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Abstract
The presence of phytoestrogens (PEs) in soya based baby foods has attracted a lot of
attention due to their ability to act as endocrine disruptive compounds (EDCs).
Infants and young children have critical windows of sensitivity to EDCs during their
development. Positive health effect of PEs are many such as being anti-cancer, anti
obesity, promotes bone formation and wound healing. The negative health effects
reported include increased incidences of hypospadias, cryptochidism, prepubertal
gynecomastia and reduced fertility. Use of soya-based weaning gruels is widespread
in Kenya. Estrogenic and androgenic reporter gene assays (using MMV-Luc and
TARM-Luc cell lines respectively) were used to characterise the transcription
activity of ten PEs (apigenin, daidzein, daidzin, genistein, genistin, enterodiol, equol,
formononetin, glycitein and matairesinol) and in the Kenyan based gruel/flour
extracts. A modified Hygiene Based Margin of Safety (HBMOS) method was used to
estimate the estrogenicity due to daidzein and genistein in the flours.
Standard curves of 17(3-estradiol and testosterone hormones and some PEs in the
MMV-Luc and in TARM-Luc cell lines respectively were established. PEs and
flour/gruel extracts enhanced testosterone hormone androgenic activity and gave
more additive and synergistic bioactive effects in a dose and flour blend dependent
manner respectively. The effect of heating and storage on the transcriptional
capability of the PEs apigenin, genistein and formononetin and flour extracts was
dose and flour type dependent and compound specific in MMV-Luc cell line.
Quantification of the estrogenicity of the flour extracts (both uncooked and those
cooked and/or stored) on MMV-Luc cell line revealed potent estrogenicity. The
exposure level of genistein and daidzein in baby gruel flours was above the
acceptable daily intake ADI for phytoestrogens which is I mg/Kgbw/day for each
phytoestrogen. The total estrogenicity due to genistein and daidzein in the flour was
below the tolerable daily intake (TDI) of 50 ng/kgbw and was of partial agonist
proportions as determined by HBMOS.
In conclusion our results indicate that the two cell lines can characterise the
estrogenic and androgenic activity of PEs. The results on effect of heat and storage
on the bioactivity of PEs underline the need to couple up the RGA method with
physico-chemical methods which can elucidate on actual chemical changes in future
v

studies. This is to enable ease of interpretation as the three chemicals varied in their
bioactivity and no generalisation was possible. They also show that the PEs and the
flour extracts can act as potential endocrine disrupters at the level of nuclear receptor
which may have health implications, which could be positive or negative. Caution
can be directed to especially mothers of boy infants due to ability of PEs and flour
extracts to synergistically interact with testosterone and give significant androgenic
activity.
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CHAPTER ONE - Introduction

1

1.1

Introduction

In this chapter EDCs and their mode of action have been discussed, Phytoestrogens
(PEs) in food right from biosynthesis in the plant, bioavailability and metabolism in
the human body, prevalence in foods and health concerns of the PEs in baby foods.
Some methods that have been used in the analysis of PEs in food have been
discussed or mentioned

with more elaborate review on in vitro bioassays. The

section on the use of soya based weaning foods in Kenya follows prior to ending the
introduction section with a list of aims of the research.
1.2

1.2.1

Review of the Area

Endocrine Disrupting Compounds (EDCs)

There is a lot of concern amongst the public, governments and from the Scientific
Community regarding EDC. An EDC has been defined as “an exogenous substance
or mixture that alters function(s) of the endocrine system and consequently produces
adverse health effects in an intact organism, or its progeny, or (sub)populations”
(Crisp et al, 1998). Another author described an EDC as a chemical whose primary
effect is on the endocrine system via effects on receptor mediated hormone action,
hormone synthesis or clearance (Pickering and Sumpter, 2003).
An EDC is thus any natural or synthetic chemical that will cause a deviation of
hormone quantity or function thereby affecting the capability of an organism to
control homeostasis in order to communicate and respond to its environment. EDCs
may have structural similarities to hormones and can mimic natural hormones
(Kuiper, 1998) maintaining a similar mode of action, transport and storage through
the body. This review will however be biased towards nuclear receptor super family.
This is because the cell lines used in this thesis were estrogenic and androgenic in
nature and reporter gene assay was the main tool employed to investigate the
endocrine disruptive effect.
There are health concerns surrounding EDCs due to their ability to adversely affect
organisms and their progeny (Klose et al., 2006; Radovic, 2006; Basini et al 2006;
2010; Newbold et al, 2007; Skinner et al, 2010;; Nielsen et al, 2012). Most health
concerns have however been reserved for the synthetic EDCs due to the fact that the
2

body may not be adapted to detoxifying these synthetic EDCs may lead to
bioaccumulation in the body (Thomson, 2010). Modem day living has ensured that
avoiding synthetic EDCs is not possible but attempts to minimise exposure has been
attempted by the setting of tolerable daily intakes (TDI) and no adverse effect levels
(NOAEL).
1.2.2

Classification of endocrine disrupters

1.2.2.1 Natural
Sources of natural EDCs include human and animal hormones, PEs and mycotoxin.
PEs are weak estrogenic compounds derived from plants and their animal
metabolites that have weak estrogenic properties (Adlercreutz and Mazur, 1997;
Tham et al, 1998). Mycotoxins are toxic secondary metabolites of fungi that can
contaminate a range of foods including grains and fruits, in the field, during
harvesting or storage.
(See Table 1-1 for more)
1.2.2.2 Synthetic
This type of EDC may be manufactured as industrial solvents/lubricants and their by
products such as polychlorinated biphenyls (PCBs)(Fang et al., 2001; Dabre et al,
2006) polybrominated biphenyls (PBBs) (Whithead and Rice 2006) and dioxins.
Others are plastics such as bisphenol A (BPA) (Willemsen et al, 2004; Dabre et al,
2006) and plasticizers for example phthalates (Henley and Korach, 2006).
Agricultural run-off also constitutes a high proportion of these endocrine disrupters
including, acaricides, pesticides like methoxychlor (Whithead and Rice, 2006)
chloropyrifos, dichlorodiphenyltrichloroethane (DDT) (Willemsen et al, 2004,
Whithead and Rice, 2006), fungicides like vinclozolin (Jakimiuk et al, 2010;
Lehraiki et al, 2011) and hexachlorobenzene (Whithead and Rice). Some synthetic
EDCs are manufactured for pharmaceutical uses such as diethylstilbestrol (DES)
(Fang et al, 2001; Henley and Korach 2006) and cancer dmgs (Gracia et al, 2006)
(see Table 1-2 for more).
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1.2.3

Effects of EDC and modes of action

Effects of EDC are not uniform on all sub populations and some may be more
vulnerable in an age dependent manner (see Figure 1.1), some are more vulnerable
due to health of the individuals (Dome, 2010), or due to the sex of the individual
(Bulzomi et al, 2011)
An example of this vulnerability bias is that demonstrated by differential
susceptibility to endocrine disrupters in neonate/foetus, infant, young children and
even some adolescents (Jirtle and Skinner, 2007; Skinner et al, 2010). This is
because they have open developmental windows of sensitivity to EDCs (see Figure
1.1). In human development the prenatal and foetus stage is very sensitive as seen in
(Figure 1.1a) below while that of sexual development is varied over time See Figure
1.1 b) and c)
The developing neonate/foetus, infants and young may be impacted more by
exposure to EDCs, for various reasons. For neonates and infants especially:
•

Their DNA repair mechanisms are not well established

•

Their immune systems are not competent

•

Detoxifying enzymes and liver metabolism is not well developed

•

The blood/ brain barrier is not well developed

•

As developing organisms their metabolic rate is higher and this may mean
higher susceptibility to toxicity (Newbold et al, 2007)

Prenatal exposure to endocrine disrupters may alter normal cellular and tissue
development and function through developmental programming. Any chemical
insults at this critical time may have long term effects.

6

a

Critical Windows of Sensitivity to Endocrine
Disruption During Human Development

Brain-Smual

Djgyjnyatjgn

Pituitary
PancfMt
Tlivrold aland
Adrenal aland
1st trimester

0

5

2nd trimester

10

15

20

ehikihood adolescence

3rd trimester

2S

30

3S

40

5

10

IS

adult

20

45

65^

Bitm

b

Critical Windows of Sensitivity to Endocrine
Disruption During Human Male Development
Secondary Sexual
Characteristice

Spermatoqenetia
Testicular Deecent
Male Reproductive Tract
Gonad

]

Prostate gland

1st trimester
0

5

2nd trimester

10

15

20

-npr

3rd trimester

25

30

35

40

Weeks

adult

itlm
5

10

4

15

20

45

654

Years

BIRTH

Critical Windows of Sensitivity to Endocrine
Disruption During Human Female Development
Secondary Semal
Characteristics

OvarytOocytes
Gonad
Mammary Gland
mester
10

2nd trimester
15

20

3rd trimester

25

30

36

nee
40

4

Weeks

BIRTH

5

10

15

20

adult
45

654

Years

Figure 1-1 Critical windows of sensitivity to endocrine disruption during a) human development
b) Female development c) Female development
(http://www.emcom.ca/EM/female.shtml)Accessed 07.04.2012
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1.2.3.1 Effects of alterations of hormonal levels in the foetal/and neonatal life
and beyond
Of particular concern about estrogenic and androgenic activity for the purposes of
this thesis is to the neonate (0-28 days after birth) as organ development is still being
effected 3-4 weaks post-natal (Denker and Eriksson, 1998). Organs such as the
mammary glands are organised at this time for later development at puberty (Russo
and Seidman, 1990). Evidence for testicular activity in early life in the boy infants
and young males (prenatal and up to 2yrs) has been extensively studied. During the
postnatal period boys are characterised by activation of the hypothalamus-pituitarytestis axis. (Raivio et ai, 2003). In the study by Raivio and colleagues high serum
androgenic activity was detected although no virilisation accompanied it. They
detected activities as high as 0.8 to 1.9nM testosterone equivalents in the infants by
use of recombinant cell bioassays. This study concurs with another study that
detected androgen activity in 3 month old infants (Forest et al, 1974).
Anderson and colleagues came to the conclusion that the neonatal period is an
important developmental window that is important for sertoli cell proliferation and
maturation and EDC abuse may affect the gonad function in the future of the infants.
This conclusion was based on the fact that that inhibin B levels in infants peaked to
exceed those found in adults with a mean of 378 ± 23pg/ml (Anderson et al, 1998).
Bolton and others in 1989 had earlier found out that the free androgen levels, which
signify the bioactive proportion, in baby infant boys (1-3 months) is much less than
for adult men then it was not of biological significance in the infants (Bolton et al,
1989). Winter and colleagues reported about the testosterone surge in infant boys as
well. Their research aim was to examine the pituitary-gonadal relations in infancy to
4 years old. In boys the follicle stimulating hormone (FSH) levels shot up in
postnatal stage, with peak levels been observed between 1 week and 3 months, prior
to a decline by 4 months to match low levels seen in older pre-pubertal children. In
the same study females FSH values peaked at 2-3 months with levels not declining
and being higher than those of older pre-pubertal children until 4 yr of age. Serum
LH levels in the boys were in the adolescent range by 1 week of age, peaked at 1
month and then declined to the usual childhood range by 4 months. A similar pattern,
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though with lower peak LH values, was seen in the female infants (Winter et al,
1975).
Possibility of any fluctuations in the androgenic and estrogenic effect causing long
lasting effects is also due to the fact that infants systems are not yet homeostatic.
Homeostatic systems as in adulthood are able to adjust and compensate for any
upsurges or decreases in hormone levels to a within a small concentration range.
Figure 1.2 and 1.3 illustrates the use of negative feedback in male and the female.

Hypothalamus

G«*h

Pituitary

Positive- Stimulation

Figure 1-2 Homeostatic control of male sex hormone (COT report on phytoestrogens-2003)

In Figure 1.2 the lutenising hormone (LH) and follicle stimulating (FSH) from the
pituitary are secreted subsequent to stimulation by the gonadotrophin releasing
hormone (GnRH) which is secreted from the hypothalamus. The two (LH and FSH
regulate the functions of the testicles. LH stimulates leydig cells to produce
testosterone which is aromatised to estradiol that is thought to masculinise the central
nervous system (CNS). FSH induces the spermatogenesis in the germ cell. FSH
stimulates the secretion of inhibin as well and in concert with testosterone and
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estradiol send feedback message to GnRH to stop further secretion. This control
lacks in the male foetus/ neonate and infant boys and may suffer toxicological effects
increased hormone levels due to endocrine disruptive effects by hormone mimics on
target organs. The same applies to female foetus/neonates, infants and young
children. Another reason why this establishment of threshold points in hormonal
control is important for both male and females is because there may be lasting
effects. This is illustrated by a study in which found that inappropriate exposure to
estrogenic hormones (from soya protein isolate) at foetal/neonate stage resulted in
lasting inability to control normal ovarian cycles as the hypothalamic-pituitary
ovarian -hormonal axis was unestablished in female rats (Badger et al, 2001).

Hypothalamus

Positive Stimulation

Progesterone

mhibin

Figure 1-3 Hormonal regulation in female sex hormone (COT report on Phytoestrogens-2003)

Figure 1.3 illustrates the regulation of sex hormones in the female. Gonadotrophin
releasing hormone (GnRH) secreted from the hypothalamus stimulates the secretion
of lutenising hormone (LH) and follicle stimulating hormone (FSH) from the
pituitary. These in turn stimulates estradiol inhibin and progesterone. The later,
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estradiol, inhibin and progesterone regulate the GnRH in a cycle best applied for
menstruation cycle and pregnancy (Winter et al, 1975; Raivio et al, 2003).
1.2.3.2 EDCs can cause effects through epigenetic programming
Epigenetics refers to non-DNA sequencing factors that can regulate the DNA
activity. These could include chromatin remodelling and regulation by effects caused
by small non coding RNAs. The changes in epigenetic marks caused by exposure to
EDCs in prenatal and postnatal individuals may lead to phenotypic alterations later in
life. This is exemplified in the case where continuous pre and post-natal exposure to
high levels of soy phytoestrogens caused alterations in onset of vaginal opening,
weight and size of the offspring and DNA methylation. (Guerrerro-Bosagna et al.,
2008). This can have evolutionary consequences. Bisphenol A caused low dose
effects on murine forebrain development which was caused by alterations in two
functionally related genes causing changes in transcription levels. This transcription
level correlated well with Notl (gene) methylation status (Yaoi et al., 2008).
Epigenetic marks determine how the information that is stored in the genome is
transcribed to affect certain functions (Jirtle and Skinner, 2007). Epigenetic
programming usually involves DNA methylation at the carbon -5 position of
cytosine in CpGdinucleotides with the help of DNA methyltransferases (Klose et al,
2006), See Figure 1-4 below. Methyl binding proteins in concert with chromatin
modifying proteins attach to these sites and silence the methylated gene. On the other
hand when EDCs are involved in epigenetic programming the gene is
hypomethylated. This makes it more vulnerable to increased and inappropriate gene
expression through the transcriptional machinery (Tang et al, 2007). However the
exact mechanisms by which EDCs have an effect on epigenetic has not been
established (Schug et al, 2011)
1.2.3.3 Endocrine disruptors can have Transgenerational effects
Transgenerational effects of EDCs are confirmed when a transmittable effect is
experienced in the third generation after initial contact with the EDC (Anway and
Skinner, 2006; Dinsdale 2011). An example of a multigenerational effect is that
where the effect of administering diethylstilbesterol (DES) to pregnant women to
help avoid miscarriages in the 1950s and 1960s resulted in effects on the third
generation such as increased menstmal irregularities (Titus-Emstoff et al., 2006),

predisposition to ovarian cancer (Blatt et ai, 2003) and increased hypospadias in the
grandsons and sons of those who took the drug (Klip et al, 2002; Palmer et ai,
2005; and Pons et ai, 2005; Browsers et al, 2006).

Nomul Stem Cell

DiseasaDysfuncton
Altered gene expression persists
Abnormal grcwtb Sdevetopmenl

CbangesfiDAIA
met/iyiation pattern

Figure 1-4 Illustration of how EDCs can change methylation pattern and subsequent epigenetic
programming (Schug et at., 2011)

1.2.3.4 EDCs can have species specific effects
Some EDC have ability to affect one species and not the other for example the case
where poly chlorinated biphenyls (PCBs) activated rodent pregnane xenobiotic
receptor ( PXR) and caused antagonistic effects in human steroid and xenobiotic
receptor (SXR), inhibiting the expression of genes involved in hormone and
xenobotic metabolism (Tabb et al, 2004). This leads to the conclusion that caution
should be taken when data generated in mammals such as rats, mice and
chimpanzees to predict the risk to human exposure to this exposure may lead to
erroneous conclusion (Tabb and Blumberg, 2006).
1.2.3.5 EDCs may have an effect on the proteasome-mediated degradation of
nuclear receptors
Many nuclear receptor superfamilies pass through the proteasome pathway for
degradation purposes through the ubiquitin-proteasome pathway depending on the
ligand (Tabb and Blumberg, 2006). This helps to reset the transcription apparatus for
subsequent response but more so stops overstimulation by the endogenous hormone
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such as testosterone or the EDC (Dennis et ai, 2001). ERa varies in how fast it is
degradated depending on whether it is interacting with an agonist, antagonist or a
selective modulator which is determined by the ERa stability (Wijayaratne et al,
2001). This effect potentiates problems as variation of hormone levels during critical
periods of developments may result in endocrine disruptive effects (Tabb and
Blumberg, 2006).
1.2.3.6 EDCs can have a Low dose “cocktail” Effects
Mixture effects of potential endocrine disrupters (EDs) have become important in
risk assessment (Bhatia et ai, 2005; Kortenkamp et ai, 2007; Van Meeuwen et ai,
2007; Fernandez et ai, 2007). The main focus is on the compounds in a mixture that
would not give any effect as they are below their no-observed adverse- effect levels
(NOAELs), individually, but would work together to give an additive or synergistic
effect thus potentiating an adverse effect in the body (Kortenkamp, 2007).(See
simulated example Figure 1.5 below). Similarly acting chemicals can replace one
another to produce the same effect (Kortenkamp, 2007) while compounds using
different mechanism of action on different tissues will stay below their NOAEL
(Committee on toxicity of chemicals in Food consumer Products and the
Enviroment, 2002).
To illustrate this, a study by Silva et ai, 2002 reported a 40% induction of a
maximum estrogenic effect (effect caused by estrogen hormone taken as 100%)
when he combined eight xenoestrogens at 50% of their no-observed effectconcentration (NOEC) using the yeast estrogen Screen. More in vitro tests have been
carried out by various researchers giving the same conclusion of the individual
compounds having an additive effect (Rajapaske et ai, 2002, KortenKamp 2007)
(see Figure 1.5).
A follow up with in vivo tests concurred with the additive effect of mixtures (Tinwell
and Ashby 2004; Brian et ai, 2005) but some researchers found results contradicting
the additive effect of mixtures (Wade et ai, 2002). Van Meeuwen and colleagues in
2007) observed combination effects where the phytoestrogens mixture had an
additive effect but the synthetic mixtures did not.
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Low dose mixture effects of endocrine disrupters

Concentration (M)
Figure 1-5 Sham mixture effect of ten chemicals at below their NOAEL levels combined to give
an observable effect (adapted from KortenKamp, 2007)

1.2.4

Modes of action

Action of an EDC can be at nuclear receptor level, through having an agonistic or
antagonistic effect on the hormone receptors (See Figure 1.6 below). An EDC can
bind to the receptor and induce a response that is as strong as that induced by natural
ligand such as hormone. This kind of EDC would be classified as ‘potent’ and a
strong agonist (Norris et al, 1999). Some will induce the same response but at
increased concentration levels while other agonist will never achieve as high a
response as the hormone no matter what but will be stopped through cytoxicity and
decrease in magnitude (Mousavi & Adlercreutz, 1992). This are called partial
agonists. Some EDCs will bind the receptor and block any further bioactivity by the
receptor and this is called antagonist action (Clark et al, 1996; Lehraiki et al, 2011).
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Figure 1-6 Relationship between antagonist, strong agonist, partial agonist and weak agonist
(adapted from Committee on Toxicity Report, 2003)

The effects can manifest themselves at genomic level as explained in epigenetic
programming and at modulating enzymes such as those involved in steroidogenesis
by disrupting production, transport, metabolism or secretion of natural hormones.
Lastly there are those EDCs that disrupt production and or function of hormone
receptors such as by degrading them (Stenoin et al, 2001b; Goksyor, 2006). There
are two main hormone signalling pathways involving the receptors and the enzymatic
pathways and endocrine disrupters could affect any of them as illustrated below.
The Figure 1.7 illustrates the sequence of events in the effecting of biological effects
such as gene transcription. Prior to the ligand touching the Steroid Hormone
Receptor (SHR) it is bound to the heat shock protein (HSP 90). The HSP 90 are
chaperones which are multicomponent protein complexes that protect and prevent
the unliganded receptors from been degraded as well as keeping them poised to
function (Pratt et al, 1997; Picard et al, 1998) Phosphorylation (P), nuclear
trafficking and dimerization then follow sequentially, after ligand attachment. The
SHR stimulates a specific response by binding onto DNA sequences (Androgen
Receptor Elements ARE, or Estrogen Receptor Elements (ERE) depending on the
hormone then under the influence of transcription factors; target gene transcription is
initiated or repressed resulting in distinct biological effects. (Griekspoor et al, 2007).

15

hormone

¥
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Figure 1-7 Hormone signalling pathways Adapted from (Griekspoor et al., 2007)

1.2.4.1 Gene expression for nuclear receptors
EDCs may bind onto nuclear steroid receptors eliciting bioactivity and this may be
due to their structural similarity with their main natural ligands which are hormones,
for example estrogen and androgens (Kuiper et al., 1998). The receptors on which
the ligands attach themselves express different effects depending on their
concentration and intracellular and tissue distribution patterns. Nuclear steroid
hormone receptors are proteins and have a binding site for a particular steroid
molecule known as steroid response elements (SRE) which are DNA sequences that
are bound onto the complex of the steroid receptor. The SRE is part of the promoter
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of a gene and binding by the receptor activates or represses, as the case may be, the
gene controlled by that promoter. It is through this mechanism that steroid hormones
turn genes on (or off). The illustration of the structure is as seen below in Figure 1.8

Trans
activation DNA binding
(Ap-I) Dimerisation

Ligand binding
Dimerisation
Trans-activation (AF2)

A

A/B

C

D

E

F

-COOH

Figure 1-8 domain structure of nuclear receptor (Tsai and O’Malley, 1994)

Regions A/B have transcriptional activation function; C, is 66 amino acids long and
contains the core DNA-binding domain with two zinc finger like binding motifs.
Region E consists of 220 amino acids in the C (-COOH) terminal half of the
polypeptide chain and is the section on which the ligands bind. Adjacent to it is the F
which is a dimerization surface. D is a hinge region between the DNA binding region
and the ligand binding region (Tsai and O’Malley, 1994).
Hormone-receptor complex induces a conformational transition which leads to
binding with high affinity to specific DNA sites that are normally targeted by genes.
For the androgen and estrogen receptors which are in the class of homodimers
dimerization happens when the ligand and receptor bind and then bind to DNA half
sites with inverted pallindromic repeats separated by 3 base pair spacer (termed IR3).
The consensus sequence for estrogen receptor is 5 '-AGGTCA-3' while that for the
androgen receptor is 5 -AGAACA-3'.

An example of the actual receptor and how the hormone binds is illustrated in Figure
1-9 below.
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1. Illustration of a Wild type ER interaction with hormone

Figure 1-9 a) is a structure of wild type ER with the 17 p-estradiol hormone bound b)This is the
same structure opened up to reveal the exact lay and attachment point of the hormone(adapted
from Ruff et al.„ 2000)

1.2.4.2 Nuclear receptor signalling through receptors binding directly to other
transcription factors
There are several examples a few of which are listed below as follows:
•

Steroid hormone receptors (SHRs) for example ERa can bind directly to
fos/jun and hence effect the transcription of genes such as cyclin D1
(Giekspoor et al, 2007).

•

ERa can bind Spl proteins and modulate the transcription of genes that have
an Spl/ER binding site. For antagonists the effect is surprisingly agonistic

1.2.4.3 Non- genomic extra nuclear receptor signalling of steroid hormone
receptors
•

In a study by Rai and colleagues a full estrogen antagonists did not affect
ERa activity as it had a significant effect on ERK1/2 pathway signalling in
breast cancer cells (Rai et al, 2005).
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•

Other pathways such as Mitogen Activated Protein Kinase (MAPK) and
protein Kinase have been reported to cause extra nuclear signalling (Razandi
et al, 2004).

1.2.4.4 Mode of action in the disruption of streoidogenesis
•

May happen by modulation of steroid hormone metabolism as with
constitutive androgen receptor (CAR) activity which affects the target genes
as seen with mouse CAR and rat CAR through the influence of pesticides
(Moore et al, 2002; Wyde et al, 2003). Methoxychlor can also activate CAR
and Human steroid receptor (SXR/rodent pregnane X receptor (PXR)
(Mikamo et al, 2003; Tabb and Blumberg, 2006).

•

Endocrine disrupters may bind with intracellular receptors eg androgen
receptor (AR) which was affected by p,p’-DDE insecticide metabolite (You
etal, 1998)

•

May inhibit aromatase expression by activating peroxisome proliferatoractivated receptors (PPARs) an example of which is the plasticizer Mono (2ethylhexyl) phthalate MEHP (Lovekamp-Swan, 2003).

•

Phyto-estrogens may inhibit steroidogenic enzymes by competitive inhibition
with natural substrates for a particular enzyme (Whitehead and Rice, 2006).

•

Genistein and apigenin are inhibitors of cell signalling pathways and
steroidogenesis can be regulated by other signalling pathways apart from the
c AMP/P KA

pathway.

These

include

the

MEK/ERK

1/2

and

phosphatylinositol kinase (PI 3-K)/AKT pathways that may be activated by
gonadotrophin-activated cAMP and/or growth factors that also regulate
steroidogenesis (Richards, 2001).
•

Genistein and apigenin are inhibitors of protein tyrosine kinase and PI 3-K,
respectively (Akiyama et al, 1997). Tyrosine kinase inhibitors inhibit
steroidogenesis in rat granulosa cells (Whitehead and Lacey, 2000).

•

In contrast, coumestrol and some pesticides and plasticizers have been shown
to induce a FSH by rapid phosphorylation of ERK 1/2 in a pituitary tumour
cell line (Bulayeva et al, 2004).
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1.3

Phytoestrogens in food

Phytoestrogen has been defined as: “any plant substance or metabolite that induces
biological responses in vertebrates and can mimic or modulate the actions of
endogenous oestrogens usually by binding to oestrogen receptors” (COT ReportPhytoestrogens and Health, 2003). PEs have also been defined as weak estrogenic
compounds derived from plants and their animal metabolites that have weak ant
(estrogenic) properties and belong mainly to isoflavones, lignans and coumestans
(Adlercreutz and Mazur, 1997; Tham et al, 1998). PEs are varied in type and level
within different crops depending on their cultivars, the agricultural practices, attack
by pests and climactic conditions (Eldridge and Kwolek, 1983; Losovaya et al,
2007; Howitz and Sinclair, 2008).
Classes
PEs occur naturally in plants and fall into ten groups namely the isoflavones,
coumestans,

flavones,

flavanols,

flavanones,

anthocyanidins,

resorcyclic,

mycoestrogens, stilbens and lignans (Yildis, 2005). Most isofavones are associated
with legumes and especially soya (Kurzer and Xu, 1997; Bingham et al, 1998, Boue
et al, 2011). Coumestrol is found in alfalfa, clovers and lucerne. Lignans are
ubiquitous PEs because they are involved in plant cell walls formation (Kurzer and
Xu, 1997). Significant dietary sources of lignans include flaxseed, sesame seed,
soyabeans, whole grains, fruits and vegetables (Kuhnle et al, 1997; Liggins et al,
1998; Boyle et al, 2003). A more comprehensive list of phytoestrogens is as shown
in below Table 1-3

1.3.1 Isoflavone synthesis in plants
Plants synthesise isoflavonoids during times of adversity such as drought and when
attacked by pests and pathogens (Losovaya et al, 2007; Horwitz and Sinclair, 2008)
as well as in forming plant-microbe symbiotic relationships (Sugiyama et al, 2007).
The amount of isoflavone in the soya bean is influenced by the cultivar and
environment (Eldridge and Kwolek, 1983).
Genistin and daidzin are the most predominant isoflavones in soya beans. In the plant
they are made by conversion of amino acid L- phenylalanine into p-coumaroyl-CoA.
The latter then enters one of the two phenyl propanoid pathways (PP) through
catalystic action of several enzymes (Du et al, 2010).
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Table 1-3 Phytoestrogens and their metabolites (in brackets) Adapted from Yildis, 2005

Phytoestrogens
Non- Flavonoids

Flavonoids
Isoflavones

Coumestans

Lignans

Genistein

Coumestrol

Lariciresinol

Daidzein

4-metoxycoumestrol

Isolariciresinol

(Equol)

Matairesinol

Glycitein

Secoisolariciresinol

(Biochanin A)

(Enterodiol)

Formononetin

(Enterolactone)

Onanin

(Enterodione)

Pronetin

Pinoresinol

Flavones

Resorcvclic Acid Ketones

Apigenin

Mvcoestrogens

Flavanols

Zearolenone

Quercitin

a-zearalenol

Kaepferol

B-zeralenol

Flavanones

Stillbene

Narrigen

Resveratrol

Anthocyanidins
The biosynthesis of genistin and daidzin in soya bean can be summarised as follows;
•

Formation of cinnamic acid through elimination of ammonia from
phenylalanine.

•

Production of an essential metabolite in the phenylpropanoid pathway,
chalcone by the mediation of the enzyme Chalcone synthase (CHS) (which
can be either Type I CHS which catalyses naringenin chalcone or type II
which produces isoliquilitegenin and naringenin chalcone).
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•

CHR (chalcone reductase) helps to synthesize narigennin chalcone which is
converted to corresponding tricyclic (2S)-isoflavones with action by chalcone
isomerase (CHI).

•

Migration of aryl moiety from C2 to C3 position is effected by hydroxylation
catalysed by IPS (isoflavone synthase).

•

HID

(2-hydroxyisoflavone

dehydratase)

catalyses

the

isoflavonoids

framework formation and the isoflavone conjugates are then synthesized in
the

vacuoles

by

help

of

MT

(methyltransferases)

and

GT

(glycosyltranferases) (Du et al, 2010)
Genistin and daidzin are stored in the plant vacuoles in their glycosylated,
malonylated or acetylated conjugates (Due/ al, 2010).
1.3.2

Soya consumption, metabolism and absorption of the phytoestrogens

Soya beans are a good source of isoflavones (Kuhnle et al, 1997) compared to other
legumes, cereal and indeed all tested foods so far. PEs need to be bioavailable in
order to have any bioactive effect. Poor correlations observed between the intake of
PEs and positive or negative effects in individuals may stem from variations in the
metabolism of each individual phytoestrogens (de-Cremoux et al, 2010) as shown in
various studies (Kelly et al, 1998; Bocccardo et al, 2006; Wuttke et al, 2007;
Lampe, et al, 2009).
Most PEs are consumed as glycosides making assimilation in the stomach difficult as
was reported by Setchel et al, 2002, where isoflavone glucosides were not absorbed
and required hydrolysis for subsequent absorption in the small and large intestine.
This is a view shared in two other studies (Piskula et al, 1999; Crespy et al, 2002).
There has however been contradicting reports like where hydrolysis of glucoside has
been found to occur in the stomach and in the saliva (Kelly et al, 1993; Allred et al,
2001). The ability to process gut bacterial enzymes and the kind of compound or
metabolite formed determines the bioavailability of different phytoestrogens (Lampe
et al, 2010). The poor bioavailability and weak estrogenic effect of PEs has also
been attributed to albumin and lipoproteins in the plasma as they are poorly bound to
them (Boulton et al, 1998). Circulating estrogen is bound to glycoproteins such as
sex hormone binding globulin (SHBG) in humans or a-feto protein in rats and mice
(Baker et al, 1998). Only unbound estrogen is biologically effective. In women 2%
of estrogen is unbound and the rest is bound by SHBG (37%) or serum albumin
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(61%). PEs can bind to these carrier proteins at 1000-5000 fold lower affinity than
estradiol (Nagel et ai, 1998) and can also stimulate synthesis of SHBG. This
biological effect in the distribution of PEs can be exploited to regulate the increase
and the uptake of estradiol and responses in target tissues. Gender differences in
bioavailability have been reported in a study which demonstrated that when
4mg/kgbw of genistein to female and male rats the excretion rate was 33 and 67%
respectively (Coldham and Sauer, 2000). This gender difference study concurs with
another study where from an adult population that consumed soymilk (80-120 mg of
daidzein and genistein per day the excretion half life was shorter for women with
time and for men longer (Zang et al, 1999).
Food processing may also impact on PE bioavailability. This is exemplified in
literature where women who consumed tempeh (soya bean cake, originally from
Indonesia, made by fermenting cooked soya beans) had a higher amount of PEs
compared to those who consumed unfermented soya (Hutchins et al, 1995). Altered
bioavailability may also be caused by interconversions of the PEs to less or more
bioavailable forms under different processing conditions (Mathias, 2006).
Metabolism may be endogenous by inherent body enzymes or exogenous by gut
microflora as seen below.
In Endogeneous or Type 1 metabolism the enzymes that undertake Type I
degradation (mainly the deglycosylating and CYP type) are important in PE
assimilation. They are genetics dependent because of their subjectivity to
polymorphism and genetic instability. The enzymes are lactate-phlorizin-hydrolases
and glycosidase in the small intestines liver respectively. CYP enzymes (CYPA1,
CYPA2, CYPA4, CYPA6 and CYPC9) take flavonoids through dehydrogenation,
hydroxylation or 0-demethylation to form various metabolites (Day et al, 1998; Day
et al, 2000; Hu et al, 2003; Piller R et al, 2006; de Cremoux et al, 2010).
Type II Metabolism occurs mainly in the small intestines and involves enzymes
such as glucuronidase and sulfotransferases. Sulfation site in flavonoids may lead to
variability in estrogenicity (O’Leary et al, 2003). Variability amongst individuals in
their ability to metabolise PEs is due to variation of microflora in the gut and due to a
lack of certain enzymes in certain people. This is exemplified by the studies that have
found that only 30-50% of people were found to secrete equol which is a metabolite
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of daidzein in their urine and or blood (Kelly 1995, Hutchins et al, 1995, Setchel et
ai, 1998 and Webb et al.,. 2005 respectively).
Exogenous metabolism involves more than 400 different gut microfloras. Gut
microflora varies with age, diet, food resident time in the intestine, pathological
condition and pH besides other considerations. This variation makes it very hard to
predict the precise outcome of metabolism of PEs (O’Leary et al, 2003; de-Cremoux
et al, 2010). Excretion of PEs from the body is usually via urine and faecal matter.
1.3.3

Health effects of phytoestrogens used in the study

The PEs covered in this study are those found in soya beans and those from non-soya
sources. Their chemical structures and properties are as in Appendix I. In soya bean
55-65% of isoflavones which are the predominant group of PEs consists of genistin
while 30-35% consists of daidzin. The PEs glycitein, glycitin, biochanin A and
formononetin account for < 10% of the isoflavones (Irvene et al, 1998, Kuhnle et
al, 2011). The non-soya sources include the legumes, nuts and in cereals that are
components of soya based weaning gruels. Some study outcomes from experiments
carried out in animals such as CD-mice are included although it should be noted that
mice and most animals discussed are ruminants and human beings are monogastrics
hence their metabolism varies (De Cremoux et al, 2010). For human exposure it is
difficult to measure accurately in urine and serum and control of what the study
subjects consume is difficult to control. (Verkasalo et al, 2001). Ethical issues for
experimenting with human beings also hinders, and rightly so, a lot of data
generation in the area.
1.3.3.1 Isoflavones
1.3.3.1.1 Genistein
This is an aglycone/aglucon molecule of genistin compound, which is its glucoside
precursor. It is found in soya beans and also in legumes, nuts, cereals and vegetables
(Irvene et al, 1998; Kiss et al, 2010; Kuhnle et al, 2011; Cukeli et al, 2011). It has
many health benefits because of its anti-estrogenic, weakly estrogenic, antioxidant
(Vina et al, 2011), anti inflammatory (Chen et al, 2012), ameliorates menopausal
syndrome and cardiovascular diseases (Gencel et al, 2012) and anticancer (Van
Duursen et al, 2011; Setchel et al, 2011; Hess and Igal, 2011; Nakamura et al,
2011; Olberding et al, 2012) activities. It has been implicated in adverse effects such
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as reduced fertility, infertility and other reproductive system malfunctions. Some of
which had transgenerational effects (Jefferson et al., 2002; 2007)
1.3.3.1.2

Genistin

It is a gluco-flavonoid which is a precursor of genistein (Hu et al, 2011). Found in
soya and constitutes 55-65% of isoflavones content in the legume. Orally
administered genistin (6.25, 12.5 or 37.5 mg/kg/day) to Female CD-I mice
(neonatal) caused estrogenic response on neonatal uterus. It altered ovarian
differentiation, delayed vaginal opening and caused abnormal menstrual cycles
(Jefferson et al., 2009). This has implication to young animals as there phase II
metabolism is underdeveloped.
1.3.3.1.3 Daidzein
Daidzein is the aglycone molecule of daidzin compound. It has weak estrogenic and
anti-estrogenic effects. It has been reported to be of help against obesity and
metabolic syndrome (Crespillo et al, 2011; Usui et al, 2012), to aid in
cardiovascular health (Gencel et al, 2012), affect foetal programming of endothelial
function of rat offspring (Bonacassa et al, 2011).
1.3.3.1.4 Daidzin
Found in soya and other seeds and legumes in smaller amounts. In soya it constitutes
30-35% of the total isoflavones in the legume. It has been known to be metabolised
into more active forms in the body and cause estrogenic effects (Jefferson et al,
2002).
1.3.3.1.5

Formononetin

Formononetin is found in a number of plants and herbs such as red clover and soya
(Setchel et al, 1998; Johns et al, 2003; Kunle et al, 2009). Formononetin has been
implicated in neuron protection against hypoxia induced cytotoxicity (Sun et al,
2012), against cardiovascular diseases (Saleh et al, 2011), anti arthritis and promotes
early fracture healing (Huh et al, 2009), ameliorates against chronic fatigue
syndrome (Kuo et al, 2009), oxidative stress (Occhiuto et al, 2009) and accelerates
wound repair (Huh et al, 2011).
1.3.3.1.6 Equal
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It is produced by humans and animals through bacterial enzymes metabolic
reactions, from, daidzein compound (De Cremoux et al, 2010). It is found in animal
secretions as it is a phytoestrogen metabolite such as milk (Antignac et al, 2009).
Equol occurs in enantiomeric forms, S-(-) equol and R-(+) equol, and both have
varying biological actions. They have been implicated in hyperplasia of uterine tissue
(Brown et al, 2010). Equol has been associated with increased inflammatory
response in tested mice (Sakai et al, 2011) and it ameliorates estrogen response bone
loss (Weaver et al, 2011).
1.3.3.1.7 Glycitein
It is a strong oxidizing agent and militates against oxidative stress (Gutierrez-zepeda
2005). Glycitein has anticancer properties (Olberding et al, 2011), is anti obesity
(Orgaard and Jensan, 2008) and is anti stroke (Pan et al, 2001).
1.3.3.2 Flavanone (Apigenin)
Only one flavanone, apigenin, was included in this study. It is found in vegetables,
cereals in green tea mainly but can also be found in soya (Kuhnle et al, 1998;
Antignac et al, 2009). Apigenin is one of the most studied phytoestrogens and many
of its functions have been reported. It has been found to be anti-inflammatory (Chen
et al, 2012), suppresses ovarian cancer (Chen et al, 2012), inhibits pancreatic cancer
(King et al, 2011), inhibits dental carries (Gazzani et al, 2012) and Suppresses
lupus (Kang et al, 2009).
1.3.3.3 Lignans
These are minor components of plant cells. They are mainly found in oily seeds,
especially flaxseed. However they are also found in whole grains, cereals, legumes
and vegetables. Plant lignans include matairesinol and secoisolariresinol. These two
types of lignan are converted into mammalian enterolactone and enterodiol
respectively in the presence of bacteria in the gut (Du et al, 2011).
1.3.3.3.1

Matairesinol

Matairesinol is a lignin and is found in all cell walls of plants and a precursor of the
mammalian lignin metabolite enterodiol. As a lignan its consumption has been
associated with biological effects such as lowering cholesterol (Penalvo and Lopez,
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2012), mitigates against menopausal effects in women (Gil et a!., 2011) and helps
against predisposition to cardiovascular diseases (Gil et al, 2011 and Gencel et ai,
2012).
1.3.3.3.2 Enterodiol
Its presence in plasma and urine has been positively correlated with reduced
cholesterol levels (Penalvo and Lopez, 2012), mitigates against menopausal effects
in women (Gil et al, 2011), is anti cancer (Schultz et al, 2011) and helps against
predisposition to cardiovascular diseases (Gil et al, 2011 and Gencel et al, 2012).
1.3.4

Studies on the endocrine disruptor activity of phytoestrogens

In vivo and in vitro studies have been used to investigate the endocrine disrupting
activity of PEs. Epidemiological and experimental data support the fact that dietary
estrogens from plant sources may have beneficial health effects which include
improved cardiovascular health, obesity management, in amelioration of high fat diet
induced non-alcoholic steatohepatitis and in bone health (Ali et al, 2004; Azadbakht
et al, 2007; Legette et al, 2011; Wang et al, 2011; Kunle et al, 2011; Huang et al,
2011; Mabrok, 2012). On the other hand PEs have been reported to induce adverse
effects such as disrupting the female reproductive system, inducing premature
thelarch and causing cancers (Akingbemi et al, 2007; Jefferson et al, 2007; Zung et
al, 2008; Damdimopoulou et al, 2011). Other studies have found no evidence that
PEs are EDCs. For example, there was no effect on the male reproductive system, no
amelioration of metabolic and inflammatory parameters in androgen deficient men
who had prostate cancers and also no behavioural changes in children fed soya (Jing
et al, 2008; Hamilton-reeves et al, 2010; Napora et al, 2011).
1.3.5

Health concerns of soya based weaning foods and their effects on infants
and young children

The concern that PEs may perturb the endocrine system of infants has been of public
concern since early studies indicated that soya component of a captive cheetahs’ diet
was causing an estrogenic effect and was probable cause for their decreased fertility
(Setchel et al, 1987). Babies are particularly at risk if they are weaned on a food rich
in PEs especially boys as they have a critical window of sensitivity to EDC
concerning their sexual development as seen in Figure 1.1b. The same reasons for
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concern on estrogenic and androgenic effects as those discussed in section 1.2.3.1 of
this chapter apply to the effect of PEs. Some factors which influence infants’
susceptibility to EDC effects of PE include their high energy needs and the need to
frequently feed the baby on the soya based gruel/food in order to meet their high
energy needs. Taking account of some of the more active isoflavones genistein and
daidzein peak in plasma at 5-6h and can persist in the body for up to 24h the risk of
bioaccumulation of the offending compounds to detectable or toxic levels
(micromolar levels for most PEs) becomes a reality (Setchel et ai, 2011).
Endocrine disruption pertaining to interference or inadequate production of
androgens or the balance between the estrogens and androgens has been found to
influence masculinisation of the male rat (Williams et ai, 2001a). Severity of effects
varies with the extent of the interference. Mild interference may manifest in
adulthood as it may have affected sexual differentiation while the more severe will
cause hypospadias and cryptochidism (Steinhardt, 2004). Sperm production and
fertility in the future can also be affected by phytoestrogens or other estrogenic
compounds at this time (foetal /neonatal) as sertoli cells proliferate at that time and
when an upsurge of neonatal testosterone occurs, the effect may be greater
(Atanassova et ai, 1999). The female foetus /or neonate is also vulnerable to having
their reproductive systems altered (Russo et al, 1990).
1.3.5.1 Studies linking possible effects of phytoestrogens found in soya to babies
The earlier view that PEs in soya foods may not be as bioavailable in children has
been refuted (Halm et ai, 2007).The risk benefit analysis of PEs is still controversial
with as many studies finding no concern or inconclusive results (Bembaum et ai,
2008); Gilchrist et al, 2009) as those that find adverse biological effects that may
cause concern (; Jefferson et ai, 2002, 2005, 2006; Kouki et al, 2003; Decklose et
al, 2009).
There is evidence of the clinical effects of PEs and soya milk/soyaflour on animal
and children’s development. With regard to PEs some studies have been carried out
to establish possible linkages between PEs and the function and characteristics of
selected reproductive tissues. Oral exposure to genistin, (6.25-37.5mg/kg/day), the
glycosylated form of genistein, adversely affected the development of the female
reproductive system during neonatal stages (Jefferson et al, 2009). In the said study
it was also established that infants fed foods (containing genistin) had high levels of
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genistein in their plasma which meant that the genistin was readily absorbed,
hydrolyzed and circulated in the infants’ body. Orally administered genistin was
found to cause an estrogenic response in the neonatal uterus but that of genistein (2575mg/kg/day) was much weaker. Various studies have reported significant effects on
babies through soya consumption. For example, Bembaum et al, 2008, study, found
that PEs had a preserving effect on infantile breast tissue leading to a slower waning
of the tissue after birth. Infant breast tissue is prominent at birth, probably due to
maternal estrogens, but wanes with time. This study showed that all babies had
maximal breast tissue at birth, which waned as children grew older, but for soya fed
babies there seemed to be re-estrogenisation at 6 months. On the contrary, a study by
Gilchrist et al, 2009 showed that there was no evidence of differences in breast-bud
size, uterus, prostrate and testicular volumes in four month old soya fed infants and
that of infants not fed soya.
High serum isoflavone concentrations (30-70nM) after oral administration of 0.1- 2g
/kg/ diet of daidzein was found to correlate well with the risk of precocious puberty
in Korean girls (Kim et al, 2011). A more comprehensive list of studies on infants
exposed to soya formula and the major findings has been compiled in a report by Me
Carver et al, 2011. However, this data is of limited utility due to experimental
design limitations such as a small sample size. Another study that had some babies in
their samples found that found no hormonal and metabolic disorders after feeding
soy protein formula to children (7-96moths) for six months. None of the enrolled
girls showed signs of precocious puberty and none of the boys presented
gynecomastia; bone age was within the normal range. The serum level of pertinent
enzymes and hormones were normal as were the urinary biomarkers (Giampietro et
al, 2004).
Animal studies that have been conducted using soya PEs in determining the effect on
sexual tissues, with possible extrapolation to human babies, have found adverse
toxicological effects. Observations include altered ovarian differentiation, delayed
vaginal opening, affected menstrual cycle and delayed parturition in mice that were
fed either with 6.25-37.5mg/kg/day of genistin or with genistein at the rate of 2575mg/kg/day. In the same study another group of mice were injected with 12.525mg/kg/day of genistein. Genistein has also been found to cause reproductive tract
cancer in other studies (Jefferson et al, 2002, 2005, 2006; Kouki et al, 2003; Chen
et al, 2007; Decklose et al, 2009). A study by Doerge et al, (2002), in which rats
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were injected with 50 mg/kg/day of genistein, showed that the rats were found to
have plasma levels of genistein at 1836 ng/ml. More adverse effects on the
reproductive system of rats were observed at this level than when lower doses of 0.5
and 5 mg/kgbw of genistein were administered (Jefferson et ai, 2002, 2005).
However, extrapolation of this data to potential effects on babies is difficult due to
the difference in exposure routes, injection in rats while exposure in infants would be
via feeding (orally) babies. Circulating levels of genistein in the neonate regardless
of the dose has been found to predict future negative impacts on the female
reproductive system; maximum administered dose 50mg/kgbw (Jefferson and
Williams, 2011). Another recent study found that soya and milk protein supplements
(normal amount of feed - not specifically quantified) modulate mammary gland
development in pre-pubertal mice (Alston-Mills et ai, 2011). An effect on ER of the
liver observed differential effect of pure isoflavones (daidzein 3.8mg/kg/day and
genistein 5mg/kg/day) and soyamilk (11.5mg/kg/day) on estrogen receptor activity in
mice; they concluded that acute oral administration of genistein or soyamilk caused a
significant increase of ER activity and could lead to adverse effects especially to
children (Rando et ai, 2009).
1.4

Methods

used

to

analyse

endocrine

disruptive

properties

of

phytoestrogens
Introduction
Isolation and analysis of PEs and their metabolites is challenging due to the
similarity of structures and chemical properties. They are also found at nano-molar
(nM) and micro-molar (pM) concentration ranges in various matrices such as plants,
foodstuffs and body fluids, for example, serum and urine. Concentrations vary and
depend on sample and method of analysis. The general extraction method used for
most physico-chemical methods involves extraction with organic solvent. This may
be after hydrolysing the biological sample with acid and/or enzymes after addition of
internal standards in order to account for recovery of the process and determine the
process

efficiency

for

quantification

chromatographically separated and analysed.
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reasons.

The

extracts

are

then

1.4.1

Analysis of phytoestrogens using bioassays

1.4.1.1 In vivo Bioassays
Introduction to bioassays
Bioassays have evolved over time to include many examples such as the use of in
vivo man (food tasters), whole animals (canaries in mines to detect poison), through
to in vitro, tissue culture and cell based assays and eventually the use of structure
activity in Enzyme-linked immunosorbent assays ( ELISAs). In this section the main
bioassays used in the detection and study of EDC are discussed. The bioassays vary
from in vivo where animals mainly rodents are utilised (See Table 1-4 below )
showing the various endpoints used to assess EDC effects of PEs) to in vitro where
cell proliferation assays, receptor binding, reporter-receptor transcription activation
assays in yeast and mammalian cells are covered with advantages and limitations
expressed. Steroidogenesis assays are also mentioned.
In vivo bioassays have the advantage of determining the overall biological effect in
an organism because it allows for examination of interaction of the cells in the
context of the surrounding tissues and the entire endocrine system. The effects take
account of the absorption, disposition, metabolism and excretion of the compound.
The limitations of these bioassays are that they are expensive and require animal
sacrifice. They are not as easy to handle and complex experimental designs are
cumbersome if not impossible to execute compared to in vitro bioassays as discussed
in sections following. An example of in vivo assay is the uterotrophic assay which
measures uterine growth in response to PE in rodents. However the limitations of this
assay include the fact that it measures the estrogenic effect in that one tissue. The
potency values are dependent on the species and even strain of the animal, route of
administration of the PE, hormonal status of the animal and stage of development
and diet of the animal (Whitten and Patisaul; 2001).
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Table 1-4 End points in in vivo assays

End Point in
females

Estrogenic response assessed

References

Development of
estrogen sensitive
tissues
Hormone
concentrations
Age of puberty

Increase in uterine weight such as
in uterotrophic assay.

Milligan et a/., 1998;
Ashby et al, 2000

Alterations of hormone
concentrations
Advancement of day of vaginal
opening and /or first estrus
Alteration in estrus cycle length
Stimulation of growth as in early
development of mammary tissue

Hobson eta/., 1995;
Register et a/., 1995
Ashby et al, 2000

Estrus cycle length
Cell differentiation

Histopathological
changes

Gene expression

Cell proliferation

Proliferation of differentiation of
estrogen sensitive cells e.g.
epithethial comification of the
endometrium.
Stimulation of expression of an
estrogen responsive gene such as
uterine peroxidise estrogen
receptor expression.
Stimulation of cell proliferation in
estrogen sensitive tissues (e.g.
mammary gland)

Whitten et a/., 1995
Tou and Thompson,
1995; Hilakivi-Clarke et
al1999
Galey eta/., 1993

FSA project report
T05005

Arts et al, 1992, Wang
eta/., 1995

End Point in males
Development of
estrogen sensitive
tissues
Hormone
concentrations
Age of puberty
Gene expression

Decreased organ weight such as
those of testis and prostate gland
Alteration of hormones such as
testosterone, leutenising hormone
and follicle stimulating hormones.
Alteration in the day of preputial
separation.
Stimulation of expression of
estrogen responsive genes such as
prostatic c-fos, estrogen receptor
expression

Strauss et a/., 1998
Atanassova et al, 2000
FSA project report
T05005
Nagao et al, 2001
Strauss eta/., 1998

1.4.1.2 In vitro Bioassays for Estrogens and Androgens

1.4.1.2.1 Receptor Binding A ssays
These methods usually use radiolabels and fluorescence based methods. Competitive
ligand binding assays though rapid and easy to perform only determines the strength
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of the binding and not activation of the receptor. An example is the estrogen receptor
binding assays which provide a quantitative indication of how the PE activity
compares with that of estradiol hormone in estrogen receptors. Their results are given
as relative binding affinities (RJBA) which is the concentration required to inhibit
estradiol binding by 50% or IC50 (Matsumura et al, 2005). In the study by
Matsumura and colleagues, the relative binding of the individual PEs to oestrogen
receptor (ER) of MCF7 cell was calculated from the molar excess required for 50%
inhibition of [’H] oestradiol binding (IC50).
The RBA assays offer a chance to choose receptor subtype and isoforms. They can
therefore not distinguish between an agonist and an antagonist. Competitive binding
assays using cytosol or whole cell preparations suffer from cross-talk with other
nuclear receptors present in the homogenate such as the progesterone receptors. To
improve on this binding assays recombinant receptor protein have been used and
these do not usually suffer the artifact (Bovee et al, 2008). PEs bioactivity has been
analysed by this method in various studies (Stevens et al, 1994; Ohno et al, 2003;
Suzuki et al, 2003; Kobayashi et al, 2004; Overk et al, 2005; Michel et al, 2010;
Hegazy et al, 2011).
1.4.1.2.2 Transcription Activation Assays
These detect compounds having an affinity for a given receptor (Garcia- Reyero et
al, 2002) by measuring hormonal activity through a reporter gene that is constructed
into the cell line by genetic modification techniques. They have the advantage that
they can distinguish between an agonist and an antagonist.
Transcription Activation Assays for Estrogens
They fall under two main groups; the yeast based assays and the mammalian based
assays. Each has their advantages and disadvantages.
Yeast based transcription activation assays have been used to determine the
estrogen potency of compounds and environmental samples (Gaido et al, 1997,
Graumann et al, 1999). They are advantageous to work with as they are fast and
uncomplicated and hence suitable for high throughput utility. Yeast based assays
were originally depended on an extra chromosomal reporter construct with (3galactosidase as a substrate based reporter protein.
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Table 1-5 In vitro bioassays for estrogenic activity

Type/name

Cells

Proliferation assay
E screen
MCF
Mammalian reporter gene assays
MVLN
MCF-7
ER-CALUX
T47D
None
CHO

Modifications

References

None

Soto et a/.,(1992)

ERE-CAT
ERE-Luc
RO-Luc

Pons et al,(\990)
Legler et al (1999)
Schoonen et al,
(2000)
Rogers and Denison
(2000)
Paris et al, (2002)
Paris et al, (2002
Willemsen
et
a/., (2004)
Sonneveld et al,
(2005)

Lumicell

BG-1

ERE-Luc

HELNa
HELNp
MMV-Luc

HeLa
HeLa
MCF-7

hERa, ERE-Luc
hERP, ERE-Luc
MAR-Vit-Luc

ER-CALUX new

U2-OS

hERa, ERE-Luc

Yeast reporter gene assays
None
Yeast
Yeast
Yeast
Yeast

hERa(CUPl
MT)
ERE-LacZ
hERa, ERE-LacZ
hERa, ERE-LacZ
hERa, ERE-LacZ

Pham et a/., (1992)

Petit et al,(1995)
Amould et al,(1996)
Routledge
and
Sumpter (1996)
REA(ER)
Yeast
hERa, ERE-yEGFP
Bovee et al,(2004)
REA(ER)
Yeast
hERp, ERE-yEGFP
Bovee et al,(2004)
None
Yeast
hERp, ERE-yEGFP
Leskinen
et al,
(2005)
None
Yeast
hERa,ERE-Luc
Leskinen
et al,
(2005)
Then luciferase was introduced. Examples of these include the YES (Yeast estrogen
None
None
YES

Screen) (Pham et al, 1992, Routledge and Sumpter 1996). The yeast cell is
disadvantageous because it is difficult for the cells to release the |3-galactosidase or
the luciferase reporter protein following exposure. As a result large variations in the
results have been noted (Bovee et al, 2004a). The assay has been improved by use of
intact yeast cells in yEGFP (yeast enhanced green fluorescent protein) assay. In this
assay both hERa gene receptor and ERE-yEGFP (Estrogen response driven construct
were stably introduced in the yeast genome. The advanced yeast based assay yEGFP
(yeast enhanced green fluorescent protein) is advantageous to work with as it utilizes
unlysed cells and can be followed as a function of time. It is also easier, quicker and
cheaper than the assay type that requires cells to be lysed (Bovee et al, 2007). A
yeast bioassay hERp and one with both hERa and hERp have also been developed
(Bovee et al, 2004b).
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Limitations of the yeast based assay include its inability to show antagonistic
activities in some known antagonists (e.g. tamoxifen and 4-hydroxytamoxifen) and
instead the two were expressing agonism (Legler et al, 2002) this was because they
are selective estrogen receptor modulators (SERMS) and not pure antagonists. Other
compounds e.g. benzo -a pyrene and fenarimol were found to be inactive in yeasts
and yet are agonists in transiently transfected humanMCF-7 cells (Fang et al, 2000).
This was attributed to the compounds being able to pass through the cell wall and
was pumped out before binding to the receptor (Egner et al, 1998; Tutulan-Cunita et
al, 2005).
Mammalian cell based transcription activation assays are rapid, easy to handle
and easily manipulated regarding quantities of compound tested and complex study
designs (Willemsen et al, 2004; Connolly et al, 2009). They are more sensitive,
specific and relevant to humans compared to the yeast based assays. This is because
they are able to identify compounds that require human metabolism for activation
into their active state. They can be used to investigate tissue specific response. On
the other hand they are unable to detect a compound if the metabolism detoxifies or
renders the compound inactive (Tabb and Blumberg, 2006).
Examples of mammalian transcription activation bioassays for the study of
hormonal mechanisms and determination of endocrine disruptive ability of
compounds include the MVLN assay (Pons et al, 1990) based on a breast carcinoma
cell line that already expresses the ER and has been modified with the ERE receptor
construct. Other examples include the ER CALUX (chemical activated luciferase
gene expression assay (Legler et al, 1999) and MMV-Luc assay (Willemson et al,
2004). The disadvantage of such cell lines is that other indigenous receptors in the
cell may affect the responses detected, thus making mammalian cell lines less robust
due to cross talk between the receptor being tested and other endogenous receptors.
The solution to this cross talk in human cells is to introduce a receptor and receptor
construct into a non-steroid expressing cells for example ER CALUX based on
osteosarcoma cell line U2-OS (Sonneveld et al, 2005).
Interest in the androgen receptor stems from the fact that abnormal sex development
in populations living around intensive farming areas and paper mills had been linked
to it (Lemaire et al, 2004). Other cases involving

androgens are toxicological

effects that lead to testicular cancer, hypospadias, cryptochidism, poor sperm quality
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(Skakkebaek et al, 2006)

and prepubertal gynecomastia due to estrogenic and

androgenic effects of tea tree oil and isoflavones (Henly et al, 2007; Kim et al,
2011). The yeast does not have endogenous steroid hormone receptors that can cross
talk with the implanted AR or ARE (androgen receptor elements) constructs.
Mammalian assays suffer the disadvantage of their AREs being activated via the
progesterone (PR) and glucocorticoid (GR) receptors (Haelens et al., 2003; Shaffer et
al, 2004; Brodie and McEwan, 2005). The TM-Luc T47-D (Willemson et al, 2004)
also suffers from cross talk with GR and PR. CHO (Chinese Hamster Ovary)-AR is
more specific for androgens (Schoonen et al, 1999) because it contains onapristone,
which is a non dimerizing progesterone receptor (PR) and glucocorticoid receptor
(GR). The AR- CALUX construct from U2-OS human osteosarcoma cells is even
better because there are no indigenous PR and GR in these bone cells.
This cross talk is exemplified in a study where 17p-estradiol was applied to a yeast
androgen bioassay where it gave a full estrogen dose response. The same response
was observed with progesterone (Svobodova et al, 2009; Bovee et al, 2010).

A summary of bioassays used for the detection and study of androgenic activity is
presented in Table 1.6
Table 1-6 In vitro bioassays for androgenic activity

Type/name
Cells
Proliferation assay
A- screen
MCF
Mammalian reporter gene assays
None
CHO

Modifications

Ref

hAR

Szelei et a/.,(1997)

hAR, MMTV-Luc

TARM-Luc

T47D

hAR, MMTV-Luc

TM-Luc

T47D

MMTV-Luc

AR-CALUX new

U2-OS

hAR, ARE-Luc

Schoonen et
(2000)
Willemsen
a/. ,(2004
Willemsen
a/.,(2002)
Sonneveld et
(2006a)

Yeast reporter gene assays
Yeast
Androgen Yeast
bioassay
None
Yeast
RAA

Yeast

al,
et
et
al,

hARa(CUPl
MT) Gaido et a/., (1997)
ARE-LacZ
hAR, ARE-Luc
Michelini
et
a/., (2005)
Bovee et a/., (2007a)
hAR, ARE-YEGFP

36

Use of luciferase in reporter gene assays which measures transactivational
potential
Reporter Gene Assays (RGA) measures the regulatory potential of a ligand by
employing a promoter sequence to an easily detectable reporter gene such as that
encoding for the firefly beetle (Photinus pyralis) luciferase. The advantages of
luciferase enzymes are that they are relatively inexpensive, versatile, fast acting are
not found in most cell types amongst eukaryotic cells and prokaryotic cells (Nguyen,
1988). The protein requires no posttranslational modification for enzyme activity and
is non-toxic even in higher concentration hence can be used with most cells. The
bioluminescent oxidation of the luciferin (in the transfected cells), is catalysed by the
luciferase enzyme in the presence of ATP, Magnesium and oxygen, as shown in
figure 4.7.

Mg2*

pp
HO

OH

Luciferyl»AMP

Lucifery|«AMP

+ 02

Oxyluciferin

Figure 1-10 Luciferase reactions (Promega 2005).

Luciferase catalyses the oxidative carboxylation of luciferin at the optimal pH of 7.8
and light emission peak of 562nm. For measurement of expressed luciferase activity
in vitro, luciferase is extracted from transfected cells through cell lysis and
luminescence reaction is triggered by injection with luciferin and the emitted light
recorded.
1.4.1.2.3 Cell proliferation assays
The first in-vitro cell proliferation bioassay used to detect estrogenic compounds in
food extracts samples was the E-Screen (Soto et al, 1995). The assay is based on the
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estrogen responsive MCF-7 breast cancer cell line. These cells underwent increased
proliferation when exposed to ER agonist (Soto et al, 1995, 2006). It is an easy
method, can quantify potency and can distinguish between agonist and antagonists
(COT-Report on PEs, 2003). It has the disadvantage of co-expressing androgen,
progesterone and glucocorticoid and retinoid receptors hence running the risk of
compromising the results if the extracts have compounds that can bind to other
receptors (Willemsen et al., 2002). Hence cell proliferation may occur independent
of the ER. Another limitation is that it takes days and hence not as suitable for high
throughput as conveniently as cell binding transcription activation assays. Lastly
different cell lines differ in their responses. Various other studies have exploited this
method to analyse PEs (Mousavi and Adlercreutz, 1992; Sathyamoorthy and Wang,
1997; Lee et al, 2011; Onoda et al, 2011; Reiter et al, 2011; Seo et al, 2011).
1.4.1.2.4 Steroidogenesis assays
EDCs may elicit effect by changing the hormone levels. An example is the H295R
assay. The adrenocortical carcinoma cell line (H295R) which was derived from a
human adrenal carcinoma, has all the enzymes necessary for producing hormones.
The cells maintain the ability to express all the genes needed for production of these
enzymes (Gazdar et al, 1990). The H295R elucidate on modes of action for various
compounds. This H295R model can be used as a model for endocrine disruption and
a good tool for pre-screening (Blaha et al, 2006; Gracia et al, 2007). It has better
consistency and reproducibility compared to fish models as an endocrine disruptive
screening tool (Villeneuve et al, 2007).
Another assay affecting hormone levels is the aromatase enzyme assay (Sanderson et
al, 2000) which plays a part in metabolism of androgens to estrogens. Several
compounds can activate or inhibit the activity of this enzyme and hence are
endocrine disrupters as demonstrated in H295R and rat RC leydig cells in H295R
(Henewaeer et al, 2004).
More examples have already been given in section 1.2.3.5 in general EDCs section.
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1.4.1.2.5 Ah-receptor Assays
These are found in the cytosol and move into the nucleus upon ligand binding. They
are found in nearly all tissues and organs in different species pointing towards an
important albeit unknown function in the life cycle processes in the body (Bovee,
2009).

1.4.2 Analysis of PEs using hormone sensitive gene profiles
These novel methods enable gene expression to be identified at earlier transcription
levels which cause gene mutations. These can also be caused by DNA-methylation
and chromatin remodelling. DNA microarrays have been used to characterise genetic
responses to PEs and

predict effects and discover the sources of and/ or new

materials (Ise et al, 2005; Dip et al, 2008; Damdimopoulo et al, 2011). Other
techniques include RNA sequencing and amplified fragment length polymorphisms
(cDNA-AFLP). Real-Time Polymerase Chain Reaction (Real-Time PCR) allows for
simultaneous quantification of specific DNA or RNA molecule. Real- Time PCR has
been used to analyse PEs (Dang et al., 2004; Yuen et al, 2008; Przemyslaw 2010).
1.4.3

Immunoassays

Immunoassays have been developed for analysing daidzein, genistein and a lignan
metabolite. This is by use of polyclonal antibodies raised against those of PEs.
Quantification is achieved using competitive assays incorporating fluorescent- or
radiolabelled PEs (Adlercreutz et al, 1998; 1998; Uehara et al, 2000). These assays
are as sensitive as, but take shorter time and fewer resources than GC- or LCMS
based methods and allow rapid analysis of large numbers of samples (Uehara et al,
2000). One disadvantage is that the antibodies are not completely specific and crossreact with other PEs (Adlercreutz et al, 1998; Wang et al, 2000). They may also
cross-react with other similar compounds, such as steroids, in biological samples

1.4.4 Physico-chemical methods used to analyse for phytoestrogens
Gas Chromatograpv and liquid chromatography methods

The most common physical chemical methods for analysis of PEs include reverse
phase high performance liquid chromatography with ultraviolet detection (HPLCUVD) (Wang et al, 1990; Coward et al, 1998; Nakamura et al, 2000) and GC-MS
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(Poulsen, 2009). The PEs in a solution are passed through a column tightly packed
with solids. Separation occurs due to the differential interaction of the PEs with the
mobile and stationary phase. Advantages include the fact that it is fast, the
instrumentation and quantification can be automated and it allows stationary columns
to be reused. Disadvantages include the fact that it is complex, expensive, some PE
may be adsorbed irreversibly and co-elution may be difficult to detect.
The novel ones that have been used to analyse PEs include Gas chromatography
Electron Capture Detection (GC-ECD) (Cukeli et al, 2011) HPLC- MS (Antignac et
al, 2009), Ultra performance liquid chromatography UPLC-MS, and GC-MS/MS
(Nielsen-2012). All this work on the same principal of the PEs differentially
interacting with two phases as it passes through a column. The advantages with the
novel methods are that they have higher sensitivities, don’t have much matrix effects
problem such as co elution of PEs and are fast. The disadvantages are that they are
expensive, require specialized knowledge and as for the GC volatilisation and
thermal stability of the PE are required.
1.4.4.1 Analysis of Phytoestrogens by UPLC-MS/MS
UPLC is an EC that dates back to the early 2000s in which high pressure i.e. up to
15000 psi (1000 bar), enables columns packed with sub 2 pM particles to be operated
at high linear velocity (Wren and Tchelitcheff, 2006). The column is packed with
porous particles which have more surface area and can resist high back pressure. The
UPLC principle is dictated by the well known van Deemter equation (Snyder and
Kirkland, 1979).

H=A+-+Cxu
u

Which is an empirical formula linking the linear velocity of the mobile phase to the
plate height in the column (figure 6.1). H is the plate height and u is the average
velocity of the mobile phase. A (Eddy diffusion or packing term), B (longitudinal
diffusion) and C (resistance to mass transfer) are factors which are related to the
physico-chemical parameters of the column as well as the experimental conditions. If
H is expressed in cm, A also will be in cm, B in cm2 and C is measured in cm/s.
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According to the van Deemter equation, as the particle size of the stationary phase
decreases to less than 2.5 pM, the efficiency of the column increases significantly
(Swartz, 2005). The efficiency of the column, reported as the number of theoretical
plates, is defined as the mechanical separation power of the column which is
determined by the length and particle size of the column (Arsenault and McDonald,
2007). Reducing the particle size from 5 to 1.7 pM increases efficiency 3-fold and
speed at 1.7-fold which increases the resolution of the analysis. Sensitivity increases
because of the reduced band spreading during separation, the analyte will be more
concentrated at the detection point (Plumb et al., 2004). Resolution, a measure of the
efficiency of column, increases, because it is proportional to the square root of the
column efficiency expressed as N. UPLC uses lower flow rate, less injection volume,
has reduced matrix effects, shows less carry over effects, is sensitive, fast and robust
(Novakova et al., 2006; Swartz, 2005; van de Steene and Lambert, 2008).
1.4.4.2 Mass Spectrometry
Mass spectrometry (MS) is a detection or identification method involving the
formation of charged species (ions) that are separated based on their mass to charge
(m/z) ratio using electric or magnetic fields (Constanatin and Schnell, 1990).
Ionisation of the sample species takes place in a chamber of the MS which is known
as the ion source as shown (de Hoffmann, 2002). It has a heated filament that gives
off electrons. The electrons accelerating towards the anode; collide with gaseous
sample molecules injected into the source.
Electrospray ionization (ESI) involves passing a solution of sample through a metal
capillary within an electric field created by a potential difference of 3-6 kV between
the capillary and the counter-electrode. This will result to electric fields of the order
of 10ft V nf1 at atmospheric pressure. This field induces a clouding of charge at the
surface located at the end of the capillary, which will break to form highly charged
droplets. Operation of ESI at an atmospheric pressure results in high efficiency of
ionisation about 1000 - 10000 times greater compared to a reduced-pressure solvent.
(Hoffmann and Stroobant, 2002). The solution is then converted into a fine aerosol of
highly charged droplets of analyte and solvent. Depending on the polarity of the
voltage used, droplet trapping the ionised analyte will be positively or negatively
charged (Politi et al, 2006). Afterwards, the solvent is lost from the droplet resulting
in a decrease in size of the droplet, thus the charge exists on the sample species only
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(Hoffmann and Stroobant, 2002). The desolvation happens as a result of heated
capillary or by use of skimmers and hot nitrogen curtain.
The ions formed by the ion source are passed into the mass analysers of the
instrument for separation according to their mass charge ratio. Maiss analysers are
generally divided into two classes, i.e., magnetic and non-magnetic analysers such as
the quadrupole.
The quadrupole mass analyser is the most commonly used analyser because it is
cheaper, smaller, lighter, more robust and more accurate compared to magnetic
analysers (Barker, 2000). The quadrupole mass analyser involves four cylindrical
metal rods which sit perfectly parallel between an ion source and a detector (Barker,
2000; de Hoffmann and Strooband, 2002). The quadrupole is operated with an
electric field which is created using an oscillating radio frequency (RF) voltage and a
constant direct current (DC) voltage (Robinson et a/., 2005). Only ions with a certain
m/z determined by the operator can pass through the quadrupole and reach the
detector. The other ions possessing a mass charge ratio out of the selected range will
collide with the rods.
The ions pass through mass analysers and are then detected and transformed into a
signal by a detector. Detectors can be classified into two:
(a)

The photographic plate and Faraday cage which allow direct measurement of
the charges that reach the detector

(b)

Photon multiplier detectors or array detectors which increase the intensity of
the signal before the measuring

1.4.4.3 Tandem Mass Spectrometer (MS/MS)
Mass spectrometers with two or three mass analysers in a series have been developed
for ions fragmentations, because spectral obtained from ESI and MALDI contains
the ionised molecule with little data of fragmentations to be used for structural study
(Rouessac and Rouessac, 2007). MS/MS involves a combination of two mass
analysers which are separated by a collision cell. The first mass analyser is used to
purity the species of interest and the second one is for analysing and recording the
purification fragments produced in the collision cell as a result of a bombarding with
a collision gas. The kinetic energy of ions is converted to vibration energy and ions
fragments (CID, collision induced dissociation) scanned (Rouessac and Rouessac,
2007). The possible S/MS scan modes are as follows:
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•

Parent (or precursor) ion scan: The first mass analyser is scanned over the
mass range. The mass analysed ions are transmitted to the collision cell where
they collide with an inert gas (nitrogen or argon). The second mass analyser
is set to a selected mass to charge ratio allowing transferring only those ions
to detector. The detector signal is the result of all parent ions that could
fragment to a common product ion (Rouessac and Rouessac, 2007).

•

Daughter (or product) ion involves passing only the ion of a specific m/z
value (selected parent ion) into the collision cell. In the collision chamber the
selected ion collides with inert gas and fragments. The second mass analyser
scans ad records the resulting fragments product (daughter) ions (Robinson et
al„ 2005).

•

Selected reactions monitoring (SRM) mode involves selection of a parent ion
by the first quadrupole which is then directed to the collision cell. Similarly,
the second quadrupole transmits the selected product ion associated with
parent ion (Politi et al., 2006). This method can be performed as single
reaction monitoring (SRM) and multiple reactions monitoring (MRM). SRM
is used for monitoring one specific ion transition while in the MRM more
than ion transition is monitored simultaneously (Politi et al., 2006).

1.5

Phytoestrogens Estimations

Exposure assessment is a measure of the amount of hazard to which a person or
organism is exposed, or the likelihood of being exposed and is a means of assessing
risk, where:
Risk = hazard x exposure (Thomson, 2010).
External exposure enables identification of the food source and the impact of various
diets on exposure. For a food borne hazard, exposure requires knowledge of the
levels of the chemical in the food and amounts of the relevant foods consumed.
Three phases of dietary assessment include measuring food intakes, converting food
intakes to observed intakes of nutrients and anti-nutrients and, lastly, evaluating
nutrient adequacy (Gibson et al., 2003).
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1.5.1

Food intake measurements

Food intakes can be measured using the quantitative method such as use of 24hr
recalls or food records. Qualitative methods involve food frequency questionnaire
and dietary history (both providing retrospective information for an imprecise time
span) but need modification to give data on nutrient intake assessment.
Three defined study objectives to use so as to determine food intake method to use is
as follows
•

Assessing mean intake of a group ( Only a single recall is required) provided
all the days of the week are represented in the final sample)

•

When information on the prevalence of inadequate intakes within study group
is required then at least two independent recalls are necessary

•

Finally to determine between intake and laboratory or functional health
outcomes multiple recalls are necessary. The number of days will depend on
the intra subject variation in nutrient intake. Alternatively usual nutrient
intakes based on semi-quantitative FFQ or dietary history can be collected
(Gibson and Ferguson, 1999).

The most intake measuring method used is the weighed food method and 24hr recall.
After data collection on food intake, data can be converted into nutrient and anti
nutrient intake by use of a known food database. This for third world countries is the
World Food Dietary Assessment System, developed by university of California at
Berkeley. It contains values of 53 nutrients and associated components and dietary
fibre for 1800 foods consumed in Egypt, Kenya, Mexico, Senegal, India and
Indonesia as well as a computer package for calculation of nutrients and energy
intakes (Gibson et al, 2003).
Ideally, concentration and consumption data are derived for the population group of
interest. For EDC the information is not available and researchers have had to
combine international concentration data with consumption data for consumers from
a different country to give estimate of exposure (Thomson et al, 2003; Johannot and
Somerset, 2005; Rossi et al, 2006). In this studies where exposure data were
reported as mg or pg/day; they were normalized to body weight (Thomson, 2010).
In a study by (Bakta et al, 2005) Food frequency questionnaires have been found to
be a valid indicator of the usual intake of PEs by south Asian women in the UK.
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1.5.2

Phytoestrogens estimation in literature

Genistein and daidzein are PEs in the isoflavone group which predominate the
bioactivity observed in soya and in legumes. They are often present as glucoside
conjugates in plants and foods and readily de-conjugated into genistein and daidzein
by saliva in the mouth and gut microflora. Exposure to genistein and daidzein varies
from region to region with a span of three orders of magnitude globally, more
quantities being observed in the Asian diets and less in the western diet. In adult
populations this ranges from 3-500pg/kgbw/day as determined by a wide range of
researchers (Kirk et al, 1999; Uehara et al, 2000; Arai et al, 2000; De Kleijn et al,
2001; Greendale et al, 2002; Mulligan et al, 2002; Clark et al 2003; van Erp-Baart
et a/.,2003; Thomson et al., 2003; Grace et al, 2004; Clarke and Lloyd 2004;
Thomson, 2005 Surh et al, 2006; Lee et al, 2007; Mulligan et al, 2007). In soyabased milk formula infants and young children have been found to be exposed at 41 Img/kgbw/day (Setchel et al, 1998).
Exposure to estrogenic EDC which is usually expressed as EQ (Estrogen equivalents
in food is a pragmatic way to assess the multitude of mechanistic effects of EDCs
(Huang et al, 2007).
1.6

Appropriate statistical testing that is for assessing endocrine disrupting
properties of phytoestrogens and in risk assessment as used in this study
There are various statistical tests employed for assays meant to determine potential

and actual endocrine disruption activity as tabulated below (See Table 1.7 and 1.8
below).
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1.7

Effect of heat and storage conditions on phytoestrogens

Effects of processing, heat treatments, storage of soya/soya products or PEs has been
investigated by various researchers but none-has gone ahead to look at it from a
bioactivity point of view. Studies that have looked at isoflavone extraction methods
in various food matrices concur that the extraction method is temperature dependent
(Coward et al, 1998; Prabhakaran et al, 2006; Biesaga , 2012) and the same
conclusion for treating PE compounds at various temperatures.(Xu, et al, 2002;
Stintzing et al, 2006; Yue, et al, 2010).
Details of the studies on heating and storing of PEs are in the relevant chapter 3.
1.8

The use of soya based weaning flours in Kenya

Nakuru town in Kenya is the fourth largest town in Kenya with a population of more
than 300,000 (2007, KCBS-DHS) people. Kenya being a developing country has had
its share of battles with poverty, illiteracy, diseases and the concomitant socio
economic and technological challenges. Many children in developing countries die of
nutrition related causes due to lack of education and low purchasing power of the
families, which results in low-quality weaning foods and poor feeding practices
(Ijarotimi and Ogunsemore, 2006).
1.8.1

Common problems concerning weaning practices in third world
countries leading to possible early introduction of phytoestrogen rich
foods

Keeping up good practices of prolonged breastfeeding and delayed supplementation
of infants with semisolid foods is a problem for the following groups of people;
•

Among very poor women (Fashakin and Ogunsola, 1982; Ijarotimi and
Ogunsemore, 2006 and Lindsay et al, 2008). Part of the reason being use of
expensive commercial cereals and formula for weaning eg cerelac, farex and
Intsoya and other baby foods sold by the multinationals. Due to poor
purchasing power such food is over diluted in total disregard to recommended
ratios on the label (Lindsay et al, 2008).

•

among the ignorant/illiterate (Fashakin and Ogunsola, 1982; Ijarotimi and
Ogunsemore, 2006) those that have an attitude that they cannot sustain breast
feeding (Webb-Girard et al, 2010), among those women that have to go to
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work away from their children, those that get pregnant frequently and also
due to cultural factors and taboos also have an influence on mothers' infantfeeding practices and eating patterns of their children (Lindsay et al, 2008).
1.8.2

Solutions to nutritional challenges

Nutritionists, health professionals and educationists have had to come up with
affordable locally found weaning food formulations. The formulations attempt to be
nutrient and energy dense besides being easy to chew and digest. The nutritionists
also give adequate nutrition information and hygienic handling of the food which has
led to reports of improved nutritional and health status of children (Nnanyelugo,
1985). In Kenya considerable progress has been made in the area of educating
mothers on the need to exclusively breastfeed their babies’ up to 6 months and
thereafter feed them on nutritious food However a Kenyan Demographic and Health
Survey report (2008-09 (FR 229), shows that only 32% of children at six months are
exclusively breast fed. Ten percent of the children under 2 months old are on
complementary foods. At the age of 4-5months 60% of the children are given
complimentary food (KDHS, 2000-2009). Studies conducted elsewhere show that
dietary PEs have endocrine disruptive effects in children (Bembaum et al, 2008;
Jefferson et al, 2009; and Kim et al, 2011).
A study by Adu-Afarwuah et al, 2008 reports that 72% of weaning foods in Kenya
are grain based. Many types of gruel flour blends which have soya bean flour mixed
with dried and milled, cereals, nuts, legumes, fish, tubers, plantain and vegetables are
found in various markets. The use of soya bean in the mixes is rampant due to its
high protein content. Soya bean has 9 times tryptophan and 10 times more lysine as
that found in maize; the two amino acids being the main limiting amino acids in
cereals. It is also rich in PE genistein and daidzein, which are isoflavones with some
estrogenic effects.
The need to study the effect of PE is urgent as soya is rich in PEs that have potential
health and adverse effects as seen earlier elsewhere in this chapter. It is also a good
source of protein (up to 45%) and other nutrients (lipids 25%, Carbohydrate 15% and
other micronutrients) based on dry weight basis. Kenya is not food sufficient and
food choices may not be as diverse as in countries where there is more disposable
income and hence more available food varieties. In the KDHS (2008-2009) report,
nationally 35% of the children under five were stunted, 7% were wasted and 16%
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were underweight. Extract from the report showing the status of the children in the
ages we were interested in this study are shown in Tablel.9 below
Table 1-9 Extract from Anthropometric data (KDHS, 2008-2009) showing the nutritional
deficiencies related anatomical disorders of infants and young children of an age identical to our
study population of interest___________________________________ _____________ __________
Underweight Severely
Age group Stunted
Wasted
Severely
Severely
(Months)

(-2SD)

Stunted

(-2SD)

wasted

(-2SD)

(-3SD)

(-3SD)

(-3SD)

underweight

0-6

11.2

4.4

7.9

2.9

9.7

5.1

6-8

22.9

9.1

12.6

1.5

11.4

1.3

9-11

30.5

14.6

14.5

3.4

10.6

1.0

12-17

41.8

15.0

17.1

3.0

6.3

2.5

18-23

45.7

21.9

12.2

1.9

6.6

1.6

SD means Standard deviation

So the decision to do away with soya-based food in a population will have to be
informed and this study can inform on methods and results of estrogenicity and
androgenicity of the flours.
1.8.3

The blends that are used in this study

This study’s flour blends contained soya as part of the components. Soya bean
Glycine max. L. is a legume. It is never used alone but in combination with other
flours from dried grains such as sorghum {Sorghum bicolour), millet {Eleusine
coracana) or maize {Zea mays). Other foods mixed up with soya to make weaning
foods include legumes; green grams {Vigna radiata), pigeon peas {Cajanus cajan).
Kidney beans {Phaseolus vulgaris) peanuts {Arachis Hypogaea), sweet potato
(Ipomoea batatas) flour, cassava {Manihot esculanta) flour, Sugar, cooking oil and
milk. The processing, in terms of preparation of the seeds or tubers, the milling and
even the heat treatment that is given to the gruel may affect the chemical
composition of the food (Eisen et al, 2003; Mathias et al, 2006; Tipkanon et al,
2011) and hence the need to study the effect of cooking and storage.
The processing of the flour is seed specific and sometimes even product specific. The
ceral, legume or tuber is dried before milling. The flour blends are then packaged and
sold in the shops and supermarkets or in the open markets. Estrogenicity may be
affected at any point in the processing, storage and in the cooking. Any
contamination with mycotoxins would result in increase in estrogenicity as
mycotoxins such as zearalenol has been found to be estrogenic (Frizzell et al, 2011).
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It is for this reason that the estrogenicity of the flour blends sold in the market was
compared to that of brands sold in the shops. Cooking of the floor involves mixing
flour with cold water prior to adding to hot water and boiling for various times.
Initially it is stirred using a wooden stick to avoid the flour separating from the water
and sinking to the bottom of the pan and forming lumps. When mixed with cold
water the starch component imbibes water and the flour becomes pasty.
1.8.4

Cooking of the flours

Cooking time effect on bioactivity cannot be interpreted in isolation and there is need
to take the basic needs of cooking the gruel into consideration. Heat treatment or
cooking of the soya based weaning food is necessary as cooking improves the
organoleptic qualities regarding the viscosity and consistency as well as in aroma and
taste which are discussed below. It also improves the safety of the food by killing or
inactivating the microorganism. Cooking inactivates lectin and enzyme inhibitors in
soy and legumes. These enzymes include the trypsin, chymotrypsin, dissacharidases
and a-amylases. Storing the gruels made at room temperature is common as
refrigeration is not very common and it’s expedient to cook once a day.
1.8.4.1 Gelatinization
Upon heating the starch granules undergo gelatinization which is a disruption of the
order in which the molecules occur. The starch granules then swell irreversibly; lose
birefringence and loss crystallinity starting with the bigger molecules to the smaller
ones (Bemiller and Whistler, 1996). Gelatinization occurs over a range of
temperature and the gruel then becomes viscous and does not sediment to the bottom
of the pan. Cooking results in reduction of the microbial load, reduction of protein
inhibiters such as lectins and inactivation of enzymes such as lipoxygenases. This
together with the generation of cooked flavours and eradication of the beany taste in
legumes is the main motivation for cooking.
1.8.4.2 Thermally induced process flavours
An important change in the gruel during the cooking pertains to the thermally
induced process flavour commonly known as the cooked or caramel flavour. The
gruels usually have reducing sugar (from the hydrolysis of starch), amino acids and
sulphur containing atoms especially thiamine from the legumes (Heath, 1981).
Cooked gruel aroma is usually described as sweety/fruity or toasted flavour which is
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a result of pleasant Maillard reaction products (Nantanga et al., 2008) This pleasant
flavours have been identified as those produced in the early stages of non enzymatic
browning reactions e.g. 2 methyl propanol, 2-furfiiral alcohol, 2 methyl furfural, 2, 6, dimethylpyrazine and acetyl pyrazine (Fors et al, 1989; Lapvetelainein and
Ranniko, 2000; Parker et al, 2000). The processing, in terms of preparation of the
seeds or tubers, the milling and even the heat treatment of the gruel may affect the
chemical composition of the gruel (Eisen et al, 2003; Mathias et al, 2006; Tipkanon
et al, 2011).
1.9

Thesis aims:

Chapter three
•

To assess the transcriptional activity of ten PEs (Apigenin, daidzein, daidzin,
enterodiol, equol, formononetin, genistein, genistin, glycitein, matairesinol) at
nuclear receptor level in mammalian reporter gene assays.

•

To determine possible dose dependent effects of the PEs on the estrogenic
and androgenic activity of 17p-estradiol and testosterone in reporter gene
assays.

•

To find out the effect of heating and storage on the transcriptional activity of
PE standards in mammalian reporter gene assays.

Chapter four
•

To assess the estrogenic and androgenic activity of gruel flour PE extracts at
nuclear receptor level in reporter gene assays.

•

To determine effects of the gruel flour PE extracts on the estrogenic and
androgenic activity of 17p-estradiol and testosterone in mammalian reporter
gene assays.

•

To find out the effects of heating and storage on flour PE extract estrogenic
and androgenic activity in mammalian reporter gene assay cell lines.

Chapter five
•

To validate the food frequency by use of a four food diary
Chapter six
•

To assess the exposure levels of babies being fed soya based gruels with
regard

to

daidzein

and

genistein
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in

estrogenic

equivalents.

2

Materials and Methods
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2.1

Chemicals and Reagents

Dulbecco’s

Modified

Eagles

DMEM+GlutaMAX™'1 (Cat.

Medium

(DMEM)

(Cat.

no.

61965-026),

no. 31053-028), Penicillin lOOU/ml/ Streptomycin

100 pg/ml (Cat. no. 15070-063), General Foetal bovine serum (FBS) (Cat.

no.

10270-106), hormone deplete FBS (Cat. no. 12373-029) and trypsin (Cat. no. 12604)
were obtained from Invitrogen Ltd, Paisley, UK. Luciferase Assay System (Cat. No.
El501) consisting of Lyophilized luciferase Assay Substrate and Luciferase Assay
Buffer, Cell Culture Lysis reagent 5X (Cat. no. E 194A) were purchased from
(Promega, Southampton, UK); Trypan blue for automated counting (Cat.

no. T

10282) from Invitrogen Ltd, Paisley UK), Countess slides (Cat. no. 10283) were
obtained from Invitrogen, Paisley UK) Milli-Q water was of ultra high purity (UHP,
18MV/cm) from the Elgar water purifier (Marlow, Bucks, UK). The tissue flasks (25
and 75 cm ) were ordered from BD Bioscience. The 50 ml, 20 ml, 7 ml tubes were
bought from SARSTEDT LTD. The 96 well plates were purchased from Greiner
Bio-One (Frickenhausen, Germany). Glass bottles (Simax, praha, Zech republic),
Deacon 90 (East Sussex, UK), Virkon (Antec international, Sudbury, UK), DMSO
(Dimethylsulfoxide) from Sigma-Aldricht,Poole Dorset, UK (Cat. no. D2650); Cryovial (Nalgene, Cat.
(cat.no.34863)

no. 5000-1020, Roskilde, Denmark), Mr Frosty container

and Iso- propanol (cat.no.24137) both from from Sigma Aldrich

Poole Dorset, UK, PBS (phosphate buffer saline)(SAFC Biosciences Cat. No.
56064C, lenaxa, Kansas, USA); Acetic acid, Glacial,CH3COOH, MW 60.05g/mol,
99%, Sigma Aldrich; Hydrochloric acid, HC1, MW 36.46 ,sp gravity 1.18,Assay
35.4%,

11.4M

Vwr

International

ltd.

Sodium

Acetate

Trihydrate,

CH3COONa.3H20, MW136.08g/mol, 99.5%, Sigma Aldrich , B-Glucorunidase Type
H-5 from Helix Pomatia, 500KU/20ml lot number 049K3778, Sigma Aldrich,
Diethyl ether,^Hs^O, MW 74g/mol.l2, 99.5%, Sigma Aldrich, HPLC water,
18.01g/mol, Sigma Aldrich; Methanol ,CH30H, 32.04g/mol, 99.7%, Sigma Aldrich;
Cyclohexane ^HU, 84.16g/mol, 99.7%, Sigma Aldrich; Ethyl acetate, C4H8O2,
88.105g/mol, 99.5%, Sigma Aldrich;Tert-butyl-methyl- ether, SigmaCIS columns
(2g of stationary phase) and Silica (SiOH) columns (0.5g of stationary phase)were
from Phenomenex Ltd ;Flour and lyophilized gruel samples from, Nakuru market in
Kenya
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Testosterone (Cat. no. A8380) and 17-p estradiol (Cat. no. E2758) steroid hormones
were from Sigma Chemicals, UK, Fulvestrant 98% (Cat no. 14409), Flutamide (Cat no.
F9397), Genistein 98% (Cat. no.G6649) Matairesinol 85 % (Cat. no. 40043) equol
99.0% (Cat. no. E45405), formononetin 99% (Cat. no. F47752), Apigenin 95% (cat.
no. A 3145), glycitein 98% (Cat. no. G2785), enterodiol, 99% (Cat. no. 45198),
Daidzein 98% (Cat. no.D 7802), Daidzin 98% (Cat. no. 30408), Genistin (97%) (Cat.
no. G0897), Acetone (Cat. no. 34850) and Methanol (Cat. no. Ml 175) were purchased
from Sigma chemicals UK.
2.1
2.1.1

Equipment
Multimode Reader (Other, Germany)

Mithras Luminometer was supplied by Berthold Technologies supported by Micro
Win 2000 software. The luminometer was washed with milli Q water and primed
using the luciferase reagent/substrate. Luciferase activity was detected and recorded
as the response of bioluminescent signal.

2.1.2 LTE Touchclave-lab sterilizer (Oldham, UK)
This equipment was used for sterilizing the Plastic pipette tips, water, glassware,
buffers and plastic discard. This was at a temperature of 121 °C for 15°C at 3150
mBar.

2.1.3

Milli-Q Water System

The system produced water of ultra high purity (UHP, 18MV/cm) from the Elgar
water purifier (Marlow, Bucks, UK). The water system distilled, deionised and
filtered the water. The system had an automated conductivity meter for measuring
the water quality. This water was used for phosphate buffer saline (PBS) preparation
and for the lysis buffer.
2.1.4

Unitemp Drying cabinet

After washing glassware that had been soaked overnight in 1% Deacon 90 (East
Sussex, UK) and rinsing in tap water before soaking for 24hrs in milli Q water, the
glassware was dried in this drying cabinet (LTE Scientific Ltd, Oldham, UK)
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2.1.5 Incubators
The incubators provided a controlled environment 37°C/8% CO2 as well as
controlled humidity. The carbon dioxide, a natural buffering system, where it
balances with the CO3/HCO3 content of the cell culture media so that the PH range of
7.2-7.4 is maintained. The temperature was chosen based on the fact that most cells
were mammalian and 37°C was the ideal temperature
2.1.6

Centrifuge

This was a Sorval legend RT, Thermo electron Corporation, Osterode, centrifuge,
made in Germany that was used in routine pelleting of the harvested cell suspension.
2.1.7

Haemocytometer

Haemocytometer Chamber (Hirshmann E Techolar, Eberstaldt, Germany) and
slidecovers or Countess automated cell counter (Invitrogen, Paisley UK) were used
for cell counting.
2.1.8

Field study equipment and utencils

Weighing Scale-Salter Model-235-65 (Westmidlands, UK),Portable

and could

weigh Max(25Kg) and had increaments of lOOgrams.
Recumbent Length measuring board (120cm) readable to 0.1 of a centimetre
Baby feeding utensils (Cups, bowls, plates, and graduated baby bottles)

2.1.9

Class II air flow cabinets for Cell culture and related procedures

The cell culture work was done in class II laminar air flow cabinets (Thermo
Scientific, Loughborough, UK). Aseptic technique was strictly adhered to at all
times. The Laminar air flow cabinets were swabbed with industrial methylated spirit
(IMS) before and after working in them. Waste glass bottles, pipettes, tips and indeed
all materials brought into the hood were swabbed with IMS to avoid contamination.
Ones a month or when necessary the laminar air flow cabinets were cleaned and
sterilized using industrial disinfectant virkon and swabbed with IMS. To avoid cross
contamination only one cell line was worked on under the hood at a time. The waste
glass bottles, media, trypsin and other disposables were used in that cell line only.
After clearing with one cell line everything was removed from the hood and the hood
swabbed down after which air was left to flow for 10 minutes before working on
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another cell line. Fresh gloves, waste bottles and everything else would then be used
for the next cell line.
2.2

Cells

As shown in Table 2.1 below, the Cell Lines, MMV- Luc cells and TARM-Luc cells,
were a gift in collaboration with Dr Marc Muller of Liege University Belgium
(Willemsen et al, 2004). They are both adherent type of cells. The MMV-Luc and
TARM-Luc cell line originate from MCF-7 and T47D human mammary tumour cells
respectively. Both of them are of luminal sub-type (Charafe-Jauffret et al, 2006). The
MMV-Luc cell line was an estrogen responsive cell line that been produced by stably
transfecting human tumour cell MCF-7 with the MMTV-Luc Plasmid. It had both ERa
and ERp receptors. The passage numbers varied from 19 to 63 throughout the
experimental period and efforts were made to keep the passage numbers as close
together as possible for each set of experiment which were repeated three times For
production of the androgenic TARM-Luc cell line a T47D human tumour cells was used
which have insignificant intrinsic receptors and hence had to have pSV-ARo expression
vector that encodes for an androgen receptor gene transfected into it, in addition, to the
MMTV-Luc plasmid (Willemsen et al, 2004) The TARM Luc-cell line had both ARa
and ARp receptors. The passage numbers used varied from 26 to 78 throughout the
experimental period and passage numbers as were kept close together as possible for
each set of experiment which were repeated three times.
2.3

Media preparation

As shown in Table 2.2 the basal medium was a ready to use Dulbecco’s Modified
Eagles Medium (DMEM) (Cat.no. 61965-026) that had phenol and GlutaMAX™-!
for the androgen line, while that for estrogen constituted of DMEM phenol red free
(Cat. no. 31053-028) because the phenol is estrogenic. For routine sub-culturing
Penicillin 100U/ml/ Streptomycin 100 pg/ml (Cat.no. 15070-063) and General Foetal
bovine serum (Cat. no. 10270-106) were mixed with the basal medium. For reporter
gene assay the appropriate 450ml DMEM was mixed with 50ml hormone deplete
foetal bovine serum (FBS) (Cat. no. 12373-029) and no antibiotics were added. After
preparation of media, an aliquot of 10 ml of the medium was incubated at 37°C/2~7
days prior to use of the media to check for sterility, lack of which would result in
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clouding. The monitoring was done for at least seven days lapsed before using the
newly prepared media. The media were kept at 4°C.
2.4

Sub culturing and routine splitting of the MMV-Luc and TARM-Luc cell
lines

Cells were maintained and sub cultured in media containing Dulbecco’s Modified
Eagles Medium (DMEM) with 10% foetal bovine serum and lOOU/ml penicillin/ 100
iig/ml streptomycin antibiotics mixture. They were kept in 75 cm

flasks under

humidified conditions at 5% CCE at 37°C. Routine passaging of the cells ensured health
and maintenance of the cells for in- vitro bioassays. The quality of the cells in the flask
was checked visually and under the microscope for any contamination in the monolayer
or in the media. Healthy cells in exponential phase were used. The media from the
75cm2 flask was then aspirated and discarded before adding to the cell layer, 5ml trysin
( 0.25A(w/v) trypsin-.53mM EDTA solution (lx) Trypsin removes Ca2* and Mg2^ ions.
This results in cells detaching from each other and from the flask. The flask was placed
at 37°C for 2 minutes after which trypsinisations was checked under phase- contrast
microscope. The time for this was increased as necessary until most cells were
becoming detached at which point the flask was gently tapped and cells resuspended by
gently pippeting while washing the complete growth surface (2x) before adding 5ml of
appropriate medium and gently pippeting into a 20 ml universal tube and spun at 1000
g for 5mins. The supernatant was discarded and cell pellet resuspended by flicking the
tube in the remaining medium before adding 10 ml of appropriate medium. This was
followed by transferring an aliquot (about 2 ml if flask was about 70-90% confluent) of
the cell suspension to subculture either in culture or assay medium. The pre-warmed
medium added to the 75 cm2 flask was the balance from 20ml, of the aliquot. The flask
was then incubated in humidified incubator at 37°C/5% CCE and medium changed
every 2-3 days.
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Table 2-1 The estrogen and androgen cell lines used in this thesis

Table 2-2 Media preparation ( all reagents purchased from Invitrogen LTD, Paisley, UK)

2.5

Cell counting

This was done in either of the two ways described below. In the first method an aliquot
(50|il of the cell suspension was added to 450pl of trypan blue (Sigma-Aldricht, Poole
Dorset, UK) and mixed thoroughly a representative sample, 50pl of this suspension was
quickly applied to a haemocytometer chamber (Hirshmann E Techolar, Eberstaldt,
Germany) and covered with a cover slip prior to counting all four comer grid cells. The
average was then taken and multiplied by 104 to give the number of cells per ml of the
trypan blue and cell suspension, which then implied that number multiplied by 105 was
the number of cells in the cell suspension. A second was by using Countess automated
cell counter (Invitrogen, Paisley UK). A 10 to 15 pi of the cell suspension was taken and
added to an equal amount of 0.4% trypan blue (Cat. no. T10282 from Invitrogen,
Paisley, UK) which was then was applied onto the countess counting chamber slide (Cat.
no. 10283) and the number of dead and live cells was counted.
2.6

Cell freezing

Cells were cryopreserved indefinitely at various passage numbers in the liquid nitrogen
system at -150°C for use as need arose. This enabled stocks of cells to be stored and
avoided the need to have a culture media of all types of cells in the incubator at any given
time. This reduces microbial contamination, reduces cell lines cross contamination, reduces
genetic drift and morphological changes and is cheaper as less consumables are used as a
result. Only healthy cells in log phase and preferably those, whose passage number was not
too advanced, were used. After trypsinising and pelleting the pellet was re-suspended in
500pl of pre-cooled (4°C) FBS at a cell concentration of about 5 x 106 prior to drop wise
mixing with 500pl freezing serum (FBS/DMSO 9/1 v/v).The DMSO is a cryoprotectant
and avoids large crystals of water forming in the cells which would result to cells rupturing.
The cryovials are then placed into an iso-propanol filled, precooled (-20°C), nalgene Mr
Frosty container. The number of uses of the iso-propanol was noted on the lid of the
container and iso-propanol changed after every fifth use. This container was able to control
the rate of freezing at -3 to -1°C .The container was then placed at -80 before transfer into
the vapour phase liquid nitrogen system the next day.
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2.7

Cell thawing

Back up cells in various passage numbers were cryo-preserved indefinitely in liquid
nitrogen storage system (Arpege 170, cryopal, Flers-En-Escrebieux, France) at -150°C and
could be thawed as need arose. The procedure was as follows. After consulting the rack
system for the exact location of the needed cryovial; thermally insulated protective gloves
and eye shields/complete face visor were donned. The cryovial was taken from the liquid
nitrogen storage system and the vial thawed quickly by holding in the hand after which it
was swabbed with IMS and opened under the laminar flow cabinet. The suspension was
aspirated by gently pipeting and transferred to a centrifuge tube with 10ml culture medium
and span at 1000 g for 5min. The media was then discarded and tube flicked to re-suspend
the cells in the pellet form. 10ml of pre-warmed culture medium was added to the re
suspended cells before gently mixing and transferring into a 25em: flasks. The flask was
checked under the microscope for viability and approximate cell number and then
incubated at 37°C/8% CCB Further sub culturing would be in 75cm2 flasks in a procedure
explained below.
2.8

Reporter Gene Assay

Prior to running the assay, cells were cultured for at least two passages in hormone free
assay media (DMEM, 10% hormone depleted serum to remove endogenous hormones).
Additionally, the estrogen assay was performed using phenol red free DMEM due to the
estrogenicity of phenol red. Cells were seeded at a concentration of 4 x lO'^ cells/ml,
into white walled 96 well plates with clear flat bottoms (Greiner Bio-One,
Frickenhausen, Germany) at lOOul/well and incubated for 24 h. The following day,
standards were prepared 1:100 (v/v) by adding 10 pi of the relevant steroid hormone
(17(3-estradiol or testosterone) to 990pl of assay media giving a final methanol
concentration of 0.5%. PEs used included apigenin, equol, daidzein, daidzin, enterodiol,
formononetin, genistein, genistin, glycitein and matairesinol. The cells were then
incubated for a further 24 h for the MMV-Luc cell line or 48 h for the TARM -Luc cell
line. The supernatant was then discarded and the cells washed twice with phosphate
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buffered saline (PBS) prior to lyses with 20 pi cell culture lyses buffer (Promega,
Southampton, UK) and then shaken up in a plate shaker which was maintained at 37°C
for 5 - 10 mins. Finally, 100 pi luciferase (Promega, Southampton, UK) was injected
into each well and luciferase activity measured using the Mithras Multimode Reader
(Berthold, Other, Germany). All experiments were performed in triplicate for all cell
lines and the transactivational activity of the various compounds were measured and
compared with the negative control (0.5% methanol in media).
2.9

Antagonistic and agonistic effect of PEs on hormone transcription activation
activity

The procedure used for evaluating the (ant) agonistic effect of PEs on hormone activity was
as follows. Standard 17|3-estradiol and testosterone hormones were used as positive
controls on MMV-Luc and TARM-Luc cell lines. For this test, cells that had been sub
cultured as for the reporter gene assays above were seeded in a 96 well Greiner bio-plate at
a 100 pi and at a live cell density of 4 x 105 cells/ml. The PE standards were then added
after 24 hrs incubation at 37 °C in a humidified incubator with 8% Carbon dioxide. For this
test, 990 pi of assay media was spiked with an equal amount (5 pi each) of PE standard and
of methanol (blank) and vortexed. 100 pi was then added to each well. For each adjacent
well with a particular PE the 990 pi assay media was spiked with 5 pi PE standard and 5 pi
hormone. This was to allow for direct comparison of the effect of PE alone or in
combination with the hormone. Two negative controls were used:
(i)

A blank with methanol (1%) in assay media which is a solvent for the standards

(ii)

A blank as above that had known antagonists (Chemical structures in Appendix
II) ; fulvestrant (7a,17P)-7-{9-[(4,4,5,5,5-pentafluoropentyl) sulfinyl] nonyl}
estra- 1,3,5 (10)-triene-3,17-diol at a concentration of 121.2ng/ml for the
estrogen cell lines and flutamide ( 2-methyl-A/-[4-nitro-3-(tnfluoromethyl)
phenylj-propanamide, at a concentration of 2762ng/ml for the androgen cell line
at a concentration of 0.5% in assay media.

(iii)

A blank as above that had known antagonists (fluvestrant 121.2ng/ml for the
estrogen cell lines and flutamide 2760ng/ml for the androgen cell line) at a
concentration of 0.5% in assay media.
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Two positive controls were used:
(i)

The first positive control had hormone (17p-estradiol (5 nM) for estrogen cell
line or testosterone (50 nM) for the androgen cell line, and methanol, both
hormone and methanol at 0.5% each in assay media.

(ii)

The second positive control had hormone 17P-estradiol or testosterone and the
appropriate antagonist. Fluvestrant for the estrogen and flutamide for the
androgen cell line.

Fold inductions and EC50 was worked out with Slidewrite software version 6 32 Bit
edition and fold induction given as means ± standard deviations. The PEs standards were
made at 4 different concentrations to establish if the agonist effect was dose dependant.
2.10 Cytotoxicity
This investigation was done using the MTT (3-(4,5-Dimethyl-2 thiozolyl)-2,5-diphenyl2H-tetrazolium bromide) Assay. The procedure was adopted from Mosmann (1983).
The procedure for RGA was followed and the same cells used for RGA were used for
determination of cytotoxicity to the standard or the extracts. After the requisite exposure
of the cells to standard or extract for 24 or 48hrs the medium was aspirated from the
wells and discarded. In this assay MTT solution (5mg in 20ml of PBS) was diluted in
media (1:2.5) and 50pl of this dilution added to the seeded wells of a 96 well plate (BD
Science). It was then incubated in the dark for four hours at 37°C/8% CO2 after which
excess MTT was removed and 200 pi DMSO added to dissolve the formazan. The plate
was then shaken for 10 minutes and absorbance read in the plate reader at a fixed
wavelength of 570nm and a reference wavelength of 620nm.

Methods in sample sourcing heat treatment and extraction are found in the
relevant Chapter 4

Methods in validation of questionnaire and risk assessment methods are in the
relevant Chapters (5 and 6)
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2.11 Data Analysis
For gene assays calibration curves were fitted with sigmoidal dose-response curve
equation to a four-parameter Hill plot,
Y = Min Response + (Max response - Min response)/ (I+X/EC50) A slope of the line

where X is the concentration of the testing compounds, Y represent the response of the
hormonal/phytochemical activity, the range 0-100 (Willemsen et al., 2004; Blankvoort
et al., 2005). If using logarithm instead of actual concentration then the following
equation is used:
Y = Bottom + (Top - Bottom)/! + 10 <logEC50-x)

Where X is the logarithm of concentration, Y the response, EC50 is the mid-point
between Top and Bottom which are the maximum response and the baseline response,
respectively.
For cytotoxity analysis toxic effect was derived from the absorbance values using the
following formula:
% cytotoxicity = (mean negative control Abs-mean Sample
Abs)*100
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Abs)/(negative control

3

CHAPTER Three - Estrogenic and androgenic potencies and heat and storage
effect of phytoestrogens in MMV-Luc and TARM-Luc cell line
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Abstract
PEs are weakly estrogenic compounds that are synthesized in plants and especially
during times of adversity (Losovaya, 2007). Endocrine disruptive activity of PEs and
some of their human metabolites are of concern as they have been associated with
positive and more so with negative health effects. The transcriptional activities (TAs) of
ten PEs (apigenin, daidzein, daidzin, equol, enterodiol, formononetin, genistein, genistin,
glycitein and matairesinol) were measured as induction of the expressed luciferase
activity which is correlated with the biological effects. These effects were compared to
transcription caused by 17p-estradiol (5nM) or testosterone (50nM) hormones
(standards) in vitro. This was done by the use of estrogenic and androgenic receptors in
MMV-Luc and TARM-Luc cell line using reporter gene assay tool.
Results: Standard curves for hormone standards were determined and the EC50 for 17pestradiol was (4.5 x 10'nM) and the EC50 (M)for testosterone was (3.7 x 10'9M). The
order of PEs potency for the ER (ERa and ERP) in MMV-Luc cell line, as determined
from the EC50S (M) of their dose response curves were in the following order: equol (4.9
x 10"7M) > formononetin (5.7 x 10'6M) > apigenin (2.4 x 10"6M) > genistein (2.1 x 10‘
6M ) > daidzein (3.3 x 10’5M).

Standard curves for genistin, daidzin, enterodiol,

matairesinol and glycitein were not achieved in MMV-Luc cell line at the tested
concentrations. The order of androgenic potency of two PEs from their EC50S was
apigenin (4.5 X 10'6M) > glycitein (4.8 X 10'5M). Dose response curves in TARM-Luc
cell line, for the other eight PEs, were not established as most were anti-androgenic. The
% estrogenic potencies of these compounds varied from 9 x 10°M for equol to 1.4 x 10'
4M for daidzein, relative to 17p-estradiol whose percent potency was arbitrarily assigned
a value of 100. The % androgenic potency for apigenin was 8.2 x 10'2M and for
glycitein was 7.7 x 10°M relative to testosterone whose percent potency was arbitrarily
assigned a value of 100. Inhibitive or enhancement of PEs on hormone (17p-estradiol
(5nM) and testosterone (50nM)) -dependent transcription was dose dependent and
chemical specific. PEs enhanced testosterone hormone-dependent transcription and gave
more additive and synergistic bioactive effects in a dose dependent manner. The effect
of heating and storage on the transcriptional capability of the PEs apigenin, genistein
and formononetin was dose dependent and compound specific in MMV-Luc cell line.
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In conclusion this study successfully characterised the TA of ten PEs in MMV-Luc and
TARM-Luc cell lines. The results indicated that five PEs (apigenin, daidzein,
formononetin, equol and genistein), were weak agonists although they achieved and
exceeded a full estrogenic effect in MMV-Luc cells. This indicated that the TA was also
through non-receptor mechanisms such as enzymatic pathways. Full estrogenic effect
could point to important human health implication especially for genistein and daidzein
compounds as they can attain the micromolar plasma concentration levels after being
consumed in soya based food. Two PEs, (apigenin and glycitein) were weak agonists in
TARM-Luc cell lines respectively. Coincubation of PEs with hormones gave a range of
transcription activity at various PE doses. Of note were the additive and synergistic
effects, of the PEs in combination with testosterone (50nM) which was a novel finding
in this study and important as it could have endocrine disruptive effects. Effect of
heating and storage on the transcriptional activity of the apigenin, genistein and
formononetin was dose dependent and varied from one chemical to another with no
predictable trends. This underlined the need for coupling RGA and physico-chemical
tests such as UPLC/MS for proper assessment of various possible chemical
modifications in further studies of this nature.
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3.1

General Introduction

PEs are plant metabolites which include isoflavones, flavanones, coumestans and the
lignans. PEs level varies within different crops depending on their cultivars, the
agricultural practices, attack by pests and climactic conditions (Eldridge and Kwolek,
1983; Losovaya et al, 2007; Howitz and Sinclair, 2008). Soyabeans are known to be a
good source of PEs (Kuhnle et al., 1997).
Structurally, all PEs are diphenolic compounds which have weak estrogenic properties
due to their structural similarity to hormones (Kuiper et al., 1997). A PE can bind to the
receptor and induce a response that is of comparable strength as that caused by natural
ligand such as hormone. This kind of PE would be classified as ‘potent’ and a strong
agonist (Norris et al, 1999). Some will induce the same response but at increased
concentration levels, the weak agonists. Other agonists will never induce as high a
response as the hormone no matter what but increasing the dose will stop further
increase of induction as there will be death through cytoxicity and decrease in magnitude
of observed induction (Mousavi & Adlercreutz, 1992). These are called partial agonists.
Some PE will bind the receptor and block any further bioactivity by the receptor and this
is called antagonist action (Clark et al, 1996; Lehraiki et al, 2011). See Chapter 1
Figure 1.5.
As PEs can influence the endocrine system function then they can be classified as EDs.
An EDC has been defined as “a chemical whose primary effect is on the endocrine
system via effects on receptor mediated hormone action, hormone synthesis or
clearance” (Pickering and Sumpter, 2003). When PEs get into the body they can interact
with hormone receptors and affect endocrine function. PEs at various concentrations
(0.5- lOOOmg/kgbw/day), administered orally or by injection, have been associated with
certain adverse effects upon consumption such as cancer, infertility and premature
thelarche, mainly in animal models (Akingbemi et al, 2007; Jefferson et al, 2007;
Damdimopoulou et al, 2011). Conversely, PEs have been acclaimed as health
promoting agents which may improve cardiovascular health, ameliorate menopausal
symptoms, promote better bone density, prevent cancer, act as antioxidants, boost the
immune system and even help strengthen body defences against viruses (Ali et al, 2004;
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Azadbakht et al, 2007; Legette et al, 2011; Kuhnle et al., 2011; Huang et ai, 2011;
Mabrok, 2012).
Different methods have been applied to assess endocrine activity of PEs the details of
which are in chapter one. Different in vitro tests have been used to assess PE endocrine
activity. These assays are based on different end points such as, endogenous protein
expression (pS2, PR, vitellogenin) (Latonnelle et ai, 2002; Ni et al, 2010), enzyme
activity (Blaha et ai, 2006; Gracia et.al., 2007) , receptor binding assays (Matsumura et
ai, 2005; Hegazy et al, 2011) , cell proliferation (Onoda et al, 2011; Reiter et ai,
2011) and transcription activation assays (Graunmann et al, 1999; Willemsen et al,
2004). We chose to apply reporter gene assays as gene expression are sensitive, easy to
work with and are available (Jobling, 1998). The current study’s interest was in the
receptor transcriptional

activity of dietary PEs

(apigenin,

daidzein,

daidzin,

enterolactone, equol, formononetin, genistein, genistin, glycitein and matairesinol) in
MMV-Luc cell and in TARM-Luc cell lines. The method has an ability to determine the
agonists and antagonists unlike the receptor binding assays. The choice of the PEs was
based on the fact that they are found in soya flour or cereal flour or are human
metabolites of dietary PEs. The soya ones include genistin which constitutes 55-65% of
isoflavones in soya, daidzin which constitutes 30-35% of isoflavones while glycitein,
genistein, daidzein and formononetin make up less than 10% of isoflavones. In vitro
assays, such as reporter gene assays, have the advantage of being fast, high through-put,
versatile; especially in connection with application of complex study designs and require
no animal sacrifice (Willemsen et ai, 2004; Connolly et al, 2009). They are particularly
suitable in assessing if a compound is agonist or antagonist hence elucidating on mode
of action of EDs. They are able to determine mixture effects, such as PEs and hormones
that was undertaken in this study. A limitation of in vitro assays is that they do not
provide information on the metabolism, bioavailability or elimination of compounds as
in vivo assays do (Degen et al, 2002; Connolly et al, 2009).
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3.1.1

Nuclear receptor signalling of endocrine disruptive compounds such as
phytoestrogens through attachment to hormone responsive elements

EDCs may have structural similarities to hormones and can mimic natural hormones,
maintaining a similar mode of action, transport and storage through the body. Using
fluorescence microscopy Devin-Leclerc and colleagues demonstrated that addition of
agonists or antagonist led to ER-HSP90 dissociating and the chaperone relocating to the
cytoplasm (Devin-Leclerc et al, 1998). Many EDCs are able to bind to the receptors and
activate the receptor just like the hormone (estrogen mimics) resulting in transcription
just as with hormones (Giekspoor et al, 2007; Watson et al, 2007). Others cause
estrogenicity by activating a different set of genes an example of which is where EDCs
could bind to seven-transmembrane estrogen receptor (GPR30) and activate a different
signalling pathway as happened in a stably transfected ER-negative cell line (HEK-293)
(Thomas and Dong, 2006).
EDCs can also compete with the hormone for the binding site thus antagonising the
hormone action resulting in an inhibition or reduction of the normal hormone action
level. The antagonists can either be partial antagonists, only as antagonists in certain
cells or certain promoter constructs and in estrogen receptors they are known as selective
estrogen receptor modulators (SERMs). An EDC may interact in a manner that is
opposite of what is expected in different cell contexts and depending on availability of
co-activators and co-repressors. Those antagonists that consistently act as estrogen
antagonists (full antagonists) no matter what type of cells are called selective estrogen
receptor down regulators (SERDs). In part they do that by targeting the receptor for
degradation (Giekspoor et al, 2007). In both cases whether agonist or antagonists,
binding changes conformation of the ligand binding domains of the receptor which
results in the effects that will be observed (Ruff et al, 2000). Endocrine disrupters may
also act in a dose dependent manner to give different effects on the hormone receptor.
(Ngoda et al, 2012- Chapter 3 of this thesis an unpublished manuscript).
Co regulator proteins’ function, in this mode of action, is important for transcription to
occur. These coregulators can either be coactivators or corepressors that either enhance
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or inhibit transactivation activity. They achieve these by use of various enzymatic
activities, such as those responsible for acetylation, methylation, and ubiquitination and
kinase activity. Ligand dependent recruitment of co regulators occurs through a
hydrophobic cleft formed by helices 3, 4 and 12 in the AF-2 domain of the receptor
(Gronomeyer et al, 2004). In free receptors this pocket is blocked by a short a-helix
(H12) which is at the carboxy-terminal of the receptor. It prevents AF-2 mediated
coregulator binding in the absence of ligand. Upon hormone binding, this helix opens up
to reveal a functional interface for coregulator recruitment through conserved LXXLL
motifs in the cofactor. Antagonists induce a different structural change of H12 that
blocks or modulates the recruitment of these essential coregulators (Giekspoor et al.,
2007).
Flowever, not all coregulator binding occurs through the AF-2 region. Other structural
changes within the receptor and dimerization are involved in coregulator recruitment.
The AF-1 region of SHRs is important in ligand independent binding of coregulators.
The exact coregulator requirements for transcription are dependent on cell type, and
probably also on ligand and promoter context. This explains the differential properties of
some EDCs where they can be partial antagonists in one tissue while having antagonistic
properties or exhibit agonistic properties in others. The most well studied coactivators
are of the Steroid Receptor Coactivator (SRC) family, which includes SRC-1 (or NcoA1), SRC-2 (also known as TIF-2 or GRIPl,NcoA-2) and SRC-3 (also known as RAC3,
ACTR, AIB1,P/CIP and TRAM (Llopis et al., 2000; Giekspoor et al., 2007). Shaufele
and colleagues showed that the receptor conformation is different for various ligands,
which significantly influences the binding of specific coregulatory proteins (Schaufele et
al, 2000). Minute structural differences between the LBD of ERa and ERp can result in
profound differences in SRC-1 recruitment with the same ligand (Margeat et al, 2003).
3.1.2

Hormone action and combinatorial interactions with phytoestrogens

The effect of PEs on the transcriptional activity of natural hormones is important as both
the PEs and hormones will be in the same endocrine system upon PE consumption and
metabolisation. They will hence interact with the receptors and extra receptor pathways
that influence endocrine action in the presence of hormone. The ensuing competition and
other interactions will then determine the effective transcription effect. The effect of PEs
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in vulnerable subpopulations such as babies has been of concern especially in the
context that infants, especially boys who may have hormonal surges in infancy that can
peak to adult levels (Forest et al, 1974; Raivio et al, 2003). Hormone action
enhancement or inhibition in the presence of potential EDs been studied in vitro and in
vivo (Ni et al, 2010). Ni and colleagues employed an in vitro system observed dose
dependent transcriptional activity of daidzein, alone or in combination with high (lOnM)
or low (InM) concentrations of estrogen in a (Chinese Hamster Ovary) CHO-K1.
Daidzein (5 nM to 50 pM), did not affect ERp-mediated transcription induced by 1 nM
estradiol, but it significantly inhibited ERp-mediated transcription induced by 10 nM
estradiol at 500 nM (Ni et al, 2010). The CHO cell line has commercial importance as it
can produce recombinant human proteins, for cancer therapeutic use, such as human
interferon-Y IFN-Y (Lim et al, 2010). They have advantage of being heterogeneous
both in glycosylation and proteolytic processing. The cells also undertake humancompatible post translation modification which enable therapeutic efficacy, protein
longevity and reduce safety concerns. These modifications include glycosylation (Xu et
a/., 2011).
Montano and colleagues did a meta-analysis of combinatorial effects with bias towards
supramaximal (effect higher than for the natural hormone for that receptor) effect
(Montano et al, 2010). They concluded that supramaximal effects are due to solvents
used, type and health of cells, exposure conditions, end point used to quantify potency,
number of ERE (Estrogen response elements) amongst other considerations. As all
animals and humans have endogenous hormone at various levels in all in vivo tests
involving assessing endocrine disruptive effects of PEs reflect this interaction to some
extent.
3.1.3

Effect of heat on phytoestrogens

Effects of processing, heat treatments, storage of soy/soy products or PEs has been
investigated by various researchers but none-has gone ahead to look at it from a
bioactivity point of view. The effect of heat on the bioactivity of a food may be
influenced by chemical changes in isoflavones. Research involving extraction of
isoflavones from soya flour, soya cookies, tofu and other products at room temperature
(2-4hrs) or with hot alcohol extraction which varied cooking degrees and checked for P73

glucoside and 6”-(9-malonyl-P-glucoside conjugates, and other conjugates concluded
that baking soya flour in cookies did not change total isoflavones content it increased the
beta-glucoside conjugates at the expense of 60MalGlc conjugates. Where burning
occurred, more increase in aglucones and a decrease in total isoflavones were observed.
The cooking method influenced the isoflavones composition (Coward et ai, 1998).
Another study was conducted into the thermal sensitivities of pure PEs (biochanin A,
daidzein, fonnononetin, flavone genistein, glycitein) heated at 150°C over a period of 7
h at three different pH values, and degradation of the aglycones was monitored by
HPLC-DAD analyses. The decay was pH and PE dependent viz; no decay was observed
at pH 7.0 and 5.6, degradation was most prominent at pH 3. 1. The thermal degradation
of the isoflavones followed first-order reaction kinetics at heating temperatures 100,
150, and 200° C. The degradation rate constants of the six isoflavones were not
significantly different at 100° C. The order of thermal stability from lowest to highest
was glycitin < genistin < daidzin < glycitein < genistein < daidzein at temperature below
150° C. (Stintzing et ai, 2006). A similar experiment had been conducted earlier using
higher temperatures (135°C, 185°C, 200°C and 215°C) with dramatic losses in the
compounds but thermal stabilities of glycitein <genistein<daidzin was retained.
Increased interconversions of the compounds from the glucoside forms to acetyl
conjugates were more common than formation of aglycones (daidzein, genistein or
glycitein) at those high temperatures (Xu et al, 2002; Yue, et ai, 2010).
Mathias et ai, 2006 determined the effects of pH and thermal treatments on conjugated
isoflavones with regard to interconversions and loss. Conjugated daidzin and genistin
were heated at 25, 80, and 100° C under neutral, acidic, and basic conditions. They
observed

that,

the

malonylglycosides

showed

more

stability

compared

to

acetylglycosides, especially under acidic conditions. Overall, loss in isoflavone
derivatives was significantly higher for daidzin than for genistin glycoside forms.
Similar interconversions have been seen regarding the daidzin and genistin and their
conjugate forms (Eisen, et al, 2003).
Heating soy products can also results in decarboxylation, deacetylation, deglycosylation
of glycosides with malonylglycosides decomposing to acetylglycosides (Setchel et al,
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1998; Committee on toxicity, 2003). The effect of heat and storage may affect the
bioactivity of a food due to these interconversions of the constituent and so we set out to
investigate their effects in different samples.

3.2

Aims of the chapter
•

Assess hormonal activity of MMV and TARM- Luc cell lines

•

Assess the transcription activity of the PEs, namely; apigenin, daidzein, daidzin,
enterodiol, equol, formononetin, genistein, genistin, glycitein and matairesinol
using in the two cell lines.

•

To assess effect on transcriptional activity of natural ligands 17P-estradiol (5nM)
and testosterone (50nM) PEs will have; in the two cell lines.

•

To assess the effect of heating and storage of three PEs (apigenin genistein and
formononetin) on their transcriptional activity in MMV-Luc cell line.

3.3
3.3.1

Materials and methods
Chemicals and reagents

Dulbecco’s

Modified

Eagles

Medium

(DMEM)

(Cat.

no.

61965-026),

DMEM+GlutaMAX™'1 (Cat. no. 31053-028), Penicillin lOOU/ml/ Streptomycin 100
pg/ml (Cat. no. 15070-063), General Foetal bovine serum (FBS) (Cat. no. 10270-106),
hormone deplete FBS (Cat. no. 12373-029) and trypsin (Cat. no. 12604) were obtained
from Invitrogen Ltd, Paisley, UK. Luciferase Assay System (Cat. No. El501) consisting
of Lyophilized luciferase Assay Substrate and Luciferase Assay Buffer, Cell Culture
Lysis reagent 5X (Cat. no.E 194A) was from (Promega, Southampton, UK); Trypan
blue for automated counting (Cat. no. T 10282) from Invitrogen Ltd, Paisley UK).
Countess slides (Cat. no. 10283) from Invitrogen, Paisley UK) Milli-Q water was of
ultra high purity (UHP, 18MV/cm) from the Elgar water purifier (Marlow, Bucks, UK).
The tissue flasks (25 and 75 cm2) were ordered from BD Bioscience. The 50 ml, 20 ml,
7 ml tubes were bought from SARSTEDT LTD. The 96 well plates were purchased from

Greiner Bio-One (Frickenhausen, Germany). Glass bottles (Simax, praha, Zech
republic), Deacon 90 (East Sussex, UK), Virkon (Antec international, Sudbury, UK),
DMSO (Dimethylsulfoxide) from Sigma-Aldricht,Poole Dorset, UK (Cat. no. D2650);
Cryo-vial (Nalgene, Cat.

no. 5000-1020, Roskilde, Denmark), Mr Frosty container

(cat.no.34863) and Iso- propanol (cat.no.24137) both from from Sigma Aldrich Poole
Dorset, UK, PBS (phosphate buffer saline)(SAFC Biosciences Cat. No. 56064C, lenaxa,
Kansas, USA); Acetic acid, Glacial,CH3COOH, MW 60.05g/mol, 99%, Sigma Aldrich;
Flydrochloric acid, HC1, MW 36.46 ,sp gravity 1.18,Assay 35.4%,

11.4M Vwr

International ltd. Sodium Acetate Trihydrate, CEbCOONaAEBO, MW136.08g/mol,
99.5%, Sigma Aldrich , B-Glucorunidase Type H-5 from Helix Pomatia, 500KU/20ml
lot number 049K3778, Sigma Aldrich, Diethyl ether,(CiHsBO, MW 74g/mol.l2, 99.5%,
Sigma Aldrich, HPLC water, 18.01g/mol, Sigma Aldrich; Methanol jCHjOH,
32.04g/mol, 99.7%, Sigma Aldrich; Cyclohexane jCfiHU, 84.16g/mol,99.7% ,Sigma
Aldrich; Ethyl acetate, C4H8O2, 88.105g/mol, 99.5%, Sigma Aldrich; SigmaC18
columns (2g of stationary phase) and Silica (SiOH) columns (0.5g of stationary
phase)were from Phenomenex Ltd ;Flour and lyophilized gruel samples from, Nakuru
market in Kenya
Testosterone (Cat. no. A8380) and 17-(3 estradiol (Cat. no. E2758) steroid hormones were
from Sigma Chemicals, UK, Genistein 98% (Cat. no.G6649) Matairesinol 85 % (Cat. no.
40043) equol 99.0% (Cat. no. E45405), formononetin 99% (Cat. no. F47752), Apigenin
95% (cat. no. A 3145), glycitein 98% (Cat. no. G2785), enterodiol, 99% (Cat. no. 45198),
Daidzein 98% (Cat. no.D 7802), Daidzin 98% (Cat. no. 30408), Genistin (97%) (Cat. no.
G0897), Acetone (Cat. no. 34850) and Methanol (Cat. no. Ml 175) were purchased from
Sigma chemicals UK.

3.3.2

Reporter Gene Assay

Estrogen responsive (MMV-Luc) and androgen responsive (TARM-Luc) reporter gene
cell lines were as previously produced (Willemsen et al., 2004). Prior to running the
assay, cells were cultured for at least two passages in hormone free assay media
(DMEM, 10% hormone depleted serum to remove endogenous hormones). Additionally,
the estrogen assay was performed using phenol red free DMEM due to the estrogenicity
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of phenol red. Cells were seeded at a concentration of 4 x ICf cells/ml, into white walled
96 well plates with clear flat bottoms (Greiner Bio-One, Frickenhausen, Germany) at
lOOpl/well and incubated for 24 h. The following day, standards were prepared 1:100
(v/v) by adding 10 pi of the relevant steroid hormone to 1 ml of assay media giving a
final methanol concentration of 0.5%. The following standards hormones (17(5-estradiol
and testosterone) and PE concentrations used are as shown in Table 3.1 below.
Antagonist tests were carried out by incubating the PEs and (their metabolites) at the
shown concentrations (Table 3.1) with 5 nM of 17p-estradiol (MMV-Luc) and 50 nM
testosterone (TARM-Luc). The cells were incubated for 24 h for the MMV-Luc cell line
or 48 h for the TARM -Luc cell line. The supernatant was discarded and the cells
washed twice with phosphate buffered saline (PBS) prior to lyses with 20 pi cell culture
lyses buffer (Promega, Southampton, UK). Finally, 100 pi luciferase (Promega,
Southampton, UK) was injected into each well and luciferase activity measured using
the Mithras Multimode Reader (Berthold, Other, Germany). All experiments were
performed thrice (n=3) for all cell lines and the transcriptional activity of the various
compounds were measured and compared with the negative control (0.5% methanol in
media). Each experimental point was performed in triplicate (three wells on plate).
Table 3-1 Concentrations used for reporter gene assays

Compound

Concentrations used in

Compound

Concentrations used in

17p-estradiol

0.05pM-10nM

Equol

.25 nM - 20 pM

Testosterone

50pM- 50 nM

Formononetin

0.5 nM-115 pM

Apigenin

.25 nM - 80 pM

Genistein

0.5 nM - 150 pM

Daidzein

.25 nM - 50 pM

Genistin

0.1 nM-20 pM

Daidzin

0.1 nM - 20 pM

Glycitein

1.0 nM - 100 pM

Enterodiol

0.5 nM - 10 pM

Matairesinol

0.5 nM-80 pM

The % Relative potencies for the PEs were calculated as:
(EC50

for the hormone/ EC50

for

the PE) x 100
77

The dose response curves were plotted by means of triplicate readings for a minimum of
three experiments
3.3.3

Ant (agonistic) Effect

The procedure used for evaluating the (ant) agonistic effect of PE extract was as follows.
Standard 17P-estradiol and testosterone hormones were used as positive controls on MMVLuc and TARM-Luc cell lines respectively. For this test, cells that had been sub cultured as
for the reporter gene assays above were seeded in a 96 well Greiner bio-plate at a 100 pi
and at a cell density of 10,000 cells/ml. They were incubated at 37°C/8% CCF in a
humidified environment. The PE standards, negative controls, 17|3-estradiol or testosterone
positive controls were added. For this test, 990 pi of assay media was spiked with an equal
amount (5 pi each) of PE standard/extract and of methanol (blank) and vortexed. 100 pi
was then added to each well. For each adjacent well with a particular PE the 990 pi assay
media was spiked with 5 pi PE standard and 5 pi hormone. This was to allow for direct
comparison of the effect of PE alone or in combination with the hormone. Two negative
controls were used:

i) A blank with methanol (1 %) in assay media which is a solvent for the standards
ii) A blank as above that had known antagonists ; fulvestrant at a concentration of
121.2ng/ml for the estrogen cell lines and flutamide, at a concentration of
2762ng/ml for the androgen cell line at a concentration of 0.5% in assay media.

Two positive controls were used:
iii) The first positive control had hormone (17|3-estradiol (5nM) for estrogen cell line
or testosterone (50nM) for the androgen cell line, and methanol, both
hormone and methanol at 0.5% each in assay media.
iv) The second positive control had hormone, 17 [3-estradiol or testosterone and the
appropriate antagonist. Fulvestrant for the estrogen and flutamide for the
androgen cell line.
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3.3.4

Effect of heating and storage on the bioactivity of phytoestrogens

Selected PEs at the given concentrations (ng/ml) were subjected to heating and storage
regimes, apigenin (31.25, 312.5, 3125 and 31250), genistein (40, 400, 4000 and 40,000)
and formononetin (21, 210, 2100, 21000) subjected to heating and storage regimes. The
PEs solvents were spiked into HPLC water. One set of doses were heated to a
temperature of 100°C for 25 minutes, dried at 45°C under a nitrogen stream,
reconstituted in methanol and cooled immediately and stored at -20°C. The time was
chosen based on the field study done where 25 minutes was the time which was the
upper mean of time of the people cooked their gruel (Chapter 5). Hence it was a
realistic time at which PEs in this chapter and in the gruels (Chapter four) would be
cooked within and potential degradation or structural change potentially affecting the
transcriptional activity of the PE would happen. Another set of PE at the given
concentrations was heated at 100°C and stored at ambient temperature for 8h (which is
the maximum time gruel was stored (from cooking to the last feed) see chapter five.
The heated PEs were then dried in nitrogen stream in the Turbo Vac at 45°C before
reconstituting back in methanol solvent. The PEs were then applied to the two cell line
in standard RGA procedure.
3.3.4.1 Cytotoxicity assay
PE standard or hormone concentration as that used for reporter gene assays, were tested
for cytotoxicity. After the requisite cell exposure to hormone or PE for 24 or 48h in the
estrogen or androgen cell line respectively, the medium was aspirated from the wells and
discarded. In this assay MTT solution (5mg in 20ml of PBS) was diluted in media
(1:2.5) and 50pl of this dilution added to each of the seeded wells of a 96 well plate (BD
Science). It was then wrapped in tin foil and incubated for four hours at 37°C/8% CO2
after which excess MTT was removed and 200 pi DMSO added. It was then shaken for
10 minutes and read in the plate reader at a wavelength of 570nm
For cytotoxity analysis toxic effect was derived from the absorbance values using the
following formula:
% cytotoxicity = (mean negative control Abs-mean Sample Abs) / (negative control
Abs)*100
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3.3.5

Data Analysis

For gene assays calibration curves were fitted with sigmoidal dose-response curve
equation to a four-parameter Hill plot,

Y = Min Response + (Max response - Min response)/ (I+X/EC50) A slope of the line

where X is the concentration of the testing compounds, Y represent the response of the
hormonal/phytochemical activity, the range 0-100 (Willemsen et ah, 2004; Blankvoort
et al, 2005). If using logarithm instead of actual concentration then the following
equation is used:

Y = Bottom + (Top - Bottom)/! + 10 (,ogEC5o"X)

Where X is the logarithm of concentration, Y the response, EC50 is the mid-point
between Top and Bottom which are the maximum response and the baseline response,
respectively.
One way ANOVA and Bonferroni post tests were performed using GraphPad Prism
version 5.00 for Windows, GraphPad Software, San Diego California USA,
www.graphpad.com.
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3.4

3.4.1

Results

Non-normalised Dose response curves in MMV-Luc cells

The un-normalised dose response curves shown in Figure 3.1 depict the five
phytoestrogens were weak agonists (as defined by COT report, 2003; in chapter 1
subsection 1.2.4 Figure 1.6) compared to the 17p-estradiol. This is because increasingly
high concentrations of PEs (~1 OOnM) were required for any agonist activity to be
induced by the phytoestrogens. Consequently, higher individual PE concentration (>
500nM) was required to achieve a full estrogenic effect. From the same figure 3.1 the
dotted line through 17p-estradiol maximum fold induction level, intercepts the other
curves at various concentrations which shows that equol required a concentration of
521nM, genistein 1.212pM, apigenin 2.239 pM, formononetin 2.818 pM while daidzein
required 7.079 pM. That compared to InM of 17p-estradiol hormone. The PEs however,
achieved superagonist status (transcription activity was higher than that of 17p-estradiol
(5nM). Apigenin achieved an average maximum fold induction of 15, daidzein 12,
formononetin 10, equol 9 and genistein 17 at the tested concentrations. This was against
a maximum average fold induction of about 5 for 17p-estradiol at its’ best performance
in MMV-Luc cell line.
Four other PEs matairesinol, enterodiol, genistin and daidzin standard curves were not
achieved in MMV-Luc cell lines at the tested concentration. They exhibited maximum
medium agonistic activity which varied from 27- 50% of 17p-estradiol (5nM) induction
whose induction had arbitrarily been assigned 100%. These can be classified as partial
agonists (as defined by COT report, 2003; in chapter 1 subsection 1.2.4 Figure 1.6).
The four had no trend to enable a proper curve to be fitted as will be seen in section
3.4.5 of this chapter. The tenth PE glycitein was anti-estrogenic in MMV-Luc cell line at
the tested concentrations and very slightly agonistic

activity at a

maximum 20%

induction of 17p-estradiol (5nM) induction whose induction had arbitrarily been
assigned 100% (section 3.4.S.9 of this chapter has more details on glycitein).
The limitation of non-normalized curves is that the slope of the curve and height is not
taken into account for a more standardized comparison.
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Concentration (nM)

Figure 3-1 Dose response curves of 17[5-estradiol, apigenin, daidzein, equol, formononetin and
genistein. Values are Mean fold induction ± SD in relation to untreated cells. The MMV cell line
was treated with increasing concentration of the hormone or compound (means are of three
independent experiments (n = 3) with each experimental point performed in triplicate). The
luciferase activity measured after 24h. The dotted line depicts a full estrogenic effect.

3.4.2

Normalised Dose response curves in MMV-Luc cells

Five dose response curves for isoflavones daidzein and its metabolite equol,
formononetin, genistein and a flavone, apigenin were determined. Four of the PEs
(daidzein, formononetin, genistein, and apigenin) and the daidzein metabolite equol
were weak agonists and induced estrogenicity comparable to 17p-estradiol at higher
concentrations (see figures 3.2- 3.5).
The EC50 which is the concentration that gives half maximal luciferase expression was
calculated and reported for the curves (See Table 3.2) Potencies of the PEs relative to
estrogenic hormone standard,

17p-estradiol and androgenic hormone standard

testosterone have been reported in the same table.
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a
•

17 B-Estradiol hormone

Concentration nM

b

Daidzein compound

8 8
Concentration (nM)

Figure 3-2 Dose response standard curves of a) 17p-estradioI and b) daidzein. The MMV cell line
was treated with increasing concentration of the hormone or compound and luciferase activity
measured after 24h .Values are % maximal luciferase activity ± SEM (normalised to 100%). Means
of at least three independent experiments (n =3) with each experimental point performed in
triplicate.
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a

Equol compound

Concentration (nM)

Formononetin

Compound

J

I

t-l-LJ-Ui

Concentration (nM)

Figure 3-3 Dose response standard curves of a) equol and b) formononetin. The MMV cell line was
treated with increasing concentration of the compound and luciferase activity measured after 24h
.Values are % maximal luciferase activity ± SEM (normalised to 100%). Means of at least three
experiments (n =3) with each experimental point performed in triplicate.
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3.4.2.1 Normalised Dose response curves for genistein and apigenin in MMV-Luc
cell lines
a
•

Genistein compound

Concentration (nM)

b

Apigenin compound

Concentration (nM)

Figure 3-4 Dose response standard curves of a) genistein and b) apigenin. The MMV cell line was
treated with increasing concentration of the compound and luciferase activity measured after 24h.
Values are % maximal luciferase activity ± SEM (normalised to 100%). Means are of at least three
experiments n =3 with each experimental point performed in triplicate.
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17 IVestradiol
Equol
Formononetin
Genistein
Daidzein
Apigenin

.L.iiLJ I l!Hl

Concentration nM

Figure 3-5 Dose response standard curves in MMV-Luc cell line of the 17fl-estradiol and different
PEs shown separately in Figures 3.1, 3.2 and 3.3. The MIMV cell line was treated with increasing
concentration of the hormone or compound and luciferase activity measured after 24h .Values are
% maximal luciferase activity ± SEM (normalised to 100%). Means are of at least three
experiments (n=3) with each experimental point performed in triplicate.

Table 3-2 the EC50 of select PE and % potency relative to 17P-estradiol

Compound

EC50M

%
potency

17 P-Estradiol

4.5 x KT11

100

Equol

4.9 x 10 V

0.009

Formononetin

5.7 x 10'6

0.0008

Genistein

2.1 x KT6

0.0021

Apigenin

2.4 x lO'"

0.0018

Daidzein

3.3 x 10°

0.00014

Relative

In the current study, the rank order of EC50 (M) for the PEs was equol (4.9 x 10'7) >
formononetin (5.7 x 10'6) > apigenin (2.4 x 1CT6) > genistein (2.1 x 10‘6) > daidzein (3.3
x lO'5).
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We did not establish dose response curves with daidzin, genistin, enterodiol, glyciten
and matairesinol at the tested concentrations.
3.4.3

Non-normalised dose response curves in TARM-Luc cells

The un-normalised dose response curves of apigenin and glycitein against testosterone
illustrated below clearly shows the two phytoestrogens had weak androgenic activity.
They were partial agonist as their maximum induction was never as high as that of
testosterone (as defined by COT report in chapter 1 subsection 1.2.4 Figure 1.6).

------

Testosterone

—

Glycitein
Apigenin

Concentration (nM)

Figure 3-6 Dose response standard curves of testosterone, apigenin and glycitein. Mean induction ±
SD in relation to untreated cells. The TARM-Luc cell line was treated with increasing concentration
of the hormone or compound in at least three independent experiments (n=3) with each
experimental point performed in triplicate). The luciferase activity measured after 48h.

Apigenin had an average maximum fold induction of 20 while glycitein had 15 against
30 for testosterone. This depicts that they have weak androgenic activity as higher
concentrations in the micromolar region are required to register any androgenic activity
compared to testosterone whose androgenicity is evident at the picomolar level. It was
not possible to get any dose response curves of eight PEs. Phytoestrogen enterodiol had
slight androgenic activity (maximum induction at the tested concentrations ranging at
12-22% of testosterone hormone (50nM) arbitrarily assigned a maximum induction of
100%) (See sub section 3.4.S.4 of this chapter). The other seven phytoestrogens
daidzin, formononetin, equol, genistein, genistin, daidzein and matairesinol were
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antagonistic and registered < 10% maximum induction compared to the testosterone at
the same concentration (section 3.4.5 of this chapter will have the details).

3.4.4

Normalised Dose response curves in TARM-Luc cells

Two dose response curves for two PEs, apigenin and glycitein were determined. They
were weak agonists and induced androgenicity comparable to testosterone at higher
concentrations (see figures 3.7 and 3.8). In all these cases there was a dose dependent
increase at the tested concentrations.
The EC50 which is the concentration that gives half maximal luciferase expression was
calculated and reported for the curves (See Table 3.3) Potencies of the PEs relative to
testosterone hormone.

Table 3-3 The EC50 or molar concentration of hormone or PE eliciting half maximal luciferase
expression in TARM-Luc cell line and % potency relative to testosterone

Compound

EC50M

%
Relative
potency

Testosterone

3.7 XIO-9

100

Apigenin

4.5 X 10'6

0.082

Glycitein

4.8 X 10‘5

0.0077

The rank order as determined by the EC50 (M) is as follows for the androgen cell line
testosterone(3.7 x 10'9) < apigenin (4.5 x 10 -6)< glycitein(4.8 x 10‘5). It was not possible
to get dose response curves with the other PEs as they were mainly anti androgenic.
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a
Testosterone hormone

Concentration (nM)

Apigenin compound

Concentration (nM)

Figure 3-7 Dose response standard curves of a) Testosterone b) Apigenin in TARM-Luc Cell Line.
The TARM-Luc cell line was treated with increasing concentration of the compound and luciferase
activity measured after 24h .Values are % maximal luciferase activity ± SEM (normalised to 100%).
Means of at least three independent experiments (n =3) with each experimental point performed in
triplicate.
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•

c

Glycitein compound

115.00

91.80

g-68.60

S 45.40

22.20

Concentration (nM)

d

Testosterone hormone
Glycitein compound
Apigenin compound

;..rh

l

o o
Concentration (nM)

Figure 3-8 Dose response standard curves of a) Glycitein b) Testosterone, apigenin and glycitein in
TARM-Luc Cell Line. The TARM-Luc cell line was treated with increasing concentration of the
hormone or compound and luciferase activity measured after 24h .Values are % maximal luciferase
activity ± SEM (normalised to 100%). Means of at least three independent experiments n =3 with
each experimental point performed in triplicate.
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3.4.5

Enhancement or inhibitive effects of PEs on 17p-estradiol and testosterone dependent TA in MMV-Luc cell line and TARM-Luc cell line respectively

In this section, combinatorial effects of hormones 17P-estradiol (5 nM) and testosterone
(50 nM) with PEs in MMV-Luc and TARM-Luc cell lines have been reported. The
percentage maximum agonist effect transcriptional activity of the PEs compared to
transcriptional activity for each hormone (17P-estradiol (5nM) and testosterone (50 nM),
which were arbitrarily assigned a value of 100% were reported using a key adapted from
Willemsen el ai, 2004 with some modification. This was to enable the strength of the
agonism to be evaluated at different molar concentrations. The transcriptional effect of
the PE and the inhibitive or enhancement capability of that PE on hormone-dependent
transcription in the MMV-Luc and TARM-Luc cell lines were evaluated. The
combinatorial effect of the PE and the natural hormone was determined in both the
MMV-Luc and TARM-Luc cell lines for the ten PEs as shown in Figures 3.9-3.18.
Actual values are as shown in Tables 3.4- 3.8 in the following sections each of the five
tables will have values for the transcriptional activity of two compounds expressed as
mean ± SD % TA of the hormones

17(3-estradiol (5nM) and testosterone (50nM)

(which were arbitrarily assigned 100%) in MMV-Luc and TARM-Luc cell lines. This
will be followed by the graphical representation of the same results.
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Table 3-4 Percent transcription activity of apigenin and daidzin in the presence and in the absence
of hormones in MMV-Luc and TARM-Luc cell lines (Values are mean % TA ± SD relative to 170estradiol (5nM) or testosterone (50nM) of three independent experiments) The luciferase activity
measured after 24h or 48hr for the MMV-Luc cell line and TARM-Luc cell line respectively._____

% TA of the
compound
% TA of the
(Relative to
Compound +
Cell line
Concentration
Maximum of
hormone (Relative
Compound
type
(nM)
E2 or T2
to Maximum of E2
arbitrarily
or T2 arbitrarily
taken as
taken as 100%)
100%)
49.96
Apigenin
MMV-Luc
42.01± 8.03
98.64 ± 7.62
601.69
72.93 ± 6.25
119.57 ± 8.78
2463
127.00 ± 8.83
148.05 ±7.61
12314.98
198.16 ± 14.72
158.00 ± 14.72
37004.14
177.60± 16.93
151.45 ± 13.70
121.74
2.13 ± 0.59
TARM101 ± 5.99
Luc
1158.23
4.51 ±3.54
106 ±5.89
2312.76
5.11 ±7.71
114.31 ±7.36
11563.8
28.98 ±4.92
161.83 ± 16.93
37.89 ±4.94
25000
148.08.01 ± 13.25
37004.14
48.08 ±2.33
145 ± 18.40
1.92
Daidzin
MMV-Luc
37.89 ± 4.94
116.19± 7.87
162.35
34.52 ± 6.14
103.38 ± 9.95
3991.55
97.20 ± 4.56
44.63 ± 6.88
16211.15
34.78 ± 6.92
113.11 ± 14.72
TARM1.92
8.74 ± 3.19
99.23 ± 3.45
Luc
162.35
5.90 ± 1.69
77.58 ± 4.28
1623.52
6.83 ± 2.36
92.45 ± 8.83
3902.69
11.50 ± 5.30
87.85± 10.14
TA is transcriptional activity; E2 Stands for 17 |3-estradiol; T2 stands for testosterone

Key adopted with modification from Willemsen et al, 2004. For the middle column, no effect
< 10% of the hormone (Black); Slight agonistic activity, value > 10 < 25% of the hormone
(purple); medium agonistic activity, Value >25<75 of the hormone (blue); Strong agonistic
activity; Value >75% of the hormone . For the last column for combinatorial (PE + E2 or T2)
effects value <75% PE dose considered antagonistic to hormone (Black); value > 75%
agonistic activity of hormone not clearly additive where additive means PE activity and
hormone activity is sum of the individual activity, > 100 and Synergistic meaning the value >
sum of (% PE activity + (100) for T2 or E2 activity)
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3.4.5.1 Percent TA of apigenin (APGN) in combination with hormones in the two
cell lines
The PE apigenin as shown in (Figure 3.9 a) and b) and Table 3.4 below exhibited
medium agonistic % TA activity or response (42.01± 8.03% and 72.95± 6.25%) relative
to 5nM

17p-estradiol arbitrarily assigned 100% at a concentration of about 50nM-

600nM in MMV-Luc cell line. It however achieved strong agonistic TA at higher
concentrations peaking at 12uM. At concentrations higher than that there was a
reduction in estrogenic activity probably due to cytotoxicity. In the presence of 17pestradiol there was a consistent agonist effect that had an increasing trend with increase
in apigenin concentration which fell towards the end due to cell cytotoxicity. The effect
though high was not additive or synergistic as the apigenin induced strongly agonistic
TA on its own. In TARM-Luc cell line apigenin had an undetectable effect (121 nM2.3|iM to medium agonistic androgenic effect that peaked at 37pM . Testosterone
hormone transcription activity was not affected at the lowest 121nM concentration of
apigenin tested. It however induced additively or synergistically the agonistic TA of
testosterone at the higher concentrations (1.15 -25pM) of apigenin as seen on Table 3.4.
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APGN in MMV-Luc cells
APGN + E2 (5nM) in
MMV-Luc cells
E2 (5nM) in MMV-Luc cells

Concentration (nM)

b

APGN in TARM-Luc cells
APGN + T2 (50nM)
in TARM-Luc cells
T2 (50nM) in TARM-Luc cells

Concentration (nM)

Figure 3-9 Percent maximum TA of increasing concentrations of apigenin in the absence or in the
presence of 17p-estradiol (5nM) or testosterone (50nM) in the a) MMV-Luc b) TARM cell lines.
Values are percent luciferase activity relative to maximum of hormone (arbitrarily taken as 100%)
± SEM (means from three independent experiments (n=3) with each experimental point performed
in triplicate). Incubation period in MMV and TARM -Luc cells was 24h and 48h respectively.

Abbreviations on the graphs TA means transcription activity APGN stands for apigenin
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3.4.S.2 Percent TA of daidzin (DIN) in combination with hormones in the two cell
lines
Daidzin (see Figure 3.10 a) and b)) in MMV-Luc cell line daidzin had a medium
agonistic activity (about 34 - 44%) at concentrations of about 2nM -16|iM (see Table
3.4 above). Daidzin, in the presence of 17P-estradiol (5nM) had an agonist effect on the
activity that was neither additive nor synergistic. The agonist activity was higher at the
lower (2nM which was at 116%) and higher concentration (16pM which was at 113%
agonistic activity relative to the hormone, arbitrarily taken to be at 100%) tested.
Daidzin in TARM-Luc cell line had no agonist effect up to a concentration 3.9pM to a
barely medium agonistic androgenic effect (11.5 % of hormone(5nM) maximum
induction) at the tested concentrations (see table 3.4).
Daidzin in the presence of 50nM testosterone, had an inhibiting effect on the hormones
activity which was < 25% inhibition on the hormone activity observed. This according
to the key was not registered as significantly antagonistic as a clear cut point was set at
reduction below 75% for the dose to be considered categorically antagonistic.
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a

DIN in MMV-Luc cells
DIN + E2 (5nM) in MMV-Luc
cells
E2 (5nM) in MMV-Luc cells

Concentration (nM)

b

DIN in TARM-Luc cells
T2 (50nM) in TARM-Luc cells
DIN + T2 (50nM) in
TARM-Luc cells

Concentration (nM)

Figure 3-10 Percent maximum TA of increasing concentrations of daidzin in the absence or in the
presence of 17p-estradiol (5nM) or testosterone (50nM) in the a) MMV-Luc b) TARM cell lines.
Values are percent iuciferase activity relative to maximum of hormone (arbitrarily taken as 100%)
Mean ± SD (n = 3) with each experimental point performed in triplicate. Incubation period in MMV
and TARM -Luc cells was 24h and 48h respectively.
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3.4.S.3 Percent TA of daidzein (DEN) in combination with hormones in the two cell
lines
Daidzein (see Figure 3.11 a) and b) exhibited medium estrogenicity in MMV-Luc cell
line that (30-67% at 50-500nM) as seen in Table 3.5 below. At higher concentrations
(2.5-25gM) the daidzein was strongly agonistic (superagonistic) exhibiting inductions
130- 250% of 17[3-estradiol which was arbitrarily assigned an induction 100%. At higher
concentration than that there was a reduction probably due to cells cytotoxicity. In the
presence of 17(3-estradiol there was a consistent agonist effect that had an increasing
trend with increase in daidzein concentration achieved superagonist status at a
concentration of around 2.5p,M which was at 132% and peaked at 25 pM at 246.7% that
of the hormone. The peak then declined probably due to cell cytotoxicity. In TARMLuc cell line it was antagonistic or had no agonistic effect in the cell line as it registered
less than 10% agonistic activity of the testosterone (50nM) at all tested concentrations.
Daidzein in the presence of testosterone hormone

had a mixed reaction to the

transcriptional capabilities of testosterone. At lower concentration it was an antagonist
(<2.5pM) it exhibited superagonist status at which was at 140% that of testosterone
(50nM), at 6 pM and peaked at 25pM at 275% agonistic activity compared to that of
testosterone (50nM).
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DEN + E2 (5nM) in MMV-Luc
cells
E2 (5nM) in MMV-Luc cells
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3-11 Percent maximum TA of increasing concentrations of daidzein in the absence or in the
presence of 17p-estradiol (5nM) or testosterone (50nM) in the a) MMV-Luc b) TARM cell lines.
Values are percent luciferase activity relative to maximum of hormone (arbitrarily taken as 100%)
Means ± SD (n = 3) with each experimental point performed in triplicate. Incubation period in
MMV and TARM -Luc cells was 24h and 48h respectively.
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Table 3-5 Percent transcription activity of daidzein and enterodiol in the presence and in the
absence of hormones in MMV-Luc and TARM-Luc cell lines (Values are mean % TA ± SD relative
to 17p-estradiol (5nM) or testosterone (50nM) of three independent experiments) Incubation period
in MMV and TARM -Luc cells was 24h and 48h n

Compound

Cell type

Daidzein

MMV-Luc

TARM-Luc
cell

Enterodiol

MMV-Luc

TARMLuc

% TA of the
compound
(Relative to
Maximum of E2
or T2
arbitrarily
taken as 100%)
29.97 ± 5.11
66.84 ± 8.58
129.37 ± 6.82
232.41 ± 18.40
251.96 ± 21.34
2.56 ± 4.50
2.60 ± 5.94
1.85 ± 3.43
8.35 ± 2.79
5.88 ± 4.47
34.51 ± 6.62
37.30 ± 5.35
40.03 ± 13.38
34.51 ± 6.62
22.00 ±6.25

Concentration
(nM)

49.95
499.53
2497.64
6391.6
24583.07
49.95
499.53
2497.64
6391.6
24583.07
20.146
201.89
2018.90
9800
20.15
201.89
2018.9
9800

17.00 ± 2.00
16.00 ± 9.00
12.00 ± 3.25

% TA of the
Compound +
hormone (Relative
to Maximum of E2
or T2 arbitrarily
taken as 100%)
80.85 ± 8.17
94.67 ± 9.82
132.88 ± 7.11
246.96 ± 16.03
217.98 ± 18.97
41.80 ± 5.86
40.96 ± 2.61
39.51± 7.80
140.67 ± 12.51
274.59 ± 22.08
106.35 ±9.20
106.35 ±9.20
113.35 ± 10.82
96.13 ±7.61
92.50 ± 7.36
89.50 ± 10.30
85.00 ± 8.83
82.25 ± 9.57

TA is transcriptional activity; E2 Stands for 17 P-estradiol; T2 stands for testosterone
Key adopted with modification from Willemsen et ai, 2004. For the middle column, no effect
< 10% of the hormone (Black); Slight agonistic activity, value > 10 < 25% of the hormone
(purple); medium agonistic activity, Value >25<75 of the hormone (blue); Strong agonistic
activity; Value >75% of the hormone . For the last column for combinatorial (PE + E2 or T2)
effects value <75% PE dose considered antagonistic to hormone (Black); value > 75%
agonistic activity of hormone not clearly additive where additive means PE activity and
hormone activity is sum of the individual activity, > 100 and Synergistic meaning the value >
sum of (% PE activity + (100) for T2 or E2 activity)
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3.4.S.4 TA of enterodiol (ENT) in combination with hormones in the two cell lines

Enterodiol (see Figure 3.13 a) and b)) below and actual values on Table 3.5 above
which is a lignin metabolite had medium agonist activity in MMV-Luc cell line (3440%). In the presence of 17(3-estradiol (5nM) hormone, enterodiol had no inhibitory
effect on the hormones estrogenic activity at concentrations less the lOpM. The effect
remained agonistic but was neither additive nor synergistic at any of the tested
concentrations.
In TARM-Luc cell line enterodiol slight agonistic activity (12 -22%) that of
testosterone (50nM) hormone arbitrarily assigned 100%. Enterodiol suppressed the
agonistic activity of testosterone in a linear trend by a maximum of 18% at the lOpM
level.

100

ENT in MMV-Luc cells
ENT + E2 (5nM) in MMV-Luc
E2 (5nM) in MMV-Luc cells

Concentration (nM)

ENT in TARM-Luc cells
ENT + T2(50nM) in TARM-Luc
cells
T2 (50nM) in TARM-Luc cells

Concentration (nM)
Figure 3-12 Percent maximum TA of increasing concentrations of enterodiol in the absence or in the
presence of 17p-estradiol (5nM) or testosterone (50nM) in the a) MMV-Luc b) TARM cell lines.
Values are percent luciferase activity relative to maximum of hormone (arbitrarily taken as 100%)
Mean ± SD (n = 3) with each experimental point performed in triplicate. Incubation period in MMV
and TARM -Luc cells was 24h and 48h respectively.
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Percent TA of equol in combination with hormones in the two cell lines
Table 3.6 has the % TA values for equol and formononetin.
Table 3-6 Percent transcription activity of equol and formononetin in the presence and in the
absence of hormones in MMV-Luc and TARM-Luc cell lines (Values are mean % TA ± SD relative
to 17p-estradiol (5nM) or testosterone (50nM) of three independent experiments). Incubation period
in MMV and TARM -Luc cells was 24h and 48h respectively. Incubation period in MMV and
TARM -Luc cells was 24h and 48h respectively.

Compound

Cell type

Equol

MMV-Luc

TARM -Luc

Formononetin

MMV-Luc

TARM -Luc

Concentration
(nM)

% TA of the
compound
(Relative to
Maximum of
E2 or T2
arbitrarily
taken as 100%)

4.99
49.94
499.44
5159.53
10319.07
4.99
49.94
499.44
5159.53
7739.3
24.79
247.89
1237.61
12238.13
46596.59
93193.17
18.64
24.79
247.89
1237.61
12238.13
46596.59

36.22± 9.64
72.77 ± 5.29
104.28 ± 10.30
149.85 ± 11.67
242.18 ± 19.87
8.94 ± 3.17
10.70 ± 3.83
7.28 ± 1.10
8.60 ± 2.36
11.50± 3.64
34.54 ± 6.69
47.06 ± 4.31
98.90 ±7.75
258.77 ± 17.59
272.50 ± 22.08
230.98 ± 21.34
5.22 ± 3.81
4.35 ± 3.91
4.04 ± 2.50
4.54 ± 2.18
5.47 ± 3.21
13.97 ± 4.64

% TA of the
Compound +
hormone
(Relative to
Maximum of
E2 or T2
arbitrarily
taken as 100%)
76.08 ± 2.30
85.33 ± 4.13
112.70 ± 7.36
145.21± 9.57
233.57 ± 19.87
112 ±6.72
106.45 ±7.21
99.39 ± 10.30
88.31 ±2.57
69.31 ±6.30
109.17 ± 3.45
101.38 ± 8.77
125.09 ± 4.77
265.43 ± 8.93
391.50 ± 33.86
md
109.19 ± 6.94
126.69 ± 9.67
181.57 ± 6.93
206.18 ± 17.84
218.78 ± 18.40
140.75 ± 1.04

TA is transcriptional activity; E2 Stands for 17 P-estradiol; T2 stands for testosterone
Key adopted with modification from Willemsen et al., 2004. For the middle column, no effect
< 10% of the hormone (Black); Slight agonistic activity, value > 10 < 25% of the hormone
(purple); medium agonistic activity, Value >25<75 of the hormone (blue); Strong agonistic
activity; Value >75% of the hormone . For the last column for combinatorial (PE + E2 or T2)
effects value <75% PE dose considered antagonistic to hormone (Black); value > 75%
agonistic activity of hormone not clearly additive where additive means PE activity and
hormone activity is sum of the individual activity, > 100 and Synergistic meaning the value >
sum of (% PE activity + (100) for T2 or E2 activity)
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Equol (see Figure 3.14 a) and b)) below and Table 3.6 for actual values, had medium
agonistic (estrogenic) activity and through to super agonist status at 5pM (149% of 17 Pestradiol) which peaked at lOpM (242% of 17 P-estradiol). In the presence of 17Pestradiol hormone, equol had a varried effect ranging from inhibitive effect on the
hormone at < 50nM synergistic in an upward trend peaking in the lOuM range. The
effect was neither additive nor synergistic in nature.
When TARM-Luc cell lines were exposed to equol at varying concentrations equol
was highly antiandrogenic as it had less than 10% of testosterone activity at the tested
concentration. In the presence of testosterone there was no effect on hormone action at
concentrations < 5pM). At the ncentrations beyond 5 pM

beyond equol had an

antagonistic effect (11% that of 50nM testosterone) probably due to cell cytotoxity
which translated into reduced luciferase expresion for the combination.
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a
Equol in MMV-Luc cells
Equol + E2 (5nM) in MMV-Luc
cells
E2 (5nM) in MMV-Luc cells

Concentration (nM)

Equol in TARM-Luc cells
T2 (50nM) in TARM-Luc cells
Equol + T2 (50nM) in
TARM-Luc cells

Concentration (nM)
Figure 3-13 Percent maximum TA of increasing concentrations of equol in the absence or in the
presence of 17p-estradiol (5nM) or testosterone (50nM) in the a) MMV-Luc b) TARM cell lines.
Values are percent luciferase activity relative to maximum of hormone (arbitrarily taken as 100%)
Mean ± SD (n = 3) with each experimental point performed in triplicate. Incubation period in MMV
and TARM -Luc cells was 24h and 48h respectively.
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3.4.S.5 Percent TA of formononetin (FORM) in combination with hormones in the
two cell lines
Formononetin (see Figure 3.15 a) and b)) and Table 3.6 below was weakly estrogenic
as it get a transcriptional activity similar to full estrogenic effect when concentration was
in the region of IpM. After that however induction increased to super agonist
proportions peaking at 46 pM (272% that of 17(3-estradiol (5nM)) and dropped after that
due to cell cytotoxicity. In the presence of 17(3-estradiol formononetin has a varied
transcriptional activity ranging from no effect on the hormone (<1 pM) through to
having a superagonist effect on the hormone (>1 pM; 125% which peaked at about 47
pM which was at 391% that of the 17p-estradiol (5nM) hormone. At this concentration
synergistic agonistic effect was observed as the sum of the hormone and formononetin at
that concentration was more than their individual agonistic effects added together.
Exposing TARM- Luc cell line to formononetin however resulted to an antagonistic
effect or lack of androgenic effect (agonist effect less than 10% of hormone) for 12pM
and medium agonist effect (13.97% of hormone) at the highest concentration about
47pM with formononetin was observed.

105

FORM + E2 (5nM) in
MMV-Luc Cells
E2 (5nM) in MMV-Luc cells
FORM in MMV-Luc cells

FORM in TARM-Luc cells
T2 (50nM) in TARM-Luc
cells
FORM + T2 (50nM) in
TARM-Luc cells

Concentration (nM)
Figure 3-14 Percent maximum TA of increasing concentrations of formononetin in the absence or
in the presence of 17p-estradiol (5nM) or testosterone (50nM) in the a) MMV-Luc b) TARM cell
lines. Values are percent luciferase activity relative to maximum of hormone (arbitrarily taken as
100%) Means ± SD (n = 3) with each experimental point performed in triplicate. Incubation period
in MMV and TARM -Luc cells was 24h and 48h respectively.
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Formononetin in the presence of the testosterone (50nM) hormone, however had a
superagonist effect was observed at all concentrations 24nM (127%) which peaked at
12.25 pM (218%). Beyond that (about 47 pM) agonistic activity fell (at higher
concentration) probably due to cytotoxicity to the cells.
3.4.S.6 Percent TA of genistein (GEN) in combination with hormones in the two cell
lines
Genistein (see Figure 3.16 a) and b)) and Table 3.7 below, had a varried
transcriptional activity in MMV-Luc cell line. It had medium agonist estrogenic effect
at the lowest concentration (30 nM) characterised by comparative high concentration of
genistein

required

to

achieve

100%

of the

17(3-estradiol

at

abut

500nM

concentration.However it achieved superagonist status in the 625nM (136.5%)
concentration, which peaked at 62.5pM (558.4%). Genistein had a varied effect on the
transcriptional activity of 17(3-estradiol (5nM) ranging from slightly antagonistic at
lower concentrations (30nM) through to superagonist at 6250 nM (184%) and 609.13%
at 62.5pM. The results here are rather confounded as the estrogenic effect of the
genistein at this doses is already high.However there was no additive or synergistic
effect.
In TARM-Luc cell line, genistein, like almost all PEs is antagonistic or had no
androgenic effects recording 4-5% agonistic effect of testosterone (50nM). It was
weakly agonistic (14% agonistic effect of hormone) at 47pM. In the presence of
testosterone hormone however genisteins’ combinatorial transcriptional activity was
additively agonistic or synergistic beyond 625 nM and additively at 47pM.
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Figure 3-15 Percent maximum TA of increasing concentrations of genistein in the absence or in the
presence of 17p-estradiol (5nM) or testosterone (50nM) in the a) MMV-Luc b) TARM cell lines.
Values are percent luciferase activity relative to maximum of hormone (arbitrarily taken as 100%)
Mean ± SD (n = 3) with each experimental point performed in triplicate. Incubation period in MMV
and TARM -Luc cells was 24h and 48h respectively
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Table 3-7 Percent transcription activity of genistein and genistin in the presence and in the absence
of hormones in MMV-Luc and TARM-Luc cell lines (Values are mean % TA ± SD relative to 17pestradiol (5nM) or testosterone (50nM) of three independent experiments). Incubation period in
MMV and TARM -Luc cells was 24h and 48h respectively.________________ _________________

Compound

Cell type

Genistein

MMV-Luc

TARM -Luc

Genistin

MMV-Luc

TARM -Luc

Concentration
(nM)

% TA of the
compound
(Relative to
Maximum of
E2 arbitrarily
taken as 100%)

30.86
625
6250
62500
18.64
24.79
247.89
1237.61
12238.13
46596.59
2.96
250.15
2501.48
25014
2.96
250.15
2501.48
6150.09
25014.8

32.05 ± 8.78
136.52 ± 12.51
214.55 ± 16.93
558.40 ± 35.33
5.22 ± 5.81
4.35 ± 5.91
4.04 ± 4.50
4.54 ±7.18
5.47 ± 7.21
13.97 ± 4.64
37.43 ± 5.15
38.71 ± 4.16
46.67 ± 2.05
49.75 ± 5.15
7.28 ± 1.69
10.45 ±2.50
5.95 ±2.21
9.50 ± 2.94
8.65 ± 3.68

% TA of the
Compound ±
hormone
(Relative to
Maximum of
E2 arbitrarily
taken as 100%)
80.78 ±7.78
121.18± 8.97
189.03 ± 14.82
609.13 ± 44.16
109.19 ± 6.94
126.69 ± 9.67
181.57 ± 16.93
206.18 ± 17.84
218.78 ± 18.40
140.75 ± 11.04
103.79 ±11.97
99.94 ± 7.77
105.88 ± 13.35
109.50 ± 7.36
98.37 ± 11.04
108.00 ± 8.83
121.33 ±2.05
127.50 ± 13.25
111.40 ± 7.07

TA is transcriptional activity; E2 Stands for 17 (3-estradiol; T2 stands for testosterone
Key adopted with modification from Willemsen et al, 2004. For the middle column, no effect
< 10% of the hormone (Black); Slight agonistic activity, value > 10 < 25% of the hormone
(purple); medium agonistic activity, Value >25<75 of the hormone (blue); Strong agonistic
activity; Value > 75% of the hormone. For the last column for combinatorial (PE + E2 or T2)
effects value <75% PE dose considered antagonistic to hormone (Black); value > 75%
agonistic activity of hormone not clearly additive where additive means PE activity and
hormone activity is sum of the individual activity, > 100 and Synergistic meaning the value >
sum of (% PE activity + (100) for T2 or E2 activity)
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3.4.S.7 Percent TA of genistin (GIN) in combination with hormones in the two cell
lines

Genistin (see Figure 3.17 a) and b) and Table 3.7), exhibited medium agonist activity,
in the range of 37- 50% maximum of 17 [3- estradiol (5nM), in MMV-Luc cell line at the
tested concentrations. It had agonist effect to the transcriptional effect of 17 P- estradiol
that was nether additive nor synergistic ( 99.95- 109% maximal induction relative to the
hormone which was arbitrarily assigned a 100% induction) at all the tested
concentrations.

Genistin was anti-androgenic or antagonistic in TARM-Luc cell line exhibiting 6110% maximal induction relative to testosterone (50nM), which was arbitrarily assigned a
1100% induction. In the presence of testosterone genistin had no effect at lowest
concentration tested (2.96nM); had agonistic effect (at 250nM) and agonistic effect that
was additive or synergistic at 2.5- 25 pM.
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Concentration (nM)

GIN in TARM-Luc cells
GIN + T2 (50nM) in
TARM-Luc cells
T2 (50nM) in TARM-Luc cells

Figure 3-16 Percent maximum TA of increasing concentrations of genistin in the absence or in the
presence of ITfl-estradiol (5nM) or testosterone (50nM) in the a) MMV-Luc b) TARM cell lines.
Values are percent luciferase activity relative to maximum of hormone (arbitrarily taken as 100%)
Mean ± SD (n = 3) with each experimental point performed in triplicate. Incubation period in MM V
and TARM -Luc cells was 24h and 48h respectively.
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3.4.S.8 Percent TA of glycitein (GLY) in combination with hormones in the two cell
lines
Glycitein (see Figure 3.18 a) and b) and Table 3.8) was antagonistic or no agonistic
effect observed at lOOnM and 1 uM concentration (maximum induction observed beeing
5-8% of 17P-estradiol whose induction was arbitrarily assigned 100%). It had slight
agonistic activity at 10 and 53 gM (11 and 20% maximum induction compared to the
hormone) in MMV-Luc cell line. In the presence of glycitein the agonist effect of 17(3estradiol hormone varies from slightly antagonistic (74% at lOOnM) through agonist
(89% at 1 pM) to agonist of additive and synergistic proportion at 10 and 52 pM
respectively.
In TARM -Luc cell line glycitein had medium agonist activity (36 -50% maximum
induction relative to testosterone (50nM) which was arbitrarily assigned 100%
induction, at all tested concentrations. Glycitein effect on testosterone hormone
(SOnlM) transcriptional activity was agonistic that was neither of additive nor synergistic
proportions but had an increasing trend from lowest concentration
concentration tested (See Table 3.8 below).
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Figure 3-17 Percent maximum TA of increasing concentrations of glycitein in the absence or in the
presence of 17p-estradiol (5nM) or testosterone (50nM) in the a) MMV-Luc b) TARM cell lines.
Values are mean percent luciferase activity relative to maximum of hormone (arbitrarily taken as
100%) Mean ± SD (n = 3) with each experimental point performed in triplicate. Incubation period
in MMV and TARM -Luc cells was 24h and 48h respectively.
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Table 3-8 Percent transcription activity of glycitein and matairesinol in the presence and in the
absence of hormones in MMV-Luc and TARM-Luc cell lines (Values are mean % TA ± SD relative
to 17(5-estradiol (5nM) or testosterone (50nM) of three independent experiments). Incubation period
in MMV and TARM -Luc cells was 24h and 48h respectively.______________ _________________

Compound

Cell type

Glycitein

MMV-Luc

TARM -Luc

Matairesinol

MMV-Luc

TARM -Luc

Concentration
(nM)

% TA of the
compound
(Relative to
Maximum of
E2 arbitrarily
taken as 100%)

105.54
1055.37
10553.72
52768.59
175.9
1055.37
26384.3
52768.59
34.87
348.68
3486.85
34868.48
69736.95
34.87
348.68
3486.85
34868.48

5.32 ± 12.03
7.98 ± 3.53
11.55 ± 4.93
20.05 ± 9.40
41.48 ± 15.27
36.63 ± 6.90
46.59 ± 4.67
50.13 ± 6.96
32.29 ± 5.79
34.76 ± 7.36
35.30 ± 4.21
43.22 ± 3.47
27.91 ± 6.97
5.51 ± 1.54
9.90 ± 1.47
12.58 ± 4.93
11.89 ± 6.49

% TA of the
Compound +
hormone
(Relative to
Maximum of
E2 arbitrarily
taken as 100%)
74.28 ± 12.19
89.66 ± 3.53
111.40 ± 2.78
168.03 ± 4.85
111.92 ± 8.90
121.24 ± 8.90
131.67 ± 8.50
138.88 ± 10.98
104.78 ± 7.43
102.03 ± 8.83
115.36 ± 6.29
82.08 ± 6.72
72.35 ±9.57
117.77 ±5.52
110.50 ±7.36
79.47 ±4.34
50.94 ±4.96

TA is transcriptional activity; E2 Stands for 17 (l-estradiol; T2 stands for testosterone
Key adopted with modification from Willemsen et ai, 2004. For the middle column, no effect
< 10% of the hormone (Black); Slight agonistic activity, value > 10 < 25% of the hormone
(purple); medium agonistic activity, Value >25<75 of the hormone (blue); Strong agonistic
activity; Value >75% of the hormone . For the last column for combinatorial (PE + E2 or T2)
effects value <75% PE dose considered antagonistic to hormone (Black); value > 75%
agonistic activity of hormone not clearly additive where additive means PE activity and
hormone activity is sum of the individual activity, > 100 and Synergistic meaning the value >
sum of (% PE activity + (100) for T2 or E2 activity)
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3.4.S.9 Percent TA of matairesinol (MAT) in combination with hormones in the two
cell lines
Matairesinol (see Figure 3.19 a) and b) and Table 3.8 in MMV-Luc cell line had
agonistic activity of medium proportion (28- 43%) at the concentrations tested (35nM70|iM) . The agonist effect of 17 (3- estradiol was barely enhanced by matairesinol but
not at additive or synergistic proportions at the lower concentrations (35nM- 350pM)
which was at 104 and 102% of hormone. The agonistic effect was more enhanced at 3.5
pM at 115%. The trend then changed downwards to 82% at 35 pM and the matairesinol
was definately antagonistic and ihibited the 17 P - estradiol agonist activity at 70 pM the
agonist activity observed standing at 72%.
In TARM Luc cell line matairesinol was anti-androgenic or no agonist effect was
observed at 35-350nM with maximal agonist activity of 5 and 10% of testosterone
(50nM) induction arbitralily assigned a maximal induction of 100%. It was of slight
agonist proportions at concentrations of 3.5- 35pM at 12-12.5% of the testosterone.
Matiresinol at the two lower concentration (35 and 350nM) enhanced testosterone
honnone transcriptional activity synergistically and additively respectively, in TARMLuc cell line. At higher concentration (3.5pM) there was an inhibitive effect on the
testosterone bioctivity as the combined maximal induction was 80% which was further
inhibited to defmate antagonistic proportions (51%) at a concentration of 35pM.
It was observed that at higher concentrations matairesinol inhibited both hormone
activities in the two cell lines.
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a

MAT in MMV-Luc cells
MAT + E2 in MMV_Luc cells
E2(5nM) in MMV-Luc cells

Concentration (nM)

B
MAT in TARM-Luc cells
MAT + T2 (50nM) in TARM-Luc
cells
T2 (50nM) in TARM-Luc cells

Concentration (nM)
Figure 3-18 Percent maximum TA of increasing concentrations of matairesinol in the absence or in
the presence of 17|}-estradiol (5nM) or testosterone (50nM) in the a) MMV-Luc b) TARM cell
lines. Values are percent luciferase activity relative to maximum of hormone (arbitrarily taken as
100%) Mean ± SD (n = 3) with each experimental point performed in triplicate. Incubation period
in MMV and TARM-Luc cells was 24h and 48h respectively.
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3.4.6

Effect of heating and storing (phytoestrogens) formononetin, genistein and
apigenin on their TA (bioactivity) and on cytotoxicity in MMV-Luc cell line

3.4.6.1 Formononetin
Formononetin was tested for bioactivity and cytotoxicity using the RGA and MTT
assays respectively. The concentrations used in ng/ml 2.1, 21, 210, 2100, 21000 for the
solvent standard that was unheated (results for 2.1 ng/ml pertaining to bioactivity not
shown). For the cooked, and, the cooked and stored sample concentrations used in ng/ml
were 21, 210, 2100, 21000 ng/ml. (see Figure 3.19)

0)
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GSE3 Control (MeOH 0.05)
Unheated solvent standard

c
o

Heated 100°C/25mins

33

o

3
c
2 ~
o
Li.

CHH Heated 100°C/25mins held
8h/20°C

V

Figure 3-19 Effect of heat and storage on bioactivity of formononetin in MMV-Luc cell line. Values
are Mean ± SEM fold induction, expressed as luciferase activity read after 24h incubation over
untreated cells activity. Three independent experiments were conducted (n = 3) with each
experimental point performed in triplicate.
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Table 3-9 One way ANOVA p-values of TA and cytotoxicity of MMV-Luc cells when exposed for
24 h to formononetin at various concentrations before heating, after heating (100°C/25mins) and on
heating(100oC/25mins) and storage (8h/20°C)_______________ ________________________________

Compound

Concentration
ng/ml

Formononetin

2.1

Assay

RGA
MTT
21
RGA
MTT
210
RGA
MTT
2100
RGA
MTT
21000
RGA
MTT
ns stands for not significant p > 0.05 *

Effect of the
Effect on
bioactivity
compound
before
upon heating
heating in
100°C/25mins
comparison
with solvent
control
(MeOH
0.05%)
Not done
Not done
ns
ns
ns
ns
ns
ns
*
ns
ns
ns
***
ns
ns
ns
***
ns
ns
ns
stands for p < 0.05
** stands for

Effect on
holding heated
(100°C/25niins)
compound for
8h/20°C

Not done
ns
ns
ns
***
ns
ns
ns
ns
ns
p < 0.01

*** stands for p< 0.001

The fold inductions were determined in triplicates and experiment done at least thrice. A
one way ANOVA and Bonferoni post tests showed that there was no significant
difference in TA of the cell line between the control (MeOH 0.05%) and formononetin
at a concentration of 21ng/ml (unheated solvent standard) (p > 0.05). Statistically
significant differences between control and unheated solvent standard were however
observed in cells exposed to formononetin at the following concentrations: 210ng/ml (P
< 0.05), and highly significant at > 2100ng/ml (P < 0.001). There was no significant
difference between the heated and unheated formononetin standard (P > 0.05) at any
tested concentration and hence there was no effect on bioactivity due to the heating the
formononetin 100°C/25mins (see Figure 3.19). The effect of storing the heated
formononetin standard for 8h at 20°C did not have any significant effect on bioactivity at
three of the tested concentrations but bioactivity was highly significant (P < 0.001) at
one concentration 210ng/ml. From the formononetin cytotoxicity profile at the tested
concentrations below (Figure 3.20) the increase could not be easily explained as there
was no significant change due storage at that concentration (210ng/ml).
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Figure 3-20 Cytotoxicity effects due to effect of heat and storage of formononetin expressed as %
cell viability (control 0.05% methanol in media taken as having 100% viability). Values are Mean ±
SEM absorbance (read at 570nm after 24h incubation) over untreated cells absorbance (n = 3) with
each experimental point performed in triplicate.

There was no significant effect of heating and storage of formononetin on the cell
cytotoxicity.
3.4.6.2 Genistein

Genistein was tested for bioactivity and cytotoxicity at the following concentration in
ng/ml 4, 40, 400, 4,000, 40,000 for the solvent standard that was unheated. For the
heated (100°C/25mins) and the heated and stored (8h/20°C) sample concentrations used
in ng/ml were 40,400, 4000 and 40,000.
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Table 3-10 One way ANOVA p-values of TA and cytotoxicity of MMV-Luc cells when exposed for
24 h to genistein at various concentrations before heating, after heating (100°C/25mins) and on
heating(100oC/25mins) and storage (8h/20°C).

Concentration
ng/ml

Assay

Effect of genistein on
TA and % cell
viability before
heating in
comparison with
solvent control
(MeOH 0.05%)
Not done
ns
*

RGA
MTT
40
RGA
MTT
ns
***
400
RGA
MTT
ns
***
4000
RGA
MTT
ns
***
40000
RGA
MTT
ns
ns stands for not significant p > 0.05
4

Effect of
genistein on
TA and % cell
viability upon
heating
100°C/25mins

Effect on holding
heated
(100°C/25mins)
compound for
8h/20°C

Not done
ns
ns
ns
ns
ns
ns
ns
***

Not done
ns
ns
ns
ns
ns
ns
ns
**

ns
* stands for p < 0.05

ns
** stands for p < 0.0

*** stands for p-value <0.001

^ Control MeOH (0.05%)
Unheated solvent standard
S Heated 100°C/25mins
LUil Heated 100oC/25mins held
8h/20°C

Cone (ng/ml)

Figure 3-21 Effect of heat and storage on bioactivity of genistein in MMV-Luc cell line. Values are
Mean ± SEM fold induction, expressed as luciferase activity read after 24h incubation, relative to
untreated cells activity .Three independent experiments (n = 3) were conducted with each
experimental point performed in triplicate.
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There were significant differences between the TA due to control and that of genistein
compound at all tested concentrations (P < 0.05 for 40ng/ml and P < 0.001 at all other
concentrations). Upon heating (100°C/25 mins) the standards, the difference was
significant (P < 0.05 and P < 0.01 respectively).
On heating the standard there was no significant change to the bioactivity observed at
the lower doses (40, 400, 400ng/ml, P > 0.05). At the last dose however heating caused a
highly significant increase in the observed bioactivity P < 0.001. From the figure
showing the cytotoxicity profile of genistein (Figure 3.21) there was a significant
decrease in viability which might have been due to change in compound due to heat
although this was not confirmed.
Upon storage for 8h at 20°C there was no significant change in bioactivity but at the
higher dosage of 40,000ng/ml there was a significant increase (P < 0.01). From the
figure below showing the cytotoxicity at the concentration (Figure 3.22) this was not
explained by cytotoxity as there was no significant increase in % cell viabiliby at that
concentration.

^

110-

-S 100-

10
100 1000 10000 100000
Concentration ng/ml

GEN unheated insolvent

GEN heated 100°C/25min

GEN heated 100°C/25min stored 8h
Figure 3-22 Cytotoxicity effects due to effect of heat and storage of genistein, expressed as % cell
viability (control 0.05% methanol in media taken as having 100% viability). Values are Mean ±
SEM absorbance (read at 570nm after 24h incubation) over untreated cells absorbance (n = 3) with
each experimental point performed in triplicate.
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3.4.6.3 Apigenin
Apigenin was tested for bioactivity and viability at the following concentrations in ng/ml
0.3125, 3.125, 31.25, 312.5, 3125, 31250 for the solvent standard that was unheated. The
lowest two concentrations (0.3125 and 3.125) results, pertaining to bioactivity have not
been shown. For the heated (100oC/25mins), and, the heated and stored(8h/20°C) sample
concentrations used in ng/ml were 31.25, 312.5, 3125, 31250. There was no significant
change in TA due to apigenin at the lowest concentration in all the states and the same
for the second concentration with the exception of the stored apigenin standard
(significant increase P < 0.05). The other apparent no change in bioactivity when
compared to the negative control was at the highest concentration of unheated solvent
standard which was due to cytotoxity as seen in Figure 3.23 and 3.24 below.

Table 3-11 One way ANOVA p-values of TA and cytotoxicity of MMV-Luc cells when exposed for
24 h to apigenin at various concentrations before heating, after heating (100°C/25mins) and on
heating(100°C/25mins) and storage (8h/20°C)._______ __________________ ____________________

Concentration
ng/ml

0.3125
3.125
31.25
312.5
3125
31250
ns stands

Assay

Effect of the
compound before
heating in
comparison with
solvent control
(MeOH 0.05%)
Not done
ns
Not done
ns
ns
ns
ns
ns

RGA
MTT
RGA
MTT
RGA
MTT
RGA
MTT
***
RGA
*
MTT
RGA
ns
***
MTT
for not significant p > 0.05

Effect on
bioactivity upon
heating
100°C/25mins

Effect on holding
heated
(100°C/25mins)
compound for
8h/20°C

Not done
ns
Not done
ns
ns
ns
ns
ns

Not done
ns
Not done
ns
ns
ns
ns
ns

**

*

*

*

***

***

**

**

* stands for p < 0.05

stands for p-value < 0.001
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** stands for p < 0.01 ***

Application of the heat (100oC/25mins) did not significantly alter the observed
bioactivity in all but the highest concentration of apigenin. This might be due to change
of compound due to heating or loss of compound which might have lowered the
compound to non cytotoxic levels as seen in Figure 3.24. Effect of storing the heated
apigenin for 8h at 20°C altered bioactivity significantly at the second concentration (P <
0.05) and from the graph (Figure 3.24) the explanation may have been due to decreased
cytotoxicity or increased proliferation.

G3S Control 0.05%
^3 Unheated solvent standard
S Heated 100°C/25mins

Lilli Heated 100°C/25mins held
8h/20°C

Cone (ng/ml)
Figure 3-23 Effect of heat and storage on apigenin bioactivity in MMV-Luc cell line. Values are
Mean ± SEM fold induction, expressed as luciferasc activity read after 24h incubation over
untreated cells activity (n = 3) with each experimental point performed in triplicate.
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APGN heated 100°C/25min stored 8h
Figure 3-24 Cytotoxicity effects due to effect of heat and storage of apigenin, expressed as % cell
viability (control 0.05% methanol in media taken as having 100% viability). Values are Mean ±
SEM absorbance (read at 570nm after 24h incubation) over untreated cells absorbance (n = 3) with
each experimental point performed in triplicate.

3.5
3.5.1

Discussion
Fold Inductions of phytoestrogens in MMV-Luc and TARM-Luc cell lines

3.5.1.1 Fold inductions in MMV-Luc cell line (non normalised curves/data)
Fold inductions (expressed as luciferase activity over control) (Figure 3.1) revealed that
five phytoestrogens were weak agonists compared to the 17(3-estradiol as increasingly
high concentration were required for any agonist activity to be induced by the
phytoestrogens. While InM of 17(3-estradiol was enough to achieve a full estrogenic
effect in MMV-Luc cell line, higher individual PE concentrations were required to
achieve a full estrogenic effect. From the graph showing a sample of non-normalised
curves, equol required a concentration of 521nM, genistein 1.212pM, apigenin 2.239
pM, formononetin 2.818 pM while daidzein required 7.079 pM to achieve full
estrogenicity identical to that of 17p-estradiol. The PEs however, achieved superagonist
status (transcription activity was higher than that of 17|3-estradiol (5nM) after that.
Apigenin achieved an average maximum fold induction of 15, daidzein 12,
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formononetin 10, equol 9 and genistein 17 at the tested concentrations. This was against
a maximum average fold induction of about 5 for 17p-estradiol at its’ best performance
in MMV-Luc cell line. In our study equol exhibited a full agonist effect at increased
concentration which is in contradiction with observations elsewhere where MCF-7 cell
line was used (Haris et al, 2005). In that study equol was a partial agonist and never
expressed super induction. There was concurrence with our study and Haris and
colleagues pertaining to daidzein achieving a higher fold induction compared to the
metabolite equol (double fold induction in the Haris and colleagues study and one and a
half for our study). Equol is important as it has been associated with many positive
health effects. Not all people are equol producers, only 30-50% (Lampe et al., 1998) of
the people can metabolise daidzein into equol. These positive effects include lower risk
of breast cancers (Duncan et al, 2000) at a concentration of 800 nM an amount that is
larger than the EC50 for equol in our study 470nM (see Table 3.2).
It is possible to get maximal inductions that are higher than that of 17P-estradiol
(Freyberger et al, 2005; Takeuchi et al, 2009) which some studies have attributed to

post transcription effect on enzyme stability through phosphorylation, acetylation and
ubiquitation, that include second messenger pathways. This can thus be classifed as an
artefact of the assay that may not have any biological significance (Sotoca et al, 2010).
An example of posttranscription effect is that where blocking ubiquitation or
proteasomal degradation of ERa results in overstimulation of ER responsive gene
transcription in MCF cells (Fan et al, 2004). Ligands or combination of ligands that
cause conformational changes that may lead to those type of blockages may result in the
post translational effects.
Changes in the chemical structure in vitro as with the case of genistein into orobal seen
earlier as well as in other examples where direct interaction of genistein with the
luciferase will increase the enzymes half life and hence cause higher induction
(Thompson 1997, Pitscher 2008). Luciferase stabilizing compounds are luciferase
inhibitors (Auld et al, 2008). Accumulation of stabilzed luciferase reporter enzyme has
been found to enhance the observed bioluminescence activity (Mueller et al, 2004;
Baktiarova et al, 2006; Auld et al., 2008).
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Genistein , formononetin, daidzein, equol and apigenin exhibited superagonist status at
higher concentration in MMV-Luc cell line. This meant that the total estrogenicity was
much higher than for the natural hormone. This could have been due to non ER/ERE
mediated mechanisms. The non-genomic effects mediated by cytoplasmic or membrane
ERs involve nitric oxide and calcium flux release via rapid cellular responses. They may
also be due to activation of different signallingpathways such as mitogen-activated
protein kinase (MARK), AMP-activated protein kinase (AMPK) and phosphoinositide 3kinase (PI3K) as observed in various cells (Richards et ah, 2001; Razandi et ai, 2004;
Ropero et ai, 2006).
Amer et al, 2010 reported genistein, daidzein and equol to be highly estrogenic in the
ERp in the rat brain cells in a concentration dependent manner which is in agreement
with our study that the PEs are estrogenic. In a meta-analysis of different studies
conducted by Montana and colleagues variation of results in superinduction effects of
same chemical under different studies and a multitude of cell lines, had conclusions that
have been supported by others (Montana et al, 2010). Superinduction was found to be
related to type of serum used to supplement the basal media, how the effect is measured
(whether cells are endogenous or transfected and if one is using fire fly luciferase or
Renilla reniformis luciferase), the number of estrogen response elements (ERE) and
nature of the promoter. It was not correlated with concentration in media, exposure
period or cell model (Auld et ai, 2008; Montana et ai, 2010; Sotoca et ai, 2010). About
the cell model not affecting superinduction is surprising because type of cell will have
different charecteristics such as what he has listed above and hence require diffemt
serum and basal media. However, it is possible to have different cell lines coming to the
same conclusion regarding superinduction of a chemical as demonstrated the current
study and Sotoca and colleagues that found genistein to be superinduced by presence of
17 p-estradiol.
Four of the phytoestrogens (matairesinol, enterodiol, daidzin and genistin) were of
partial agonist proportions in MMV-luc cell line at the tested concentrations. They did
not achieve a full estrogenic effect on their own. However when in the presence of 5nM
17P-estradiol differential fold inductions were observed at different concentations
(Figure 3.9- 3.18) visually depict this although values there are given as percentages of
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hormone). This observations include their agonist activity as with enterodiol, daidzin
and genistin. Matairesinol was agonist and antagonist at higher concentrations (70uM).
Glycitein was consistently antagonistic at the tested concentrations. However in the
presence of 5nM 17p-estradiol it enhanced the honnone activity.
3.5.1.2 Fold inductions in TARM Luc cell lines
Results from the AR reporter gene assay exhibited that eight PEs are antiandrogenic and
two weakly androgenic at high (around micromolar) concentrations. Androgenicity was
measured as the luciferase activity expressed over control in TARM-Luc cells. Apigenin
and glycitein had some androgenicity and at very high (micromolar range)
concentrations of the PEs were required show any androgenicity compared to the
testosterone which was detectable at the picomolar level. In Figure 3.6 apigenin had an
average maximum fold induction of 20 (67%) while glycitein had 15 (50%) against 30
(100%) for testosterone. The other eight PEs (daidzein, daidzin, equol, formononetin,
genistein, genistin, matairesinol and enterodiol), the fold induction was barely < 14% of
testosterone. A study by willemson et al, 2004 failed to identify any PE as AR agonist
at the tested concentrations.
One explanation for the antiandrogenicity is that PEs (such as genistein) down regulate
androgen receptor by modulating HDA C6-HSP90 cochaperone function. The AR is
normally stabilised by chaperone Hsp90 (heat shock protein) activity. HDAC6 is a
Hsp90 deacetylase which was observed to be inhibited by genistein and other inhibitors
resulting in increased ubiquitation of the AR. The ability of PEs to down regulate the
androgen receptor via proteasome-mediated pathway can have important potential in
prostate cancer chemotherapy along with all other known inhibitors (Basak et al, 2008).

3.5.2

EC50S and relative potencies of PEs in the MMV-luc cell line

The EC50 values obtained in the current study for 17P-estradiol and the PEs (see Table
3.2) show that the PEs are less potent relative to 17 P-estradiol. This is in partial
agreement with various studies as explained below (Matsumura et al, 2005; Haris et al,
2005; Kalita and Milligan, 2010; Frizzell et al, 2011). In the current study, the rank
order of EC50 (M) for the PEs was equol (4.9 x 10'7) > formononetin (5.7 x 10'6) >
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apigenin (2.4 x 10’6) > genistein (2.1 x 10’6) > daidzein (3.3 x 10"3). This was in conflict
with another study where the relative potency of PEs (relative to 17p-estradiol whose
IC5o (M) was 1 x 10'11 as determined by IC5o by use of transcription of estrogen
responsive ERE-CAT reporter gene. The cell line Matsumura and colleagues used was
MCF-7. Three PEs were ranked in the order; genistein (4 x 10'8 M) > equol (1 x 10"7 M)
> daidzein (3 x 10'7 M) (Matsumura et ai, 2005). In our study equol was more potent
compared to genistein. Genistein has been observed to be bio-transformed in certain
cases in in vitro assays into orobal (metabolite) which is its primary oxidative metabolite
(Roberts-Kirchoff et ai, 1999; Kulling, 2001; Breinholt et al, 2003) and this can lead to
inconsistencies in the observed potency if the biotransformation to orobal has occurred.
Pairing this kind of studies with physic-chemical analysis such as UPLC or HPLC would
help confirm chemical changes.
Induction activity results of ER activities of whole cells, such as MCF-7 suffer from
crosstalk with other endogenous receptors such as the progesterone receptors
(Willemsen et ai, 2004). Kalita and Milligan, (2010) also compared the estrogenicity of
]7(Testradiol in

comparison

to PEs by using Ishikawa (human

adenocarcinoma) cells and recombinant yeast cells. The

EC50

endometrial

(M) values obtained for

17p-estradiol and the PEs in Ishikawa cells were as follows: 17p-estradiol 3.3 x 10'10,
genistein 2.89 x 10'7, genistin 5.57 x 10‘7, daidzein 4.37 x 10'7, daidzin 4.46 x 10"7, equol
1.83 x 10'7, apigenin 2.26 x 10'6. In the recombinant yeast cell assay the following

EC50S

(M) were obtained; 17p-estradiol 2.2 x lO10, genistein 2.14 x 10'7, genistin 2.37 x 10’6,
daidzein 1.45 x 10’6, daidzin > 10‘5, equol 1.38 x 10"7, apigenin > 10‘5. From the two
studies by Kalita and Milligan, 2010, the

(M) values for 17P-estradiol was

EC50

comparable to the one in our study, the genistein

EC50

(M) value for the recombinant

yeast assay was closer than that analysed by use of Ishikawa cells.
The

EC50

Daidzein

values for genistin were not achieved in our case at the tested concentration.
EC50

(M) values were closer to those obtained using the yeast recombinant cell

line but about 100 fold different with the Ishikawa cells. For equol our

EC50

was

comparable and close to both the Ishikawa assay and yeast recombinant assay.
Haris et al., 2005 using MCF -7 cells found differential
isoform (ERa and ERp ). For ERa estradiol, had an
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EC50

EC50

s dependent on the ER

(M) of 6.4 x 10’" a value that

is very comparable to ours. Genistein however had an EC50 (M) 0f 4.6 x 10‘7 a value 10 x
less than in our study. For the ERp estradiol EC50 (M) was 3.9 x 10"11 which is
comparable to our study. The order of the relative potency for the PEs in common with
the ones in this study from their EC50 (M) were as follows: Genistein (3.4 x 10 -9)>
Equol (1.7 x 10'8) > Daidzein (2.8 x 10‘6) > Apigenin (1.4 x 10"6) which was in
contradiction with our order. This can be explained by the same factors explained earlier
pertaining to different types of cells and isoforms, basal media, serum and the promoter
contexts amongst other considerations (Auld et al, 2008; Montana et ai, 2010; Sotoca
et ai,

2010)

The EC50 for 17P-estradiol obtained in the present study is comparable to one obtained
in another study, approximately 1.5 x 10'" (Frizzell et al, 2011). This is mostly likely
because the same cell line MMV-Luc cell line was used under the same conditions in
both studies. Another study by Kang et al, (2008), which used Chinese Hamster Ovary
(CHO) cells have obtained a very different EC50 for 17 P-estradiol, at the level of 6 x 10"
“M for similar reasons as those mentioned before regarding use of different cells, serum

and laboratory procedures. In a metaanalysis conducted by Montana and colleagues
differences in EC50S for same compound in various studies on estrogenicity may have
been due to solvents used, type of cells, type of media, health of the cells and passage
number, exposure conditions, end point used to quantify potency, number of ERE
(Estrogen response elements) amongst other considerations (Montana et ai, 2010).
Competitive binding assays using cytosol or whole cell preparations suffer from cross
talk with other nuclear receptors present in the homogenate such as the progesterone
receptors. Recombinant (receptor protein) binding assays are better than whole cells as
they do not usually suffer the artifact (Bovee et al, 2008). Mammalian cells are however
superior to yeast cells as they are closer or same as for human and will carry out
metablism, uptake and membrane transport in a better an more relevant way for the
benefit of human health (Nagel et al, 1998; 1999). The yeast cell is disadvantageous
because it is difficult for the cells

to release the P-galactosidase or the luciferase

reporter protein following exposure. As a result large variations in the results have been
noted (Bovee et al, 2004a).
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3.5.3

EC5oS and relative potencies of PEs in the TARM-luc cell line

Androgens are hormones that enable male sexual development and maturation. They
also maintain male reproductive function and sperm formation. Chemicals that can
mimic androgens, block them or in any way, modulate their metabolism and can affect
their function.Two PEs apigenin and glycitein were found to weakly androgenic at the
tested concentrations.The EC50S (Table 3.3) for the androgen cell line were testosterone
(3.7 x 10 9), apigenin (4.5 x 10’6) and glycitein (4.8 x 10'5).
The EC50 for testosterone 3.7 x 10'9 M is comparable to that of 8 x 10"loM (Willemson
et ai, 2004) where the same cell lines were used. They had also exposed the cells to PEs
for 24h. In our study our optimum exposure time was 48h. This might have accounted
for the observed differences as the cells might have changed as observed in their
androgenic activity. The EC50 for testosterone reported in other studies using Yeast
Receptor Assay and Chinese Hamster Ovary (CHO) cells was different from our
findings (Paris et ai., 2002; Kang et ai, 2008). This was due to the same reasons as
those given for differential ECsos of 17 (3-estradiol and mammalian recombinant receptor
binding assays are superior for same reasons as those outlined in Section 3.5.2 in this
chapter.
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3.5.4

Enhancement or inhibitive effects of phytoestrogens on 17p-estradiol and
testosterone -dependent transcription in MMV-Luc cell line and TARMLuc cell line

The importance of assessing PEs effect on TA of hormone is gaining currency as
appreciation of the fact that in the body PEs interact with the hormones in the cell
context and the effective transactivation may be affected by the hormones. PEs can have
enhancing and/or inhibiting effects to the TA of endogenous estrogens in the body or as
added amounts in vitro, in assays, in a dose dependent manner in MMV-Luc and MCF-7
cells (Ososki et al, 2003, Hwang et al, 2006, Ngoda et ah, 2012 unpublished
manuscript Chapter 3 of the current document).
Percent ant(agonism) results as shown by the line charts Figure 3.9-3.18. for the ten
PEs revealed they were weakly estrogenic compared to 17 (3-estradiol. This is in
agreement with the dose response curves which had high EC50S for the five PEs
(apigenin, genistein, daidzein, equol, formononetin) (Willemsen et al, 2004). They had
significant estrogenicity at various concentrations as seen in the results. This results
concur with those of Willemson et al., 2004, regarding genistein and apigenin having
being highly estrogenic (>75% of hormone ) and glycitein having the lowest relative
potency amongst the tested PEs. In the current study daizein and genistein were
classified as strongly estrogenic while in the other (Willemsen et al, 2004) study they
fell short and were classified as medium estrogenic (25-75% Of hormone). The two
studies were however in agreement regarding glycitein which was slightly estrogenic
(10-25%) in both studies. The results showing that PEs can exert estrogenic and
antiestrogenic effects is in agreement with others (Gutendorf et al, 2001; Kalita and
Milligan, 2010; Ni et al, 2010).
In the presence of natural hormone (17(3-estradiol (5nM)) the PEs combinatorial effect
varried from having a slight antagonistic effect at low concentration (equol), no effect
for most PEs at less than pM concentration and agonist effect (which was neither
additive nor synergistic) at higher PE concentration on hormone action at low
concentration. There was a dose dependent upward trend for daidzein, genistein,
formononetin , equol and apigenin. The five PEs were the ones that achieved
superagonist status at higher concentrations (> 500nM - 8pM). These results concur
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with those of a study where PEs that had relatively stronger relative potency tended to
lose their inhibitory effect to TA of 17P-estradiol (lOOnM) in MCF-7 cell line with
increasing concentration.(Hwang et al, 2006). The concentration of the hormone was
however 20 x what we used (5nM). Hwang and colleagues, also assessed the effect on
TA of PE (daidzein, equol, genistein, daidzin and genistin) used MCF-7 cell line and
estrogen at InM (postmenopausal concentration). Observations for the equol compound
was however different as dose dependent increasing (additive) effect was observed in
our study.
In the current study the weaker or partial agonists (fold inductions less than 50% of the
hormone) such as genistin, daidzin, enterodiol and matairesinol tended to have
predominantly agonist effect (neither additive nor synergistic) to the 17p-estradiol
(5nM). For enterodiol, genistin and daidzin an agonist effect (neither additive nor
synergistic) was observed at the tested concentrations (See section 3.4.5 Chapter 3).
Matairesinol had agonist effect on TA of the 17P-estradiol (5nM) at lower
concentrations that turned antagonistic at higher doses (> 35pM). Glycitein on the other
hqnd which was very antagonistic in the MMV-Luc cell line was antagonistic to the TA
of 17p-estradiol (5nM) at the lower concentrations. At the higher concentrations > IpM
the effect was agonistic (additive to synergistic proportions) at the tested concentrations
(See section 3.4.5 Chapter 3). This was important because the assay demonstrated that
a phytoestrogen that may be considered very antagonistic may, in the presence of
hormone achieve even higher TA than the partial or even full agonists.
In a study by Amer and colleagues (Amer et al, 2010) co-treatment of cells with 17Pestradiol (lOnM) with either genistein (IpM) or daidzein (IpM) in a stably transduced
rat serotonergic cell line (RNDA) had a slightly additive effect with the exemption of
equol compound.This concurred with our study results regarding genistein and daidzein
that have an agonist effect (though was not additive) when they are co-incubated with
the hormone(17p-estradiol (5nM)) in MMV-Luc cell line. That a PE can have the same
effect in more than one cell line has been noted by other researchers who assessed many
studies in a metaanlysis (Montana et al, 2010).
A study carried out using two in vitro systems to delineate the estrogen activity of
daidzein alone or in combination with high or low concentration of estrogen reported
132

inhibition of IVp-estradiol (lOnM) activity at least at one concentration (500nM) in
CHO cells (Ni et al, 2010). This does not agree with the current study where daidzein at
did not have a significant inhibition effect at 500nM as the TA was high (94.7 ± 9.82%
of 17 (3-estradiol. The difference can be attributed to the same reasons as given in
previous sections of this discussion (3.5.1, 3.5.2, 3.5.3 of this chapter) which include cell
type MMV-Luc versus CHO, type of isoforms ER (3 and ER a for our study versus ER (3
for Ni and colleagues, serum type, end point used amongst other reasons.
This is the only study as far as we are aware, that has studied the tranactivational effects
of PEs on 17[3-estradiol (5nM ) with so many individual phtoestrogens at a wide
concentration range.
When PEs were coincubated with testosterone hormone, a range of combinatorial
bioactivity effects depending on the concentration were observed. This observations
ranged from antagonistic at lower concentration, no effect, and agonist (additive or
synergistic). This depicted that the PE have potential endocrine disruptive activity in
androgenic TARM-Luc veil line as they could cause change in the activity of
testosterone (50nM) especially in a synergistic manner. This is the only study as far as
we are aware that has studied the transcriptional activity effect of PEs on hormone
testosterone (50nM) with so many individual phtoestrogens at a wide concentration
range.
3.5.5

Heat treatment and storage effects on the phytoestrogens standards

The consensus

is

that there

is

differential

phytoestrogen

degradation

and

interconversions from one form to another depending on conditions such as temperature,
extraction method, pH and cooking method (Setchel et al, 1998; Coward et al, 1998;
Xu et al, 2002; Eisen, et al, 2003; Mathias et al, 2006; Yue, et al, 2010). The effect of
those interconversions on the bioactivity in vitro has not been reported to the best of our
knowledge. Heating soy products has been found to decarboxylate, deacetylate and
deglycosylate glycosides with malonylglycosides decomposing to acetylglycosides
(Setchel et al, 1998; Committee on toxicity, 2003). The effect of heat (100°C/25mins)
on the standards as was the effect of storage (8h/20°C) of PE (formononetin, genistein
and apigenin) on the bioactivity was dose and PE specific in the MMV-Luc cell line.
The Table 3.14 is a summary of concentrations of the three compounds at which
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significant increase or decrease in bioactivity occurred. All other concentration not on
the table did not significantly change bioactivity of the compound upon heating
(100°C/25mins) and/or the bioactivity heated compound upon storage (8h/20°C).

Summary of effect on bioactivity of phytoestrogens upon heating 100°C/25mins and
storing at 8h/20°C
Table 3-12 Effect of heating (100°C/25mins) and storage (8h/20°C) on TA MMV-Luc cells when
exposed for 24 h to formononetin, genistein and apigenin at various concentrations_____________

Compound

Concentrations at which there was significant change (ng/ml)

Formononetin

Upon heating (100°C/25mins)

Upon storage (8h/20°C)

None

210***
(increased)

Genistein

Apigenin

p > 0.05

40,000***

40,000**

(increased)

(increased)

3125** (decreased

* stands for p < 0.05

31250***

3125*

31250***

(decreased)

(decreased)

(increased)

** stands for p < 0.01 *** stands for p-value < 0.001

3.5.5.1 Formononetin
There was no significant change upon heating (100°C/25mins) the formononetin at the
tested concentrations (21, 210, 2100, 21000ng/ml) p > 0.05. Upon storage (8h/20°C)
there was highly significant increase in the bioactivity at one dose 210ng/ml (See Figure
3.19). There was no significant change in cytotoxity at any of the tested concentrations.
Likely explanation would have been that upon storage the formononetin changed to one
that was more bioactive. This may have not been reflected at the lower concentration
(21ng/ml) as probably it was not in high enough quantity. At the higher concentrations
(2100 and 21000ng/ml) there was no significant change in the bioactivity which might
have been due to other limitations such as receptors being saturated by the new bioactive
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compound. The limitation of the study was that it was not coupled with physic-chemical
tests to unequivocally identify the chemicals, as it was beyond the scope of the present
study.
3.5.5.2 Genistein
The effect of heating (100°C/25min) and storing (8h/20°C) genistein (40, 400, 4000,
40,000ng/ml) on the bioactivity in MMV-Luc cells was significant increased at
40,000ng/ml (See Figure 3.21). There was significant increase (p < 0.001) upon heating
the compound and significant increase again (p <0.01) upon storage. There might have
been a change in a fraction of the compound which significantly increased bioactivity at
the higher (40,000ng/ml) concentration. Again coupling the RGA with the physico
chemical methods for structural analyses would have elucidated on the nature of the
chemicals but was beyond the scope of this work.
3.5.5.3 Apigenin
The effect of heating (100°C/25min) and storing (8h/20°C) apigenin (31.25, 312.5, 3125,
31250ng/ml) on the bioactivity of apigenin was significant at the following
concentrations (See Figure 3.23). At 3125ng/ml upon heating there was a significant
decrease (p < 0.01) in bioactivity upon heating the compound and a further significant
decrease (p < 0.5) upon storing it. At a higher concentration (31250ng/ml) there was a
significant increase upon heating and a further increase upon storage (both at p < 0.001).
The results for apigenin may appear confounding because there was a significant
decrease at one level (3125ng/ml) and an increase at a higher level (31250ng/ml).
Figure 3.24, however, explains it as there was cytotoxicity at the initial unheated
standard at that concentration. A change quantity due to procedural loses or change in
nature of chemical might have reduced the amount of the initial chemical to a quantity or
chemical less cytotoxic that registered a decrease for apigenin at 3125ng/ml and
apparent significant increase in bioactivity for the same compound at 31250ng/ml. A
limitation of the experiment was that it wasn’t coupled with physic-chemical method for
identification and quantification of apigenin.
In conclusion effect of heating and/or storage on bioactivity of the three PEs, is
chemical and dose specific. This underlines the fact that explaining the quantitative
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bioactivity effect of PEs due to heating (100°C/25min and storing flour 8h/20°C) cannot
be generalized for all PEs in a food and would require individual PEs to be assayed
quantitatively and qualitatively. However this will not deter proceeding to the exercise
on heating and storage of gruel flour as the aims of chapter will not have been nullified
by the present findings, but explained by them.
3.6
3.6.1

Conclusions and recommendations
Conclusion

MMV-Luc cell line is suitable for characterising PEs (apigenin, daidzin, daidzein,
enterodiol, equol, formononetin, genistein, genistin, glycitein and matairesinol). The
phytoestrogens were shown to have differential potential endocrine disruptive activity
on their own or in the presence of 17|3-estradiol (5nM). Apigenin, equol, formononetin,
daidzein and genistein were weak agonists but achieved superagonists status in the cell
line at concentration range (500nM - 7pM). These doses are in the range of possible
plasma concentration (at least for equol, genistein and daidzein) in soya fed milk babies

and in populations that consume a lot of soya such as Asian vegetarians. In the presence
of the hormone there were predominant agonist effects which enhanced the effect of
17|3-estradiol (5nM). These could have potential adverse ED effects or beneficial health
implications such as increased inflamatory response, help fight obesity and
cardiovascular diseases,

may

influence

mascularization

of boy

infants

and

estrogenization of infant breast tissue, have transgenerational sexual malformations as
well as affect future sperm production in boy infants. Some of the effects have been
observed in animals studies and may not be directly translated to the humans. Genistin,
daidzin, enterodiol and matairesinol were partial agonists due to the fact they did not
achieve a fold induction equivalent to the full agonist fold induction at the tested
concentrations. Glycitein was an antagonist to the MMV-Luc cell line and had a dose
dependent effect on the transcriptional activity of 17p-estradiol (5nM).
We established dose response curves in MMV-Luc cell lines for equol, formononetin,
genistein, daidzein and apigenin, established their EC50S and determined their estrogenic
potencies relative to 17 p-estradiol. The PEs that were more structurally similar to the
estrogen hormone were more active compared to the more unlike ones such as the
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genistin and daidzin which are large molecules with a glucose group attached to them.
This might have hindered them from interacting with the receptor. Enterodiol and
matairesinal were also more structurally unlike the hormone.
The TARM-Luc cell line was suitable for assessing potential endocrine disruptive
effects of PEs in the presence and in the absence of testosterone (50nM) androgenic
character of PEs. The PEs studied had the ability to mimic hormone action and hence
have potential for endocrine disruption. We determined dose dependent androgenic
character of all 10 PEs at various concentrations. The dose responsive curves and

EC50S

for two (glycitein and apigenin) in TARM-Luc cell lines were determined. The other
eight were antagonistic at all concentrations tested. We concluded that all PEs tested
were mainly antagonistic at lower concentrations or at all concentrations. Two of them
(apigenin and glycitein) were weak agonists in TARM-Luc cell line at higher
concentrations (micromolar region). When we assessed the dose dependent effect of the
PEs on the testosterone (50nM) hormone TA, we found out that 8/10 of the PEs
enhanced it at one or more of the tested concentrations Daidzin and enterodiol did not
enhance testosterone (50nM) while effect of matairesinol TA on the hormone was
almost negligible. The enhancement or inhibition effect of PEs on the transcriptional
activity of hormones provided insight of dose dependent ant (agonist) character of the
PEs with the hormone standards at the tested concentrations. These results are of public
health importance as phytoestrogens have been found to mimic hormones to various
degrees in an estrogenic (MMV-Luc) and in an androgenic (TARM-Luc) cell lines.
Likewise the bioactivity of the hormones have been found to be suppressed or amplified
by presence of the PEs. This observation would be of particular importance especially
regarding the phytoestrogens enhancing effect on testosterone as relates to consumption
of isoflavones (such as genistein, daidzein, and glycitein). These is because they form
about 90% of active isoflavones in soyabean and consumption in soya based food and
infant formulas results in concentrations ( micromolar levels) due to bioaccumulation
especially with frequent feeding.
The effect of heat on the standards as was the effect of storage on PE bioactivity was
dose and PE specific estrogen cell line. Changes in estrogenicity upon heating the PEs at
four different doses could have been due to loss of compound or change in the
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compound due to the heating effect. There were no any noticeable trends in the effect of
TA between the three chemicals in MMV-Luc cell line which had important implication
in taking caution when predicting lose of bioactivity in PEs in the flour extracts
(Chapter 4). This underlined the need for coupling RGA and physico-chemical tests
such as UPLC/MS for proper assessment of various possible chemical modifications in
further studies of this nature.
The superagonist character of equol, apigenin, formononetin, daidzein and genistein in
the MMV-Luc cell line and of apigenin, formononetin, genistein and genistin in the
presence of testosterone in TARM-Luc cell line indicate the mode of action was non
genomic. This may warrant further investigation.
This study has served to confirm the endocrine disruptive potential of PEs in the
presence and absence of hormones in the two cell lines. It reiterates the need to re
evaluate the use of PEs in foods and particularly so in vulnerable sub-populations.
3.6.2

•

Recommendations for further studies

Although the potential for endocrine disruption by PE was noted in vitro this
study would recommend further in vivo tests. This is because toxicokinetics
involving metabolism and bioavailabilty affects the potencies of the PEs.

•

Further in vitro assays may be designed to investigate additive effects of
phytoestrogens at physiologically relevant concentrations.

•

Further tests may be conducted to characterise the mode of action of the PEs (in
the presence or abscence of hormone), superagonist action, in MMV-Luc and
TARM-Luc cell lines.

•

Physico-chemical tests to determine the chemical nature of the compounds and
quantities in the heating and storage experiments, should accompany the RGA
assays in future for unequivocal report on the effect on bioactivity.
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4

CHAPTER Four -Assessment of endocrine disrupting estrogenic and
androgenic bioactivity in soy based flour blends
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Abstract
Soy based weaning foods may be a source of endocrine disruptive activity due to the
abundant presence of PEs in soy beans {Glycine Max. /.). PEs are weakly estrogenic
compounds found in plants which mainly include the lignans, isoflavones, prenylated
phenols and coumarins. PEs consumption is controversial having have been linked to
both adverse and beneficial health effects. Weaning foods containing PEs may be
detrimental for developing children as various animals and human studies have observed
adverse effects in animals and in children hence the need to assess the soya based flours.
The aims of the chapter were to assess endocrine disrupting potential of different soy
based flours (at different heat and or storage states) which are commonly used in
weaning gruels found in Kenya. The estrogenic and androgenic bioactivity of the soy
based flour extracts was measured using previously developed reporter gene assays
incorporating estrogen or androgen receptors. Agonist and antagonist bioactivity was
compared to induction by the natural hormones 17|3-estradiol (5nM) or testosterone
(50nM) hormones in the estrogen responsive MMV-Luc and androgen responsive
TARM-Luc cell line respectively. Changes in estrogenic and androgenic activity of the
flours after preparation as weaning gruels by heating at 100°C for half or full
recommended time and storage at 20°C for 8h was also assessed. Further investigation
was done as to whether the flour bioactivity observed was also correlated for
significance to purchase point (market or shop).
The cooked flour blends were significantly estrogenic (their % maximum estrogenicity
relative to the hormone was greater than 100%) as detected using the MMV-Luc cell
line. On exposing the same PE extracts in TARM-Luc cell line, mainly antiandrogenic
(no agonist effect) for seven cooked samples and three cooked samples had slight
androgenic (agonist) (their % maximum androgenicity relative to testosterone being less
than 25%). However on co-incubating with the testosterone hormone (50nM) there was
a variety of effects ranging from antagonistic for some samples, through no effect,
additive to synergistic effect on the hormone bioactivity for other samples.
Quantification of the estrogenicity of the flour extracts (both uncooked and those cooked
and/or stored) on MMV-Luc cell line revealed potent estrogenicity of (32.6 ± 6.6 to
617± 89.9ug/kg of flour expressed as daidzein equivalents (DEQ). The effect of heat and
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storage on estrogenicity was flour blend specific. Briefly when the samples were half
cooked 70% registered no significant change in their

estrogenic activity from that of

the raw flour. Upon fully cooking 60% of the flour blends had their estrogenic activity
significantly changed. When the fully cooked samples were stored for 8h at 20°C, 50%
of them registered no significant change in bioactivity. Quantification of androgenic
bioactivity by co-incubating the cooked flour extracts with testosterone in TARM-Luc
cell line revealed daidzein equivalents in the range of 367.5± 50pg/Kg of flour blend to
below detection level for one of the tested samples.
The flour extracts showed estrogenic and anti androgenic endocrine activity in vitro.
Upon being co-incubated with the hormones they had blend specific effects on the
hormone estrogenic and androgenic activities ranging from antagonizing, no effect,
agonist, additively agonist and synergistic. Heat treatment and storage also had flour
blend specific effect on the estrogenic activity in MMV-Luc cell line and had androgenic
activity when co-incubated with testosterone. This could have important public health
importance as infants and young children, especially boy infants, have open
developmental windows concerning sex organ development whose impact may be
manifest in the future.
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4.1 Introduction
4.1.1

Endocrine disruptive compounds and phytoestrogens

The earliest concerns expressed for endocrine disrupting compounds (EDC) dates back
to 1962 (Carson et ai, 1962). A lot of reports on the endocrine disruptive effects of PEs
to animals and to human beings regarding isoflavones (0.01 uM -lOmM range) ability
to cause goitre (Doerge et al, 2002) to defeminise the brain, affect the estrus cycle and
affect ovarian function (Kouki et ai, 2003), the lignan metabolite enterolactone affects
estrogen signaling in both male and female rats

and may link among diet, gut

microbiota, and circadian signalling (Damdimopoulou et al, 2011), to affect the
reproductive tract of developing rats (Jefferson et al, 2007), neonatal exposure to
genistein reduces predisposition to high-fat diet-induced non-alcoholic steatohepatitis in
rats (Huang et al, 2011) and PEs have been found to be anticarcinogenic in rats
(Mabrok et al, 2012) amongst other reports are in the public domain. Infants and young
children have been identified as a vulnerable subpopulation (Goldman et al, 1995)
especially with regard to soy based weaning foods and fonnula (Jefferson et al, 2002,
2007, Jefferson and Williams, 2011).
Food is known to be a major route of exposure to EDCs. Assessing exposure to
estrogenic compounds using complex chemical mixtures in in vitro assays have been
successfully carried out in other studies. In one study, the focus was on estrogenic
activity in water (Fernandez et al, 2008). Human serum has also been examined (Soto et
al, 1998) while endocrine activity of fruit and vegetables using E-Screen has been
investigated (Schiliro et al, 2011a). Food samples including infant formula were
investigated and estrogenic activity was quantified in estrogenic equivalents (Behr et al,
2011). Studying complex mixtures has advantages of integrating mixture effects as
opposed to studying how an isolated compound interacts with a receptor. Assessing a
complex mixture enables us to investigate the endocrine disrupting effects of unknown
compounds that may not have been isolated in the mixture before (Wagner and
Oelmann, 2010). There are studies showing additive (Kortenkamp et al, 2007) and
synergistic effects (Payne et al, 2001) when estrogen is combined with low
concentration of exogenous estrogens in ER-positive breast cancer cells.
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Further observations of how natural and synthetic EDCs work in mixtures have been
reported.

Scippo and Maghuin-Rogister (2007) comprehensively reviewed the

occurrence of EDs in food and their potential impact on health. They concluded that
while individual low levels of EDs may be non-toxic, the investigation of mixture
effects was a priority research area due to the additive effect of endocrine disruptors.
Another study on 12 food relevant PE mixtures concluded that a mixture of the tested
PEs enhanced production of estradiol and inhibited testosterone production in H295R
human adrenal corticocarcinoma cells, indicating induced aromatase activity (Taxvig et
al, 2009). In a related study the estrogenic effects of PEs in the rat juvenile uterotrophic
assay were determined. The PEs, coumestrol, genistein, naringenin, (+,-) catechin, (-,-)
epicatechin and quercetin were mixed with the synthetic chemicals namely nonyl-, and
octylphenol,

beta-hexachlorocyclohexane,

methoxychlor,

bisphenol

A

and

dibutylphthalate. The mixture composition was in a physiologically relavant
concentrations as found in serum (Van Meeuwen et al., 2007). The natural hormone
17P-estradiol and PE genistein were tested singly. Results revealed that combination of
PEs and 17p-estradiol was additively agonistic such that the total estrogenicity was a
sum of the estrogenicity due to PE and the estrogenicity due to the hormone. The study
concluded that the PEs contribution to total estrogenicity was significant while for the
synthetic compounds wasn’t (van Meeuwen et al, 2007).
One study sought to investigate the effect of the PE genistein at a level of 1
mg/kgbw/day genistein and/or to an antiandrogenic food contaminant (1 mg/kgbw/day)
vinclozolin, which is reported to affect male reproductive tract and fertility in adults was
conducted by Lehraiki and colleagues (Lehraiki et al, 2011). The researchers followed
up the effects in a rat model and doses following exposure from conception to delivery.
Vinclozolin exposure resulted in the neonate having a slightly significant change in
steroidogenesis and gametogenesis resulting in an inhibition of testosterone secretion
and of the number of gonocytes. In contrast, genistein exposure had no effect on its own
but a vinclozolin-genistein mixture acted in a synergistic manner to induce the most
significant alterations in the adult. In the same rat model genistein antagonized the
adverse effect of vinclozolin on germ cells in the neonate and the researchers
recommended studying EDs during various developmental stages to understand their
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effects well (Lehraiki et al., 2011). This underlines the unpredictability of what may
happen in complex mixtures as opposed to when single compounds are studied.
The food extracts in this study consisted of soya based gruel samples. The soy based
gruels are a major constituent of complementary weaning food that 54% of children
aged 0-18 months who take gruel in Nakuru County, Kenya (Unpublished results See
Chapter 5). The length of time used to boil the gruel varies with the type of flour and
personal taste or habits. It may also be influenced by the desire to save on fuel. The
gruels are usually cooked once a day and left for the rest of the day, which for the
studied population was no more than eight hours (See Chapter 5). To the best of our
knowledge this is the first study that has been undertaken to determine estrogen and
androgen bioactivity of soy based weaning gruel extracts and assessment of the effect of
uncooked, cooking duration and storage on the bioactivity. The purchase point which
was either market or shop may influence bioactivity if there are differences in
formulation or level of contamination. Contamination with mycotoxins such as
zearalenol which are significantly estrogenic (Frizzell et al., 2011) would affect the total
bioactivity of the flour. Poorly stored flours such as those bought at the market may be
more at risk and that is why this study will compare the market blends and also the
flours bought at the shops.
4.1.2

Combinatorial effects of phytoestrogens and hormones

As in chapter 3
4.1.3

Effect of heating and storing phytoestrogens

Effects of processing, heat treatments, storage of soy/soy products or PEs has been
investigated by various researchers but none-has gone ahead to look at it from a
bioactivity point of view. Studies that have looked at isoflavone extraction methods in
various food matrices concur that the extraction method is temperature dependent
(Coward et al., 1998; Prabhakaran et al., 2006; Biesaga, 2012, and the same conclusion
for treating PE compounds at various temperatures.( Xu, et al, 2002; Stintzing et al,
2006; Yue et al, 2010).
Details on effect of heat and storage as in chapter 3 subsection 3.3.4
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4.1.4

The soy based weaning gruels composition and processing

The weaning flours in this study are made from blending flours from dried grains, dried
tubers and dried legumes with the soybean flour. Soya bean Glycine max. L. is a legume.
It is never used alone but in combination with other flours from dried grains such as
sorghum {Sorghum bicolour), millet (Eleusine coracana), pearl millet (Pennisetum
glaucum (L) R. Br.) or maize (Zea mays). Other foods mixed up with soy to make
weaning foods include legumes; green grams {Vigna radiata), pigeon peas {Cajanus
cajan), Kidney beans {Phaseolus vulgaris) peanuts (Arachis Hypogaea), sweet potato
(Ipomoea batatas) flour, cassava (Manihot esculanta) flour, Sugar, cooking oil and milk.
Details on processing and cooking as in chapter 1 section 1.7
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Sugar

Vitamins

Minerals

Calcium

Vitamins

Maize flour
(42)

Soya flour
(10.52)

___

Maize flour
(42)

Soya flour
(21)

Green grams
flour (10)
Groundnuts
flour (5)

Groundnuts
flour (5)
Pigeon peas
flour (5.26)

Groundnuts
flour (5.26)

Groundnuts
flour (5.26)

Black beans
flour (5.26)

Pigeon peas
flour (10.52)

Green grams
flour (5.26)

Finger millet Finger millet
flour
flour (10.52)
(10.52)
Bullash
Black beans Bullash
millet flour
flour (5.26)
millet flour
(5.26)
(10)________
Sorghum
Sorghum
Sorghum
flour (10)
flour (10.52) flour (10.52)

Finger millet
flour (15)

(30)

Refined
Maize flour

Soya flour
(20)

Glucose

Bullash
millet flour
(15)
Sorghum
flour(15)

Finger millet
flour (20)

Wheat flour
(10)

Finger millet
flour (25)

Maize flour
(25)

Maize flour
(65)

Refined
maize flour
(25)
Sorghum
flour (25)

Soya flour
(20)

Soya flour
(25)

Soya flour
(25)

maize flour
(25)

Soya flour
(25)

Groundnuts
flour (5.26)

Black beans
flour (5.26)

Minerals

Finger millet
flour
(25)
Amaranth
Sorghum
Seed
flour flour
(5.26)
(25)
Sorghum
Vitamins
flour (10.52)

Finger millet
flour (10.52)

Maize flour
(42)

Soya flour
(21)

Finger millet
flour
(25)
sorghum
flour
(25)

Maize flour
(25)

Soya flour
(25)

Table 4-1 Ingredients of the flour blends as declared by vendors or on the labels (% of flour). (SP 9 was soya flour and not blended- not
shown)
______________ ______________________________________
SP1
SP 2
SP 3
SP 4
SP 5
SP6
SP7
SP 8
SP10
M arket mix Market
Market
mix
Mix

4.2

Aims of the chapter
a. To assess the estrogenic and androgenic hormonal activity of the flour extracts
using the MMV-Luc and TARM-Luc reporter gene cell lines.
b. To assess the effect of heating and storage of soy based weaning gruels on their
estrogenic and androgenic bioactivity.
c. To assess the effect of the flour extracts interaction with the natural hormone
ligands 17 (3-estradiol (5 nM) or testosterone (50nM) on bioactivity
d. To find out if the purchase point had an effect on the observed bioactivity.

4.3 Materials and Methods
4.3.1

Chemicals and Reagents

Dulbecco’s

Modified

Eagles

Medium

(DMEM)

(Cat.

no.

61965-026),

DMEM+GlutaMAX1M'1 (Cat. no. 31053-028), Penicillin lOOU/ml/ Streptomycin 100
pg/ml (Cat. no. 15070-063), General Foetal bovine serum (FBS) (Cat. no. 10270-106),
hormone deplete FBS (Cat. no. 12373-029) and trypsin (Cat. no. 12604) were obtained
from Invitrogen Ltd, Paisley, UK. Luciferase Assay System (Cat. No. El501) consisting
of Lyophilized luciferase Assay Substrate and Luciferase Assay Buffer, Cell Culture
Lysis reagent 5X (Cat. no.E 194A) was from (Promega, Southampton, UK);

Trypan

blue for automated counting (Cat. no. T 10282) from Invitrogen Ltd, Paisley UK).
Countess slides (Cat. no. 10283) from Invitrogen, Paisley UK) Milli-Q water was of
ultra high purity (UHP, 18MV/cm) from the Elgar water purifier (Marlow, Bucks, UK).
The tissue flasks (25 and 75 cm2) were ordered from BD Bioscience. The 50 ml, 20 ml,
7 ml tubes were bought from SARSTEDT LTD. The 96 well plates were purchased from
Greiner Bio-One (Frickenhausen, Germany). Glass bottles (Simax, praha, Zech
republic). Deacon 90 (East Sussex, UK), Virkon (Antec international, Sudbury, UK),
DMSO (Dimethylsulfoxide) from Sigma-Aldricht,Poole Dorset, UK (Cat. no. D2650);
Cryo-vial (Nalgene, Cat.

no. 5000-1020, Roskilde, Denmark), Mr Frosty container
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(cat.no.34863) and Iso- propanol (cat.no.24137) both from from Sigma Aldrich Poole
Dorset, UK, PBS (phosphate buffer saline)(SAFC Biosciences Cat. No. 56064C, lenaxa,
Kansas, USA); Acetic acid, Glacial,CH3COOH, MW 60.05g/mol, 99%, Sigma Aldrich;
Hydrochloric acid, HC1, MW 36.46 ,sp gravity 1.18,Assay 35.4%,

11.4M Vwr

International ltd. Sodium Acetate Trihydrate, CHjCOONaA^O, MW136.08g/mol,
99.5%, Sigma Aldrich , B-Glucorunidase Type H-5 from Helix Pomatia, 500KU/20ml
lot number 049K3778, Sigma Aldrich, Diethyl ether,(CiHs^O, MW 74g/mol.l2, 99.5%,
Sigma Aldrich, HPLC water, 18.01g/mol, Sigma Aldrich; Methanol ,CH30H,
32.04g/mol, 99.7%, Sigma Aldrich; Cyclohexane ,C6HU, 84.16g/mol,99.7% ,Sigma
Aldrich; Ethyl acetate, C4H8O2, 88.105g/mol, 99.5%, Sigma Aldrich; SigmaCIS
columns (2g of stationary phase) and Silica (SiOH) columns (0.5g of stationary phase)
were from Phenomenex Ltd.

Testosterone (Cat. no. A8380) and 17-p estradiol (Cat. no. E2758) steroid hormones were
from Sigma Chemicals, UK, Genistein 98% (Cat. no.G6649) Matairesinol 85 % (Cat. no.
40043) equol 99.0% (Cat. no. E45405), formononetin 99% (Cat. no. F47752), Apigenin
95% (cat. no. A 3145), glycitein 98% (Cat. no. G2785), enterodiol, 99% (Cat. no. 45198),
Daidzein 98% (Cat. no.D 7802), Daidzin 98% (Cat. no. 30408), Genistin (97%) (Cat. no.
G0897), Acetone (Cat. no. 34850) and Methanol (Cat. no. Ml 175) were purchased from
Sigma chemicals UK.

4.3.2

Samples

The flour blends were sampled from supermarkets and market in Nakuru, Kenya.
Random representative samples (5) were taken of each brand from different shops and
supermarkets around Nakuru County. For market blends the vendors were chosen at
random from the Municipal market and 5 representative samples from various points in
the container were taken for remixing later. Verbal declaration of what was in the
mixture and how to prepare it was given by the vendor and noted down. The samples
were then shipped to Queen’s University (IAFLU) and kept at 4°C prior to heat
treatment. After opening the samples were kept at -80°C.
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The samples taken at the market (SP 5, SP 6 and SP 7) contained more legumes than
soya bean flour in comparison to those which were bought in the shops. Sample SP 9,
pure Soya, was purchased in the supermarkets. Traditionally a product such as SP 9 is
not used alone but is bought to be mixed later at home with other flours.
4.3.3

Heat treatment or cooking method

The flour blends were heat treated (100°C) by boiling in HPLC grade water. The
cooking times were chosen by referring to the recommendations on the label for cooking
or via personal communication on point of purchase at the market. Precise amounts of
flour were measured out (usually SOgrams) and amount of water required added and
noted down (usually about 200ml depending on the flour). Raw samples were taken
soon after mixing the flour with HPLC water and cooled immediately from room
temperature to 4°C. Another sample at half the time recommended (“half cooked”)
which meant the half way time of recommended time for that flour (5-15mins) and
cooled immediately. Cooked meant boiled for the full recommended time (1030minutes) depending on the sample. After the full heat treatment (cooking) the last
sample was divided into two and one part cooled immediately while the other was left
out for 8 hours before cooling at -20°C. The samples were then lyophilized in a freeze
drier (Modulyod-230, Davidson and Hardy Ltd UK) for 72hrs. They were then stored at
-80°C in jars until needed.
4.3.4

Sample extraction

The extraction procedure was an adaptation of that developed by Antignac et ai, 2009.
One gram of soya based weaning flour in its different cooked or storage states was
dispersed in 20 ml acetate buffer 2 M (pH 5.2) followed by enzymatic hydrolysis by
incubating (52°C/ 16 hrs) with 300ul of purified Helix pomatia preparation. The mixture
was then centrifuged (4000 rpm/15mins). The sample was liquid/liquid extracted twice
with 10 ml diethyl ether resulting in two layers, after centrifugation (3500rpm/10mins)
the organic layers were collected in a glass test tube. The aqueous layer (± 20ml) was
acid hydrolysed (3.2 ml hydrochloric acid (HC1) 35%) and the solution vortexed and
incubated (80°C /2h). Subsequently, liquid/liquid extraction of hydrolysate was carried
out twice using 10 ml diethyl ether. Centrifugation (3500rpm/10mins) followed with the
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organic layer being added to the one collected before and evaporated to dryness under a
N2 stream at 45°C. The sample was reconstituted in water/ methanol (90/10) (v/v).
Purification was carried out on a Reverse Phase SPE (Cl8) cartridge that was packed
with 2g of stationary phase. The cartridge was conditioned with 10 ml methanol and an
equal volume of water. The sample was loaded and the cartridge washed with 5 ml water
and 5 ml cyclohexane before elution with 7 ml methanol. The eluted samples was
evaporated to dryness under a N2 stream at 45°C and reconstituted in 0.1ml ethanol and
0.1 ml ethyl acetate before adding cyclohexane (0.8 ml) and vortexing. The flow
diagram of this process is as shown in the diagram below (Figure 4.1)
To ensure there was no estrogenic hormones that may mask the PEs effect, normal Phase
SPE (SiOH) silica cartridge (0.5g stationary phase) was used. The cartridge retains the
hormones as the PEs pass through. That PEs are present in the flour samples was
verified in the laboratory using UPLC/MS but the method was validated more by
Antignac and colleagues (Antignac et al, 2009). The cartridge was conditioned by
cyclohexane. Sample was then deposited and cartridge washed with 10 ml ethyl acetate
and cyclohexane (30:70,

v/v).

The sample was eluted with

10

ml

ethyl

acetate/cyclohexane/ethanol 80:10:10, v/v/v.
The eluates were evaporated to dryness in nitrogen stream at 45°C (N2, 45°C), then
reconstituted in 50 pi methanol/DMSO (95:5, v/v) before putting in a HPLC vial that
had a 150 pi micro insert. The extracts were then used immediately in the reporter gene
assay procedure or stored in the dark at -18 °C (Method adapted from Antignac et al.,
2009).
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Baby food sample (Ig)

Reconstitution 20ml acetate buffer 2M, pH 5.2

1
Enzymatic hydrolysis with(0.3ml Helixpomatia preparation H5
type, 500 000 sigma units /20ml water), 16h, 52°C

I

Liquid liquid extraction using 2x10 ml Diethyl ether

Aqueous layer

Organic layer

Acid hydrolyse, 3.2 ml HC1 35%, 2h, 80°C

Liquid liquid extraction (2x10 ml Diethyl

Organic layer

Reverse Phase SPE C18
Wash (5ml water+5ml cyclohexane) Elute (5+2) Methanol

1

Normal Phase SPE Wash (10ml ethyl acetate/cyclohexane 30/70 v/v)
Elute (10ml ethyl acetate /cyclohexane/ethanol 80/10/10 v/v/v)
Figure 4-1 Flow diagram of PE Extraction Procedure (adapted from Antignac et ai, 2009)
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4.3.5

Reporter Gene Assay

Prior to RGA analysis, cells were cultured through at least two trypsinisations in assay
media. Cells were used in logarithmic/exponential phase. Cells were plated at a cell
density of 4 x ICP live cells/ml in clear bottomed, 96 well plates (Greiner) at 100 pi per
well. After 24 h at 37°C (8% CCri), the hormone, PE or extract in 1% standard in media,
were added at 100 pi per well making the effective ratio of standard to media as or
0.5%. After 24 h exposure for the estrogen cells and 48h for the androgen cells at 37°C
(8% CO2), the media and standards/extracts were siphoned out of the wells and the later
then washed twice with warmed sterile phosphate buffer. Lysis buffer was then added at
the rate of 20 pi per well and then shaken up in a plate shaker which was maintained at
37°C for 5 - lOmins. The luciferase expression was determined in a luminometer after
injection of the luciferase reagent. The luciferase activity was detected and recorded as
Relative Light Units in the luminometer (Berthold Mithras Multimode Reader).
4.3.6

Ant (agonistic) Effect

The procedure used for evaluating the (ant) agonistic effect of PE extract was as follows.
Standard 17|3-estradiol and testosterone hormones were used as positive controls on MMVLuc and TARM-Luc cell lines respectively. For this test, cells that had been sub cultured as
for the reporter gene assays above were seeded in a 96 well Greiner bio-plate at a 100 pi
and at a cell density of 10,000 cells/ml. The cells were then exposed to PEs after 24 hrs
incubation (37°C, 8% CO2 (g)) under humidified conditions. For this test, 990 pi of assay
media was spiked with an equal amount (5 pi ) of each of the PE standard/extract and of
methanol (blank) and vortexed. 100 pi was then added to each well. To the adjacent well
for each dose of PE standard the 990 pi assay media was spiked with 5 pi PE standard and
5 pi hormone. This was to allow for direct comparison of the effect of PE alone or in
combination with the hormone. Two negative controls were used:
(iv)

A blank with methanol (1%) in assay media which is a solvent for the standards

(v)

A blank as above that had known antagonists ; fulvestrant at a concentration of
121.2ng/ml for the estrogen cell lines and flutamide, at a concentration of
2762ng/ml for the androgen cell line at a concentration of 0.5% in assay media.
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Two positive controls were used:
v) The first positive control comprised the hormone (17P-estradiol (1.35ng/ml) for
estrogen cell line or testosterone (14.5ng/ml) for the androgen cell line, and
methanol, both hormone and methanol at 0.5% each in assay media.
vi) The second positive control comprised hormone, 17p-estradiol or testosterone
and the appropriate antagonist fulvestrant for the estrogen and flutamide for
the androgen cell line.

Fold inductions and EC50 was worked out in excel and with Slidewrite software version
6 32 Bit edition respectively. The PEs standards were made at different concentrations to
establish if the agonist effect was dose dependant.
4.3.7

Cytotoxicity investigation using the MTT (3-(4, 5-Dimethyl-2 thiozolyl)-2, 5diphenyI-2H-tetrazolium bromide) Assay

The extracts were assessed for cytotoxicity. The procedure for RGA was followed at the
same cell concentration and after exposure to the extracts for 24 or 48hrs in the estrogen
or androgen cell line respectively, the spent medium was aspirated from the wells and
discarded. In this assay MTT solution (5mg in 20ml of PBS) was diluted in assay media
(DMEM) (1:2.5) and 50pl of this dilution added to each of the seeded wells of a 96 well
plate (BD Science). It was then incubated for four hours at 37°C/8% CO2 in the dark
after which excess MTT solution was removed from the wells and 200 pi DMSO added.
It was then shaken for 10 minutes and read in the plate reader at a wavelength of 570nm
and a reference wavelength of 630nm.
Cytotoxity values were based on absorbance (Abs) as follows:
% toxicity = {(negative control Abs - sample Abs)/ (negative control Abs)} x 100
Extraction recoveries were calculated as percent recoveries computed from the
bioactivity of the extracted spiked daidzein compared to unextracted solvent standard
daidzein at the same concentration.
% Recovery

=

{(Average calculated Spiked concentration)/(average expected

concentration)/} x 100
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4.3.8

Calculation of daidzein equivalents DEQs and Limit of quantitation (LOQ)

Calculation of DEQs was performed using non-linear interpolation from the daidzein
dose-response, best fit curves. Study samples were assayed together on the same plate
with a series of daidzein calibration standards. Positive quality controls, 17P-estradiol or
testosterone and negative control (0.05% MeOH in assay media) was on every plate as
well. A negative control (solvent blank), pre-spike and post-spike of daidzein
(4000ng/ml) were incorporated in every extraction and on every plate for recovery
determination. Bioactivity in fold induction over control (expressed as luciferase
activity) was plotted in the Y-axis and the concentration in the x-axis. The y-intercept of
the best fit curve was used to calculate the daidzein equivalent concentration of the flour
extract being analysed. The daidzein equivalents concentration was then corrected for
recovery and any sample dilutions factored in as well.
Limit of quantification (LOQ) was defined as the mean of all controls (Blanks) in the
experiment plus three times the standard error of the mean (SEM). It was converted to
estrogenic equivalents by multiplying by the daidzein potency relative to the standard 17
P-estradiol.
4.3.9

UPLC-MS Analyses

Ultra performance liquid chromatography /Mass spectrometer (UPLC-MS) was used to
determine if the extracts had PEs. Nine of the 10 PEs were detected with the exemption
of equol. However quantitation was not done due to technological problems. UPLC-MS
analyses were done using a Waters Acquity UPLC module interfaced with a Waters
Premiere XE triple mass spectrometer (Manchester, UK). A Cl8 column (2.1 x 50mm,
1.7pm particle size (Waters, Manchester, UK) was used. The solvents used to elute the
analytes were (A) HPLC water with 0.5% acetic acid (B) Methanol. The automated
programming ensured the mobile phase composition was (A/B; v/v), 70:30 at 0 minutes
to 0:100 which was held from minute 13 to 15 and then held at 70:30 from 20 to 30 mins
for re-equilibration. Mobile phase flow rate was 0.3ml/min and the injected volume was
10 pi. Nitrogen was the nebulisation and cone gas whose flow rate was 1 lOOL/hr and
lOOL/hr, respectively. The source and desolvation temperatures were at 130 and 400°C,
respectively. The Mass Spectrometer system was operated in negative electrospray
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ionisation mode. A diagnostic signal was monitored for each PE using the capillary and
cone potential in addition to the collision energy and acquisition parameters were as
shown Appendix VI.
4.3.10 Statistical Analysis
For reporter gene assays, normalised calibration curves were fitted with sigmoidal doseresponse curve equation to a four-parameter Hill plot,
Y = Min Response + (Max response - Min response)/ (I+X/EC50) A slope of the line
Where X is the concentration of the testing compounds, Y represent the response of the
hormonal/phytochemical activity, the range 0-100 (Willemsen et al, 2004; Blankvoort
et al., 2005). If using logarithm instead of actual concentration then the following
equation is used:
Y = Bottom + (Top - Bottom)/! + 10 (logEC5o'X)
Where X is the logarithm of concentration, Y the response, EC50 is the mid-point
between Top and Bottom which are the maximum response and the baseline response,
respectively.
Other statistical tests included
Unpaired t-tests were used for pair-wise comparison. Linear regression/curves of best fit,
One way ANOVA and Bonferroni post tests were performed using GraphPad Prism
version 5.00 for Windows, GraphPad Software, San Diego California USA,
www.graphpad.com”.
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4.4 Results
Dose response curves from chapter three are reported in this chapter (for purposes of
chapter completeness) to show that the cell line could respond to the positive controls
17(3-estradiol and testosterone. Daidzein dose response curve in MMV-Luc cell line is
also from chapter three.
4.4.1

Normalised Dose response curves of Daidzein

Daidzein potency in MMV-Luc cells

Daidzein compound

Concentration (nM)

Figure 4-2 The dose response standard curve for daidzein. The MMV cell line was treated with
increasing concentration of daidzein and luciferase activity measured after 24h .Values are %
maximal luciferase activity ± SEM (normalised to 100%). Means of at least three independent
experiments (n =3) with each experimental point performed in triplicate.
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4.4.2

Normalised Dose response curves of 17p-estradiol in the MMV-Luc cells, Testosterone in the TARM -Luc Cell
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increasing concentration of the hormone and luciferase activity measured after 24h or 48hrespectivcly .Values arc % maximal luciferasc
activity ± SEM (normalised to 100%). Means of at least three independent experiments (n =3) with each experimental point performed in
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These showed that the cell lines were responsive to the honnone standards, 17P-estradiol
and testosterone which are natural ligands of the receptors (ERa, ERp ARa and ARP).
The compound daidzein which was used in the calibration standards in each plate for
quantification of the flour bioactivity in daidzein equivalents is also shown.
4.4.3

Effect of p-glucorunidase and overall Matrix effects for extracted samples

Of great concern on matrix effect was the effect of enzyme, P-glucorunidase, which was
used in enzyme hydrolysis of the flour samples, on the cell lines. This is because in
literature it is reported that it causes the level of some PE such as apigenin to increase
(Grace and Teale, 2006). It was evaluated by use of reporter gene assays and the MTT
assay to determine the estrogenic and androgenic activity at the concentrations used per
sample. Its cytotoxicity was also evaluated. There was no significant effect of the
enzyme on cytotoxicity nor on the bioactivity as expressed by luciferase activity
(p<0.05) (results not shown). The enzyme was used in the extraction to hydrolysis PEs
(especially genistin and daidzin). Effectiveness of the enzyme hydrolysis was confirmed
with UPLC-MS where, after enzymatic hydrolysis no genistin and daidzin were detected
and instead daidzein and genistein previously absent in the extracted solvents were
(results not shown). Presence of the PEs in the flour extracts was confirmed by the use
of UPLC-MS using the acquisition parameters as shown in Table 9.4 Appendix VI and
sample of typical calibration curves and chromatograms in Appendix VII and VIII
respectively. Quantitation was however not done using UPLC/MS. More elaborate
validation had been done by Antignac and colleagues (Antignac et ai, 2009).
There were matrix effects with the standards extracted in negative flour (maize) that
varied from one standard to the other such (genistein, formononetin and daidzein) See
graphs on Appendix III. Overlaying the results in the same graph depicted matrix
effects of formononetin and daidzein to be uniform while that of genistein was more
variable. In all cases response in maize flour matrix was enhanced compared to that in
buffer. The matrix effects were resolved by correcting to negative control or removing
background for all the tests undertaken in this thesis both for estrogenic and androgenic
cell lines.
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4.4.4

Recovery of daidzein as detected in MMV-Luc cell line

Table 4-2 Percent daidzein compound recovery values. Values are mean of triplicate readings of 3
experiments and each experimental point taken in triplicate

Compound

Average

calculated Average

spiked concentration

expected

(ng/ml)

concentration

% Recovery

(ng/ml)
Daidzein

2328.

4000

58.25

2529.2

4000

63.23

2418.4

4000

60.46

2750

4000

68.75

2506.4

4000

62.67

Daidzein percent recovery was an average of 4 means was 62.67 as shown in Table 4.2

4.4.5

Non-linear daidzein dose response curve of best fit

A typical non-linear daidzein dose response curve of best fit is shown in Appendix III
Figure 9.20. The daidzein equivalents of the samples assayed on the same plate would
be deduced from the y- intercept of the curve.
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4.4.6

Maximum ant (agonism) achieved by the cooked flour blends without and in
the presence of 17p-estradiol (E2) and testosterone (T2) in MMV-Luc cells
or TARM-Luc cells respectively using reporter gene assays

Table 4-3 Maximum % estrogenic and androgenic activity when MMV-Luc or TARM-Luc cells are
exposed to flour extracts relative to hormone standards (17(l-estradiol (5nM) and testosterone
(50nM)) for an incubation time of 24 and 48h respectively.
Type of cooked

Average

flour

Maximum

blend

Average
%

Average

Maximum

%

Maximum

%

% agonist in the

agonist

in

presence

agonist TA in

ant(agonist)

the absence of

in the presence of

the

E2 (5nM)

T2 (50nM)

SP 13

E2 (5nM)
***

SP 23

***

*** (Agonist)

*

***(Synergistic)

SP 33

***

*** (Agonist)

"

***(no effect)

SP 43

***

*** (Agonist)

*

***(Agonist)

SP 53

***

*** (Agonist)

SP 63

***

*** (Agonist)

*

***( Additive)

SP 73

***

**(Antagonistic)

-

♦♦♦(Antagonistic)

SP 83

***

*** (Agonist)

-

*** (Synergistic)

SP 93

***

*** (Agonist)

_

♦♦♦(Agonist)

SP 103

***

*** (Agonist)

"

** (Antagonistic)

(Sample)

TA

Average Maximum

TA

absence of

*** (Agonist)

of

T2

(50nM)

*** (Antagonistic)

***(Antagonistic)

Key (determining number of stars)
No effect - Slight agonist (< 25% induction Maximum of hormone) *
% induction Maximum of hormone) **

Medium agonist (25-75

Strong agonist (> 75% induction Maximum of

hormone) *** (Adapted from Willemsen et ai, 2004).
Key (determining combinatorial effect with hormone (The word in brackets after stars)
Agonist (effect > than that for hormone alone [100%]) Additive (effect was a mathematical sum
of the respective hormone and flour blend PE extract TAs) Synergistic (effect was more than
mathematical sum of the hormone and flour blend PE extracts TAs) Antagonistic (effect was
less than that of the respective hormones) No effect (effect of the combination was same as that
of hormone TA alone).

160

4.4.7

Calculation of daidzein equivalents (DEQs) and Limit of quantitation
(LOQ)

The LOQ for the weaning flours was 4.61 ug DEQ/kg for the MMV-Luc cell line which
is equivalent when converted to estrogenic equivalents (EEQ) to 392pg EEQ/Kg for the
MMV-Luc cell line. This was lower compared to the LOQ of 0.9 Ing EEQ /kg for food
(meat, chocolates, bread) and 1.37 ng EEQ/kg for infant formula (Behr, et al, 2011).
The slight difference could have arisen from the differences in the foods that were used
in the two studies and the use of yeast estrogen assay while we used MMV-Luc cell line
derived from mammalian origin and hence more sensitive. The LOQ for TARM-Luc cell
line was 125 pg DEQ/kg.
4.4.8

Quantification of flour blend’s extract in DEQs in MMV-Luc and TARMLuc cell lines

Quantification of flour blend extracts bioactivity was determined in MMV-Luc cell line
and in TARM-Luc cell line in daidzein equivalents (DEQ).
4.4.9

Quantification of f!our‘s estrogenic and androgenic activity in DEQs in
MMV-Luc and TARM-Luc cells

Quantification of flour blend extract’s estrogenic and androgenic bioactivity was
determined in MMV-Luc cell line and in TARM-Luc cell line in DEQs by measuring
the expressed luciferase enzyme. It was preferable to use DEQs as opposed to hormone
equivalents. This was due to the fact the extraction method used involved the use of
silica columns whose purpose was to remove all hormones that would have masked the
bioactivity of PEs. It would have been impossible to determine the recovery of the
method as no spiked hormone would have been recovered. Daidzein equivalents or other
PE equivalent would have been appropriate as it would enable comparisons of the values
obtained by the two cell lines to be done.
For quantification, a daidzein calibration curve was used in every plate and recovery
efficiency of extracted daidzein determined. Serial dilutions of PE extracts were made
until concentrations that were not cytotoxic to the cells were obtained and bioactivity of
the flour blend estimated. The final estimate was calculated by taking into account the
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dilution factor and recoveries that were observed. All experiments were performed in
triplicate using triplicate samples in three independent experiments.
4.4.9.1 Quantification of flour s luciferase activity in DEQs in MMV-Luc cell line
Analysis of Variance (ANOVA)

ANOVA was used to evaluate means from the flour blend subgroups. A statistically
significant ANOVA indicated there was more variation between subgroups than would
be expected by chance.
the null hypothesis Hq: “the means of bioactivity are identical in all status (i.e.
Raw, Half Cooked, Cooked, Cooked Stored) of the flour blend”
Against the alternative hypothesis Hi: “the means bioactivity is NOT identical in all
status (i.e. Raw, Half Cooked, Cooked, and Cooked Stored) of the flour blend”.
As the One-way ANOVA test did not allow us to identify if the mean bioactivity is
identical or not for some particular status of given flour blend we proceeded with
Bonferroni Post Hoc tests for multiple comparisons between each pair of floor status.
From the p-value, most of the p-values (except some few) were greater than alpha of
0.05. Therefore we did not reject the null hypothesis, i.e., the estrogenic activity
expressed as daidzein equivalents, data, could be assumed to be normally distributed.
The bioactivity is as shown in Table 4.4 and in graphical form in Figures 4.4-4.S
Results on the effect of heat and storage on the Bioactivitv of SP 1 to SP 6 flour blends
in DEO
4.4.9.1.1 Effect of heat and storage on bioactivity ofSPI Flour Blend
For the SP 1 type of blend Since the p-value in the (one way ANOVA) was p=0.000
which is less than the significance level alpha=0.05 then we rejected the null hypothesis
and concluded that the mean bioactivity was not statistically identical when the flour
blend SPI flour blend is Raw, Half Cooked, Cooked and Cooked/ Stored (8h).We then
used the Bonferroni post hoc tests and concluded that there was a significant difference
(at level alpha=0.05) in the mean bioactivity, for flour blend SP 1 FLOUR BLEND,
between: Raw flour blend and Cooked flour blend, Half Cooked flour blend and Cooked
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flour blend; and the Cooked and Cooked then Stored flour blend. This result meant that
for the SP1 flour blend; there was no significant difference in bioactivity when the flour
blend was Raw, Half Cooked or Cooked and stored for 8h at 20°C. The increase in
bioactivity for flour blend SP 1 flour blend occurred only when the flour blend was
cooked.
Hence for this type of flour blend, half the recommended heat treatment (boiling) does
not change the bioactivity significantly in the raw flour blend, and only boiling for the
fully recommended time can lead to an increase in bioactivity. When the cooked flour
blend is stored the gain in bioactivity obtained by cooking is lost, and the level of
bioactivity becomes identical to the one in the raw flour blend. Therefore, for this type
of flour blend, the storage has an ameliorating effect on the bioactivity. It would be
interesting to see if all conditions on gruel safety and organoleptic characteristics can be
met with the reduced heat treatment when one is trying to avoid bioactivity in the flour.
Storing would also be recommended for this type of flour. This type of flour had very
little bioactivity and the differences may not really affect that much. The graphical
representation of the SP 1 flour blend bioactivity is in Figure 4.4 and the tabulated
results are in table 4.4 below.
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Table 4-4 Bioactivity of flour blends (jig/Kg of flour) in different flour blends in different states of
heat and storing as characterised in MMV-Luc cell line
_________________ ______________
Type
flour

of

Daidzein equivalents
in Raw flour
Values are (Means
± SD) DEQ (pg/Kg

DEQ when flour is

DEQ when flour

DEQ when Hour

boiled

is boiled for the

is boiled for the

fully

fully

recommended

recommended

time

time and stored

for

half the

recommended

time?

values are (Means
SD) (pg/Kg of flour)

of flour)

±

Values are

(Means

±

SD)

(pg/Kg of flour)

for 8h at 20°C
Values

are

(Means ± SD)
SP1

(32.65± 6.63)a

(37.60 ± 1.92)a

(49.87 ± 6.54)b

(37.95 ± 3.78)a

SP2

(305.99

(388.25 ± 50.55)b

(524.0 ± 221.3)bc

(617.53

± 15.64)a

±

89.98)cd
SP3

(49.79 ± 6.48)a

(51.80 ± 9.64)a

(75.44 ±8.60)b

(63.77

± 11.34)

a

SP4

(275.87

± 35.86)a

(272.59

± 17.30)ac

(380.05 ± 97.4)b

(282.17

±

24.52)b
SP5

(271.38 ± 22.93)a

(295.10 ± 26.16)b

(260.49± 28.24)“

(302.14 ± 22.50)bd

SP6

(271.02 ± 31.60)a

(281.71 ± 42.24)a

(281.30 ±28.29)a

(244.09 ± 23.82)a

SP7

(242.53 ± 34.05)a

(237.29 ± 31.01)a

(255.86 ±28.29)a

(232.53± 14.57)a

SP8

(308.76± 31.42)a

(329.53 ± 42.84) “

(453.71±29.73)b

(377.38 ± 29.02)d

SP9

(2336.60 ± 446.40)a

(1876.38 ± 170.27)b

(3216.17±

(3244.14 ±

311.41)c
334.67)cd
SP10

(337.00 ± 27.95)a

(283.10 ± 69.42)ab

(266.14 ± 36.75)b

(259.87 ± 47.14)b

Means in the same raw with different alphabet (in superscript) are significantly different at
P<0.05. The recommended time was 10 minutes for SP 1, SP 2 and SP 10, 12.5 minutes for SP 3
and SP 4, 7.5 minutes for SP 8 and lastly SP 5, SP 6, SP 7 and SP 9.
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Graphical representation of the bioactivity (pg/Kg of flour) in DEQ of SP 1 to SP 2
in MMV-Luc cell line
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Figure 4-4 Effect of heat and storage on the bioactivity of flour blends extracts a) and b)
representing SP1-SP2 respectively in MMV-Luc cells after 24hr exposure. Values are Means ± SD
pg/kg of flour in DEQ (n = 3) (with each experimental point performed in triplicate) against time in
minutes (storage/temperature of storage) *** means significantly different from control p<0.0001
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4.4.9.1.2 Effect of heat and storage on bioactivity of SP 2 Flour Blend
For the SP 2 flour ANOVA indicated there was a significant difference in the four states
as for SP 1. The Bonferroni Post Hoc tests revealed that there is a significant difference
(at level alpha=0.05) in the mean bioactivity, for SP 2 flour blend, between: Raw flour
blend and Cooked flour blend. Raw flour blend and Cooked Stored flour blend; and Half
Cooked flour blend and Cooked Stored flour blend.For the SP 2 flour blend (graphical
representation on Figure 4.4 b), there was an increase in bioactivity when the raw flour
blend was half cooked. However, there was no significant increase in bioactivity when
the half cooked flour blend was fully cooked. On the other hand, storing the cooked
flour blend resulted in an increase in bioactivity. Therefore, for this type of flour blend,
the heat and storage of the cooked flour has an increasing effect on the bioactivity. For
this flour blend there was a tendency for it to bum probably because of the wheat
component. If one aims at decreasing the effects of increasing bioactivity then
consuming the gruel immediately and avoiding storage would be a solution for SP 2.
4.4.9.1.3 Effect of heat and storage on bioactivity ofSP 3 Flour Blend
For SP 3 (See Figure 4.5 c) flour blends Bonferroni Post Hoc tests, for multiple
comparisons between each pair of flour blend status indicated that there wasn’t a
significant difference in bioactivity when the flour blend is Raw, Half Cooked or
Cooked Stored. The increase in bioactivity for the SP 3 flour blend occurs only when the
flour blend is cooked for recommended time.
Since boiling for half the recommended time does not significantly increase the
bioactivity in the raw flour blend then it would be interesting to find out if the microbial
quality, biochemical and acceptability considerations can be met at this level of heating
and recommend that time of heating. Avoiding a full cook also would save on fuel.
When the cooked flour blend is stored the gain in bioactivity obtained by cooking is
lost, and the level of bioactivity becomes identical to the one in the raw flour blend. This
Therefore, for this type of flour blend, the storage has a reducing effect on the
bioactivity. So encouragement on storing the gruel for eight hours before drinking can
be given to those who want to avoid any increase in bioactivity. The SP 3 flour blend
however, had minimal estrogenicity just like SP 1 and was mainly cereal based.
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Graphical representation of the bioactivity (pg/Kg of flour) in DEQ of SP 3 and SP
4 in MMV-Luc cell line
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Figure 4-5 Effect of heat and storage on the bioactivity of flour blends extracts c) and d)
representing SP3 and SP4 respectively in MMV-Luc cells after 24hr exposure. Values are Means ±
SD pg/kg of flour in DEQ (n = 3) (with each experimental point performed in triplicate) against time
in minutes (storage/temperature of storage) *** means significantly different from control p<0.0001
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4.4.9.1.4 Effect of heat and storage on bioactivity of SP 4 Flour Blend
For SP 4 (See Figure 4.5 d) post hoc tests revealed that there is a significant difference
(at level alpha=0.05) in the mean bioactivity, for SP 4 flour blend, between: Raw flour
blend and Cooked flour blend, Raw flour blend and Cooked Stored flour blend, Half
Cooked flour blend and cooked flour blend.
Hence for this type flour blend, the level of heat during the treatment has a significant
effect in the bioactivity. The higher the heat level, the higher the bioactivity. On the
other hand the storage caused a loss in the gain in bioactivity during the full cook. For
this type of flour investigation as to the safety and acceptability at half cook can be
followed up to avoid increase in bioactivity.
4.4.9.1.5 Effect of heat and storage on bioactivity of SP 5 Flour Blend
For SP 5 (See Figure 4.6 e) the Bonferroni post hoc tests revealed that there was a
significant difference (at level alpha=0.05) in the mean bioactivity, for flour blend SP 5
flour blend, between: Half Cooked flour blend and Cooked flour blend; cooked flour
blend and Cooked Stored flour blend. For this type of flour blend, the full cook heating
had a decreasing effect on the bioactivity. However, the storage of the cooked flour
blend has an increasing effect on the bioactivity. For those who want to avoid bioactivity
gruel cooked for the recommended time and not stored would be the solution.
4.4.9.1.6 Effect of heat and storage on bioactivity of SP 6 Flour Blend
For SP 6 (See Figure 4.6f) the /?-value in the table (ANOVA) is /?=0.064 which is
greater than the significance level alpha=0.05 then we could not reject the null
hypothesis. Hence we conclude that the mean bioactivity is statistically identical when
SP 6 Flour blend flour blend is raw, half-cooked, cooked or cooked stored. Therefore,
for this type of flour blend the heat and the storage of the cooked flour blend have no
effect on the bioactivity.
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Graphical representation of the bioactivity (pg/Kg of flour) in DEQ of SP 5 and SP
6 in MMV-Luc cell line
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Figure 4-6 Effect of heat and storage on the bioactivity of flour blends extracts e) and f)
representing SP5 and SP6 respectively in MMV-Luc cells after 24hr exposure. Values are Means ±
SD pg/kg of flour in DEQ (n = 3) (with each experimental point performed in triplicate) against time
in minutes (storage/temperature of storage) *** means significantly different from control p<0.0001
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4.4.9.1.7 Effect of heat and storage on bioactivity of SP 7 Flour Blend
For SP 7 (See graphical presentation on Figure 4.7 g), since the p-value in the table
(ANOVA) for SP 7 was /?=0.338 which is greater than the significance level alpha=0.05
then we could not reject the null hypothesis. Hence we conclude that the mean
bioactivity is statistically identical when SP 7 Flour blend is raw, half-cooked, cooked or
cooked stored. Therefore, for this type of flour blend the heat and the storage of the
cooked flour blend have no effect on the bioactivity.
4.4.9.1.8 Effect of heat and storage on bioactivity of SP 8 Flour Blend

Results for blend SP 8 (See Figure 4.7 h) when subjected to Bonferonni Post Hoc
revealed significant differences (at level alpha=0.05) in the mean bioactivity, for flour
blend, SP 8, between: Raw flour blend and Cooked flour blend, Raw flour blend and
Cooked then Stored flour blend, Half Cooked flour blend and Cooked flour blend, the
Half Cooked flour blend and Cooked then Stored flour blend and finally between the
Cooked flour blend and Cooked Stored flour blend.
Therefore we draw our conclusion that boiling at the recommended time leads to a
significant increase in bioactivity while storing the cooked flour blend leads to a
significant decrease in the bioactivity. Hence, for the SP 8 flour blend, it would be
interesting to see if the recommended time can be shortened to reduce the increase in
bioactivity without jeopardizing safety and acceptability. Storage for eight hours
decreased bioactivity significantly and hence can be a solution in reducing bioactivity
for this kind of flour.

170

Graphical representation of the bioactivity (pg/Kg of flour) in DEQ of SP 7 and SP
8 in MMV-Luc cell line
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Figure 4-7 Effect of heat and storage on the bioactivity of flour blends extracts g) and h)
representing SP7 and SP8 respectively in MMV-Luc cells after 24hr exposure. Values are Means ±
SD pg/kg of flour in DEQ (n = 3) (with each experimental point performed in triplicate) against time
in minutes (storage/temperature of storage) *** means significantly different from control p<0.0001
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4.4.9.1.9 Effect of heat and storage on bioactivity of SP 9 Flour Blend
Bonferroni tests to SP 9 (See Figure 4.8 i) results showed significant differences (at
level alpha=0.05) in the mean bioactivity, for SP 9 flour blend, between: Raw flour
blend and Half Cooked flour blend, Raw flour blend and Cooked flour blend, Raw flour
blend and Cooked Stored flour blend, Half Cooked flour blend and Cooked flour blend
and lastly between Half Cooked flour blend and Cooked then Stored flour blend.
For this type of flour blend, a significant level of heat leads to an increase in bioactivity
while storing the cooked flour blend keeps the bioactivity unchanged. Hence, for SP 9
flour blend, a high level of heat has an increasing effect on the bioactivity whereas the
storage has no impact on the bioactivity.
4.4.9.1.10 Effect of heat and storage on bioactivity ofSP 10 Flour Blend
For this SP 10 (See Figure 4.8 j) flour blend the p-value in the table (ANOVA) is
p=0.007 which is less than the significance level alpha=0.05 then we rejected the null
hypothesis and concluded that the mean bioactivity is not statistically identical when SP
10 flour blend is raw, half cooked, cooked and cooked stored. Bonferroni post hoc tests
showed that there were significant differences (at level alpha=0.05) in the mean
bioactivity, for SP 10 flour blend, between: Raw flour blend and Cooked flour blend,
and between Raw flour blend and Cooked Stored flour blend.
We concluded that when SP 10 flour blend is fully cooked there is a decrease in
bioactivity while storing the cooked flour blend keeps the bioactivity level unchanged.
Therefore, for this type of flour blend boiling at the recommended time has a reducing
effect on the bioactivity whereas the storage of the cooked flour blend has no effect on
the bioactivity. For this type of flour it would be recommended to boil it for the full time
and it wouldn’t matter whether storage was done or the gruel was taken immediately.
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Graphical representation of the bioactivity (pg/Kg of flour) in DEQ of SP 9 and SP
10 in MMV-Luc cell line
(A

5000

Control
SP 9

400030002000

-

1000

-

Control

SP 10

400-

200-

Figure 4-8 Effect of heat and storage on the bioactivity of flour blends extracts i) and j)
representing SP9 and SP10 respectively in MMV-Luc cells after 24hr exposure. Values are Means ±
SD pg/kg of flour in DEQ (n = 3) (with each experimental point performed in triplicate) against time
in minutes (storage/temperature of storage) *** means significantly different from control p<0.0001
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4.4.9.1.11 Summary of the effect of heat on different cooked states and storage in
MMV-Luc cell line
When the samples were half cooked 70% of them had their bioactivity unchanged from
the raw flour, 20% had their bioactivity significantly increased while the other 10% had
their bioactivity decreased.
Upon fully cooking 60% had their bioactivity increasing, 20% had their bioactivity
decreased while 20% had their bioactivity remain the same.
When the fully cooked samples were stored for 8h at 20°C 50% of them registered no
change in bioactivity, 30% decreased bioactivity while 20% had their bioactivity
increasing (see Figure 4.9 below).
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Figure 4-9 Effect of heat and storage on the samples bioactivity summarised as percentages of the
total having either increase, decrease or no difference in bioactivity, in all the flours extracts tested
on MMV-Luc cell line (from fig. 4.3 - 4.8)
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4.4.10 Comparison of bioactivity amongst three flour blends: SP 5, SP 6 and SP 7
bought at an open market

The aim of this section is to compare the mean estrogenic bioactivity in the different
type of flour blend found in the market, namely SP 5, SP 6 and SP 7 flour blends. We
analyse the cases where the flour blends are raw, half-cooked, cooked, and cookedstored (See Figure 4.10 and Table 4.5).
For the raw and cooked flour blends, the

values are p=0.255 and p=0.154,

respectively. These values are both greater than the significance level alpha=0.05,
therefore we cannot reject the null hypothesis. Hence we conclude that the mean
bioactivity is statistically identical for SP 5, SP 6 and SP 7 as raw flour blends or when
fully cooked.

EH3 Control

ea

sp5

^ SP6
ED SP7

co
^

Boiling time in minutes (storing time/temperature)
Figure 4-10 Comparison of effect of heat and storage on bioactivity of the flour blend extracts that
were bought in the market in MMV-Luc cell line after 24h exposure. Values are Mean ± SEM jig/kg
of flour in DEQ
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Table 4-5 Bioactivity of Market blends as analysed in MMV-Luc cell line and expressed in daidzein
equivalents

Flour

Bioactivity

bend

raw

when

Bioactivity when

Bioactivity when

Bioactivity when

(Daidzein Cooked for half Cooked for the Cooked for full

Equivalents; DEQ the
in pg/kg)

recommend full recommend recommend time

time

(DEQ

in

Pg/kg)

time

(DEQ

in

Pg/kg)

and

stored

20°C/8h (DEQ in
Pg/kg)

SP5

(271.38 ± 22.93)a

(295.10 ±26.16)b

(260.49± 28.24)ac

(302.14 ± 22.50)bd

SP6

(271.02 ± 31.60)a

(281.71 ± 42.24)a

(281.30 ±28.29)“

(244.09 ± 23.82)a

SP7

(242.53 ± 34.05)a

(237.29 ± 31.01)a

(255.86 ±28.29)a

(232.53± 14.57)“

For the half-cooked blends SP 5 and SP 6 had statistically similar estrogenic activity
while SP 7 had higher bioactivity. When the flours were fully cooked and stored for 8h
SP 6 and SP 7 had statistically similar estrogenic activity while SP 5 had a statistically
higher bioactivity than the two former blends.
4.4.11 Comparison of bioactivity amongst four flour s: SP 2, SP 3, SP 8 and SP 10
bought from the supermarket
For all the flour blend status, the p-value are less than the significance level alpha=0.05
therefore we rejected the null hypothesis and concluded that the mean bioactivity is not
statistically identical for all four flour blends (SP 2, SP 3, SP 8, SP 10) whatever the
flour blend status. Bonferroni post hoc tests revealed significant differences (at level
alpha=0.05) in the mean bioactivity, for raw flour blend, between: SP 3 flour blend and
SP 10 flour blend (see Figure 4.11 and Table 4.6)
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Figure 4-HComparative effect of estrogenic bioactivity of flour extracts SP 2, SP 3, SP 8 and SP 10
(that were bought from the shop) in MMV-Luc cell line after 24h exposure. Values are Means ±
SEM (pg/Kg of flour) for each of the four cooked (and stored) states expressed as daidzein
equivalents

From the test results and the descriptive statistics table, the bioactivity of the raw blends
SP 2, SP 8 and SP 3 flour blends are statistically identical and statistically lower than
raw SP 10 flour blend.
4.4.11.1 Bioactivity of half-cooked flour blends of the four blends above
From the p-value (Bonferroni Test), we can conclude that there is a significant
difference (at level alpha=0.05) in the mean bioactivity, for half-cooked flour blend,
between: SP 2 flour blend and SP 3 flour blend, SP 2 flour blend and SP 10 flour blend
and between SP 3 flour blend and SP 8 flour blend
We concluded that the bioactivity in half-cooked SP 2 and SP 8 flour blends are
statistically identical and statistically higher than bioactivity in half-cooked SP 3 and SP
10 flour blends which had statistically identical bioactivity.
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4.4.11.2 Bioactivity of the cooked flour blends of the four blends above
From the p-value column for the Bonferroni Test, we can conclude that there is a
significant difference (at level alpha=0.05) in the mean bioactivity and concluded : the
bioactivity in cooked flour blends SP 2, SP 3 and SP 8 flour blends are statistically
identical and statistically higher than SP 10 cooked flour blend.
Table 4-6 Bioactivity of the flours (SP 2, SP 3, SP8, SP10) bought from the supermarket as analysed
in MMV-Luc cell line.

Type of
flour

Values are (Means ± SD)
DEQ

Daidzein
equivalents DEQ
(pg/kg of flour)
in Raw flour)

(pg/kg

of

DEQ (pg/kg of DEQ

(pg/kg

of

flour) when flour is

flour)

when

flour) when flour

boiled for half the

flour is boiled

is boiled for the

recommended

for

fully

time.

recommended

recommended

time.

time and

the

fully

stored

for 8h at 20°C.
SP2

(305.99

±

(388.25 ± 50.55)b

(524.0 ± 221.3)bc

(617.53 ± 89.98)cd

15.64)3
SP3

(49.79 ± 6.48)a

(51.80 ± 9.64)a

(75.44 ±8.60)b

(63.77 ± 11.34)a

SP8

(308.76± 31.42)a

(329.53 ± 42.84)ac

(453.71±29.73)b

(377.38 ± 29.02)d

SP10

(337.00 ± 27.95)a

(283.10 ± 69.42)ab

(266.14 ± 36.75) (259.87 ± 47.14)b
b

4.4.11.3 Bioactivity of cooked and stored flour blends of the four blends above
From the p-value (Bonferroni Test), we can conclude that there is a significant
difference (at level alpha=0.05) in the mean bioactivity, for half-cooked flour blend,
between: SP 2 flour blend and SP 3 flour blends 2 flour blend and SP 8 flour blend; SP 2
flour blend and SP 10 flour blend; SP 3 flour blend and SP 8 flour blend and lastly SP 8
flour blend and SP 10 flour blend;
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From the test results and the descriptive statistics table, we can draw the following
conclusions: the bioactivity in cooked-stored SP 3 and SP 10 flour blends are
statistically identical; the bioactivity in cooked-stored SP 2 flour blend is higher than
the bioactivity in cooked-store SP 3, SP 8 and SP 10 flour blends; whereas the
bioactivity in cooked-stored SP 8 flour blend is higher than the bioactivity in cookedstored SP 3 and SP 10 flour blends.
4.4.12 Comparison of bioactivity between blends: SP 1 and SP 4 bought from the
shop
The two shop blends were compared with each other as their bioactivity was very small
and comparison with other shop brands would have shown significant difference. For all
the flour blend status, the /?-value are less than the significance level alpha=0.05
therefore we would reject the null hypothesis. Hence we conclude that the mean
bioactivity in SP 4 flour blend is higher than the bioactivity in SP 1 flour blend whatever
the flour blend status (See Figure 4.12 and Table 4.7 for actual values)
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Effect of heat and storage on Shop brands SP 1
and SP 4 on bioactivity in MMV-Luc cell line
to

Control
SP 1
SP 4
£

+i

Cooked and storage state

Figure 4-12 Comparative effect of bioactivity (jlg/Kg of flour) of flours that were bought from
the shop Values are Mean ± SEM of Daidzein equivalents
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Table 4-7 Comparison of blend SP 1 and SP 2 blends bought at the supermarket

Type of
flour

Daidzein
equivalents

in

Raw flour
Values are (Means
± SD) DEQ

DEQ when flour is

DEQ

boiled for half the

flour is boiled

flour is boiled

recommended time?

for

for

values are (Means ±

recommended

recommended

SD)

time

time and stored

when

the

fully

Values

are (Means

±

SD)

DEQ

when

the

fully

for 8h at 20°C
Values

are

(Means ± SD)
SP1

(32.65± 6.63)a

(37.60 ± 1.92)a

(49.87 ± 6.54)b

(37.95 ± 3.78)a

SP4

(275.87
a

(272.59

(380.05 ± 97.4)b

(282.17

± 35.86)

± 17.30)ac

±

24.52)b

4.4.13 Quantification of cooked flour blend bioactivity in DEQs in TARM-Luc cell
line

^ Control
E3 SP 1
E3 SP2

'5 s 400-

mu

sp4

m3 SP 3
SP 5
£EU SP 6

E23 SP 7
Type of flour blend extracts

d SP 8
E2I SP 10

Figure 4-13 Bioactivity (pg/Kg of flour) of cooked flour blends extracts co-incubated with
testosterone (50nM) in TARM-Luc cell line
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Table 4-8 Bioactivity of cooked flour blends co incubated with testosterone (SOnlVI) in TARM- Luc
cell line Values are means ± SEM Daidzein Equivalents (DEQ)

Blend

SP 1

SP 2

SP 4

SP 3

SP 5

DEQ

243.42

367.45

137.47

258

77.26

±39.0

± 49.94

± 12.94

±58.65

±8.4

Blend

SP 6

SP 7

SP 8

SP 9

SP 10

DEQ

314

289.30

303.7

3506

277.39

±29.5

±38.17

± 24.39

±518

±26.85

There was significant difference between the control and SP 5 p= 0.05. There was no
significant difference between SP 4 and the contol, but significant differences were
observed between all other flour blends and the control.
4.5
4.5.1

Discussion
Maximum ant(agonism) achieved of the cooked flour extracts in MMV-Luc
and TARM-Luc cells the presence and absence of natural ligand hormones

Soya based foods are known to have high concentrations of PEs mainly of isoflavones
group (Setchel et ai, 1998). Consumption of soya based flours in making weaning
gruels is common in Kenya comprising 50% of the gruel takers (Ngoda et al, 2012
chapter 5 of this thesis hence unpublished manuscript). Infants and young children are
vulnerable to EDC insults due to their critical windows of development being open. The
concern about estrogenic and androgenic activity is mainly to the neonate (0-28 days
after birth) as organ development is still being effected 3-4 weeks post-natal (Denker
and Eriksson, 1998). Organs such as the mammary glands are organised at this time for
later development at puberty (Russo and Seidman, 1990). Evidence for testicular activity
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in early life in the boy infants and young males (prenatal and up to 2yrs) has been
extensively studied. During the postnatal period boys are characterised by activation of
the hypothalamus-pituitary-testis axis (Raivio et al, 2003).
The infants and young childrens’ hormonal feedback mechanism (homeostasis) are not
fully established (Newbold et al, 2007) and insults by PEs and other EDCs may lead to
phenotypic alterations later in life. Homeostatic systems as in adulthood are able to
adjust and compensate for any upsurges or decreases in hormone levels to a within a
small concentration range. This is illustrated by a study where inappropriate exposure to
estrogenic hormones (from soya protein isolate) at foetal/neonate stage resulted in
lasting inability to control normal ovarian cycles as the hypothalamic-pituitary ovarian hormonal axis was unestablished in female rats (Badger et al, 2001).
4.5.1.1 Ant (estrogenic) activity MMV-Luc Cell line
The gruel extracts exhibited strong agonistic effects (the estrogenicity was at least >
75% of hormone set at 100% using the key developed by Willemsen et al, 2004) (see
Table 4.3). All the cooked samples of the cooked samples with the exception of one (SP
73) which was antagonistic acted agonistically with 17|3-estradiol meaning the hormone
expression was not antagonised in the presence of cooked PE extracts. This was not the
easily explained although the study noted that it was the only type of flour that had
amaranthus seeds as a component that was unique to it compared to the other flour
blends. The estrogenicity of the food sample extracts is in agreement with other studies
by which reported estrogenic activity in many food samples (Takamura-Enya et al.,
2003; Behr et al, 2011). The hormone action not being inhibited by PEs is in agreement
with a study where natural hormone 17P-estradiol and a combination of PEs and 17(1estradiol were additively agonistic such that the total estrogenicity was a sum of the PE
and the hormone (van Meeuwen et al, 2007). This is of significance as that means that
the PEs in the flour blend samples can act as endocrine disrupters on their own and may
enhance hormone action.
Phytoestrogens’ ability to mimic estrogen hormones in baby food/soya milk has had
controversial actual and potential health implications as observed in human and
animal studies. This is exemplified in the case where continuous pre and post-natal
exposure to high levels of soy phytoestrogens caused alterations in onset of vaginal
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opening, weight and size of the offspring and DNA methylation. (Guerrerro-Bosagna et
al, 2008). This can have evolutionary consequences. Studies involving PEs’ possible
linkages with function and characteristics of selected reproductive tissues have been
carried out. Various studies have reported significant effects on babies consuming soya
containing foods. For example, in the Bembaum et al, 2008, study, PEs were found to
have a preserving effect on infantile breast tissue leading to a slower decrease in size of
the tissue after birth. Infant breast tissue is prominent at birth, probably due to maternal
estrogens, but decreases with time. The said study showed that all babies had maximal
breast tissue at birth, which waned as children grew older, but for soya fed babies there
seemed to be re-estrogenisation at 6 months. On the contrary, a study by Gilchrist et al,
2009 showed that there was no evidence of differences in breast-bud size, uterus,
prostrate and testicular volumes in four month old soya fed infants and that of infants not
fed soya.
Another study that had some babies in their samples found no hormonal and metabolic
disorders after feeding soy protein formula to children (7-96moths) for six months. None
of the enrolled girls showed signs of precocious puberty and none of the boys presented
gynecomastia; bone age was within the normal range. The serum level of pertinent
enzymes and hormones were normal as were the urinary biomarkers (Giampietro et al.,
2004).
Animal studies that have been conducted using soya PEs in determining the effect on
sexual tissues, with possible extrapolation to human babies, have found adverse
toxicological effects. Observations include altered ovarian differentiation, delayed
vaginal opening, affected menstrual cycle and delayed parturition in mice. Levels of PEs
in the studies included mice being fed either with 6.25-37.5mg/kg/day of genistin or
with genistein at the rate of 25-75mg/kg/day. Another group of mice were injected with
12.5-25mg/kg/day of genistein. Genistein has also been found to cause reproductive tract
cancer in other studies (Jefferson et al, 2002, 2005, 2006; Kouki et al, 2003; Chen et
al, 2007; Decklose et al., 2009). A study by Doerge et al, (2002), in which rats were
injected with 50 mg/kg/day of genistein, showed that the rats were found to have plasma
levels of genistein at 1836 ng/ml. More adverse effects on the reproductive system of
rats were observed at this level than when lower doses of 0.5 and 5 mg/kgbw of
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genistein were administered (Jefferson et ai, 2002, 2005). However, extrapolation of
this data to potential effects on babies is sometimes difficult due to the difference in
exposure routes, injection in rats while exposure in infants would be via feeding (orally)
babies. Circulating levels of genistein in the neonate regardless of the dose has been
found to predict future negative impacts on the female rat reproductive system;
maximum administered dose 50mg/kgbw (Jefferson and Williams, 2011). Another
recent study found that soya and milk protein supplements (normal amount of feed - not
specifically quantified) modulate mammary gland development in pre-pubertal mice
(Alston-Mills et ai, 2011).
4.5.1.2 Ant (androgenic) activity TARM-Luc Cell line
There has been an increase in male reproductive disorders in the past decades which
include testicular cancers, reduced semen, prostrate cancers, low testosterone levels,
gynecomastia, reduced fecundity and fertility rates. These reproductive disorders have
been interlinked to endocrine disruption in the neonatal, perinatal and postanal stages
(Shape and Skakkebaekm, 1993; Skakkebaek et ai, 2001; Shape, 2003; Svenikov et ai,
2005). This has led to an increase in attention given to ant(androgenic) activities in vivo
or in vitro.
In TARM-Luc cells all the soya based gruel extracts (Table 4.3) with the exception of 3
(SP 23, SP 43, SP 63) of the flour blends had no effect and were anti-androgenic with
their fold induction less than that of 0.5% methanol in media blank. No information on
ingredients was unique to the group and hence could not be possibly explained from that
angle. The three had a less than 25% of hormone agonist which was barely perceptible.
With the assumption that the extracts were predominantly PEs the results were not
surprising as PEs (solvent standards) had been found to be antiandrogenic for 8/10 PEs
studied in Chapter 3 of this work which tallied well with other studies (See chapter 3
for the details). The two PEs that were androgenic were only partially androgenic and at
only relatively high concentrations (in the micromolar range). In the presence of the
hormone testosterone four (SP 13, SP 53, SP 73 and SP 103) of the PEs were
antagonistic in that the hormone bioactivity was reduced. Information on ingredients did
not shed any light to a possible cause. One of them had no effect (SP 33) while five of
them were agonists of which 1(SP 63) was additively agonistic, 2 (SP 23 and SP 83)
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were synergistically agonistic and 2 (SP 43 and SP 93) were agonist that was neither
additive nor synergistic. This was significant as it showed that the formulation of the
flours might have had different androgenic activity that can affect the androgen
receptors differently.
That there was partial androgenic and anti-androgenic activity in the baby weaning flour
extracts is of importance to human health. This is rivalled only by the variety of
interactive effects between the flour extracts and testosterone which included antiandrogenic and androgenic (additive, synergistic and neither additive nor synergistic
additive effects). A testosterone surge in boys aged from prenatal up to two years has
been observed (Raivio et ai, 2003) and it is important to the observations of this study
where phytoestrogens when co-incubated with testosterone gave androgenic effects
which included those of additive and synergistic proportions in half (5) of the cooked
samples. In the study by Raivio and colleagues high serum androgenic activity was
detected in boy infants although no virilisation accompanied it (Raivio et al., 2003).
They detected activities as high as 0.8 to 1.9nM testosterone equivalents in the infants
by use of recombinant cell bioassays. This study concurs with another study that
detected androgen activity in 3 month old infants (Forest et ai, 1974).
Anderson and colleagues came to the conclusion that the neonatal period is an important
developmental window that is important for sertoli cell proliferation and maturation and
EDC abuse may affect the gonad function in the future of the infants. This conclusion
was based on the fact that that inhibin B levels in infants peaked to exceed those found
in adults with a mean of 378 ± 23pg/ml (Anderson et ai, 1998).

4.5.2

Quantification and effect of heat and storage on flour blend estrogenic
activity in daidzein equivalents (DEQ /kg flour blend) as measured from
expressed of luciferase activity in MMV-Luc cell line

The high DEQs in some cooked sample extracts (SP 2, SP3, and SP 10) in MMV-Luc
cell line may have been due to chemical modification of PEs. Isoflavones exist in
various structural forms for example genistein in soy can exist as.6”-0-malonyl-Pglucoside, as - (3 glucoside, or as 6”-0-acetyl- (3 -glucoside. Cooking soya foods alters
glucoside conjugates depending on the type of cooking. The 6”-<9-acetyl- (3 -glucoside
186

are most affected and easily converted to (3 glucoside in moist cooking such as gruel
making (Coward et ai, 2010). If the gruel was burned as was the tendency with some of
our samples SP 13 and SP 12 then more aglucones and a decrease in total isoflavones
would have resulted (Coward et ai, 2010). The formation of other chemicals through
Maillard reactions during cooking may have affected the estrogenicity. Maillard
reactions which result in advanced glycation/lipoxidation end products are inevitable as
cooking is and can only be mitigated by choice of optimum heat processing regimes
(Ames, 2009). Of note however, is that the different blends were affected differently by
cooking and storage. The chemical composition and flour particle behaviour of each
type of flour may have been different as different foods vary in isoflavone composition.
The length of time the flours had been held at the granaries before milling before getting
to the shops or market was not known. Storage is a factor in isoflavone levels in soy
beans (Lee et ai, 2012).
Estrogenicity of the flours ranged from 32.6 ± 6.61pg/Kg to 617 ± 89.9pg /Kg of flour
blend, expressed as daidzein equivalents (DEQ). This translates, in estrogen equivalents
(EEQ) for the flours as 1.81± 0.487ng/Kg - 43.90 ± 6.16ng/Kg of flour blend.
The soya cooked flour blend extract on its own had an estrogenic activity of a maximum
of 3506.6 ± 518pg/Kg of cooked flour blend (DEQ). This in estrogen equivalents is
equal to 258.08 ± 24.60ng/kg flour blend.
This was significant as to achieve a full estrogenic effect one needed DEQ of 24.81±
2.78 pg/Kg of flour blend that translates to values of 1.824 ± 0.204ng/Kg estrogenic
equivalents (EEQ) that was identical to 1.44ng/ml(50nM) of 17 P-estradiol. All the flour
blend samples had a DEQ of more than 24.81 pg/Kg. The Procedural blanks had low
estrogenicity (3.29 ±0.430 pg/Kg of flour blend in DEQ), which translated to 300 ± 32
pg/Kg (EEQ). These values (1.81± 0.487ng/Kg - 43.90 ± 6.16ng/Kg EEQ) are higher
than those reported by Behr et al., 2011 for infant formulas which ranged from 1422ng/Kg EEQ as analysed with the yeast estrogen assay. The difference could have been
due to their extraction method, type of food extract that did not include soya and use of
different cell line. While we looked at net bioactivity for the total mixture of flour blend
PEs their study involved a totality of the infant food extract that included the proteins
and possible steroid hormones which were removed in our extraction procedure by
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incorporating the acetate buffer to precipitate proteins and use of silica column to
remove any hormones. These results are on net effect of pure PEs on ER reporter gene
assay using MMV-Luc cell line has not been done to the best of our knowledge. It has
also not been done using reporter gene assays or other in vitro tools.
In the Behr et ai, 2011, report the total dietary estrogen equivalents for infant food per
day (net bioactivity) was 1.46ng EEQ/day. This was from babies that were fed
exclusively on soya based milk at an assumed volume of 750ml per day. In our case the
soya based infant gruels were only part of a varied diet and we cannot conclude on the
estrogenicity load to the babies based on total diet but can report on the estrogenicity
load of the flour extracts in the weaning gruels sample (Behr et ai, 2011).
In the Behr study significant estrogenicity was detected in 60% of the infant formulas,
by use of the YES (yeast estrogen screen) tool. In our study significant estrogenicity was
detected in 100% of the flour blend extracts (p<0.0001) which could be attributable to
the presence of soya in our food samples. Soya is rich in isoflavones which are
estrogenic (Yuen et ai, 2008; Draqomirescu et ai, 2009; Alston -Mills et ai, 2011)
The flour blend mass consumed per day by the babies in Kenya as calculated in another
part of this thesis (chapter 5) per day ranged from 0.5 to 70 grams with an average of
34.21g/day. Although this may seem little, the fact that it is only part of the estrogenic
load cannot be underestimated. Other sources of estrogenicity will come from other
components of the gruel such as cow’s milk, butter or other foods. The polycarbonate
from baby bottles and other plastic utensils’ may add considerable estrogenic load (Le et
ai, 2008). Breast milk may also add to the estrogenic load as it is known to have all kind
of chemicals from pesticides, herbicides and other estrogenic contaminants (Haris et ai,
2002; Dordevic et ai, 2010).
Androgenicity detected in daidzein equivalent when flour extracts are combined with
hormone (testosterone) ranged from 367.5 ± 50p.g/Kg of flour blend to below detection
for one of the tested samples; sample SP 53. The soya flour blend had the highest
androgenicity at 3506.76 ± 518p.g/Kg of flour blend. Androgenicity of procedural blanks
was 125.19 ±12.32 pg/Kg and hence the handling and the procedures did not add
significant luciferase gene activity. The androgen cell line was however less sensitive
than the estrogen cell line.
188

Our study would have to be collaborated by in vivo studies in animal models before
concluding that the flour blends have estrogenic effects and proscribing the flour.
However going by other policies around the world about soya in baby food/milk the
debate is contentious. Committees set up to look into the soya milk used as a weaning
food in the US have reported no good reasons of using soya milk based weaning foods
over cow’s milk and have cautioned on the potential adverse health effects which may
result from using soya (Agostini et ai, 2006; Bhatia and Greer, 2008). This view was
however different from that reported in US that extrapolating effects from animal to
human is erroneous

due to interspecies differences and felt that the concern for

genistein should be moved from negligible to minimal and that there was insufficient
relevant studies on humans (Me Carver et ai, 2011). In the UK recommendation for
soya milk is only for the lactose intolerant babies and parents that opt for a vegan
lifestyle may do likewise for their babies. This view was shared by Ministry of health in
Newzealand (New Zealand Ministry of Health, 2005), the Swiss Federal Commission on
Food, 1998 in Switzerland, and The working group of Canadian Pediatrics, Dieticians of
Canada and Health Canada, The Australian College of Pediatrics (ACP). In the UK
recommendations were made to look for ways of lowering PEs in the soya-based
formula (Committee on Medical Aspects of Food and Nutritional policy, 1999-2000).
They however noted that clinical grounds for recommending soya formula were
diminishing in the face of other suitable hydrolysates based on cows’ milk.
New Zealand went further to warn on potential interaction between soya-infant formula
and thyroid function, and infants that don’t achieve sufficient growth and development
were to be assessed to rule out soya use. They were to have higher doses of thyroxine to
counteract the effect of soya PEs (New Zealand Ministry of Health, 2005). These
comments from other countries warn on potential interaction between soya and thyroid
function as well as other endocrine disruptive effects on children. They have however
not proscribed the soya for all children.
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4.6 Conclusions and recommendations
4.6.1

Conclusions

We successfully applied reporter gene assays to characterise the soya based flour blend
extracts in the estrogen and androgen cell lines. In MMV-Luc cells 9/10 of the cooked
flour extracts were estrogenic and 1/10 was anti-estrogenic. In TARM-Luc cells 3/10 of
the flour extracts were partially androgenic and the other 7/10 were antiandrogenic as
revealed in the TARM-Luc cell line (for the cooked flour blends). Reporter gene assays
enabled us to discriminate between antagonists and agonists (in their various
classifications viz; additive, synergistic, supper agonist etc). The reporter gene assays
were able to discriminate the changes in bioactivity due to co-incubation of PEs and
hormones (17P-estradiol (5nM) and testosterone (50nM) in the two cell lines (MMVLuc and TARM-Luc cell lines) respectively. More significant changes however, were
registered in the androgen cell line. When combined with natural hormone, testosterone,
the cooked flour blends extracts had various effects on hormone action (20% had
synergistic, 10% had an additive effect, 20% had an agonist effect, 10% had a no effect
and lastly 40% had an antagonistic effect to the testosterone hormone (50nM). These
findings are of importance as the flour blends were capable of giving a full estrogenic
effect in MMV-Luc cell line and when co-incubated with testosterone to give a full
androgenic effect in the TARM-Luc cell lines. PEs have been associated with precocious
puberty, ovarian differentiation alterations, cancer, transgenerational effects on
urogenital tract amongst other effects. In males PEs have been associated increased
reproductive disorders which include testicular cancers, reduced semen, prostrate
cancers, low testosterone levels, gynecomastia, reduced fecundity and fertility rates.
These reproductive disorders have been interlinked to endocrine disruption in the
neonatal, perinatal and postanal stages as tested mainly in animals. It would be wise to
be cautious when using soya based weaning foods.
There was significant effect of heat treatment and storage for most of the flour samples.
The effect was flour blend specific but in generally half cooking had no effect on the
estrogenic activity of 70% of the flour samples, 20% had their bioactivity significantly
increased while the other 10% had their bioactivity significantly decreased. Upon fully
cooking 60% had their bioactivity increasing, 20% had their bioactivity decreased while
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20% had their bioactivity remain the same. When the fully cooked samples were stored
for 8h at 20°C; 50% of them registered no change in bioactivity, 30% decreased
bioactivity while 20% had their bioactivity increasing significantly. The effect of storing
the gruel for 8h does not increase the bioactivity (80% of tested samples) but individual
formulations would have to be tested for the effect is not uniform and the cause for the
variations would require further physico-chemical analyses.
Different flour blends vary in isoflavone composition which may be altered by cooking.
Altered composition of isoflavone conjugates will alter rate of absorption and probably
the metabolism outcome. This underlines the need for more care to be taken when
making conclusions on data involving heat treatment of isoflavones.
The estimated soya flour blend composition did not have significant correlation with the
bioactivities as the blends were too complex and in most cases the quantities declared
were unverifiable. The market flours had more legume component than the shop flours.
One shop flour blend that had wheat flour in it had high bioactivity due to cooking and
this was suspected to have been due to degradative and mailard reactions products as the
sample had a tendency to bum. This would however need more testing to clarify the
compounds responsible for the estrogenic effects.
There were no significant differences in variation in bioactivities in the cooked market
blends when compared with most of the cooked shop ones. Of note, however, was the
fact that the two blends with lowest bioactivity in MMV-Luc cell line were both bought
in the shop. This raises the question of the declarations that the food has soya but the
amounts could be very minute. On the other hand the possibility of contamination with
mycotoxins which is raising the estrogenicity in the other flour samples cannot be ruled
out. With the market varieties however the addition of soya and other legumes is most
likely not skipped due to availability of the inexpensive flours in the market.
The two cell lines bioactivity values were not significantly correlated.
4.6.2
•

Recommendations for further research include:
Using other estrogenic assay in vitro such as recombinant yeast estrogen assay
alongside the MMV-Luc cell line for comparison of the estrogenic effect
detected.
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•

Animal feeding study can be conducted to evaluate the toxicological end points
of the flour mixes.

•

Further studies involving the suitability of organoleptic, chemical and microbial
characteristics of the gruel when cooked at half the recommended time as
estrogenic activity is significantly lower than at the fully recommended time for
60% of the samples.

•

Chemical analyses may be carried out to identify the estrogenic and
antiestrogenic compounds in the extracts using UPLC/MS, GC or HPLC and the
fractions applied to cell lines.

•

Food modelling using flours from known varieties grown in research stations
where climatic condition, farming practices and storage time can be controlled
prior to application of the in vitro tests to the complex flour blend extracts.

•

In future assays of these type determination and quantification of mycotoxin such
as zearelanol precede such study to rule out increase in bioactivity due to
contamination.
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5

CHAPTER 5 - Validity of a food frequency questionnaire (FFQ), for use in
estimating flour intake in soya based gruels assessed by use of a four day food
diary (FD).
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Abstract
The aims of this chapter were: 1) to develop and validate a food frequency
questionnaire for assessing gruel intake to estimate PEs genistein and daidzein
using a four day food diary for reference 2) to use the food frequency
questionnaire to elucidate on the cooking and storage practices of the gruel.
Parents were asked to fill in questionnaires and diaries for the next four days of
which one day should be in the weekend. Genistein and daidzein were then
estimated from the gruel intakes using the flour masses. Supplementary questions
were designed into the questionnaire and diaries to elucidate on the cooking
duration and shelf life of the gruel for use in another part of this thesis. Data was
collected from a total of 112 children of between 1-18 months of this a randomly
selected 35 were involved in the validation study.
Statistical analysis applied included Spearman’s correlations (rho), weighted
kappa (k) statistics for concordance, to evaluate the associations between the two
methods. Cross classification of the participants into quartiles for values obtained
with the FFQ and those calculated from FD for percent agreements. Validation
results based on cross classification revealed moderate agreement concerning flour
intake per child per day. Good agreement was found concerning cooking time. A
conclusion of very good agreement was reached on the question of whether the
used flour had soya. Weighted k-statistics for the same parameters flour intake,
cooking time and if the flour had soya were 0.65, 0.74 and 1.00 at significant
levels p=0.01). Interquartile misclassification concerning cooking times and flour
mass were established with same or to adjacent quartile classification of data
gathered by the two tools being 90% and 100%. In conclusion in terms of flour
intake estimation the quantitative FFQ and FD showed relative validity.
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5.1 Introduction
Means of assessing food intakes through diet records has evolved from comprehensive
nutrient assessment to nutrient specific or food specific food frequency questionnaires
(Marshall et ai, 2003). This is because comprehensive nutrient food frequency tools
increase the respondent burden, take too much time and may increase expense especially
for large number of subjects. Our narrow study objective was to assess PEs; genistein
and daidzein levels in soya based weaning gruel flours used in Kenya.
PE levels in baby foods and soy based weaning formula have been of concern as the
levels may potentially cause estrogenic and/or antiestrogenic effects with main concern
being on reproductive system (precocious puberty for females and testicular dysgenesis
for males) (Norgil et ai, 2002). A certain research concluded by sending caution to
mothers of boy infants to consider not feeding them with soy formula due to potential
endocrine disruption to the reproductive system (Ball et ai, 2010). Babies have been
identified as a vulnerable subpopulation to endocrine disrupting compounds EDCs
(Newbold et al, 2007, Skinner et al, 2010; Jefferson et ai, 2011). The infants and
young children may be impacted more by exposure to EDCs, for various reasons
(Newbold et ai, 2007).
The need to frequently feed the baby in order to meet their energy needs may result in
bioaccumulation of the PEs to TTC (threshold toxicological concentrations) levels for
which most PEs will be in pM concentrations (Sfakianos et ai, 1997). The earlier view
that PEs in soya foods may not be as bioavailable in children has been abandoned in the
face of new evidence that they are absorbed and bioavailable (Halm et al, 2007;
Jefferson et al, 2009).
In this study a hospital based nutritional survey was conducted mainly to estimate baby
exposure to genistein and daidzein through consumption of soy based flour blends
gruels.
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5.1.1

Studies that have used food frequency questionnaire tool to estimate
phytoestrogens in food.

In a study by (Bakta et al, 2005), food frequency questionnaires have been found to be a
valid indicator of the usual intake of phytoestrogens by south Asian women in the UK.
Daidzein and genistein estimation using an FFQ was found to correlate well with urine
concentrations (Daidzein correlations value was 0.49

and genistein correlations value

was 0.30, with the urinary values (Huang et al, 2000). The study by Huang and
colleagues concluded that a food frequency questionnaire is a valid instrument in the
estimation of the two compounds. There are many other studies that have found the food
frequency questionnaire method to be a valid method as soy PEs consumption estimator
in literature (Pillow et al., 1999; Arai et al, 2000; Frankenfeld et al, 2004; Carmichael
et al., 2011). In one case the questionnaire as estimator of PEs only worked for certain
subpopulations (Cheng et al, 2010), while in another study the food frequency resulted
in an underestimate leading to recommendations that further studies include a more
comprehensive list of food to include soya in food additives and other foods not taken
into consideration by their study (Mulligan et al, 2007).
5.2

Aims of the Survey
•

Validate a food frequency questionnaire with a four day food diary

•

Find out the proportion of people that are using soya legumes in weaning flours,
the ages at which the soy based gruels are introduced to the children, the gruel
cooking times and storage time in hours after cooking of soy based gruels

•

Determine how much flour mass the babies consumed in grams per kgbw/day
with the objective of estimating estrogenic exposure due to genistein and
daidzein in Chapter 6
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5.3
5.3.1

Methods
Tools and Equipment

Food Frequency Questionnaire and Four Day Food Diary (Appendix I and II)
Weighing Scale-Salter Model-235-65 (West midlands, UK), Portable type weighing a
Max (25Kg) and had increments of lOOgrams.
Recumbent length measuring board (120cm) readable to within 0.1 cm
Baby feeding utensils (Cups, bowls, plates, and graduated baby bottles)
5.3.2

Recruitment, Eligibility and Exclusion Criteria for the Mothers and Babies

•

The recruitment was at the Maternal and Child Health Clinic (MCH) in Nakuru
Provincial General Hospital in Kenya. Participants were a subset of the babies
brought to attend post natal clinic or those mildly sick during that time to exclude
those who would be admitted or very sick lacking in appetite or diet changed
drastically due to illness. Criteria:

•

Babies of any sex that were between 0 and 18 months

•

Must have been residing in Nakuru Municipality at that time

•

Parent/ guardian must have been able to communicate in mother tongue, with the
researcher if not able to understand English or Kiswahili.

•

The baby must have been taking gruel as part or whole of their diet.

Consent of parent/guardian was sought at the time of recruitment after explaining the
reason for the exercise and that whatever they write would be confidential and for
research purposes only. They were asked if they wanted to participate while in the
waiting area and asked again after their appointment at which point they had decided if
they wanted to participate or not. Any questions asked were answered. Those who had
diaries were asked to give their telephone numbers so that the researcher could reach
them to remind them about filling in the diaries for the study. They were informed that
they may drop out of the exercise if they were uncomfortable at any stage with no
repercussions. Their acceptance to take the form and fill it meant their baby could take
part in the study. The staffs at the clinic were made aware of the study so that they could
support the study although their main role would be to point the mothers towards where
the study will be taking place. The participants were randomly selected. Three age
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groups were represented 0 weeks-6 months, 7-12 months and 13-18 months. A total of
118 babies were recruited for food frequency questionnaire collected data but 114 were
usable. 54 participants were recruited for the four day food diary although only 35
returned the diaries. During recruitment the age groups were tallied to ensure as even a
distribution of the age groups as was possible.
Training sessions were provided upon recruitment on how to answer questions and more
importantly on the need to be truthful and not change the food they would normally feed
the baby because they are in the study. Model cups, bowls, graduated baby feeding
bottles and pictures to facilitate recall of food quantities were used during the training.
5.3.3

Data collection

Unique study identifiers were used to ensure confidentiality. All names were omitted
from the questionnaire and food diaries. Each questionnaire and each diary had a study
number. A master sheet in which the names of the mother and baby along with the
identifying study number were recorded was held in a secure place. A small box was
provided for locking in the questionnaires while at the hospital and taken home by the
researcher for safekeeping at the end of each day.
For those who had a diary and a food frequency questionnaire, the questionnaire was
filled first at all times as it was done on the day of the recruitment. Verbal and written
instructions were given to all and those that needed help were accorded it by the
researcher.
The interviews or filling of the questionnaires was done in private in an office at the
hospital MCH-Matemal Child Flealth/Filter Clinic building. In this office there was
enough space for mothers to fill in the questionnaire. Weight and height (length of the
baby were taken). Assistance in filling the answers or interpretation of the questions was
given by the researcher. The study was carried out with permission from Queens
University of Belfast Ethics Committee.
Foodfrequency Questionnaire
A 14 question FFQ was meant to capture the number percent of people using soya flour
in the gruel the take, gruel intake, the blends of flour, when the baby was introduced to
the gruel, storage and cooking practices and lastly where the flour was bought. Question
1 and 2 were mainly to establish the gruel intake levels. If another measure such as a
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bowl or plate that is not in the picture an amount of water similar to that amount was
measured in a plate quantities poured into one of the cups and estimated using the
measures given. Question 3 answered the blend and constitution of the flour and
frequency of feed. For computing purposes if the answer was a range then the midpoint
was picked. Question 4, 5, 6 and 7 answered to the question of when gruel was or would
be introduced to elucidate on the age at which the babies were first exposed to the soya
PEs. Question 8 and 9 sought to know the exact composition of the flour while Question
10 helped elucidate on how the gruel was cooked and what else was added into it.
Question 11 was used to confirm on the consistency of the gruel and any doubtful
declarations were investigated by cooking the gruel as described in Question 10 and
consistency re-evaluated. Question 12 was designed to answer the question of purchase
point for the sake of going there to confirm unknown, forgotten or doubtful formula.
Question 13 and 14 elucidated on cooking time and shelf life practices. Data filled in the
food frequency questionnaire was reviewed for completeness and consistency.
Four Day Food Diary

Fifty four subjects were randomly selected and provided with a four day food diary in
which to fill in the quantities of gruel consumed every time, alongside the flour
composition or brand, cooking duration and time the gruel was stored during the day.
Other foods taken during the day were also recorded. Validation checks for consistency
and completeness was done to the food frequency questionnaires and the food diaries.
5.3.4

Anthropometric data collection

After the initial proposal to join the research at the doctors’ waiting room after
treatment, the parents and children were directed by nurses to the research room. No
more than two parents and children were allowed in the room at the same time.
After explanation to the parent/guardian what was expected and their confirmation of
willingness to join and filling of the FFQ, length and weight measurements followed.
This was to allow the mother and child to be comfortable before the rather intrusive
exercise of weighing the baby. The researcher with the help of an assistant took the
measurement.
For the length, the safety of the lay of the board on the steady table and cleanliness was
ensured prior to slowly lowering the baby whose head and back were carefully
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supported especially for the very young. This was done with the assistants of the mother
who stayed close to the table to reassure the babies. The assistant then held the baby’s
head at the ears and laid the head so the baby faced straight up. The researcher then
pressed the child’s knees gently to enable the legs to straighten before pushing the foot
piece gently but firmly against the babies’ heels. And when assured the position was
right researcher read out the length and the assistant wrote it down before showing it to
the researcher for confirmation.
The weighing then followed. The mother undressed the baby as we confirmed that the
weighing scale was clean and safe to sit on. Disposable paper tissue was then laid on it
and the baby was lowered onto the scale supporting the head and trunk as in length
measuring for the very young. For those who could sit they were placed in the middle of
the weighing scale and weighed to the nearest lOOgms.
5.3.5

Anthropometric measurements

The children were characterised nutritionally using the Z-scores which is a more valid
statistical measure than percent of the median and is a standard index employed in
nutritional

surveys.

This

was

done

using

ENA

for

SMART

software

(www.nutrisurvey.de\ena\ena.html). This was to underline the current nutritional status
with emphasis on deficiency and contribute to the discussions and conclusions the study
put forth. The Z-score of a child is the number of standard deviations (of the reference
population) the child is away from the median weight or height of the reference
population at that age group.
Weight for age (WHZ or WFH) is a composite index which reflects stunting, wasting or
a combination of the two. In the reference population, all children of the same height are
distributed about the median weight in either side of the median. For each height group,
there is a standard deviation among the children of the reference population. This
standard deviation is expressed as a certain number of kilograms at each height. The
calculations were done automatically by the ENA for SMART software but the formula
is as follows:
WHZ = (child’s weight minus reference median weight) / Standard Deviation of weight
for the reference population.
Interpretation was as follows:
200

Prevalence of stunting was defined as (<-2 z-score), Prevalence of moderate stunting (<2 z-score and >=-3 z-score) and Prevalence of severe stunting (<-3 z-score).
No oedema was observed in the children.

Percentages for severe conditions under WHZ, WAZ and HAZ were also automatically
generated by the software but can be manually calculated as follows:
Prevalence of severe acute malnutrition (SAM) = number of severely malnourished
children divided by total number of children multiplied by 100
The same rationale is used for calculation of the Z-Scores that follow with appropriate
substitution using age, height and weight as in the definitions.

Weight for age (WAZ or WFA) Z-scores reflect recent fluctuations in weight and are
best indicator of underweight and under nutritional status. A good indicator of wasting
and in bigger populations covering children up to 59 months can indicate acute
malnutrition.
Height for age (HAZ) Z-score reflects skeletal growth and hence best indicator for
stunting and in bigger populations (population of infants and children up to 59 months)
can indicate chronic malnutrition.
ENA for SMART software (www.nutrisurvey.de\ena\ena.html) Accessed on 05/04/2011
5.3.6

Validation of the Food Frequency Questionnaire with the Four Day Food
Diary

The FFQ was filled in first in all cases for those that had diaries as well. The flour mass
from the questionnaire was compared to the average of the four day food diary and the
fairness of the validation checked by four ways
a) Ranking the two results into quartiles and checking the degree of
misclassification in the two methods; into proper quartile, into the adjacent
quartile or in the opposite quartile. Weighted kappa (k) was used as a measure of
concordance; 1 for complete agreement (being in the same quartile), 0.5 for ±1
quartile and 0 for > ±2. The agreement was then given in k-statistic and denoted
as follows k > 0.8 had very good agreement, k = 0.61-0.79 Good agreement, k =
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0.41-0.6 moderate agreement, k= 0.21-0.4 Fair agreement and a k <0.2 poor
agreement.
b) By comparing the means of a parameter calculated using the two methods. The
closer the means the more reassuring although not much could be deduced from
it (Willet, 1998).
c)

Pearson ranked correlation coefficient (rho) was used to assess the relationship
between the two methods. The performance of the FFQ was considered valid if
the coefficient was > 0.5 (Mason et al, 2003; Barret et ai, 2010).

5.3.7

Flour mass /day/body weight calculation

Amount of flour the baby took as determined from the Food frequency
questionnaire
Amount of flour mass the baby took in a day was determined from fraction of flour in
gruel the baby consumed in a feed x the frequency of feeding.

Fraction of flour the baby consumes in a day (A) = {Total volume baby takes (Size of
cup (Qn 1) x fill factor (Qn 2)]/Total amount of gruel (QnlO).................. (1)
Total amount baby took in a day = [A x frequency (Qn 3)]............................... (2)
Flour mass that the baby took per kilogram was calculated from flour baby took in a day
/average weight in kilograms (on cover page of food diary).

Amount of flour the baby took as determined from the Food Diary
The same method as above was followed but with the exact amount of gruel taken used
every day and frequencies counted for each day. Average of the four days was
considered the flour mass used per day and dividing by body weight gave the flour
mass/day/kgbw
5.3.8

Estimation of genistein and daidzein in the flour

For the estimation of total PEs data for all the 112 babies that took part in the study and
54 babies (those that consumed soya based compound and had no missing data) were
considered;

202

To get the daidzein in gg/kgbw
X= {A x (B/C) x 1500} /D
Where A is the number of grams the baby fed on per day
B/C is the fraction of the soya in the flour formula for the blend that baby took
1750 is maximum jug of genistein per gram known of unblended soya flour
D is the weight of the baby in kilograms
5.3.9

Data Analysis

For the risk assessment study
Data analysed by SPSS version 19 computer software (ANOVA and k-statistics)
T-tests, and column statistics were performed with GraphPad Prism version 5.00 for
Windows, GraphPad Software, San Diego California USA, www.graphpad.com”.
Anthropometric data to analyse for height/supine length for age, weight for age and
weight

for

height

was

analysed

by

ENA

for

SMART

(2007)

www.nutrisurvey.de\ena\ena.html).
5.4

Results and discussion

Introduction
In total 112 babies took part in the studies through their parents/guardians. 35 took part
in the validation study.
In the validation study with 35 babies the paired sample tests for pertinent questions and
correlation between values in the four day diary and in the questionnaire for the 35
babies was determined.
Of the respondents in the main study 61 of 112 (50.0%) reported their babies to have
taken soya based gruels in the time relevant to the study. Of the 61 soya takers 54
(47.4%) were completed well to enable estimation of daidzein and genistein in the flour
mixtures.
The babies anthropometric characteristics are hereby reported for the whole group
(n=112), for the babies in the validation study (n=35) and for the soya consumers (n=61)
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5.4.1

Characteristics of the participants in the studies

Validation

Study

Anthropometric

All subjects in the Study Anthropometric

characteristics

characteristics

Weight-for-Height *-!

c

Weight-for-Height z-scores

d
Height-for Age z-scores

e

Height-f01-Age z-scores

f
Weight-for-Age z-scores

Weight-for-Age z-scores

Figure 5-0-1 Characteristics of the various subpopulations given as Z-scores

Figure 5.1 a, c and e is the graphical representations of the Z scores (used in the
determination of the wasted, stunted and underweight) against % prevalence in the
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validation study alongside those of all the babies (b, d and f) in the whole study for the
same anthropological characteristics. They are all compared against the WHO standards
(green curve). Data is shown in Table 5.1
5.4.1.1 Anthropometric results for Soya based flours weaned babies

Figure 5-0-2 Z scores of the subpopulation that was consuming soya
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Table 5-1 Anthropometric characteristics of the study population

Characteristics

Four day Food Diary (FD)

Subjects

in

Holders

study(FFQ)

the

main

Soya consumers

Used in validation study

n

35

112

61

Age (Mean ± SD)

9.46 ± 4.92 months

9.56 ±4.61

9.36 ±4.82

Height (Mean ±

Mean 68.79 ± 7.1cm

70.00 ± 7.03

70.18 ±7.43

Mean 7.96 ± 2.00 Kg

8.01 ±1.74

9.49 ± 1.02

SD)
Weight (Mean ±
SD)
25.7 %

Stunted (-2Z)

of which

8.6%

severely stunted (-3Z)

19.6% of which

8.9%

severely stunted(-3Z)

15.2% of which
3.3 %

severely

stunted(-3Z)
Underweight

2Z)

(-

22.9% of which 11.4 %
severely underweight(-3Z)

15.2%

of which 5.4

9.8 %

% severely underweight

which

(-3Z)

severely

of
3.3

%

underweight(-3Z)
Wasted (-2Z)

11.4% of which 2.9%
% severely wasted (-3Z)

9.8 % of which 3.6
% severely wasted (-3Z)

6.6%

of which

1.6%

severely

wasted (-3Z)

Anthropometric characteristics data revealed that the proportion of underweight babies
who consume soya was 9.8% of which the percent severely underweight was 3.3%. This
percent was considerably lower than in the whole population where the percentage of
underweight babies was 15.2% of which 5.4% were severely underweight. It was also
interesting to observe that 19.6% of the children in the study were stunted of which 8.9%
were severely stunted this compared to 15.2% of the soya consumers of which 3.3 %
were severely stunted. Soya has been known to aid bone formation as was concluded
from a study that used Winstar rats (Mardon et al, 2008). In the study by Mardon and
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colleagues, rats were fed with a diet that had isoflavones at the level of 0.86mg/g of diet.
The experimenters concluded that perinatal exposure to PEs leads to a higher body mass
density (BMD) later in life. They suggested that the changes may have occurred due to
programming effects, typical of endocrine and immune systems. Another example of
animal study that supports the role of isoflavones in bone formation is that by Dang and
colleagues, (Dang et al, 2010). They concluded that daidzein at micromolar
concentrations differentially and concurrently activate ERs and PPARs, and the balance
of ERs and PPARs actions determines daidzein-induced osteogenesis and adipogenesis.
These amongst other studies ( Kwiatkowska, 2007; Bijak et al, 2010; Hue et a/.,2010;
Al-Anazi et al, 2011; Legette et al, 2011) point to positive effect of PEs regarding bone
formation and bone health and integrity in animals and human beings. This is of
importance as a pro-soya consumption effect that would merit further investigation.

The results on prevalence of stunting, underweight and wastage in the children is in
agreement with findings from a study conducted in Kenya (Olack et al, 2011) with
variations in the percentages and degrees of the severity of conditions. Specifically 2.6%
of the children were wasted, of which 0.6% were severely wasted. The underweight
population stood at 11.8% of which 3.85 were severely underweight. Stunting was
however at 47% with 23% of the children being severely stunted. This may be
attributable to the ages that the other study considered which up to 5 yrs during which
stunting was was more prevalent (54%) at 36-47 months, while we studied children of 018 months. Other variation was probably due to the target population which for the other
study was mainly for people in informal settlement where there are predominantly poor
while our study had a mixed economic group (families) better able to feed their families.
5.4.1.2 Relevant descriptive statistics from the respondents
Questions regarding the age at which the babies were first introduced to the gruel, the
age of the baby at time of the survey, gruel consumption frequency per day, the average
flour taken by baby per day are shown in Table 5.2.
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Table 5-1 Age at which babies introduced to gruel, their age, gruel consumption frequency per day,
flour mass the babies took per day amongst all in the study___________________________________

N

Minimum

Maximum

Mean ± SD

112

0.5

6

4.5 ± 1.83

112

0.5

18

4.68 ± 1.64

Gruel consumption frequency per day

112

0.0

6

2.62 ± 0.99

Flour Mass the baby took in a day

112

0

70

21.27 ± 14.45

Age at which babies introduced to
gruel (Months)
Age of the babies

in the study

(Months)

From the whole population 30.7% of the children were under 6 months and already
weaned on gruel. This number is less than the one given by KDHS 2008 (Kenya National
Bureau of Statistics (KNBS) and ICF Macro. 2010. Kenya Demographic and Health Survey
2008-09. Calverton, Maryland: KNBS and ICF Macro.), which was at 60%. This might have
been because we excluded those that did not have gruel as part of their diet.

Table 5-2 Age at which babies introduced to gruel, their age , gruel consumption frequency per day,
flour mass the babies took per day amongst all in the soya consumers___________________________

N

Minimum

Maximum

Mean ± SD

54

0.5

6

4.462 ± 1.7

54

0.5

18

9.36 ±4.82

Gruel consumption frequency per day

54

1

5

2.57 ±0.982

Flour Mass the baby took in a day

54

0.5

70

20.42 ±13.79

Age at which babies introduced to
gruel (Months)
Age of the babies

in the study

(Months)

The statistics of the two populations the total gruel consumers and soya consumers were
not significantly different as seen in table 5.2 and 5.3.
Of interest among the soy consumers was that 26.4% of the children in 1 -6 age group
have been introduced to soya based gruel. PEs are known to cause endocrine disruption
(Norgil et al, 2002; Jefferson et al, 2009; Bembaum et al, 2008; Zung et al, 2008) and
208

age 1-6 months falls under the more vulnerable group (Newbold et al, 2007, Jefferson et
al., 2011; Skinner el al., 2010) as their endocrine systems don’t have established
feedback mechanism amongst other reasons given in the introduction (section 5.1.3)
5.4.2

Validation of Food Frequency Questionnaire

5.4.2.1 Mean flour mass taken per day per child
Table 5-3 Level of agreement between the four day food diary and the food frequency questionnaire
on estimates of flour baby taken by the babies in g/Kgbw._________________________
FD
FFQ
(Mean
Pearson
Level of quartile KMean ±SD

Mean

FFQ/Mea

correlation

agreement %

±SD

n FD)

r

same

Flour Mass

Ratio

Flour

19.21±

26.23±

mass

1.71

4.12

±

statisti

OPP2

c

10

0.65

1

1.4

0.58**

40

50

1 n = 35.
2 extreme opposite quartile
** Correlation significant at the O.OlLevel (two tailed)

The level of % quartile agreement was quite high with at least 90% of the values being
in the same or in the adjacent quartile. Only 10 % were in quartiles in more than ± 1.
This worked out to a weighted kappa (k-statistic) of 0.65 which denoted good
agreement.
From the data in the food frequency questionnaire mean values for flour mass the baby
took per day was an overestimate of the real values by about 20.86- 31.1%. From the
sampled population 54.3% overestimated, 28.6% underestimated while 17.1% of the
sampled population gave estimations that were not significantly different from the
calculated value.
The means for daidzein and genistein estimates were adjusted for the overestimate using
the lower value of 20.86% in line with the precautionary principle that requires the worst
case scenario be assumed. The mean overestimation in food frequency questionnaires is
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a common phenomenon in this kind of validation studies varying from 4.7% to 78% for
a multitude of nutrients and antinutrients (Masson et ai, 2003; Barclay et al, 2008;
Taylor et al, 2009). It would have been reassuring if the two values were similar to
prove that the questionnaire is very accurate. Even then one cannot rule out that the fact
that the matched results were due to underestimating the amounts through compensation
(Willet, 1998) and hence making the results similar.
A Pearson correlation close to one (1.00) would have been good to show that the
amounts of flour per kg body weight each child took as reported in the FFQ was
comparable to the average calculated in the four day food diary. The value of 0.58
(significant at 0.01 level) was lower than one and may be attributed to the estimation
capability of the parents and probably a tendency to report the higher amounts
remembered in the two weeks prior to the filling in the questionnaire. The same could
have been the case of how frequent a baby is fed as most may not have a feeding
schedule that could be referred to. A correlation coefficient of >0.5 has been deemed to
serve the purpose (Mason et al, 2003, Barrett et al, 2010)
5.4.2.1.1 Pearson correlation matrix on Flour Mass as determined by FFQ and by
the food diary

■xr 60 n

■a 40-

Average flour Mass calculated (FD) (g)
Figure 5-0-3 Pearson correlation coefficient matrix of the mass flour taken per day as determined
from the FFQ against average mass calculated per day in grams (orange squares average food
diary) n=35 . Some dots are not visible due to superimposition.

S.4.2.2 Level of agreement and correlations between scores on, cooking time and
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presence of soya in the four day diary and the food frequency
questionnaire

Table 5-4 level of agreement between FD and FFQ, cooking time and if flour had soya or not in
validation study__________ ___________ _______________________ ____________________

Parameter

FD

FFQ

Mean

Pearson

Mean

Mean

FFQ/Mean

correlat

±SD

±SD

FD)

ion

Ratio

r

Cooking

22.91

± 24.07±

Time

2.08

2.14

Flour

has

1.61

soya 1 yes 2 0.086

±

1.64

1.05

0.756**

Level of quartile Kagreement %
statist
ic

same

±1

OPP
2

60.6

39.

0

0.67

0

1

4
±

938***

1.02

100

0

.085

No
1 n = 35. 2 extreme opposite quartile
** Correlation significant at the O.OlLevel (two tailed) *** Correlation significant at P< 0.0001

5.4.2.2.1 Cooking time
We assessed cooking time for use to design heat treatment experiments in chapter 3 and
in chapter 4. The cooking time reported in the food frequency questionnaire was not
significantly different from the average of the cooking time for the four days given in the
food diaries (Table 5.3). Method means were disregarded in the discussion for the same
reason as in the flour means that there is little to deduce from means of method as it is
possible for participants to get matched results due to compensating in one of the tools,
either the food frequency questionnaire or in the food diary (Willet, 1998; Barret et al.,
2010). The quartile agreements were 60.6% in the same quartile, 39.4% in the adjacent,
(k was 0.67 denoting very good agreement) The Pearson correlation coefficient was
0.756 (significant at 0.01 level) which was significant as it was >0.5 (Masson et al,
2003).
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S.4.2.2.2 Correllation on the presence of soya bean flour in the flour blend
(FFQ/FD)
On the question of whether there was soya in the flour blend all the respondents were in
the right quartile (100%). There was highly significant correlation as to the nature of the
flour used to make the gruel between values in the FFQ and FD (Pearson correlation
coefficient of 0.938 (P = 0.0001). This gave us reassurance that the respondents had used
flour of similar composition with regard to presence of soya.

5.4.3

Results from the Food frequency questionnaire comprising 112 babies

After ascertaining that there was significant correlation and levels of agreement in the
FFQ and FD values the questionnaire was used to establish the answers to the study
questions. The percentage of babies that took soya based gruel in the period tested was
from a total of 112 babies was 50%, 43.86% took gruel without soya and it was not
possible to tell if 6.14% of the babies flour had soya or not because of incomplete or
contradicting information or inability to trace the flour brand in the shop. Regarding the
cooking time for experimental design of chapter three we took the upper mean (17.87 ±
6.68) 24.55mins as an appropriate heating time. For storage time (time between the
cooking and consuming) was not greater than 8h for since 97% of the sampled
population we took 8h as a worst case scenario.
5.4.3.1 Prevalence of soya based flour blends in all age groups
A cross tabulation of whether the gruel taken by babies in all the three different age
categories contained soya, established that soya was consumed at all ages as shown in
Figure 5.5 below.
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Bar Chart

1 to 6

7 to 12

13 to 18

Age category

Figure 5-5 A cross tabulation of the composition of the flour with regard to presence of soya for the
different age groups in months. 0 stood for not knowing if the flour had soya or not.

All age groups had a higher proportion of the children on soya based weaning
gruels. Of interest among the soy consumers was that 26.4% of the children in 1-6 age
group have been introduced to soya based gruel. PEs are known to cause endocrine
disruption (Norgil et ai, 2002; Bembaum et al, 2008; Zung et ai, 2008; Jefferson et ai,
2009) and age 1-6 months falls under the more vulnerable group (Newbold et ai, 2007,
Jefferson et ai, 2011; Skinner et ai, 2010) as their endocrine systems don’t have
established feedback mechanism amongst other reasons given in the introduction.

5.4.4

Estimated total Genistein and Daidzein exposure

For the estimation of total PEs data of the whole population of soya and non soy
consumers were considered. In the whole population of gruel takers the soya consumers
and non-soya consumers a total of about 8% of the children in the more vulnerable (I to
6 months group) consume soya.
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Table 5-5 Amount of daidzein and genistein taken in the soya based flour blends in ng/Kgbw/day

N

Minimum

Maximum

Mean ± SEM

Genistein (for all)

112

00

7045

1068 ± 139.5

Daidzein (for all)

112

00

6039

915 ±119.6

Genistein (for soya consumers)

54

228.9

7045

1956 ±202.8

Daidzein (for soya consumers)

54

196.2

6039

1676 ± 173.8

Upper mean (Mean + SEM) exposure for the whole population that consumes gruel to
genistein and daidzein is 1.035 mg/Kgbw/day and 1.208 mg/kgbw/day respectively
which would total up to about 2.243 mg/kg/day. Upper mean exposure for genistein and
for daidzein to soya consumers is 2.159 mg/Kgbw/day and 1.850 mg/kgbw/day
respectively which would total up to about 4.011 mg/kg/day. This is comparable to the
isoflavone content in baby soya based milk which is reported as ranging from 4.811 mg/kgbw/day by different authors (Setchel et al, 1998; Irvene et al., 2003). This was
for babies fed exclusively on soya based milk while the children in our studies were
mostly not being fed exclusively on soya flour. In that study the 4-llmg/Kgbw
represented all isoflavones in the soya flour. The maximum soya consumer at the time of
our study was estimated to be consuming about 14mg/kg/day of the genistein and
daidzein from gruel flour source alone. It is possible that if the other parts of the diet
were considered the amount of isoflavone would go up. The tolerable daily intake (TDI)
of PEs is Img/kgbw (Committee for PE toxicity, 2004) and this is exceeded by the two
PEs in the two sub- populations.
Exposure to genistein and daidzein varies from region to region in adult populations
ranging from 3 to SOOpg/kgbw/day. The higher quantities being observed in the Asian
diets and lower in the western diet (Uehara et al., 2000; Arai et al.} 2000; Surh et al,
2006). Asian diets have been reported to have 400-500pg/kgbw/day of genistein (Uehara
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et al, 2000; Arai et ai, 2000) and 250|ag/kgbw/day of daidzein (Uehara et al, 2000;
Arai et al, 2000; Surh et al, 2006; Lee et. al, 2007) mainly in adult population.
In the US and UK estimation of genistein is 5 to 23 pg/kgbw/day (De Kleijn et al, 2001;
Greendale et al, 2002) and a daidzein exposure of 3 to 32pg/kgbw/day (Mulligan et al,
Grace et al, 2004; Clarke and Lloyd, 2004; van Erp-Baart et a/.,2003) in adult
populations (on western type diet) is 5 to 23 pg/kgbw/day (De Kleijn et al, 2001;
Greendale et al, 2002) and 3 to 32p.g/kgbw/day respectively (Mulligan et al, 2002;
Grace et al, 2004; Clarke and Lloyd, 2004; van Erp-Baart et a/.,2003). When soya
levels in the US and UK have been in their hundreds it has been due to incorporation of
soya in the processed foods or in vegetarian populations (Kirk et al, 1999; Thomson,
2005) who were mainly immigrants from Asia.
5.5
5.5.1

Conclusion and recommendations
Conclusions

The Food frequency questionnaire was a fair estimator of the flour and hence the
daidzein and genistein levels in the flour as illustrated in the results through high
significant correlations of the tested parameters (PO.Ol and P<0.0001) levels. The
percent quartile agreements for values falling in the same quartile, or ± 1 quartile, was
90-100% for the flour mass and cooking time of feeding. These figures indicated that the
use of the food frequency questionnaire values to estimate the different parameters was
valid.
Estimates of the amount of genistein and daidzein in the soya based gruels in Nakuru,
Kenya. The babies taking soya based gruels are exposed to a level of PEs (genistein and
daidzein) which comparable to other infants fed on soy formula concentrations and well
above the 1 mg/kgbw TDI recommended for adult populations. This may have important
human health implication as babies are vulnerable to endocrine disruptive insults as their
bodies are still undergoing organogenesis and their hormonal feedback mechanisms are
not well established.
The study has generated baseline data regarding percent of infants and young children
(l-18months) using soya flour amongst the infants and young children that consume
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gruel as part of their diet in Nakuru. Has established that cooking time upper mean of 25
minutes and that the gruel is not left for longer than 8h, the upper mean estimated flour
intake per day per baby was 35/34g for the whole population and soya takers
respectively. Upper mean exposure for genistein and for daidzein to soya consumers is
2.159 mg/Kgbw/day and 1.850 mg/kgbw/day respectively which would total up to about
4.011 mg/kg/day. This is beyond the tolerable daily intake (TDI) of each PEs is
Img/kgbw (Committee for PE toxicity, 2004) and this is exceeded by the two PEs in the
two sub- populations. This may have human health implication regarding interference
with the endocrine system which has been known to affect the urogenital system in both
sexes in neonatal and postnatals in mainly animal studies. The possible positive effect of
soya ameliorating on stunting needs further investigation.
The study noted that 26% of the soya consumers belonged to the age 1-6 months who
are highly vulnerable to endocrine disruptive effects which is an important fact that may
require further verification and intervention. Additional observation not directly related
to the study is that stunting, underweight and wastage in their mild and severe forms are
in need of addressing in the tested population. Further studies can be done to investigate
and mitigate on it.
5.5.2
•

Recommendations for further studies

Further studies including full nutritional studies on baby weaning foods whose
estimations of PEs can be found in the databases would give a more wholesome
picture.

•

The questionnaire can be verified with a more objective method such as using
biomarkers or quantification by use of HPLC or UPLC/MS
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6

Chapter 6- Estimation of estrogenic bioactivity due to genistein and daidzein in
soya based weaning flour by use of relative potency and Modified Hygiene
Based Margin of Safety (HBMOS) methods
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Abstract
PEs, most of which bear structural similarity to the hormone 17P-estradiol are able to
interfere with or mimic hormone action through the receptors, albeit with less potency.
Soya based weaning foods have been found to have endocrine disruptive character that
can impact negatively on the babies’ developing system. The aim of this study was to
determine estrogenicity due to genistein and daidzein in the Kenyan soya based weaning
flour blends by using direct multiplication of estimated mean intake values with relative
potency and secondly by using a modified hygiene based margins of safety (HBMOS)
method. The HBMOS method combines the relative estrogenic potencies (REP), serum
concentration factor, body weight and the calculated exposure estimates to obtain the
xenoestrogenic equivalents (XEQ) based on the (hormone standard) 17 p-estradiol.
Relative potencies of daidzein and genistein had been determined using reporter gene
assays using previously developed MMV-Luc cell line.
The upper mean exposure levels were about 1.85 and 2.16 mg/Kgbw/day for genistein
and daidzein giving a total of about 4.00 mg/Kgbw/day while the total was 3.2
mg/Kgbw when values are adjusted for overestimation (by subtracting 20.1% from the
former mean value) in the food frequency questionnaire. Estrogenic equivalents from
direct multiplication of upper mean exposure of genistein and daidzein, with their
relative potency, for all population of gruel takers and that of soya consumers was 23.43
and 47.93 ng/Kgbw respectively. Using the modified HBMOS method estrogenicity
attributable to the two PEs was a total of 5.7 x lO ’pg/l (0.0057ng/ml), for the two
isoflavones for the gruel consumers and O.Olng/ml for the soya consumers. These values
when adjusted for overestimation 0.0046ng/ml and 0.082ng/ml for the all gruel and soya
consumers. The detection limit of 17p-estradiol was 0.0013ng/ml and the EC50 was
0.012ng/ml in the MMV-Luc cell line. Exposure due to the genistein and daidzein is
above the recommended daily intake of Img/kgbw for each PE. The estrogenicity got by
direct multiplication revealed that the mean intake amongst all the gruel consumers and
the soya takers is less than the ADI 50ng/kgbw for 17 P-estradiol. Using the HBMOS
method revealed estrogenicity above detectable limits on the 17P-estradiol curve but
below the EC50 as obtained in the MMV-Luc cell line. This is a partial agonist. The
estrogenicity was of partial agonist proportions and due to genistein and daidzein in the
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soya component of the gruel which is taken as part of the diet and not as a result of all
the weaning diet. The total estrogenicity would probably increase especially if the rest of
the diet it comprised other soya products. In the light of potential adverse health effects
due to endocrine disruption especially to infant boys and potential additivity effect on
total estrogenicity due to possible exposure to other natural and anthropological EDCs,
caution should be exercised in the use of soya in the weaning flours.

6.1

Introduction

PEs are plant metabolites that can be categorised mainly to the four groups: isoflavone,
lignan, prenylated phenols and coumestrol. They bear some resemblance to the natural
ligand (17 P-estradiol) of the estrogen receptor and have ability to bind onto the estrogen
receptor and may transactivate it (Kuiper et ai, 1998).

Isoflavones
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17-^-estradiol

Figure 6-1 PEs resemblance to 17 p- estradiol adapted from (Yildiz, 2005)

Figure 6.1 shows some PE structures and their striking similarity to 17 p-estradiol.
PEs have been found to be endocrine disruptors. An endocrine disruptive chemical
(EDC) is “an exogenous substance that causes adverse health effects in an intact
organism or its progeny, secondary to changes in endocrine function. A potential EDC
is, an exogenous substance that possesses properties which might be expected to lead to
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endocrine disruption, in an intact organism (Berger et al, 1996). PEs and soy
isoflavones have been widely found to act as EDCs (Booth et al., 1999; Almstrup et al,
2002; Hewitt and Singletary, 2003; Chen and Donovan, 2004; Ball et al, 2010; Yu et
al, 2010; Jefferson et al, 2011) amongst many other studies. Some studies have found
that PEs are not effective as EDC (Giwercman et al, 2011; Napora et al, 2011).
Genistein and daidzein are PEs in the isoflavone group which account for a major part of
estrogenic activity observed in soya and in legumes. Of note however, is that 65% of
isoflavones is genistein and daidzein follows with about 30%. PEs are often present
mainly in soya and other food stuffs as glycoside conjugates, genistin and daidzin. The
glycosides are readily deconjugated into genistein and daidzein by gut microflora
(Hutchins et al, 1995, Setchel et al, 1998; Day et al, 2000; O’Leary et al, 2003; and
Webb et al, 2005).
6.1.1

Special concern of soya in weaning foods

PE levels in baby foods and soy based weaning formula has been of concern as the
levels may potentially cause estrogenic and/or antiestrogenic effects with main concern
being on reproductive system (precocious puberty for females and testicular dysgenesis
for males) (Norgil et al, 2002). Babies have been identified as a vulnerable
subpopulation to EDCs and could be more impacted by exposure to EDCs due to their
incomplete physical, physiological and sexual psychological development (Newbold et
al, 2007; Skinner et al, 2010; Jefferson et al, 2011).
The fact that babies may suffer effects in adulthood concerning disruption in the
endocrine system and reproductive outcomes due to soya formula have been investigated
(Strom et al, 2001). This was a retrospective cohort study with young adult women that
had either been fed soya formula or cow’s milk. About thirty parameters were measured
and no significant negative health effects were noted. Minor discomforts during
menstrual periods were reported by the soya weaned group as well as slightly increased
duration of menstrual periods (Strom et al, 2001). Other retrospective studies on
children revealed that autoimmune conditions were more common in children that had
been given soya formula compared to those that were weaned on breast milk (Fort et al,
1990).
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The need to frequently feed the baby in order to meet their energy needs may result in
bioaccumulation of the PEs to TTC (threshold toxicological concentrations) levels for
which most PEs will be in micro molar concentrations (Sfakianos et al, 1997). The
earlier view that PEs in soya foods may not be as bioavailable in children has been
abandoned in the face of new evidence (Halm et al, 2007; Jefferson et al., 2009).
It has been argued that it is safer to keep off soya weaning formulations or food due to
the controversy surrounding their effects. A certain research concluded by sending
caution to mothers of boy infants to consider not feeding them with soy formula due to
potential endocrine disruption to the reproductive system (Ball et al, 2010)
6.1.2

Exposure assessment of genistein and daidzein

Exposure assessment is a measure of the amount of hazard to which a person or
organism is exposed, or the likelihood of being exposed and is a means of assessing risk,
where:
Risk = hazard x exposure (Thomson, 2010).
External exposure enables identification of the food source, estimation of the hazard and
the impact of various diets on exposure. For a food borne hazard, exposure requires
knowledge of levels of the chemical in the food and amounts of the relevant foods
consumed (Thomson, 2010). Three phases of dietary assessment include measuring food
intakes, converting food intakes to observed intakes of nutrients and antinutrients and,
lastly, evaluating nutrient adequacy (Gibson et al, 2003) or as in our case a nutrient/
antinutrient likelihood to induce an endocrine disruptive effect on the subjects.
Exposure to estrogenic effects of EDC which is usually expressed as EQ (Estrogen
equivalents in food is a pragmatic way to assess effect of EDCs (Bolt et al, 2001; Degen
et al, 2002) which may be effected in a multitude of mechanisms (Tabb and Blumberg,
2006; Shanle et al, 2011; Schug et al, 2011). In this study we used a modified HBMOS
(hygiene based margin of safety) method which integrated exposure scenarios for
genistein and daidzein in the gruel flours and estrogenic potencies for this compound. It
was modified as explained by Thomson, in 2009; where if there is no in vivo data then in
vitro data is used. Addition of the two PEs estrogenicity to get the total has been
supported by studies which have reported that PEs have an additive estrogenic effect
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(Kortenkamp et ai, 1999; Gaido et al, 1997). It is also in keeping with the mass
balance/potency approach advanced in Safe et al, 1995.
There is more literature on synthetic compounds estimation methods and data probably
due to public aversion to synthetic contaminants and their being more potent (Me
Lachlan et al, 2001; Thomson, 2009) than there is on PEs and other natural
contaminants. However, PEs are of considerable risk due to their presence in high
concentrations in plasma. An example of this is where PE concentration in the plasma
for soya based infant formulas was found to be 13,000-22,000 fold more than estradiol
in the babies (Setchel et al, 1998). There is no data from literature on PEs content in
Kenyan and/or in Africa as far as we are aware. The estimations would have to be for
foods that are in common with other continents such as Asia, America and Europe.
The tolerable daily intake (TDI) for PEs is Img/kgbw for adults. TDI is the total mass
per kilogram body weight that a person can take for the rest of their lifetime without
suffering adverse effects. When all pertinent studies regarding toxicity to animals or
human are reviewed the highest concentration not causing effect in a sensitive disease
condition is known as (NOEL) no effect level. If it is not available then lowest observed
effect level (LOEL) is used. A variation of the NOEL is the (NOAEL) no adverse effect
level which is the highest concentration of a compound that does not cause an adverse
effect in the assay (WHO, 1998; Faustman and Omenn, 2001).
6.2

Aims of the Survey

The aim of this chapter is to estimate exposure due to genistein and daidzein expressed
in estrogenic equivalents.
6.3

Materials and methods

Dulbecco’s Modified Eagles Medium (DMEM) (Cat. no. 61965-026), Penicillin
100U/ml/ Streptomycin 100 pg/ml (Cat. no. 15070-063), General Foetal bovine serum
(FBS) (Cat. no. 10270-106), hormone deplete FBS (Cat. no. 12373-029) and trypsin
(Cat. no. 12604) were obtained from Invitrogen Ltd, Paisley, UK. Luciferase Assay
System (Cat. No. El501) consisting of Lyophilized luciferase Assay Substrate and
Luciferase Assay Buffer, Cell Culture Lysis reagent 5X (Cat. no.E 194A) was from
(Promega, Southampton, UK); Trypan blue for automated counting (Cat. no. T 10282)
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from Invitrogen Ltd, Paisley UK). Countess slides (Cat. no. 10283) from Invitrogen,
Paisley UK) Milli-Q water was of ultra high purity (UHP, 18MV/cm) from the Elgar
water purifier (Marlow, Bucks, UK). The tissue flasks (25 and 75 cm2) were ordered
from BD Bioscience. The 50 ml, 20 ml, 7 ml tubes were bought from SARSTEDT LTD.
The 96 well plates were purchased from Greiner Bio-One (Frickenhausen, Germany).
Glass bottles (Simax, praha, Zech republic), Deacon 90 (East Sussex, UK), Virkon
(Antec international, Sudbury, UK), DMSO (Dimethylsulfoxide) from SigmaAldricht,Poole Dorset, UK (Cat. no. D2650); Cryo-vial (Nalgene, Cat. no. 5000-1020,
Roskilde, Denmark), Mr Frosty container (cat.no.34863)

and Iso- propanol

(cat.no.24137) both from from Sigma Aldrich Poole Dorset, UK, PBS (phosphate buffer
saline)(SAFC Biosciences Cat. No. 56064C, lenaxa, Kansas, USA). 17-P estradiol(Cat.
no. E2758) steroid hormones were from Sigma Chemicals, UK, Genistein 98%,(Cat.
no.G6649), Daidzein 98%(Cat. no.D 7802), and Methanol (Cat.

no. Ml 175) were

purchased from Sigma chemicals UK.
6.3.1

Assessment of total estrogenicity due to genistein and daidzein by direct
method and by HBMOS method

6.3.1.1 Assessment of total estrogenicity of genistein and daidzein by direct
multiplication with relative potency
Estrogenic equivalence was calculated from the total intake of genistein and daidzein
from the gruels.
Assumptions:
•

Mean values for genistein per gram of soy flour 1750pg/g of flour (as computed in
USDA database, 2008)

•

Mean values for daidzein per gram of soy flour 1500p.g/g of flour (as computed in
USDA database, 2008)

•

Only the soya portion was responsible for genistein and daidzein compounds in the
flour
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The separate values were multiplied by the relative estrogenic potency of genistein and
daidzein.
Estrogenic Potency =
6.3.1.2 Assessment of total estrogenicity of genistein and daidzein HBMOS method
Equation for estrogenic equivalence:

XEQ = (intake x REP x 10'6 x A: T x body weight)/serum in litres

Where;
Mean intakes were calculated from
•

Mean values for genistein per gram of soy flour 1750pg/g of flour (as computed in
USDA database, 2008)

•

Mean values for daidzein per gram of soy flour 1500pg/g of flour (as computed in
EfSDA database, 2008)

REP = relative estrogenic potency
A:T = measured serum level/theoretical serum level, based on food intake /serum
volume where not known can use data in literature (Thomson, 2009)
Body weight taken as upper mean of the tested population (9.92)
Upper mean serum levels 595ml
Adapted from (Thomson, 2009)
The A:T value for each compound, which is the Actual (measured) serum level to
Theoretical serum level, based on food intake /serum volume. Because this was not
known theoretical values were used as recommended (Thomson, 2009) where no known
values of A: T exists. Then body weight was factored in and the multiplication by 10"6
was to cater for the division by 10’h when expressing the REP (Thomson et al, 2003,
2005 and Thomson, 2009)
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6.3.2

Reporter Gene Assay

Estrogen responsive (MMV-Luc) and androgen responsive (TARM-Luc) reporter gene
cell lines were as previously produced (Willemsen et al, 2004). Prior to running the
assay, cells were cultured for at least two passages in hormone free assay media
(DMEM, 10% honnone depleted serum to remove endogenous hormones). Additionally,
the estrogen assay was performed using phenol red free DMEM due to the estrogenicity
of phenol red. Cells were seeded at a concentration of 4 x 103 cells/ml,

into white

walled 96 well plates with clear flat bottoms (Greiner Bio-One, Frickenhausen,
Germany) at lOOpl/well and incubated for 24 h. The following day, standards were
prepared 1:100 (v/v) by adding 10 pi of the relevant steroid hormone to 1 ml of assay
media giving a final methanol concentration of 0.5%. The following standards hormones
(17(3-estradiol and testosterone) and PE concentrations used are as shown in Table 6.1
below. Antagonist tests were carried out by incubating the PEs and (their metabolites) at
the shown concentrations (Table 6.1) with 5 nM of 17p-estradiol (MMV-Luc) and
50 nM testosterone (TARM-Luc). The cells were incubated for 24 h for the MMV-Luc
cell line or 48 h for the TARM -Luc cell line. The supernatant was discarded and the
cells washed twice with phosphate buffered saline (PBS) prior to lyses with 20 pi cell
culture lyses buffer (Promega, Southampton, UK). Finally, 100 pi luciferase (Promega,
Southampton, UK) was injected into each well and luciferase activity measured using
the Mithras Multimode Reader (Berthold, Other, Germany). All experiments were
performed in triplicate for all cell lines and the transactivational activity of the various
compounds were measured and compared with the negative control (0.5% methanol in
media).
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Table 6-1 Concentrations of standards used for reporter gene assays

Compound

Concentrations used

17P-estradiol

0.5pm - lOnM

Genistein

0.5nM - 150pM

Daidzein

0.25nM - 50pM

The % Relative potencies for the PEs were calculated as:

(EC50 for the hormone/ EC50 for the PE) x 100

The dose response curves were plotted by means of triplicate readings for a minimum of
three independent experiments (n=3)

6.3.3

Data Analysis

6.3.3.1 For the risk assessment study

Data analysed by SPSS version 19 computer software (ANOVA and k-statistics)
T-tests, interday variations in tested parameters analyses were performed using were
performed using GraphPad Prism version 5.00 for Windows, GraphPad Software, San
Diego California USA, www.graphpad.com”.
Anthropological data was analysed by ENA for SMART (2007).
6.3.3.2 For the dose response curves (From Chapter three)
The gene assay curves were fitted with sigmoidal dose-response curve equation to a fourparameter Hill plot,

Y = Min Response + (Max response - Min response)/ (I+X/EC50) A slope of the line
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where X is the concentration of the testing compounds, Y represent the response of the
hormonal/phytochemical activity, the range 0-100 (Willemsen et al, 2004; Blankvoort
et a/., 2005). If using logarithm instead of actual concentration then the following
equation is used:
Y = Bottom + (Top - Bottom)/! + 10 (logEC5o'X)
Where X is the logarithm of concentration, Y the response, EC5o is the mid-point
between Top and Bottom which are the maximum response and the baseline response,
respectively.
6.3.3.3 Cytotoxicity Evaluation (MTT Assay)
For cytotoxity analysis toxic effect was derived from the absorbance values using the
following formula:
% cytotoxicity = (mean negative control Abs-mean Sample Abs)/ (negative control
Abs)*100
6.4

Results

Of the respondents in the main study 61 of 112 (50%) reported their babies to have taken
soya based gruels in the time relevant to the study. Data from 54 of the soya consumers
was used. After ascertaining that there was significant correlation and levels of
agreement in the FFQ and FD values the questionnaire was used to establish the answers
to this study’s questions.

6.4.1

Estimated total Genistein and Daidzein exposure

Upper mean (Mean + SEM) exposure for the whole population that consumes soya
based gruel was exposure for genistein and for daidzein is 1.035 mg/Kgbw/day and
1.208 mg/kgbw/day respectively which would total up to about 2.243 mg/kg/day
Upper mean exposure for genistein and for daidzein for soya consumers is 2.159
mg/Kgbw/day and 1.850 mg/kgbw/day respectively which would total up to about 4.011
mg/kgbw/day. (Details in Chapter Five imported here for chapter completeness)
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6.4.2

Assessment of total estrogenicity due to genistein and daidzein by direct
method and by HBMOS method

6.4.2.1 Assessment of total estrogenicity(Estradiol equivalents) due to genistein and
daidzein by direct multiplication with relative potency

Table 6-2 Direct exposure estimates of daidzein and genistein for the soya and all the gruel takers

Compound

Upper

mean Upper mean Relative

17

13-

17

p-

estradiol

estradiol

(ng/kgbw) for (ng/kgbw)

Equivalents

Equivalents

soya

for all gruel

in ng/kgbw in ng/kgbw

consumers

takers

for

exposure

exposure

17

potency

soya

for

all

consumers

gruel takers

1

p-

estradiol
equivalents
Daidzein

2,159,000

1,035,000

0.000021

45.34

21.74

Genistein

1,850,000

1,208,000

0.0000014

2.59

1.69

Daidzein

4,009,000

2,243,000

47.93

23.43

plus
Genistein

When the genistein and daidzein are converted to 17p-estradiol equivalents by direct
multiplication of upper mean exposure levels by the relative potency as determined for
all the population of gruel takers and soya consumers the sum of the upper means in
ng/kgbw of 17- estradiol equivalents for genistein and daidzein translates to 23.43 and
47.93 ng/Kgbw respectively.
Direct comparisons have their pitfalls as they do not take into consideration the serum
levels and hence the further calculations below.
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6A.2.2 Dose response curves used to calculate the relative potency of genistein and
daidzein (relative to 17p-estradiol) {imported from chapter 3 for chapter
completeness}.
•

17 B-Estradiol hormone

120 00
107 90
96 SO
83 70

5 47 40
35 30

11 10

Concentration nM

Figure 6-2 The dose response standard curves of 17p-estradiol. The MMV cell line was treated
with increasing concentration of the hormone and luciferasc activity measured after 24h .Values are
% maximal luciferase activity ± SEM (normalised to 100%). Means of at least three independent
experiments (n =3) with each experimental point performed in triplicate.

The EC5o which is the concentration that gives half maximal luciferase expression was
calculated and reported for the curves. Potencies of the PEs relative to estrogenic
hormone standard, 17P-estradiol were calculated as were the % relative potencies.
The % relative potency for each of the PEs was calculated as:
(EC50 for the hormone/ EC50 for the PE) x 100
The dose response curves were plotted by means of triplicate readings for a minimum of
three experiments. The ECsos (M) of estradiol, genistein and daidzein were 4.5 x 10'11,
2.1 x 10'6 and 3.3 x 10'5 respectively. The relative estrogenic potencies for the two
compounds were 0.0000014 and 0.000021 Consequently the % relative potencies of
daidzein and genistein compared to that of 17(3-estradiol which is assigned 100 were
0.00014 and 0.0021.
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Genistein estrogenic potency in MMV-Luc cells
•

Genistein compound

120 00

95.80

71 60

47 40

23 20

■L4.-U-L

Concentration nM

Daidzein potency in MMV-Luc cells

□aidzein compound

Concentration (nM)

Figure 6-3 The dose response standard curves of b) genistein c) daidzein. The MMV-Luc cell line
was treated with increasing concentration of the compound and luciferase activity measured after
24h .Values are % maximal luciferase activity ± SEM (normalised to 100%). Means of at least three
independent experiments (n =3) with each experimental point performed in triplicate.
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6.4.2.3 Assessment of estrogenicity (Estradiol equivalents) of genistein and daidzein
for the whole population of soya and the non soya based gruel consumers
by HBMOS method
Table 6-3 Summary of upper mean exposure to genistein and daidzein and estimate of total
estrogenicity from the flour blends due to daidzein and genistein (unadjusted for overestimate in
FFQ) for the whole population (soya and non soya based gruel takers) _______________________
Relative
Mean
Exposure A:T ratio) XEQ(pg/L) (adjusted for
estrogenic

level ECi taken from

potency relative

upper

to 17p-estradiol

exposure

(EPi) x ID6

pg/kgbw/day

FFQ overestimation )

mean
in

(adjusted for FFQ
overestimation )
Genistein (For
all

21

1208 (966.40)

0.0051
(2.11 x 1 O'3) (1.69 x

gruel

10'3)

consumers)
Daidzein (For
all

1.4

0.011

1035(828)

(3.78 xl0'3) (3.02 x

gruel

consumers)

10'3)

Total

(5.73 x 10'3)(4.59x
10'3)

Genistein (For

21

2159 (1727)

0.005'

(3.62 x 10-3) (2.9 x
10'3)

soya
consumers)
Daidzein (For

1.4

1850(1480)

0.011

(6.48 x 10'3) (5.18 x
103)

soya
Consumers)

(1.03 x 10'3) (8.21 x

Total

10'3)

XEQ =intake x REP x 10'6 x A: T x body weight

REP=relative estrogenic potency

A: T= measured serum level/theoretical serum level, based on food intake /serum volume where
not known can use data in literature
1 Breinholt and Larsen, 1998
Body weight taken as upper mean of the tested whole population (10.53kg); for soya consumers
9.92Kg
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Mean Blood serum for the whole population 0.632L (upper mean). For the soya consumers
0.595L

Adapted from (Thomson, 2009)

For all the gruel consuming population these values are not high given that the EC50 of
17p-estradiol is 4.5 x 10'" M which is about 0.012 ng/ml. The total estrogenicity due to
genistein and daidzen in the entire population in ng/ml was 0.0057 (0.0046) while that
for the soya consumers was 0.01 (0.0082). This being relative to 17 p-estradiol. Values
in the brackets are values when corrected for overestimation in the food frequency
questionnaire).
These (Table 6.3 and 6.4) exposure levels were comparable to those of adult
populations studied by Thomson (2005, 2003) which were as follows genistein for
Western diet in fig/L was 2 x 10° while for Asian diet was 2 x 10‘4(Thomson 2003,
2005).Daidzein for Western Diet was 2.1 x 10 4 while for a Asian diet was 3.4 x 10 '
(Thomson 2003, 2005). The total estrogenicity for our population was for one type of
weaning food (soya based gruel) and not all the food consumed in a day as there is a
paucity of data on most African weaning foods and our study was concentrating on the
soya based weaning flours.
Given that the EC50 17P-estradiol is 4.5 x 10'nM which is equal to 0.012ng/ml a total
estrogenic effect due to daidzein and genistein for the soya based gruel consumers of
0.0067 (0.0053ng/ml) would give a less than half agonist effect. These values are above
the detectable estrogenicity of 0.0013ng/ml and hence can be considered to be of partial
agonist proportions.
The values were not of great concern given that they have a total estrogenicity of less
than EC50 proportion. However, given that the gruels were part of a diet and not the
absolute total diet then these figures will most likely increase as far as total estrogenicity
in the diet is considered.
By using HBMOS method the estradiol equivalents in the 9 cooked flours (Chapter 4)
ranged from 0.0003-0.0023ng/ml while plain soya flour (SP 9) had an EEQ of 0.017.
Given that the EC50 of 17p-estradiol is 0.012 and the detection limit is 0.0013 SP I and
SP 3 would fall below the detection limit. Some of them (SP 5, SP 6, SP 7 and SP 10)
would be barely detectable in the body while SP 2, SP 4, SP

8

fall in the partial agonist

proportions. The results on the estrogenic activity in the flours as determined by cell
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culture were in agreement with the results from FFQ for the soya consumers (as
detennined with HBMOS).
6.4.2.4 Mean exposure to soya- based flour fed sub-population in estrogenic
equivalent activity in each flour blend using HBMOS
Table 6-4 Mean exposure to babies fed with flours that were used in chapter 4

Type
flour

of

DEQ

in

pg/kg

for

cooked flour Values are
(Means ± SD)

Upper mean value
in

estrogenic

Mean Exposure

for a

mean intake value of 34g
using HBMOS in EEQ

equivalents

(In ng/ml)
SP1

0.0003

(49.87 ± 6.54)b
55.41

SP2

SP3

SP4

(524.0 ± 221.3)bc

SP6

(281.30 ±28.29)a

SP9

84.04

0.0004

477.45

0.002

288.73

0.0013

309.59

0.0015

284.15

0.0014

483.44

0.0023

3527.58

0.017

(380.05 ± 97.4)b

(260.49± 28.24)ac

SP8

0.0036

(75.44 ± 8.60)b

SP5

SP7

745.3

(255.86 ±28.29)a

(453.71±29.73)b

(3216.17± 311.41)c
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SP10

(266.14 ± 36.75) b
302.89

6.5
6.5.1

0.0015

Discussions
Estimated values

Genistein and daidzein exposure levels were converted to 17p-estradiol equivalents by
direct multiplication of upper mean exposure levels by the relative potency (1.4 x 10’6
and 2.1 x 10'5 for genistein and daidzein). The values determined for all the population
of gruel takers and soya consumers the sum of the upper means in ng/kgbw of 17estradiol equivalents for genistein and daidzein translates to 23.43 and 47.93 ng/Kgbw
respectively. Given that the recommended acceptable daily intake of estradiol is 50
ng/kgbw

(Snyder

et

ai,

2008;

Joint

FAO/WHO,

apps.who.int/ipsc/database/evaluations/chemical.aspx?chem ID accessed 12.12.11) then
the mean effect for all population and the soya takers is below the ADI (50ng/kgbw) of
17P-estradiol which is good for the tested population.
The Values derived using HBMOS Table 6.4 for all the gruel consuming population
these values are not high given that the ECsoof 17p-estradiol is 4.5 x 10'" M which is
about 0.012 ng/ml. The total estrogenicity due to genistein and daidzein in the entire
population in ng/ml was 0.0057 (0.0046) while that for the soya consumers was 0.01
(0.0082).This being relative to 17 p-estradiol. Values in the brackets are values when
corrected for overestimation in the food frequency questionnaire). This translates to less
than half of a full estrogenic effect in the babies tested which would qualify as a partial
agonistic effect. These values are above the detectable estrogenicity of 0.0013ng/ml and
hence can be considered of partial agonist proportions. A more relevant estrogenic effect
is the one given below that is on the soya based weaning gruel consumers.
There were no concerns when the values (in pg/Kg of flour ) of the samples tested (SP
1- SP 10) in chapter 4 were evaluated assuming the proportions of intake as those
derived from the upper mean (34g of flour /child/day) by using HBMOS method (See
Table 6.4). The estradiol equivalents in the 9 cooked flours (Chapter 4) ranged from
0.0003-0.0023ng/ml while plain soya flour (SP 9) had an EEQ of 0.017. Given that the
EC50 of 17P-estradiol is 0.012ng/ml and the detection limit is 0.0013 then SP I and SP 3
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would fall below the detection limit in the body. Some of them (SP 5, SP 6, SP 7 and SP
10) would be barely detectable in the body (0.0014-0.0015ng/ml) while SP 2, SP 4, and
SP 8 (0.002-0.0036ng/ml) fall in the partial agonist proportions.

6.5.2

Human health implications

6.5.3

Human health implications

The exposure levels for genistein and daidzein from soya based baby weaning flours
which were 4mg/kgbw/day were above the TDI of Img/kgbw/day per PE which would
be 2mg/kgbw/day, for the two PEs (COT report for PE toxicity, 2004). PEs at various
concentrations (0.5- lOOOmg/kgbw/day), administered orally or by injection, may have
adverse effects such as cancer, infertility and premature thelarche, mainly in animal
models (Akingbemi et al, 2007; Jefferson et al, 2007;

Damdimopoulou et al, 2011).

Conversely, PEs have been reported to improve cardiovascular health, ameliorate
menopausal symptoms, promote better bone density, prevent cancer, act as antioxidants,
boost the immune system and even help strengthen body defences against viruses (Ali et
al., 2004; Azadbakht et al., 2007; Legette et al, 2011; Kuhnle et al, 2011; Huang et al.,
2011; Mabrok, 2012).
Animal studies that have been conducted using soya PEs in determining the effect on
sexual tissues, with possible extrapolation to human babies, have found adverse
toxicological effects. Observations include altered ovarian differentiation, delayed
vaginal opening, affected menstrual cycle and delayed parturition in mice that were fed
either with 6.25-37.5mg/kg/day of genistin or with genistein at the rate of 2575mg/kg/day. In the same study another group of mice were injected with 12.525mg/kg/day of genistein. Genistein has also been found to cause reproductive tract
cancer in other studies (Jefferson et al, 2002, 2005, 2006; Kouki et al, 2003; Chen et
al, 2007; Decklose et al, 2009). A study by Doerge et al, (2002), in which rats were
injected with 50 mg/kg/day of genistein, showed that the rats were found to have plasma
levels of genistein at 1836 ng/ml. More adverse effects on the reproductive system of
rats were observed at this level than when lower doses of 0.5 and 5 mg/kgbw of
genistein were administered (Jefferson et al, 2002, 2005). Circulating levels of genistein
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in the neonate regardless of the dose has been found to predict future negative impacts
on the female reproductive system; maximum administered dose 50mg/kgbw in rats
(Jefferson and Williams, 2011). Another recent study found that soya and milk protein
supplements (normal amount of feed - not specifically quantified) modulate mammary
gland development in pre-pubertal mice (Alston-Mills et al, 2011). On effect on ER of
the liver observed differential effect of pure isoflavones (daidzein 3.8mg/kg/day and
genistein 5mg/kg/day) and soyamilk (11.5mg/kg/day) on estrogen receptor activity in
mice; they concluded that acute oral administration of genistein or soyamilk caused a
significant increase of ER activity and could lead to adverse effects especially to
children (Rando et a!., 2009). However, extrapolation of this data to potential effects on
babies is difficult due to the difference in exposure routes, injection in rats while
exposure in infants would be via feeding (orally) babies. The amounts of PEs used in the
studies are sometimes also way beyond what human beings take. There has also been
more argument regarding the data applicability due to poor experimental designs due to
use of few animals or human beings in the studies (COT report, 2004).

Upon converting the intake/kgbw of daidzein and genistein to estrogenic equivalents by
direct multiplication with their relative potency (relative to 17 P-estradiol) the means for
the whole population and for soya takers were 23.43 and 47.93 ng/Kgbw/day
respectively. This is less than the 50ng/kgbw/day TDI. Using the HBMOS method the
estimated flour estrogenicity is of partial agonist proportions. This does not cause alarm
at first sight, however, given that the estrogenicity is due to genistein and daidzein in
soya based weaning flour as part of a diet then the effect has potential to be of concern
due to various reasons. Total estrogenicity will invariably be increased when other
components of the diet is taken into account assuming the principle of additivity of
estrogenic effects. Of note is that most of these children are served the weaning foods in
plastic (may have endocrine disruptive polycarbonate and other chemicals including
those from washing up liquid) cups and bowls. Some may still be breast feeding and
breast milk is known to be estrogenic due to maternal hormones, diet and other
anthropogenic contaminants such as pesticides. This argument would, however, require
further research.
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Continuous low dose effects of PEs due to frequent feeding, in a non or poorlyhomeostatic environment in babies bodies may have long term effects regarding ability
to control the reproductive system feedback mechanisms. This is illustrated by a study
where exposure to estrogenic hormones (from soya protein isolate) at foetal/neonate
stage resulted in lasting inability to control normal ovarian cycles as the hypothalamicpituitary ovarian -hormonal axis was unestablished in female rats (Badger et al, 2001).
The fact that there were 26% of the soya feeding population in the l-6months group
which included infants as young as two weeks is of particular concern as they are most
vulnerable to EDC insults as some (0- 2 months) are undergoing organogenesis (Denker
and Eriksson, 1998). Both male and female foetus /or neonate is also vulnerable to
having their reproductive systems altered (Russo et al, 1990).

The synergistic

combinatorial effects of PEs and testosterone as seen earlier on, in Chapter 3 and 4 of
this work, is also of concern. Spenn production and fertility in the future can be affected
by PEs or other estrogenic compounds at this time (foetal /neonatal) as sertoli cells
proliferate at that time and when an upsurge of neonatal testosterone occurs, the effect
may be greater (Atanassova et al, 1999).
However, in vitro assay results cannot be used to unequivocally proscribe a food and
further in vivo tests using animals and epidemiological data collection involving subjects
that were fed soy based flour as weaning food in Kenya may shed more light on possible
endocrine disruptive effects. Controversies also abound amongst the scientific
community as illustrated by the following two studies. In a study by Bembaum et al,
2008, PEs were found to have a preserving effect on infantile breast tissue. Infant breast
tissue, prominent at birth, probably due to maternal estrogens, reduces in size with time.
In soya fed babies there seemed to be re-estrogenisation at 6 months. On the contrary, a
study by Gilchrist et al, 2009 showed that there was no evidence of differences in
breast-bud size, uterus, prostrate and testicular volumes in four month old soya fed
infants and that of infants not fed soya. Thus extensive studies should be carried out to
collaborate the effects but caution exercised in consumption of potentially endocrine
disruptive food.
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6.6
6.6.1

Conclusion and recommendations
Conclusions

Estimation of the amount of estrogenicity due to genistein and daidzein in the soya
based gruels was successfully determined. The mean estimated estrogenicity due to
genistein and daidzein is high enough (23.43-47.93ng/Kgbw) to elicit estrogenic
response in the studied group but is less than half of a full estrogenic effect. The two PEs
gave a total estrogenicity equivalent (using HBMOS method) to a partial agonist less
than EC50 of the 17P-estradiol in the tested subpopulation. This however could change if
the totality of their diet is considered and not just the soya based gruel.
The study has established estrogenicity due to the PEs daidzein and genistein in soya
based flour. The study noted that 26% of the soya consumers belonged to the age 1 -6
months who are highly vulnerable to endocrine disruptive effects. When the estrogenic
activity of samples from chapter 4 calculated in daidzein equivalents were subjected to
the HBMOS method there was concurrence with the survey mean whereby the total
hypothesized estrogenic effects in the body were, at most, of partial agonist proportions.
Two of the flour samples had estrogenic effect below detectable levels 4 had barely
detectable level and 3 had partial agonist effect. The pure soya had the highest effect
(0.017) but was its effect was disregarded given that it is never consumed on its own.
In conclusion the estimated genistein and daidzein in soya based weaning flour used in
Kenya has mean estrogenic effect, amongst the consumers, of at most partial agonist
proportions. This however is neither the total diet nor the total estrogenic load from
other phytoestrogens and contaminants and this is of concern as estrogenic compounds
are reported to have an additive effect. Continuous exposure to low doses of EDC such
as PEs to such a vulnerable group that still has open critical developmental windows
may have long term effects as it may cause inability to establish homeostatic feedback
mechanism. This study would like recommend that parents be cautious regarding
feeding soya based weaning flour gruels to their, especially boy, infants. This is
especially where alternative protein sources are available and the said diet has not been
prescribed by medics/nutritionists. The study, however, takes cognisance of the fact that
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the observations were made based on in vitro assays and hence further research is
recommended.
6.6.2

•

Recommendations for further studies

A laboratory based independent research using gruel flour fed to rodents or primates,
in animal feeding studies, would be ideal for confirmation of whether the in vitro
observations would be confirmed in vivo.

•

Further studies including full nutritional studies on baby weaning foods whose
estimations of PEs can be found in the databases would give a more wholesome
picture.
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7

CHAPTER Seven - Overall Conclusions and future work
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7.1

Conclusions

PEs have been found to cause endocrine disruptive effects. Infants and young children
have been reported to be a particularly vulnerable sub-population because they have
open developmental windows of sensibility to EDCs. This is because they are still
growing and have high metabolic rates and hence more prone to toxicity which is
compounded by poor DNA repair mechanisms, poorly established immune system,
detoxifying mechanisms and blood/brain barrier poorly developed.
We successfully applied reporter gene assays to characterise the PE in the two (MMVLuc and TARM-Luc) cell line. The two cell lines were suitable for checking the
estrogenic and androgenic character of PEs. The reporter gene assays also enabled us to
discriminate between antagonists and agonists (in their various classifications viz;
additive, synergistic, supper agonist etc). Dose dependent estrogenic and androgenic
character of 10 PEs (apigenin, daidzin, daidzein, enterodiol, equol, formononetin,
genistein, genistin, glycitein and matairesinol) on their own and in presence of hormone
was determined. The dose responsive curves and EC50S for five PEs (apigenin, daidzein,
formononetin, genistein and equol) in MMV-Luc cell line and two (glycitein and
apigenin) in TARM-Luc cell lines were established. Apigenin, equol, formononetin,
daidzein and genistein were weak agonists but achieved superagonists status in the
MMV-Luc cell line at concentration range (500nM - 7pM). These doses are in the range
of possible plasma concentration (at least for equol, genistein and daidzein) in soya fed
milk babies and in populations that consume a lot of soya such as Asian vegetarians.
Superagonism pointed us towards non-genomic TA pathway that is non ER/ERE such as
the various enzymatic pathways.
Assessment of the enhancement or inhibition of the estrogenic and androgenic activity
of hormones (17P-estradiol (5nM) and testosterone (50nM)) by the ten PEs revealed
various ant(agonistic) effects. This ranged from the PE at certain doses being
antagonistic, having no effect, having agonistic effect that was additive or synergistic
effect on the TA of the hormone. The PEs studied have potential to cause endocrine
disruption as they have ability to interact with the estrogen receptors and androgen
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receptors as well as influence the induction of hormones. In the estrogen responsive cell
line (MMV-Luc cell line) the PEs had agonist and additive effect on hormone (170estradiol (5nM)) at most concentrations tested. In the androgen responsive cell line
(TARM Luc cell line) the PEs had a variety of effects at various concentrations tested
but mainly additive through to synergistic effect when combined with the hormone
(testosterone (50 nM)). This was a major original finding for this study as no other study
has reported this synergistic effect (between PEs and testosterone) in a cell line that is
anti-androgenic to PEs when tested on their own. These findings are important because
PEs have important human health implications and have been associated with precocious
puberty, ovarian differentiation alterations, cancer, transgenerational effects on
urogenital tract amongst other effects. In males PEs have been associated with increased
reproductive disorders which include testicular cancers, reduced semen, prostrate
cancers, low testosterone levels, gynecomastia, reduced fecundity and fertility rates.
These reproductive disorders have been interlinked to endocrine disruption in the
neonatal, perinatal and postanal stages as tested mainly in animals. It would be wise to
be cautious when using soya based weaning foods.
The effect of heat on the standards as was the effect of storage on PE bioactivity was
dose and PE specific. It varied in the androgen and estrogen cell line as well. Effect of
the heating on the observed TA at certain doses could have been due to loss of
compound or change in the compound due to the heating effect. The study concluded
that this kind of assays be coupled up with a physico-chemical method to unequivocally
determine that the changes are due to structural (hence compound) changes induced by
heat.
In our literature review we noted that food is known to be a major route of exposure to
endocrine disrupters and assessing exposure to estrogenic compounds using complex
chemical mixtures in in vitro assays has been successfully carried out. We noted that
studying complex mixtures has advantages as the effects are integrated as opposed to
studying how an isolated compound interacts with a receptor. Assessing a complex
mixture would enable us to find out about potential endocrine disruptive effects of
unknown compounds that may not have been isolated in the mixture before.
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On the extracted samples we concluded that there was significant differential estrogenic
activity due to heat treatment and storage for most of the flour samples. There was no
increase in transcriptional activity due to storing the gruel for 8h at 20°C for 8/10 cooked
of which 5 showed no change in TA due to storage and 3 were reported to have a
reduction in estrogenic activity. The effect was, flour-blend specific, and no general
pattern could be seen as the mixtures were all different. There were potential endocrine
disruptive effects due to the flour, heat treatment, storage in different combinations in
the different flours as depicted by their capability to mimic hormone action. Results
showed that the PE mixtures had potential to combine with the natural hormones and
cause endocrine disruption as observed from high inductions observed especially with
the androgen cell lines. In the TARM-Luc cell line the PEs combined with hormone to
form additive and synergistic androgenic effects. These endocrine disruptive effects
were important especially because the flours are meant for infants and young children
who are particularly vulnerable. That there were interactive effects on transcriptional
activity between the phytoestrogens and hormones was important as infants especially
boys whose developmental window of sensitivity is particularly critical have honnone
surges in infancy. Interaction of soya phytoestrogens with hormones may amplify the
androgenic activity in the boy child and this may have future ramifications concerning
reproductive organs health especially regarding reduced fertility.
There were no significant differences in variation in bioactivities in the market blends
when compared with most of (four) the supermarket ones. Of note, however, was the
fact that the two blends with lowest bioactivity in MMV-Luc cell line were both bought
in the supermarket. This raises the question of the declarations that the food has soya but
the amounts could be very minute. We noted that there is a paucity of information on
endocrine disruptive compound content and bioactivity of foods commonly found in
Africa. Estimates regarding all types of baby weaning foods would were hampered by
lack of data in literature.
The Food frequency questionnaire was a fair estimator of the flour and hence the
daidzein and genistein levels in the flour. This was illustrated in the results through high
significant correlations of the tested parameters. The amount of genistein and daidzein in
the soya based gruels was well above the 1 mg/kgbw TDI recommended for adult
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populations (Toxicity Committee, 2004). It is however comparable to what other infants
were consuming as reported in other studies for infants on soya based weaning milk.
This could have human health implications regarding reproductive system development
(in both girls and boys), fertility in boys and disease including cancer.
Estrogenicity due to genistein and daidzein was estimated by direct multiplication of
intakes and relative potency of the compound and by the HBMOS. The mean estimated
estrogenicity due to genistein and daidzein in the whole population of studied and more
so of the soya consumers 23.43 and 47.93 ng/kgbw/day (EQ) respectively. These values
especially the 47.93 is close to the (ADI) 50ng/kgbw/day. Using HBMOS method the
two PEs gave a total estrogenicity equivalent (to a partial agonist less than EC5o of the
17p-estradiol in the tested subpopulation. This however could change if the totality of
their diet is considered and not just the soya based gruel.
The study has established estrogenicity due to the PEs daidzein and genistein in soya
based flour. The study also noted that 26% of the soya based gruel consumers belonged
to the age 1-6 months who are highly vulnerable to endocrine disruptive effects.
When the estrogenic activity of extracted samples calculated in daidzein equivalents
were subjected to the HBMOS method there was concurrence that the total hypothesized
estrogenic effects in the body were at most of partial agonist effect. Two of the flour
samples had estrogenic effect below detectable levels 4 had barely detectable level and 3
had partial agonist effect. The pure soya had the highest effect (0.017ng/ml 17p-estradiol
equivalents) but was disregarded given that it is never consumed on its own.
Even as collaboration with in vivo data and other objective tests on the flours is
recommended, this study would like to register caution to mothers and especially
mothers of boy infants. This is due to the ability of the PEs and soya extracts to combine
with the testosterone to give synergistic response in the androgen cell line. Boy infants
and young children (0-24months) have testosterone surges. The presence of PEs at this
time when their window of sensitivity to EDCs, regarding their sexual development, is
still open may result to increased androgenic activity. This may have future reproductive
health implications and/or feminising effects. Continuous exposure to low doses of EDC
such as PEs to such a vulnerable group that still has open critical developmental window
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of sensitivity to endocrine disrupters may have long term effects as it may cause
inability to establish homeostatic feedback mechanism. This exposure may predispose
the children to certain diseases in the future including cancer. Other non soya sources of
proteins can be incorporated into the weaning foods. This would be in line with caution
stipulated by many other international policy committees on soya based weaning
food/drink. They have found no clear advantages of using soya and where other foods
are available it would be better to be cautious.
7.2

Recommendations for further studies
•

Although the potential for endocrine disruption by PE was noted in vitro this
study would recommend further in vivo tests. This is because toxicokinetics
involving metabolism and bioavailabilty affects the potencies of the PEs.

•

Further in vitro assays may be designed to investigate additive effects of
phytoestrogens at physiologically relevant concentrations.

•

Further tests may be conducted to characterise the mode of action of the PEs (in
the presence or abscence of hormone), superagonist action, in MMV-Luc and
TARM-Luc cell lines.

•

Physico-chemical tests to determine the chemical nature of the compounds and
quantities in the effect of heating PEs and storage on bioactivity experiments,
should accompany the RGA assays in future for unequivocal report on the effect
on bioactivity.

•

A laboratory based independent research using gruel flour fed to rodents or
primates, in animal feeding studies, would be ideal for confirmation of whether
the in vitro observations would be confirmed in vivo.

•

The questionnaire can be verified with a more objective method such as using
biomarkers or quantification by use of HPLC or UPLC/MS.

•

Further studies including full nutritional studies on baby weaning foods whose
estimations of PEs can be found in the databases would give a more wholesome
picture.
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•

Other in vitro assays can be applied for quantifying the bioactivity and compare
the results with those found in this study.

•

Food modelling using flours from known varieties grown in research stations
where climatic conditions and farming practices can be ascertained and
application of the in vitro tests to the complex flour blend extracts.
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APPENDIX I

Structure and properties of PEs used in this study
Genistein
This is an isoflavone and an aglycone/aglucon molecule of genistin compound, which is
its glucoside precursor. Its’ molecular formula is C15H10O5 and it has a molar mass of
270.24 g mol1. Its synonyms are 5, 7-dihydroxy-3-(4-hydroxylphenyl)-4H-lbenzopyran-4-one, 4’5, 7-trihydroxyisoflavone. Other names for this aglycone include
prunetol and genisted. Its chemical structure is as seen in Figure 9.1 below.

OH

Figure 9-1 Chemical structure of genistein

Genistin
It is a gluco-flavone which is a precursor of genistein (Hu et al, 2011). Also known as
Genistein-4'- glycoside, it has a molecular formula of C21H20O10 and a molecular weight
of 432.38. It is slightly soluble in hot water, hot ethanol, hot methanol, hot acetone and
pyridine. (Merck Index, 2001). Its chemical structure is as shown in Figure 9.2.

OH

OH

0

Figure 9-2 Chemical structure of genistin
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Daidzein
Daidzein is an isoflavone and the aglycone molecule of daidzin compound, which is its
glucoside precursor, prepared by hydrolysis with hydrochloric acid (HCl(aq)) in
methanol. Its molecular formula is C15H10O4 and molar mass 254.23 g/mol. Its
synonyms

are

7-hydroxy-3-(4-hydroxyphenyl)-4H-l-benzopyran-4-one,

4',

7-

dihydroxyisoflavone. Its UV max is at 250nm and extinction coefficient is log 4.44.
Daidzein is soluble in alcohol and ether (Merck Index, 2001). Its chemical structure is
as shown in Figure 9.3 below.

OH
Figure 9-3 Chemical structure of daidzein

Daidzin
Daidzin is a glucoflavonoid, whose molecular formula is C21H20O9’ has a molar mass of
Mw = 416.38 and is soluble in water and aqueous alcohol. Its UIPAC name -(4hydroxyphenyl)-7- [(2S ,3 R,4S ,5 S,6R)-3,4,5 -trihydroxy-6-(hydroxymethyl)oxan-2yl]oxychromen-4-one. Its chemical structure is as shown in Figure 9.4 .

Figure 9-4 Chemical structure of daidzin
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Formononetin
Fonnononetin is an isoflavone whose UIPAC name is 7-hydroxy-3-(4-methoxyphenyl)4-l-benzopyran-4-one. It also has other names such as 7-hydroxy-4'-methoxy-isofavone:
biochanin B, formononetal and neochanin. Formononetin has a molecular formula is
C16H12O4 and a molecular weight of 268.26.
Its UV max is 250 and 300nm and its extinction coefficient is 27440, 11240 (Merck
index, 2001). Its chemical structure is as shown in Figure 9.5 below.

Figure 9-5 Chemical structure of formononetin

Equol
Equol is an isoflavone whose UIPAC name is 3, 4-Dihydroxy-3-(4 hydroxyphenyl)-2Hl-benzopyran-7-OL;

has

other

names

which

include

4'7-isofavandiol;

4'7-

dihydroxyisoflavan and 7-hydroxy-3-(4'hydroxyphenyl) chroman. Its molecular formula
is C15H14O3 and equol has a molecular weight of 242.27 (Merck Index, 2001). Its
chemical structure is as shown in Figure 9.6 below.

Figure 9-6 Chemical structure of equol

Equol occurs in enantiomeric forms, S-(-) equol and R-(+) equol, and both have varying
biological actions.
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Glycitein
Glycitein is an isoflavone whose UIPAC name is 7-Hydroxy-3-(4-hydroxyphenyl)-6methoxy-4-chromenone and its other name is 4', 7-Dihydroxy-6-methoxyisoflavone. Its
molecular formula is C16H12O5 and has a molar mass of 284.26 g/mol. (Merck Index,
2001). Its chemical structure is as shown in Figure 9.7 below.

OH

Figure 9-7 Chemical structure of Glycitein

Apigenin
Apigenin is a flavanone. Its UIPAC names are 5, 7-Dihydroxy-2(4-hydroxyphenyl)-4Hl-benzopyran-4-one;

4,

5,

7-trihydroxyflavone;

2-(p-hydroxyphenyl)-5,7-

dihydroxychromone; pelargidenon 1449. Its molecular weight is 270.24 while the
molecular formula is C15H10O9. It is the aglucon of apiin and apigenin-7-glucoside.

OH

O

Figure 9-8 Chemical structure of apigenin
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It is insoluble in water, moderately soluble in hot alcohol and soluble in potassium
hydroxide with intense yellow colour (Merck Index, 2001). Its chemical structure is as
shown in Figure 9.8 above.

Matairesinol
Matairesinol is a lignan. Its UIPAC name is 3R, 4R)-3, 4-bis [(4-hydroxy-3methoxyphenyl) methyl] oxolan-2-one which is synonymous with (aR,[3R)-a,P-Bis(4hydroxy-3-methoxybenzyl) butyrolactone. It has a molecular formula of C20H22O6 and a
molecular weight of 358.39. Its chemical structure is as shown in Figure 9.9.

btaCO

Figure 9-9 Chemical structure of matairesinol

Enterodiol
Enterodiol is a lignan whose UIPAC name is (2R,3R)-2,3-bis[(3-hydroxyphenyl)
methyl]butane-l,4-diol which is synonymous with 3,3'-[2,3-Bis(hydroxymethyl)butanel,4-diyl]diphenol. Its molecular formula is C18H22O4 and has a molecular weight of
302.36. Its chemical structure is as shown below (Figure 9.10).

OH

HO

Figure 9-10 Chemical structure of enterodiol
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APPENDIX II
Chemical structures of known antagonists to TARM-Luc cell line and MMV-Luc
cell line
a Flutamide

b Fulvestrant

Molecular formula CnHi^HjO,,

Molecular formula C32H47F503S

Mw 276.212g/mol

Mw 606.772g/mol

Cat. no. F9397

Cat. no. F4409

CAS 133311-84-7

CAS 129453-61-81

Figure 9-11 Chemical structures of known antagonists a) Flutamide and b)Fluvestrant

Chemical structures of the hormones used

Estradiol-CigtC^O:

Testosterone- C19H28O2
58-22-0 [CAS Number]

50-28-2 {CAS Number]
Mw= 288.42 g/mol
Mw= 272.38

Figure 9-12 Chemical structures of 17p-estradiol and testosterone hormones
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APPENDIX III
Matrix Effects
PEs (Genistein, Formononetin and daidzein) matrix effects and a typical daidzein
calibration best fit curve
a

In solvent (MeOH (0.5%)
Prespike extract
In matrix (Maize flour)
post extraction spike

Concentration nM

b

In solvent (MeOH (0.5%))
Post extract spike
In Matrix (Maize flour)
Pre extraction spikes

Concentration (nM)

Figure 9-13 Matrix effects of a) genistein and b) formononetyin in MMV-Luc cell line. Standard
curves of the compounds in medium, after extraction in buffer, as post extraction spikes and as
extracted in a maize flour matrix. Each experiment repeated three times and each experimental
data point taken in triplicate.
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In Solvent (MeOH 0.05%)
Post extract spike
Extracted in maize flour (Matrix)
Prespike extract

Concentration (nM)

Figure 9-14 Matrix effects daidzein in MMV-Luc cell line. Standard curves of the daidzein in
medium, after extraction in buffer, as post extraction spikes and as extracted in a maize flour
matrix. Each experiment repeated three times and each experimental data point taken in
triplicate.

Daidzein

10000

15000

Cone (ng/ml)
Fig ure 9-15 d)-Typical non linear daidzein dose response curve of best fit in MMV-Luc cell line
from where the daidzein equivalents would be deduced from samples assayed on the same plate.
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APPENDIX IV

FOOD FREQUENCY QUESTIONNAIRE
The following questionnaire enquires about what your baby eats
especially in relation to cereals flours, legumes flour, nuts and
other ingredients that are mixed with soya to make common gruel
blends.
Your answers will be confidential and used only for research.
Baby’s Date of birth: ——

Study number

Sex.................
Weight:
Height/length:
Date the form was completed:

Instructions: Kindly tick the box that best represents how often the baby (on average)
used the food given in the past two weeks. Answer all questions and even where you are
not sure make your best guess. Estimate the food portions as best as you can use the
guides given.
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When you use a cup, which of these two cups represent the cup you most
frequently use to feed your baby? Please tick one.

1.

A.Baby cup (200mL)
(280mL)

2.

B.Normal mug or ” Ya

15”

How much uji, per feeding, have you most frequently given to the baby this
last
two weeks?

Full Cup
Va

of a Cup

V2 a cup
Va

of a cup

Other please specify
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Kindly answer the following questions
4.

Do you give your baby uji?
Yes, if yes go to number 5

_____

No, if no go to number 6
5.

When did you introduce the baby to uji?
At birth
After two weeks

FZ

After 1 month
After 1-3 months
After 3-4Months
After 4-6 Months

_____

After six months

_____

Now, please go to Question 7

6.

Do you intend to give your baby uji?
YES, if yes go to number 6

___

NO, if no then hand back the questionnaire

7.

When do you intend to introduce your baby to uji?
At birth

_____

After two weeks

--------

After 1 month
After 1-3 months

_____

After 3-4Months
After 4-6 Months

_____

After six months
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8.

If you use home-made flour blends, please tick any of the cereals or legumes
that you use to make the uji flour and the quantities that you normally use to
make a stated quantity.
Maize Rice

_____

Millet
Sorghum
Green grams

_____

Ground nuts

--------

Soya beans

_____

Beans (maharagwe)

_____

Chicken peas

_____

Others, please specify.........................................................................
9.

If you use home made flour blend describe the recipe you have used during
this last two weeks if known. For example to make 2 gologolos of flour you
may be using so many cups of flour A, XA kg of flour B , % of flour C or just
one type of flour if you don’t mix.

10. Please describe a typical recipe you use for making baby uji (noting the
amounts of flour in cups and the water as well)

11. Which of these terms best describes the uji that you most frequently make?
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Very thin
Thin
Neither thin nor thick
Thick
Very Thick

12.

If you buy readymade uji flour where do you buy it from?
Market

_____

Supermaket

_____

Mill
Others, please specify...........................................................

13.

About how long do you cook your gruel?
Less than ten minutes
10-15 minutes
15-30 minutes
For more than 30 minutes
I don’t know but just check when cooked

14. Please tick the box that best describes how often you keep the gruel before
using it all, for the following times. (Tick one box in every row)

310

Time

Always

Frequently

Consume
immediately
Store and consume by
half a day (i.e.
Within 6 Hours)
Store and consume by
the end of the day
(i.e. Within 8-12hrs)
Store and feed baby
up to the next day
(i.e. Within 24hrs)
Other,
please
specify.......................
Thank you for taking part in this study.
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Sometimes

never

APPENDIX V

FOOD DIARY

.

Please fill in the food diary,
after completion of
the Food Frequency questionnaire

Study number:

Baby’s date of birth:

Baby’s weight:...
Height/length: ...
Contact Number:...
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We would like you to keep a diary of everything your baby eats or drinks for the next
four days (Wednesday to Saturday) or (Sunday to Wednesday). Please don’t change
what you usually give your baby just because you are filling in the diary. Continue to

feed the baby as usual.

Instructions
Each day is divided in sections from morning to evening. Reco rd everything att the

time your baby is eating or soom after. If noth ing is eaten durimg the time, cross out the
section.

To help you quantify the amounts the baby consumed, a list of (common foods fed to
children and common household measurements are provided on page 3. If during the

four days you us ed a different type of flour for making uji (either made up or bought)
use the “recipe” section i nsert ed in th e l ast part of each day,, to describe ho w

(!) the fl ou r blend was made or give brand name and
(Li) the uji was made
Please answer the few questions at the back when you finish filling in the last day and
kindly remember to bring back the diary toi u:s by hand.

Thanks in advance for participating in this study!
(Asamte san a kwa kushlriki katika huu utafiti)
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15.

When you use a cup, which of these two cups represent the cup you most
frequently use? Please tick one..

B.Normal mug or ”Yal5” (280mL) [

A.Baby cup (200mLJ[
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Food/drink

Description/preparation
Direct or from bottle or cup

Amount
Full meal

Uji/Poridge

Famila unga, Jard flour, proctor and
Alan, Baby gruel, unga baridi or other
type of market. Kindly explain the
mixture and how you cook it and whether
it was thick or thin uji.Indicate if you use
it immediately or store for later use.
Indicate how long stored before use.

Number of teaspoons or
cups (baby cup or “Ya 15”
of uji) Remember to say if
was about Vi, 'A, 3A or full
cup

Cows milk

Cows milk with water, sugar or just plain Number of teaspoons or cups
milk, fermented,milkpowder
Soya milk
Number of teaspoons or cups

Breastmilk

Soya milk
Mashed
mix

potato

With peas, grated carrots, spinach, pumpkin Number of teaspoons
leaves, margarine or milk Mashed potatoe
with vegetables eg spinach, terere, nderema
Mashed potato with minced meat/any other
meat

Mashed
pumpkin
Ugali

Describe all individual ingredients as above.

Number of teaspoons

Ugali with vegetable soup, meat/fish soup
or milk (no. 1 or no.2 flour)
Ugali with vegetables eg spinach, terere,
nderema.Ugali with minced meat

Number of teaspoons

Rice

With peas, grated carrots, spinach, pumpkin
leaves, margarine or milk Rice with
vegetables eg spinach, terere, nderema
Rice with minced meat/any other meat

Number of teaspoons

Eggs

Fried, boiled, omelette with tomatoes

Number of eggs

Yoghurt

Further Mixed with sugar or milk,
What type? Egerton, university
Delamare or other home made.

No of teaspoons or cups
milk,

Tea

With milk/without milk

No of teaspoons or cups

Juice

Quencher, ribena, Fresh fruit etc Indicate if No of teaspoons or cups
ready to drink or diluted.

Snacks

Fruits (Mango, oranges, banana, pawpaw
etc

Other

Other (Snacks)
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Full fruit, half or was it a
mixture eg salad

2.

Fill in the following tables as explained to you earlier in the diary. Particular care

should be taken where uji is used. Write down how long it was cooked and amounts
consumed by the baby..At the end of each day fill in the space provided to show how
long the uji was stored.

Food/Drink

Day of the week:
Before Breakfast and Breakfast time
Description and preparation
Amount

Food/Drink

Between breakfast and lunch time
Description and preparation

Amount

Food/Drink

Lunch time
Description and preparation

Amount

Date:
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Food/Drink

Between Lunch time and evening meal
Description and preparation

Amount

Food/Drink

Supper or evening meal
Description and preparation

Amount

Food/Drink

After Supper
Description and preparation

Amount

Space to write any uji flour mixture or blend and how long you cooked it and how
long you stored it before it was finished.

Congratulations you have finished filling in for day 1 .You have 3 more days to go.
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Date:
Food/Drink

Day of the week
Before Breakfast and Breakfast time
Description and preparation
Amount

Food/Drink

Between breakfast and lunch time
Description and preparation

Amount

Food/Drink

Lunch time
Description and preparation

Amount

318

Food/Drink

Between Lunch time and evening meal
Description and preparation

Amount

Food/Drink

Supper or evening meal
Description and preparation

Amount

Food/Drink

After Supper
Description and preparation

Amount

Space to write any uji flour mixture or blend and how long you cooked it and how long
you stored it before it got finished.

Congratulations you have finished filling in for day 2.
You have 2 more days to go.
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Food/Drink

Day of the week:
Before Breakfast and Breakfast time
Description and preparation
Amount

Food/Drink

Between breakfast and lunch time
Description and preparation

Amount

Food/Drink

Lunch time
Description and preparation

Amount

Date:
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Food/Drink

Between Lunch time and evening meal
Description and preparation

Amount

Food/Drink

Supper or evening meal
Description and preparation

Amount

Food/Drink

After Supper
Description and preparation

Amount

Space to write any uji flour mixture or blend and how long you cooked it and how long
you stored it before it got finished.___________________________________________

Congratulations you have finished filling in for day 3.
You have 1 more days to go.
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Food/Drink

Day of the week:
Before Breakfast and Breakfast time
Description and preparation
Amount

Food/Drink

Between breakfast and lunch time
Description and preparation

Amount

Food/Drink

Lunch time
Description and preparation

Amount

Date:
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Food/Drink

Between Lunch time and evening meal
Description and preparation

Amount

Food/Drink

Supper or evening meal
Description and preparation

Amount

Food/Drink

After Supper
Description and preparation

Amount

Space to write any uji flour mixture or blend and how long you cooked it and how long
you stored it before it got finished.___________________________________________

Congratulations you have finished filling in for day 4.

Kindly answer the following questions.
3.

If you buy ready made uji flour where do you buy it from?
Market

_____

Supermarket

|----- "~|

Mill

|

Others, please specify.............................................................

4.

What brand of uji flour you are likely to buy?
Unga baridi

--------

Famila

_____

Jard

--------

Baby gruel

|

Proctor and Alan

|
--------

Other, please name.............................................................

5.

Uji quantity that your baby is taking (Refer to cup size you indicated on pg 2)

6 times a day

|

|

4 -6 times a day

I

I

2 -3 times a day

|----------

Once per a day

|

|

Once per a week

I

I

Once per two weeks

i

1
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6.

About how long do you cook your gruel?
Less than ten minutes

L____

10-15 minutes

_____

15-30 minutes

---------

For more than 30 minutes

|

I don’t know but just check when cooked

7.

How long do you keep the gruel after cooking?
Consume immediately |
Half a day

|

All day

I

Until the next day

1

1

Other, please specify..........................................

Thank you for taking part in this study.

APPENDIX VI
Table 9-4 Mass spectrometer acquisition Parameters used to identify the phytoestrogens in the flour
extracts

Compound
Apigenin
Daidzein
Daidzin
Daidzein-ds
(IS)
Enterodiol
Equol
Formononetin
Genistein
Genistin
Glycitein
Matairesinol

Diagnostic
signal 1
269.1 >
117.1
253 >
91.10
415.26 >
252.20
256.10 >
92.2
301.2 >
106.20
241.15 >
93.10
267.1 >
195.1
269.10 >
133.10
431.25 >
239.3
283.2 >
240.2
357.2 >
83.10

Cone
potential
(V)
36

Collision
energy(eV)
37

50

28

46

30

46

35

42

40

26

13

34

41

48

29

28

46

32

28

36

20

Diagnostic
signal 2
269.10>
149.10
253 >
208.3
415.26 >
223.20
256.10 >
211.1
301.1 >
253.2
241>121
267.1 >
252.1
269 >
159.10
431.25 >
268.20
283.2 >
268.2
357 >
137.2

Cone
potential
(V)
36

Collision
energy(eV)

50

37

46

45

40

30

42

22

26

32

34

23

48

31

28

29

32

21

36

25

IS means internal standard. The second signal for the internal standard was not used.
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APPENDIX VII
Calibration curves for genistein and daidzein
Compound name: Genistein
Correlation coefficient: r = 0.997936, rA2 = 0.995876
Calibration curve: 0.0470851 * x + 9.1361
Response type: Internal Std ( Ref 9 ), Area * (IS Cone. / IS Area )
Curve type: Linear, Origin: Exclude, Weighting: Null, Axis trans: None

1400i

1200J
1000800-

600-

400-

200-

10000

20000

15000

25000

Compound name: Daidzein
Correlation coefficient: r = 0.999486, rA2 = 0.998973
Calibration curve: 0.0445633 * x + -1.28933
Response type: Internal Std ( Ref 9 ). Area * (IS Cone. / IS Area )
Curve type: Linear, Origin: Exclude, Weighting: Null, Ards trans: None

1200-

1000/

800-

10000

15000

20000

25000

30000

Figure 9-17 Calibration curves for daidzein and genistein used for confirmation of presence of
phytoestrogens in the flour extract.
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APPENDIX VIII
Typical chromatograms of PEs and the deuterated daidzein standard
a
c
Mix 4

Mix 4 130910 Sm(Mn, 1X7)

Mix 4 130910 Sm(Mn, 1X7)

KXh

4. MRM of4 Channels ES267.1 > 252.1 (Formononetin)
1 02e4
Area

100n

3.72 _
,3,3 i

2: MRM 0110 Channels ES357 2 > 831 (Matairesinol)
1.21e4
Area

Time

b

Mix 4130910 Sm(Mn, 1x7)

4 78_

4 MRM o14 Charnels ES267.1 >196.1 (Foimononetin)
2.82e3
Area

e

Mix 4
Mk 4 130910 Stn (Mn, 1x7)
2: MRM ol 10 Channels ES253 > 208 3 (Daidzein)
1 36e4
Area

Figure 9-18 Typical UPLC-MS/MS chromatograms representing the primary and secondary ions of
formononetin (a and b), Matairesinol (c and d) and daidzein (e and f) in extracted soya based flour
blend samples

g

1
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PAC

Mix 4

PAC 130910 Sm (Mn. 1x7)

Mix 4 130910 Sm(Mn, 1x7)
100n

3 00

3 81
of

2. MRM o) 10 Channels ES283.2 > 268.2 (Glycitein)
5.66e4
Area

-

350

4 00

Time

Mix 4130910 Sm (Mn, 1x7)
PAC 130910 Sm (Mn. 1x7)
2: MRM of 10 Channels ES283.2 >240.2 (Glycitein)
641e3
Area

Time

RAC 130910 Sm (Mn. 1x7)

Figure 9-19 Typical UPLC-MS/MS chromatograms representing the primary and secondary ions of
glycitein (g and h), apigenin (i and j) and genistein (k and 1) in extracted soya based flour blend
samples
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051110_1 Smooth(SG,1x6)
311010 250ngm solvent std 1

3.300

3.400

F2:MRMof 10 channels,ES256.1 >92.2
3.649e+004

d3-Daidzein

3.55
2758

3.500

3.600

3.700

3.800

3.900

Figure 9-20 Typical chromatogram of deuterated daidzein standard
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APPENDIX IX
Table 9-6 Cytotoxicity values expressed as % viable cells over control for PE upon heating and
storage__________ __________________ _______________________________________________

Compound
Formononetin

Genistein

Apigenin

Concentration

2.10
21.00
210.00
2100.00
21000.00
0.40
4.00
40.00
400.00
4000.00
40000.00
0.31
3.13
31.25
315.00
3125.00
31250.00

Status
Unheated
Solvent
standard
104.33 ±2.309
101 ±3.46
114 ±2.64
106.33 ±0.57
106.66 ±0.577
104 ±5.29
120 ±2.645
113.66 ±3.214
117 ± 4.358
117.33 ±6.35
119 ±4.358
101 ±2.65
97 ± 3.464
110.33 ± 2.516
102.66 ±0.577
102.66 ±0.577
32 ±4
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Heated
100°C/25min

Heated
100°C/25min
stored 8h 20°C

111 ±3.04
106 ± 1.04
105 ±5.4
102.33 ±6.03

118± 1.73
110.66 ± 1.53
109.33 ± 1.15
106.33 ±4.93

113.33 ± 1.15
114 ±3
114 ± 4
112.66 ±3.77

122.33 ±4.51
120.33 ±5.03
117 ± 2.31
119 ±2.65

107.33 ± 1.53
107 ±3.61
115.66 ± 1.53
110.33 ±.58

107 ±6.08
98 ±3.61
100.66 ±3.21
89.33 ±4.93

APPENDIX X

Cooking time(min) from FFQ

Pearson Correlation matrix of cooking time in minutes as determined by FFQ and FD

Average Cooking Time(min) from FD
Figure 9-0-21 Pearson correlation matrix of cooking time in minutes as determined by FFQ and FD
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