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Abstract

Chemically, soy contains a group of phytoestrogens called isoflavones, pre-
dominantly genistein and daidzein. The aim of the present study was to de-
termine the effects of post weaning consumption of dietary soy isoflavones on
prepubertal and postpubertal serum levels of some reproductive hormones of
male Wistar rats. The study involved investigating the effects of different dos-
es of isoflavones in the diet. Male rats were weaned on either soy isoflavone
free diet or on isoflavone containing diets, formulated by adding increasing
amounts of Novasoy, a commercially available isoflavone supplement to the
isoflavone free diet to give varying concentrations of isoflavones. Three isof-
lavone containing diets were used and these had 74.5, 235.6 and 1046.6 mg
total isoflavones/kg pelleted diet. These diets represented the isoflavone con-
centration lower, equal to and more than that found in soy-based infant for-
mulas respectively. The results obtained showed that; administration of low
doses soy isoflavones (74.5 mg/kg) produced significant (p < 0.05) increase in
serum Antimullerian Hormone levels both in prepubertal and post pubertal
rats, when compared to the control groups. Administration of moderate doses
of isoflavones (235.6 mg/kg) produced significant (p < 0.05) increase in serum
levels of Antimullerian Hormone and Inhibin in both prepubertal and post
pubertal rats when compared to the control groups. Administration of high
doses of isoflavones (1046.6 mg/kg) produced significant (p < 0.05) increase
in serum levels of Inhibin in both prepubertal and post pubertal rats when
compared to the control groups. From this study, it was concluded that
post-weaning consumption soy isoflavones produced significant changes in
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serum Inhibin and Antimullerian Hormone both in prepubertal and post pu-
bertal male Wistar rats and the changes were dose dependent.

Keywords

Post Weaning, Prepubertal Rats, Postpubertal Rats, Isoflavones,
Anti-Miillerian, Inhibin

1. Introduction

Most babies Worldwide are weaned on soy-based food supplements [1]. Soy
Based Infant Formulas (SBIFs) were developed due to the need for a non-milk-
based formula alternative for infants with allergy or those intolerant to cow’s
milk formulas [2]. Soy based infant formula is mostly used because of the essen-
tial nutrients it contains such as proteins, iron, vitamin, mineral, electrolytes,
l-methionine, l-carnitine, taurine and sucrose [3]. In Uganda, exclusive breast
feeding rates remain low [4], exemplified by a study done in Wakiso district
which showed that approximately 62% of the mothers introduced soy porridge
to their children by the age of 2 - 3 months [5]. Dietary supplements containing
high levels of isoflavonoid phytoestrogens are now widely available [6]. Isofla-
vone usage has increased because of the correlations between the high soy isof-
lavone levels in Asian diets and the reduced incidence of coronary heart disease
as well as prostate, colon and breast cancers which suggest a possible protective
effect of isoflavones [7]. Other potential beneficial aspects of soy consumption
include the prevention of osteoporosis as well as hormone replacement therapy
in menopause [7]. Despite the protective effects of phytoestrogens on the body,
several animal studies investigating the safety of soy isoflavone consumption
have demonstrated some deleterious effects on reproductive success and health
[8]. The effect of isoflavones is dependent on their concentrations, age of the in-
dividual and period of exposure [9]. Various studies have been done using dif-
ferent animal models to show the effects of isoflavones on the reproductive pa-
rameters, and such effects included; a decrease in plasma levels of testosterone as
well as erectile dysfunction in rats [10], glandular metaplasia in prostate and
bulbourethral glands as well as gynecomastia in cattle [11], a decrease in litter
size and increased post-implantation loss in mice [12]. Exposing female neonatal
mice to the synthetic estrogen, ethinylestradiol, caused alteration in Cyst break-
down, oocyte survival and follicle development [13]. A combination of lignan,
genistein and daidzein containing diet showed reduced serum estradiol levels in
the pregnant rats as well as reduced anogenital distance in the newborn males
[14]. While most of the researches focused on assessing the effects of isoflavones
on postpubertal parameters, the researches which assess the effects of isoflavones
on prepubertal parameters have not been fully demonstrated [15].

This research was therefore aimed at determining the effects of post-weaning

consumption of different concentrations of soy isoflavones on the prepubertal
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and post pubertal serum levels of some reproductive hormones of male Wistar

rats.

2. Materials and Methods

2.1. Experimental Design

Forty (40) male Wistar rats of 21 days of age were used. For easy monitoring,
adult rats were bred and their off springs were used in the experiment post
weaning. The adult rats which were used for breeding were obtained from Mba-
rara University of Science and Technology, Uganda. Twenty female (25) and ten
(10) male rats were obtained for breeding. This research was an experimental
study in which rats were fed on diets containing different doses of soy isofla-
vones post weaning. The experiment was carried out in the Pharmacology labor-
atory of Kampala International University, Uganda as approved by the animal
care committee of the University and according to US Public Health Service
Policy on Humane Care and Use of Laboratory Animals; 2001.The experimental
diets were formulated at Nuvita Feeds Limited-Jinja (U). Four experimental di-
ets were formulated and these included one which was isoflavone free and three
of which contained varying doses of isoflavones that were 74.5 mg, 235.6 mg and
1046.6 mg per kg of rat base diet representing low, moderate and high isoflavone
doses respectively. These concentrations were in line with those used by [15].
The isoflavone free diet composed of 25% protein, 05% fat, 06% fiber, 08% total
minerals (ash), 11.4% moisture, 7.0% total vitamins and the rest being carbohy-
drates (digestible energy).

The isoflavone containing diets were made by adding different amounts of
Novasoy, a commercially available isoflavone concentrate to the base diet. The
Novasoy was purchased from Ntinda Shopping Centre, Kampala, Uganda.

At post natal day 22, the experimental rats had their weights taken and were
randomly divided in to eight groups, each group containing five rats. The groups
were fed on diets containing different doses of isoflavones from postnatal day 22
to post natal day 29. Groups 1 and 5 were fed on isoflavone free diet, groups 2
and 6 were fed on 74.5 mg isoflavones/kg base diet, and groups 3 and 7 were fed
on 235.6 mg isoflavones/kg base diet while groups 4 and 8 were fed on 1046.6
mg isoflavones/kg base diet.

The rats in group 1, 2, 3 and 4 were sacrificed on postnatal day 30 represen-
ting the prepubertal period while those in group 5, 6, 7 and 8 were sacrificed on
postnatal day 45 representing the post pubertal period. The blood samples were
collected and then transported under cold chain for hormonal assay. Serum le-
vels of Antimullerian hormone was done by the method previously described by
[16] using Antimullerian Hormone enzyme linked immunosorbant assay kit
(immunotest material USA). Serum concentrations of inhibin were determined
by a method previously described by [17] using Inhibin Gen II ELISA kit. Serum
Follicle-Stimulating Hormone (FSH) concentrations were determined by the
method previously described by [18] using Microplate Chemiluminescence Im-

munoassay. Serum Estradiol concentrations were determined by the method
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previously described by [19] using Oxis International, Inc. estradiol kit.

2.2 Data Analysis

The means were calculated and written with Standard deviation. Statistical signi-
ficance analysis across the groups was done using one-way ANOVA at confi-
dence interval of 95%. The statistical significance analysis within the groups was

done using t-test.

3. Results

3.1. Serum Levels of Anti-Mullerian Hormone of Prepubertal Rats
Fed on Graded Doses of Isoflavones/kg Base Diet

The serum levels of anti-mullerian hormone (Mean + SD) for prepubertal rats
were 4.26 £ 0.05 4.28 £ 0.13, 4.54 + 0.09 and 4.24 * 0.05 ng/ml for groups 1, 2, 3
and 4 respectively. The results showed that soy isoflavone administration pro-
duced a significant increase (p < 0.05) in the serum anti-mullerian hormone lev-
el in group 3 (GP3) when compared to the control group (GP1) while group
(GP2) and group 4 (GP4) showed a non-significant decrease (p > 0.05) in the
serum anti-mullerian hormone levels compared to the control group, as shown

in Figure 1.

3.2. Serum Levels of Inhibin of Prepubertal Rats Fed on Graded
Doses of Isoflavones/kg Base Diet

The serum levels of inhibin (Mean + SD) were 58.82 + 0.08, 58.6 + 0.40, 60 +
0.17 and 80 * 0.15 pg/ml for groups 1, 2, 3 and 4 respectively. The results ob-
tained showed that administration of soy isoflavones produced a non-significant
decrease (p > 0.05) in the serum inhibin levels in group 2 (GP2) as compared to
the control group (GP1) while in group 3 (GP3) and group 4 (GP4), the isofla-
vone administration caused a significant increase (p < 0.05) in serum inhibin le-

vels compared to the control group (GP1), as shown in Figure 2.

3.3. Serum Levels of Anti-Mullerian Hormone of Post Pubertal
Rats Fed on Grade Doses of Isoflavones/kg Base Diet

The results for serum anti-mullerian hormone levels (Mean + SD) for postpu-
bertal rats were 1.700 + 0.071, 1.840 + 0.114, 2.080 + 1.643 and 7.440 + 0.182
ng/ml for groups 5, 6, 7 and 8 respectively. The results obtained showed a
non-insignificant increase (p > 0.05) in serum anti-mullerian hormone levels in
group 6 (GP6) and 7 (GP7) compared to the control group (GP5) while group 8
(GP8) recorded a significant increase (p < 0.05) in serum anti-mullerian hor-

mone levels compared to the control group (GP5), as shown in Figure 3.

3.4. Serum Levels of Inhibin Post Pubertal Rats Fed on Grade
Doses of Isoflavones/kg Base Diet

The results for serum inhibin levels (Mean = SD) for prepubertal rats were
32.058 = 0.025, 36.220 = 0.078, 40.440 + 0.134 and 46.620 = 0.517 pg/ml for
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groups 5, 6, 7 and 8 respectively. The results obtained showed that all groups
(GP6, GP7 & GP8) had significantly increased (p < 0.05) serum inhibin levels
compared to the control group (GP5), as shown in Figure 4.
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Figure 1. Serum levels of anti-mullerian hormone of prepubertal rats fed on graded
doses of isoflavones/kg base diet. Each bar represents a mean of five samples. Bars with
the same superscript (a, b, ¢ or d) have no significant differences between them (p >
0.05). KEY: GP1 = Prepubertal group fed on isoflavone free diet (control); GP2 = Pre-
pubertal group fed on diet containing 74.5 mg isoflavone/kg base diet; GP3 = Prepuber-
tal group fed on diet containing 235.6 mg isoflavone/kg base diet; GP4 = Prepubertal
group fed on diet containing 1046.6 mg isoflavone/kg base diet.
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Figure 2. Serum inhibin levels of prepubertal rats fed on graded doses of isofla-
vones/kg base diet. Each bar represents a mean of five samples. Bars with the same
superscript (a, b, ¢ or d) have no significant differences between them (p > 0.05). KEY:
GP1 = Prepubertal group fed on isoflavone free diet (control), GP2 = Prepubertal
group fed on diet containing 74.5 mg isoflavone/kg base diet, GP3 = Prepubertal
group fed on diet containing 235.6 mg isoflavone/kg base diet GP4 = Prepubertal
group fed on diet containing 1046.6 mg isoflavone/kg base diet.
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Figure 3. Serum antimullerian hormone levels of post pubertal rats fed on graded doses
of isoflavones/kg base diet Each bar represents a mean of five samples. Bars with the same
superscript (a, b, ¢ or d) have no significant differences between them and (p > 0.05).
KEY: GP5 = Postpubertal group fed on isoflavone free diet (control), GP6 = Postpubertal
group fed on diet containing 74.5 mg isoflavone/kg base diet, GP7 = Postpubertal group
fed on diet containing 235.6 mg isoflavone/kg base diet, GP8 = Postpubertal group fed on
diet containing 1046.6 mg isoflavone/kg base diet.
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Figure 4. Serum inhibin levels of post pubertal rats fed on graded doses of isoflavones/kg
base diet Each bar represents a mean of five samples. Bars with the same superscript (a, b,
c or d) have no significant differences between them (p > 0.05). KEY: GP5 = Postpubertal
group fed on isoflavone free diet (control), GP6 = Postpubertal group fed on diet con-
taining 74.5 mg isoflavone/kg base diet, GP7 = Postpubertal group fed on diet containing
235.6 mg isoflavone/kg base diet, GP8 = Postpubertal group fed on diet containing 1046.6
mg isoflavone/kg base diet.

3.5. Serum Follicle Stimulating Hormone Levels of Post Pubertal
Rats Fed on Grade Doses of Isoflavones/kg Base Diet

The results for serum follicle stimulating hormone levels (Mean + SD) for post-
pubertal rats were 0.500 = 0.000, 0.500 *+ 0.000, 0.3 + 0.000 and 0.100 = 0.000
IU/L for groups 5, 6, 7 and 8 respectively. The results obtained showed a non-
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insignificant change (p > 0.05) in serum follicle stimulating hormone levels of
group 6 (GP6) when compared to the control group (GP5). However, there were
significant decreased (p < 0.05) levels of follicle stimulating hormone in group 7

(GP7) and 8 (GP8) compared to the control group (GP5), as shown in Figure 5.

3.6. Serum Estradiol Levels Post Pubertal Rats Fed on Grade
Doses of Isoflavones/kg Base Diet

The serum estradiol levels (Mean + SD) for postpubertal rats were 21.826 +
0.050, 18.068 + 0.094, 16.052 * 0.589 and 5.012 * 0.022 pg/ml for groups 5, 6, 7
and 8 respectively. The results obtained showed that administration of soy isof-
lavones produced a significantly increased (p < 0.05) serum estradiol levels in all
groups (GP6, GP7 & GP8) compared to the control group (GP5), as shown in
Figure 6.

4. Discussion

4.1. Effect of Soy Isoflavone Administration on Serum
Anti-Mullerian Hormone Levels of Wistar Rats

Antimullerian Hormone (AMH) is a peptide belonging to the family of TGF-
beta growth factors, the unique effect of which in males is a regression of Mulle-
rian ducts during embryonic development, leading to initiation of a further de-
velopment towards the male phenotype [20]. In males it is synthesized in Sertoli
cells of the testes during embryonic development and then during the whole life.
Lower AMH levels than those at the corresponding age are thus a very good
marker of central hypogonadism [20]. Low AMH levels are typical for preco-
cious puberty due to inhibitory effect of testosterone, while persisting high AMH

_ 06 -
]
23 o5 2
=2
s 2
= 0.4 -
EZa
£22 :
Q“S.- 0.3 -
o @
_ L =
= > 2 0.2 -
3L
o d
EE o1
)
& E L
s 0 T T T
=
GP5 GP6 GP7 GP8

Groups

Figure 5. Serum follicle stimulating hormone levels of post pubertal rats fed on graded
doses of isoflavones/kg base diet. Each bar represents a mean of five samples. Bars with
the same superscript (a, b, ¢ or d) have no significant differences between them (p > 0.05).
KEY: GP5 = Postpubertal group fed on isoflavone free diet (control), GP6 = Postpubertal
group fed on diet containing 74.5 mg isoflavone/kg base diet, GP7 = Postpubertal group
fed on diet containing 235.6 mg isoflavone/kg base diet, GP8 = Postpubertal group fed on
diet containing 1046.6 mg isoflavone/kg base diet.
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Figure 6. Serum estradiol levels of post pubertal rats fed on graded doses of isoflavones/
kg base diet Each bar represents a mean of five samples. Bars with the same superscript (a,
b, ¢ or d) have no significant differences between them (p > 0.05). KEY: GP5 = Postpu-
bertal group fed on isoflavone free diet (control), GP6 = Postpubertal group fed on diet
containing 74.5 mg isoflavone/kg base diet, GP7 = Postpubertal group fed on diet con-
taining 235.6 mg isoflavone/kg base diet, GP8 = Postpubertal group fed on diet contain-
ing 1046.6 mg isoflavone/kg base diet.

levels at the age of physiological puberty indicate its delay [21]. In this current
study, results obtained showed that administration of moderate doses of soy
isoflavones (235.6 mg/kg) produced a significant(p < 0.05) increase in serum
AMH levels, while the low (74.5 mg/kg) and high (1046.6 mg/kg) doses of isof-
lavones produced a non-significant (p > 0.05) decrease in serum AMH levels in
prepubertal rats. The results also showed that low (74.5 mg/kg) and moderate
(235.6 mg/kg) of isoflavones produced a significant (p < 0.05) increase in serum
AMH levels while high (1046.6 mg/kg) produced a non-significant (p > 0.05) in-
crease in serum AMH levels in post pubertal rats. The increased levels of anti-
mullerian hormone might have been due to the stimulatory effect on the Sertoli

cells by isoflavones as shown in an in vivo study by [22].

4.2. Effect of Administration of Soy Isoflavones on Serum Inhibin
Levels of Wistar Rats

Inhibin is a gonadal Dimeric polypeptide hormone that regulates synthesis and
secretion of Follicle Stimulating Hormone (FSH) in a negative feedback loop
[23]. Inhibin provides negative feedback on FSH secretion, and is an important
marker for the functioning of seminiferous tubules due to its production by the
Sertoli cells [23]. The gonadal peptide hormone inhibin reflects sertoli cell func-
tion. Low inhibin levels have been associated with compromised seminiferous
tubule function [16]. The present study showed that low doses of soy isoflavones
(74.5 mg/kg) produced a non-significant (p > 0.05) decrease in serum inhibin
levels while moderate (235.6 mg/kg) and high (1046.6 mg/kg) doses produced a
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significant (p < 0.05) increase in serum inhibin levels in prepubertal rats.

Results also showed that administration of soy isoflavones produced a signifi-
cant (p < 0.05) increase in serum Inhibin levels in post pubertal rats. The in-
creased levels of Inhibin might have been due to the stimulatory effect on the

Sertoli cells by isoflavones as shown in an in vivo study by [24].

4.3. Effect of Administration of Soy Isoflavones on Serum Follicle
Stimulating Hormone Levels of Wistar Rats

Follicle stimulating hormone (FSH) is a heterodimeric pituitary glycoprotein
which helps to regulate gonadal function in both male and female [25]. In males,
FSH stimulates Sertoli cell proliferation and function [25]. It shares with testos-
terone in the initiation and maintenance of spermatogenesis. Several researchers
reported the positive outcome of FSH therapy on sperm quality and fertilizing
capability, sperm production and enhancement in conception rate after gamete
micromanipulation [26]. The present study showed that low (74.5 mg/kg) doses
of soy isoflavones produced a non-significant (p > 0.05) change in serum FSH
levels while moderate (235.6 mg/kg) and high (1046.6 mg/kg) produced a signif-
icant (p < 0.05) decrease in serum FSH levels in post pubertal rats. These find-
ings support the observations made by [27] which reported decreased serum
FSH levels with soy isoflavone administration. However, the findings disagree
with those reported in the previous study by [28] that recorded increased serum
FSH levels. The decrease in the serum FSH levels in the current study might have
been due to the high levels of inhibin that imposes a negative feedback on FSH
secretion as reported by [29].

4.4. Effects of Soy Isoflavone Administration on Serum Estradiol
Levels of Wistar Rats

Testosterone works with estrogen to regulate reproductive behaviors that lead to
copulation [30]. Once released by the testes, testosterone is converted by the
aromatase enzyme into estradiol, which then acts similarly in its effects on male
behavior [31]. High concentrations of estrogen can also inhibit testosterone
production through feedback loops and prevent successful copulation in males
[31]. The present study showed that soy isoflavone administration produced a
significant (p < 0.05) increase in serum estradiol levels in post pubertal rats. The
estradiol levels decreased with increase in doses of soy isoflavones consumed.
These findings support those observed in the previous studies which recorded a
decrease in serum estradiol levels with isoflavone consumption [32].

The reduced estradiol levels might have been due to the inhibitory effects of
isoflavones on enzymes such P450 aromatase that converts testosterone to es-

trogen [33].

5. Conclusion

From this study, it may be concluded that post weaning consumption of low
(74.5 mg/kg), moderate (235.6 mg/kg) and high (1046.6 mg/kg) doses of soy
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isoflavones soy isoflavones produced significant (p < 0.05) increase in the circu-
lating levels of antimullerian hormone and Inhibin in the prepubertal and post
pubertal male Wistar rats. Post weaning consumption of low (74.5 mg/kg), mo-
derate (235.6 mg/kg) and high (1046.6 mg/kg) doses of soy isoflavones soy isof-
lavones produced significant (p < 0.05) decrease in circulating levels of follicle

stimulating hormone and estradiol of post pubertal rats.
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