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All clinical guidelines are in consensus that adjunctive therapy with 
calcium and vitamin D is an imperative part of the medical management of 
osteoporosis and osteopenia. Supplementation is necessary due to a high 
prevalence of nutritional deficiency in high-risk individuals; this denotes 
a failure in obtaining the recommended intakes from dietary sources. 
Furthermore, most interventional evidence for the efficacy of anti-resorptive 
therapy is based on coadministration with a form of calcium supplement. 

Osteoporosis adjunctive therapy is well documented to alleviate secondary  
hyperparathyroidism and reduces the risk of falling and femur fracture. 
However, conventional options are as of yet restricted to poorly-absorbed 
rock-based salts of calcium. Promisingly, the discovery of a marine-based 
multimolecular complex, LithoLexal®, as a novel form of Disease-Modifying 
Adjunctive Therapy (DMAT), has recently closed this gap. With its unique 
microstructure, LithoLexal® not only takes the benefits of conventional 
therapies to the next level in terms of providing bioavailable and 
bioaccessible minerals but also provides a spectrum of Disease-Modifying 
Effects verified by several in-vivo and clinical research studies.

The superiority of LithoLexal® to calcium carbonate has been confirmed 
by head-to-head comparisons. 

As shown by in-vivo studies, starting LithoLexal® therapy early after 
ovariectomy can potently protect the normal mineral content, trabecular 
structure and biomechanical properties of bones, while calcium carbonate 
largely fails to produce significant effects. Clinical evidence also suggests 
that LithoLexal® yields more potent and sustained parathyroid hormone 
(PTH)-suppressing effects relative to calcium carbonate and tricalcium 
phosphate. Suppressing PTH is one of the mechanisms through which 
LithoLexal® modifies both serum and urinary levels of osteoclastic activity 
biomarkers in postmenopausal women. Higher calcium and magnesium 
bioavailability and target-tissue exposure or up to 10-fold increase in 
strontium content of bones also have crucial roles in the superior efficacy 
of LithoLexal® over inorganically-sourced supplements in the prevention 
and treatment of osteoporosis.

Furthermore, LithoLexal® has been described as potent enough to 
neutralise the detrimental effects of acidogenic high-fat diets on bones. 
Supplementation of high-fat diets with LithoLexal® leads to maintaining 
equivalent or enhanced bone structure, stiffness and resistance to fracture 
compared to subjects on a normal diet. 
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A Natural, Calcium-Rich Marine Multi-Mineral Complex 
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Ovariectomised Rat Model of Osteoporosis
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Strain- And Infection-Induced Bone Resorption
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Comparison of the Effects of LithoLexal® and Generic Mineral 
Supplements on Key Biomarkers of Bone Turnover - A Double- 
Blind, Active-Controlled, Pilot Trial in Postmenopausal Women

Notes

LithoLexal®

MEDICAL INFORMATION FOR PROFESSIONAL USE © 2021 NORDIC MEDICAL - ALL RIGHTS RESERVED MEDICAL INFORMATION FOR PROFESSIONAL USE © 2020 NORDIC MEDICAL - ALL RIGHTS RESERVED 



Brennan O, Sweeney J, O'Meara B,  
Widaa A, Bonnier F, Byrne HJ,  
O'Gorman DM, O'Brien FJ 
Publication:  
Calcif Tissue Int. 2017;101(4):445-55.

Abstract:

Calcium supplements are used as an aid in the 
prevention of osteopenia and osteoporosis 
and also for the treatment of patients when 
used along with medication. Many of these 
supplements are calcium carbonate based. 
This study compared a calcium-rich, marine 
multi-mineral complex (Aquamin) to calcium 
carbonate in an ovariectomised rat model of 
osteoporosis in order to assess Aquamin's efficacy 
in preventing the onset of bone loss. Animals were 
randomly assigned to either non-ovariectomy 
control (Control), ovariectomy (OVX) plus 
calcium carbonate, ovariectomy plus Aquamin 
or ovariectomy plus Aquamin delay where 
Aquamin treatment started 8 weeks post OVX. 
At the end of the 20-week study, the trabecular 
architecture was measured using micro computed 
tomography, bone composition was assessed 
using Fourier transform infrared spectroscopy and 
the mechanical properties were assessed using 
nanoindentation and three-point bend testing. 
The study demonstrates that oral ingestion of 
Aquamin results in less deterioration of trabecular 
bone structure, mineral composition and tissue 

level biomechanical properties in the tibia of rats 
following ovariectomy than calcium carbonate. 
This study has shown that in an animal model 
of osteoporosis, Aquamin is superior to calcium 
carbonate at slowing down the onset of bone loss.

Conclusion: 

This active-control study on a model of 
postmenopausal osteoporosis has verified 
the superior efficacy of LithoLexal® 
compared with calcium carbonate. Infrared 
spectroscopy indicated that ovariectomised 
animals on LithoLexal® preserved the same 
level of bone mineralisation as normal 
controls, which was significantly higher 
than that of the calcium carbonate group. 
The loss of hydroxyapatite has particularly 
been prevented in trabecular bones. This 
effect has led to higher bone volume 
fraction and almost normalised bone 
biomechanical properties in animals under 
LithoLexal® therapy compared to calcium 
carbonate supplementation. Notably, 
delayed administration of LithoLexal® after 
ovariectomy has also been proved relatively 
effective in restoring the normal bone 
structure and mineral content. In contrast, 
supplementation with calcium carbonate has 
largely failed to hinder the postmenopausal 
decay in bones microstructure and 
mineralisation. 
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upper bound), p value). ANOVA with a Bonferroni post

hoc test was also used to determine differences between the

groups in composition and mechanical results. A difference

of p B 0.05 was considered significant.
Results

Trabecular Bone Structure
Aquamin Prevents a Significant Loss of Trabecular Bone

Structure

Three-dimensional and two-dimensional representative

micrographs from each of the groups are shown in Fig. 1.

These slices and reconstructions show an intact and well-

connected trabecular microstructure in the control samples.

A significant loss of trabecular bone structure following

20 weeks of ovariectomy is evident in the centre of the

OVX ? calcium carbonate samples. In contrast, the tra-

becular structure is preserved when Aquamin administra-

tion began at week 0 (OVX ? Aquamin). The Aquamin

delay group has a structure which appears intermediate

between the OVX ? calcium carbonate and OVX ? A-

quamin group.Quantitative analysis shows that as early as week 2, the

OVX ? calcium carbonate group displayed large changes

in structural parameters relative to the healthy controls,

indicating the development of osteopenia (Fig. 2). Signif-

icant losses in bone volume fraction (BV/TV) were

observed in this group by week 8 (33, 95% CI (21, 45),

p = 0.038). Trabecular separation (Tb.Sp) was

significantly increased in the OVX ? calcium carbonate

group by week 12 (57, 95% CI (55, 58), p = 0.045), while

trabecular number (Tb.N) was significantly reduced in this

group by week 20 (47, 95% CI (30, 65), p = 0.049). No

significant changes were measured in trabecular thickness

(Tr.Th) between groups over the study period.

Treatment with Aquamin resulted in a significant

preservation of bone volume fraction by week 20 relative

to the OVX ? calcium carbonate group (13, 95% CI

(1,21), p = 0.049). No significant differences were mea-

sured in individual parameters, e.g. Tr. N or Tr. Sp between

OVX ? calcium carbonate and the Aquamin-treated

groups.

Trabecular and Cortical Bone Composition
Aquamin Prevents a Significant Loss of Hydroxyapatite

Content and Mineral in Trabecular BoneHydroxyapatite content measured using microCT indicated

a significant reduction in the HA content of trabecular bone

by week 20 as seen in the OVX ? calcium carbonate

group in comparison to the non-OVX controls (37.5 mg

HA/cm3
, 95% CI (10, 65), p = 0.022) (Fig. 3). Beginning

oral administration of Aquamin at week 0 prevented this

HA loss in trabecular bone. Following OVX, trabecular HA

content was significantly greater in the Aquamin group

than in the calcium carbonate group (29.5 mg HA/cm3
,

95% CI (18, 41), p = 0.044). Beginning administration of

Aquamin 8 weeks following ovariectomy (Aquamin delay)

was also sufficient to see a significant preservation of HA

Fig. 1 Representative a three-dimensional microCT reconstructions and b two-dimensional slices of trabecular bone from the proximal tibia of

rats at week 20
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de Albuquerque Taddei SR, Madeira MF, 
de Abreu Lima IL, Queiroz-Junior CM, 
Moura AP, Oliveira DD, Andrade I Jr,  
da Glória Souza D, Teixeira MM, da Silva TA 
Publication:  
Angle Orthod. 2014;84(6):980-8.

Abstract:

Objective: To investigate the effect of 
Lithothamnium sp (LTT) supplement, a 
calcium-rich alga widely used for mineral 
reposition, on strain-induced (orthodontic tooth 
movement [OTM]) and infection-induced bone 
resorption (periodontal disease [PD]) in mice.

Materials and Methods: Mice were divided 
into two bone resorption models: one with an 
orthodontic appliance and the other with PD 
induced by the oral inoculation of Aggregatibacter 
actinomycetencomitans (Aa). Both groups were 
fed a regular diet (vehicle), LTT-rich diet (LTT), 
or calcium-rich diet (CaCO3). Alveolar bone 
resorption (ABR), the number of osteoclasts, and 
the levels of tumor necrosis factor α (TNF-α), 
calcium, and vitamin D3 were evaluated.

Results: The number of osteoclasts was reduced 
in LTT and CaCO3 mice, which led to diminished 
OTM and infection-induced alveolar bone loss. 
In addition, LTT- and calcium-treated groups 
also presented decreased levels of TNF-α in 
periodontal tissues and increased levels of calcium 
in serum.

Conclusions: These results indicate that the LTT 
supplement influences ABR, probably due to its 
calcium content, by affecting osteoclast function 
and local inflammatory response, thus modulating 
OTM and PD.

Conclusion:

Inflammatory cells and cytokines are 
cardinal pro-resorptive elements that 
play integral roles in the development of 
osteoporosis. In this study, the in-vivo effects 
of a marine-derived mineral complex (as 
in LithoLexal®) on infection-induced bone 
resorption and inflammatory markers are 
evaluated. Administration of the marine-based 
multimineral complex abolished the 
infection-induced bone resorption and 
expression of TNF-α as well as the activity and 
presence of neutrophils in bone tissues. This 
research supports the anti-inflammatory  
properties of LithoLexal® that underlie its 
anti-resorptive activity which is proven to be 
superior to that of the rock-based calcium 
carbonate.

Original Article

Effect of Lithothamnium sp and calcium supplements in strain- and

infection-induced bone resorption

Silvana Rodrigues de Albuquerque Taddeia,b*; Mila Fernandes Moreira Madeiraa,c*;
Izabella Lucas de Abreu Limaa,d; Celso Martins Queiroz-Juniora,e; Adriana Pedrosa Mouraa,d;

Dauro Douglas Oliveiraf; Ildeu Andrade Jrg; Danielle da Glória Souzaa,h;
Mauro Martins Teixeiraa,i; Tarcı́lia Aparecida da Silva a,j

ABSTRACT
Objective: To investigate the effect of Lithothamnium sp (LTT) supplement, a calcium-rich alga
widely used for mineral reposition, on strain-induced (orthodontic tooth movement [OTM]) and
infection-induced bone resorption (periodontal disease [PD]) in mice.
Materials and Methods: Mice were divided into two bone resorption models: one with an
orthodontic appliance and the other with PD induced by the oral inoculation of Aggregatibacter
actinomycetencomitans (Aa). Both groups were fed a regular diet (vehicle), LTT-rich diet (LTT), or
calcium-rich diet (CaCO3). Alveolar bone resorption (ABR), the number of osteoclasts, and the
levels of tumor necrosis factor a (TNF-a), calcium, and vitamin D3 were evaluated.
Results: The number of osteoclasts was reduced in LTT and CaCO3 mice, which led to diminished
OTM and infection-induced alveolar bone loss. In addition, LTT- and calcium-treated groups also
presented decreased levels of TNF-a in periodontal tissues and increased levels of calcium in serum.
Conclusions: These results indicate that the LTT supplement influences ABR, probably due to its
calcium content, by affecting osteoclast function and local inflammatory response, thus modulating
OTM and PD. (Angle Orthod. 2014;84:980–988.)

KEY WORDS: Orthodontic tooth movement; Calcium; Bone resorption

INTRODUCTION

Orthodontic tooth movement (OTM) and periodontal
disease (PD) are deeply related to alveolar bone
resorption (ABR). During OTM, the applied forces
generate a transient inflammatory process that allows
teeth to be moved through the alveolar bone.1 On the
other hand, PD is a chronic infectious and inflamma-
tory disorder caused by oral biofilm bacteria, including
Aggregatibacter actinomycetemcomitans (Aa), which
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prevention and treatment of bone disorders.20 Indeed,

several studies have attempted to elucidate the role of

calcium supplementation and deficiency on the mech-

anisms that control osteoclast activity and their

consequences on human health and diseases.19,21,22

Calcium might be associated with osteoclast recruit-

ment, differentiation, activation, function and, conse-

quently, bone remodeling.21 Accordingly, this study

Figure 2. Histological changes after 12 days of force. Close-up view in A (B), in C (D), in E (F), and in G (H). Small arrows indicate TRAP-positive

osteoclasts. (A, B) Control group (no force). (C, D) Vehicle-fed, (E, F) LTT-fed, and (G, H) CaCO3-fed mice experimental groups (12 days after

orthodontic force). DB indicates distal alveolar bone; LTT, Lithothamnium sp; MB, mesial alveolar bone; PL, periodontal ligament; R, root; TRAP,

tartrate-resistant acid phosphatase. Arrow bar 5 100 mm.
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Abstract: 

The purpose of this study was to determine 
whether a mineral-rich extract derived from the 
red marine algae Lithothamnion calcareum could 
be used as a dietary supplement for prevention 
of bone mineral loss. Sixty C57BL/6 mice were 
divided into three groups based on diet: the first 
group received a high-fat Western-style diet 
(HFWD), the second group was fed the same 
HFWD along with the mineral-rich extract included 
as a dietary supplement, and the third group was 
used as a control and was fed a low-fat rodent 
chow diet (AIN76A). Mice were maintained on the 
respective diets for 15 months. Then, long bones 
(femora and tibiae) from both males and  
females were analyzed by three-dimensional  
micro-computed tomography (micro-CT) and 
(bones from female mice) concomitantly assessed 
in bone strength studies. Tartrate-resistant  
acid phosphatase (TRAP), osteocalcin, and 
N-terminal peptide of type I procollagen (PINP) 
were assessed in plasma samples obtained from 
female mice at the time of sacrifice. To summarize, 
female mice on the HFWD had reduced bone 
mineralization and reduced bone strength relative 
to female mice on the low-fat chow diet. The 
bone defects in female mice on the HFWD were 

overcome in the presence of the mineral-rich 
supplement. In fact, female mice receiving the 
mineral-rich supplement in the HFWD had better 
bone structure/function than did female mice 
on the low-fat chow diet. Female mice on the 
mineral-supplemented HFWD had higher plasma 
levels of TRAP than mice of the other groups. 
There were no differences in the other two 
markers. Male mice showed little diet-specific 
differences by micro-CT.

regions of both tibiae and femora (Tables 3, 4, Fig. 1).

Perhaps most surprising was that female animals on the

HFWD with the mineral-rich extract had better bone

structural properties than females on the low-fat (AIN76A)

diet, even though the AIN76A animals had comparable

Ca2? levels. The most dramatic effects were seen in the

trabecular region, where there was a large increase in tra-

becular number and thickness and a concomitant reduction

in trabecular space in the mineral-supplemented HFWD

animals relative to both other groups. Similar changes were

observed in both femora and tibiae (Tables 3, 4).
Bone Strength Measurements (Female Mice)
Bone strength measurements were obtained by testing

femora to failure in four-point bending. The results from

these measurements in female mice are presented in Fig. 2,

where it can be seen that yield load, failure load, and

Fig. 1 Micro-CT cross-
sectional images through
cortical (mid-diaphysis) and
trabecular (distal metaphysis)
ROIs of femora from female
mice on three different diets.
Differences in cortical thickness
and in trabecular number,
thickness, and space are evident

Fig. 2 Bone strengthmeasurements from female
mice in the three diet groups.
Femora were tested to failure in
four-point bending. Values for
each parameter are means and
standard deviations for females.
Statistical significance of each
parameter was assessed by
ANOVA followed by paired
group comparisons. Asterisks
are placed on theHFWD ? supplement group:
* statistically significant
improvement relative to the
AIN76A group, ** statistically
significant improvement relative
to both AIN76A and HFWD
(P\ 0.05). Data are based on
eight mice in the AIN76A diet
group, four mice in the HFWD
group, and 10 mice in the
HFWD ? supplement group

M. N. Aslam et al.: Mineral-Rich Extract and Bone
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Abstract The purpose of this study was to determine
whether a mineral-rich extract derived from the red marine
algae Lithothamnion calcareum could be used as a dietary
supplement for prevention of bone mineral loss. Sixty
C57BL/6 mice were divided into three groups based on
diet: the first group received a high-fat Western-style diet
(HFWD), the second group was fed the same HFWD along
with the mineral-rich extract included as a dietary sup-
plement, and the third group was used as a control and was
fed a low-fat rodent chow diet (AIN76A). Mice were
maintained on the respective diets for 15 months. Then,
long bones (femora and tibiae) from both males and
females were analyzed by three-dimensional micro-com-
puted tomography (micro-CT) and (bones from female
mice) concomitantly assessed in bone strength studies.
Tartrate-resistant acid phosphatase (TRAP), osteocalcin,
and N-terminal peptide of type I procollagen (PINP) were
assessed in plasma samples obtained from female mice at
the time of sacrifice. To summarize, female mice on the
HFWD had reduced bone mineralization and reduced bone
strength relative to female mice on the low-fat chow diet.
The bone defects in female mice on the HFWD were
overcome in the presence of the mineral-rich supplement.

In fact, female mice receiving the mineral-rich supplement
in the HFWD had better bone structure/function than did
female mice on the low-fat chow diet. Female mice on the
mineral-supplemented HFWD had higher plasma levels of
TRAP than mice of the other groups. There were no dif-
ferences in the other two markers. Male mice showed little
diet-specific differences by micro-CT.

Keywords Bone mineralization � Bone strength �
Mineral-rich red algae extract � Aquamin �
High-fat Western-style diet � Osteoporosis

Osteoporosis is a condition characterized by low bone
mass, low bone mineral content, and microarchitectural
deterioration, leading to enhanced bone fragility and con-
sequent increase in risk of bone fracture [1]. Although in
the Caucasian population of Western Europe and North
America, men account for up to 30% of the osteoporotic
hip fractures, osteoporosis is widely regarded as a condi-
tion primarily affecting postmenopausal women [2, 3].
Genetic factors underlie susceptibility, but environmental
variables (e.g., tobacco use, excess alcohol and caffeine
consumption, lack of physical activity, etc.) [4] have also
been identified as having an impact.

Dietary factors are also important. In particular, diets
that contain a large amount of fat, especially saturated fat
[5–9], have been identified as risk factors for osteoporosis.
Likewise, diets lacking an adequate supply of essential
inorganic minerals, especially calcium (Ca2?), promote
osteoporosis [10–12]. While Ca2? is the most important
cationic mineral in the bone, other cationic minerals that
play roles in bone health include magnesium (Mg2?) [13–
15] as well as manganese, copper, zinc, and selenium [16–
23]. The diet consumed by many individuals in Europe and
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A MINERAL-RICH  
EXTRACT FROM THE 
RED MARINE ALGAE  
LITHOTHAMNION  
CALCAREUM  
PRESERVES BONE 
STRUCTURE AND 
FUNCTION IN FEMALE  
MICE ON A WESTERN- 
STYLE DIET

Conclusion: 

In addition to causing obesity and 
cardiometabolic disorders, a high-fat diet is a 
known risk factor for osteoporosis. Findings 
of the present study suggest that long-term 
administration of LithoLexal® can nullify 
the detrimental effects of a high-fat diet on 
bones and improve the structure and mineral 
density of both cortical and trabecular bones 
in female subjects. It is noteworthy that 
high-fat-fed female animals which received 
LithoLexal® had comparable or better bone 
structural properties compared to animals on 
a low-fat diet. This structural augmentation 
has also led to stiffer bones with a higher 
fracture resistance level. 
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Abstract:

Progressive bone mineral loss and increasing 
bone fragility are hallmarks of osteoporosis. A 
combination of minerals isolated from the red 
marine algae, Lithothamnion sp. was examined 
for ability to inhibit bone mineral loss in female 
mice maintained on either a standard rodent 
chow (control) diet or a high-fat western diet 
(HFWD) for 5, 12, and 18 months. At each time 
point, femora were subjected to μ-CT analysis 
and biomechanical testing. A subset of caudal 
vertebrae was also analyzed. Following this, 
individual elements were assessed in bones. Serum 
levels of the 5b isoform of tartrate-resistant acid 
phosphatase (TRAP) and procollagen type I 
propeptide (P1NP) were also measured. Trabecular 
bone loss occurred in both diets (evident as early 
as 5 months). Cortical bone increased through 
month 5 and then declined. Cortical bone loss 
was primarily in mice on the HFWD. Inclusion of 
the minerals in the diet reduced bone mineral 
loss in both diets and improved bone strength. 
Bone mineral density was also enhanced by these 
minerals. Of several cationic minerals known to 
be important to bone health, only strontium was 
significantly increased in bone tissue from animals 
fed the mineral diets, but the increase was large 
(5-10 fold). Serum levels of TRAP were consistently 
higher in mice receiving the minerals, but levels 
of P1NP were not. These data suggest that trace 
minerals derived from marine red algae may be 
used to prevent progressive bone mineral loss in 
conjunction with calcium. Mineral supplementation 
could find use as part of an osteoporosis- 
prevention strategy.

PRESERVATION OF 
BONE STRUCTURE 
AND FUNCTION BY 
LITHOTHAMNION SP. 
DERIVED MINERALS

[34], are presented in Fig. 3a. Mice on the HFWD demon-

strated an increase in ductility compared tomice on the control

diet which can be seen by the decrease in stiffness and the

increase in displacement ratio. The displacement ratio was

especially sensitive to diet. Consistent with the decrease in

bone stiffness, mice on the HFWD demonstrated an increase

in maximum load value as compared to mice on the control

diet [8]. In mice treated with the minerals, biomechanical

properties were improved. Specifically, bone stiffness was

enhanced (36 % at 5 months, 3 % at 12 months, and 32 % at

Fig. 1 Structural features of
femoral bone. a Trabecular/
b cortical μ-CT parameters: Data
are based on 5 mice at baseline
(3 weeks of age), 10 mice at 5 and
12 months, and 15 mice at
18 months in each diet group.
Values are means and standard
deviations. Statistical significance
of each parameter was assessed
by ANOVA followed by paired
group comparisons. Statistical
significance at the p <0.05 level is
indicated by asterisks . Single
asterisk by the HFWD +minerals
indicates statistically significant
improvement relative to HFWD
alone; double asterisk by the
HFWD+minerals indicates
statistically significantimprovement relative to control;
triple asterisk by the control+
minerals indicates statistically
significant improvement relative
to control. c μ-CT images: a
representative 3D μ-CT image of
the trabecular region from the
femur of a female mouse in each
diet group is shown.d Histological images:hematoxylin and eosin-stained

sections of decalcified bone
(distal femoral condyles) from a
mouse (at 18 months) in two
high-fat diet groups are shown
(bars=200 μm)
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Abstract Progressive bone mineral loss and increasing bone

fragility are hallmarks of osteoporosis. A combination of

minerals isolated from the red marine algae, Lithothamnion

sp . was examined for ability to inhibit bone mineral loss in

female mice maintained on either a standard rodent chow

(control) diet or a high-fat western diet (HFWD) for 5, 12,

and 18 months. At each time point, femora were subjected to

μ-CT analysis and biomechanical testing. A subset of caudal

vertebrae was also analyzed. Following this, individual ele-

ments were assessed in bones. Serum levels of the 5b isoform

of tartrate-resistant acid phosphatase (TRAP) and procollagen

type I propeptide (P1NP) were also measured. Trabecular

bone loss occurred in both diets (evident as early as 5 months).

Cortical bone increased through month 5 and then declined.

Cortical bone loss was primarily in mice on the HFWD.

Inclusion of the minerals in the diet reduced bone mineral loss

in both diets and improved bone strength. Bone mineral

density was also enhanced by these minerals. Of several

cationic minerals known to be important to bone health, only

strontium was significantly increased in bone tissue from

animals fed the mineral diets, but the increase was large

(5–10 fold). Serum levels of TRAP were consistently higher

in mice receiving the minerals, but levels of P1NP were not.

These data suggest that trace minerals derived frommarine red

algae may be used to prevent progressive bone mineral loss in

conjunction with calcium. Mineral supplementation could

find use as part of an osteoporosis-prevention strategy.

Keywords Bone . Bonemineral density . Bonemineral

content . Calcium .Minerals . Osteoporosis . Redmarine

algae . Strontium . Trace elements

Abbreviations
AIN76A American Institute of Nutrition 76A

ANOVA Analysis of variance

BMD Bone mineral density

GRAS Generally regarded as safe

HFWD High-fat western-style diet

μ-CT Microcomputed tomography

P1NP N-terminal propeptide of type I procollagen

TRAP Tartrate-resistant acid phosphatase (5b)

2D Two-dimensional
3D Three-dimensional

Introduction

Osteoporosis is a condition characterized by low bone mass,

low bone mineral content, and microarchitectural deteriora-

tion leading to enhanced bone fragility and consequent in-

crease risk of bone fracture [1]. Although in the white popu-

lation, men account for up to 30 % of the osteoporotic hip

fractures [2], osteoporosis is widely regarded as a condition

primarily affecting postmenopausal women [2, 3]. Genetic

factors underlie susceptibility, but environmental variables

(including diet) [4] also suggested to play a role. In particular,
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Conclusion: 

Replicating the findings of the previous 
study, this in-vivo research confirmed 
that LithoLexal® protects bones against 
the pro-resorptive influence of a high-fat 
Western-pattern diet. Micro-CT scanning 
has revealed that long-term LithoLexal® 
therapy enhances the density of trabecular 
bones by up to 82% and bone volume by up 
to 50%. Overall, the impact of LithoLexal® 
supplementation was more prominent 
on trabecular than cortical parts of both 
femoral and vertebral bones. Structural 
and mineralisation improvement has led to 
boosted bone biomechanical properties, 
i.e. stiffness in long bones and resistance to 
compression fracture in vertebrae. Of clinical 
importance is the ability of LithoLexal® to 
dramatically increase the level of strontium 
in bones (up to 10 fold) in both normal and 
high-fat diet groups. Strontium is known to 
reduce the risk of fracture and increase bone 
density in osteoporotic individuals.

7 8MEDICAL INFORMATION FOR PROFESSIONAL USE © 2021 NORDIC MEDICAL - ALL RIGHTS RESERVED MEDICAL INFORMATION FOR PROFESSIONAL USE © 2021 NORDIC MEDICAL - ALL RIGHTS RESERVED 



Lee HG, Lee TH, Kim JH, Seok JW, Lee SH,  
Kim YH, Kim JE, Chung MJ, Yeo MH 
Publication:  
Biomed Sci Lett. 2010;16(4):213-20.

Abstract: 

Although an adequate intake of calcium (Ca) is 
recommended for the treatment and prevention of 
osteoporosis, the intake of Ca should be restricted 
because of its low rate of intestinal absorption. 
The purpose of this experiment was to identify 
the effect of the combined administration of 
Aquamin F (AQF) (a calcium agent) and lactic 
acid bacteria (LAB) on osteoporosis. Thirty 
ovariectomized (OVX) rats and six control rats 
were assigned to the following six groups, with 
six animals per group: sham Ca-deficient diet 
(Ca-D), OVX, LAB, AQF, and LAB-AQF. During the 
experiment, the body weight was measured; and 
after the experiment was completed, the serum 
biochemical analysis, the alkaline phosphatase, 
calcium, and inorganic phosphorus leves were 
measured. The tissue of the femur was stained 
and then scanned via CT. The body weight of 
the OVX group increased more significantly 
than that of the control group. The results of 
the bone mineral content (BMC), Bone mineral 
density (BMD), serum biochemical analysis and 
histological test on the femur epiphysis showed no 

difference between the OVX group and the LAB 
group, whereas the results of the AQF group were 
more significant than those of the OVX group. 
In particular, the LAB+AQF group showed more 
significant increases in the aforementioned results 
than the AQF group. This experiment showed that 
the combined administration of AQF and LAB in 
ovariectomized rats more significantly increased 
bone density than did a single administration of 
either AQF or LAB.

Conclusion: 

The main aim of this study was to investigate 
whether or not lactic acid probiotics can 
enhance the efficacy of LithoLexal® in 
treating postmenopausal osteoporosis. 
Results were conclusive in that long-term 
LithoLexal® therapy with or without 
probiotics can improve trabecular bone 
structure and prevent the postmenopausal 
sharp descent in bone mineral density. 
However, adding lactic acid probiotics 
further improves these therapeutic effects 
especially in curbing the rate of bone 
turnover and preventing the loss of bone 
minerals after ovariectomy. 

THE EFFECTS  
OF A MINERAL  
SUPPLEMENT  
(AQUAMIN F®) AND 
ITS COMBINATION 
WITH MULTI-SPECIES 
LACTIC ACID  
BACTERIA (LAB) ON 
BONE ACCRETION 
IN AN OVARIECTO-
MIZED RAT MODEL
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Serum biochemical analysis In the serum biochemical analysis, the OVX group 

showed a two fold higher level of ALP than the sham 

group (sham group: 593 19.9 IU/L and OVX group: 1159

103.6 IU/L), and such high level of ALP was significant 

in the LAB group (927 63.4 IU/L) and the AQF group 

(880 89.3 IU/L). Particularly, the LAB + AQF group (683

46.7 IU/L) showed the greatest decrease in ALP. In the 

measurement of CA and IP, there was no significant 

difference between the sham group and the OVX group, 

and between the OVX group and the LAB + AQF group. 

Microarchitecture of the trabecular bone Removal of an ovary is known to accelerate bone loss. As 

mentioned, the level of ALP increased in the ovariectomized 

rats, which indicates the mal-metabolism of the bone. To 

examine if AQF and/or LAB can affect the microarchi- 

tecture of the bone tissue, the morphological changes in the 

trabecular bone (TbB) in the distal femoral metaphysis 

were examined. Fig. 2 shows that TbB stained with H&E 

developed more poorly in the OVX group [Fig. 2 (C)] than 

in the sham group, whereas its area increased after treatment 

with AQF and the LAB + AQF mixture [Fig. 2 (E) and (F)]. 

These indicate that LAB + AQF are effective in recovering 

bone loss due to ovariectomy in rats. 
The recuperation of the bone microarchitecture with AQF 

and the LAB and AQF mixture was further confirmed by 

examining TbB in the distal femoral metaphysis with 

micro-CT. More severe resorption of the TbB was observed 

in the OVX group [Fig. 3 (C)] than in the sham group, and 

treatment with LAB alone did not significantly affect the 

bone tissue of the rats [Fig. 3 (D)]. In contrast, the TbBs 

were better developed in both the AQF and LAB + AQF 

groups than in the sham group [Fig. 3 (E) and (F)]. 
Effect on bone mineralization BMC and BMD are commonly used to assess bone 

mineralization. To assess the effect of AQF or/and LAB on 

bone mineralization, the BMC and BMD in the tibia were 

measured using XCT Research SA+. As shown in Fig. 4, 

the BMC of the OVX group (5.22 0.53 mg/mm) decreased 

more significantly than that of the sham group (11.79

0.47 mg/mm). Although the LAB group (5.00 0.36 mg/ 

mm) did not show a significant difference, the BMCs of 

the AQF (7.87 0.43 mg/mm) and LAB + AQF (9.43  

0.81 mg/mm) groups increased more significantly than did 

that of the OVX group (P<0.0001, respectively). When the 

BMCs of the AQF and the LAB + AQF groups were 

compared, the LAB + AQF group showed an approximately 

30% higher BMC than the AQF group (Fig. 4A; P<0.0001). 

On the other hand, ovariectomy led to a more significant 

decrease in the BMD of the OVX group (288.03 29.66 

mg/mm2) than in that of the sham group (709.53 6.47 

mg/mm2) (Fig. 4B). The effect of treatment with LAB 

alone on BMD was little; but the AQF group (498.13

79.62 mg/mm2) and the LAB + AQF group (603.38 50.41 

mg/mm2) had more significant BMD increases than the 

 

Fig. 3. Micro-focus CT images of 
distal portion of femurs. Femurs were

removed after 14 weeks of oral treat-

ment with Aquamin F and or LAB from

1 months after ovariectomy. (A) sham 

operation, (B) sham operation and Ca-D

diet, (C) ovariectomized and Ca-D diet 

control, (D) ovariectomized and treated 

with lactic acid bacteria (1  107 CFU/

kg B.W., respectively), (E) ovariecto-

mized and treated with Aquamin F 50 

mg/kg BW, (F) ovariectomized and 

treated with lactic acid bacteria (1 
107

CFU/kg B.W., respectively) and 

Aquamin F 50 mg/kg BW treatment. 

A 

B 

C 

D 

E 

F 
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The Effects of a Mineral Supplement (Aquamin F®) and Its Combination 
with Multi-Species Lactic Acid Bacteria (LAB) on Bone Accretion 

in an Ovariectomized Rat Model 

Hyun-Gi Lee1, Tae-Hee Lee1, Jung-Ha Kim2, Ju-Won Seok3, Seung-Hoon Lee1, Yong-Hwan Kim1, 
Jin-Eung Kim1, Myung-Jun Chung1 and Moon-Hwan Yeo1,† 

1R&D Center, Cellbiotech Co., Ltd., 134, Gaegok-ri, Wolgot-myun, Gimpo-si, Gyunggi-do 415-871, Korea 
2Department of Family Medicine, Chung-Ang University Medical Center, 3Department of Nuclear Medicine, 

Chung-ang University Hospital, 224-1 Heukseok-dong, Dongjak-gu, Seoul, Korea, 221 
Heukseok-dong, Dongjak-gu Seoul 156-756, Korea 

Although an adequete intake of calcium (Ca) is recommended for the treatment and prevention of osteoporosis, the 
intake of Ca should be restricted because of its low rate of intestinal absorption. The purpose of this experiment was to 
identify the effect of the combined administration of Aquamin F (AQF) (a calcium agent) and lactic acid bacteria 
(LAB) on osteoporosis. Thirty ovariectomized (OVX) rats and six control rats were assigned to the following six groups, 
with six animals per group: sham Ca-deficient diet (Ca-D), OVX, LAB, AQF, and LAB-AQF. During the experiment, 
the body weight was measured; and after the experiment was completed, the serum biochemical analysis, the alkaline 
phosphatase, calcium, and inorganic phosphorus leves were measured. The tissue of the femur was stained and then 
scanned via CT. The body weight of the OVX group increased more significantly than that of the control group. The 
results of the bone mineral content (BMC), Bone mineral density (BMD), serum biochemical analysis and histological 
test on the femur epiphysis showed no difference between the OVX group and the LAB group, whereas the results of 
the AQF group were more significant than those of the OVX group. In particular, the LAB+AQF group showed more 
significant increases in the aforementioned results than the AQF group. This experiment showed that the combined 
administration of AQF and LAB in ovariectomized rats more significantly increased bone density than did a single 
administration of either AQF or LAB. 

Key Words: Osteoporosis, Ovariectomy, Lactic acid bacteria, Aquamin F, Bone mineral density, Trabecular bone 

 

INTRODUCTION 
 

Osteoporosis is a systemic bone disease that increases 

the risk of bone fracture by increasing the fragility of the 

bone. Its major symptoms are a decrease in the BMD (Lee 

et al., 2004; Lee et al., 2005). Osteoporosis is a metabolic 

disease that commonly develops in 30% of menopausal 

women, and is a major cause of bone fractures in the elderly. 

Its incidence rate and prevalence are rising steeply because 

of the increase in the elderly population. There are about 

three million people with osteoporosis, including mild cases 

in South Korea (Byun et al., 2005). Osteoporosis is also 

related to low peak bone mass, which results from the 

insufficient intake during youth and middle age of necessary 

nutrients such as calcium that are related to bone formation 

(Lee et al., 2009). 

BMD sharply decreases with a decrease in estrogen in 

women. Loss of trabecular bone, a major symptom of 

osteoporosis, is known to be sensitive to a decrease in 

estrogen and calcium intake; and a continuous decrease in 

estrogen for six to eight years accelerates bone mass loss 

(Whitney et al., 2002). Decrease in estrogen is related to 
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Abstract: 

Commercially available seaweed calcium extract 
can supply high amounts of calcium as well as 
significant amounts of magnesium and other 
microminerals. The purpose of this study was 
to investigate the degree to which the high 
levels of magnesium in seaweed calcium extract 
affects the calcium balance and the bone status 
in ovariectomized rats in comparison to rats 
supplemented with calcium carbonate and 
magnesium oxide. A total of 40 Sprague-Dawley 
female rats (7 weeks) were divided into four 
groups and bred for 12 weeks: sham-operated 
group (Sham), ovariectomized group (OVX), 
ovariectomized with inorganic calcium and 
magnesium supplementation group (OVX-Mg), 
and ovariectomized with seaweed calcium and 
magnesium supplementation group (OVX-SCa). 
All experimental diets contained 0.5% calcium. 
The magnesium content in the experimental 
diet was 0.05% of the diet in the Sham and 
OVX groups and 0.1% of the diet in the OVX-Mg 
and OVX-SCa groups. In the calcium balance 
study, the OVX-Mg and OVX-SCa groups were 
not significantly different in calcium absorption 
compared to the OVX group. However, the femoral 
bone mineral density and strength of the OVX-SCa 
group were higher than those of the OVX-Mg and 
OVX groups. Seaweed calcium with magnesium 

supplementation or magnesium supplementation 
alone did not affect the serum ALP and CTx levels 
in ovariectomized rats. In summary, consumption 
of seaweed calcium extract or inorganic calcium 
carbonate with magnesium oxide demonstrated 
the same degree of intestinal calcium absorption, 
but only the consumption of seaweed calcium 
extract resulted in increased femoral bone mineral 
density and strength in ovariectomized rats. Our 
results suggest that seaweed calcium extract is 
an effective calcium and magnesium source for 
improving bone health compared to synthetic 
calcium and magnesium supplementation.

Conclusion: 

In this study, scientists have sought to 
compare the bioactivity of marine-derived 
versus rock-based calcium/magnesium 
supplements in a model of postmenopausal 
osteoporosis. At a same dosage level, the 
marine-derived multimolecular LithoLexal® 
provided superior bone-protection efficacy 
that led to higher femoral bone area, mineral 
content and strength compared with 
inorganic supplements. Producing superior 
outcomes with comparable retention ratios 
denotes that LithoLexal® has a higher 
target-tissue availability which underlies its 
superior bioactivity. Moreover, animals on 
LithoLexal® had higher urine magnesium 
excretion reflecting the higher bioavailability 
of organic magnesium in LithoLexal® relative 
to inorganic forms in generic supplements. 

MAGNESIUM  
SUPPLEMENTATION 
THROUGH SEAWEED 
CALCIUM EXTRACT 
RATHER THAN  
SYNTHETIC  
MAGNESIUM OXIDE 
IMPROVES FEMUR 
BONE MINERAL  
DENSITY AND 
STRENGTH IN  
OVARIECTOMIZED 
RATS

supplementation [17]. In this study, the OVX group did not show any significant

changes in bone strength when Mg (0.1% of diet) was supplied only from MgO.

However, when the same amount (0.1%) of Mg was provided in the form of seaweed Ca

extract, the OVX rats showed improved femur strength indicating that supplying Mg as a

food extract has pronounced effects on bone mineralization compared to supplying Mg

in an inorganic form.In 1994, Strause and colleagues examined the effects of Ca supplementation alone,

microminerals only (copper, manganese, and zinc), or both Ca and micromineral

supplementation on bone status in postmenopausal women. They observed that lumbar

bone loss was prevented only when Ca was combined with micromineral supplementation

[23]. In addition to high amounts of Ca as a major ingredient and considerable amounts of

Mg, seaweed Ca extract also contained other microminerals such as manganese (0.007%)

and boron (0.0025%). Manganese (Mn) is an essential mineral in activating glycosyl-

transferase, the enzyme synthesizing glycosaminoglycan chain of proteoglycan, and Mn

deficiency induces a delay in long bone development [24]. In our previous study, Mn

supplementation in the OVX rats increased serum osteocalcin, a sensitive bone formation

marker [25]. Boron is also known to enhance bone mineral balance, although the

mechanism of action is uncertain. A study in the OVX rats showed that a combination of

boron and estrogen improved the intestinal absorption of calcium, phosphorus, and

magnesium, and supplementation of boron increased bone mass in spongy bones [26, 27].

Nielsen and colleagues [28] reported that boron supplementation in postmenopausal women

after a boron-deficient diet produced positive results in bone metabolism and in maintaining

calcium homeostasis. Therefore, additional investigation is warranted if a certain

combination of other microminerals residing in seaweed Ca extract contributes to improved

bone metabolism.In this study, we could observe significantly improved bone mineralization and

strength in femoral bone by use of the seaweed Ca extract diet. Also the

supplementation of Mg in the form of seaweed Ca extract showed more pronounced

effects on bone metabolism compared to the supplementation of inorganic Mg (MgO)

and did not affect calcium balance. However, a caution is necessary before we

propose a direct relationship between Mg in seaweed Ca extract and bone strength

since this seaweed Ca extract contains other microminerals which may play an

additional role in bone metabolism. Further investigation is required to understand

how equal amounts of Mg, provided in different forms (a food extract or inorganic

form) could affect bone metabolism differently and how these in vivo findings might

be developed for clinical applications.

Table 5 Serum bone metabolism indicators of the experimental rats

Variable
Sham

OVX
OVX-Mg

OVX-Seaweed Ca
Significance

ALP (U/L) 79.50±36.91b 136.17±31.78a* 117.25±32.14a* 121.11±26.54a*
p<0.05

CTx (ng/ml) 26.69±6.50 22.19±9.57
17.17±10.98 30.85±17.23

NS

Ca (mg/dl) 10.88±0.46a 10.06±0.50b** 9.94±0.15b*** 10.79±0.35a****,***** p<0.001

Data are presented as mean±SD (n=10). Means in a row with unlike letters differ significantly (Duncan’s

multiple range test)NS not significant*p<0.05, **p<0.01, *** p<0.001 compared to Sham group; **** p<0.01 compared to OVX group; *****p<

0.001 compared to OVX-Mg group
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Abstract Commercially available seaweed calcium extract can supply high amounts of
calcium as well as significant amounts of magnesium and other microminerals. The purpose
of this study was to investigate the degree to which the high levels of magnesium in
seaweed calcium extract affects the calcium balance and the bone status in ovariectomized
rats in comparison to rats supplemented with calcium carbonate and magnesium oxide. A
total of 40 Sprague–Dawley female rats (7 weeks) were divided into four groups and bred
for 12 weeks: sham-operated group (Sham), ovariectomized group (OVX), ovariectomized with
inorganic calcium and magnesium supplementation group (OVX-Mg), and ovariectomized with
seaweed calcium and magnesium supplementation group (OVX-SCa). All experimental diets
contained 0.5% calcium. The magnesium content in the experimental diet was 0.05% of the diet
in the Sham and OVX groups and 0.1% of the diet in the OVX-Mg and OVX-SCa groups. In the
calcium balance study, the OVX-Mg and OVX-SCa groups were not significantly different in
calcium absorption compared to the OVX group. However, the femoral bone mineral density and
strength of the OVX-SCa group were higher than those of the OVX-Mg and OVX groups.
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Abstract: 

Introduction: Disruptions in calcium (Ca) 
homeostasis during exercise may influence skeletal 
adaptations to exercise training. In young men, 
vigorous cycling causes increases in parathyroid 
hormone (PTH) and bone resorption (C-terminal 
telopeptides of type I collagen [CTX]); responses 
are attenuated by Ca supplementation. The study 
aimed to determine whether vigorous walking 
causes similar increases in PTH and CTX in older 
women and how the timing of Ca supplementation 
before and during exercise influences these 
responses.

Methods: In experiment 1, 10 women (61 ± 4 yr) 
consumed 125 mL of either a Ca-fortified (1 g·L) 
or control beverage every 15 min during exercise 
starting 60 min before and continuing during 60 
min of exercise. In experiment 2, 23 women (61 ± 
4 yr) consumed 200 mL of a Ca-fortified (1 g·L) 
or control beverage every 15 min starting 15 min 
before and continuing during 60 min of exercise. 
The exercise was treadmill walking at 75%-80% 
V˙O2peak.

Results: In experiment 1, serum ionized Ca 
decreased in the control condition (P < 0.001), but 
not with Ca supplementation. PTH increased after 
exercise on both days (Ca, P = 0.05; control, P = 
0.009) but was attenuated by Ca supplementation 
(8.3 vs 26.1 pg·mL; P = 0.03). CTX increased only 

on the control day (P = 0.02). In experiment 2, 
serum ionized Ca decreased on Ca and control 
days (Ca and control, P < 0.001), but less so on 
the Ca day (P = 0.04). PTH (Ca and control, P < 
0.001) and CTX (Ca, P = 0.02; control P = 0.007) 
increased on the Ca and control day, and there 
were no differences in the changes.

Conclusion: The timing of Ca supplementation 
may be a key mediator of Ca homeostasis during 
acute exercise. Further research is necessary to 
determine how this influences skeletal adaptations 
to training.

Conclusion: 

The superior anti-resorptive effect of 
LithoLexal® is partly mediated by its 
PTH-suppressive activity. This has been 
substantiated by this acute clinical 
experiment where administration of 
LithoLexal® to postmenopausal women 
potently suppressed the increased secretion 
of PTH and prevented its subsequent rise in 
bone resorptive activity. A notable point is 
that LithoLexal® has been the most effective 
when administered 60 minutes before 
exercise.

CALCIUM  
SUPPLEMENTATION 
AND PARATHYROID  
HORMONE RESPONSE  
TO VIGOROUS 
WALKING IN  
POSTMENOPAUSAL 
WOMEN

the measurement of iCa, hematocrit, and PTH; CTX was

measured only at 0 and 90 min. For both experiments, serum

iCa and hematocrit were measured in real time (i.e., within

5 min of blood sample collection) using a cartridge-based

point-of-care whole blood analyzer (iSTAT; Abbott, East

Windsor, NJ); the reported coefficients of variation (CV) are

1.1% for iCa and 1.5% for hematocrit. Hematocrit was mea-

sured to assess shifts in plasma volume in response to exercise,

as previously described (1,3). For PTH and CTX, serum sam-

ples were stored atj80-C for subsequent batch analysis. CTX

(Nordic Bioscience Diagnostics, Herlev, Denmark) was mea-

sured by ELISA. Intra- and interassay CV were 2.7%–10.3%

and 2.5%–9.2%, respectively, for CTX. Intact PTH was

measured by a two-site chemiluminescent enzyme-labeled

immunometric assay on an Immulite 1000 analyzer (Siemens,

Tarrytown, NY); intra- and inter-assay CV were 2.9%–3.5%

and 4.8%–6.8%, respectively.
Statistical methods. The primary outcome was the

change in PTH from immediately before to immediately after

exercise; changes in iCa and CTX were secondary outcomes.

Because these experiments were considered pilot studies to

inform future research on whether Ca supplementation before

exercise influences skeletal adaptations to exercise training,

the primary tests of interest were the within-condition changes

in the outcomes. However, we also evaluated whether the

changes in outcomes from before to after exercise were dif-

ferent under control versus Ca conditions. Both types of

comparisons were based on a paired t-test. Because changes in

CTX in response to acute exercise have been found to peak

30 min after exercise (6), the change in CTX was evaluated

from before to 30 min after exercise. To avoid the probability

of type I and type II errors for the comparisons of secondary

outcomes, we relied on the consistency across measures

rather than adjusting for multiple comparisons. Unless oth-

erwise stated, data are reported as mean T SD or mean with

95% confidence interval (CI). All analyses were performed

using SAS 9.2 (SAS Institute Inc., Cary NC).RESULTS
EXP 1. Participants were age 61 T 4 yr (body mass index =

27.2 T 4.4 kgImj2, V̇O2peak = 24.5 T 3.6 mLIminj1
Ikgj1,

lumbar spine t-score =j0.62 T 1.50, total hip t-score =j0.75 T

1.07, and 25OH vitamin D level = 36.6 T 14.7 ngImLj1).

The effects of preexercise Ca dosing on serum iCa, PTH,

and CTX from j60 min to immediately before exercise

were included in Figures 1a, 2a, and 3a for descriptive pur-

poses only. Statistical analyses focused on changes from

FIGURE 1—Serum ionized Ca (iCa) before, during, and after exercise

(left) under control and Ca supplementation conditions and the change

from immediately before to immediately after exercise (right). Arrows

indicate consumption of placebo or Ca-enriched beverage. The top

panel is for Experiment 1 and the bottom panel for Experiment 2.

Within-group change, *P G 0.05, **P G 0.001; between-group differ-

ence, ‡P G 0.05.

FIGURE 2—Serum PTH before, during, and after exercise (left) under

control and Ca supplementation conditions and the change from im-

mediately before to immediately after exercise (right). Arrows indicate

consumption of placebo or Ca-enriched beverage. The top panel is for

Experiment 1 and the bottom panel is for Experiment 2. Within-group

change, *P G 0.05, **P G 0.001; Between-group difference, ‡P G 0.05.

CALCIUM SUPPLEMENTATION, PTH, AND EXERCISE

Medicine & Science in Sports & Exercise
d 2009

A
PPLIED

SC
IEN

C
ES

Copyright © 2014 by the American College of Sports Medicine. Unauthorized reproduction of this article is prohibited.

Calcium Supplementation and Parathyroid
Hormone Response to Vigorous Walking in
Postmenopausal Women

KAREN L. SHEA1, DANIEL W. BARRY2, VANESSA D. SHERK1, KENT C. HANSEN1, PAMELA WOLFE3,
and WENDY M. KOHRT1

1Division of Geriatric Medicine, School of Medicine, University of Colorado Anschutz Medical Campus, Aurora, CO;
2Division of General Internal Medicine, University of Colorado Anschutz Medical Campus, Aurora, CO; and 3Department
of Preventative Medicine and Biostatistics, University of Colorado Anschutz Medical Campus, Aurora, CO

ABSTRACT

SHEA, K. L., D. W. BARRY, V. D. SHERK, K. C. HANSEN, P. WOLFE, and W. M. KOHRT. Calcium Supplementation and

Parathyroid Hormone Response to Vigorous Walking in Postmenopausal Women.Med. Sci. Sports Exerc., Vol. 46, No. 10, pp. 2007–2013,

2014. Introduction: Disruptions in calcium (Ca) homeostasis during exercise may influence skeletal adaptations to exercise training.

In young men, vigorous cycling causes increases in parathyroid hormone (PTH) and bone resorption (C-terminal telopeptides of type I

collagen [CTX]); responses are attenuated by Ca supplementation. The study aimed to determine whether vigorous walking causes similar

increases in PTH and CTX in older women and how the timing of Ca supplementation before and during exercise influences these

responses. Methods: In experiment 1, 10 women (61 T 4 yr) consumed 125 mL of either a Ca-fortified (1 gILj1) or control beverage

every 15 min during exercise starting 60 min before and continuing during 60 min of exercise. In experiment 2, 23 women (61 T 4 yr)

consumed 200 mL of a Ca-fortified (1 gILj1) or control beverage every 15 min starting 15 min before and continuing during 60 min of

exercise. The exercise was treadmill walking at 75%–80% V̇O2peak. Results: In experiment 1, serum ionized Ca decreased in the control

condition (P G 0.001), but not with Ca supplementation. PTH increased after exercise on both days (Ca, P = 0.05; control, P = 0.009) but

was attenuated by Ca supplementation (8.3 vs 26.1 pgImLj1; P = 0.03). CTX increased only on the control day (P = 0.02). In experiment 2,

serum ionized Ca decreased on Ca and control days (Ca and control, P G 0.001), but less so on the Ca day (P = 0.04). PTH (Ca and control,

P G 0.001) and CTX (Ca, P = 0.02; control P = 0.007) increased on the Ca and control day, and there were no differences in the changes.

Conclusion: The timing of Ca supplementation may be a key mediator of Ca homeostasis during acute exercise. Further research is

necessary to determine how this influences skeletal adaptations to training. Key Words: CALCIUM SUPPLEMENTATION, BONE

METABOLISM, POSTMENOPAUSAL, PARATHYROID HORMONE, EXERCISE

E
xercise is generally accepted as having favorable ef-
fects on bone health and is recommended for both
prevention and treatment of low bone mineral density

(BMD) (15). However, endurance athletes, including cyclists
and runners, have sometimes been observed to have low
BMD (8,14,16,19,21). Young male road cyclists who stud-
ied over a year of training and competition were found to
have a significant decline in BMD at the hip and lumbar
spine. The decline of 1%–2% per year was similar to the
accelerated bone loss that occurs in early postmenopausal
women (2). Collegiate male basketball players have also

been observed to lose 6% of total bone mineral content over
a year of training and competition (11). These findings sup-
port the concept that, under certain circumstances, vigorous
exercise training may cause bone mineral loss.

The mechanisms by which exercise could lead to a loss of
BMD are not known. One possibility is that excessive amounts
of calcium (Ca) are lost during exercise through dermal and
other sources. If serum ionized Ca (iCa) level declines during
exercise, this would be expected to trigger an increase para-
thyroid hormone (PTH), which defends serum Ca levels by
enhancing Ca absorption, reducing renal excretion, and mo-
bilizing skeletal Ca (i.e., increasing bone resorption) (4,5). In-
deed, such disruptions in Ca homeostasis have been observed
in young men during prolonged or vigorous cycling bouts
(1,3,6,14,21). Further, the ingestion of Ca before and during
exercise in these studies attenuated the decline in iCa and in-
crease in PTH (3,6).

Because most of the studies of the disruption in Ca ho-
meostasis during exercise have been performed in young male
cyclists, it is unknown whether these disruptions in Ca ho-
meostasis are unique to young men, to athletes, or to weight-
supported exercise. Specifically, it is not known whether
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Abstract: 

A double-blind crossover pilot trial tested the 
hypothesis that botanically derived calcium 
could demonstrate greater influence over 
calcium metabolism markers compared with a 
nonplant-derived calcium carbonate supplement 
or placebo. Twelve fasting female subjects 
received a single oral dose of Aquamin F™ 
(derived from the marine algal Lithothamnion sp.), 
or calcium carbonate, or placebo. Blood and urine 
samples were collected at baseline and over 12 h to 
evaluate ionized and total calcium and parathyroid 
hormone (PTH). Subjects treated with Aquamin 
F demonstrated significantly greater urinary 
clearance of calcium after 12 h compared with 
placebo (P = .004). Following a meal at 90 min, 
subjects treated with Aquamin F demonstrated 
a more prolonged suppression of serum PTH 
concentration (significantly lower than placebo at 
90, 120, and 240 min). Calcium carbonate provided 
an intermediate response; urinary clearance was 
not significantly different from placebo treatment 
and PTH was only significantly lower than placebo  
at 90 min. Aquamin F may demonstrate greater 
influence over these markers of calcium metabolism  
than calcium carbonate or placebo, as suggested  
by a greater calciuric response and a more prolonged  
suppression of serum PTH concentrations 
following a meal in premenopausal women.

Conclusion: 

This was a head-to-head double-blind trial 
that directly compared the pharmacokinetics 
and clinical effects of LithoLexal® with 
calcium carbonate. Controlled observations 
confirmed that LithoLexal® exhibits a more 
potent and sustained PTH-suppressing 
efficacy which indirectly means having 
superior osteoclast-inhibitory bioactivity 
compared to the generic form of 
calcium. This stemmed from the higher 
bioavailability and systemic exposure of 
calcium from LithoLexal® than calcium 
carbonate presented by its more prominent 
urinary excretion rate. This study supports 
LithoLexal® as a superior osteoporosis 
mineral supplement from both efficacy and 
bioavailability aspects. 

EFFECT OF CALCIUM  
DERIVED FROM 
LITHOTHAMNION  
SP. ON MARKERS  
OF CALCIUM  
METABOLISM IN  
PREMENOPAUSAL 
WOMEN

calculated. No significant differences were found between

any of the treatment groups for ionized or total serum cal-

cium concentrations.
Urinary calcium excretionIn contrast to the relatively unchanged serum calcium

values, treatment with Aquamin F resulted in a significantly

greater urinary calcium concentration and total amount of

calcium excreted than placebo (P = .004, and P = .006, re-

spectively) (Table 1). In contrast, the urinary calcium con-

centration and total calcium excretion amounts during the

calcium carbonate treatment were not significantly different

than placebo (P = .36 and P = .95, respectively) (Table 1).

Serum PTH
A main effect of treatment across all timepoints from 60

to 600min was significant (P = .04) and treatment by time

interaction approached statistical significance (P = .055).

Post hoc matched-pair comparisons at each timepoint re-

vealed significant group differences at 90, 120, and 240min

between Aquamin treatment and placebo and at 90min

between calcium treatment and placebo. Table 2 shows the

effect of treatment on serum PTH concentration and Fig-

ure 1 shows the percent change in PTH level relative to

baseline (time 0) to observe the relative changes in con-

centration. Relative to time 0, the serum PTH concentrations

for all treatments decreased during the first 60min after

dosing. At 90min, immediately before consumption of the

meal, the serum PTH concentration for the placebo treatment

increased back to baseline levels and then decreased with

further sampling before returning to baseline levels again at

360min. In contrast to the changes in serum PTH seen with

placebo, the serum PTH concentration after the Aquamin F

treatment continued to decrease after 60min and remained

significantly lower than the PTH concentration for placebo at

90, 120, and 240min (P= .003, .017, and .030, respectively).

The serum PTH concentration after the calcium carbonate

treatment was intermediate between the Aquamin F and the

placebo treatment responses, being significantly decreased at

Table 2. Serum Parathyroid Hormone Analysis at 90, 120, and 240min After Dose

Serum parathyroid hormone (mg/dL; n= 12)
Matched-pair analysis at 90min

Treatment
S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 Mean SD

P-value vs.
placebo

Aquamin F
20.0 21.0 23.0 29.0 37.0 27.0 39.0 30.0 44.0 32.0 28.0 25.0 29.6 7.4

.003

Calcium carbonate
21.0 47.0 20.0 28.0 30.0 27.0 37.0 34.0 31.0 44.0 30.0 35.0 32.0 8.1

.026

Placebo

34.0 43.0 39.0 25.0 75.0 33.0 60.0 43.0 37.0 45.0 33.0 39.0 42.2 13.4

Matched-pair analysis at 120min
Aquamin F

26.0 18.0 29.0 38.0 37.0 33.0 43.0 22.0 35.0 22.0 24.0 32.0 29.9 7.7
.017

Calcium carbonate 21.0 29.0 39.0 42.0 30.0 31.0 55.0 28.0 28.0 36.0 27.0 28.0 32.8 9.0
.098

Placebo
38.0 34.0 37.0 35.0 60.0 25.0 72.0 39.0 41.0 31.0 23.0 32.0 38.9 14.0

Matched-pair analysis at 240min
Aquamin F

30.0 25.0 19.0 28.0 34.0 29.0 33.0 20.0 33.0 23.0 28.0 28.0 27.5 4.9
.030

Calcium carbonate 27.0 24.0 27.0 31.0 22.0 28.0 32.0 24.0 28.0 27.0 30.0 34.0 27.8 3.5
.056

Placebo
32.0 36.0 31.0 25.0 42.0 28.0 47.0 31.0 25.0 31.0 29.0 34.0 32.6 6.5

FIG. 1. Percent change in serum PTH levels over

time. *Compared with placebo, the decrease in PTH

concentration following Aquamin F� treatment was

significant at 90, 120, and 240min (P= .003, P= .017,

and P= .030, respectively) while calcium carbonate

treatment was significantly different from placebo

treatment only at 90min (P= .026). Arrows indicate

the timing of meals. PTH, parathyroid hormone. Color

images available online at www.liebertpub.com/jmf
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ABSTRACT A double-blind crossover pilot trial tested the hypothesis that botanically derived calcium could demonstrate

greater influence over calcium metabolism markers compared with a nonplant-derived calcium carbonate supplement or

placebo. Twelve fasting female subjects received a single oral dose of Aquamin F� (derived from the marine algal Litho-

thamnion sp.), or calcium carbonate, or placebo. Blood and urine samples were collected at baseline and over 12 h to evaluate

ionized and total calcium and parathyroid hormone (PTH). Subjects treated with Aquamin F demonstrated significantly

greater urinary clearance of calcium after 12 h compared with placebo (P = .004). Following a meal at 90min, subjects treated

with Aquamin F demonstrated a more prolonged suppression of serum PTH concentration (significantly lower than placebo at

90, 120, and 240min). Calcium carbonate provided an intermediate response; urinary clearance was not significantly different

from placebo treatment and PTH was only significantly lower than placebo at 90min. Aquamin F may demonstrate greater

influence over these markers of calcium metabolism than calcium carbonate or placebo, as suggested by a greater calciuric

response and a more prolonged suppression of serum PTH concentrations following a meal in premenopausal women.

KEYWORDS: � calcium carbonate � calcium supplements � Lithothamnion sp. � low bone mass � osteoporosis

� parathyroid hormone

INTRODUCTION

O steoporosis or low bone mass are major clinical
problems, affecting 53.6 million older adults in the

United States1 and resulting in significant physical, psy-
chological, and financial consequences.1,2 The aging of the
American population has led to a renewed interest in the risk
factors, diagnosis, prevention, and treatment of this disease.
The average dietary calcium intake is well below the re-
commended dietary intake3,4 and calcium supplementation
is widely advocated to achieve the recommended calcium
amounts for adolescent and premenopausal females,5–7

physically active people,8 postmenopausal and elderly,9 and
for the management of osteoporosis.10,11

Clinically useful calcium supplements must contain
readily bioavailable calcium; however, bioavailability of
different calcium supplements varies widely.12,13 In addi-
tion, the percentage of calcium absorbed from a calcium
preparation (i.e., the bioavailability) depends on the variable
calcium absorptive capacity of the human subjects test-
ed,14,15 as well as the amount of calcium available for ab-
sorption in the calcium supplement.9,16,17

Although natural plant sources of calcium are rare, the
mineralized remains of the marine red algae, Lithothamnion
sp., is known to contain large amounts of a highly porous
and readily bioavailable calcium. The product from this
seaweed species consists of mineral substances, particularly
calcium carbonate (*32% calcium by weight). The calcium
carbonate found in Lithothamnion sp. is currently marketed
and sold globally as a calcium supplement (Aquamin F�;
Marigot Group Ltd., Cork, Ireland). Animal studies dem-
onstrated the efficacy of Aquamin in positively influencing
bone health in mice fed a high-fat western diet.18 Further-
more, trials in human subjects have demonstrated Aquamin
F supplementation in postmenopausal women may aid in
maintaining bone density among osteopenic subjects when
coadministered with a short-chain fructooligosaccharide19

and can affect markers of calcium metabolism (including
parathyroid hormone [PTH]) during exercise in both young
males and in postmenopausal women.20,21

Measuring the systemic absorption of an oral calcium sup-
plement is made difficult because calcium is a normal and
dynamic constituent of the extracellular milieu. Increased
calcium absorption is expected to result in a measurable in-
crease in urinary calcium secretion and additional markers,
such as serum parathyroid (PTH) concentration, may help to
verify increased calcium absorption. PTH levels decrease
when subjects are supplemented with calcium.20–23 Elevated
PTH concentrations have been reported in postmenopausal

Manuscript received 13 February 2017. Revision accepted 14 August 2017.

*This article was submitted posthumously.
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Abstract: 

This 24-mo randomized, double-blind, controlled 
trial aimed to examine whether supplementation 
with a natural marine-derived multi-mineral 
supplement rich in calcium (Ca) taken alone and in 
conjunction with short-chain fructo-oligosaccharide  
(scFOSs) has a beneficial effect on bone mineral 
density (BMD) and bone turnover markers 
(BTMs) in postmenopausal women. A total of 
300 non-osteoporotic postmenopausal women 
were randomly assigned to daily supplements 
of 800 mg of Ca, 800 mg of Ca with 3.6 g of 
scFOS (CaFOS), or 9 g of maltodextrin. BMD was 
measured before and after intervention along 
with BTMs, which were also measured at 12 mo. 
Intention-to-treat ANCOVA identified that the 
change in BMD in the Ca and CaFOS groups did 
not differ from that in the maltodextrin group. 
Secondary analysis of changes to BTMs over time 
identified a greater decline in osteocalcin and 
C-telopeptide of type I collagen (CTX) in the Ca 
group compared with the maltodextrin group at 
12 mo. A greater decline in CTX was observed at 
12 mo and a greater decline in osteocalcin was 
observed at 24 mo in the CaFOS group compared 
with the maltodextrin group. In exploratory 
subanalyses of each treatment group against 
the maltodextrin group, women classified with 
osteopenia and taking CaFOS had a smaller 
decline in total-body (P = 0.03) and spinal  

(P = 0.03) BMD compared with the maltodextrin 
group, although this effect was restricted to those 
with higher total-body and mean spinal BMD 
at baseline, respectively. Although the change 
in BMD observed did not differ between the 
groups, the greater decline in BTMs in the Ca and 
CaFOS groups compared with the maltodextrin 
group suggests a more favorable bone health 
profile after supplementation with Ca and CaFOS. 
Supplementation with CaFOS slowed the rate of 
total-body and spinal bone loss in postmenopausal 
women with osteopenia-an effect that warrants 
additional investigation. 

Conclusion: 

This randomised controlled trial has 
provided evidence that the therapeutic 
profile of LithoLexal® can be enhanced by 
coadministration of a type of prebiotic, 
short-chain fructo-oligosaccharide (scFOS), 
in postmenopausal women. Data shows that 
scFOS intensifies the preventive effect of 
LithoLexal® on the declining trend of bone 
mineral density after menopause. In addition, 
LithoLexal® with and without prebiotics 
significantly decreased serum and urinary 
levels of an osteoclastic activity marker, CTX. 
Importantly, a subanalysis of osteopenic 
women unveiled that individuals with higher 
baseline bone density had better final 
outcomes showing that early commencement 
of treatment improves efficacy.

SUPPLEMENTATION  
WITH CALCIUM  
AND SHORT-CHAIN  
FRUCTO- 
OLIGOSACCHARIDES 
AFFECTS MARKERS 
OF BONE TURNOVER 
BUT NOT BONE  
MINERAL DENSITY IN  
POSTMENOPAUSAL 
WOMEN

maltodextrin group. After controlling for baseline interactions

between BMD and treatment group, this effect was apparent

only in those with a higher total-body BMD at baseline (P =

0.03) (Table 2). The change in spinal BMD was significantly

smaller in the CaFOS group compared with Ca (P = 0.02) and

maltodextrin (P = 0.03) after 24-mo intervention. After

controlling for baseline interactions between BMD and treat-

ment group, this effect was apparent only for those with mean

baseline spinal BMD but not at the lower or higher values.

Furthermore, there was a greater decline in urine CTX in the

Ca group compared with the maltodextrin group after 12- and

24-mo supplementation (P = 0.04 and P = 0.04, respectively).

Discussion
In this randomized, controlled study of postmenopausal women,

supplementation with Ca or CaFOS did not significantly alter

the rate of bone loss at any site based on intention-to-treat

analysis compared with the maltodextrin-supplemented group

after 24-mo intervention. Nevertheless, those supplemented with

CaFOS had significantly less decline in total-body BMD at

24 mo compared with the Ca group, which is the appropriate

control for testing an scFOS intervention. Secondary analysis of

BTMs revealed a greater reduction in markers of bone resorp-

tion and formation in the Ca group compared with the

maltodextrin group at 12 mo; effects that suggest enhanced Ca

absorption and a resultant reduction in bone turnover in the first

year. Furthermore, a greater reduction in the marker of bone

resorption CTX in the CaFOS group compared with the

maltodextrin group at 12 mo, together with a greater reduction

in the bone formation marker osteocalcin at 24 mo compared

with the maltodextrin group, would suggest that less bone

turnover is occurring and a more positive Ca balance is evident

in the CaFOS treatment group and that it is maintained longer

than with Ca supplementation alone. Osteocalcin is the only

BTM to be significantly lower in the CaFOS group compared

with the maltodextrin group at 24 mo. It may be the case that

formation is reduced as the resorption markers are reaching a

state of homeostasis in the presence of Ca balance; however, this

interpretation is speculative and requires additional investigation.

TABLE 1 Baseline characteristics of study participants within the treatment groups Aquamin (Ca),

NutraFlora (CaFOS), and MD1

Ca (n = 100)
CaFOS (n = 100)

MD (n = 100)
P2

Age, y

61.3 6 6.6
61.3 6 6.4

60.4 6 6.3
0.53

Age at menarche, y

12.9 6 1.5
13.1 6 1.5

13.1 6 1.5
0.45

Age of menopause, y

48.2 6 5.0
49.4 6 4.8

47.8 6 5.6
0.06

Surgical menopause, n

25

15

19
0.20

Years since menopause

13.1 6 8.1
12.0 6 7.2

12.6 6 7.5
0.67

Height, m

1.6 6 0.1
1.61 6 0.1

1.61 6 0.1
0.84

Weight, kg

69.6 6 11.8
72.3 6 13.5

70.2 6 12.9
0.31

Waist circumference, cm

86.7 6 11.3
89.5 6 13.6

87.7 6 12.3
0.28

BMI, kg/m2

26.8 6 4.3
28.0 6 5.2

27.3 6 4.8
0.25

Family osteoporosis history, %

24

17

26
0.28

Previous hormone replacement therapy use, %
39

39

28
0.17

Alcohol use, %

65

55

73
0.03

Smoking, %

0.78

Never smoked

67

63

61

Past smoker

28

28

30

Current smoker

5

9

9

T-Score
Lumbar vertebrae 1–4

20.8 6 1.2
20.4 6 1.4

20.7 6 1.1
0.11

Femur

20.8 6 0.9
20.7 6 1.0

20.7 6 0.9
0.59

Total body

0.1 6 1.0
0.2 6 1.2

0.1 6 1.1
0.51

Daily total calcium intake from FFQ, g

0.9 6 0.4
0.9 6 0.4

0.9 6 0.4
0.68

Daily vitamin D intake from FFQ, mg

4.9 6 2.6
4.6 6 2.8

5.1 6 2.8
0.24

Daily fiber intake from FD,3 g

17.2 6 5.7
18.8 6 6.4

18.2 6 5.9
0.17

Estimated osteopenia, %

63

54

57
0.42

Physical activity, MET-h/wk

1.9 6 0.3
1.8 6 0.3

1.9 6 0.3
0.04

Urine DPD, nmol/mmol Cr

8.2 6 2.5
8.2 6 2.4

7.9 6 2.0
0.56

Urine CTX, mg/mmol Cr

0.3 6 0.1
0.3 6 0.1

0.3 6 0.2
0.16

Serum CTX, mg/L

0.6 6 0.2
0.6 6 0.2

0.6 6 0.2
0.32

Serum osteocalcin, mg/L

20.6 6 7.8
18.9 6 6.7

19.6 6 8.3
0.35

Serum vitamin D, nmol/L

56.2 6 19.6
55.8 6 17.7

53.4 6 17.8
0.47

Insufficient (,50 nmol/L) vitamin D, %
40.2 6 6.0

40.1 6 6.7
38.3 6 7.4

0.34

Serum total calcium, mmol/L

2.2 6 0.1
2.2 6 0.1

2.2 6 0.1
0.87

Plasma PTH, ng/mL

61.1 6 25.5
58.4 6 18.6

63.1 6 31.1
0.88

1
Values are means 6 SDs or percentages. Ca, Aquamin calcium; CaFOS, Aquamin calcium plus NutraFlora short-chain fructo-

oligosaccharide; Cr, creatinine; CTX, C-telopeptide of type I collagen; DPD, deoxypyridinoline; FD, food diary; MD, maltodextrin; MET-h,

metabolic equivalent task hours; PTH, parathyroid hormone.

2
P values based on ANOVA (x2

analysis used for surgical menopause, BMI status, family osteoporosis history, previous hormone

replacement therapy use, smoking, alcohol use, and estimated osteopenia).

3
Ca, n = 96; CaFOS, n = 97; MD, n = 98.
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Supplementation with Calcium and Short-Chain
Fructo-Oligosaccharides Affects Markers of
Bone Turnover but Not Bone Mineral Density in
Postmenopausal Women1,2

Mary M. Slevin, Philip J. Allsopp, Pamela J. Magee, Maxine P. Bonham,3 Violetta R. Naughton, J. J. Strain,
Maresa E. Duffy, Julie M. Wallace, and Emeir M. Mc Sorley*

Northern Ireland Centre for Food and Health, School of Biomedical Sciences, University of Ulster, Coleraine, Northern Ireland

Abstract

This 24-mo randomized, double-blind, controlled trial aimed to examine whether supplementation with a natural

marine-derived multi-mineral supplement rich in calcium (Ca) taken alone and in conjunction with short-chain

fructo-oligosaccharide (scFOSs) has a beneficial effect on bone mineral density (BMD) and bone turnover markers (BTMs)

in postmenopausal women. A total of 300 non-osteoporotic postmenopausal women were randomly assigned to daily

supplements of 800 mg of Ca, 800 mg of Ca with 3.6 g of scFOS (CaFOS), or 9 g of maltodextrin. BMD was measured

before and after intervention along with BTMs, which were also measured at 12 mo. Intention-to-treat ANCOVA identified

that the change in BMD in the Ca and CaFOS groups did not differ from that in the maltodextrin group. Secondary analysis

of changes to BTMs over time identified a greater decline in osteocalcin and C-telopeptide of type I collagen (CTX) in the Ca

group compared with the maltodextrin group at 12 mo. A greater decline in CTX was observed at 12 mo and a greater

decline in osteocalcin was observed at 24 mo in the CaFOS group compared with the maltodextrin group. In exploratory

subanalyses of each treatment group against themaltodextrin group, women classifiedwith osteopenia and taking CaFOS

had a smaller decline in total-body (P = 0.03) and spinal (P = 0.03) BMD compared with the maltodextrin group, although

this effect was restricted to those with higher total-body and mean spinal BMD at baseline, respectively. Although the

change in BMD observed did not differ between the groups, the greater decline in BTMs in the Ca and CaFOS groups

compared with the maltodextrin group suggests a more favorable bone health profile after supplementation with Ca and

CaFOS. Supplementation with CaFOS slowed the rate of total-body and spinal bone loss in postmenopausal women with

osteopenia—an effect that warrants additional investigation. This trial was registered at www.controlled-trials.com as

ISRCTN63118444. J. Nutr. 144: 297–304, 2014.

Introduction

Osteoporosis is a chronic disease characterized by low bone
mineral density (BMD)4 resulting in weaker bones and a
predisposition to increased risk of skeletal fracture (1). Calcium
(Ca) is one of the primary minerals required in the pre-adulthood

achievement of peak bone mass and in the prevention of bone loss
associated with aging (2). Postmenopausal women have a higher
risk of developing osteoporosis because of declining estrogen
concentrations associated with menopause (3). Furthermore,
menopause is associatedwith a decreased intestinal Ca absorption,
an increase in renal Ca excretion, and overall reducedCa retention
(4). These changes can lead to a negative Ca balance, which is
maintained at the expense of bone resorption, and resultant bone
mineral loss may occur (5).

It has been reported that dietary intakes of Ca-rich food
decreases with age (6). Furthermore, dietary intakes of Ca are
often inadequate in postmenopausal women. Intakes are com-
monly reported to be well below the current U.S. RDA of
1200 mg/d (7) and the U.K. recommended nutrient intake of
700 mg/d (8). The effectiveness of Ca supplementation for the
prevention of bone loss or reduction in fracture risk within the
general population remains uncertain because of, among other
things, limitations in the design of existing studies (9). Evidence
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Abstract: 

Osteoporosis is a clinically-silent disease that 
affects more than 30% of postmenopausal 
women worldwide. Add-on treatment with a 
bioavailable mineral supplement is often necessary 
for prevention and treatment of osteopenic/
osteoporotic patients since high-risk individuals 
commonly fail to supply their needs from 
dietary sources. However, the bioavailability 
and bioactivity of different forms of minerals 
are not equal and depend on their composition, 
microscopic structure and pharmaceutical 
formulation. In this double-blind, controlled, clinical 
trial, we compared the effects of LithoLexal®, a 
multi-mineral complex with a lattice structure 
derived from Lithothamnion corallioides, on key 
biomarkers of bone turnover. Sixty consented 
post-menopausal women were randomised to 
receive either placebo or 600 mg (200 mg TID) 

of LithoLexal®, calcium carbonate (CaCO3) or 
tricalcium phosphate (TCP) for three months. 
Before and after the intervention, plasma levels of 
parathyroid hormone (PTH), osteocalcin, and bone 
alkaline phosphatase (BAP) plus urinary levels of 
deoxypyridinoline (DPD adjusted for creatinine) 
were measured. Plasma PTH was significantly 
suppressed by LithoLexal® therapy compared with 
the placebo. The mean PTH-reducing effect of 
LithoLexal® was more potent than both CaCO3 and 
TCP. Urinary DPD excretion rate, a specific marker 
of bone resorption and osteoclastic activity, was 
reduced by LithoLexal® by more than 21%, while 
it did not change or increased in other groups. 
Plasma osteocalcin, a marker of bone formation, 
was declined in both CaCO3 and TCP groups while 
slightly increased by LithoLexal® therapy. None of 
the interventions induced a significant alteration in 
plasma concentration of BAP. Our findings indicate 
that LithoLexal®, provides higher bone protective 
and turnover suppressive efficacy compared to 
CaCO3 and TCP in post-menopausal women as 
evaluated by key biomarkers.

Conclusion: 

In this clinical study with both placebo and 
active control, the impact of treatment 
with LithoLexal® on bone turnover was 
investigated in a sample of high-risk 
postmenopausal women. One of the most 
notable observations in this study is the 
significant effect of LithoLexal® on the 
circulating level of PTH, which was more 
than 3 times stronger than the effect of 
TCP and 2 times more potent than CaCO3. 
Knowing that PTH accelerates bone 
remodelling and reduces bone density, 
this effect means that LithoLexal® can 
provide more effective bone protection 
than the commonly-used TCP and CaCO3. 
The significantly lower levels of the bone 
resorption biomarker, DPD, is another 
indication confirming that LithoLexal® 
suppresses bone resorption with superior 
potency compared with rock-based and 
synthetic calcium supplements. 

COMPARISON OF  
THE EFFECTS OF 
LITHOLEXAL  ® AND 
GENERIC MINERAL 
SUPPLEMENTS ON 
KEY BIOMARKERS  
OF BONE TURNOVER 
- A DOUBLE-BLIND,  
ACTIVE-CONTROLLED,  
PILOT TRIAL IN  
POSTMENOPAUSAL 
WOMEN 
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Nordic Medical is founded on a philosophy 
dedicated to scientific research and clinical 
documentation. 

Addressing ‘Healthy Ageing’ by utilising a clinical 
approach is the basis of the last 15 years of  
research and development of our unique brands.

This has resulted in the discovery of breakthrough 
natural ingredients, formulations and technologies 
- utilised worldwide.

Our products are researched, developed and 
produced under pharmaceutical protocol and 
marketed in the form of:

• OTC/OTX pharmaceuticals
• OTC/OTX/Rx cosmeceuticals
• OTC/OTX/Rx medical devices
• OTC/OTX/Rx nutraceuticals

www.litholexal.com
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