Effects of
Progesterone on Bone

Current studies’ examining the role of
progesterone on bone homeostasis indi-
cate that the effects of progesterone are
mediated by its nuclear receptors. In the
1970s, O’Malley et al? showed that those
receptors are composed of two receptor
proteins, PRa and PRb, each of which binds
progesterone.” Research by MacNamara
and Loughrey?® in 1998 indicated that PRa
and PRb messenger ribonucleic acid
(mRNA) transcripts are expressed in hu-
man osteoblasts and that progesterone
receptor promoter activity is estrogen re-
sponsive. This provides evidence that bone-
forming cells are physiologically influ-
enced by progesterone. A study* by Luo
and Liao supports the role of progester-
one in regulating the function of metal-
loproteinase (specifically matrix metallo-
proteinase [MMP]) in osteoblast cells
involved in bone remodeling and re-
sorption. MMP initiates bone resorp-
tion by degrading the bone matrix. This
requires the activation of MMP-2 via a
complex consisting of a membrane-type
matrix metalloproteinase-1 (MT1-MMP)
and a tissue inhibitor of metalloproteinase
(TIMP-2) on the cell surface. In that study,
progesterone was shown to increase the
levels of MT1-MMP and mRNA in os-
teoblasts. Progesterone acted only on the
MT1-MMP protein; that action may con-
tribute to bone formation.

Progesterone binding to glucocorticoid
receptors is another pathway that may mod-
ulate bone remodeling. Glucocorticoids
cause bone loss by blocking osteocalcin
synthesis and preventing the attachment
of osteoblasts to matrix proteins such as
osteonectin. Some studies®¢ indicate that
progesterone exerts an antiglucocorticoid
effect by acting as a ligand for glucocorti-
coid receptors. A study’-® of progesterone
replacement in very premature infants
yielded exciting results with respect to the
role of progesterone in bone development.
During pregnancy, the plasma concentra-
tions of estradiol and progesterone in
the fetus increase by a factor of 100. A pre-
maturely delivered infant is deprived of
those hormones at an early developmen-
tal stage. Seventy years ago, estradiol sup-
plementation was used on premature in-
fants to promote body-weight gain, but
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the success of that treatment was minimal
and the practice was abandoned.”® How-
ever, because of the positive benefits of
postmenopausal hormone replacement,
the effect of estradiol supplementation on
the prevention of the osteopenia of pre-
maturity was again examined. When in-
trauterine levels of estradiol and proges-
terone were supplemented for 6 weeks
postnatally in premature infants, an im-
provement in bone mineral accretion
was demonstrated.”8

Effects of
Progesterone
on Breast Tissue

The controversial question about whether
a combination of progestins and estro-
gen leads to an increase in breast cancer
remains unanswered. In this article, a re-
view of the effects produced by different
types of progestins is presented.

Breast tissue is of several types.” Ep-
ithelial tissue divides during the proges-
terone-dominant phase of the menstrual
cycle. Ductile tissue grows and branches
during pregnancy as a result of estrogen.
The lobule-alveolar systems of the breast
also develop during pregnancy as a re-
sult of the effect of progesterone, which
causes the growth of lobules, the budding
of alveoli, and an increase in the secre-
tory capacity of alveolar cells. That process,
which is termed “differentiation,” is the

reason for which full-term pregnancy ear-
ly in life provides protection against car-
cinogen-induced breast cancer.!? Cancers
often develop in epithelial cells. All cells
have a finite life span, and there is a bal-
ance between cell division and cell death.
When stimulated by estrogen, the BCL2
gene causes breast cells to grow rapidly
and prevents cell death. In ovarian carci-
noma cell lines and in breast epithelial
cells, progesterone induces apoptosis and
upregulates the P53 gene.!1!2 Formby and
Wiley!?!1* demonstrated that “progester-
one at a concentration similar to that seen
during the third trimester of pregnancy
exhibited a strong antiproliferative effect
on at least two breast cancer cell lines.
Apoptosis was induced in the progester-
one receptor expressing T47-D breast
cancer cells.”

To promote the understanding of the ac-
tion of progesterone, researchers have
been trying to culture human breast ep-
ithelial cells that are nontumorigenic and
that contain progesterone receptors. Those
receptors are synthesized in response to
estrogen. Synthetic progestins such as
medroxyprogesterone acetate or norethin-
drone occupy the progesterone receptor
site and inhibit the binding of endogenous
progesterone to the receptor. Synthetic
progestins do not produce the P53 gene
and thus would prevent the production of
progesterone and the activation of the P53

International Journal of Pharmaceutical Compounding

Vol. 6 No. 4 Fuly/August 2002



gene. This chemically induced proges-
terone deficiency, like natural proges-
terone deficiency, may increase the risk of
breast cancer because the BCL2 gene is
upregulated by estradiol and no corre-
sponding downregulation opposes that ac-
tion. Breast epithelial cell proliferation is
greater when a combination of estrogen
and medroxyprogesterone acetate is used
than when estrogen only or no hormone
replacement therapy is used.!” Another
study'é compared postmenopausal women
who followed one of four protocols: top-
ically applied estradiol, progesterone,
estradiol plus progesterone, or placebo.
The use of estradiol alone increased the
proliferation index of breast epithelium
100-fold, the use of progesterone alone
increased the proliferation index 15-fold,
and combination treatment with estradi-
ol plus progesterone increased that index
13-fold.

Effects of Progesterone
on the Brain

We also reviewed the current literature
on the effects of progesterone on the brain
in adult humans and preterm infants. As
noted previously, premature infants are
deprived of the full benefits of estradiol
and progesterone. In one study,!” 15 preterm
infants received progesterone and estra-
diol replacement at intrauterine levels.
When the treated infants were exam-
ined, they exhibited a normal psychomo-
tor pattern, but preterm infants who were
not treated with progesterone and estra-
diol replacement (the control group) ex-
hibited delayed psychomotor development.
That area of research is new, and more ex-
tensive studies are needed to evaluate the
potential benefits of and adverse side ef-
fects induced by the postnatal replacement
of those hormones at intrauterine levels in
premature infants.!”

Research was conducted by Wagner et
al'8 to determine the differences in pro-
gesterone-receptor formation in the de-
veloping male and female human brain.
The brain of the human male differs struc-
turally and neurobiologically from that of
the human female. Research studies in-
dicate that maternal progesterone (not fe-
tal steroids such as androgens and estro-
gens) induces gender differences in the
human brain. Maternal progesterone en-

ters the blood and brain of the fetus, and
the activation of the progestin receptor
modifies the function of the brain cells.
Male fetuses exhibit a greater sensitivity
to progesterone and have more progestin
receptors than do female fetuses. The dis-
covery of this role of progesterone su-
perseded the view that only androgens and
estrogens are the agents of sexual differ-
entiation. Research on neuronal differen-
tiation, cell migration, cell death, and oth-
er cellular events that contribute to
gender-based differences in the central
nervous system is in progress.!®

According to Baulieu and Schumacher,?
progesterone is synthesized by Schwann
cells and enhances myelin formation in the
peripheral nerves. Those authors also con-
firmed that progesterone promotes myelin
repair in the brain. When progesterone
was given to animals with transplanted
oligodendrocytes, significantly more ax-
ons were remyelinated after 3 to 5 weeks.
Baulieu and Schumacher found that pro-
gesterone rapidly increased the expression
of a transcription factor known as Krox-
20, which plays a critical role in the reg-
ulation of the myelin gene in Schwann cells.
If the in vitro work can be duplicated in
vivo, it may lead to the development of spe-
cific steroid compounds used to treat male
and female multiple sclerosis patients with-
out adversely affecting other areas of the
body. Significant research today is de-
voted to the development of a synthetic
progestin for postpartum administration
to women with multiple sclerosis to pre-
vent relapses of that disease. The effect of
progesterone on excitotoxic cell death,
lipid peroxidation, and the induction of
specific enzymes in the neurologic re-
covery from brain and spinal cord injury
is the focus of that research. Researchers
now have evidence that it may be easier for
the female brain to repair itself after in-
jury.?? Progesterone reduces the cerebral
swelling and consequent ischemia-induced
cell damage that follows brain injury. Ac-
cording to Wright et al,?! progesterone
given by injection may be an inexpensive
and safe way to protect the brain from
edematous injury.

Two other key elements linked to neu-
roprotection lie within the signal trans-
duction pathway in the brain. Progester-
one elicits the phosphorylation of Ak, a
downstream effector of the phosphoino-

sitide-3 (PI-3) kinase pathway and of ex-
tracellular-signal regulated kinase (ERK),
a component of the mitogen-activated
protein kinase (MAPK) pathway. These
pathways offer mechanisms for neuro-
protection against various insults and may
lead to discoveries for the treatment of
neurodegenerative disorders such as Alz-
heimer’s disease.??

Progesterone and 19-norprogesterone
also protect against glutamate toxicity, in
stark contrast to the lack of such protec-
tion provided by medroxyprogesterone ac-
etate. According to Nilsen and Brinton,??
17B-estradiol upregulates BCL2, which
prevents cell death. Progesterone and 19-
norprogesterone, alone or in combination
with estrogen, increase the expression of
BCL2. Those authors state that “These
results may have important implications
for the effective use of hormone replace-
ment therapy in the maintenance of neu-
ronal function during menopause and
aging and for protection against neu-
rodegenerative diseases such as Alzheim-
er’s disease.?’

Progesterone affects the expression of
several proteins in the brain. For example,
progesterone stimulates y-aminobutyric
acid (GABA) signaling pathways in spe-
cific areas of the brain. In animal studies,
those pathways regulate the signals in
the brain that involve sexual response, but
the effect of progesterone in the human
brain is limited. In animal models, the most
well-defined aspect of progesterone action
is progesterone-receptor (PR) mediated
effects in the hypothalamus and preoptic
area. Those effects may also be mediated
by the direct interaction of 5-a-reduced
progesterone metabolites and GABA4 re-
ceptors.”*

A study?’ of the effect of finasteride, a
5-a-reductase inhibitor, in the murine
model revealed that the level of allopreg-
nenolone is very important in inhibiting
the anticonvulsant and sedative effects of
alcohol. Increased stress levels trigger the
release of corticosterone and progester-
one, from which allopregnenolone is
produced. A dramatic rise in the allo-
pregnenolone level of animal subjects was
observed after they had ingested ethanol.
When finasteride was administered, the
formation of allopregnenolone from
progesterone after ethanol ingestion was
blocked. This may be the reason for which
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women, who have a higher level of the
steroid than do men and thus produce more
allopregnenolone, can become more re-
laxed after consuming less ethanol than
that required to relax a male counter-
part. It may also explain the difference in
the reactions of men and women to the in-
gestion of ethanol. In the study?” cited, fe-
male rats consumed more ethanol during
the phase of their reproductive cycle when
their progesterone level was low.
Progesterone also affects the pulsatile
gonadotropin-releasing hormone (GnRH)
stimulus from the hypothalamus. GnRH
pulses regulate the secretion of pituitary
luteinizing hormone (LH) and follicle-
stimulating hormone (FSH). Rapid puls-
es of GnRH produce an LH surge that is
followed by ovulation, after which the
GnRH pulse slows to produce more FSH.
In women with a hypothalamic dysfunc-
tion such as hypothalamic amenorrhea
or polycystic ovarian syndrome, GnRH
pulses can be influenced by progesterone,
which slows the GnRH pulse secretion

to produce an increase in the level of FSH
and subsequent follicular maturation.?¢

Effects of
Progesterone on
the Heart and
Circulatory System

Female sex hormones may confer some
cardioprotective effects, because clinical
observation indicates that coronary artery
disease is more common in men and post-
menopausal women than in premenopausal
women. Estrogen deficiency is currently
thought to increase the risk of coronary
heart disease because many epidemio-
logic studies have reported a reduced
risk of coronary heart disease in premen-
opausal women. Estrogens produce fa-
vorable changes in endothelial function,
vascular reactivity, lipid levels, and blood
flow. Vascular effects of added progestins
ranging from neutral to detrimental have
been described, but the effects of pro-
gesterone on endothelial function in

humans per se have not been reported. The
American Heart and Estrogen/Progestin
Replacement Study (HERS) is a large mul-
ticenter randomized study of the effects of
hormone replacement therapy in post-
menopausal women with heart disease.?”
Conjugated equine estrogens and med-
roxyprogesterone acetate were used as hor-
mone replacement therapy in that study.
HERS results revealed no reduced risk
of coronary heart disease in the subjects
who received hormone replacement ther-
apy but instead indicated a higher risk of
events related to coronary heart disease
during the first year of treatment.

When the benefits and risks of hormone
replacement therapy are assessed, it is im-
portant to determine which chemicals were
used as treatment because individual
progestins have varying pharmacologic
properties and do not produce the same
side effects. Progesterone and 19-nor-
progesterone do not exert an androgenic
action and have no negative effect on
lipid levels and vascular reactivity in ani-
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mal models or on exercise-induced myocardial ischemia in
humans.?8-2? Estrogens preserve the normal endothelium-
mediated dilation of coronary arteries, and progesterone does
not reverse the effect of that potentially cardioprotective
mechanism. In one animal study,?’ progesterone caused coronary
relaxation by inhibiting Ca** mobilization into coronary smooth
muscle and by other mechanisms.

In a study by Mather et al,’! the effect of 17-B-E,, progester-
one, and 17-B- E, with progesterone on endothelial forearm re-
sponses was examined. The authors concluded that progesterone
does not produce detrimental vascular effects in healthy menopausal
women who do not have risk factors for cardiovascular disease.

Progesterone also prevents the multiplication and migration
of smooth muscle cells, which are involved in the formation of
plaque that blocks arteries in the heart and brain. Progesterone
inhibits deoxyribonucleic acid synthesis and the proliferation
of the smooth muscle cells.?? This finding was further support-
ed by animal studies®? in which ovariectomized female proges-
terone receptor (PRKO) knockout mice and wild-type (W) lit-
ter mates were used to study the effects of progesterone on vascular
smooth muscle cells. Progesterone produced no significant ef-
fectin the PRKO mice studied, butitinhibited the proliferation
of vascular smooth muscle cells in the W'T mice. That research
may lead to the identification of the mechanism of action by which
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progesterone protects against atherosclerosis. In 1992, researchers
also discovered that progesterone reduces platelet aggregation
via the enhancement of nitric oxide, which is an endothelium-
derived relaxing factor.’*

In one study,’* a direct effect on platelet aggregation was not-
ed when rabbitaortic strips were exposed to progesterone, which
promotes endothelium-nitric oxide relaxing factor. The effect of
progesterone on the rat aorta and mesenteric arteries differed;
this suggests that the effect of progesterone on the relaxant re-
sponse of the endothelium differs between conduit vessels (the
aorta) and resistance vessels (mesenteric arteries).?? Another
study?’ on peripheral circulation shows vasodilatation of mesen-
teric, renal, and iliac arteries from the release of nitric oxide as
a result of progesterone infusion.

Conclusion

Today’s medical professionals are taught that progesterone is
used in hormone replacement therapy to prevent endometrial
hyperplasia, to treat infertility, or to support progesterone-de-
ficient pregnancies. However, in this report we have shown
that bioidentical progesterone exerts many additional effects
throughout the body. Progesterone is critical to ensuring bone
health. It offers neuroprotection, contributes to cardiovascular
health, assists normal brain development, and provides protec-
tion from some types of cancer. The use of bioidentical proges-
terone may soon be indicated for the treatment of a large popu-
lation that includes men, women, and (possibly) infants. Synthetic
progestins cannot be substituted for many of the favorable ac-
tions of bioidentical progesterone.
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