13 The voluntary mechanism

The involuntary estrogen-balancing mechanism that we have just looked at has a voluntary side to it
to the extent that a woman can have some control over the amount and the type of estrogen that her
body is making through her amount of body fat (the more fat, the more estrogen) and how often she
falls pregnant (and therefore the number of ovulations that she has, and therefore the amount and type
of estrogen being produced). And as we will see in the next section of this book, these factors,
particularly the ovulation factor, are not insignificant contributors to the problems of the modern
woman.

But there is another voluntary aspect to this story which goes right to the heart of the current problem.
The involuntary balancing mechanism has a powerful capacity to match estrogen needs to demand,
but it was never intended to work on its own. It was meant to work in tandem with another
mechanism. That other mechanism, while not quite as potent and dramatic in its actions as the
involuntary mechanism, is nevertheless an essential contributor to the overall balancing mechanism.
We are referring to this mechanism as the voluntary estrogen-balancing mechanism because it is
entirely under our control as to the strength of its action.

The voluntary mechanism has two main functions. The first function applies particularly to the pre-
menopausal woman, and this is to back-up the involuntary mechanism if and when it comes under
pressure of an excess of estrogen. The competitive-inhibition aspect of the involuntary mechanism
that we looked at does the heavy-lifting in this respect, but there are plenty of times when even it
comes under pressure. In that situation, the voluntary mechanism provides a back-up layer of
protection that serves to protect the body from over-stimulation by estrogen.

Its second role applies to the post-menopausal woman. This is the reverse situation....a woman now
needs all the estrogenic help she can get, and that is exactly what the voluntary mechanism does. It
provides a supplementary source of estrogen that is insufficient to stop the menopause, but goes a
long way to meeting the estrogenic needs of the non-sexual tissues.

You won’t find a description of this involuntary mechanism in medical textbooks, largely because it
has been scientific anathema that it is possible to exert voluntary control over our hormones.
Nevertheless, evidence for its existence has been staring us in the face for some decades. That
evidence is contained in many thousand publications in scientific journals that report on different
aspects of this voluntary mechanism, but in a classic case of not seeing the wood for the trees,
somehow this wide body of evidence has failed to be seen by scientists and doctors in the context that
is being presented here.

Another reason hindering its recognition by the scientific and medical communities is that some of the
evidence for the voluntary mechanism has been adopted by less conventional health-care providers
who haven’t done their cause any good by over-playing the importance of the evidence and presenting
it as the preferred alternative to modern medicine. But like most things in life, the truth lies
somewhere in the middle, and that is the basis of the concept being presented here. Both
mechanisms are important, and both need to be in balance for the estrogen system to function

properly.



This auxiliary estrogen-balancing system is based on chemicals we will call hereafter, non-steroidal
estrogens (or NSEs for short). By this we mean that they are not based on the steroid chemical
structure that marks estrogens like estradiol. Non-steroidal estrogens don’t come from cholesterol like
estradiol does. Non-steroidal estrogens and steroidal estrogens are remarkably similar in structure, so
much so that they are able to bind to the estrogen receptor in the same way as steroidal estrogens.

As you read this, your body almost certainly contains fairly high levels of these chemicals. By ‘fairly
high’, we are talking of the order of several thousand times higher than your steroidal estrogen levels.
The level of steroidal estrogens such as estradiol in your blood is roughly equivalent to the amount of
chemical you could put on the top of a pin, dissolved in an Olympic swimming pool. The level of
non-steroidal estrogens is like throwing 3 cupfuls of chemical in the pool.

These non-steroidal estrogens are distant relatives of estrogens such as estradiol and share most
functions in common with steroidal estrogens. They represent the body’s second estrogen system.

Most people would recognise non-steroidal estrogens by their more common generic chemical title,
flavonoids, or the highly beneficial anti-oxidants that we obtain from brightly-coloured fruits and
vegetables. But flavonoids are far more important to humans than simply as anti-oxidants, and it is
that importance that is behind their role as the pre-eminent ‘balancers’ of estrogen function in
humans.

Not all flavonoids are estrogenic. In fact, the vast majority of the 5,000 or so known flavonoids aren’t.
But enough are, and fortunately the human diet can deliver the relevant ones in reasonable quantities,
and it is these that we rely on to provide the voluntary estrogen-balancing mechanism.

NSEs constitute a primitive estrogen system in our bodies. As we will learn in more detail later, they
are the original sex hormone system that Nature created to govern reproductive behaviour in all
primitive animal life. The estrogen, progesterone and testosterone hormones that our bodies now
make are nothing more than sophisticated versions of flavonoids, providing little more than a fine-
tuning function. That primitive estrogen system — the flavonoids — remains in our bodies to the present
day, providing the same basic sex hormone-regulating function that sustained animal life in our
primitive beginnings. So rather than being a minor player or even optional system in our bodies,
flavonoids are major league players in estrogen balance in our bodies.

NSEs interact with steroidal estrogen (SE) function in four important ways as follows.

NSEs and SE (steroidal estrogen) interaction

1. NSEs are weak estrogens.

NSEs are weak to very weak estrogens. The strongest ones are about as strong as estriol (that is, 100x
weaker than estradiol), while others range down to about 10,000x weaker than estradiol. It is not clear
just how many NSEs there are, but it appears that only a dozen or so are the main players, and these
are estrogenic within the range 100x — 1000x weaker than estradiol.

NSEs are estrogenic because they look like SEs, and they look alike because they are in fact first
cousins. Both types of estrogens are built on the same chemical foundation comprising two phenolic
rings, one of the most common building blocks in Nature. For those who have forgotten their organic
chemistry, a phenolic ring is composed of 6 carbon atoms. Two such rings joined together are known
as a diphenolic structure.



diphenolic structure

NSEs and SEs are both referred to in chemical terms as diphenolics, because they both are constructed
on this common platform, as shown below. The difference lies in the way additional phenolic rings
are attached to the underlying diphenolic structure. In the case of the structure on the left, the overall
structure is referred to as a steroid. In the case of the structure on the right, it is a flavonoid.

Steroidal estrogen Non-steroidal estrogen
Those flavonoids that are estrogenic are so because their 3-dimensional shape is almost identical to
estradiol. The ability of a compound to enter and activate the estrogen receptor is related to its
physical shape, hence the key-and-lock analogy. The structures that we see above are 1-dimensional
views only and are done just for convenience. That is how chemists generally describe molecules. But

for biologists interested in how molecules interact with cells and trigger certain functions, the 3-
dimensional structure or shape is all-important.
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3-D view of estradiol

The docking site on the estrogen receptor involves two specific spots on the folded protein chain
where the two terminal ends of the hormone attach. The insertion of the hormone into those two spots
acts like a rigid rod stabilising the flexible protein chain, and that stabilisation results in the release of
the receptor’s trigger. The critical thing in this case is the distance between the two docking sites. That
is represented by the distance between the two (red) oxygen atoms on the estradiol molecule in the
picture above.



NSEs are able to act as estrogens, in part because they have an almost identical 3-D shape to estradiol,
but particularly because the distance between the two terminal ends is almost identical. The diagram
below is a representation of an estradiol molecule (on the left) and a flavonoid molecule (on the right)
attached at both ends to the two docking points of the receptor. Note that one end of the flavonoid
molecule has had to bend slightly to slot in, and it is this bending and the tension that it imposes on
the receptor site that means that it doesn’t allow the receptor’s trigger to be released fully. That is
exactly the same situation that applies to the weaker SEs such as estrone and estriol. They don’t have
the identical shape and length as estradiol, and therefore don’t fully release the receptor trigger.
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The comparatively weak estrogenic strength of NSEs might suggest that they would have little impact
in the body. But the reality is the opposite. Estriol, the weakest of all the SEs, is regarded as making a
significant contribution to estrogenic activity in the body. Certainly its contribution is overwhelmed
by that of estradiol in the pre-menopausal woman, but in the post-menopausal woman, its estrogenic
contribution alongside that of estrone is not inconsequential. When you consider that some of the
NSEs have equivalent estrogenic potency to that of estriol and are present in blood at levels several
thousand times higher than estriol (or estrone for that matter), then the potential estrogenic potency of
this pool of NSEs is considerable.

On the opposite side of the coin, NSEs are effective competitive inhibitors of estrogen function. Weak
estrogens such as estriol and the 2-hydroxy estrogens are able to exert meaningful inhibition of
estradiol at a ratio of about 4:1. That is, we only need about four times as much estriol as estradiol to
have some meaningful reduction in the ability of estradiol to bind to the estrogen receptors. When you
take into account the very high ratio of NSEs to SEs in blood, the potential of this second type of
estrogen to competitively inhibit the SEs is considerable.

This apparent paradox of a compound acting as both an estrogen and an anti-estrogen is something we
looked at earlier. And as we discovered, it is all part of an overall balancing mechanism where the
body has a pool of different estrogens of differing strengths that are capable of cushioning and
complementing each other. NSEs are simply part of that pool, and a not inconsiderable part when you
consider their numerical strength compared to the SEs.

2. NSEs distinguish between alpha and beta receptors.

The substantial quantities of NSEs in our bodies, begs an important question. Even allowing for the
fact that they are cushioning the impact of strong estrogens such as estradiol on the body, they
nevertheless are estrogens, and therefore shouldn’t their huge presence in the body lead to ‘estrogen
excess’ in their own right?



The answer is, no. And this is because NSEs have a vital feature that isn’t shared with their modern
estrogen counterparts, and that is that NSEs are able to distinguish between alpha and beta estrogen
receptors.

SEs are unable to make this distinction — they simply identify an estrogen receptor and lock in and
activate it accordingly. Flavonoids, on the other hand, are able to bind to both receptors, but to only
activate the beta receptors in a meaningful way.

That is not to say that flavonoids don’t stimulate alpha receptors at all, it is just that their impact on
alpha receptors is incredibly slight. In fact, it is so slight, that extremely large amounts of flavonoids
would need to be eaten before they would show any stimulation of the reproductive organs. An
example of this exists in the animal world with a condition known as ‘clover disease’. This condition
was first diagnosed in sheep in Australia in the 1950s. It occurred in sheep that were grazing for
several months on pastures rich in certain strains of subterranean clovers. These particular strains of
sub-clover were found to contain such enormous quantities of estrogenic flavonoids that animals
feeding on almost pure pastures of these particular grasses ended up with evidence of severe
disruption of their female sex hormone systems. When the sheep were removed from these pastures
and put onto pastures containing strains of sub-clover with normal levels of estrogenic flavonoids, the
condition disappeared and the sheep returned to normal reproductive behaviour.

‘Clover disease’ is an aberration, but it serves the purpose of providing living proof that estrogenic
flavonoids do bind to the mammalian alpha estrogen receptor. Removing the affected sheep from the
sub-clover caused the levels of estrogenic flavonoids in sheep blood to drop 100-fold, which is
roughly equivalent to the sorts of levels present in human blood. At that level, the estrogenic
flavonoids are not capable of activating the alpha receptors in any meaningful way, meaning that the
reproductive tissues are not being stimulated by these compounds. However, their ability to bind to
the alpha receptors remains intact, and in so doing, is providing a highly effective protective blanket
against the excesses of the action of SEs on tissues of the reproductive system.

There is nothing odd about this ability of flavonoids to bind to a receptor but not to activate it. It is
exactly this principle that has been employed in the development of drugs such as Tamoxifen for the
treatment of breast cancer. Tamoxifen was designed to look sufficiently like estrogen that it could
bind to the alpha receptor, but sufficiently different that once there, it would not activate the receptor.
By occupying the receptor but not activating it, the tamoxifen was depriving potent estrogens such as
estradiol from working. By separating the breast cancer cells from estrogen, Tamoxifen deprives the
breast cancer cells of their main source of stimulation. Flavonoids work on exactly the same principle.
In developing flavonoids, Nature simply beat the modern chemists who created Tamoxifen by
hundreds of thousands of years.

The story is quite different with the beta receptors. Flavonoids bind to these receptors and activate
them in exactly the same manner as estrogens. Flavonoids have been shown:
B to induce the relaxation of the muscles in the wall of blood vessels (thereby correcting high
blood pressure);
B to induce bone cells to increase their bone-making functions (thereby helping to maintain
bone strength)
E to regulate how cholesterol and fats are made and used in the body (thereby reducing the risk
of heart disease)
B to maintain the normal structure of the lens in the eye (thereby reducing the risk of cataracts).

3. Flavonoids regulate the production of SEs.
Flavonoids can influence how much steroidal estrogen is made by the body. They do this through
inhibiting a number of different enzymes involved in the estrogen production process.
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Two such important enzymes are 17 5-hydroxysteroid dehydrogenase (174-DSD) and aromatase. 17 /-
DSD is the enzyme responsible for converting androstenedione to estrone and aromatase is the
enzyme responsible for converting testosterone to estrone. So by dampening down the activities of
both of these key enzymes, flavonoids have an impact on the ability of the body to manufacture
estrogens. Estrone is the pivotal estrogen that needs to be manufactured to enable all other forms of
estrogen to be made. By reducing the level of estrone in the body, flavonoids effectively can lower the
amount of raw material required for further production of more powerful estrogens.

It needs to be emphasised that this action of the flavonoids isn’t a matter of blocking the production of
SEs and depriving the body of the more powerful SEs. The action is more one of dampening down
their production in yet another example of how integrated the entire estrogen system is, with the
involuntary and voluntary systems working in tandem to deliver a balanced estrogen outcome.

4, Flavonoids regulate the sulfation of SEs.

The fourth and final way in which flavonoids modify how we make and use our steroidal estrogens is
via the sulfation pathway. To refresh our memory, sulfation is the process by which SEs are
transported around the body and then held in a form of reservoir for later use. Holding them in this
form is arguably the most powerful mechanism the body has to cushion it against estrogen surges and
falls.

Flavonoids influence this process in two ways. First, they promote the activity of the enzyme,
estrogen sulfotransferase, which attaches the sulphate group to estrogens in the first place. Then at the
other end of the process, flavonoids depress the activity of the enzyme, steroid sulfatase, which is
responsible for removing the sulphate group from the estrogens in order for them to be activated.

The result of these two activities is to increase the reservoir of SEs being held in the body in an

inactive form, and to slow the rate at which they are released from that reservoir to be converted into
the more potent forms such as the 16a.-hydroxy estrogen forms.

Summary of NSE and SE interaction



Flavonoids contribute to the estrogen hormone system and general health of women in two essential
ways —

1. they buffer the impact of estrogen on the reproductive organs, and

2. they provide estrogenic support to the non-reproductive tissues in the absence of estrogen.

These two effects provide the body with the complete estrogen balancing mechanism — protecting
the reproductive tissues in the younger woman from the ravages of excess estrogen, and providing a
support system for the rest of a woman’s body following menopause.

The pre-menopausal woman

By dampening down the total amount of steroidal estrogen being made in the body, by promoting the
proportion of steroidal estrogen being held in the sulphated reservoir, and by competitively inhibiting
the action of SEs on the alpha receptors, the flavonoids are exerting a very significant buffering
effect on estrogen function in the body.

The potential impact of this effect on the reproductive organs is obvious. The flavonoids are not
preventing SEs from working, they simply are acting like a shock-absorber, regulating and lessening
the impact of strong estrogens on the breasts, uterus and ovaries as estrogen levels surge and wane.

The post-menopausal woman

But estrogen is good for us.... we need it in order to maintain the youthful vigour of all of our tissues
. that without it, our bones get brittle, our arteries get harder and our blood pressure rises

unhealthily, our skin gets thinner and drier, our eyes become more crystalline and develop cataracts,

and our bladders become weaker. And this is where the flavonoids really shine, because of their

ability to activate the beta estrogen receptor.

To some extent it isn’t going to matter how much steroidal estrogen is present in the body as far as the
beta receptor is concerned, because the beta receptors don’t really need estrogen when flavonoids are
present. It is not that flavonoids are any better than estrogens for activating beta receptors and
maintaining the youthful vigour of tissues such as bones and arteries, it is simply that flavonoids are
just as good as the SEs in this task.

This action of flavonoids on the beta receptor is the means by which the body is able to create
menopause. Because without such a back-up mechanism, it makes little sense that Nature would have
created menopause. Why make the body generally so dependant upon a hormone that needs to be
reduced in mid-life to allow a woman freedom from childrearing, when doing so would only open the
rest of the body to a serious hormone deficiency? The flavonoids provided the obvious solution. The
fact that these substances come from our diet and don’t rely on our bodies to make them, means that
as long as we keep eating, then their presence in our bodies throughout life is assured. That meant that
Nature could switch off estrogen production in midlife to allow the reproductive organs to become
inactive without prejudicing the health of the rest of the body.

That is the ultimate value of flavonoids to the body — to protect our reproductive organs from estrogen
without prejudice to the rest of the body.

An evolutionary perspective

To help appreciate the partnership between NSEs and SEs, it is useful to consider the matter from an
evolutionary perspective.



Plants represent the vast majority of the history of life on Earth. The emergence of animal life, and
mammalian life in particular, represents just a blink of an eye in terms of that history. Across that vast
spread of time, flavonoids have served as Nature’s primitive but effective sex hormone system. They
remain so to this day in plants, serving to control the reproductive behaviour of plants.

Why do plants need sex hormones? Given that plants don’t menstruate or get pregnant or lactate or
have bones or a cardiovascular system, why would they need weak estrogens? The answer is that
plants still need to reproduce, and reproduction no matter how primitive still requires a hormone
system to drive it. Flavonoids are the largest single family of chemicals in plants, serving a wide
variety of functions in plants, but one of their key roles is to act as plant sex hormones, regulating
reproductive activities such as flowering and budding.

But plants also have the ability to manufacture steroidal estrogens - estradiol, estrone and testosterone.
These hormones are present in most plants at very low levels, although there are a few notable
exceptions. The apple, date and pomegranate contain measurable levels of estradiol and estrone,
leading to ancient cultures identifying these fruits as ‘fruits of fertility’. Since the apple contains the
highest known amount of estradiol of any plant, it perhaps is no accident that it features in legend as
the fruit that Eve used to tempt Adam.

Just why plants make tiny amounts of steroidal estrogens is not known, but the interplay between
flavonoids and steroidal estrogens is illustrated by experiments where botanists have injected animal
estradiol into plants in very tiny amounts and found that they have been able to induce the onset of
reproductive behaviour such as budding and flowering.

Further cementing the evolutionary kinship between flavonoids and steroidal estrogens is the fact that
the manufacturing process used by plants to manufacture flavonoids and modern estrogens are very
similar. In fact, the plant makes flavonoids first, and then uses a couple more chemical steps to
convert the flavonoids into estrone and estradiol.

So NSEs and SEs have existed side-by-side in Nature a long time before animal life appeared on this
planet. But then along came animal life, and with it the need for the sophisticated and complicated
reproductive systems that we see in the higher animal species today. For this level of complexity, a
sex hormone system well beyond that of a plant’s primitive sex hormone system was required. The
development of the mammalian female reproductive system demanded estrogens far more potent than
flavonoids that could drive the growth of reproductive organs within a matter of hours when required.

The basis of that increased sophistication was readily available to Nature. Plants already had the
mechanisms in place to make more powerful estrogens such as estrone and estradiol, so in the
evolution of animal life from plants life, Nature simply preserved and expanded on this manufacturing
system to the point of sophistication that we see in today’s modern woman. But lest we get too
arrogant about our level of sophistication versus that of a plant, just remember that an apple is just as
capable of manufacturing estradiol as you are, and in doing so, is using a process not all that
differently to you.

As animal life gradually evolved from plant life, there would have been a gradual conversion over
time of the biochemical manufacturing process from assembly of flavonoids to that of steroid
hormones (estrogens, progesterone, testosterone, cortisone etc.). There would have been little
evolutionary pressure for those early life forms to retain a dual manufacturing capacity because there
was such an abundance of flavonoids in the plant kingdom. The same principle applies to virtually all
essential nutrients such as vitamins, amino acids and glucose. At one stage, the common ancestor that
we animals shared with plants would have had the capacity to make all of these compounds. But early
on in the evolutionary pathway our ancestors decided to forgo the need to make such essential
nutrients because we could obtain all we needed from plants. Plants do not eat other plants so they
therefore need to be totally self-reliant on these life-sustaining nutrients. But once animals evolved the



capacity to eat plants, they no longer needed to be as self-reliant as plants. Manufacturing compounds
such as vitamins and flavonoids in the body is an energy-intensive process, so where we didn’t need
to do so, we stopped doing so.

With the reliance by pre-humans on plant material for much of their dietary needs, Nature ensured
that we had both forms of estrogen in the bodies to allow the development of a sophisticated female
sex hormone system.

And so the perfect partnership was born. The development of powerful estrogens with the ability to
sustain a sophisticated reproductive system, along with more abundant primitive estrogens that
provided an effective buffering action to those more powerful estrogens, as well as acting as an
estrogen support system to the rest of the body when the more powerful estrogens were reduced due
to times of stress or menopause.

From our earliest pre-human ancestors 200,000 —300,000 years ago, to our earliest ancestors about
80,000 years ago that began to most closely resemble our current forms, a feature of their biology
would have been the large quantities of flavonoids in their bodies. Their hunter-gatherer lifestyle
involving the collection of berries, wild fruits, cereals, root vegetables etc. would have provided a
regular and substantial supply of flavonoids in their diet.

This meant that large quantities of flavonoids were present in the body at the same time that their
reproductive systems were undergoing development and refinement. In other words, the development
of the estrogen system was taking place in the presence of an external force having a powerful
regulating effect on those estrogens. It is inconceivable that some accommodation wasn’t reached in
the face of this extraordinary symmetry of effects.

In fact, what this situation did was to provide Nature with a marvellous opportunity. This
symmetry between two different families of compounds provided Nature with the luxury of
making estrogen a multi-purpose hormone across all parts of the body, but with the opportunity
of separating the estrogen needs of the reproductive parts from the non-reproductive parts.

The presence of the flavonoids with their estrogen-cushioning effects would have meant that steroidal
estrogen levels could be allowed to surge at different times of a woman’s life without risking long-
term damage to the reproductive organs. But it also meant that estrogen levels could be diminished
(eg. during breast-feeding and after menopause) to allow the reproductive organs to become inactive
without compromising the estrogen needs of the rest of the body.

The end result of this evolutionary process is the dual estrogen system that our bodies run on today — a
dual system comprising an ancient, primitive estrogen system that traces its beginnings back to the
emergence of life itself, combined with a more modern estrogen system that probably also has been
around since the beginning of life but which has only flourished since the emergence of animals.



So, what has gone wrong?

In this section we look at why a perfectly designed balancing system has
become dysfunctional and what you can do to re-balance it.



14  Ancient hormones,
modern hodies

The problem in a nutshell is that we have changed the rules under which our bodies originally were
designed to be operated. Our bodies were crafted in response to a lifestyle that endured for hundreds
of thousands of years. Now, in the blink of an eye in evolutionary terms, they have been asked to
adapt to a totally new set of lifestyle rules. The modern female body and its estrogen system in
particular were built and developed for another time.

Natural history museums usually depict pre-historic woman as ape-like (slightly stooped and hairy),
wandering the savannah in search of food, sheltering in caves from the elements, and generally
enjoying a lifestyle that is eons from our modern way of life. That ancient way of life is so foreign to
most of us living in the Western world and the physical appearance of those pre-historic women so
different from ourselves, that it is easy to regard these ancients as about as relevant to our modern
selves as the dinosaur is to a crocodile or the pterodactyl to a canary. And yet despite the changes over
the ages in body shape and appearance and in brain capacity and behaviour, the underlying systems
that control the functioning of the human body are little changed.

A modern woman essentially has the same underlying bodily functions as Eve or of the early females
who walked out of Africa and Asia some 60,000 years ago as part of the first great wave of human
migration. The modern female body externally might reflect physical adaptation in response to a
different and friendlier environment, but internally the multitude of mechanisms that control growth,
reproduction and the functioning of our various organs are ancient mechanisms. We are at our core,
an ancient machine in a modern wrapping.

Estrogen levels — designed for another place and another time

Our female sex hormones are an ancient heritage. They are the result of an adaptation to an ancient
lifestyle that would have changed little over hundreds of thousands of years. This was a primitive
lifestyle that was tied to the rhythms of nature. At a time when the human reproductive system was
evolving, life was very different to what we know nowadays. Uncertainty would have been the
dominating influence - uncertainty over the availability of food and shelter, levels of physical stress,
and so on. Life would have been fairly precarious and fairly tough.

Young girls would have become pregnant at their first or second ovulation, and then gone on after
pregnancy to breastfeed the baby for an extended period of time as her milk may well have been the
most assured form of nutrition for the infant. The subsequent pregnancy probably would have
followed almost immediately upon resumption of ovulation. In between pregnancies, the vicissitudes
and uncertainties of life at that time would have conspired to ensure that her reproductive system
would have shut down for varying periods of time in order to ensure her survival, with ovulation
returning only when times improved. This is a common phenomenon throughout the animal kingdom.



The female reproductive system is not a vital system in the sense that the heart, liver or brain is vital.
The function of the reproductive system can be sacrificed if environmental demands require it.

The levels of estrogen that these ancients would have been exposed to over their reproductive lives
would have been just a fraction of what they are now. And under these circumstances, the task of the
flavonoids would not have been great and therefore the amount of flavonoids needed to effectively
‘balance’ the estrogens in her body would not have been great.

But times have changed. The amount of estrogen that the body of the modern woman makes is
multiples of those in her ancient ancestors. The female reproductive organs in the modern woman are
carbon-copies of those in her ancient cousins — they are the same size and shape, they function the
same, and they respond to estrogens in the same way. That has not changed.

What has changed, is that there is about 10x more estrogen in the body at any one time than
there was 50,000 years ago, but that the auxiliary, back-up balancing system - the voluntary
system — not only hasn’t been increased to compensate, it actually has been decreased.

The insulin example

The hormone, insulin, is another example of an ancient hormone system struggling to keep pace with
modern living.

The role of insulin is to control the level of sugar in the blood by facilitating its access to cells. Sugar
is the fuel that our cells need to burn to keep operating. Even when the body is at rest there is an
underlying energy need, but this rises dramatically when our organs and muscles are called on to
perform work. So the need for sugar in different parts of the body varies tremendously from hour-to-
hour. The problem with keeping large amounts of sugar in the blood in readiness for peak needs in a
particular tissue is that too much sugar in the blood damages the blood vessels. That’s where insulin
comes in, by ensuring that blood sugar levels are kept to an adequate but minimum level when we are
at rest, but can rise sufficiently to meet peak demands as required.

The insulin system, like the estrogen system, was developed under conditions vastly different to those
we now experience. Those conditions would have been characterised by an entirely unpredictable
food supply. Periods of adequacy would have been interspersed regularly with periods of famine and
deprivation. This would have been the norm facing the insulin system as it was developing over
hundreds of thousands of years.

This pre-historic lifestyle meant that the insulin system had to have enough inbuilt flexibility to cope
with a fluctuating feast:famine pattern when the body would alternatively be bombarded with sugar or
deprived of sugar, while at the same time making sure that there were adequate blood sugar levels to
meet fairly constant high energy requirements.

But insulin’s flexibility clearly has failed in the face of a modern lifestyle that bombards the body
constantly with excess fuel. Our ancient ancestors would only have called on the insulin system to
control high blood sugar levels occasionally because their cyclical energy-rich:energy-poor diet. Our
modern diet however, provides such a constant over-supply of calories relative to our energy use that
our insulin system remains under constant pressure. Eventually something has to crack.

In the case of insulin, that crack is a systems failure that shows up as Type 2 diabetes, the type of
diabetes that typically develops in older age. The constant bombardment of the insulin system means
that it has become exhausted by the time many of us reach the age of 50. The failure of insulin to
respond to a consistently high calorie diet means that the blood sugar levels stays at dangerously high



levels on a continuous basis. This in turn damages blood vessels, leading to common complications
such as poor blood supply to the legs and blindness.

The estrogen system has come under similar pressure, although whereas the problem with insulin is
under-performance, the problem with the estrogen system is over-performance. But the principle is
the same — we cannot expect hormone systems developed for an ancient way of life to cope with the
demands of a modern way of life. With the insulin system there is no alternative — the only way to
avoid Type 2 diabetes is to have a less energy-rich diet. At least with the estrogen system, we can still
hold to our modern lifestyle and manage this change by adjusting the voluntary mechanism to
compensate.
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Modern Eve is making more estrogen than was ever intended and ever planned for.

This build-up in estrogen levels is something that has been going on over the last few centuries, but
has reached a crescendo in the last 100 years, placing the estrogen ‘balancing’ system under such
enormous pressure that it finally has cracked. Simply put, as a result of the failure of the ability of the
body to absorb the impact of this excessive estrogen, the modern woman’s reproductive tissues are
experiencing excessive and abnormal estrogen stimulation.

This extra estrogen production by the body has come about because of a number of important changes
in our lifestyle. These are changes that in the 21% century could never have been contemplated when
the estrogen system and the female reproductive system were being moulded tens of thousands of
years ago.

Those lifestyle changes come down to three main factors.

(1) Women are ovulating more

Ovarian activity (ovulation) represents the major source of potent estrogens in the body. Therefore,
the more owvulations that a woman has, then the more strong estrogens will be pumped into her
bloodstream. At the same time that estradiol is surging out of the ovary at the time of ovulation, the
body is also making the weaker estrogens (estrone and estriol) to help cushion the effect of that
estradiol. But those weaker estrogens are only present at modest levels. In pre-menopausal women,
the typical ratio of estriol : estradiol in blood is in the order of about 4:1, which is not very high in
terms of providing a cushioning effect through competitive-inhibition. Effective competitive-
inhibition between weak and strong compounds generally requires a much higher ratio than 4:1.
Flavonoids are there to augment that capacity in order to achieve optimal competitive inhibition, but if
the voluntary balancing system is itself under-performing, then the body is going to struggle to
contain the stimulatory effects on the reproductive tissues of all of this extra estrogen.

The unavoidable biological truth is that women were designed to have only a limited number of
ovulations and menstrual cycles over their reproductive lives. For Eve, her destiny as a young woman
was to enter a cycle of repeated pregnancies relieved only by the onset of menopause. For Eve,
ovulation (and menstruation) would have been an uncommon event that marked her return to a fertile
state and in most cases would have signalled the likely start of the next pregnancy. For women in
previous generations, fewer ovulations = fewer estrogen surges = lower lifetime exposure of
reproductive organs to estrogen. The current situation of repeated ovulations and estrogen surges is a
trend that has been going on for the last few centuries, but this rate of change has accelerated
dramatically over the last century.



This all has to do with our changing attitudes to having children. Just consider how much our attitudes
have changed over the past 75 years since our great-grandmothers’ time. They had more children,
they started having them at an earlier age, and they were more inclined to breast-feed for longer. Over
just three generations, the average age at which women are having their first baby has risen from 23
years to 28 years, the average number of children has halved (from 4.5 to 2.2), and both the
proportion of women breast-feeding and the length of time that babies are breast-fed have fallen.

Breast-feeding is a natural suppressor of estrogen production, suppressing ovulation and thereby
suppressing estradiol production. This is a natural defence mechanism in biology, ensuring that the
woman didn’t have the additional nutritional burden of supporting a new pregnancy while still breast-
feeding an infant. This underwrote the survival of the child by ensuring that the mother devoted her
energy reserves to the suckling child, rather than have to divide limited body reserves between a child
at her breast and another within her womb. During breast-feeding, total estrogen levels fall
substantially back to resting levels, which without the benefit of regular ovulations, remain at the
relatively low levels of between 20-100 pg/mL compared to between 100-350 pg/mL at the time of
ovulation.

In native cultures today, breast-feeding normally continues for about 2 years and in most women
during this time, ovulation is suppressed, or at worst infrequent, particularly if their level of nutrition
is not high. Each period of breast-feeding (24 months) means an absence of 24 monthly ovulations
and estrogen surges. Even today, a woman in primitive African or New Guinean cultures will only
experience about 6-15 menstruations in her lifetime compared to about 300-350 in most Western
cultures. That means, the average Western woman is being bombarded with surges of estradiol with
only minimal protection from the weak estrogens for about 90% of her reproductive life when Nature
planned on it being no more than about 10-15%.

We need to remember that at heart we are animals and therefore bound by the same biological rules
that apply to all other animals on Earth. We might be able to control our environment and our destiny
to a greater extent than other animals, but we still are subject to primitive forces that are common
throughout nature. Our ancient ancestors would have behaved no differently to other animal species in
terms of one of those primitive forces, reproduction. The young girl would have become pregnant on
reaching puberty or shortly after. From that point onwards, she would have been in a fairly constant
cycle of pregnancy and breast-feeding. She was designed to start reproducing as soon as she was
physically able to, and to stop doing so only when advancing age intervened.

And even in those periods between child-rearing, the woman’s environment would have conspired to
ensure that ovulation was suppressed. The sheer physical load on the ancient woman and her
uncertain nutritional status almost certainly would have led to irregular ovulation. Switching off
ovulation is a self-preservation thing that all females of any species do at times of nutritional
uncertainty. The generally good level of nutrition and the generally physically stress-free life that
most women lead in our modern society guarantees that women will ovulate without interruption
throughout their reproductive life. This would not have been the normal situation with our ancient
ancestors, where the stress of an uncertain and poor level of nutrition would have triggered the in-built
safety mechanism and switched off ovulation. This ancient protective mechanism comes into play still
today if girls severely limit their food intake during strict dieting, and particularly in anorexic girls.
Extreme athletes and ballet dancers who push their bodies to physical limits, also often find that their
menstrual cycle stops as long as they are exercising, more than likely an ancient mechanism that
purposely reduced the likelihood of pregnancy occurring during periods of considerable physical
activity, such as forced migration from place-to-place.

As politically incorrect as it might sound, ancient woman shared the same role as the female of any
species - to be a producer of young to ensure the survival of the species. Providing her environment
was conducive, she was intended to be perpetually either pregnant or suckling a child.



Things began to change in Western society a couple of centuries ago with the liberation of women
from the yoke of the perpetual pregnancy/suckling cycle. Increasingly, women began to gain some
control over their destiny as far as child-bearing was concerned, with at least some capacity, albeit
primitive and not greatly reliable, for family planning. Primitive condoms, an understanding of ‘safe’
times of the month for intercourse, and an increasing willingness to use the word “no”, started to see
the number of ovulations and menstruations edge up.

That element of choice has now reached the level of sophistication that we enjoy today in the form of
barrier and oral contraceptive devices. Where contraception is based on the rhythm method
(predicting the time of ovulation), or physical methods (resection of Fallopian tubes, intra-uterine
device, condom, cervical cap), or spermicidal cream, then ovulation will proceed unhindered and the
woman will be exposed to the full estrogen surge at each ovulation. Women employing this sort of
contraception can usually be certain of having regular menstruations and ovulations every month for
every year of 30 or so years of reproductive life, interrupted only on about two occasions of 15
months or so when she has children and carries out a limited period of breast-feeding. That’s about 27
years of constant ovulations, or 324 ovulations and menstruations and estrogen surges.

Oral contraception offers some relief from this - by suppressing ovulation, the full estradiol surge is
contained. However, it is still not as effective as lowering the total estradiol load as comes with
breast-feeding.

In summary, modern family planning rightfully has been hailed as a major social step forward for
women. And while it undoubtedly represents social progress for women, it has come at a price
because it runs counter to the physiological inheritance and biological destiny of women. As we have
seen, that destiny is a reproductive system designed for occasional bouts of ovarian (and estradiol)
activity separated by long periods of ovarian inactivity. It was never designed for regular, frequent
estradiol surges.

(2) Modern women are reaching puberty at an earlier age.

One of the more curious phenomena of recent years is the earlier onset of puberty in Western girls. In
Asian countries and in traditionally-living native populations such as in Papua and New Guinea,
menstruation typically does not start until a girl reaches the age of 16-17 and they generally don’t start
ovulating regularly until a year or two later. But in countries such as the United States, menstruation is
now starting at about 11-12 years, with regular ovulation kicking in at about 12-13 years. There are
even alarming reports beginning to crop up of menstruation beginning in girls as young as 8 years.
The only thing that can be driving this effect is earlier onset of estrogen production by the body.
Earlier onset of puberty adds another 4-5 years of estradiol exposure to a woman’s lifetime, adding to
the already high number of menstrual cycles to which she is already exposed.

(3) More body fat means more estrogen.

As we learnt earlier, estradiol is produced by fat tissue in addition to the ovaries. Obesity (defined as
being at least 20% over your ideal body weight) leads to increased levels of estradiol in the body, as
much as 40% higher than in non-obese women. We can reasonably assume that the ancient lifestyle of
regular hard physical activity and a Spartan diet would have led to a considerably lower level of body
fat than that seen in our modern society. Obesity is a modern phenomenon that must be contributing a
level of estradiol production never accounted for in the original design of a woman’s body.



Modern versus ancient estrogen exposure

If there is such a thing as the typical woman in modern Western society, then we can compare her
history of estrogen exposure compared to her equivalent some tens of thousands of years ago as
follows.

Primitive woman Modern woman Modern outcome

Level of nutrition poor very good more regular, frequent ovulations
Physical stress high low more regular, frequent ovulations
Body fat lean mildly overweight extra estrogen production in fat
Age of puberty >13 <13 additional 2 years of ovulations
Age of 1% pregnancy 15 28 more regular, frequent ovulations
Breast-feeding 2 years usually < 6 months additional 18 months of ovulations
No. of ovulations <50 250-300 at least 200 additional estrogen surges

over a lifetime

Estrogen is a good example of the dictum that “too much of a good thing can be bad for you.” That
appears to be what is happening to the younger woman in today’s modern society. Fewer children,
shorter duration of breast-feeding, lower levels of physical activity, a better plane of nutrition,
increased body fat, and a low roughage diet are all factors contributing to a situation of ‘estrogen
overload’.

The involuntary and voluntary estrogen balancing mechanisms were only ever designed to absorb and
cushion a certain amount of estradiol. The sort of lifetime levels of estradiol that we are talking about
(several hundred times higher than the ancients) would never have been encountered en masse in
human history and therefore would never have been allowed for. The protective blanket effect thrown
over the reproductive tissues by the weaker NSEs and SEs are able to work up to a point. But faced
with a constant bombardment, more and more alpha estrogen receptors inevitably will become
activated. As activation of these receptors generally produces growth of the reproductive organs, a
constant and unnaturally high level of activation inevitably is going to eventually result in abnormal
growth. Endometriosis, endometrial hyperplasia and endometrial cancer are consequences of
excessive growth of the endometrium; uterine fibroids is a consequence of excessive growth of the
wall of the uterus; mastalgia and breast cancer are consequences of excessive growth of breast tissue;
ovarian cysts and ovarian cancer are the consequences of excessive growth of ovarian tissue.

For the non-reproductive tissues such as the brain and bones, it doesn’t seem that ‘estradiol overload’
is so much of a problem. Unlike the reproductive tissues, the rest of the body responds to estrogen by
increased function, not cell proliferation. And even here, there appears to be a natural threshold effect.
That is, once a certain level of estrogen is achieved, increasing the level of estrogen or the potency of
the estrogen does not appear to increase the response by the beta receptors within those tissues. But
even if those tissues were to be over-activated by excess estrogen, it is hard to see how feeling
happier, or having stronger bones, or having better hydrated skin is going to be a problem.



16) Adeficient voluntary
mechanism

The key question is, is the problem simply one of the involuntary estrogen-balancing mechanism
being stretched to the point that the voluntary mechanism, no matter how good, simply could not
cope? Or has the voluntary mechanism also failed, compounding the problem?

The answer to this question lies in two observations. The first is the China experience of the one-child
policy. Introduced in 1979 and pertaining to urban couples, the effect has been to bring about a
dramatic change in the physiology and estrogen exposure of the average Chinese woman. From a
situation where multiple births were the norm, in the one generation, Chinese women went from
having a greater number of children on average compared to their Western counterparts, to having
less than half the Western average. If ever the involuntary estrogen-balancing mechanism was going
to be put under stress it was this one government decree. Overnight, Chinese women suddenly started
experiencing considerably more ovulations than ever before, and by implication, more estrogen
surges. And yet it appears to not have caused the problems with the female reproductive tissues that
we see in Western countries. There has not been a sudden upsurge in reportings of uterine fibroids, or
polycystic ovarian disease, or ovarian cancer, or mastalgia, or breast cancer. Even allowing for
cultural differences in what leads Chinese women to seek medical care or how disease statistics are
reported, it is difficult to believe that some inkling of an upsurge in problems would not have come to
light to date. This suggests that despite this sudden and dramatic change in reproductive behaviour,
the estrogen-balancing mechanism has held fast in these women.

The second observation is that irrespective of what changes in reproductive behaviour have occurred
in Western women in their pre-menopausal years, a properly functioning involuntary balancing
mechanism should still be able to support the estrogen needs of a woman after menopause. And yet
very clearly this is not happening.

Putting these two observations together, it appears that the involuntary balancing mechanism has been
pushed to the limits in both Western and Chinese women, and arguably to an even greater extent in
Chinese women, but that a fully functioning voluntary mechanism has protected Chinese women,
while the same mechanism has failed to protect Western women.

The problem is that the voluntary estrogen-balancing mechanism in Western women is deficient, and
this comes down to diet and the type and amount of estrogenic flavonoids that we are eating. Western
women simply are not getting enough of the right NSEs to ensure a healthy and well-balanced
estrogen system. In this chapter we look at why the voluntary mechanism has failed in Western
women, and what you can do to correct it.



Flavonoid estrogens

There are over 5,000 different flavonoids in plants. Every plant has them and virtually every plant has
them in substantial quantities. They are the hardest-working chemicals in plants, doing everything
from providing the coloured pigments in flowers, to helping fight insects, to protecting the plant
against stress, to regulating reproductive behaviour.

Humans on average consume about 300 mg (about 1/10" of a teaspoonful) of flavonoids in total each
day. Unless someone was eating a purely meat diet, then it is inevitable that they will be getting at
least some flavonoids on a daily basis.

Nobody is sure just how many of the 5,000 different flavonoids that are present in our diet are
estrogenic. But what we do know is that there are about 20 individual flavonoids that are probably
contributing the great bulk of estrogenic flavonoid activity. It is likely that the final figure is going to
be in the hundreds once scientists bother to look more thoroughly, but even if we do ultimately
identify more, these 20 probably are always going to be the most relevant because of their pre-
eminence in our diet and because of their estrogenic strength.

In the same way that the SEs made in our body vary tremendously in estrogenic strength, so the
estrogenic flavonoids also vary tremendously in estrogenic strength. Their ability to modify estrogen
manufacture and function, to stimulate beta estrogen receptors, and to compete with estradiol for the
alpha receptors varies by as much as 10,000x from one flavonoid to another. The key, therefore, to
ensuring an adequately functioning voluntary estrogen-balancing mechanism, is to eat a diet that will
provide the more high-octane NSEs. Eating 300 mg of flavonoids where their average estrogenic
potency is about 10,000x less than estradiol, is not going to be as effective as where the average is
only 200x less than estradiol.

And therein lies the problem.....we have changed our diet to the extent that the typical Western diet
delivers the weakest NSEs, while more traditional diets such as the Chinese diet deliver the strongest
NSEs.

The 20 main estrogenic flavonoids are all members of the same overall chemical family, but within
this family, there are a number of sub-families based on minor differences in their chemical structure.
It is these minor structural differences that account for the big variations in the estrogenic strength
from one flavonoid to another.

The different sub-families go by their chemical names — chalcones, flavones, flavonols, flavanones,
lignans, isoflavones and coumestans. These 7 sub-families and their main estrogenic members are
shown in order of increasing estrogenic potency in the table below.

4 Chalcones

These are the weakest estrogens of all the flavonoids as well as being one of the least frequent. You
need about 20,000 chalcone molecules to have the same estrogenic punch as 1 estradiol molecule.
That weakness, plus their generally low levels in plants, means that this family of flavonoids probably
makes only a minor contribution to our overall estrogen balance. Chalcones are found in most plants
because they are used as the starting point by the plant for making all the other types of flavonoids,
but chalcones mostly are converted into the other more potent flavonoids. Apple-seeds and liquorice
are good sources of estrogenic chalcones.



Chemical family Plant sources Estrogenic strength

Chalcones all vegetables, fruits
Flavonols red/yellow vegetable, fruits B

Flavones yellow/white vegetables, fruits
Flavanones citrus fruit

Lignans nuts, berries, cereal grains W,

Isoflavones legumes, pulses
Coumestans legumes, pulses

+ Flavonols

This family of flavonoids accounts for the bulk of flavonoids in most people’s diets. Flavonols are
mostly yellow/red pigments and contribute in a major way to the colours of most fruits and
vegetables. Red grapes (and hence red wine) and yellow/red-coloured fruits (eg. plums, peaches,
tomatoes, watermelon) and vegetables (eg. carrots, peppers) are rich sources of estrogenic flavonols.
These flavonoids are still quite weak, requiring up to 10,000 flavonols to equal 1 estradiol.

4 Flavones

Flavones rank second to flavonols in terms of their abundance in the Western diet. Like the flavonols,
the flavones are pigments, with pale yellows and whites being predominant. Flavones are abundant in
nature in the leaves, seeds and fruits of a wide range of plants, but particularly yellow- and white-
coloured fruits (eg. bananas, pears, apples, melon) and vegetables (eg. cauliflower, aubergine,
cucumber). Flavones have the same estrogenic strength as flavonols.

4 Flavanones

Flavanones are limited mainly to citrus fruit. The flavanones occur throughout the body of fruits such
as lemons, oranges and grapefruit, but are particularly concentrated in the skin, although most citrus
fruit juices would contain small amounts of estrogenic flavanones. The bitter taste of citrus skin is due
to the flavanone content. Flavanones have the same estrogenic strength as flavonols and flavones.

¢ Lignans

Lignans are very widespread in plants, being present in most fruits, vegetables and cereals. The main
sources of lignans in the human diet are nuts, berries and cereal grains, although linseed (or flax) is
unique in having particularly high levels of estrogenic lignans. Lignans have the same very weak
estrogenic strength as flavonols and flavones.

¢ Isoflavones

This group arguably is the most important of the all of the flavonoids for humans, and certainly in
terms of estrogen-balancing. If chalcones are the first stepping-stone in the manufacture of flavonoids
by plants, then isoflavones are the final stepping-stone. In fact, very few plants have developed this
final manufacturing step. Throughout the plant kingdom, the only group of plants that have really
developed this final assembly apparatus to any extent is the legumes. Legumes by definition are plants
that have the capacity to fix nitrogen from the soil and to convert it into protein. Legumes typically
have much higher levels of protein than other types of plants and for that reason are widely used by



humans as a source of dietary protein. Legumes commonly eaten by humans include soybeans,
peanuts, chick peas, lentils, navy beans etc. Legumes consumed by humans are known as ‘pulses’.

¢ Coumestans

The coumestans are a type of isoflavone. There is only one member of the coumestan family that is
estrogenic and that is coumestrol. Coumestrol is the most potent of all the estrogenic flavonoids. Like
the isoflavones, coumestrol is only found in legumes, with the highest levels occurring in very young
legumes such as the young sprouts of alfalfa, clover, soy and mung beans. Coumestrol is only present
in very young plants.

Plant flavonoids converted to human flavonoids

There is one final feature about the flavonoids in our diet that is important to understand. Nature
provided one final, important step in making plant flavonoids even more useful to humans. This step
was to give humans the ability to convert plant flavonoids into even stronger NSEs in order to provide
even greater estrogen-balancing capacity. This conversion into stronger estrogens takes place in the
gut and is part of that biological activity that we humans are embarrassed about, but every other
animal is grateful for — flatulence.

Our large bowel is nothing more than a fermentation factory. It is full of bacteria whose task it is to
work on everything that has come through the gut and escaped the digestive process- in particular,
large carbohydrates like plant fibres that our digestive enzymes higher up in the gut cannot break up.
The body uses these bacteria to attack these carbohydrates with a vengeance, fermenting them and
converting them into simple compounds that can be readily absorbed in the same way that yeast is
employed in the beer and wine industries to ferment complex plant sugars into alcohol.

Many of the flavonoids in the plants are attached to these large, indigestible fibres, and so they tend to
get picked up by the bacteria in our large bowel at the same time as the fibre and get caught up in the
while fermentation process. The result is that they get chemically altered and get converted into new
types of flavonoids that are only found in animals and not in plants.

We’ll take the estrogenic isoflavones as an example of this process. Plant isoflavones are relatively
weak estrogens, being about 1/1000"™ as strong as estradiol. When we ingest isoflavones, about one-
third get absorbed in the small intestine and go directly into the bloodstream before the bacteria get a
chance to ferment them. The other two-thirds of the isoflavones go through with the undigested
foodstuff to the large intestine where they are subjected to bacterial fermentation. That fermentation
process turns the plant isoflavones into new isoflavone compounds, the main one being a compound
called equol (so-named because it was first found in the urine of a horse). Equol is a relatively strong
estrogen, displaying about 1/100™ the strength of estradiol, or in other words, about as strong as
estriol. The significance of equol is that it is arguably the most important NSE in the human body, and
therefore the NSE that the voluntary estrogen-balancing mechanism relies on most.

This situation is akin to that of vitamin A. Plants contain little or no vitamin A. Instead, they contain a
substance known as beta-carotene. This is a bright orange pigment that is rich in vegetables and fruits
such as carrots and tomatoes. In our bodies, beta-carotene is converted into vitamin A, in so doing
increasing the biological activity hundreds of times. But not all the beta-carotene is converted into
vitamin A — about 25% remains as beta-carotene. So, after eating some carrots, our blood will contain
a mixture of beta-carotene and vitamin A. Both substances are capable of providing biological activity
in the body, but the vitamin A component providing most of that activity. This is an identical situation
with flavonoids such as isoflavones. The plant isoflavones are perfectly capable of providing an
estrogenic effect and contributing to estrogen balance, but Nature has given humans the capacity to
modify these plant substances into more potent substances that are of even greater use to the body.



A woman in a country such as the US, eating a typical Western diet, would contain negligible levels
of equol in her blood. A woman in China normally would contain levels of equol some hundreds of
times greater than steroidal estrogens. That is, she has in her blood on an almost daily basis
throughout life, an NSE that has the equivalent estrogenic potency of estriol, but at levels that estriol
or any of the other SEs could never achieve. It is inconceivable that the presence of that one NSE
alone would not be exerting a significant biological effect on that woman’s estrogen balance.

Not all plant estrogens are desirable

Just to finish discussion on NSEs, we need to dispel one or two myths.

Flavonoids are not the only substances in plants that are estrogenic. There are some other plant
substances that display estrogenic activity in humans when eaten. The key difference between the
flavonoids and these ‘other’ plant estrogens is that it is only the flavonoids that are capable of
estrogen-balancing. In fact, these ‘other’ plant estrogens can actually make the situation worse for
women.

Many of the herbs traditionally used by herbalists to provide an estrogenic effect in women depend on
the action of these ‘other’ types of estrogen for their effect. These include black cohosh, liquorice and
ginseng.

Chemicals that have this effect include terpenoids and saponins. These substances fortunately are not
present in the human diet to any large extent, and are usually only encountered by humans when
delivered in the form of herbal products. On the whole, these compounds behave in a similar manner
to estrogens such as estradiol, often having an estrogenic effect as potent as estradiol. Unlike the
flavonoids, they do not distinguish between the alpha and beta estrogen receptors. For pre-
menopausal women in particular, this means that not only are they not contributing to ‘estrogen
balance’, but also they have the potential to actually make the imbalance worse.

That is why the term ‘phytoestrogen’ is so misleading, because it can lull the consumer into thinking
that all plant estrogens fall into the same category of being green and friendly. This is not the case and
certain plants should be avoided, despite the spurious claims for being able to ‘balance’ a woman’s
estrogen. Often such plants have been selected because they have been found over the centuries to
produce an estrogenic effect in women, being used for such purposes as inducing ovulation in infertile
women. This type of effect is a classic estrogenic effect, the direct opposite to the effect of flavonoids.
Where the estrogenic flavonoids reduce the impact of estrogens on the reproductive organs in younger
women, these ‘other’ plant estrogens actually boost their impact. For the woman who already has
impaired estrogen-balancing function, using these ‘other’ plant estrogens could be potentially
disastrous.

These ‘other’ plant estrogens include the following.

(a) Saponins

Estrogenic saponins are found in low levels in many commonly eaten root vegetables such as potato,
carrot, yam, liquorice and asparagus. One of the best known estrogenic saponins is diosgenin which is
found in the Mexican yam and which for many years was extracted and synthetically modified by the
pharmaceutical industry to produce the estrogens and progesterone found in oral contraceptives and
HRT pills. This does not mean that you should avoid potatoes, carrots etc. The level of these
substances in those plants is so low that even large amounts of those foods on a regular basis will not
have any appreciable effect on estrogen balance within the body. But dietary supplements that extract
and concentrate such substances from plants such as wild yam should be taken with great care.



(b) Triterpenoids

These chemicals probably are not all that relevant to the general human diet, but they are present in
certain plants that are used herbally to treat infertility and menopausal symptoms. Ginseng, liquorice
and black cohosh are the three best known sources of estrogenic triterpenoids.

Not a lot is known about how the triterpenoids exert their estrogenic effect. Some of them have been
shown to stimulate the estrogen receptor directly, while others like the estrogenic saponins have been
shown to stimulate the brain to send messages to the ovaries to make more estrogen. The fact that
long-term use of plants such as ginseng and black cohosh are reported to produce symptoms such as
breast tenderness and uterine bleeding suggests that they are producing a classic estrogenic effect and
therefore only further contributing to estrogen imbalance.

So, what has gone wrong?

Simply put, we Westerners don’t eat enough of the right estrogenic flavonoids. The average woman in
the US or the UK or Scandinavia or Australia might have the same number of estrogenic flavonoids in
her blood as a woman in China or Japan or Singapore or Morocco or Lebanon, but they will be vastly
different in terms of NSE activity.

You may be following the sort of diet that dieticians and community health officials would
congratulate you for.... a diet based on the classic food pyramid comprising a good amount of cereals,
2 pieces of fruit and 3 servings of vegetables a day. This might entail some cereal plus a mango for
breakfast, a chicken, lettuce, tomato and courgette salad at lunch-time, and a stir-fry of broccoli and
peppers and rice and lean steak eat night. All very healthy and satisfying in terms of calories and low
Gl carbs and protein and fat. It will even be providing a decent quantity of flavonoids and plant
vitamins and trace elements. But it won’t be delivering a particularly significant estrogen-balancing
function.

What you will be missing out on that women in China, Japan, Korea, Singapore, India, Morocco,
Lebanon and other Mediterranean and North African countries are getting is the strongest form of
estrogenic flavonoids and the most traditional form of estrogenic flavonoid — the isoflavones.



17  Theisoflavone story

Introduction

The voluntary estrogen-balancing mechanism in women eating a traditional Asian or Mediterranean
or Latin American or North African diet is strong because they are deriving a significant proportion of
their daily protein requirements in the form of plant material, and plant protein is associated with the
most potent of all non-steroidal estrogens - estrogenic isoflavones.

The voluntary estrogen-balancing mechanism is weak in Western women because they typically
derive almost all their dietary protein from meat, and in so doing have lost the stronger forms of
estrogenic isoflavones from their diet. Without estrogen isoflavones, they are reliant on the
considerably weaker NSEs for estrogen-balancing function, and these are just not up to the job.

So the origin of the problem relates to the seemingly innocuous matter of how we obtain our dietary
protein.

All plants make protein, which they do by taking nitrates from the soil and converting them into
amino acids which then are assembled into chains of protein. When we eat that protein, our gut breaks
it down to its individual amino acids which we absorb and reassemble into our own proteins. If all we
ate was fruit and (most) vegetables and cereals and nuts and berries, then over time we almost
certainly would suffer a protein deficiency. Plants in general simply do not contain enough protein to
provide the human body with the amino acids it needs or the nitrogen it needs to make additional
amino acids. It works for herbivores like cattle and horses because they eat such large quantities of
plant material to compensate for the low protein levels in plants. But humans can’t. There is a
practical limit to the amount of plant material that we can eat, and that limit falls well short of meeting
our daily protein needs. Humans need about 1 gm of protein per kg of body weight per day. It is just
not physically possible to eat enough cereal grains, fruits or vegetables to supply that protein need on
a daily basis.

There are two ways of obtaining this additional protein. One way is through animal products

(meat, fish, dairy products, eggs etc). The other way is through pulses. In most Western cultures, we
have embraced the animal product approach almost solely. At the other end of the spectrum,
vegetarians meet the additional demand through pulses alone. The vast majority of the world’s
population sits in the middle - most Asian, North African, Mediterranean, Latin American and Indian
sub-continent communities rely on a roughly 50:50 mixture of animal products and pulses.

A pulse is the name given to a legume eaten by humans, and when you eat a legume, you eat
isoflavones. The two are inseparable.

Legumes have a special capacity to make protein. Where other plants like cereals and vegetables and
fruits contain between about 2-10% protein (on a dry weight basis), legume seeds are up around 20-
40%. That is their distinguishing feature in the plant kingdom. And the reason they have this feature is
because they contain isoflavones. Isoflavones are what makes a legume a legume.



Other plants make protein by absorbing nitrate salts from the soil through their roots, taking the
nitrogen from the nitrates and then turning that into protein. [Nitrogen is an essential element of
protein, and is what distinguishes protein from carbohydrates and fats]. Legumes have taken this
capacity to a much higher level of sophistication. They don’t need the nitrogen to be present in the
form of nitrate salts as all other plants do. They can take nitrogen gas that is present in the soil and use
it in a process known as nitrogen fixation. The actual process of nitrogen fixation is carried out by soil
bacteria known as Rhizobium spp. The legume attracts these bacteria to their roots where they
establish colonies about the size of small peas. These colonies take nitrogen gas from the soil and turn
it into amino acids, which the legume plant then uses to form plant protein. As strict vegetarians
prove, the amount and type of protein in pulses is sufficient to meet the full protein requirements of
both young and adult humans.

Isoflavones play a critically important role in the nitrogen-fixation process. They provide the lure that
brings the bacteria to the legume’s roots in the first place, and then go on to regulate the bacteria to fix
the nitrogen. Hence the fact that all legumes contain isoflavones, and the fact that isoflavones are only
found in legumes.

The estrogenic isoflavones

There are upwards of 1500 or so different isoflavones in the legume family, doing much the same
range of things in the plant that the rest of the flavonoids do, like fighting off insects, or helping plant
tissue heal itself when damaged, or regulating reproductive activity.

The vast majority of these 1500 or so isoflavones are irrelevant to humans. We are highly unlikely to
encounter them in anything more than trivial amounts in our diet, or even if we do, they have little or
no biological activity in animals. There are really only 4 isoflavones that are relevant to humans and
they are

genistein

biochanin

daidzein
formononetin.

Genistein, daidzein and formononetin were named after the botanical names of the Mediterranean
plants from which they were first isolated. Biochanin takes its name from the Indian word ‘channa’
which is the foodstuff derived from ground chick pea or lentil sprouts. These sprouts are very rich in
biochanin, so named because it was a compound with biological properties (bio) from channa
(chanin).

These 4 are relevant for three reasons. First, they are the isoflavones responsible for the plants’
nitrogen-fixing activities, and therefore are present in all legumes, whereas other isoflavones are not
necessarily present across all different legumes. Second, they are present in legumes at hundreds or
even thousands of times higher levels than any other isoflavones. Third, they are the only isoflavones
with any significant estrogenic activity.

All 4 estrogenic isoflavones are present in every legume, but each type of legume has its own
individual fingerprint of the ratio of the four. Nevertheless, the important thing is that whether you are
eating only one kind of legumes or several different kinds, you are going to be exposed to all four.
Once these four isoflavones reach our gut, they follow a couple of different pathways. About one-
third of them get absorbed from the small intestine and appear in blood in exactly the same form as
they are in the plant. The genistein and daidzein remain in that form, while biochanin and
formononetin are mainly (but not completely) converted in the liver to genistein and daidzein
respectively.



The remaining two-thirds of the dietary isoflavones travel down the gut to the large intestine where
bacterial fermentation converts them into a range of new isoflavone compounds that are unique to
animals and which are absorbed into the bloodstream.

A meal of legumes, regardless of the type of legume, delivers a fairly similar outcome in terms of
what appears in the blood. And this is

B about 70% of isoflavones in blood are 10-15 new isoflavones (from fermentation)

B about 20% is genistein and daidzein

B about 10% is biochanin and formononetin.

All of these different isoflavones are biologically active in humans, and in particular, all are
estrogenic, although to varying degrees.
I Biochanin and formononetin are very weak estrogens — about 5,000x weaker than estradiol.
B Genistein, daidzein and most of the new isoflavones are weak estrogens — about 1,000x
weaker than estradiol.
B Some of the new isoflavones, and equol in particular, are moderately strong estrogens — about
100x weaker than estradiol (equivalent to estriol).

Where someone is relying on legumes as their sole source of protein (as with strict vegetarians), the
amount of estrogenic isoflavones in the diet each will be between about 50 — 200 mg daily. Where
there is a roughly 50:50 mixture of pulses and animal products in the diet, then the daily intake will be
about 20-50 mg daily. The typical Western diet delivers somewhere between 0-2 mg daily.

Pulses and the human diet

The great majority of the world’s population relies to this day on pulses for a significant proportion of
their daily protein. There simply is not enough meat in the world to meet the protein requirements of
6.8 billion people, and never will be. Pulses have been providing protein to humans for thousands of
years, and seem set to continue to do so as a growing population pressure brings about a rising crisis
in food production.

Lentils growing in Southern Europe reputedly were the first pulse to be harvested by man, but a
progressive scouring over the centuries through the 15,000 or so other members of the Leguminosae
plant family, eventually identified a range of legumes that proved edible, nutritious and amenable to
being grown and harvested and stored.

Unlike meat, pulses did not require refrigeration and could be stored for years with deterioration. In
an increasingly urbanising society in Europe through the Middle Ages, pulses became a staple food
for the masses. People would not have understood the value of pulses as a protein source, but the
passage of time would have shown that pulses adequately sustained life in the absence of meat. As
early as 29BC, Virgil was extolling the benefits of a diet based on cereal grains and legumes in his
Georgics poems.

It all began to change in the 17™ century with the emergence of the European ruling classes, where
their increasing affluence and access to better animal husbandry practice led to a rise in the amount of
animal products in the diet. Reference at the time to pulses as ‘poor man’s meat’, epitomises the
emerging view of the value of pulses as a cheaper, more down-market source of protein for the
masses. Meat, previously a luxury item, came increasingly to be seen as a sign of progress and
civilisation. Over time that view gradually came to be shared by the middle classes, and then finally
the lower socio-economic classes, to the point where we are today. With minor exceptions, pulses
have been essentially lost to the modern Western diet.

But they have not been lost for the great bulk of humanity, and the following table lists the more
common ones still used extensively today.



Far East soy bean
adzuki bean
mung bean
lablab bean (also known as hyacinth bean)
kudzu (also known as Japanese arrowroot)

India chick peas (also known as Bengal gram and garbanzo bean)
horse gram, black gram
lentils (red, brown, white varieties)
pigeon pea
lablab bean

Africa peanut (also known as groundnut)
black-eyed bean (cowpea)
pigeon pea

France, Italy cannelini
flageolet bean
borlotti bean
haricot bean (also known as navy bean)
broad bean
pea

Mediterannean chick peas
& Middle East lentils
lupin
ful medames
broad bean
fenugreek

Central & Latin red kidney bean (also known as chili bean)
Americas lima bean

black bean

butter bean

yam bean

Clovers (Trifolium spp.) are the richest source of isoflavones in the plant kingdom, with some clovers
(red clover and subterranean clovers) having levels as high as 5% of the dry weight of the plant. That
means that if the plant was to be picked and dried out and crushed to a powder, then 1/20th of that
powder would be pure estrogenic isoflavones. This is the richest form of estrogenic flavonoids of any
plant in nature. The isoflavones are present in the leaves, with little or no isoflavone in the flowers.

The more regular legumes consumed by humans contain a lot less isoflavones than the clovers, but
still remain sources of significant amounts of these relatively strong estrogenic flavonoids.

The soya plant (Glycine max) is a popular source of estrogenic isoflavones in Asian countries. The
isoflavones occur throughout the whole soy plant while it is growing, but once it matures the
isoflavones become concentrated in the bean (or the fruit). Products made from soy beans contain
variable levels of isoflavones depending on the amount of processing that has occurred. Tofu, tempeh
and miso tend to retain the isoflavone content and are relatively good sources. Soy milk is an



unpredictable source depending on whether the milk is made from fresh beans (good) or from
processed soy flour (not so good). Soy sauce has virtually no isoflavone content.

The other legumes such as chick peas, grams, lentils and beans of all varieties, all contain good levels
of estrogenic isoflavones and are the principal sources of isoflavones in the diets of women in
Mediterranean countries and the Indian sub-continent.



18  Gorrecting the imbalance

The modern Western woman has made two major lifestyle choices.

The first concerns children. She has chosen to delay having children until at least 15 years after she
has her first ovulation. She also has chosen to limit the number of children to 2.3. She also has chosen
to breast-feed her children for the minimal amount of time, typically about 1 month. The result is a
degree of freedom that not even our grandmothers two generations ago enjoyed. But it has come at a
biological price, and that is about 300 extra monthly surges of estrogen that Nature never expected
that she would have.

The other lifestyle choice was to eat meat and eggs and yoghurt and skim-milk and fish and to avoid
boring beans.

It doesn’t seem likely that the first lifestyle choice is about to change any time soon, which means that
the pressure on the involuntary estrogen-balancing mechanism is here to stay. But remembering that
Chinese women suffer the same level of pressure as a result of their country’s one-child policy, the
fact that they still manage to get through life with an apparently well-balanced estrogen system
suggests that help is at hand.

We just need to re-think the second lifestyle choice and boost the involuntary estrogen-balancing
mechanism to deal with that pressure.

The extent of that boost is going to be a function of how much pressure her involuntary estrogen-
balancing mechanism is being put under as a result of her lifestyle choices. The greater the pressure,
then the stronger the involuntary mechanism needs to be boosted.

The pressure increases with:

m the longer a woman delays the age at which she has her first child
m the fewer number of pregnancies she has
m the shorter time she breast-feeds.

These factors allow us to make a rough guide as to the degree of boosting required. It needs to be
emphasised that this is a guide only. We are all individuals and each is able to cope with different
situations to different degrees. However, the fact that there is evidence of ‘too much’ estrogen activity
in about 95% of pre-menopausal women, and evidence of ‘too little’ estrogen activity in about 75% of
post-menopausal women, suggests that the great majority of women in Western countries are in
urgent need of a fairly substantial adjustment to their estrogen-balancing mechanism. In fact, the
majority of women would fall into the ‘HIGH PRESSURE’ category and would be in need of a very
strong boost to their mechanism.



LOW MODERATE HIGH
PRESSURE PRESSURE PRESSURE

Age of 1* pregnancy < 20 years 20 — 30 years > 30 years
No. of full-term pregnancies >6 4-6 <4
Breast-feeding per child 1 -2 years <1 year 0

NO
BOOST

VERY
STRONG

STRONG

BOOST
BOOST

NEEDED

NEEDED

NEEDED

Boosting the balance mechanism means incorporating more of the stronger NSEs in the diet, and this
means more pulses. Any of the estrogenic flavonoids have the capacity to boost the balancing
mechanism, but obviously the weaker the flavonoid, then the more would need to be consumed. For
some of the weaker flavonoids such as the flavones, this could mean eating uncomfortably large
amounts of fruits and vegetables.

The following table provides a guide to the amount of different foodstuffs that a woman would need
to eat to deliver a meaningful boost to her involuntary estrogen-balancing mechanism.

APPROXIMATE SERVINGS PER DAY REQUIRED TO PROVIDE A STRONG ISOFLAVONE BOOST

Soy flour 60 grams (%2 cupful)

Soymilk (from whole beans) 150 mL

Soymilk (from soy flour) 500 mL

Tofu 120 grams (wet weight)

Chick peas 80 g (% cupful) (dry weight)

Lentils 80 grams (% cupful) (dry weight)

Beans (all varieties) 300 grams (1 standard can) (wet weight)

We need to remember that we are talking here about the pressure on the pre-menopausal woman’s
estrogen system. It is not clear what effect this build-up of pressure has on the post-menopausal
woman. Presumably it increases the likelihood of her experiencing more severe acute menopausal
symptoms (such as hot flashes, anxiety attacks etc), simply because her estrogen levels are falling
from a higher level. But what, if any, that pressure in the pre-menopausal years has on the body’s
steroidal estrogen system later in life, is not known. But let’s assume it is not relevant. Let’s assume
that the main impact is on the acute menopausal symptoms, and that once they settle down after a year



or two, the involuntary estrogen-balancing mechanism is under no more pressure than normal. What’s
required here in that case is to ensure that the involuntary balancing mechanism is contributing a
normal level of estrogen function. That probably doesn’t mean the same strong boost that the same
woman required in her pre-menopausal years, but it certainly is not going to do any harm to continue
with the same level of boost.

To help you determine how potent the flavonoids are that you are eating now and what you might
have to do to increase their estrogenic firepower, we will use the example of three women - Tricia,
Judy and Janette. All three are busy, professional women in their mid-30s.

Tricia likes to think that she is eating sensibly. She briefly flirted with vegetarianism in her teens, but
returned to a broader type of diet by her early-20s. She watches her weight carefully by regular
exercise and by preparing her own meals as much as possible. Weekday breakfast for Tricia consists
of fresh orange juice, a cup of coffee, and a plate of cereal with milk and sliced fruit. For her midday
meal, she usually packs a sandwich (tuna or ham) and a piece of fruit. The evening meal is usually a
pasta dish or fish or meat with some vegetables, a green salad, and a glass of wine. Everything that
Tricia is eating and drinking, with the exception of the meat, is providing her with estrogenic
flavonoids of the chalcone, flavone, flavonol, flavonone and lignan variety. Her body will process
about 50 mg of these weak flavonoid estrogens each day. Other than the odd occasion when she might
nibble peanuts with a pre-dinner drink or cook a Mexican meal using refried beans, she doesn’t really
get many isoflavones.

Judy has Chinese heritage. Her family has been living in the US for three generations, and while her
brothers and sisters have completely adopted a typical US diet, Judy has preferred to follow the
example of her parents and to maintain a strong Asian influence in her diet. Breakfast on working
days is usually a rushed affair and is just fruit juice, green tea, and toast with honey or jam. For lunch
she normally buys a chicken or tuna or salad sandwich. At night she indulges her love of Chinese
cooking with stir-fry or Cantonese dishes comprising pork or chicken, vegetables, beans sprouts and
tofu. Judy’s diet is delivering up to about 80 mg estrogenic flavonoids each day comprising about 1-2
mg of coumestans, 15-25 mg isoflavones, and the remainder the weaker flavonoids.

Janette is vegetarian. It is not a religious or ethical thing with her. She just decided as a teenager that
the taste of meat was not for her. Occasionally at dinner parties or restaurants she will eat some meat
such as fish, but only where needs must and not out of preference. Breakfast for Janette consists of
fruit juice and cereal with soymilk and fruit. For lunch, she normally buys a vegetarian wrap from her
local deli near her office. At night, she normally cooks a pasta dish with vegetables, or a vegetable
stir-fry with chick peas, lentils or adzuki beans cooked in one of the myriad of ways that she had
learnt over the years. Janette’s body is processing up to about 120 mg of estrogenic flavonoids each
day, comprising about 2-3 mg coumestans, 40-60 mg isoflavones, and the remainder a mixture of the
other types of flavonoids.

Now let’s compare the diets of these three women. The following table summarises the relative
estrogen-balancing power of their dietary flavonoid levels.

KATE 50 48 2 VERY WEAK
JubDY 80 55 25 STRONG
JANETTE 120 65 55 VERY STRONG



Janette’s diet, compared to Kate’s, contains at least twice as many estrogenic flavonoids, but because
about half of those flavonoids are of the stronger variety (isoflavones, coumestans), Janette’s diet is
actually delivering about 8x more estrogen-balancing potency — twice as many flavonoids but eight
times the potency. The difference lies mainly in the extra isoflavones that Janette’s diet is providing.

If Kate were to follow the example of Eve and spend her reproductive years either pregnant or breast-
feeding, then the level and type of flavonoids in her diet almost certainly would be adequate to keep
her steroidal estrogen pendulum within a normal range throughout her life. But if she were to follow
the modern pattern of having her first child at 30 years of age and a family of 2.2 children, then the
chances are that not even Judy’s stronger diet would be adequate. She would need to go to Janette’s
diet to provide her with the estrogen-balancing strength to ensure that her estrogen pendulum didn’t
stray outside of its normal range.

Will Janette’s diet provide all the protection a modern woman needs? Will it take modern woman
back to where Eve’s estrogen system was designed to be? Probably not, but it should get the system
back to something like normal. The fact that women in China have about a 30x lower risk of breast
cancer than Western women suggests that Janette’s diet should get Western women heading in the
right direction. But the fact that Chinese women have any breast cancer at all suggests that the system
is still far from perfect, when it should be. The Chinese experience suggests that modern lifestyle
choices when it comes to child-bearing are placing the involuntary estrogen-balancing mechanism
under more stress than we previously thought. They are better able to cope with this stress because of
their diet and the more powerful NSEs in that diet, but it is still a system in some degree of imbalance.

Is it going to be possible to adjust the voluntary balancing mechanism to the point where it can deal
with the modern imbalance in the involuntary system? Probably not, but adjusting the involuntary
mechanism will go a long way to restoring the whole system towards normal, and perhaps that is the
trade-off that modern woman needs to accept as the price for restricted child-bearing and child-
rearing.....a less than perfectly functioning estrogen system, but one that should help her avoid the
bodily dysfunctions that the following section of the book describes.



