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Abstract
The severity of osteoporosis in humans manifests in its high incidence and by its compli-

cations that diminish quality of life. A societal consequence of osteoporosis is the substan-

tial burden that it inflicts upon patients and their families. Several bone-modifying drugs

have been prescribed to patients with osteoporosis. However, evidence for their anti-

fracture efficacy remains inconclusive. To the contrary, long-term use of anti-osteoporotic

drugs such as bisphosphonates and Denosumab, an RANKL inhibitor, have resulted in

adverse events. We now present an alternative and adjuvant approach for treatment of

osteoporosis. The data derive from in vivo studies in an ovariectomized rat model and

from a randomized double blind, placebo-controlled human clinical study. Both studies

involved treatment with Panaceo Micro Activation (PMA)-zeolite-clinoptilolite, a defined

cation exchange clinoptilolite, which clearly improved all bone histomorphometric param-

eters examined from ovariectomized animals, indicative for increased bone formation.

Moreover, intervention with PMA-zeolite-clinoptilolite for one year proved safe in humans.

Furthermore, patients treated with PMA-zeolite-clinoptilolite showed an increase in bone

mineral density, an elevated level of markers indicative of bone formation, a significant

reduction in pain, and significantly improved quality of life compared with patients in the

control (placebo) group. These encouraging positive effects of PMA-zeolite-clinoptilolite on

bone integrity and on osteoporosis warrant further evaluation of treatment with PMA-zeolite-clinoptilolite as a new alternative

adjuvant therapy for osteoporosis.

Keywords: Zeolite, clinoptilolite tuff, clinoptilolite Panaceo Micro Activation, osteoporosis, ovariectomized rats, double-blinded

clinical trial
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Introduction

Osteoporosis is a major public health issue with consequen-
tial complications such as hip and vertebral fractures
due to compromised bone integrity. The disease causes

diminished quality of life and imposes a substantial
burden on patients, their families, and society as a
whole.1 A primary cause of osteoporosis in females is men-
opausal loss of estrogens.2 However, numerous other
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conditions increase the risk of debilitating fractures includ-
ing compromised bone microarchitecture, quality of oste-
oid, and demineralization that decreases bone strength.2

Further evidence suggests that the gut microbiome may
also play an essential role in determining bone integrity.3,4

Since 1994, the benchmark for the diagnosis of osteoporosis
has been based on bone mineral density (BMD), alterations
in which occur when the homeostatic balance between
bone resorption and bone formation is disrupted.
Increased bone resorption results in reduced bone mass
and increased risk of fracture. Thus, the pharmaceutical
industry has focused on therapeutics that suppress bone
resorption or stimulate bone formation. Neither approach,
however, has effectively resolved the problem of osteopo-
rosis nor decreased its incidence. Both approaches have the
potential to cause unanticipated and severe adverse
events.5

As an alternative to treatment and management of oste-
oporosis with biotherapeutics, such as bisphosphonates
and Denosumab, an receptor activator of nuclear factor
kappa-B ligand (RANKL) inhibitor,6,7 others have proposed
the use of natural products, such as calcium-containing
zeolite granules,8 or strong anti-oxidants such as quercetin,
curcumin, and phytoestrogens or administration of anti-
resorptive compounds such as flavonoids, terpenoids, or
polyphenols in olive oil.9,10 The experimental basis upon
which these proposals are founded is limited to in vitro or
in vivo animal studies.

Here, we present preclinical results and clinical data that
support the use of the activated zeolite, PMA-zeolite-
clinoptilolite, as a new therapeutic alternative for treating
osteoporosis. It should be noted that PMA-zeolite-
clinoptilolite has been registered as a medical device for
several years according to the European directive 93/42/
EEC and tested in a clinical trial11 but not for treatment of
osteoporosis. The impetus for pursuing the proposition that
treatment with PMA-zeolite-clinoptilolite may provide
benefit to patients with osteoporosis derives from several
sources. In addition to anecdotal physician reports describ-
ing improved bone density in patients who received treat-
ment with PMA-zeolite-clinoptilolite, there are previously
documented cases describing positive effects of zeolites on
bones.12–14 Soluble silica promotes biological and mechan-
ical properties of bone by stimulating osteogenesis-
mediated gene expression and expression of genes that
suppress osteoclastogenesis14 and stimulating collagen
type 1 synthesis and osteoblast differentiation.15

Clinoptilolite is a crystalline, hydrated aluminosilicate
with a highly hydrophilic three-dimensional crystal struc-
ture that can retain or shed water reversibly. It also acts as a
cation exchanger without changing its basic crystal struc-
ture. The large structural cavities and channels contain
water molecules which form hydration spheres around
exchangeable cations. Upon removal of water by heating
to 100�C, clinoptilolite behaves like a molecular sieve
allowing small molecules to pass through its channels but
excluding larger molecules. Furthermore, clinoptilolite
may adsorb polar molecules with high selectivity.16 In the
last decade, the potential clinical utility of natural zeolite-
clinoptilolite materials as medical devices or therapeutics

has become intriguingly apparent.17–20 The potential use of
clinoptilolite for clinical purposes remains elusive since
well-designed animal studies and clinical trials are lacking.
Furthermore, the absence of standardized preparations of
the clinoptilolite and the necessary quality control raises
justifiable concerns over their use for medical purposes.
We now describe experiments in rats with ovariectomy-
induced osteoporosis plus data from a double-blinded
human clinical trial showing that treatment with a well-
defined double-activated clinoptilolite, designated
PMA-zeolite-clinoptilolite,21 has a beneficial effect on
bone density in osteoporosis patients.

Materials and methods

Source and preparation of zeolite materials

Double-activated zeolite-clinoptilolite (PMA-zeolite-
clinoptilolite) and clinoptilolite with added dolomite at
10% (Clinoþdol) were provided by Panaceo International
GmbH, Finkensteinerstr. 5, A-9585, Goedersdorf, Austria.
Synthetic zeolite-Awas obtained fromA. E. Fischer-Chemie
(Germany). Detailed physical–chemical properties and
preparation of PMA-zeolite-clinoptilolite are described in
Kraljevi�c Paveli�c et al.21

Animals

Female Wistar HsdBrlHan rats were obtained from the
breeding colony at Institute for Medical Research and
Occupational Health in Zagreb and maintained under
pathogen-free conditions in steady state micro-
environment cages. They were fed with a standard good
laboratory practice (GLP) certified chow ad libitum (Dieta
Standard 4RF21 from Mmucedola s.r.l., Italy; the certificate
of ingredients and analysis is given in the Supplementary
Material 1), with free access to tap water and alternating
12 h light and dark cycles. Sixty 5-month-old rats were split
into six groups of 10 animals each. Experimental rats were
ovariectomized (subjected to total hysterectomy) to induce
an osteoporotic condition (loss of bone density) using a
dorsal approach under general anesthesia with i.p.
Narketan, (80mg/kg) and Xylapan (12mg/kg) purchased
from Chassot AG, Bern Switzerland. Control rats were
either sham-operated (operation but without ovariectomy)
or ovariectomized without any treatment. One month after
ovariectomy, experimental and control rats were treated
daily with test substances. The six groups of 10 animals
were treated daily post-surgery by gavage with an intra-
gastric probe for 16weeks. The group design was as
follows:

1. Group #1 (Negative Control, sham-operated) treated
with 3mL redistilled H2O

2. Group #2 (Control, Ovariectomized�Ovx) treated
with 3mL redistilled H2O

3. Group #3 (Control 2, Ovariectomized�Ovx)
treated with 3mL suspension of alendronate in
H2O (5mg/kg)
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4. Group #4 (Experimental, Ovariectomized�Ovxþ
Zeolite A) treated with 3mL suspension of zeolite-
A in H2O (8 g/kg)

5. Group #5 (Experimental, Ovariectomized�Ovxþ
Clino/dol) treated with 3mL suspension of
PMA-zeolite-clinoptilolite in H2O with addition of
dolomite to 10% (Clinoþdol at 8 g/kg)

6. Group #6 (Experimental, Ovariectomized –
OvxþPMA) treated with 3mL suspension of PMA-
zeolite-clinoptilolite in H2O (PMA at 8 g/kg)

Tissue sampling and analysis

Following final treatment, animals were euthanized by
exsanguination under general anesthesia. The left femur
and tibia were harvested and stored in 70% ethanol until
further analysis. Femur and tibia BMD and bone mineral
content (BMC) were measured using an Hologic QDR 4000
bone densitometer (dual-energy X-ray absorptiometry,
dual x-ray absorptiometry (DXA), Hologic, Bedford, MA,
USA), and changes in bone architecture and in cancellous
bone of the proximal tibia and distal femoral metaphysis
were assessed using microcomputerized tomography
(Skyscan mCT, Bruker). The X-ray energy was set to 50 kV
(strength 202 mA). For histomorphometric analysis, a pixel
value of 18 mm was selected, and an aluminum filter
(0.5mm) was applied to improve bone visualization; 303
projections were obtained using rotational shift of 0.6�

over a full rotation. The scan time for a single sample was
approximately 12min. The reconstructed mCT images were
analyzed using NRecon software (Bruker) with standard-
ized histomorphometric values. Histomorphometric values
were obtained using the CT Analyzer software (Omicron)
based on cross-sectional images of the proximal tibiae,
where the cubical regions of interest (2� 2� 1mm) were
designated and used for calculation. The following histo-
morphometric values were analyzed: bone volume (BV)
fraction (BV/total volume (TV) – %), bone surface (BS)/
volume ratio (BS/BV – 1/mm), BS density (BS/TV – 1/
mm), trabecular thickness (Tb.Th – mm), trabecular
number (Tb.N – 1/mm), trabecular separation (Tb.Sp –
mm), structure model index, total porosity (Po(tot) – %),
and connectivity density (Conn.Dn – 1/mm3). The data
were analyzed by multifactorial comparisons between
ovariectomized rats (positive control), sham-operated rats
(negative control), and rats subjected to various experimen-
tal treatments using Statistica, version 13.2 (Duncan test at
P< 0.05).

Aluminum concentration in bones and liver

The distribution of aluminum in the liver was assessed by
low-energy X-ray fluorescence (LEXRF) microscopy. The
X-ray source was synchrotron radiation (Elettra
Synchrotron Trieste, Italy, Beamline: TwinMic). Dried
organ samples were cryo-sectioned at �23�C into 10 mm
thick slices and flattened by pre-cooled filter paper. The
flattened sections were freeze-dried and mounted onto
gold folding grids for analysis with the TwinMic spectro-
microscope.22 The brightfield and differential phase

contrast images were acquired at 1.95 keV in scanning
transmission mode23 with a spot size of 1.2 mm in diameter.
Images were supplemented with LEXRF microscopy emis-
sion maps of C, O, O/C ratio, Al, Si, and other trace ele-
ments (e.g. Mg and Zn). The data showing no accumulation
of aluminum in the rat liver during the intervention with
PMA are presented in the Supplementary Material 2
(Supplementary Figure 2).

Clinical study

Inclusion and exclusion criteria

The study enrolled 100 osteoporotic patients (6 male and 94
female patients, Croatian Caucasians) ranging in age from
56 to 74 years. This included a subgroup of 20 patients with
type 2 diabetes. To be eligible for the study, all patients had
to have a BMD T-score of 2.5 or lower. They also had to be
untreated or to have failed treatment. All female partici-
pants had postmenopausal osteoporosis. All subjects com-
pleted a medical history file and underwent an initial blood
chemistry panel analysis. Subjects were excluded if they
had other severe diseases such as cancer, autoimmune dis-
ease, chronic renal failure, and secondary osteoporosis.
Female subjects who were pregnant were also disqualified.

Methodology

Subjects were randomized into two groups each of which
received predefined medication or placebo. Subjects were
instructed to maintain their daily diet and lifestyle through-
out the study but to restrict intake of drugs and supple-
ments except for Vitamin D3. All subjects received boxes
containing either PMA-zeolite-clinoptilolite or placebo to
be taken for a period of 12months. The subjects in the
treated group (n¼ 50) received 9 g/day PMA-zeolite-
clinoptilolite powder (Panaceo International GmbH,
Villach, Austria). The placebo-group (n¼ 50) received
microcrystalline cellulose powder which was similar in
appearance to the PMA-zeolite-clinoptilolite. All subjects
were instructed to take 1 spoon of the powder dissolved
in a glass of water three times daily: with breakfast, with
lunch, and with dinner for the full 12months. To ensure
compliance, the subjects were contacted every three
months for a complete check-up and health monitoring
and to receive motivation to remain compliant with the
protocol.

Markers of osteoporosis status

Subjects were monitored at the start of the study, at
6 months and at 12months. The markers used were indica-
tors of bone formation or bone maintenance and included:
(1) assessment of BMD as a function of time; (2) changes in
levels of osteocalcin, a marker of bone remodeling; and
(3) changes in bone remodeling based on the Beta-
crosslaps C-terminal telopeptide (CTx) assay, which meas-
ures collagen breakdown products in the serum including
the CTx. The BMD was assessed by bone densitometry of
lumbar vertebrae (L1–L4) and the femoral neck.
Calcifications and deformities due to bone fractures were
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excluded to avoid potential skewing of data. In addition,
subjects provided additional data including the frequency
of falling and the occurrence of fractures. At the conclusion
of the study, subjects were evaluated for general health
status which was compared to that at the start of the
study. In addition, subjects provided subjective assessment
of the intensity of their musculoskeletal pain using a visual
analog scale (VAS).

Statistical methods

Clinical trial data were analyzed using Dell Statistica, ver-
sion 12 (2015). The variables are presented as frequencies or
percentages and compared using the Pearson chi-square
test or Fisher exact test, where appropriate. Normally dis-
tributed continuous variables (distribution tested with
Kolmogorov–Smirnov test) are presented as means with
standard deviation or as median with interquartile range.
Comparisons of variables in two groups were done using
the parametric t-test and non-parametric Mann Whitney
U test. Pairwise comparisons were performed using
the paired t-test or Wilcoxon matched pairs test.
Multifactorial comparisons (between groups and sub-
groups or between study time points and groups) were
carried out using factorial analysis of variance (ANOVA)
or repeated measures ANOVAwithin factors, where appro-
priate. Overall health status at the end of the study was
assessed by applying multiple logistic regression modeling.
Statistical significance was determined at the level of 0.05.

Results

All markers of bone integrity assessed showed statistically
significant differences between sham-operated control ani-
mals and those that were ovariectomized, confirming the
validity of this rat osteoporotic model (Supplementary
Table 1). The compromised bone quality of ovariectomized
rats serves as a surrogate for osteopenia, which is a risk
factor for bone fractures.24,25 Ovariectomized and control
female rats were treated daily with each of the zeolite mate-
rials or with distilled water (vehicle) for 16weeks. Upon
termination of the study, the rats were assessed for several
markers of bone integrity including BMD and BMC of the
tibia and femur trabeculae. In addition, we quantified in
each group the percent BV, BS density, trabecular thickness,
the number of trabeculae and trabecular separation, as well
as total porosity and connectivity density (Figures 1 and 2,
Supplementary Table 2).

There were significant differences in some, but not all,
markers of bone integrity between control animals (groups
#1, #2 and #3) and ovariectomized animals treated with
PMA-zeolite-clinoptilolite (groups #5 and #6). These data
are summarized in Supplementary Table 2. Bone mass
(BV/TV) is represented by the ratio of BV to the TV of the
bone region of interest (TV) and correlates directly with
BMD in both regular and irregular trabecular distribution.
The lowest BV/TV values were in the control
ovariectomized-untreated (group #2) and the zeolite-A-
treated group (group #4). The PMA-zeolite-clinoptilolite-
treated animals (groups #5 and #6) had a significantly
higher BV/TV value than the Ovx-untreated animals.

Likewise, the BS density (BS/TV) was also significantly
greater in PMA-zeolite-clinoptilolite-treated animals
(groups #5 and #6) than in untreated ovariectomized ani-
mals (group #2). These data are consistent with the propo-
sition that PMA-zeolite-clinoptilolite has a protective effect
on osteoporotic bone in this rat model of osteoporosis. The
PMA-zeolite-clinoptilolite promotes increased bone forma-
tion and reduced bone resorption after ovariectomy.

The encouraging response of PMA-zeolite-clinoptilolite
treatment in the rat model of induced osteoporosis
prompted us to initiate a double-blind clinical trial to test
safety and efficacy of PMA-zeolite-clinoptilolite treatment
of osteoporotic patients for one year. The study enrolled 100
participants. The average age of those receiving PMA-
zeolite-clinoptilolite (experimental group) was 66�
8 years and that of the control group was 65� 10 years. Of
the 100 enrollees, 81 completed a full year-long course. The
study sample was well balanced with respect to participant
age, gender, the diagnosis of diabetes, as well as to
bone quality parameters (Supplementary Tables 5 and 6).
Figures 3 and 4 and Supplementary Table 3 show that
PMA-zeolite-clinoptilolite-treated subjects had elevated
BMD values that were elevated at the end of the study
compared to the start while the BMD values of the control
group were decreased. The osteocalcin values showed a
similar pattern except that osteocalcin levels in the control
group did not increase (Supplementary Table 4, Figures 3
and 4). The beta crosslaps values were reduced in the
treated subjects and increased in the control group, sugges-
tive of reduced bone resorption in the former and increased
resorption in the latter. The relative differences (D) between
treated and control groups for all three parameters were
expressed as the difference in value at the end and start
of the study divided by the value at the start, expressed
as a percent (Supplementary Table 4). The relative changes
in values between two groups were statistically significant.
The BMD in the PMA-zeolite-clinoptilolite-treated group
increased by an average of 6.9% and decreased by 4.1% in
the control group. Osteocalcin increased on average by 9%
in the treated group compared with 0.7% in the control
group. The betacross laps value, a measure of bone resorp-
tion, decreased by 0.6% in the treated group and increased
by an average of 21.7% in the control group, indicative of
continued bone resorption in the absence of treatment.

As part of the quality of life assessment, subjects were
queried about the incidence of accidental falls and of bone
fractures prior to and during their one-year participation in
the study. They were also queried about their pain level
using the VAS as an assessment tool. In addition, we used
a new subjective assessment of overall health status at the
conclusion of the study. Subjects assessed their overall
health condition on a scale from ranging range from 1
to 5 where 1 is “much worse than before entering the
study”; 2 is “worse than before entering the study”; 3 is
“unchanged”; 4 is “better than before entering the study”;
and 5 “much better than before entering the study.” Based
on this subjective assessment, there appears to have been a
perceived but not statistically significant improvement
in overall health. The treated group gave an average
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score of 4 compared with the control groupwith an average
score of 3.

There was no apparent difference in frequency of new
bone fractures prior to, during, and at the end of the study
between control and PMA-zeolite-clinoptilolite-treated
groups, although the numbers are too small to be objective.
The same was true for the frequency of accidental falls
recorded. Both groups reported a reduction in pain level
over the course of the study, which may have been a pla-
cebo effect.

The change in overall health status between start and
end of study was based on the VAS criteria described ear-
lier and presented as DVAS. The overall health status at the
end of the study was estimated to be significantly better in
the treated group having an average score of 4 (better at end
than at start of the study) compared with the control group

which had an average score of 3 (registered as unchanged).
A multiple regression analysis was performed to identify
correlates with overall health estimates. The only such cor-
relate identified was the change in pain level (DVAS)
(Supplementary Table 7). The multiple regression analysis
was collapsed into a single correlation with a coefficient of
�0.74 and P< 0.001 (Supplementary Figure 1), indicative of
a highly significant correlation.

Discussion

Zeolites are comprised of a large family of about 40 natu-
rally occurring highly porous minerals of which clinoptilo-
lite is the most abundant member. In addition, there are
more than 150 artificial, synthetic zeolites. Zeolites gener-
ally consist of hydrated Si04

4� and Al04
5� aluminosilicate

Figure 1. Comparison of markers of tibia metaphysis bone integrity between control untreated ovariectomized rats and ovariectomized rats treated with zeolite A

(Ovxþ zeo A), PMA-zeolite-clinoptiloliteþ10% dolomite (Ovxþ clino/dol), and PMA-zeolite-clinoptilolite (OvxþPMA) by ex vivo mCT. Panel A compares levels of

markers of bone integrity at 16weeks between sham-operated (group #1) and untreated ovariectomized rats (Ovx, group #2). Markers include (A) BV/TV%, (B) BS

density based on TV presented as BS/TV 1/mm, (C) trabecular thickness (Tb.th mm), (D) trabecular number (Tb. N. 1/mm), (E) trabecular separation (Tb. Sp. mm),

(F) SMI, (G) total porosity (Pot(tot)%), and (H) connectivity density (Conn. dn. 1/mm3). Data are presented as mean� standard error of mean. *Significantly different

from sham (analysis of variance (ANOVA) Duncan post hoc, P< 0.05, n¼ 9–10 in both groups). Panel B compares bone integrity between Ovx controls (group #2),

animas treated with zeolite A (Ovxþ zeo A, group #4), with PMA-zeolite-clinoptiloliteþdolomite (Ovxþ clino/dol, group #5), or with PMA-zeolite-clinoptilolite alone

(OvxþPMA, group #6). The markers include (A) percent BV BV/TV%, (B) BS density BS/TV 1/mm, (C) trabecular number (Tb. N. 1/mm), (D) SMI, (E) total porosity (Pot

(tot)%). Panel C compares bone mineral density and bone mineral content after 16weeks between untreated ovariectomized rats (Ovx control) with ovariectomized

animals treated with zeolite A (Ovxþ zeoA), with PMA-zeolite-clinoptilolite with addition of 10% dolomite (Ovxþ clino/dol), or with PMA-zeolite-clinoptilolite alone

(OvxþPMA). In all cases, the data are presented as the mean� standard error of the mean with an N¼ 9 or 10 in all groups. The asterisk denotes statistically significant

difference from untreated ovariectomized controls (Ovx control) based on ANOVA Duncan post hoc, P< 0.05. BV: bone volume; BS: bone surface; TV: total volume;

PMA: Panaceo Micro Activation; SMI: structure model index.
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tetrahedra and act as effective ion exchangers with multiple
industrial and potential medical applications. Many of the
characteristics that render zeolites attractive for industrial
and medical use have been summarized and reviewedwith

a particular emphasis on clinoptilolite.26,27 The PMA-
zeolite-clinoptilolite used in this study is a registered cli-
noptilolite medical device. While there are limited data on
the effects of clinoptilolite on human physiology, the

Figure 2. Ex vivo mCT images of proximal tibia metaphysis in control, untreated ovariectomized rats and ovariectomized rats treated with zeolite A (Ovxþ zeo A), PMA-

zeolite-clinoptiloliteþ 10% dolomite (Ovxþ clino/dol), and PMA-zeolite-clinoptilolite (OvxþPMA). Images show horizontal sections of proximal tibia metaphysis in

ovariectomized (Ovx control, group #2) and treated groups. Red area represents measured region of interest. From left to right: control (group #2), OvxþZeolite A

(group #4), OvxþClino/dol (group #5), and OvxþPMA-zeolite-clinoptilolite (group #6). PMA: Panaceo Micro Activation.

Figure 3. Measures of bone integrity at the start and end of the study on osteoporosis patients within the presented clinical trial. A: BMD values at the beginning and

the end of the study, measured in PMA-zeolite-clinoptilolite-treated group (Verum, Blue) and control (Placebo, Red) group. B: Osteocalcin values at the beginning and

the end of the study, measured in PMA-zeolite-clinoptilolite-treated group (Verum, Blue) and control (Placebo, Red) group. C: Beta-cross laps values at the beginning

and the end of the study, measured in PMA-zeolite-clinoptilolite-treated group (Verum, Blue) and control (Placebo, Red) group. Mean values with 95% confidence

interval are presented. BMD: bone mineral density.
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available data indicate that its administration to healthy
alcohol drinkers has no adverse effects.28 Similarly, it has
been given orally to patients for the treatment of dyslipide-
mia with no effect on blood lipid levels nor other harmful
consequences.29 Clinoptilolite has been used to successfully
control severe diarrheal diseases in cattle and pigs,30 and its
efficacy and tolerability led to the human anti-diarrheal
drug Enterex, a drug developed in Cuba. Based on its
immunomodulatory and biological ion-exchange capaci-
ties, the beneficial clinical properties of clinoptilolite have
been accepted by the pharmaceutical communities in the
European Union and the USA as safe for human use
https://efsa.onlinelibrary.wiley.com/doi/10.2903/j.efsa.
2013.3039.31 Until recently, clinical use of natural clinopti-
lolite material in humans has been hampered by the incon-
sistency of its chemical composition, which depends, in
part, on its source of origin. To be accepted by the medical
community, the clinical application of zeolites requires that
they be chemically consistent and non-toxic. The PMA-
zeolite-clinoptilolite material used in this study complies
with the European directive 93/42/EEC and has been
tested in a clinical trial for intestinal issues.11

This study supports PMA-zeolite-clinoptilolite as a safe
and effective intervention for osteopenia. Administration
of PMA-zeolite-clinoptilolite to osteoporotic rats over a
16-week period yielded statistically significant improve-
ments in markers of bone density and bone architecture
as well as in multiple morphometric characteristics. The
likelihood of aluminum release following long-term
treatment appears not to be consequential since our
previous study showed that in animals treated with PMA-
zeolite-clinoptilolite there is no such release.21 In addition,
data from a clinical trial confirm the safety of PMA-zeolite-
clinoptilolite with respect to aluminum release.11

Data from the rat osteoporosis model suggest that treat-
ment with PMA-zeolite-clinoptilolite has beneficial effects
and is encouraging for the use of PMA-zeolite-clinoptilolite
treatment of osteoporotic patients. Our current on-going
trial provides data for a one-year course of treatment and
has shown no adverse effects. A subset of markers of bone
integrity provides statistically significant improvement

with treatment. However, the one-year timeframe is
insufficient for establishing the overall positive effects of
PMA-zeolite-clinoptilolite treatment of osteoporotic
patients. Therefore, patients who concluded year 1 of the
trial have been immediately enrolled into the second, third,
and fourth year of the study, for which data are not yet
available and will be presented separately upon trial
completion.

The mechanisms by which PMA-zeolite-clinoptilolite
exerts its beneficial effect on bone mineralization and
bone integrity are still unclear. Potential molecular mecha-
nisms are confounded by the observation that detectable
amounts of PMA-zeolite-clinoptilolite do not directly
enter the bloodstream but act in the digestive tract and
are excreted through feces. As mentioned earlier, zeolites
consist of a hydrated aluminosilicate substance from which
soluble silica can be released in the digestive tract from
where it can be absorbed into the bloodstream.20 It is note-
worthy that minute levels of silica may be beneficial for
bone integrity while a deficiency of silica may have delete-
rious effects.31–34 These and other observations have led
us to hypothesize that the soluble Si released from
PMA-zeolite-clinoptilolite may, at least partially, contribute
to the observed effects on bone. The requirement for Si in
bone formation and preservation is well established but is
not well understood mechanistically. A silica-deficient diet
in chickens, for example, induces skeletal deformations and
causes joint abnormalities and changes in collagen synthe-
sis in the chick and in rats.31,32 Conversely, an elevated level
of silica induces a significant increase in femoral BMD in
osteoporotic females,35 consistent with increased bone
quality in animals fed a dietary Si supplement.36 As a cau-
tionary note, high levels of silica may also lead to decreased
intestinal absorption of calcium and magnesium.37

Administration of orthosilicic acid as a source of silica in
animal models induces numerous activities conducive to
bone development and maintenance15,38,39 including stim-
ulation of collagen type1 synthesis and of alkaline phos-
phatase activity. Orthosilicic acid also elevates osteocalcin
in human osteoblast-like cells and enhanced osteoblastic
differentiation in vitro. It is plausible, therefore, to propose
that silica has the capacity to promote bone integrity
through modulation of signaling pathways in cartilage
and extracellular matrix maintenance. Collagen maturation
and deposition depends in part on silica due to its involve-
ment in prolyl hydroxylase activity.15,34 In addition, silica
participates in cross-linking proteoglycans and collagen
within the bone matrix which is critical for bone stabiliza-
tion and prevention of its enzymatic degradation. This
observation is consistent with the reported benefit of a
moderate silicon dietary supplement on bone integrity in
postmenopausal females.40

An alternative mechanism underlying the activity of
PMA-zeolite-clinoptilolite on bone integrity may entail
the immune system since clinoptilolite administration
increases the number of circulating CD4þ T cells and
CD19þ B cells,41 both of which are decreased in osteoporot-
ic females.42 Furthermore, administration of clinoptilolite
increases the number of peritoneal macrophages, consistent
with intestine being a primary site of action.43 Since the gut

Figure 4. BMD, osteocalcin, and Betacross laps values at the beginning and the

end of the clinical study on osteoporosis patients, measured in PMA-zeolite-

clinoptilolite-treated group (Verum) and control (Placebo) group. Mean values

with 95% confidence interval are presented. BMD: bone mineral density.
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microbiota can modulate host immune responses44 and
affect the status of bone health,4,45 it is plausible that
under appropriate conditions PMA-zeolite-clinoptilolite
functions cooperatively with the gut microbiota and the
host immune system to promote good bone health. This
hypothesis, however, needs further research. At last, we
would also like to state some possible limitations of our
work. The study may be considered a preliminary study
on PMA effects in osteoporotic patients as it was done in
only one clinical center and on a limited sample size.
Conclusive data on the bone status may be therefore,
obtained in additional, multi-centric study as well as
upon completion of the five-year study period that is
underway. The presented study has indeed been extended
to a total of five years with the emphasis on monitoring of
fractures occurrence, especially in cases of severe fallings.
This portion of data will be published upon completion of
the study as well.

In summary, our data are encouraging for the use of
PMA-zeolite-clinoptilolite in a clinical setting, in particular
for bone integrity in patients with osteoporosis. Pre-clinical
studies in ovariectomy-induced osteoporotic rats provide
“proof of concept” that oral administration of PMA-zeolite-
clinoptilolite is well tolerated and that markers of bone
integrity are elevated.

The human trial to date reflects results from the first year
of the trial with continued enrollment to document further
developments over several years. Nevertheless, despite the
relatively short timeframe, some markers of bone integrity
showed statistically significant improvements within that
short timeframe. For osteoporosis, a long-term view is
important. It is important to note that clinoptilolite has
low-binding affinity to many existing anti-osteoporotic
drugs that are used clinically but that have severe side
effects. The bisphosphonates that impair bone resorption
by inhibiting osteoclast activity are one such example.
The independent action of the PMA-zeolite-clinoptilolite
suggests that it may act in an additive way or synergisti-
cally with bisphosphonates if administered cooperatively,
allowing administration of lower doses of the bisphospho-
nates and reducing risk of adverse events. Thus, PMA-
zeolite-clinoptilolite presents as a potentially promising
alternative or adjuvant therapy for osteoporosis.
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