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Abstract

Background: The present review aims to verify in osteoporosis the effectiveness of the silicon diet, contained in
the Equisetum arvense.

What is documented in the literature makes it possible to conclude that silicon improves the formation,
consistency and density of bone tissue and cartilage tissue, and excites osteosynthesis through an enhanced
biosynthesis of collagen.

Treatment with Osteosil Calcium (a silicon-based food supplement extracted from Equisetum arvense and
calcium) induces an increase in plasma and tissue silicon concentrations, the greater availability of which results in
an increase in the activity of all silicon enzymatic reactions. This is the case of the enzyme prolyl-hydroxylase, which
intervenes in the early stages of the synthesis of collagen at the ribosomal level of fibroblasts of connective tissue.
Silicon plays a decisive role in normalizing the content of glycosaminoglycans in collagen, which in turn is used as a
matrix for the formation of both cartilage and bone.

Osteosil Calcium is effective in osteoporosis because silicon, present in the product, acts from the early stages of
bone and cartilage formation. The silicon contained in Osteosil Calcium, "exciting" the physiological mechanisms
used to produce collagen and glycosaminoglycans, improves in an objective way the pathological states of the bone
(osteoporosis, arthritic or post-traumatic bone degeneration, bone fracture, orthopaedic and dental surgery, and
guided bone regeneration): in fact, silicon promotes and activates, qualitatively and quantitatively, the bone
remodeling processes.
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Figure 1: Factors that can negatively influence the quality and
quantity of the bone.
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Female sex is much more affected than male (with a ratio of 6:1),
especially in relation to the decrease in estroprogestinic production
typical of menopause [7,8].

The work signed by Silvio Garattini, published on the monthly
magazine of the Mario Negri Institute for Pharmacological Research
"Menopause: The Risks of Hormone Replacement Therapy", while
reiterating the positive effect of hormone therapy on osteoporosis and
the troublesome vasomotor symptoms, recalls the attention to the
effects of prolonged oestrogen therapy that results in significant risk
increase in breast cancer and severe cardiovascular damage [14]. By
making the algebraic sum of the risks and benefits, concludes the
founder of the Mario Negri Institute, for each year of treatment there
are 19 serious additional events per 10.000 treated women.

For a 10-year treatment, this corresponds to 190/10.000, or about
2% of women experience a serious event. Considering that there are
tens of millions of women being treated in Europe, the number of
serious adverse events becomes very significant. All this entails for the
physician a careful assessment of the risks and benefits of hormone
therapy and urges him to re-evaluate possible alternatives to drug
treatments that are equally relevant to the symptoms of post-
menopausal osteoporosis.

Equisetum arvense is said in the traditional East Asian medicine Mu
Zei and is believed to be a vital ingredient in the formation of bone and
cartilage tissue. As such, Equisetum arvense is still recommended by
some oriental doctors to help strengthen the bone and prevent the
onset of osteoporosis and is also used in the treatment of some
neoplastic forms [15]. It is also described as an ingredient of an herbal
formula against HPV, the Papilloma virus. Recent acquisitions on the
implications of silicon in bone metabolism and its role in determining
the formation and properties of collagen, and consequently cartilage
and bone tissue, indicate its possible pathogenetic participation in the
decreased availability of silicon within the degenerative osteoarticular
processes and as a consequence hypothesize that the use of silicon
complementation can be both preventative and curative treatment of
osteoarthritis and osteoporosis [16-25].

The role of silicon as an "essential mineral" in the formation and
characteristics of collagen has been extensively demonstrated [26-28].
At the molecular level, it was possible to highlight its implication in the
synthesis of mucopolysaccharides of articular cartilage and connective
tissues.

Mucopolysaccharides are also determinant in bone mineralization
(ossification starts in fact in the calcification areas with polysaccharide
nuclei); the activity of proline-hydroxylase, an enzyme responsible for
the synthesis of bone and cartilage collagen, present in the osteoblasts,
chondroblasts and fibroblasts microsomes, is silicon-dependent
(silicon deficiency is associated with a low content in
glycosaminoglycans of collagen) [29]. In bone mineralization sites,
Ca/Si ratio dependent silicon concentrations are high in the initial
stages of the calcification process (Ca/Si=0.7) and very low in the final
stages (Ca/Si=1.7). It has also been shown that bone mineralization is
directly proportional to the silicon content of the diet. These
assumptions are the basis of the action of an intake silicon diet,
contained in the Equisetum arvense (rich in silicon in the form of
orthosilic acid), whose dry titrated extract is the active ingredient of
the dietary/therapeutic product OSTEOSIL Calcium® (Ghimas SpA,
Casalecchio di Reno-Bologna, Italy) also containing, at the indicated
dose, one third of the daily calcium dose recommended by the WHO.

Since 1960, Carlisle demonstrated that silicon plays a key role in
bone calcification mechanisms in chick and rat, highlighting both the
correlations between diet silicon content, collagen biosynthesis and
bone mineralization, as well as close relationships between silicon and
calcium in ossification processes [30-35]. Subsequent scientific papers
confirmed these data [17,19,28,36].

These experimental trials also indicate that silicon plays a crucial
role in normalizing the glycosaminoglycan content in collagen. The
collagen thus formed is itself used as a matrix for the formation of the
connective tissue of cartilage and bone. As confirmation of the
indispensable action of silicon, the early stages of collagen synthesis are
conditioned by the activity of the prolyl-hydroxylase enzyme, which is
silicon-dependent [27,30,37]. Its presence, therefore, ensures a normal
and physiological synthesis of both cartilage and bone tissue.

Equisetum arvense, in addition to its catalytic activity on prolyl-
hydroxylase enzyme, seems to have a negative effect on human
osteoclastogenesis, which is in line with its alleged beneficial role in
pathophysiological conditions associated with greater osteoclastic
activity and may suggest a potential useful for treatment with bone
regeneration strategies [35].

This information has found experimental confirmation in a
controlled study that describes the effects of dry extract of Equisetum
arvense, which contains a special form of oral silicon active on the
growth of teeth and bones long in the rat: the addition to the normal
diet of titrated extract of Equisetum arvense (active component of
Osteosil Calcium) has resulted in a marked improvement both in
length and length of bones, with greater bone density and compactness
[38].

Discussion

In the 1990s it was confirmed the mineralizing action in the
prevention and treatment of osteoporosis, together with improvements
in joint pain that accompany osteoporosis in all the treated patients
[30,40]. Griindemann et al. [41] indicate, however, that the extract of
Equisetum arvense interferes with the poly-functionality of immune-
competent cells, thus providing an anti-inflammatory mode-of-action.
T cell proliferation, in fact, was inhibited dose dependently by
Equisetum without induction of apoptosis or necrosis. This effect was
mediated by inhibition of lymphocyte activation, specifically by
diminishing CD69 and IL-2 surface receptor expression and
intracellular IL-2 production. Furthermore, treatment with Equisetum
arvense inhibited effector functions, as indicated by reduced
production of IFN-y and TNF-a.

The study by Mattioli-Belmonte et al. [42] documented the efficacy
of Osteosil Calcium in vitro in improving the vitality and metabolic
function of osteoblasts.

The morphological SEM evaluation of the culture of an osteoblastic
MG#63 cell line showed as with a 2.5 ug/ml concentration of Osteosil
Calcium, cells form a "carpet” diffused across the culture plate.

At the 5 pg/ml concentration of Osteosil Calcium this carpet
appears more homogeneous with greater adhesion to the substrate. In
cell cultures treated with 10 pg/ml concentration of Osteosil Calcium,
cellular morphology expresses a state of correct metabolic activity
(good anchorage to the substrate, no apparent degenerative necrotic
aspects). Blood concentrations of between 2.5 to 10 pg/ml, achieved by
the recommended dosage of Osteosil Calcium, are therefore the
optimal treatment for a balanced supply of silicon and calcium even for
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prolonged administration periods. The EDAX micro-analytical
analysis confirms that silicon and calcium administered with Osteosil
Calcium are utilized by osteoblasts in their metabolism for bone
production. Bessa Pereira et al. [24] confirmed these data.

The graduation thesis of Laura Tinti [43] discussed with prof.
Gabriele Saudelli, 2" level Master in Phytotherapy, University of Siena
(Italy), attempted to quantify the effective dose to obtain bone and
cartilage growth by measuring nitric oxide (NO), such as oxidative
stress capable of inhibiting the regrowth of chondrocytes and
osteoblasts in human cells grown in vitro. The study evaluated whether
the amount of NO released by chondrocytes stimulated with pro-
inflammatory cytokine IL1f exogenous could be reduced by treatment
with Equisetum arvense, since experiments conducted in vitro have
proved its action as a scavenger of free radicals, including also NO
[44-46]. In the cells that underwent IL1P stimulation, a decrease in the
NO levels induced by the pro-inflammatory cytokine was observed at
both Equisetum arvense concentrations tested (200 pug/ml and 100 pg/
ml), despite the concentration 100 pg/ml is more effective, reporting
the amount of NO released at baseline levels (Figure 2).
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Figure 2: Quantification of the nitroxide released by chondrocytes
treated with various concentrations of hydroalcoholic extract of
Equisetum arvense (200 pg/ml and 100 pg/ml) with and without
addition of IL1B (1 ng/ml).

For a more complete view of the mechanism of action underlying
the reduction of NO levels released by chondrocytes, the gene
expression of iNOS (Nitric Oxide Synthase Inhibitor) was investigated.
After analysis of the data obtained from the cell viability assay and the
Griess assay, we decided to exclude from the analysis the treatment at
the concentration of 400 pug/ml, which showed cytotoxicity, and the
treatment with Equisetum arvense powder that showed an increase of
NO released compared to chondrocytes in baseline conditions.

After a careful analysis of the data obtained from the quantification
of NO release by chondrocytes stimulated with the pro-inflammatory
cytokine IL1p and pre-treated with hydroalcoholic extract of
Equisetum arvense, we can conclude that the concentration 100 pg/ml
showed a good efficacy in counteracting the increase in NO levels
induced by the cytokine IL1p.

In support of the data obtained from the Griess assay we have
obtained encouraging results regarding the gene expression of the
enzyme responsible for the release of NO at high levels i.e., iINOS. The

gene expression of this enzyme is overexpressed in chondrocytes
stimulated with IL1p (also from literature data); this condition can be
counteracted by treatment with Equisetum arvense.

Therefore, although further studies are necessary, we can conclude
that the Equisetum arvense in addition to stimulating the enzyme
prolyl hydroxylase with its high silicon content, which increases the
production of collagen and glycosaminoglycans, may have another
beneficial effect on osteoarticular disease, reducing precisely the
synthesis and release of nitric oxide by osteoarticular chondrocytes,
leading to an improvement of the disease.

The study by Corletto [47] showed that treatment with Osteosil
Calcium was well tolerated by all patients observed and confirmed
active on calcium loss rate after 40 days of therapy, bringing this
phenomenon to values close to those considered normal for the age
range of patients considered.

This datum assumes great importance since only fast-loser patients
were admitted to the study, showing a loss of calcium higher than 2.7%
per annum at the Nordin test.

The variation of the patients treated with Equisetum e.s.t. indicates a
marked improvement in control after 40 days (P<0.001), which
increases slightly to the final control. In patients treated first with
Placebo, then with Equisetum e.s.t. a significantly positive decrease was
observed only at the control after 80 days (P<0.001), while in the first
treatment period no changes were noted. There are no notable changes
in the control patients who took placebo.

Patients treated with Osteosil Calcium showed a marked
improvement in control after 40 days (P<0.001), which increased
further to the final control (P<0.05) (Figure 3).
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Figure 3: Graphic representation of variation of the Nordin test.

The variations of the Nordin test therefore indicate that Placebo
treatment is not active; instead, the subsequent administration of
Equisetum e.s.t. patients initially treated with Placebo induced the
same changes observed in the group of subjects treated with the active
substance; treatment with Equisetum e.s.t. and with Osteosil Calcium
has transformed all fast-loser patients into borderline patients,
reducing calcium loss and thus improving bone metabolism.

Total body bone densitometry also shows, in the year of
observation, a significant bone mass recovery (approximately 2.3%) at
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the vertebral level; in untreated patients, however, the decrease in bone
density has continued steadily (Figure 4).

BONE DENSITOMETRY - mean value

5+
baseline

e Equisetum
e OSTEOSIL Calcium

e=== Placebo

Figure 4: Graphic representation of the variation of the total body
bone densitometry. Compared to untreated fast-loser controls
(placebo), which tend to decrease bone density, Osteosil Calcium
and Equisetum after a year of therapy induce an increase in bone
mass at vertebral level of 2.3%.

The most frequent and easiest to find objectively from a clinical
point of view, as in the previous study, was the decrease in
osteoarthritic pain. The increase in bone density is confirmed by the
improvement of the Nordin test, which demonstrates the reduction of
osteoclastic activity and the positive increase in osteoblastic activity.

We report the following Case report that is truly emblematic: A 70-
year-old patient was observed for osteoporosis with T-Score of -3.30 at
the computerized bone mineralometry performed on the L2-L4
lumbar spine. Treatment with Osteosil Calcium is started at the dosage
of two tablets a day, taken daily for one year until the next
densitometry. This was done with the same device used previously. The
result is -1.8 (same lumbar segment). Two years later the densitometry
was repeated (same machine, same operator), this time by total body
technique. The T-score was further raised up to -0.7. Throughout this
period, treatment with Osteosil Calcium continued, continuing with
the daily dose of two tablets taken during the main meal.

In the course of osteoporosis, the fall of the blood silicon is earlier
and more pronounced than that of other minerals (calcium,
phosphorus, fluorine and magnesium) involved in the calcification
process of the bones [5,29]. The high content of silicon in Osteosil
Calcium seems therefore to be the main cause of therapeutic action,
which has transformed all of the fast-loser patients in borderline
patients.

It should be emphasized, however, that the best trend in Osteosil
Calcium treated patients indicates that supplementation of calcium
therapy in WHO recommended doses is undoubtedly a better
condition for bone metabolism, with a more effective bone mass
increase. The calcium intake through Osteosil Calcium, in fact, proves
to be able to supplement the calcium intake normally taken with the
diet, thus optimizing the action of Equisetum arvense.

This leads to the conclusion that silicon in Osteosil Calcium
improves the formation, consistency and density of bone tissue and
cartilage tissue, stimulating osteosynthesis through enhanced collagen
biosynthesis [47-50]. The treatment with Osteosil Calcium induces an
increase in plasma and tissue concentrations of silicon, whose
increased availability translates into an increase in the activity of all
silicon-dependent enzymatic reactions. This is the case of the enzyme
prolyl-hydroxylase, which intervenes just in the early stages of collagen
synthesis at the level of ribosomal connective tissue fibroblasts. Silicon
plays a decisive role in normalizing the glycosaminoglycan content in
collagen, collagen that is in turn used as a matrix for the formation of
both cartilage and bone [27,37,51,52].

Conclusion

Osteosil Calcium can therefore be used to treat osteoporosis without
side effects at doses of 2 tablets/day for 45 days followed by 15 days of
suspension for 3-4 cycles per year. Silicon, present in the product, is
effective in osteoporosis because it acts since the early stages of bone

and cartilage formation. Silicon, “exciting" the physiological
mechanisms involved in the production of collagen and
glycosaminoglycans, objectively —improves bone pathologies

(osteoporosis, osteoarthritis or post-traumatic bone degeneration,
bone fracture, orthopaedic and dental surgery, and guided bone
regeneration): silicon, in fact, promotes and activates, qualitatively and
quantitatively, bone remodeling processes.
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