serum, liver and muscle
were sampled and stored (-80°C) until analysis.

Determinations of hormone levels

Serum concentration of insulin, leptin, thyrotropin and thyroid hormones (total
and free thyroxine and triiodothyronine) were determined radioimmunologically
by using kits from Linco Research Inc. (USA; for rat insulin and leptin), DRG
Instruments GmbH (Germany; thyrotropin) and CIS Bio International (France;
thyroid hormones).

Determinations of metabolic parameters

Glucose was assayed enzymatically with the use of glucose oxidase and
o-dianisidine. The serum free fatty acid and triglyceride concentrations were
determined by the method of Duncombe (1969) and Foster and Dunn (1973),
respectively. The serum cholesterol (total, free and esterified) was estimaited by the
enzymatic method described by Richmond (1973). High density lipoprotein (HDL)
cholesterol was assayed as total cholesterol in the whole serum after separation
of this lipoprotein fraction using polyethylene glycol. Liver and muscle glycogen
was extracted and hydrolysed by amyloglucosidase (Szkudelska et al., 2003). After
hydrolysis glucose was determined as described above. Liver and muscle triglyceride
and cholesterol contents were determined as in serum after extraction of total lipids.
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To determine cholesterol content, the extract was evaporated and the parameter was
assayed enzymatically (Richmond, 1973). The reagents used to determine metabolic
parameters were obtained from Sigma (St. Louis, USA).
Statistical analysis

Differences between each group of rats were evaluated statistically using one-
way analysis of variance and Duncan’s multiple range test. Differences were
considered significant at P<0.05 and P<0.01.
RESULTS

The effects of genistein on body weight gains and hormone levels

None of doses of genistein (1 or 5 mg genistein/kg body weight) administered
for seven days influenced body weight gains (Table 1). It was, however,

Table 1. The effect of genistein on body weight gains and some hormones in the immature, female rats

Parameter Control Genistein Genistein
1 mg/kg 5 mg/kg

Body weight gains, g/day 4.22+0.25 4.77+0.12 4.18+0.29
Insulin, ng/ml 1.59+0.114 1.35+0.15 1.27+0.108
Leptin, ng/ml 0.99 +0.08* 0.95 £ 0.09* 0.70 +0.118
Triiodothyronine

total, ng/ml 0.87 +0.04 0.90 + 0.04 0.79 £ 0.05

free, pg/ml 4.88+£0.20 4.77+0.16 435+£0.21
Thyroxine

total, ng/ml 35.69+1.93 39.42+£2.78 34.11+1.86

free, pg/ml 21.31+1.58 2291+1.52 19.70 £1.75
Thyrotropin, ng/ml 2.27+0.16 2.18+£0.23 1.88£0.13

genistein was dissolved in dimethyl sulphoxide: water mixture (4:6 v/v; 0.5 mL/100 g body
weight) and was administered intragastrically once a day for 7 days. Rats in control group received
only vehicle. Values are means £SEM for 9 animals. Means in the same row with different letter
superscripts differ significantly (P<0.01)

observed that genistein administered at the dose 5 mg/kg BW affected the hormonal
status of the organism. Blood insulin concentration was significantly (P<0.01)
diminished in these rats in comparison to animals receiving the vehicle (Table 1).
In rats treated with genistein at the lower dose, blood insulin level tended to be
reduced, but the difference was not statistically significant. In the group of animals
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receiving the higher dose of genistein, blood leptin level was diminished (P<0.01;
Table 1). The concentration of blood thyrotropin (TSH) tended to be lowered by
5 mg/kg genistein, but the effect was not statistically significant. Total and free
thyroxine (T,) and triiodothyronine (T,) in blood serum of genistein-treated rats
were unaffected (Table 1).

The effects of genistein on metabolic parameters

Blood glucose, triglyceride and free fatty acid concentrations were not affected
by genistein at any dose. It was also demonstrated that the phytoestrogen had no
influence on total, free and esterified cholesterol in blood and on total cholesterol
in high density lipoproteins (Table 2). Liver glycogen, triglycerides and cholesterol
were also unaffected in rats receiving genistein. In these animals, genistein had
no effect on muscle glycogen and cholesterol. However, muscle triglyceride
content was substantially (P<0.01) lowered by genistein administered at the dose
5 mg/kg BW (Table 2). This effect was not observed in rats receiving the tested
phytoestrogen at the lower dose.

Table 2. The effect of genistein on metabolic parameters in the immature, female rats

Parameter Control (ie::l:;ﬁg (;err::;;ligl
Blood serum
glucose, mmol/l 4.52+0.17 444+0.14 442 +0.14
triglycerides, mmol/l 2.74 £ 0.15 2.63+£0.12 2.49+0.12
free fatty acids, mmol/l 0.18 £0.02 0.16 £0.01 0.22 £0.02
cholesterol, mmol/I
total 1.28 +0.05 1.48 +£0.09 1.34+£0.07
esterified 0.78 £ 0.03 091 +£0.04 0.90 +0.04
free 0.50 +0.03 0.57 £ 0.04 0.44 £ 0.04
HDL cholesterol, mmol/l 0.47 £0.02 0.56+0.03 0.52+0.03
Cholesterol HDL/total, mmol/l 0.37 +£0.02 0.37+0.02 0.39+0.01
Liver
glycogen, g/kg 36.78 £2.25 3649 +3.71 32.90+5.76
triglycerides, mmol/kg 8.37+0.77 8.76 £0.42 8.09 +0.63
cholesterol, mmol/kg 5.67+0.14 5.63+0.21 5.81+0.22
Muscle
glycogen, g/kg 0.36 +0.03 0.30 +0.05 0.34 +0.05
triglycerides, mmol/kg 16.03 £3.10* 14.41+£2.23% 7.18 £1.648
cholesterol, mmol/kg 2.26+0.201 2.26+0.21 1.83+0.25

genistein was dissolved in dimethyl sulphoxide: water mixture (4:6 v/v; 0.5 mL/100 g body
weight) and was administered intragastrically once a day for 7 days. Rats in control group received
only vehicle. Values are means £SEM for 9 animals. Means in the same row with different letter
superscripts differ significantly (P<0.01)
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DISCUSSION

In the performed experiment it was demonstrated that genistein at the dose
5 mg/kg body weight administered for seven days significantly decreased blood
insulin concentration in the immature female rats. Similar effect was observed
for the first time in the older, weighing about 200 g, male rats receiving the
phytoestrogen at the same dose, but only for three days (Szkudelska et al., 2003).
These results imply that the influence of genistein on insulin concentration is sex-
independent and may occur in both very young and older rats. Ascencio et al.
(2004) found that in rats consuming soya protein (containing also phytoestrogens)
blood insulin was significantly lowered in comparison with animals fed casein-
supplemented diet. Results of our previous (Szkudelska et al., 2003) and recent
(Table 1) studies indicate that genistein may be, at least in part, responsible for this
hipoinsulinaemic effect of soya protein. The reason of the reduced blood insulin
content induced by genistein is not clear. It is well known that the main physiological
stimulator of insulin secretion is glucose. However, in rats receiving genistein the
decrease in blood insulin was not accompanied by any changes in blood glucose
concentrations. This observation appears to indicate a direct inhibitory influence
of the tested compound on insulin secretion. On the other hand, experiments
performed on pancreatic islets isolated from 3-5 day old (Sorenson et al., 1994)
or adult (Liu et al., 2006) rats indicate that in vitro genistein potentiates glucose-
induced insulin secretion.

Some studies have reported that soya protein exerts numerous beneficial effects
in relation to blood lipids in diabetic animals and humans (Ae Park et al., 2006).
However, pure genistein acting at the post-receptor level was found to restrict
some effects of insulin in the cell (Abler et al., 1992). Moreover, in experiments
with perfused liver, genistein added to the medium diminished binding capacity of
insulin receptors (Mackowiak et al., 1999). A similar effect was observed in the liver
of ovariectomized rats receiving the phytoestrogen for three days (Nogowski et al.,
2002). These results, together with our observations demonstrating that genistein
decreases blood insulin concentration (Table 1; Szkudelska et al., 2003), indicate
that this phytoestrogen is rather a factor exerting the anti-insulinic action.

Apart from insulin, leptin is another pivotal hormone participating in the
regulation of food intake and in the control of the energetic status of the organism.
The main source of circulating leptin are cells of white adipose tissue. The blood
leptin content may be affected, among others, by some food-derived factors. In our
experiment genistein (5 mg/kg BW), administered to rats for seven days substantially
diminished blood leptin concentrations. One of the reasons of this effect could be
the concomitant decrease in blood insulin found in these animals. The pancreatic
hormone stimulates glucose transport and metabolism providing ATP in adipocytes
and thereby potentiates the secretion of leptin (Mueller et al., 1998). Besides, insulin
itself is able to enhance leptin secretion from fat cells (reviewed by Szkudelski,
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2007). However, in our experiment, the difference in blood insulin concentrations
between rats receiving genistein at low and high dose was negligible, whereas leptin
levels were diminished solely in animals receiving phytoestrogen at higher dose. The
latter effect may be the consequence of direct genistein action on fat cells. Numerous
effects of genistein in rat adipocytes which may contribute to the inhibition of leptin
secretion are well documented. It was demonstrated that genistein, acting at the post-
receptor level, attenuates insulin action in fat cells (Abler et al., 1992). Moreover,
the phytoestrogen was found to restrict the insulin-stimulated glucose transport in
adipocytes due to conformational changes of GLUT4 (Smith et al., 1993). Abler et
al. (1992) observed that genistein abated insulin-stimulated metabolism of glucose
in fat cells. It was also shown that the isoflavone restricts glucose and acetate
conversion to lipids in isolated rat adipocytes (Nogowski et al., 1998; Szkudelska
et al., 2000). The inhibition of glucose transport and/or metabolism depletes ATP
content in adipocytes resulting in restricted secretion of leptin (Mueller et al., 1998).
Furthermore, results of our recent experiments provided an evidence that genistein
is able to substantially attenuate secretion of leptin from isolated rat adipocytes
(Szkudelski et al., 2005). Therefore, it is possible that the isoflavone exerts a similar
effect in vivo via its direct action on fat cells and that this action results in reduced
blood leptin level. It is noteworthy, that the diminution of blood leptin concentrations
in genistein-treated rats had no effect on body weight gains in these animals.

Chang and Doerge (2000) demonstrated that in rats consuming genistein-
enriched diet for 20 weeks, the phytoestrogen was present in thyroid tissue and
evoked a substantial reduction in thyroid peroxidase activity. This effect was,
however, not accompanied by changes in blood thyrotropin, as well as total
T, and T, levels. In our experiment, apart from thyrotropin and total thyroid
hormone concentrations, free T, and T, in the blood were also analysed. However,
genistein administered for 7 days did not disturb euthyreosis, as evidenced by the
lack of changes in total and free thyroid hormone and thyrotropin levels.

In skeletal muscles of the immature female rats receiving genistein at the
higher dose, a substantial reduction of triglyceride stores was observed. Such an
effect was also found in the mature male rats treated with the phytoestrogen for
three days (Szkudelska et al., 2003) and in female rats (Nogowski et al., 1998,
2002). However, the latter animals were ovariectomized, i.e. deprived of natural
oestrogens. It is noteworthy that oestradiol administered to male rats at the dose
50 times lower than genistein also diminished muscle triglycerides (Szkudelska
et al., 2003). These results indicate that genistein and oestradiol may exert similar
influence on muscle triglyceride contents. In the case of the ovarian hormone, this
effect seems to by partially due to decreased activity of muscle lipoprotein lipase
(Ramirez, 1981). Genistein-induced diminution in muscle triglyceride stores may
be related to the oestrogenic activity of the isoflavone; however, the mechanism
underlying this action remains unknown.
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Unlike muscle triglycerides, in this experiment and in our previous studies
(Nogowski et al., 2002; Szkudelska et al., 2003) genistein did not affect
liver triglyceride contents. Many other parameters of carbohydrate and lipid
metabolism analysed in this experiment were also unaffected by the tested
compound.

In conclusion, results obtained in our experiment revealed that genistein
may substantially reduce blood insulin and leptin levels and diminish muscle
triglyceride reserves in young, sexually immature female rats. These effects were
observed after seven days of genistein administration but only in rats receiving the
compound at higher dose.
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