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Effect of Soyabean Isoflavones Exposure on Onset of Puberty,
Serum Hormone Concentration and Gene Expression in
Hypothalamus, Pituitary Gland and Ovary of Female Bama Miniature Pigs

Juexin Fan'?, Bin Zhangl’*, Lili Li**, Chaowu Xiao®, Oso Abimbola Oladele*, Guoli Jiangz,
Hao Ding'?, Shengping Wang’, Yueteng Xing"?, Dingfu Xiao', and Yulong Yin®
! College of Animal Science and Technology, Hunan Agricultural University, Changsha 410128, China

ABSTRACT: This study was to investigate the effect of soyabean isoflavones (SIF) on onset of puberty, serum hormone
concentration, and gene expression in hypothalamus, pituitary and ovary of female Bama miniature pigs. Fifty five, 35-days old pigs
were randomly assigned into 5 treatment groups consisting of 11 pigs per treatment. Results showed that dietary supplementation of
varying dosage (0, 250, 500, and 1,250 mg/kg) of SIF induced puberty delay of the pigs with the age of puberty of pigs fed basal diet
supplemented with 1,250 mg/kg SIF was significantly higher (p<0.05) compared to control. Supplementation of SIF or estradiol valerate
(EV) reduced (p<0.05) serum gonadotrophin releasing hormone and luteinizing hormone concentration, but increased follicle-
stimulating hormone concentration in pigs at 4 months of age. The expression of KiSS-1 metastasis-suppressor (KISS1), steroidogenic
acute regulatory protein (StAR) and 3-beta-hydroxysteroid dehydrogenase/delta-5-delta-4 isomerase (38-HSD) was reduced (p<0.01) in
SIF-supplemented groups. Expression of gonadotropin-releasing hormone receptor in the pituitary of miniature pigs was reduced
(p<0.05) compared to the control when exposed to 250, 1,250 mg/kg SIF and EV. Pigs on 250 mg/kg SIF and EV also showed reduced
(p<0.05) expression of cytochrome P450 19A1 compared to the control. Our results indicated that dietary supplementation of SIF
induced puberty delay, which may be due to down-regulation of key genes that play vital roles in the synthesis of steroid hormones.
(Key Words: Soybean Isoflavones, Puberty, Puberty Delay, Bama Miniature Pigs)

INTRODUCTION contained mostly in soybean (Jefferson and Williams, 2011).
Daidzein and genistein are the main types of soybean
isoflavones (SIF), which preferentially bind to estrogen
receptor (Setchell et al.,, 1998), induce growth arrest,
apoptosis and exert hormone-like effects through a non-
hormonal mechanism by inhibiting tyrosine kinases (Yan et
al., 2010).

Previous studies have shown conflicting reports on the

Isoflavones are the major class of phytoestrogens
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effect of SIF. One school of thought suggested that
exposure to estrogenic substances during critical periods
can pose adverse consequences on the reproductive
physiology (Dickerson and Gore, 2007) and leads to
fertility problems in animals (Jefferson et al., 2005).
Adverse effects like altered estrous cyclicity, altered
ovulation, subfertility, and infertility have been reported on
the female reproductive system (Jefferson and Williams,
2011). Several forms of estrogen-related toxicity was
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reported in experimental animals exposed to SIF (Doerge
and Sheehan, 2002). However, beneficial effects of SIF
have also been suggested (Strom et al., 2001). Currently,
there is debate regarding the physiological impact of SIF
consumption and whether or not it warrants concern.

The mechanism underlining the onset of premature
puberty is controlled by a system of positive and negative
feedback of the reproductive hormones that are produced
and released through hypothalamus-pituitary-ovaries axis
(Soede et al., 2011). Kisspeptin-G protein-coupled receptor
(GPR54) signaling is considered to play an important role
in pubertal onset in many mammal species, and many
KiSS-1 metastasis-suppressor (KISS1)-expressing cells
were observed in the ARC (Hypothalamic arcuate nuclei) of
the pig hypothalamus throughout the developing period
(Nahoko Ieda et al., 2014). Previous research studies
showed that mutations in KISSIR were associated with
impaired pubertal maturation (Oakley et al., 2009).
Genistein was reported to suppress Gonadotrophin releasing

hormone (GnRH) activation, decrease the KISS
immunolabeled and immunoreactive fibers in the
anteroventral  periventricular  nucleus (AVPV) of

hypothalamus when neonatal rats were exposure to
phytoestrogens (Bateman and Patisual, 2008; Losa et al.,
2011). GnRH from the hypothalamus stimulates the anterior
pituitary to secrete follicle-stimulating hormone (FSH) and
luteinizing hormone (LH), which act on the ovary to
promote folliculogenesis and the concomitant synthesis of
estradiol. Meanwhile, estradiol is considered the critical
determinant of plasma gonadotropin levels in the female by
completing an endocrine feedback loop wupon the
hypothalamus to reduce GnRH secretion.

Soybean and its products have been considered as an
outstanding source of supplemental protein in ration for
swine (Li et al., 1991) because of its constituent superior
blend of amino acids which are needed as building blocks
of body protein. Increased fertility in swine has been
recognized as one of the most important factor towards
increased global swine production. Sterle and Lamberson
(1996) corroborated the fact that a decrease in the age of
attainment of puberty by pigs will result in concomitant
reduction in the resultant costs of swine production.
However, it is not clear whether pubertal exposure to
phytoestrogens affects reproductive function during
adulthood (Dickerson and Gore, 2007), and there is no
report which focused on their effects on puberty of pigs.
Bama miniature pig was used as experimental model in the
study because it is easy to handle, reduced cost, genetic
adaptability, stable heredity and production performance (Ju
et al.,, 2014). This research study was designed with the
hypothesis that SIF exposure in developing pigs may
influence hormone regulation in the hypothalamus-
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pituitary-ovary axis and consequently the onset of puberty
of pigs.

MATERIALS AND METHODS

Animals

A total of fifty five (55), 35-days old Bama miniature
pigs with average weight 2.80£1.0 kg were obtained from a
local pig herd in Bama County, a South-west county of
China and used for this experiment. Pigs used in this study
were selected from a total of eleven (11) farrowing mothers
amidst the herd. Five healthy female pigs were selected
from each mother and randomly assigned into five
treatment groups. Thus, there were a total of eleven pigs per
treatment.

Dietary treatments and management

The standard basal diet designated as control was
formulated to meet the nutrient requirement and
physiological needs of growing (stage 1) and gestation
(stage 2) Bama miniature pigs. Four experimental diets
were subsequently formulated by supplementing the basal
diet with 0, 250, 500, and 1,250 mg/kg SIF (80% purity),
respectively. An additional fifth treatment designated as
positive control was formulated to include 0.66 mg/kg
estradiol valerate (EV, Equivalent to 0.5 mg/kg estradiol).
Pigs were fed these diets from the beginning of the
experiment till slaughter. The doses of SIF were determined
due to our previous study which showed reduced serum LH
concentration following dietary inclusion of 500 mg/kg SIF
in boars (Yuan et al., 2012). Basal diets fed to gilts at two
stages are presented in Table 1. The SIF (Xi’ An Rongsheng
Biotechnology Co. Ltd., Xi’ an, China) and EV (Delpharm
Lille SAS, Lys-Lez-Lannoy, France) were obtained
commercially and supplemented in the experimental diets
by mixing thoroughly at the point of feeding. The
concentration of daidzin in the SIF product was 52.19%,
while the glycitin, genistin, dai dzein, glycitein and
genistein was 31.65%, 12.09%, 1.54%, 0.40%, and 0.13%,
respectively. Pigs were fed twice (at 8:00 am and 17:00 pm)
on a daily basis at 3% of their body weight. Water was
offered ad libitum to the animals. Pigs were housed
individually with hard plastic slatted floor, separate feeder
and water trough. This study was conducted in accordance
with the Chinese guidelines for animal welfare while the
experimental protocol was approved by the Animal Care
and Use Committee of The Chinese Academy of Sciences
(Yin et al., 2004).

Estrous detection

The period of estrus was determined by assessment of
estrous behavior, in which pressure was applied manually to
the sow’s back in the presence of the boar. Females that
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Table 1. Composition of experimental diets fed to pigs in stage 1
(d 35 to d 95) and stage 2 (d 96 to farrow)

Diets
Items y 5
Stage 1 Stage 2
Ingredient (%)
Corn 41.49 40
Wheat bran 20 24
Wheat middlings 15 11.85
Rice bran 10 12
Fish meal 6 -
Rapeseed meal 3 3
Corn gluten meal 2 -
Rice protein powder - 4.73
Limestone 0.77 1.968
Dicalcium phosphate 0.24 1.072
Lysine 0.28 0.09
Salt 0.15 0.208
Choline 0.08 0.08
Premix™® 1 1
Total 100 100
Calculated composition (%)
DE (kcal/kg) 2,982 2,900
CP 15.5 14.5
Lys 0.88 0.6
Met+Cys 0.549 0.403
Ca 0.74 1
TP 0.79 0.8
AP 0.35 0.3
DE, digestible energy; CP, crude protein; TP, total phosphrous; AP,
apparent phosphrous.

 Diet of stage 1 supplied per kilogram of diet: Cu, 4.54 mg; Fe, 90.9 mg;
Mn, 3 mg; Zn, 90.9 mg; I, 0.12 mg; Se, 0.26 mg; vitamin A, 65,000 IU;
vitamin D, 18,750 IU; vitamin E, 175 IU; vitamin K3, 25 mg; vitamin By,
25 mg; riboflavin, 55 mg; vitamin Bg, 30 mg; vitamin B,, 0.19 mg;
niacin, 250 mg; folic acid, 10 mg; calcium pantothenate, 125 mg; biotin,
1 mg.

® Diet of stage 2 supplied per kilogram of diet: Cu, 4.2 mg; Fe, 73.5 mg;
Mn, 16.8 mg; Zn, 52.5 mg; I, 0.13 mg; Se, 0.16 mg; vitamin A, 70,000
IU; vitamin D, 21,250 IU; vitamin E, 0.3 g; vitamin K3, 25 mg; vitamin
By, 25 mg; riboflavin, 55 mg; vitamin Bg, 35 mg; vitamin By, 0.25 mg;
niacin, 300 mg; folic acid, 30 mg; calcium pantothenate, 125 mg; biotin,
2.25 mg.

showed a ‘standing estrous reflex’ were considered to be in
estrus (Tomikawa et al., 2010). The Bama miniature pigs
usually reach puberty at 120 to 140 day. After 60 day of
feeding, all pigs were checked twice every day in the
presence of a mature boar until the standing estrous reflex
was observed. The day when females showed standing
estrous reflex was set as the age of puberty. Effects of SIF
on the onset of puberty was estimated by expressing the
number of pigs which showed signs of estrous as a
percentage of the total number of pigs contained in each
treatment group.
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Serum sample collection and analysis of serum hormone
concentration

Blood samples (n = 6 per treatments) were collected
from the pigs at 4 month of age, the second and the fourth
day of estrus. Blood samples were collected in the morning
after 12 hours fasting of the pigs through jugular
venipuncture and stored at 4°C for 6 hours in heparinised
tubes. The blood were subsequently centrifuged at 1,000xg
for 10 minutes, and the supernatant were collected and
stored at —20°C for subsequent analysis. GnRH, LH,
estradiol (E;) and progesterone (P4) levels in the serum
were measured using ELISA kits (Cusabio Biotech Co. Ltd.,
Wuhan, China) with the intra-assay (coefficient of variation
[CV]<15%) and inter-assay (CV<15%) precision. The FSH
in the serum was measured using enzyme-linked
immunosorbent assay kit (R&D Systems China, Shanghai,
China) with the intra-assay (CV<9%) and inter-assay
(CV<11%) precision.

Preparation of tissues

The exact day that the pigs contained in each treatment
showed standing estrous reflex was defined as the first day
of estrus. At the fourth day of estrous, pigs were slaughtered
in the morning. The hypothalamus, pituitary and right ovary
were immediately separated and were frozen quickly in
liquid nitrogen, and then stored at —80°C for subsequent
analysis.

Semi-quantitative polymerase chain reaction (RT-PCR)
analysis

Total RNA was extracted using TRizol reagent
(Invitrogen, Carlsbad, CA, USA) and treated with DNase.
Reverse transcription was performed using PrimeScript RT
reagent Kit with gDNA eraser (Takara, Dalian, China)
according to the manufacturer’s instruction. The primer
pairs for the genes are presented in Table 2. Beta-2-
microglobulin was used as the housekeeping gene, whose
mRNA levels in the hypothalamus, pituitary and ovary did
not differ among the groups. Primers provided by Sangon
Biotech Co. Ltd. (Shanghai, China) were used. Before real-
time polymerase chain reaction (RT-PCR) procedure, all
designed primers were tested using a PCR program with the
complementary DNA and the products size were correct.
RT-PCR was carried out in a 10 pL volume by Thermo
Scientific DyNAmo Flash SYBR Green qPCR Kit (Thermo
Fisher Scientific Inc., Waltham, CT, USA), ABI PRISM
7900HT Fast Real-time PCR system (Applied Biosystems,
Waltham, CT, USA). The RT-PCR conditions were; 7
minutes pre-denaturation at 95°C, and then 15 seconds
denaturation at 95°C, and 30 seconds annealing at 60°C for
40 cycles. After PCR, melting curves were obtained by
stepwise increases in temperature from 60°C to 95°C. The
relative quantification of gene amplification was performed



1576

Fan et al. (2015) Asian Australas. J. Anim. Sci. 28:1573-1582

Table 2. Primer sequences and accession number used for measurements of selected genes using RT-PCR

Genes Accession No. Nucleotide sequence Product length (bp)

B2M NM 213978.1 F: TTTCTACCTTCTGGTCCACACTG 102
R: CACTTAACTATCTTGGGCTTATCG

KISS1 NM 001134964.1 F: GGACCTCATCGTGCCAGCCT 152
R: GCCGAAGGAGTTCCAGTTGTAGG

GPR54 DQ459346.1 F: CGTGCCCTTTACTGCTCTACTC 160
R: CAGCGGAAACACAGTCACATAC

GNRH1 NM 214274.1 F: GAGCCAATTCCGAAACTTCTAGC 267
R: CTTCTGCCCAGTTTCCTCTTCA

GNRHR NM 214273.1 F: CTTCCCACCCTGACCTTATCT 121
R: CTTTCCTTTGAGTCCATTTCTG

FSHf NM 213875.1 F: CCCATCTCCCAATCTGTCTCA 162
R: CCCATTCTTAGCCCATTTCCT

LHp NM_214080.1 F: TGTTGTGGCTGCTGCTGAG 137
R: GATGCTGGTGGTAAAGGTGATG

StAR NM 213755.2 F: GACGGATGGAAGGGATAGTTG 228
R: CCCACATTCCTGCTATTGCTAA

3p-HSD NM_001004049.1 F: CCTTCAATCGCCACTTCG 220
R: TCCCCTCACACCCACATC

CYPIIAI NM 214427.1 F: GCTCGGCAACTTGGAATCT 98
R: GCGGGATGTTGTATCGTTCT

CYPI741 NM _214428.1 F: AGAACTACAGCAGAAACTCCATCA 186
R: TCCACTTTACCACAGAGGCAG

CYPI941 NM_214429.1 F: GAGGAGGTCCGCAATGACTT 88
R: CCAGGAAGAGGTTGTTAGAGGTG

FSHR NM 214386.2 F: ACTGGAGGCGGCAAATCT 133
R: TTGGCTAAACTGGACTCACCA

LHR NM_214449.1 F: CAAGGAGACCAAATAATGAAACAC 326

R: GGCAATGAGTAGCAGGTAGAGC

RT-PCR, real-time polymerase chain reaction; B2M, beta-2-microglobulin; KISS1, KiSS-1 metastasis-suppressor; GPR54, G protein-coupled receptor 54;
GNRHI1, gonadotropin-releasing hormone 1; GNRHR, gonadotropin-releasing hormone receptor; FSHP, follicle stimulating hormone, beta polypeptide;
LHp, luteinizing hormone-beta; StAR, steroidogenic acute regulatory protein; 33-HSD, 3-beta-hydroxysteroid dehydrogenase/delta-5-delta-4 isomerase;
CYPI11A1, cytochrome P450, family 11, subfamily A, polypeptide 1; CYP17A1, cytochrome P450 17A1; CYP19A1, cytochrome P450 19A1; FSHR,
follicle stimulating hormone receptor; LHR, luteinizing hormone/choriogonadotropin receptor.

using cycle threshold (Ct) values. Then the expression level
of each gene conducted by the comparative Ct value
method was expressed as described by Fu et al. (2006).

Western blot analysis

The ovaries were made into powder in liquid nitrogen.
About 100 mg sample was transferred into 1.5 mL
microcentrifuge tube containing ice-cold RIPA buffer
(Beyotime Institute of Biotechnology, Beijing, China) and a
cocktail of Phosphatase Inhibitor Cocktail Tablets, Protease
Inhibitor Cocktail Tablets (Roche Diagnostics Ltd.,
Shanghai, China) according to their manuscript, and mixed
thoroughly. The mixture was stored at 4°C for 1 hour and
then centrifuged at 13,000xg for 10 minutes at 4°C and the
supernatant was carefully transferred to another microtube.
Protein concentration was estimated by the Enhanced BCA
Protein Assay Kit (Beyotime Insititute of Biotechnology,
China).

The samples were treated at 99°C for 7 minutes and 10
pL of the sample was subjected to 10% SDS-PAGE
(Beyotime Insititute of Biotechnology, China) at 60V for 40
minutes and then at 120V for 1 hour. After electrophoresis,
proteins were transferred to PVDF membrane (Merck
KGaA, Darmstadt, Germany), which was then blocked for 1
hour in Tris-buffered saline plus 0.2% Tween 20 (TBST)
plus 5% nonfat dry milk. Membranes were subsequently
incubated at room temperature for 3 hour with diluted
antibodies diluted as follows: anti-steroidogenic acute
regulatory protein (StAR, 1:200), anti-3B-hydroxysteroid
dehydrogenase/delta-5-delta-4 isomerase (HSD, 1:200) and
anti-CYP19 (1:200) or anti-B-actin (1:2000) (Santa Cruz
Biotechnology, Santa Cruz, CA, USA) in TBST. After four
5 minutes washes with TBST, the membranes were
incubated with diluted secondary antibodies (1:4000) at
room temperature for 1 hour. After four 5 minutes washes
with TBST, specific signals were detected by using ECL
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reagent (Beyotime Insititute of Biotechnology, China) and
visualized by Gel-Pro analyzer.

Statistical analysis

Results are presented as meantstandard error of the
mean. Data were arranged in a completely randomised
design and analysed using IBM SPSS version 21.0 (IBM
Co., Armonk, NY, USA). Analysis of variance was
performed to evaluate the differences between mean values
followed by Duncan post hoc test to determine the effects of
treatments (Control, SIF-250, SIF-500, SIF-1250, and EV-
0.66). Probability values of 5% level of significance
(p<0.05) were used to detect significant levels. Descriptive
representations of gene expressions in hypothalamus,
pituitary, and ovary were done with the aid of bar chart.

RESULTS

Estrus ratio and age of puberty

The number of female Bama miniature pigs which
showed estrous reflex at different ages following SIF
exposure were shown in Table 3. At all various ages, control
group had the highest numerical number of miniature pigs
which showed estrous reflex. At 150 days of age, only 1 pig
showed estrous reflex in SIF-250, SIF-500, and EV, and no
pig showed estrous reflex in SIF-1250 at 150 and 180 days
of age. At 210 days, all the pigs in control (100%) already
reached puberty while only 4 pigs in SIF-250 (44.4%), 5
pigs in SIF-500 (50%), 2 pigs in SIF-1250 (20%) and 6 pigs
in group EV (54.5%) showed estrous reflex. Only 55.6% (5
out of 9), 70% (7 out of 10), 60% (6 out of 10), and 72.7%
(8 out of 11) of pigs in group SIF-250, SIF-500, SIF-1250
and EV, respectively showed estrous reflex at the last day of
the study (240 day). In the meanwhile, the age of puberty of
female Bama miniature pigs fed basal diet supplemented
with 1,250 mg/kg SIF was significantly higher (p<0.05)
compared to control (Table 4). These suggested that dietary
supplementation with SIF induced puberty delay of Bama
miniature pigs.

Serum hormone concentration

The serum hormone concentration of Bama miniature
pigs was shown in Table 5. At 4 months old, the E,
concentration of the Bama miniature pigs did not differ
(p>0.05) in all treatment when compared to the control. The
serum GnRH, LH concentration of pigs fed basal diets
supplemented with varying dosage of SIF and EV were
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Table 3. Effects of soybean isoflavones on estrus ratio of female
Bama miniature pigs

Age Control  SIF250 SIF500 SIF 1250 EV 0.66
(d) (m=11) (=9 @=10) (=10 (=11)
150 5@5°  1(11)  1(10) 0 1(9)
180 7(63.6) 3(33.3)  4(40) 0 3(27.3)
210 11(100) 4 (444) 5(50)  2(20) 6(54.5)
240 11(100) 5(55.6) 7(70)  6(60) 8 (72.7)

SIF, soyabean isoflavones; EV, estradiol valerate.
Values are expressed as ratio of the number of pigs which showed estrous
reflex to total number of survived pigs per treatment (%).

significantly reduced (p<0.05), while the FSH of pigs in
group of SIF-500, SIF-1250, and EV were higher (p<0.05)
than values obtained from the pigs in control. The serum
concentration of P, of pigs fed basal diet with 250 mg/kg
SIF was reduced (p<0.05) compared to control.

At the second day of estrus, the serum GnRH
concentration was reduced (p<0.05) following dietary
supplementation with 250, 500 mg/kg SIF and 0.66 mg/kg
EV, and serum P, concentration was reduced (p<0.05)
following dietary supplementation with 250 mg/kg SIF. At
the fourth day of estrus, dietary supplementation with 500
mg/kg SIF and 0.66 mg/kg decreased (p<0.05) the serum
GnRH and P, concentration, and serum LH concentration
was reduced (p<0.05) following dietary supplementation
with 500, 1,250 mg/kg SIF and 0.66 mg/kg EV. These
indicated that dietary supplementation with SIF induced
decrease of hormones which play essential roles on onset of
puberty of pigs.

KISS1, GPR54, and GNRH1 gene expression

The gene expression of KISS/ gene in the hypothalamus
of Bama miniature pigs reduced significantly (p<0.05)
following dietary supplementation with varying dosage of
soy isoflavone and 0.66 mg/kg estradiol in the present study
(Figure 1). However, the GPR54 and gonadotropin-
releasing hormone 1 (GNRHI) gene expression were not
influenced (p>0.05) following dietary supplementation with
varying dosage of soy isoflavone and 0.66 mg/kg estradiol.
These suggested that KISS1 may be more sensitive to the
SIF exposure of the Bama miniature pigs.

GnRHR, FSHf, and LHf gene expression

The expression of gonadotropin-releasing hormone
receptor (GNRHR) reduced significantly (p<0.05) in pigs
from SIF-250, SIF-1250, and EV when compared to those

Table 4. Effects of soybean isoflavones on age of puberty of Bama miniature pigs

Variable Control SIF-250 SIF-500 SIF-1250 EV-0.66
Gilts numbers 11 5 7 6 8
Age of puberty (d) 169.00+8.01° 182.60+17.96 182.86+13.66"° 212.00+5.90° 188.25+11.34"

SIF, soyabean isoflavones; EV, estradiol valerate.

® Letters on the same row with different superscripts differs significantly (p<0.05).



1578

Fan et al. (2015) Asian Australas. J. Anim. Sci. 28:1573-1582

Table 5. Serum hormone concentration of the pigs following treatment of SIF and EV

Variable Control SIF-250 SIF-500 SIF-1250 EV-0.66
4 mo of age
GnRH (pg/mL) 18.74+3.44° 11.84+1.14° 10.36+2.07° 7.06+1.86° 7.7241.30°
E, (pg/mL) 97.79+9.37%° 77.68+12.94° 122.93+8.72° 77.2949.03° 80.63+7.45°
FSH (mIU/mL) 4.51+0.08° 4.74+0.06*° 4.79+0.09° 4.96+0.10° 4.97+0.10
LH (mIU/mL) 4.44+1.09° 1.65+0.18° 1.94+0.35° 1.34+0.45° 1.04+0.19°
P, (ng/mL) 17.98+5.46° 3.51+0.81° 8.54+2.15*° 12.30+4.04% 4.80+1.41°
2nd d of estrus
GnRH (pg/mL) 50.44+4.59° 12.77+0.36° 16.33+4.11%° 40.73+16.46*° 12.28+2.65°
E, (pg/mL) 109.13+11.07** 90.45+3.62° 92.64+6.30° 127.70+11.30° 105.16+3.06™°
FSH (mIU/mL) 1.38+0.04 1.370.02 1.38+0.03 1.33+0.05 1.45+0.07
LH (mIU/ mL) 5.87+0.48" 3.29+0.52*" 3.37+0.43*® 4.91£1.50%° 2.76£0.37°
P, (ng/mL) 25.40+3.12° 7.99+1.14° 18.55+0.83*° 31.1844.95° 23.36+2.20°
4th day of estrus
GnRH (pg/mL) 44.74+14.00° 17.36+5.24*° 10.09+3.42° 45.17+13.98" 12.702.97"
E, (pg/mL) 129.87+20.35 112.28+34.05 87.8814.06 159.70+23.37 143.28+31.44
FSH (mIU/mL) 1.38+0.04 1.3240.01 1.33+0.03 1.35+0.05 1.42+0.03
LH (mIU/ mL) 5.65+0.32° 4.54+0.32° 2.25+0.37° 3.40+0.55" 3.45+0.28"
P, (ng/mL) 50.2144.51° 39.93+6.98%° 28.76+4.05 37.7545.22%° 33.37+1.98°

SIF, soyabean isoflavones; EV, estradiol valerate; GnRH, gonadotrophin releasing hormone; E,, estrogen; FSH, follicle-stimulating hormone; LH,

luteinizing hormone; P, progesterone.

“5¢ [ etters on the same row with different superscripts differs significantly (p<0.05).

on control (Figure 2). However, pigs on group SIF-500
showed similar GNRHR gene expression to the control
group. Although, FSHf gene expression for pigs exposed to
SIF-1250 was similar to those on EV, FSHf expression in
the pituitary of pigs exposed to SIF-1250 was higher
(p<0.05) compared to control. The expression of LHB didn’t
differ (p>0.05) in the pituitary of pigs exposed to SIF-250,
SIF-500, and SIF-1250 compared to control. Pigs on EV
however had reduced (p<0.05) LHp gene expression when
compared to the control group.

Steroid hormone gene and protein expression

In the present study, the steroidogenic acute regulatory
protein (StAR) and 3-beta-hydroxysteroid
dehydrogenase/delta-5-delta-4 isomerase (3p-HSD) expression
in the ovary were significantly (p<0.05) down regulated
following exposure to varying concentrations of SIF (250,

KISS1

1.04

0.54 0.54

T T &

Relative mRNA expression
Relative mRNA expression

0.0- 0.0

500, 1250 SIF) and EV as shown in Figure 3. Pigs on
control and those on SIF-500 had similar expression of
cytochrome P450 17A1 (CYP17A1) in the ovary with
values higher (p<0.05) than the rest treatment. The
expression of cytochrome P450, family 11, subfamily A,
polypeptide 1 (CYP11A1) in all the treatments was similar.
The expression of cytochrome P450 19A1 (CYP19A1) in
pigs exposed to SIF-250 and those on EV reduced (p<0.05)
significantly when compared with control group.

The relative protein expression of StAR, 3B-HSD, and
CYP19 were detected by Western blot (Figure 4). The StAR
protein expression was significantly (p<0.05) down-
regulated following exposure to varying concentrations of
SIF and EV, while only 250 mg/kg of SIF decreased
(p<0.05) the relative protein expression of 3p-HSD. The
relative expression of CYP19 was not affected (p>0.05).
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Figure 1. Effects of soyabean isoflavones (SIF) on the expression of genes in the hypothalamus of the mini-pigs. Pigs were exposed to
varing dosages (0, 250, 500, and 1,250 mg/kg) of SIF and estradiol valerate (EV; 0.66 mg/kg). The hypothalamus samples (n = 6 per
treatment) from each pig was separated and frozen in liquid N, and then stored at —80°C. Gene expression were analyzed by RT-PCR.

Data were presented as mean+standard error of the mean.
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Figure 2. Effects of soyabean isoflavones (SIF) on the expression of genes in the pituitary of the mini-pigs. Pigs were exposed to varing
dosages (0, 250, 500, and 1,250 mg/kg) of SIF and estradiol valerate (EV; 0.66 mg/kg). The pituitary gland samples (n = 6 per treatment)
from each pig was separated and frozen in liquid N, and then stored at —80°C. Gene expression were analyzed by RT-PCR. Data were

presented as mean=tstandard error of the mean.

DISCUSSION

It was observed from the current study that all pigs fed
diet supplemented with SIF and EV showed delayed
puberty. In fact most of them didn’t reach puberty until 240
day of age. This was far beyond the normal pubertal age of
this species. The delayed onset of puberty observed could
be linked with the inclusion of estrogen-like chemicals used
in this study (SIF). The mechanism underlining onset and
attainments of puberty in pigs is linked to the production of
oestrogen which is regulated by the circulating serum
hormones. These hormones are generally regulated by the
hypothalamic-pituitary-gonadal (HPG) axis. Endocrine
disrupting chemicals (like SIF employed in this study)
could affect HPG axis with various consequences on sexual
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development (Takeyoshi et al., 2002).

Long term exposure to SIF in the current study altered
endogenous hormone concentration in the serum. Dietary
supplementation with SIF reduced serum GnRH and LH
concentration in 4 months old Bama miniature pigs while
higher FSH concentration was also obtained with pigs fed
increased SIF concentration (SIF-500 and SIF-1250) when
compared to control. Serum concentration of GnRH, LH,
and P, were also altered in pigs at the second and fourth day
of estrus following dietary supplementation with SIF. The
trend of serum hormone concentration recorded in this
study agreed with the findings of Wang et al. (2010) which
reported that isoflavones and zearalenone inclusion could
lead to increased FSH levels. Our previous works also
showed reduced serum LH concentration following dietary
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Figure 3. Effects of soyabean isoflavones (SIF) on the expression of steroid hormone genes in the ovary of the mini-pigs. Pigs were
exposed to varing dosages (0, 250, 500, and 1,250 mg/kg) of SIF and estradiol valerate (EV; 0.66 mg/kg). The pigs were slaughtered and
ovary samples (n = 6 per treatment) were separated and frozen in liquid N, and then stored at —80°C. Steroid hormone gene expression
were analyzed by RT-PCR. Data were presented as mean+standard error of the mean. RT-PCR, real-time polymerase chain reaction.
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Figure 4. Effects of soyabean isoflavones (SIF) on the protein expression of steroid hormones in the ovary of the mini-pigs. Pigs were
exposed to varing dosages (0, 250, 500, and 1,250 mg/kg) of SIF and estradiol valerate (EV; 0.66 mg/kg). The pigs were slaughtered and
ovary samples (n = 3 per treatment) were separated and frozen in liquid N, and then stored at —80°C. Steroid hormone protein expression
were analyzed by Western blot. Data were presented as mean+standard error of the mean.

inclusion of 500 mg/kg soybean isoflavone in boars (Yuan
et al., 2012). These indicated that puberty delay of female
Bama miniature pigs induced by dietary supplementation
with SIF may be due to the changes of these hormones.
However, the current result was at variance with the
findings of Ohno et al. (2003) who observed that
administration of genistein to rats increased LH with no
effect on FSH levels (Ohno et al., 2003). A month of soy
ingestion was also reported to suppress FSH, LH and
increased follicular-phase estradiol concentrations (Cassidy
et al.,, 1995; Lu et al., 1996). Differences between the
finding in the current study and past literatures may be due
to altered isoflavone metabolism (Persky et al., 1992),
dosage, age of the animals, length of exposure and
physiological condition of animal in question (Hwang et al.,
2000).

A substantial body of work implicated kisspeptin
neurons as primary mediators of gonadal steroid feedback
control of GnRH release in mammals, because of the
colocalization of kisspeptin cells with gonadal steroid
receptors (Lehman et al, 2010), for example the
colocalization of ERa and ERJ in kisspeptin neurons in rats
and mice, both in ARC and AVPV of the hypothalamus.
These indicates that kisspeptin neurons may be a point for
the regulation of SIF reduced KI/SS!/ gene expression in the

hypothalamus of the pigs obtained in the current study
following dietary supplementation with SIF agreed with
Losa et al. (2011) who reported that high dose of Genistein
induced lower numbers of KISS immunoreactive fibers in
the AVPV and ARC (Losa et al., 2011). This trend shows
that neonatal exposure to EDCs suppressed GnRH activity
(in adulthood) and KISS fiber density in the AVPV
(Bateman and Patisaul, 2008). However, GPR54 and
GNRH1 were not affected in the present study. This implied
that KISS1 in the hypothalamus may be the central point
that regulates the synthesis, secretion of GnRH and the
onset of puberty when SIF was supplemented to the pigs’
diet.

The GnRH receptor is expressed specifically in pituitary
gonadotropin (Thackray et al., 2010). Recent study found
that intramuscular injection of 200 mg or 400 mg genistein
did not change the expression of GNRHR of crossbred
barrows (Clapper and Tomlin, 2012). However, reduced
expression of GnRH receptor obtained in the current study
with pigs fed with SIF-250 and SIF-1250 could be
contributory to the delayed puberty observed. This is
because GNRHR mediates the action of GnRH which
regulate the release of LH (Ciechanowska et al., 2010). The
present study found that serum LH level of the pigs was
lower and FSH level was higher following dietary
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supplemented with SIF. LH and FSH composed with
different  subunits and synthesis of LH and FSHp is the
rate-limiting step for production of the mature hormones
(Thackray et al., 2010). The present study found that dietary
supplementation with SIF-1250 increase the expression of
FSHB, this is associated with the increase of serum FSH of
the pigs. However, the expression of LHf was decreased
but didn’t significantly differ, so the decrease of serum LH
may be due to the down regulation of GNRHR in the
pituitary of pigs fed basal diet with SIF.

The biosynthesis of steroid hormones is regulated
mainly by the pituitary trophic hormones such as LH and
FSH (Stocco, 2001). The present study found out that StAR
and 3B-HSD gene expression and StAR protein expression
in the ovary of female Bama miniature pigs were decreased,
suggesting that the synthesis of steroid hormones and
follicular physical function were altered when SIF was fed.
These genes played vital roles in the synthesis of steroid
hormones in the ovary. During the production of
testosterone, 3B-HSD catalyse the conversion of
pregnenolone to P, (Tiemann et al., 2007). The down-
regulation of StAR may due to the fact that the StAR is
always up-regulated by LH (Edson et al., 2009) since
circulating LH reduced in the treatment groups. The
expression of CYP11A1l and CYP17A1 was not influenced
by dietary SIF treatments. CYP19 (aromatase) catalyses the
final rate-limiting reaction in the several steps where
estrogen is synthesised (Wang et al., 2008), and they found
that the mRNA abundance of aromatase was reduced by
biochanin A (another kind of isoflavones) when using the
SK-BR-3 cells as a model. We found that the gene
expression of CYP19A1 was decreased in groups fed diet
containing 250 mg/kg SIF and 0.66 mg/kg EV but the
protein expression of CYP19 was not affected. This may be
the reason that the serum E, level didn’t differ among
treatments in the present study.

E, and P, regulate FSH and LH secretion by negative
and positive feedback to the hypothalamus and the anterior
pituitary (Thackray et al., 2010), and the proper functioning
of HPG axis and maintenance of a normal ratio of LH/FSH
is essential for reproductive health. Serum E, level of
female Bama miniature pigs didn’t change after dietary
supplementation of SIF, but the P, level decreased. This
may be associated with the decrease of serum GnRH and
LH level which in turn induce puberty delay of the pigs.

IMPLICATIONS

The striking ability of SIF to induce puberty delay in
Bama miniature pigs when included in their feed at various
(250, 500, and 1,250 mg/kg) dosage happens to be the
primary findings of this study. This delay in the onset of
puberty following SIF inclusion could be attributed to the
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reduced serum GnRH and LH concentration, suppressing
effect on the gene expression of KISSI (in the
hypothalamus), GNRHR gene expression (in the pituitary),
down regulating effect on StAR and 33-HSD expression (in
the ovary) resulting in altered synthesis of steroid hormones
in growing Bama miniature pigs.
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