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1 ABBREVIATIONS 

1.1. ACC  Amorphous Calcium Carbonate 

1.2. CaCl2   Calcium Chloride 

1.3. RT            Room temperature 

1.4. MSC        Mesenchymal Stem Cells 

1.5. PFA                 Paraformaldehyde 

1.6. SD                   Study Director  

1.7. BLC                 Bone lining cells 
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3 ABSTRACT 

The study evaluated the potential of Amorphous Calcium Carbonate (ACC) as an 

accelerator for osteoblast cell activity in microgravity conditions. The evidence is 

important to assess the benefits of administering ACC as a supplemental booster for 

preventing the well documented bone loss that astronauts suffer during long term 

missions in space. The experiment was performed simultaneously in space and on 

earth for simulation and control, due to payload and time limitations in performing 

microgravity studies in space.  

Previous study has shown that Osteoblasts cells grow slower in space [8]. The 

experiment aimed at showing that ACC enhances osteoblast cell differentiation into 

osteocytes (bone cells). The differentiation period in space was only two weeks due to 

limitations, (instead of 21-28 days). In-spite of the short period for the differentiation in 

space, the osteoblasts were successfully differentiated into mature osteocytes.  

The results demonstrated the capability to activate and enhance the performance of bone 

building cells and deposition of bone tissue in space and on earth, suggesting its benefits 

in combating astronauts’ bone loss. 

4 BACKGROUND 

Inspired by the Australian Blue Crayfish, Amorphical Ltd. produces (in the Arava, Israel)  

a synthetic Amorphous Calcium Carbonate (ACC), a non-crystalline material phase. 

The Australian Blue Crayfish has a natural ability to efficiently form ACC within 2  

Gastrolith “glands”, adhered to its stomach walls, within seven days of molting.  

Then, it mobilizes the ACC content toward its exoskeleton area to shed and regrow its 

entire exoskeleton within only three days.  

Amorphical has tested and proved the ACC’s safety and efficacy in preclinical and 

clinical studies. Moreover, the company has demonstrated ACC's high bioavailability (at 

least twice than conventional crystalline calcium carbonate, CCC) in a double-blind, 
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randomized, crossover study in post-menopausal women and patients suffering from 

hypo parathyroid disease [9]. 

In contrast to crystalline calcium carbonate, the ACC is absorbed twice or higher in the 

body and was proven to be beneficial for osteoporosis patients. The product is 

approved and sold as a food supplement by Amorphical in Israel and several other 

Asian and South American countries. 

Astronauts suffer from an accelerated bone loss (osteoporosis) due to cosmic radiation 

and lack of pressure and physical activity [10].  (See https://science.nasa.gov/science-

news/science-at-nasa/2001/ast01oct_1  and related links in this URL.) 

Studies have revealed that in the presence of the unloading environment conditions the 

regenerative capacity of bone tissue is compromised by inhibiting differentiation of 

mesenchymal cell precursors into osteoblasts and promoting their differentiation in 

adipocytes [11]. Moreover, study has shown that Osteoblasts cells grow slower in 

space [8]. 

Also, deleterious effects of radiation on osteoblast proliferation and function have been 

reported [12, 13].  

 

3.1 Cell Definition and Description      

Bone Cells: Cells in our bones which are responsible for bone production, 

 maintenance and modeling: 

Mesenchymal Stem Cells (MSC): Multipotent stromal cells that can differentiate into 

a variety of cell types, including osteoblasts (bone cells), chondrocytes (cartilage 

cells), myocytes (muscle cells) and adipocytes (fat cells which give rise to marrow 

adipose tissue). [6][7] 

Osteoblasts: Cells that are derived from mesenchymal stem cells (MSC) and are 

responsible for bone matrix synthesis and its subsequent mineralization by the 

deposition of hydroxyapatite (calcium phosphate phase). In adult skeleton, the 

majority of bone surfaces, which are not undergoing formation or  

resorption (i.e. not being remodeled) are lined by bone lining cells. 

https://science.nasa.gov/science-news/science-at-nasa/2001/ast01oct_1
https://science.nasa.gov/science-news/science-at-nasa/2001/ast01oct_1
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Bone lining cells: (BLC's) cover inactive (no remodeling) bone surfaces, particularly 

evident in the adult skeleton. BLC's are thinly extended over bone surfaces, have flat 

or slightly ovoid nuclei, connect to other BLC's via gap junctions, and send cell 

processes into surface canaliculi. BLC's can be induced to proliferate and 

differentiate into osteogenic cells and may represent a source of "determined" 

osteogenic precursors. BLC's and other cells of the endosteal tissues may be an 

integral part of the marrow stromal system and have important functions in 

hematopoiesis, perhaps by controlling the inductive microenvironment. Because 

activation of bone remodeling occurs on inactive bone surfaces, BLC's may be 

involved in the propagation of the activation signal that initiates bone resorption and 

bone remodeling. Evidence also suggests that BLC's are important in the 

maintenance of the bone fluids and the fluxes of ions between the bone fluid and 

interstitial fluid compartments for mineral homeostasis. 

Osteocytes: Osteoblasts that become incorporated within the newly formed osteoid 

(the unmineralized, organic portion of the bone matrix that forms prior to the 

maturation of bone tissue. Osteoblasts begin the process of forming bone tissue by  

secreting the osteoid as several specific proteins.) which eventually becomes 

calcified bone. Osteocytes situated deep in bone matrix maintain contact with newly 

incorporated osteocytes in osteoid, and with osteoblasts and bone lining cells on the  

bone surfaces (see figure below), through an extensive network of cell processes 

(canaliculi). They are thought to be ideally situated to respond to changes in physical 

forces upon bone and to transduce messages to cells on the bone surface, directing  

them to initiate resorption or formation responses (see figure below). 

Osteoclasts: Large multinucleated cells, like macrophages, derived from the 

 hematopoietic lineage. Osteoclasts function in the resorption of mineralized tissue 

 and are attached to the bone surface at sites of active  

bone resorption. Their characteristic feature is a ruffled edge where active  

resorption takes place with the secretion of bone-resorbing enzymes, which digest  

bone matrix (see figure below).  
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Published in Bone-tissue engineering: Complex tunable structural and biological responses to injury, drug 

delivery, and cell-based therapies. December 2015 Drug Metabolism Reviews 47(4):1-24 DOI: 

10.3109/03602532.2015.1115871 

 

Osteoblasts are the major cellular component of bones. MSC give rise to osteoblasts, 

adipocytes (a fat cell, a connective tissue cell that has differentiated and become 

specialized in the synthesis (manufacture) and storage of fat.), and myocytes (a 

muscle cell.) among other cell types. Osteoblast quantity is inversely proportional 

to that of marrow adipocytes, which comprise of the marrow adipose tissue (MAT).  

Osteoblasts are found in large numbers in the periosteum, the thin connective tissue 

layer on the outside surface of bones, and in the endosteum. 

Normally, almost all the bone matrix in the air breathing vertebrates, is mineralized by  

the osteoblasts. Before the organic matrix is mineralized, it is called the osteoid. 

Osteoblasts buried in this matrix are called osteocytes. During bone formation, the 

surface layer of osteoblasts consists of cuboidal cells, defined as active osteoblasts. 

When the bone-forming unit is not actively synthesizing bone, the surface osteoblasts 
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are flattened and are called inactive osteoblasts. Osteocytes remain alive and are 

connected by cell processes to a surface layer of osteoblasts. Osteocytes have 

important functions in skeletal maintenance. 

 Osteoblast Differentiation: Osteoblast differentiation in vitro and in vivo can be 

characterized in three stages: 

(a) cell proliferation,  

(b) matrix maturation, and  

(c) matrix mineralization [2].  

   In vitro, matrix maturation and mineralization are usually enhanced by growing the 

   cells to complete confluency and by adding specific osteogenic factors [3]. (a) During  

   proliferation, several extracellular matrix proteins (procollagen I, TGF-β, and  

   fibronectin) can be detected. The matrix maturation phase (b) is characterized by  

   maximal expression of alkaline phosphatase (AP). Finally, at the beginning of matrix  

   mineralization (c), genes for proteins such as OC, BSP, and OPN are expressed and  

   once mineralization is completed, calcium deposition can be visualized using  

   adequate staining methods. Analysis of bone cell-specific markers like AP, OC, and  

   collagen type I or detection of functional mineralization is frequently used to  

   characterize osteoblasts in vitro [3]. The mineralization process of osteoblasts in 

   in vitro culture has also been used as a model for testing the effects of drug treatments  

   and mechanical loading on bone cell differentiation and bone formation [4, 5]. 

   Amorphical studies indicated that treatment of MSC or Osteoblast cells with ACC  

    enhances the proliferation and differentiation of the cells into osteocytes in a series of  

    experiments performed on earth. 
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5 OBJECTIVES   

The purpose of this study is to evaluate the potential of ACC as accelerator of the 

 osteoblast cells’ activity and differentiation into bone cells (Osteocytes) under 

 microgravity conditions, in space. 

 Previous NASA study has shown that Osteoblast cells were proliferate slower, in space 

 under microgravity environment. 

 The test will be in comparison to osteoblast differentiation into osteocytes on earth 

 influenced by regular gravitational environment.  

5.1 Study End Point 

Mineralization of the Osteoblast cells; Osteoblasts can be induced to produce vast  

extracellular calcium deposits in vitro.  This process is called mineralization. Calcium  

deposits are an indication of successful in vitro bone formation and can specifically be  

stained bright orange-red using Alizarin Red S. 

6 AMENDED PROCEDURES 

Upon arrival to the space, the astronauts were supposed to open the first clamp, and 

the cells should be exposed to the differentiation medium. Due to unknown reasons the 

first clamp wasn’t opened upon arrival to the space, and it was opened only 2 weeks 

post arrival, leaving only two weeks for the differentiation period, instead of 3 to 4 

weeks. After 2 weeks from the first clamp opening the second clamp was opened to fix 

the cells, with the PFA. The experiment was performed simultaneously on earth for 

simulation and control, but the differentiation period on earth was performed for 3 

weeks as planned.  
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7 MANUFACTURING AND METHODS 

7.1 Principle of the Test 

The principle of the study was based on previous results which demonstrated 

that ACC enhanced the differentiation of osteoblasts into osteocytes. The 

differentiation was evaluated using Alizarin Red procedure. The cells were 

stored at RT conditions, in a special tube provided by Nanorex with a 

proliferation medium for 3 weeks before shipping to space. After 2 weeks 

(instead of 3-4 weeks), from arrival to the space, the astronauts opened the 

first clamp, and the cells were exposed to the differentiation medium. After 2 

weeks from the first clamp opening the second clamp was opened to do 

fixation of the cells, with the PFA. The experiment was performed 

simultaneously on earth for simulation and control. Due to misinformation the 

control was exposed to differentiation medium for 3 weeks. 

7.2  Materials 

    Materials list as described in protocol P18_013. 
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7.3 Methods 

 7.3.1 Methods were as described in protocol P18_013. 

 7.3.2 Osteoblast MBA13 cell were seeded on a (special prepared) gelatin pre-coated  

          96 wells, in a concentration of 1x104 cells/well, in BI MSC-NutriStem XF basal  

          medium (cat# 05-200-1, BI) and MSC supplement mix medium (cat#05-201-06) in a  

          ratio of 50ml:300μl, (respectively) (Complete medium) with the addition of 20µL  

            ACC per 1 ml medium. 

7.3.3 Cells were incubated in 5%CO2, at 37°C in an incubator for 48hours. 

7.3.4 After 48 hours the wells were inspected using phase microscope.  

         The wells were transferred into the Nanorex experiment’s tubes, as described 

         in the test procedure. 3 wells were used in each tube.  

Additional two control groups (triplicates) were seeded in wells at plates in 

order to facilitate the inspection of the cells, until the study termination.  

One group was growing with ACC and the second with CaCl2. 
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7.4 Test procedure 

7.4.1 Each test tube was divided into three segments with 2 clamps; 

 

First segment contained – 3 wells with osteoblast cells and 3 ml of BI 

MSC-NutriStem XF complete medium with ACC (proliferation medium). 

pH 7.0-8.0. 

Second segment contained – 3 ml of concentrated MSC go Osteogenic 

XF™ Differentiation medium, which promote the differentiation of the 

osteoblasts into Osteocytes = bone cells with ACC. pH 7.0-8.0. 

Third segment contained – 1ml of fixation substance = 32% solution of 

Paraformaldehyde = PFA) pH 6.7. 

7.4.2 The first clamp was opened (unclamped) 2 weeks post arrival, the tube 

      was shaken gently for 120 seconds, to mix the proliferation medium with 

      the differentiation medium (final concentration X 1). 

7.4.3 After 2 weeks of the first clamp opening (prior to returning from space) the 

         second clamp was opened (unclamped), the tube was shaken gently for 

         120 seconds, to fix the cells with the PFA. 

7.4.4 The experiment was performed simultaneously on earth for simulation and control 

           purposes but the differentiation period on earth was as planned 3 weeks. 

7.5 Test items and control preparation 
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ACC suspension and CaCl2 solution were prepared at Amorphical R&D 

laboratories by Amorphical personnel at the seeding day according to the 

protocol P018_013. The preparations were documented at ACC lab notebook. 

The ACC was analyzed at Amorphical for its amorphous phase by XRD analysis. 

   ACC was prepared on June 1st, 2018 LOT number 1801061. 

  The results of the ACC were 100% amorphous, see XRD results below. 

CaCl2 was prepared on June 1st, 2018 LOT number 1801062. 

ACC was prepared on June 3rd, 2018 LOT number 1803061. 

            The results of the ACC were 100% amorphous, see XRD results below. 

 CaCl2 was prepared on June 3rd, 2018 LOT number 1803062. 

  XRD results of ACC lot number 1801061: 
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  XRD results of ACC lot number 1803061: 
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8 EXPERIMENTAL DESIGN 

8.1        Summary of test procedure: 

Osteoblast cells were seeded on a (special prepared) gelatin pre-coated 

96 wells, in a concentration of 1x104 cells/well in a proliferation medium 

containing ACC.  Cells were incubated in 5% CO2, at 37°C in an incubator 

for 48 hours. After 48 hours the wells were inspected using phase microscope. 

The wells were transferred into the Nanorex experiment’s tubes, as described in the  

 test procedure. Three wells were used in each tube. Additional two control groups 

(triplicates) were seeded in wells at plates to facilitate the inspection of the cells, until 

the study termination. One group was growing with ACC and the second with CaCl2.  

Two tubes were shipped to NASA with Nanorex (one was a backup).  

The tubes were shipped to space after 3 weeks. After 2 weeks in Space the 

first clamp was opened, and the cells were exposed to the differentiation 

medium. Two weeks after starting the differentiation, the second clamp was 

opened and the cells were fixed with the PFA.  The tube was returned to 

Amorphical R&D labs 3 months after seeding. Cells were stained with 

Alizarin Red, which stained the calcium deposition in of Osteocytes, 

according to protocol P18_013.     

 

 

 

 

 

 

 

 

 



 

8.2 Test parameters 

Table 1: Tested parameters and controls:  

Treatment description Tube 

number  

Purpose Seeding Date 

Test tube for space with ACC 1 Space June 1st, 2018 

Test tube for space with ACC (Back up only) 2 Space June 1st, 2018 

Control tube for earth with ACC 3 Earth June 1st, 2018 

 

9 RESULTS 

The results of cells that were cultured in space and on earth and stained by 

Alizarin Red are introduced in this current report. Preliminary tests were done to 

evaluate the Feasibility of the experiment; to evaluate the stability and the 

resistance of the cells at R.T environment for long periods.  

Due to the tubes, cells condition could not be evaluated by observation, so 

controls were done in wells that were put in a plate.  

The following results and staining procedures refer to cells grown in gelatin pre-

coated wells. The gelatin was used as attachment substrate. 

The Alizarin Red staining is used to stain calcium deposits formation, which are 

an indication of mature Osteocytes (bone cells). Calcium deposits are detected 

by an orange red color. 

In the preliminary tests, the Alizarin Red staining demonstrated a very strong 

signal in osteoblast cell samples that were treated with ACC compared to CaCl2 

which demonstrated a weak signal only, (figures 2 & 3).  This staining was not 

observed in the control group treatments which were growing in proliferation 

(MSC NutriStem + Supplement) medium containing ACC.  
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Thus, suggesting that ACC treatment affect MBA13 differentiation into osteocytes 

(bone cells) and raises the cells calcium deposition, i.e. their functionality, better 

than CaCl2. Those results support the results obtained at a similar study recorded 

previously by Amorphical in 2016. 

In the Spacelab tests, the Alizarin Red staining demonstrated a very strong signal 

in osteoblast cell samples treated with ACC in space and on earth, (figure 8).   

The results that were obtained from the cells in space were similar to those on 

earth, indicating the benefits of the ACC in Space.  

The purpose of this study was to evaluate the potential of ACC as accelerator of 

the osteoblast cells’ activity and differentiation into bone cells (Osteocytes) under 

    microgravity conditions, in space. Previous NASA study has shown that 

    Osteoblast cells were proliferating slower, in space under microgravity 

    environment [8].  

   The Study shows that although the differentiation periods in Space was only 

   2 weeks (in comparison to 3 weeks on earth), ACC accelerates the 

   proliferation and differentiation of osteoblasts into osteocytes in space and 

    on earth. 
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9.1 Preliminary tests for evaluation of the stability of the 
cells at RT without Incubator 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1: Phase microscope Images of MBA-13 cells, after 6 weeks 
of treatment on earth with differentiation medium with the addition 
of ACC, CaCl2 or control without differentiation medium. Before 
staining. 
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9.2 Preliminary tests  to evaluate the feasibility of the 
experiment after fixation and staining with Alizarin 
Red (without washing) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Phase microscope Images of MBA-13 cells, after 6 weeks of 
treatment with differentiation medium with the addition of ACC, CaCl2 or 
control without differentiation medium. Fixation with 4% PFA within the 
medium (w/o washing) and staining of bone cells (Osteocytes) with 
Alizarin Red. Intense signal of calcium deposition was observed by cells 
treated with ACC enriched medium, in comparison to cells, which were 
treated with CaCl2 enriched medium. 

 

 

 

 

ACC  2lCCa 

Control    
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9.3 Preliminary tests to evaluate the feasibility of the 
experiment after fixation and with Alizarin Red (with 
washing). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ACC  2lCCa 

Control  
 

Figure 3: Phase microscope Images of MBA-13 cells, after 6 weeks of 
treatment with differentiation medium with the addition of ACC, CaCl2 or 
control without differentiation medium. Fixation with 4% PFA after PBS— 

washing and staining of bone cells (Osteocytes) with Alizarin Red. Intense 
signal of calcium deposition was observed by cells treated with ACC enriched 
medium, in comparison with cells, treated with CaCl2 enriched medium. 
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9.4 Experimental Set and Cargo Space Module 

 

 

 

 

 

 

 

 

 

Figure 4: Wells containing MBA-13 cells, were transferred into the Nanorex 
experiment’s tubes, 3 wells were used for each tube. Two tubes were shipped 
to NASA with Nanorex (one was a backup). After 3 weeks in NASA facilities, the 
tubes were shipped to space (only one tube was treated). 
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9.5 Initiation of the Differentiation by a Clamp Opening 

 

 

 
 
 
Figure 5: The first clamp was opened after 2 weeks in space (in contrast to 
clamp opening on earth, only 1 day after the tubes arrived to the space lab, as 
planned) and the cells were exposed to the differentiation medium containing 
ACC. After 2 weeks in Space (3 weeks on earth) the second clamp was 
opened, and the cells were exposed to the 4% PFA fixation solution.  
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9.6 Termination of In-Space Experiment and Staining Step 

Figure 6:  The tube was returned from space to Amorphical R&D labs 3 
months after seeding. Cells were stained with Alizarin Red, used to stain 
calcium deposits formation indicating mature Osteocytes (bone cells). 
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 9.7    Termination of the On-Earth Experiment and Staining Step 

 

 

Figure 7:  Cells from the on-earth tube experiment were stained with Alizarin 
Red simultaneously with the in-space cells. 
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9.7 Enhanced Bone Cell Formation Obtained  In Space & on 
Earth with ACC 

 

 
Figure 8: Microscope images of the stained cells. The differentiation period in 
Space was 2 weeks and on earth 3 weeks. Intense formation of calcium 
deposition was observed in both in-space and on-earth experiments with ACC 
demonstrating the formation of mature Osteocytes (bone cells). 
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10 CONCLUSION & RECOMMENDATIONS 

10.1 The Promising Effect of ACC 

The results provide strong indication that ACC can serve as accelerator of 

osteoblast cells’ activity and differentiation into bone cells (Osteocytes) both in 

space and on earth. 

The enhancement of osteoblast cell activity and differentiation provide further 

mechanistic evidence for previous observations recorded by Amorphical for 

enhance bone growth and repair and prevention of osteoporosis. 

For future treatment of astronauts in space with ACC based food supplement, we 

recommend to reconfirm the observations and also perform several control 

experiments in-space to establish a fully scientific comparative analysis. It is also 

recommended to further perform in depth analyses of the mature cells including 

the assessment of gene expression due to the presence of ACC.     
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10.2 US Astronauts visit 

Two US Astronauts visited Amorphical’s factory in the Arava 
after the completion of the in-space experiment for learning about the benefits 
of ACC in combating bone loss. 
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