The bodyos
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mechanism

Growth of reproductive
organsin younger life,
falling sufficiently at age
45 to allow menopause,
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enough to maintain
function of therest

of the body

A

Here we look at how the body balances its estrogen activity throughout life to
cope with the different stages of life.



9 Estrogerd the hormone with a
split personality

Nature had a problem. It had created a hormone with a split personality. On the one hand it
had created a hormone that provided nourishing andtdimag effects on virtually every

part oft he body. Those effects werenodt essenti a
From stimulating bone growth, to keeping the lining of our blood vessels smooth and their
walls relaxed, to helping to regulate the moisture level in our body, tangedpir brains feel

good, this was a hormone destined to play a big role in helping the body function normally
throughout life.

The amount of estrogen required for each of
amounts were all that were neededd”Aecause the functions were constant, the demand for
estrogen was constanté.estrogen needed to b
level throughout life.

This wasnbét a pr obl e nm the adrenalshveuld gaaan eumpirfg out h e s
androstenedione throughout life at a fairly constant rate, and because the stppenion

estrogen production was androstenedion¢estosterone estrogen, then deng as a man

was capable of making testosterone, then he could also make estrogen. The result is that
estrogen levels in men show little change over their lifetime. But the female of the species
presented a special problem. In her, estrogen had an ewencntical role, and that was to
regul ate her reproductive capacity. That me:
personality was always going to be dominant. This was a far more aggressive and
unpredictable personality trait. Instead of there moderate amounts of estrogen required on

a dayto-day basis by the rest of the body, the reproductive system was going to need
enormous fluctuations in estrogen activity. The first need occurred at puberty when the
reproductive system had to be deysd to a state of readiness for pregnancy. This meant
bringing estrogen levels in the blood up to reasonably high levels. Then once the ovaries were
fully functioning, a regular menstrual cycle meant exposing the body to a monthly tidal flow

of estrogen. Dring pregnancy, estrogen levels would need to climb even higher and be
sustained at those levels for 9 months. And then when a woman reached the age of about 50,
Nature decreed that she should stop bearing children and the only way to do this was to
largdy shut down estrogen production.

The following graph shows the extent of the estrogen surge each ovulation, with estrogen
levels typically ranging each month between about 8®0 units. In men, estrogen levels
throughout life range between aboutil60 units.



Normal estrogen levels during the month (as indicated by estradiol)
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This immediately presented a problem of what was going to happen to all those non
reproductive tissues with their requirement for a gentle, constant amount of estrogen. At one

level, how were they going to cope with being exposed to flucatimounts of estrogen in

the blood? In particular, how would they cope with occasional huge amounts of estrogen at

each ovul ati on and i n

p r e guniagnfungti®ns Westrdgenn 6t t

suddenly become overactive? What would preventdilassels from relaxing to the point of
the body being unable to adjust blood pressure to deal with physical activity? What would

stop the kidneys from retaining so much water that the body would becomdogated?

But it was with menopause that the ibyage became even more serious. There may have
been sound biological reasons behind the decision to create a menopause, but that had an
inevitable outcome which meant exposing the rest of the body to the consequences of the loss

of a much needed, nourisig hormone.

So that was the challenge for Natuirdow to reconcile three apparent paradoxes. Having

made a hormone with a split personality, the task then was:

in younger women

E how to protect the sexual organs from uncontrolled growth coming fronmhigon

tidal surges in estrogen levels?

B how to protect the nesexual organs, with their neefla constant, medium level of

estrogen, from the wild fluctuations in estrogen levels?

in older women
E how to meet the estrogen needs of the-sexual orgas?

Understanding
paradoxes is the next stage of our journey.

To meet this challenge, Nature came up witheatrogen balancing mechanisrthat is

t he

desi

gns

t hat

Natur e
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designed to smooth out the lumps and bumps in estrogen levels and to ensure that the
separate and distinct needs of the sexual organs and all other tissues are met without



prejudicing each other. When functioning normally, the mechanism showddfti@ent to

deliver the Female Bill of Rights for the great majority of women. The story of this book is

that this master mechanism is not functioning the way it should, leaving women exposed to
the stimulatory effects ioffe,6taonod mdutcohod |eistttrloeg
life.

The mechanism is elegant in the simplicity of its design, but it is not infallible, as the current
epidemic of reproductive dysfunctions and menopausal symptoms shows.

It has two component§ an involuntary component and aoluntary component. The
fallibility of the system lies with the voluntary component that is within our control to change
and which unfortunately we have changed for the worse in modern times. The involuntary
component, as the name suggess largely outside of our control, but it remains just as
functional today as it did thousands of years ago.

A war ni n g énvoluetaryarelvolmrgaryestrogen balance mechanisms are not in the
textbooks. They ar e tnotien ointhele everrbéirsg twio partsristhis | n  f
mechanism is not in the textbooks, and | fully expect it to be highly controversial. There is
nothing contentious about the involuntary component. It has been the subject of considerable
scientific research oveseveral decades. | think most scientists would acknowledge that we
probably have only scratched the surface in understanding its fine detail, but there is general
agreement on the fact that it exists and on its broad details. The problem is that this
commnent is only looked at in isolation when it comes to a discussion about estrogen
function. And when you do so, it becomes difficult to repudiate the argument that Eve did
have a design fault. For if this is the best the body could do to balance estnegeit,very

clearly has failed.

The concept that this author is proposing is that there is nothing wrong with the voluntary
component. It is a perfectly validly designed and functioning system. But it is only half the
story, and it is only when we inae the other half that we can put into context why things
have gone wrong.

The following chapters in this section lay out the argument and the facts for the concept of
there being two halves to the estrogmreon stor
dismiss them.



10 The involuntary mechanism
Part 1

The involuntary estrogebalancing mechanism is not unique to humans. It occurs in all
mammal s . ltds as fundamental to how estrogen
of blood sugar levels and growth hormone is to body height.

The involuntary system has three distinctive design features. Thieétste is that the body

has different kinds of estrogens with different strengths. The second allows the reproductive
organsand the rest of the body to have a degree of independence by allowing them to
respond to estrogen in different ways. The third feature is how estrogen is stored in the body.

After our previously simple overview of estrogen and how it works, this mighidsabridge

too far in terms of what the reader needs t
as long as we stay with the bigger picture. And if the reader is to understand the whole
picture of how it shoul dwebneed todadlvk into gbitanarel wh 'y
detail than we have looked at before.

To ease the learning process, each of the three designs features of the involuntary mechanism
has its own chapter. This chapter is about the different forms of estrogen.

Estrogen . Not one, but many

Up unti |l now we have used the term O6estroger
are a dozen or so different estrogens. There are 3 main ones, and these are the only ones we
need to know about for the moment. Theylarewn as

estrone

Also known as

B — =B B

because that is the order in which they are produced in the body.



The relevance of this conversion into different forms of estrogen is that theywaldifferent

levels of strength. Estradiol is the strongest of the three and is the reference estrogen against
which any other compound, hormone or otherwise, with estrogenic activity is measured. The
relative strengths of the three main estrogens ai@laws.

estradiol estrone estiol

100% 20% 1%

Estradiol

Estradiol is the powerhouse of the estrogen family. When we refer genericalyrogen
we really are referring to this hormone. Estradiol drives the development of the reproductive
organs at puberty and then maintains them in functioning order through until menopause.

The great bulk (9®5%) of estradiol comes from the ovaries, hencestligching on of
ovarian function at puberty and the switching off of ovarian function at menopause explains
why estradiol levels are highest in the3M years age range. The othet®% of estradiol in

the body of a young woman comes mainly from hetiggues (particularly around the thighs
and buttocks and breasts).

At menopause when the ovaries stop producing eggs, estradiol levels drop by about 80%, and
it is this dramatic fall that triggers menopause and leads to the subsequent shrinkage of a
womarb s reproductive organs.

In the premenopausal woman, the body is focused on producing estradiol, and it does this in
two ways. The first way is to convert androstenedione directly into estrone and then to
convert estrone into estradiol. The second wag onvert androstenedione into testosterone
and then to convert testosterone into estradiol.

The ovaries favour the androstenedione estrone - estradiol route, while the
androstenedione testosterone estradiol route is favoured by the fat tissueseréhs even

a difference within the fat tissues, with fat on the buttocks and thighs being more capable of
converting testosterone estradiol compared to the fat around the abdomen and in the
breasts.

The major role of estrone in tipeemenopausal woman is to act as a source of estradiol. The
blood of a prenenopausal woman contains similar levels of estrone and estradiol, but with
estrone only being orleth as strong as estradiol, estradiol is by far the dominant estrogen.

It is ater menopause that estrone comes into its own. With the dramatic fall in estradiol
levels, estrone now becomes the main source of estrogen function for threepogtausal
woman.



Estriol

The third estrogen, estriol, is the weakest of the three main estrogens. It is only about 1% as
active as estradiol. Estriol is the main breakdown product of estradiol and estrone, and is the
way that the body eliminates estrogen from the body in urineeriithe last two hormones

have served their purpose, they are broken down in the liver to this very weak estrogen and
then eliminated from the body.

Estriol levels in the body are relatively low compared to estradiol and estrone, except during
pregnancy \Wen estriol levels in the body surge, reaching levels up to 300x higher than
estradiol and estrone levels.

Estrogen metabolite

Estradiol and estrone are the two primary estrogens produced by the body. If you were to
have a blood test for estrogen leveley would be the ones measured. But there are dozens
of others, all coming from various parts of the body as the result of these two primary
estrogens being broken down. The @ndducts of that breaking down process are known as
estrogen metabolitegstriol is by far the most common of these metabolites and ranks as an
important estrogen in its own right because of its prevalence in blood.

But estri ol i snét the only metabolites, alt
low levels in the lod that they are regarded as minor hormones only in terms of their effect

on the body as a whole. However their real significance lies in their estrogen effects locally
within the tissues where they are made, mostly the sexual organs. Although theinieyrel

be quite low in blood, they can be present in relatively high levels within tissues such as the
breasts, to the point where they are exerting a major estrogenic effect. In fact, tbatedso

minor estrogens are thought to play a significant molthe development of breast diseases

such as breast cancer.

Estrone and estradiol go down two separate pathways of metabolism as shown below.

estradiol ‘ estrone ‘ estradiol | estrone |

The two 2hydroxy metabolites are very weak estrogens, even weaker than estriol. The two
16a-hydroxy metabolites, on the other hand, are very powerful estrogens, having about twice
the potency of estradiol. The dominance of the-tfydroxy metabolites over the weaker 2
hydroxy metabolites is thought to be a primary risk factor in the development of breast
diseases.



How estrogensmanage to havelifferent strength

In our discussion earlier about the estrogen receptor, we spoke of how the estrogen hormone
needed to fit into the receptor precisely like a key in a lock before the receptor could be
triggered. In the case of the estrogen receptor, thatdodkey analogy céainly applies to

any other steroid hormone like testosterone or progesterone or cortisone. Despite all of these
hormones sharing a very close structural relationship with estrogen, they are just too different

to be accepted by tthHe easerwdticteepdiffavent.estr@yans. Thephada | s
all sufficiently similar that they are accepted by the estrogen receptor. The estrogen receptor
is not that rigid a lock é it will accept ve

But that is where the analo@y the lockandkey example ends, because a key either opens

t he | oc k Tidhereis ho halfeag measure. Even if the key has a poor fit, with a bit

of jiggling it might be possible to make it work and to open the lock. The estrogen receptor
doesnot have this albr-nothing approach to life.

A more appropriate comparison is that of a pistol. Most hormone systems in the body are like

a gun. | f the gunodés trigger is pulled, then
it does, tlen the velocity is always the same. In the same way, hormone receptors are either
triggered or not, and if they are, then the response of the cell is always the same.

The estrogen receptor is more like a waistol. With a watepistol, the force at wish

water leaves the pistol depends entirely up the force being applied to the trigger. With the
estrogen receptor, different estrogens are able to apply different levels of pressure to the
trigger to produce different levels of response. This triggergegea spring, and the strength

of the response relates to how much the spring is released. Estradiol causes the spring to be
released completely; estrone causes it to be released slightly less; estriol hardly moves the
spring at all.

Estrogen receptor Estrogen rec eptor
interacting with estradiol. interacting with a weaker
Note the yellow trigger estrogen . Note the yellow
arm has been released to trigger arm is only

its full extent. partially released




This means that pourdr-pound,the various members of the estrogen family have widely
different abilities to make the estrogen receptor respond. They vary from those that are barely
capable of triggering any response, through to those that produce a dramatic response.

Why estrogenshave different strength

Webve | ooked at how the different estrogens
Nature has developed this function.

The answer is, so that the body can regulate estrogen function through the process of
competitivanhibition.

60Competitive inhibitionbé is a biological t e
chemicals of different strengtla (jveak one and a strong one) compete on aal éopting for

a single target site if the stronger one gets theresti then it is able to produce its normal

strong outcome; but if the weaker one gets there first, it will exert a weaker effect, but in the
process of occupying the receptor, it has effectively blocked the ability of the stronger
compound to have any effe The net result is a weaker outcome than might have been the

case.

Such is the case with the different estrogens in the body. Consider the different forms of
estrogen

I the very weak estrogergstriol, 2hydroxyestrone, zhydroxyestradiol

E the weak estrogenestrone

B the powerful estrogeh estradiol

B the very powerful estrogefisl6-hydroxyestrone, 14ydroxyestradiol

All these different estrogersre members of a soup where each component of that soup is
competing foibinding to the samestrogen receptors.

Let s take the exampl e-preghantayoursgiwanggh that ib singply st c
sitting there quietly in an immature state, minding its own business. Inside the cell are
thousands of estrogen receptors, waiting to be detiviay estrogen. Once so activated, the
receptors wil/ move into the cell ds nucl eus
mature, to grow to full size, and then to divide into two daughter cells.

The speed of that response, and the degfréiee response depends entirely on how many of
the receptors are activated, and whether they are fully activated or not. If most of the
receptors get activated by a strong estroger
rapid (within minutes)with two new cells being produced within a day or so. If, on the other
hand, the majority of receptors are activated by estrone (onHiftnas strong as estradiol),

then the response will be more sluggish and take several days to complete. Gatgpone
further, if estriol or zhydroxyestrone manages to get to the majority of receptors first, then
the breast cell may not respond at all, or if it does, then it could take up to a week to complete
the response.

Each form of estrogen has roughly the sarnance of attaching to the receptor once it gets
near to the receptor, so the final outcome comes down mainly to the proportion of the
different estrogens gaining access to the cell. That is compatitiitgtion, and that is one of

the main ways that éhbody controls how estrogen works.



Contribution made to estrogen balance by different estrogens

Competitive inhibition means that the 3 major estrogens, estrone, estradiol and estriol, are
counterbalancing each other, particularly when it comethé reproductive tissues. The
weaker estrogen, estrone, is cushioning the effect of estradiol, and estriol is cushioning it
even more. And the levels of these 3 hormones tend to remain in balance because the body
needs to make estrone (E1) before it oaake estradiol (E2), and the more E1 and E2 are
made, the more estriol (E3) is made as this is the form in which the majority of E1 and E2
end up.

Between puberty and menopause, this mixture of estrogens provides a cushion against the
excesses that coutésult from the periodic dramatic rises in estradiol levels associated with

the menstrual cycl e. Estradi ol l evel s are ri
promote the growth of the reproductive tissues in preparation for pregnancy. Baniby a

mix of very weak, weak and strong estrogens together, the sudden rises and falls in estradiol
levels during the menstrual cycle are cushioned and evened out to a large degree.

In a similar way, the very high levels of estriol associated withdtiaenatic increase in
estradiol production during pregnancy is a shabkorbing effect, preventing skgcketing

estradiol levels from ovest i mul ating the bodybés tissues,
reproductive.

At a local level such as the breast, pnesence of the weak metabolites again isetfing
the potentially damaging effects of the stronger metabolites.

The falloff in estradiol levels over the age of about 45 allows menopause to occur. The
withdrawal of estradiol removes the main estrogimulation for the reproductive tissues,

and the remaining estrone and estriol have insufficient strength to continue to support these
tissues. However, they do have sufficient estrogenic strength to continue to meet the needs of
the nonreproductive tisues.

By this process of competitiviehibition, Nature is able to allow estrogen levels to fluctuate
enormously with minimal risk of ovestimulation of the reproductive tissues to the point of
damage at a younger age, and urglenulation of the nomeproductive tissues at an older
age.



11 The involuntary mechanism
Part 2

Just as there is more than one type of estrogen, there is more than one type of estrogen
receptor. Fortunately this part of the story is nowhere neaomplicated as the different
estrogen hormone storyé. there are only two

This is the second design feature of the involuntary estrogen balancing mechanism. And it is
one that Nature cleverly came up with to deal with thetfeattestrogen had been created for
multiple purposes.

(a) On the one hand, estrogen was given responsibility for driving the growth and function of
the female reproductive tissues. This role required estrogen to have dramatic effects on the
reproductiveorgansi to be able to transform those organs within a matter of days from a
resting state to a state of readiness for an impending pregnancy. Estrogen had to be able to
make the cells in the ovaries, breasts and uterus mature and grow so that thoseooidans
expand and prepare for pregnancy.

(b) On the other hand, estrogen was asked to be a nourishing and invigorating hormone,
encouraging bones to remain strong, arteries to relax, skin to remain hydrated, ligaments and
tendons to remain supple, musctesremain strong, and the brain to experience a sense of
wellbeing. For this role, estrogen was not required to make cells grow. If it did, then our
bones and arteries and brain would grow 4® tdmes their normal size during pregnancy in

the same way Ht the breasts and uterus do. Instead of making these cells multiply, estrogen
was required to do nothing more than stimulate them to work harder.

To separate this dual role, Nature created two different types of estrogen receptergists

refer to hese amlpha andbetaestrogen receptors. Tladpha estrogen receptor is the one

found on cells in the reproductive organs, while ltleéa estrogen receptor is the dominant

receptor in the rest of the body.

Estrogen doesnot d i s$ypes of gstrogerhrecéport Mvieas the sarhee t w
ability to trigger the receptor whether it is aipha or a betareceptor. The difference

between these two receptors lies in their response. Whexipihe receptor is triggered, the

cell matures, works harder and multiplies. Whenlib&areceptor is triggered, the cell only

works harder, but it does not divide.



The effect of estrogen on different tissues in the body is a consequence of what type of
recepbrs that they express. All tissues contain a mixture of bigha and betareceptors,
but the proportion of each varies tremendously from tissue to tissue.

Where thealphareceptor dominates eg. breast, uterus, ovary, vagina.
The overwlelming response of these tissues to estrogen is cell growth and cell division.

Where theébetareceptor dominates eg. bone and muscle.
The general response of these tissues is increased cell activity, with little or no increase in
cell numbers. Inhe case of bone, the response is to increase osteoblast activity (more bone
laid down) and decrease osteoclast activity (less bone resorption). In the case of smooth
muscle in the wall of arteries, the response is muscle relaxation; in the case of muscle
surrounding the neck of the bladder, the response is contraction.

Where there is a mixture afphaandbeta eg. skin, mucous membranes, brain.

In the case of skin, those epithelial cells expressinglihiea receptor respond by dividing,

those expessing théetareceptor respond by holding more water (and therefore expanding),
and those dermal fibroblasts expressing beta receptors respond by producing more collagen.
The sum total of these three effects is to increase skin thickness.

In the case omucous membranes (lining the vagina, bladder etc), the response, as with skin,
is a mixture of increasing cell numbers and increasing the production of mucous secretions.

In the case of the brain, stimulation of cells expressingotta receptor is thoght to be
associated with improved cognitive function and mood. The response of brain cells
expressing thalphareceptor to estrogen is unknown.

The following diagrams show the shapes of the two receptors.
s N o)

a-estrogen receptor b-estrogen receptor



Contribution to estrogen balance made byhe two receptors

This advanced design feature of having two different estrogen receptors was important in
allowing the reproductive and neaproductive tissues to go their owrays as far as

estrogen was concerned. The best way to appreciate this is to consider what is happening in a
womanos body at different stages of her | ife

Childhood (010 years)

Up to the age of about 7 or 8, the reproductive system is rudimentary. There is virtually no
breast tissue, the uterus hardly exists, and the ovaries are little more than specks. With the
reproductive system being in such an immature and quiescent tstatieighly desirable for

the body to keep estrogen levels low so thatthbareceptors are not activated.

But that still leaves the rest of the bodhe bones, skin, brain etc. with thbetareceptors.

How are these tissues going to get thestrogen needs satisfied? The answer is that these
tissues in a young body dondét need anything
function as they do when we become older. The reason for this is that when we are young,
most of the growth and wigoration of function in the young body is being supplied by a

whole raft of growth hormones. It is only once we stop growing in about our early 20s that
those growth hormones drop away, leaving estrogen to take over the task of maintaining their
youthful vigour. Happily, this coincides with the rise in estrogen levels after puberty.

The overall outcome of this situation is one that allows the body to grow and mature without
waking up the reproductive tissues.

But puberty beckons, and towards the enalofdhood the reproductive organs need to be
induced into activity on their passage into a fully developed system capable of creating
another human life. This can only happen through the production of more estrogen. This
process starts with the ovaries df#ring into life as they start the process of developing
follicles. This is a process that goes on over a number of years and is characterised by
inconsistent estrogen levels as some of the follicles start developing but never go on to full
maturity andovulation.

Adolescence (108)

As more and more follicles start to develop, estrogen levels gradually get higher. Finally,
they reach a level that fully kicks the ovary into life, resulting in ovulation. This happens
about the age of 185 years. Even lbere that full activity is reached, the ovaries have been
sputtering along for a couple of years, producing-@vereasing amounts of estradiol. Those
gradually rising estrogen levels, with their activationafffha estrogen receptors on the
reproductivetissues, have gradualbyrought about increasing feminisation of the body with
progressive development of the breasts and the vagina and the labia (vaginal lips). Out of
sight, the cervix and uterus and Fallopian tubes also have been growing in respbise to
rising estrogen tide.

As far as the rest of the body is concerned witlhétis estrogen receptors, it is beginning to

gain the benefit of this same rising estrogen tide. Stimulation of these receptors in our bones,
blood vessels, brain etc. prodscan additional benefit on top of that being provided by the
myriad of growth hormones that are still circulating on our bodies at that age. The combined
effect of estrogens + growth hormones produces a level of health in our adolescent years



which regretably is not to be repeated at any other stage of our lives. This stage of life truly
represents the prime of a womandés | ife in te

(c) The reproductive years (B)
With the onset of full, regular ovarian function, there arere than adequate levels of
estrogen around to satisfy all of thphaandbetareceptors in our bodies.

The reproductive tissues with their predominancelphareceptors are responding directly

to the tidal flow of estrogen by following a patterngof o wt h -garnodwtéhubn eac h mor
addition to the estrogen being produced by the ovaries and elsewhere in the body, the breast

in particular is able to make a reasonable amount of additional estrogen in its fat, adding to

the total amount of estrogémat is acting on this tissue.

The various other tissues such as the skin and mucous membranes with their madphra of
andbetareceptors also are being stimulated to grow as well as to maintain normal function.
But unlike the breast, these tissuesklghe fat reserves to make additional estrogen and so
their growth response is going to be more muted compared to the breast or uterus.

All the various norreproductive tissues that are expressing predominéetly receptors,
such as bone, arteries, brain and liver, are responding by maintaining normal function.

(d) Menopause (> 50)

In the mid40s, the ovaries begin to slow down their production of estrogen as they exhaust
their supply of follicles. Eventually esigen levels fall below a critical threshold, at which

point there is insufficient estrogen to activate #fghareceptors to keep the reproductive
organs functioning. At that point, those organs stop responding and start to shrink, marking
the onset of menopause and the loss of reproductive capacity. Without enough estrogen to
maintain the growth of cells in the mepluctive organs, the breasts, ovaries and uterus
gradually shrink as new cells are not being made at an adequate rate to replace the death of
older cells, the result being a net loss of cells.

For the same reason, tladpha receptors in tissues such @ skin, vagina and mucous
membranes (lining of the bladder) fail to be adequately stimulated, leading to thinning and
drying of these structures.

The dramatic withdrawal of estrogen from the body when menopause starts also affects those
parts of the bria involved in regulating body temperature and which display atgtha and
betareceptors. The sudden loss of estrogen for these cells leads to confusion, causing the
cells to believe the body is col d whraenn it [
acclimatises to low estrogen levels and restores normal tempearguitating function.

Outside of the brain, other tissues expressingbtta receptors also now start to suffer as
estrogen is withdrawn. The response of these tissues to lowesstegels is not quite as
dramatic as that of the tissues expressing maigiia receptors because tlhetareceptor
tissues are not as dependant asalpea receptor tissues on estrogen for their survival, but
they still show a slowing down in functiomhus, we see in the aging woman,
B gradual hardening of the arteries (producing increasing blood pressure) as the ability
of estrogen to relax muscles in the walls of the arteries diminishes



an increasing risk of heart disease as the high blood presswavjth a reduction in
the | evel of 6goodd cholesterol in the
gradual loss of bone density leading ultimately to osteoporosis and bone fractures
gradual hardening of the lens in the eye leading ultimately to cataract formation
gradual loss of strengin the muscles in the bladder wall, leading to incontinence.

bo



12 The involuntary mechanism
Part 3, and summary

This is the third (and final) plank of the involuntary estrogen balancing mechanism, and
arguably the most potent in terms of cushioning the impact of estrogen on the body.

Nature has developed a simple method of locking up most of the estrogen tbduisegd by

the body in an inactive form. In praenopausal women, the body is making far more
estrogen than it could possibly use at any one time, and the reason it can do this is because
the bulk of the estrogen manufactured in the body is stored inaativia form and only

slowly released to become an active form.

The vast majority of hormones in the body are made on demand, usually via-lzaéked
loop. For example, the cells in the pancreas that produce insulin are induced to do so by
rising levels ofglucose in the blood. We eat, and the body responds by making insulin.

Compare that to estrogen.
B Estrogen is required by a vast array of different tissues in the body at totally different
amounts.
F Estrogen is made by a wide array of tissues (eg. fatpwi any regulation.
I Estrogen has different effects on different tissues.
E Estrogen levels fluctuate wildly.

Making estrogens of di fferent strengths anc
creating two different estrogen receptors were importesigd features in being able to meet

this challenge. The third design feature was the creation of an estrogen reservoir to hold any
excess estrogen and to allow tissues to access this pool as and when required.

The reservoir is created by a process knawtsulfation. &ulfation refers to the chemical
process where a sulfate chemical group is attached to the estrogen molecule. This simple
addition to estrogen has a couple of outcomes. First, it makes it moresofatele, and
second, it renders the esgen inactive.

On the matter of watesolubility, estrogen is very poorly watsoluble. That is a feature of

all steroids. Chemicals with a sterol structure like cholesterol are by nature fatty and therefore
poorly soluble in water. Estrogen is just anori chemical version of cholesterol, so it too is
fatty and poorly watesoluble. So for estrogen to be moved around the body in blood (mostly
water) and then to reach individual cells (surrounded by a watery fluid), it needs to be made
watersoluble. It &0 needs to be made watarluble so that it can be excreted finally from

the body in urine.



The body has two ways of solubilising estrogen. The first way is to attach it to a blood
protein made specifically for this purpose. The protein is knowseafiormone binding
globulin (or SHBG). This protein, like all the blood proteins, mixes very well in water.
Estrogen attaches itself loosely to this protein and theattaches itself when it reaches its
final target. The second way to make estrogen wsaleble is to attach a sulfate chemical
group as shown below.

N /s

HO/S\O

Estrone Estrone sulfate

About 40% of estrogen in blood is attached to protein and about 60% is sulfated. The protein
bound estrogen is far more readiégcessible for tissues. The estrogen is only loosely
attached to the protein, and readily falls off the protein when it reaches an individual cell. At
that time, it is ready to enter a cell and to seek out an estrogen receptor.

The sulfated form, on theteer hand, is a permanent state. It cannot dissociate itself from the
sulfate group at will, and it cannot interact with the estrogen receptor in that form, so for all
intents and purposes it is locked up in a biologically inactive form. The only wait ibat
released from this state is to have the sulfate group cleaved off by the action of an enzyme
known assteroid sulphataseThis enzyme is found inside of most cells and its degree of
activity is regulated by a number of factors, including the volyntstrogen balancing
mechanism that we will be looking at shortly.

The whole process of transporting steroid hormones by the twin methods of blood protein and
sul fation is not l'imited to estrogené it [
testosteronepr ogest erone and cortisone. The protei
delivering hormones to tissues to be available for use immediately. The sulfated form simply

buys the body time. The release of estrogen from its inactive sulfated stateowriligiven

enough time, but there is a delay, and this delay is long enough to act as an important cushion

to estrogen surges.

SUMMARY

Now ités time to bring all three parts of
together to see hovine three are integrated. For this, we will use the example of the breast,
although the following steps apply generally across all parts of the body.

First, a quick look at the breast anatomy.



Fat

Milk ducts

Glandular cells

Step 1. The premenopausal breast is presented with the three primary estrogens,
estrone, estriol, estradiol. These mostly have arrived via the bloodstream, but
some also have been manufactured locally by the breast fat tissue, with
testosterone being convertedthg enzymearomataseinto estrone.

Step 1. Arrival of estrogens within the breast

Ovaries
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Estradiol

Estriol

Step 2. The breast tissue then converts a reasonable proportion of the estrone and
estradiol into the various hydroxy estrogen forms. The breast tissue then ends
up containing at least 7 different typesestrogens.



Step 3.

Step 4.

Step 2. Estrogens are metabolised within the breast
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2-hydroxyestrone
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16a-hydroxyestrone f!
16a-hydroxyestradiol

The various forms of estrogen then encounter an enzyme sysgtragén
sulfotransferaske within the breast that converts about {thods of these
estrogens into an inactive, sulfated form. When required, another enzyme
(steoid sulphatasg removes the sulfate group, releasing the active form of
estrogen.

The various forms of free estrogen then engage the estrogen receptors on
breast cells. The level of response by the breast cells to having their estrogen
receptors stimulated is a function of what types of estrogen are doing the
stimulation. The presence of the weak estrogens (estriol, estrene, 2
hydroxyestrone and-Bydroxyestradiol), suppresses the action of the more
potent estrogens (estradiol,atbydraxyestrone, 18-hydroxyestradiol) by the
process of competitivenhibition. A correct balance of weak:strong estrogens
ensures that the estrogenic response is moderate. A greater proportion of
strong:weak will cause an excessive response.



