Female hormones & the impact on
osteoporosis and bone health



> Provide structural support for the body
> Provide protection of vital organs

> Provide an environment for marrow
(Red Cell formation)

» Minerals homeostasis;

As the main reservoir for minerals;

99% of the body’s calcium

85% of its phosphate

50% of its magnesium
(Bartl and Bartl, 2017)




An adaptable tissue with a protein ‘matrix’ that becomes strong with mineralization

* 30% organic matrix (osteoid);

Spongy bone
\ Compact bone

Bone marrow

- 90% type-I collagen fibres

* 70% inorganic mineral content

-calcium ,phosphorous(hydroxyapatite); >
+ NO, Fl, Mg Epiphyseal Iine/’

Blood vessels

* Bone cells

* Blood supply
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Osteoclasts- 1-2% of bone cells
Action; resorption and remodeling mineralized tissue

Derived; hematopoietic origin, monocyte/macrophage lineage

Osteoclast Osteoblast Bone
4{% lining cell
\_‘;';, %’ <— Calcified bone
matrix
Osteocyte Osteoid
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Osteoblasts- 5% of bone cells
- Derived; mesenchymal stem cells, differentiate to multiple cell lineages; osteoblasts,
chondrocytes, myoblasts, adipocytes, and fibroblasts

+ Osteoclast Osteoblast Bone
! I\rl],ruliningcell

/
To become mineralized bone ;’;}\?_\) T ——— -
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Osteocyte Osteoid

Produce new collagen matrix

In the adult skeleton, the majority of bone surfaces that are not undergoing
formation or resorption are lined by bo@ng cells.
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Osteocytes — 95% of bone cells

The master regulator, live up to 25 years

These cells are osteoblasts that become incorporated within the newly
formed osteoid, which eventually becomes calcified bone.

- Canaliculi, sense fluid waves from physical activity and microdamage

Osteoclast ~ Osteoblast Bone
Release cytokines : lining cell
RANKL . ® ) flﬂ
Sclerostin — ~—\\/ \LV{~ \is xl/, "« Calcified bone
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Once bone has formed and matured, it undergoes constant remodelling

Bone turnover is the balance between resorption & formation
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(RANK) - osteoclasts
Receptor activator of NF-kB

RANK L (RANK Ligand):
produced by osteoblasts
and stimulates osteoclasts
by binding to RANK

RANK: surface receptor
for RANK Ligand

OPG (ostoprotegerin):
binds circulating RANK L
and reduces ostoclast

Wt activation osteoclast

activation

(RANKL) — Osteoblasts & ‘clasts
receptor activator of NF-kB ligand

(OPG)

osteoprotegerin — decoy

_ |- Bone formation

Osteoid (new bone)
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Bone matrix

Resorption is quick (over 3
WEELS))

In general, trabecular bone resorption and formation occur 4 to 8 times as fast as cortical bone
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e E2 mostimportant for bone, when in moderate or high physiological levels, its role to
decrease resorption ( via OPG & osteoblast production)

® P4 receptors osteoblasts, stimulates new osteoblast formation; create matrix
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1376; https://doi.orq/10.3390/ijms23031376



https://doi.org/10.3390/ijms23031376

® E2in addition 1) lowering the sensitivity of bone mass to PTH, thus reducing bone resorption,
2) increasing the production of calcitonin, thus inhibiting bone resorption, 3) accelerating
calcium resorption by the intestine, 4) reducing the calcium excretion from the kidney, and 5)
direct effects in the bone via estrogen receptors a + b
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Pre-menopause transition
Ovulatory Cycles = Bone Balance

* As E2 levels rise>stimulate Gh + IGF-1, bone resorptic

inhibited

* P4 peak that stimulates bone formation.

Although the decreasing E2 levels from peak to
menstrual flow trigger a small increase in bone
resorption, P4’s bone formation—stimulation counter-

balances that to result in a net, stable BMD

E2 is in pmol/l and P4 in the 1000-fold higher nmol/l



___________________________________________________________________________________________________________________________________________________________________________

Those with ovulatory or experienced only one short
luteal cycle per year maintained cancellous BMD.

(mg/em’)

Those with one or more short luteal phases or any
anovulatory cycles significantly lost BMD at rates of

4—6%l/year

Type of Menstrual Cycle

Reprinted with permission from the New England Journal of Medicine

®




First Author, Year (Reference No.)

Ovulation Disturbances Worse Ovulation Disturbances Better

Prior, 1990 (15) - ;
Prior, 1996 (16) P ——
Waller, 1996 (30) ; -
Morris, 1999 (29) _.—E—
Waugh, 2007 (27) —-
Bedford, 2010 (28) .
Overall (/2 = 80.2%, P < 0.001) .<>
- 0 :

Bone Mineral Density, % change

4.5

Weighted Mean Difference (95% Cl)

~3.06 (~4.50, -1.62)
0.12 (~0.44, 0.68)
0.59 (-0.70, 1.87)

-1.50 (-2.47, -0.53)

-0.61 (-1.21, -0.01)

-1.20 (-2.31, -0.09)

-0.86 (-1.68, —0.04)

Figure 5. Forest plot from a meta-analysis of six prospective, observational studies in 436 premenopausal women tracking 1-year menstrual cycles, ovulatory char-
acteristics and percentage changes in bone mineral density (BMD). Results show a highly heterogeneous (I* = 80.2%) random effects model with -0.86%/year more
spinal BMD loss in those with worse ovulatory disturbances®*. Reprinted with permission of Epidemiologic Reviews>".
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Bone growth, modeling & remodeling modulated by E2, P4, androgens, GH, IGF-1
-Exogenous estradiol inhibits GH and IGF-1
-E2 increases stimulates osteocyte sensitivity to loading stimuli - impacting bone strength puberty

a frontiers

In contrast to in Endocrinology

Hormonal Contraception and Bone
Health in Adolescents

Laura K. Bachrach*

@ https://doi.org/10.3389/fendo.2020.00603
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The peri-menopause in a woman’s life: a
systemic inflammatory phase that enables
later neurodegenerative disease
Micheline McCarthy’ and Ami P. Raval'@®
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The peri-menopause in a woman’s life: a systemic inflammatory phase that enables later neurodegenerative
disease. J Neuroinflammation 17, 317 (2020). https://doi.org/10.1186/s12974-020-01998-9




E2 exerts a tonic suppression of remodeling by

\ Activated
osteoclast :
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Messenger Proteins are release by immune cells in response to oral bacteria switching on T & B cells

Periodontal Diseaie Osteoimmunology




Bisphosonates ; impair osteoclasts — increasing bone density, however not micro architecture

or remodeling

geminal bisphosphonate S atidronate

clodronate
pamidronate
alendronate
tiludronate

ibandronate

zoledronate

O
O P ‘ risedronate
O

Green etal. BMJ 2010;341:C4444
Sharma et al. N EnglJ Med 2008; 359: 1410-11
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e Oestrogen therapy ; slows resorption, supports collagen and tensile bone strength |

cannot measured by DEXAI)

- dose of estradiol as low as 0.25 mg/day produced an increase in bone density

g OPRYBLEF Y ETRRTYWs companion or alone e

®




Progesterone for the prevention and treatment of osteoporosis in women

J. C. Prior®® @

*Centre for Menstrual Cycle and Ovulation Research, Department of Medicine, Division of Endocrinology, University of British Columbia,
Vancouver, BC, Canada; "School of Population and Public Health, University of British Columbia; BC Women's Health Research Netwaork,

Vancouver, BC, Canada

Progesterone has bone-forming activity by binding to receptors on the osteoblasts. This explains the decreases in spinal bone
density seen in premenopausal women with low progesterone levels. In the Michigan Bone Health Study, those premenopausal

women with the lowest bone mass had the highest rates of progesterone deficiency.

“The effects of progesterone and oestrogen on bone are synergistic and

complementary to each other, and some clinical trials have found greater

increases in spinal BMD when the progestin medroxyprogesterone acetate
(MPA) is added to oestrogens than with oestrogens alone”
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- Reduce inflammation ;: chronic inflammation = bone loss

- Medications that can contribute to bone loss ; corticoidsteroid, SSRIs, and PPI’s

- Lifestyle factors; SAD diet, smoking , alcohol and early menopause all contribute heightened
fracture risk

- Build muscle - the best way to prevent a fall, strengthens bone — remodeling , and improves
insulin sensitivity (Progressive muscle resistance training)

®



BioMed Research International

Precursor
osteoclast
<€ ° “o
962 —_— ° -
=] RANK
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Increases OPG '
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0 Exercise 2 Bone resorption
Osteoblast

Figure 1: Interaction of exercise and RANKL/RANK/OPG biomolecular pathway. OPG: osteoprotegerin; RANK: receptor activator of
nuclear factor kB; RANKL: receptor activator of NF-kB ligand.




It's best you aim to get all the calcium you need from your food, The daily recommended

intake is 700 mg a day- 1000mg if dx osteoporosis

There are plenty of foods you can eat to get calcium through your diet. Foods rich in calcium
include:

e dairy products, like milk and cheese
green leafy vegetables

almonds

sesame seeds and tahini

Sardines

pulses
tofu @




Royal

Foods providing around 300mg of calcium per average portion g:g:};“mm

e Edam or gouda - 1 portion (40g)
* Paneer cheese - 1serving (60g)
e Parmesan cheese - 1serving (30g)
¢ Cheese omelette - 1 serving (120g)

Foods providing around 200mg of calcium per average portion

* Milk or milk drink e.g. hot chocolate (skimmed/semi-skimmed/whole) - 1 tumbler or mug (200ml)
* Calcium fortified soya milk - 1 tumbler or mug (200ml)

* Cheddar cheese & low fat hard cheese - Small matchbox size (30g)

» Yoghurt (low fat fruit, plain & calcium boosted soya) - 1pot (125g)

» Porridge (made with semi-skimmed milk) - 1 bowl (160g - weight with milk)
* Halloumi - 1/2 serving (35g)

* Cauliflower cheese - 1serving (200g]

* 12" pizza (cheese & tomato, vegetarian or meat topping) - 1/4 of a pizza

» Steamed or fried tofu - 1serving (120g)

* Canned sardines - 1 serving for a sandwich (50g)

Foods providing around 100mg of calcium per average portion

Cottage cheese - 2 thsp (80g)
Camembert - 1 portion (1/6 round, 40g)
White pitta bread - 1 small (75g)

Plain naan bread - 1/3 (43g)

Baked beans - 1small tin (200g)
Cornish pasty - 1 medium size (155g)
Sausages (pork or vegetarian) - 2 (40g)
Tahini (sesame paste) - 1 heaped tsp (19g)
Sesame seeds - 1tbsp (12g)

Tinned pink salmon - 1small tin (105g)
Grilled herring - 1(119g)

Ready made custard - 1serving (120g)
Dried figs - 2 (40g)

https:/ /theros.org.uk/information-and-support/bone-health/nutrition-for-bones/ calcium / calcium-rich-food-chooser/




Protein
50-80 grams pure protein a day, dependent on weight .

AA's most important for bone:- alaline, glycine and lysine

- bone broths; best for glycine
- red meat, chicken, salmon, tuna and dairy best for lysine

Vegetables to alkalinize & support microbiome

Optimize digestive surroundings
Reduce free radical exposure (AGES)




Many nutrients provide anti-inflammatory and antioxidant benefits
that may also play a role in downregulating cytokine production,

RANKL production and dampening the immune response to preserve

and build bone.

®



Cells. 2021 Jan; 10(1): 89.
Published online 2021 Jan 7. doi: 10.3390/cells10010089 PMID: 33430327

PMCID: PMC7825801

Regulation of Osteoclast Differentiation and Activity by Lipid Metabolism

Positive correlation between the intake of omega-3 fatty acids and bone mineral density in postmenopausal
women. Recent research has pointed to eicosapentaenoic (EPA) and docosahexaenoic (DHA) acids

to reduce the number of osteoclasts and activity by suppressing RANK and RANKL expression along with
other potent cytokines TNFa, IL-6 and PGE2. lipid mediators from omega-3 fatty acids have also shown
bone preservation effects by modulating RANKL and OPG expression.

https://doi.org/10.1155/2013/589641



https://www.hindawi.com/journals/tswj/2013/589641/
https://www.spandidos-publications.com/10.3892/mmr.2013.1446
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6005849/
https://doi.org/10.1155/2013/589641

The Journal of Nutrition
Volume 144, Issue 3, March 2014, Pages 289-296

ELSEVIER

N-Acetylcysteine Supplementation
Decreases Osteoclast Differentiation

N-acetyl cysteine (NAC) is a powerful antioxidant that has shown reduce oxidative stress,

boost glutathione synthesis and reduce inflammation. In a postmenopausal osteoporosis

animal model, NAC was found to prevent estrogen-deficient mice from bone loss by

inhibiting oxidative stress, DNA damage and cellular senescence.

@ https://doi.org/10.3945/in.113.185397



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7137068/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7137068/
https://doi.org/10.3945/jn.113.185397

jents

Nutrients. 2013 Jan; 5(1): 97-110. PMCID: PMC3571640
Published online 2013 Jan 10. doi: 10.3390/nu5010097 PMID: 23306191

Selenium in Bone Health: Roles in Antioxidant Protection and Cell Proliferation

Selenium is an essential trace element that has shown to improve bone health, immune
surveillance, protect cell growth and acts as a potent antioxidant. Excessive intracellular

reactive oxygen species (ROS) contribute to the development of osteoporosis by blocking

osteoblasts developing from stem cells. Selenium increases the production of glutathione
peroxidases, thioredoxin reductases and selenoproteins, which play key roles in reducing

intracellular ROS and protecting osteoblasts

PMID: 37842299


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3571640/
https://pubmed.ncbi.nlm.nih.gov/37842299

Oxid Med Cell Longev. 2020; 2020: 6080597 . PMCID: PMC7641676
Published online 2020 Oct 27. doi: 10.1155/2020/6080597 PMID: 33194005

Oral Administration of Quercetin or Its Derivatives Inhibit Bone Loss in Animal Model
of Osteoporosis

Yue-Yue Huang, ' Zi-Hao Wang, 2 Li-Hui Deng, 2 Hong Wang,®2 and Qun Zheng®?

Quercetin is a major dietary flavonoid found in onions and other vegetables that has shown benefits for many

diseases and recently for bone loss. An animal model of postmenopausal osteoporosis showed that were

given quercetin in their diet improved higher BMD in the lumbar spine and femur. Scientists also performed in

vitro experiments and found a dose-dependent reduction of RANK/RANKL-stimulated expression of

osteoclasts, building a strong case for quercetin as a potent inhibitor of osteoclastogenesis, and possible

selective estrogen receptor modulator.



https://pubmed.ncbi.nlm.nih.gov/32899435/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7641676/
https://pubmed.ncbi.nlm.nih.gov/19495926/
https://pubmed.ncbi.nlm.nih.gov/19495926/
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low oestrogen levels of menopause reduce gut microbial abundance and diversity

Probiotic treatment using a mix of three Lactobacillus strains for lumbar
spine bone loss in postmenopausal women: a randomised, double-blind,

placebo-controlled, multicentre trial

Per-Anders Jansson, MD « Dan Curiac, MD e Irini Lazou Ahrén, PhD e Fredrik Hansson, PhD e

Titti Martinsson Niskanen, PhD « Klara Sjogren, PhD « etal. Show all authors

studies showed that the novel three-strain probiotic combination of Lactobacillus paracasei 8700:2 (DSM 13434),
Lactobacillus plantarum HEAL? (DSM 15312) and Lactobacillus plantarum HEAL19 (DSM 15313) suppressed the
expression of proinflammatory cytokines (TNF-a and IL-6) and increased the expression of osteoprotegerin, reducing

osteoclast-mediated bone resorption (Ohlsson et al, 2014)

®




Next Oeneration
DESIGNER OESTROGEN

PhytoSERM to Prevent Menopause Associated Decline in Brain Metabolism and Cognition

Genistin

ClinicalTrials.gov ID @ NCT05664477

Sponsor © Roberta Brinton

S T Y

PhytoSERM 50mg tablet composed of the phytoestrogens daidzein, genistein and S- PhytoSERM is a dietary supplement containing equal amounts of genistein (16.7 mg

Gastrointestinal - e
equol, administered orally every day for 24 weeks. + 10%), daidzein (16.7 mg + 10%) and S-equol (16.7 mg = 10%).
enzymes
Genistein Daidzein Placebo Comparator: Placebo group Drug: Placebo

Placebo product with identical shape, size and color will be produced with absence
of S-equol, daidzein and genistein. Ingredients include calcium carbonate, comprecel
M102, croscarmellose sodium, stearic acid, Zeofree 5162, magnesium stearate,
carnauba wax, coating cellulose clear (PEG), coating white (PEG), water.

Placebo product with identical shape, size and color with absence of daidzein,
genistein, and S-equol. Administered orally every day for 24 weeks.
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Tofupill/Femarelle (DT56a): a new phyto-selective
estrogen receptor modulator-like substance for the
treatment of postmenopausal bone loss

Israel Yoles 7, Yariv Yogev, Yair Frenkel, Ravit Nahum, Michael Hirsch, Boris Kaplan

To evaluate the efflcacy of TofupllllFemareIIe (DT56a), a novel phyto-selective estrogen receptor modulator
ity (BMD) in postmenopausal women.




Osteogenesis and aging: lessons from mesenchymal
stem cells

Arantza Infante 1, Clara | Rodriguez 2

Affiliations + expand
PMID: 30257716 PMCID: PMC6158877 DOI: 10.1186/s13287-018-0995-x

A group of scientists documented menopausal women released far fewer
stem cells in response to bone fracture, further delaying bone repair.
Another study on osteoporosis reported that releasing one’s own stem cells
can in fact help maintain bone density.

MOBILIZE
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