
 
INOVATĪVS AMORFĀ KALCIJA PREPARĀTS 
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Pēc nozīmīguma pirmajā vietā       
kalcija (Ca) bioloģisko efektu       
uzskaitījumā cilvēka organismā ir tā         
nozīme zobu un kaulu veidošanā.         
Svarīga loma Ca ir arī nervu impulsu             
pārvadē, asins recēšanā un citos         
svarīgos dzīvības procesos     
organismā, nodrošinot organismā     
stingri konstantu šīs minerālvielas       
līmeni asinīs. Tas, galvenokārt, tiek         

panākts, nonākot Ca joniem asinīs no zarnu trakta. Pie primāriem (Ca                     
nepietiekamība uzturā) vai sekundāriem (slimību rezultāts, zāļu blakusparādības u.c.)                 
šī procesa traucējumiem, pastāvīgs Ca līmenis asinīs tiek uzturēts uz zobu un kaulu                         
noārdīšanas rēķina. 
 
Neskatoties uz plašo Ca izplatību dabā, t.sk., pārtikas produktos, kalcija deficīta                     
problēma nezaudē savu aktualitāti. Problēma ir - kā „piespiest” Ca labāk uzsūkties                       
zarnās un labāk nogulsnēties kaulos un zobos, nodrošinot to normālu funkciju. Tādā                       
veidā pirmajā vietā izvirzās pārtikas produktos (uztura bagātinātājus ieskaitot) un                   
medikamentos esošā Ca biopieejamības problēma. Tirgū ir vairāki Ca savienojumu                   
produkti, bet dominē kalcija karbonāts, kam piemīt zema biopieejamība. Kopumā                   
pārdošanā esošo Ca preparātu (tīru sāļu un to kombināciju) biopieejamība maz                     
atšķiras. Efektīvāka Ca preparāta radīšana prasīja principiāli jaunu pieeju - amorfā Ca                       
izmantošanu. 
 
Amorfajam kalcija karbonātam (ACa), salīdzinot ar visām citām CaCO3 formām,                   
piemīt vislielākais aktīvās virsmas laukums. Būdams nestabils parastajos apstākļos,                 
ACa dabā ir plaši izplatīts kā kristāliskā kalcija priekštecis, piemēram, molusku                     
gliemežvāku sastāvā. Biogēnais ACa parasti satur stabilizatorus, galvenokārt,               
magnija jonus, kas novērš nevēlamo kristalizācijas procesu. Nesen ķīmiķi izstrādāja                   
ACa ražošanas tehnoloģiju rūpnieciskos apmēros, kas tiek izmantota preparāta                 
Calciver ® ražošanā. Lai paaugstinātu ACa specifisko efektivitāti, tika izmantots ne                     
tikai kalcija karbonāts, bet arī citi sāļi - hidrogēnkarbonāts, citrāts, hidrocitrāts, bet kā                         
stabilizators - magnija citrāts. Kā zināms, Ca joni no sāļu maisījumiem uzsūcas labāk                         
nekā no viena sāls. 
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ACa specifiskā aktivitāte tika novērtēta eksperimentos uz klasiskiem objektiem -                   
cāļiem. ACa un salīdzināmie preparāti tika ievadīti putniem per os, pēc tam tika                         
noteikts Ca līmenis aknās un asins serumā. 
 
1. tabula. Minerālvielu saturs cāļu aknu audos un asins serumā 45 min. pēc kalcija 
savienojumu vienreizējas devas ievadīšanas 
 

 
 
Kā redzams 1. tabulā: 

1. ACa biopieejamības ziņā ir vienāds vai pārāks par kalcija hlorīdu, kuru                     
nevar lietot ilgstoši. 

2. ACa spēja uzsūkties organismā ir par 126% lielāka nekā kalcija                   
karbonātam. Pie tam, atšķirībā no kalcija karbonāta, ACa nepazemina dzelzs                   
līmeni asinīs, jo neveido zarnās nešķīstošus fosfora un dzelzs savienojumus. 

 
Ca uzsūcas zarnās divējādi: aktīvi - caur zarnu epitēlija šūnām, patērējot enerģiju, un                         
pasīvi- caur starpšūnu telpu. D3 vitamīns ir pamata stimulators Ca aktīvās uzsūkšanās                       
procesā. Tādēļ Ca un D3 vitamīns ir klasiska kombinācija praktiski visos mūsdienīgos                       
Ca preparātos, neatkarīgi no Ca savienojuma formas. Novērtējot kalcija sāļu                   
antirahītisko iedarbību uz cāļiem, redzams, ka ACa uzrādīja izteiktāku spēju atjaunot                     
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Dzīvnieku 
grupa un Ca 
preparāta 
forma 
 

Ievadītā 
Ca deva 
(mg) 
 

Minerālvielu saturs: 

Aknas  Asins serums 

Ca, 
mkg/g 
 

Ca, 
mmоl/l 
 

Mg, 
mmоl/l 
 

Fe, 
mmоl/l 
 

1. Kontrole  0  0,021±0,011  2,82±0,06  0,67±0,16  37,23±0,72 

2.Kalcija 
hlorīds 

2,4  0,130±0,028*  3,02±0,17  0,81±0,20  38,48 ±1,13 

3.Kalcija 
karbonāts 

0,146±0,024*  2,96±0,11  0,96±0,23  31,57± 0,88 

4.Amorfais 
kalcijs 

0,164±0,022*  2,98±0,10  1,00±0,13  39,02± 0,70 

* statistiskā ticamība atšķirībā starp grupām, ja p<0,05 
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kaulu mineralizāciju un spēju mazināt sekundāru hiperparatireozi, nekā Ca                 
karbonāta un D3 vitamīna kombinācija. 
 
Kā tika atzīmēts augstāk, grūtākais uzdevums metabolisko osteopātiju ārstēšanā un                   
profilaksē ir skeleta remineralizācijas stimulēšana, kas ir aktuāla pie rahīta (ieskaitot                     
iedzimtas rahītveidīgas saslimšanas), osteomalācijas un osteoporozes. Medicīnā šim               
mērķim tiek lietoti piro-fosforskābes analogi, t. i. bifosfonāti, kas ir pietiekami dārgi,                       
ne vienmēr pieejami, bieži izsauc blakusparādības un to iedarbību nevar nosaukt par                       
fizioloģisku. Tādēļ nepārtraukti tiek meklētas dabīgas vielas, primāri - augu                   
izcelsmes, kurām piemīt osteoprotektīva darbība. Runa ir par iedarbību uz kaulaudu                     
mineralizācijas procesiem un skrimšļu struktūru . 
 
Plašākā bibliogrāfija par tēmu augi-osteoprotektori ir veltīta salvijai - Salvia                   
miltiorrhiza. Šis augs jau sen tiek izmantots ķīniešu tautas medicīnā kaulu slimību                       
ārstēšanai. Zinātniskie dati liecina, ka Salvia miltiorrhiza komponenti nomāc                 
priekšgājēju šūnu diferenciāciju osteoklastos 
un to nobriešanu (Complement Alternat Med., 2011 ,11, 120, 1472), tādā veidā                       
aizkavējot 
kaulaudu rezorbciju. Salvijas ekstrakta osteoprotektīvā darbība ir pierādīta uz                 
eksperimentāliem osteoporozes modeļiem: ovarioektomija žurkām         
(Immunopharmacol Immunotoxico., 2004, 26, 1, 135,) pie steroīdu izraisītas                 
osteoporozes (PLoS One, 2012, 7, 4, :e34647), aloksāna cukura diabēts žurkām                     
(Zhongguo Zhong Yao Za Zhi, 2012, 37, 11, 1659). Ņemot vērā Salvia miltiorrhiza                         
ekstrakta pierādīto drošumu pieaugušajiem (dati par bērniem un grūtniecēm nav                   
pietiekami), šis fitoderivāts pirmo reizi tika iekļauts kalcija preparāta (kombinācijā ar                     
vitamīnu D3) otrās versijas - Calciver Plus ® - receptūrā. 
 
Calciver Plus ® specifiskās bioloģiskās darbības eksperimentālais novērtējums tika                 
veikts uz steroīdās osteoporozes modeļa cāļiem. Kā zināms, glikokortikoīdu preparāti                   
izraisa osteoporozi, galvenokārt, nomācot kaulu organiskā matriksa veidošanos, kā                 
arī veicinot sekundāru D3 vitamīna hipovitaminozi (Tohoku J Exp Med., 1980, 132, 3,                         
261). 
 
Eksperimenta laikā divas nedēļas katru dienu cāļiem tika ievadīts prednizolons, kas                     
izraisīja izteiktas fosfora- kalcija vielmaiņas izmaiņas: 5-kārtīgi palielinājās               
epitēlijķermenīšu masa, hipofosfatēmija, kaulu organiskās daļas veidošanās             
nomākums (kas noveda pie paaugstināta pelnu satura) un augšanas palēnināšanās,                   
kaulaudu blīvuma samazināšanās, asins sārmainās fosfotāzes aktivitātes             
samazināšanās par 52%, kā osteoblastu funkcijas nomākuma rezultāts. 
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Ievadot divas nedēļas prednizolonu un Calciver Plus ® vienlaicīgi, cāļiem                   
normalizējās fosfotēmijas līmenis un epitēlijķermenīšu masa, kā arī tika izraisītas                   
pozitīvas kaulu izmaiņas (2. tabula). Par 10% palielinājās lielā lielakaula garums, par                       
5,4% - tā blīvums, normalizējās minerālvielu saturs kaulos, kas liecina par kaulu                       
struktūras uzlabošanos izmeklējamā preparāta iespaidā. 
 
2. tabula. Cāļu lielā lielakaula parametri pēc prednizolona (1,5mg/dienā) un                   
vienlaicīgas Calciver Plus ® vai salīdzinošā preparāta (kalcija karbonāts + D3                     
vitamīns) saņemšanas per os 
 
 

 
Tādā veidā cāļiem ar eksperimentālu osteoporozi, iekļaujot saņemtajā ACa preparātā                   
salvijas (Salvia miltiorrhiza) saknes ekstraktu, tika panākta labāka preparāta                 
osteoprotektīvā iedarbība, pateicoties anaboliskajam efektam uz kaula organisko               
matriksu. 
 
CALCIVER ® sastāvā ietilpst ūdens, amorfā kalcija sāļu (g. k. kalcija karbonāta)                       
maisījums, biezinātājs-ksantāna sveķi, magnija citrāts, saldinātājs- stevioglikozīds, D3               
vitamīns, vanilīna aromatizētājs. 10 g produkta satur 500 mg kalcija, 50 mg magnija,                         
5µg D3 vitamīna. Produkts ir uztura bagātinātājs. Produkts pēc konsistences un                     
garšas atgādina jogurtu vai krēmu, tiek ražots tūbiņās pa 200 g. 
CALCIVER PLUS ® papildus satur salvijas (Salvia miltiorrhiza) saknes ekstraktu 7 mg. 
 
Tādā veidā izstrādātais amorfā kalcija preparāts būtiski atšķiras no tirgū esošajiem Ca 
preparātiem ar augstāku biopiejamību, specifisko aktivitāti, mazāku blakusparādību               
varbūtību (dzelzs deficīta anēmija), ērtu lietošanas formu, īpaši bērniem un vecāka                     
gadagājuma cilvēkiem. 
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Grupa  Lielā lielakaula parametri 

Garums cm  Blīvums g/cm3  Pelnu saturs % 

Kontrole  6,8±0,28  0,75±0,03  46,4±1,2 

Prednizolons  5,6±0,55*  0,67±0,03*  49,8±0,7* 

Prednizolons  
+СаСО3 +D3 

5,8±0,91  0,69±0,02*  48,8±0,6* 

Prednizolons +ACa  6,1±0,75  0,71±0,02  47,9±0,7 

* statistiskā ticamība atšķirībā starp grupām, ja p<0,05 
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Lietošanas norādījumi: CALCIVER ® rekomendēts visiem. Bērniem no 3 gadu                   
vecuma – 1 tējkarote (satur 250 mg kalcija un 2,5 µg D3 vitamīna) dienā pirms ēšanas,                               
uzdzerot nelielu daudzumu ūdens. Pieaugušajiem un grūtniecēm - 1 deserta karote                     
(satur 500 mg kalcija un 5 µg D3 vitamīna) dienā pirms ēšanas, uzdzerot nelielu                           
daudzumu ūdens. Preparāts CALCIVER ® ieteicams rahīta un kariesa profilaksei                   
bērniem. Tas ir ļoti efektīvs kalcija avots, kas ir vitāli nepieciešams grūtniecības laikā                         
mātes un bērna veselībai. 
 
Lietošanas norādījumi: CALCIVER PLUS ® rekomendēts pieaugušajiem (40+)               
augstāk norādītajā devā. Ieteicams lietot pie jebkuras etioloģijas osteoporozes, kaulu                   
lūzumiem, ilgstošas kortikosteroīdu lietošanas. Preparātu nav ieteicams lietot               
bērniem un pusaudžiem, kā arī grūtniecības laikā. 
 
Produktu izstrādājusi kompānija SIA Pharmatek sadarbībā ar SIA “Inovatīvo                 
biomedicīnas tehnoloģiju institūts” (Rīga, Latvija). 
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Abstract 
Despite the market saturation with a wide range of calcium preparations in 
dietary supplements as well as in pharmaceuticals, calcium product safety and 
efficacy remain an item for further optimization. Bones and teeth mainly 
consist of calcium phosphate, but tablets and capsules are predominantly 
produced from calcium carbonate. On the other hand, in human food Ca2+ is 
bound with a lot of anions—carbonates, sulphates, chlorides, phosphates, ci-
trates, oxalates etc. It seems that traditional calcium formulations due its low 
bioavailability cannot provide all spectra of biological calcium-dependant ef-
fects and dietary calcium might be safer and more effective than traditional 
calcium supplements and medicines. To increase calcium salt efficacy a new 
formulation of calcium salts has been developed. It is a mixture (water sus-
pension) of amorphous calcium carbonate, citrate, hydrocarbonate, as well as 
magnesium hydrocarbonate and hydrocitrate as stabilizers. The capacity of a 
cockerel’s duodenal mucosa to absorb Ca2+ after peroral ingestion of the 
mentioned composition in vivo was as much as 126% higher in comparison 
with CaCO3 suspension intake. Vitamin D3 enhanced the amorphous antira-
chitic activity of calcium salts. The aim of the study was to compare original 
amorphous calcium salt composition bioavailability with Ca salts most often 
in food and medicines, as well as to evaluate the antirachitic activity of the 
mentioned composition in combination with vitamin D3 in chickens. 
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1. Introduction 

Due to the dependence of a huge number of the organism’s essential biochemical 
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and physiological processes of calcium (Ca), the complex system of Ca metabol-
ism regulation in mammals has been developed during evolution. This mechan-
ism regulates Ca intestinal absorption, supporting the constant cations blood 
concentration in any physiological periods. In the case of inadequate Ca absorp-
tion from the gastrointestinal tract, stabile calcemia is supported on the account 
of the destruction of the skeleton due to hyperactivity of the parathyroid glands 
[1]. 

Despite the wide prevalence of calcium minerals in nature, there is a global 
problem of Ca deficiency for livestock and humans. Of great importance is not 
only Ca content in the diet, but also Ca bioavailability. Inadequate consumption 
of dairy products, excessive drinking water purification from minerals and 
growing popularity of ortho-phosphate containing light drinks are tending to-
ward Ca deficiency [2]. But medicinal technological progress, prolongation of 
human life, and the increase of the number of patients with earlier incurable ga-
stroenterological and endocrinological diseases promote the prevalence of sec-
ondary Ca deficiency.  

Intestinal Ca absorption occurs through the transcellular and paracellular 
pathways. The first route comprises the entrance of Ca across the brush border 
membranes (BBM) of enterocytes through special epithelial Ca channels; Ca 
movement from BBM to basolateral membranes by binding proteins with high 
Ca affinity (as calbindin) and Ca extrusion into the blood. Plasma membrane 
Ca-ATPase and a sodium calcium exchanger are involved in the exit of Ca from 
enterocytes. Paracellular Ca transport includes the movement of the ions 
through transmembranes of tight junction structures and depends on the elec-
trochemical gradient of the intestinal epithelium. There is evidence of crosstalk 
between both pathways in intestinal Ca transport. Under the impact of patho-
genic factors (oxidative stress) due to the decrease in expression of several mo-
lecules of both pathways, Ca absorption is inhibited [3]. Vitamin D, more pre-
cisely, its active metabolite 1.25(OH)2D3 or calcitriol, which is the principal 
promoter of Ca intestinal absorption [4], acts in the opposite direc-
tion—increases gene and protein expression, involved in both pathways. 

The presence of two pathways of intestinal Ca absorption has an important 
biological meaning. The paracellular pathway provides a passive basic flow of Ca 
into the organism’s internal environment. The transcellular pathway is active, 
energy dependent and provides “fine” Ca absorption regulation, its adaptation to 
the mineral content in the diet, bioavailability, organism physiological status etc. 
Wherein the effects on Ca intestinal absorption of other hormones—thyroid, 
parathyroid, growth hormones, estrogens, prolactin—are mediated via calcitriol 
synthesis [5]. 

The above algorithm of Ca absorption regulation implies an important prac-
tical conclusion. In the case of Ca deficiency, it is rational to stimulate both Ca 
intestinal transport pathways. So, the combination of Ca preparations and vita-
min D became the “golden standard” for metabolic bone disease prevention and 
treatment [6] [7].  
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Thus, the main factors which determine Ca intestinal absorption are vitamin 
D status, Ca content in the diet as well as mineral bioavailability. In general, Ca 
bioavailability depends on the corresponding salt solubility, capability to provide 
absorbable Ca ions. Ca salts of most frequent use, carbonate, citrate, pidolate, 
dobesilate, gluconate, phosphate and lactate, contribute different quantities of 
elementary Ca [8]. The percentage content of Ca is minimal for lactate and glu-
conate. Ca absorption from calcium citrate is consistently significantly higher 
than from calcium carbonate by 27.2% on an empty stomach, and by 21.6% with 
meals [9], but calcium carbonate has better cost effectiveness [10]. 

A lot of natural compounds modulate Ca salt solubility. Thus, sodium gluco-
nate can increase the solubility of calcium lactate [11]. Amino acids and bile 
components reduce Ca salt precipitation in the intestine, increasing ion bioavai-
lability [12]. It should be noted that Ca from dairy products as well as 
high-calcium mineral waters have high absorbability [13].  

It seems the search for new Ca containing substances with high bioavailability 
has reached a certain impasse. Food does not contain pure Ca compounds but is 
the mixture of a lot of chemicals. On the other hand, Ca from salt mixtures has 
higher bioavailability in comparison with mono salts. In addition, food Ca toxic-
ity is less than that of pure Ca chemicals at the same dosage [14]. This allows us 
to conclude that to develop highly bioavailable Ca compounds we should return 
to nature. From this point of view, amorphous Ca salts seem promising. 

Amorphous calcium carbonate (ACC) has the highest reported specific sur-
face area of all current forms of calcium carbonate [15]. Although unstable un-
der ambient conditions, ACC is surprisingly widespread in biology either as a 
precursor phase, which later transforms into more crystalline forms, or as a sta-
bilized phase sometimes coexisting with crystalline polymorphs [16]. Biogenic 
ACC often contains stabilizers to avoid or delay unwanted crystallization. Mag-
nesium is commonly present as one of the stabilizing agents [17]. A study on 
rats revealed that Ca absorption from ACC preparations was up to 40% higher 
than from calcium carbonate [18]. Recent technology allows the synthesis of a 
stable amorphous calcium salt, containing different anions. The method of 
preparation of the composition of amorphous Ca and Mg salts has been devel-
oped recently [19]. Water and inorganic additives: calcium carbonate, calcium 
citrate, calcium hydrocitrate, magnesium citrate were used to stabilize the ACC. 

The aim of the study was to compare original amorphous calcium salt compo-
sition bioavailability with Ca salts most often in food and medicines, as well as to 
evaluate the antirachitic activity of the mentioned composition in combination 
with vitamin D3 in chickens.  

2. Materials and Methods 
2.1. Ethics Statement 

All experimental procedures were approved by the local Animal Ethics Com-
mittee. 
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2.2. Amorphous Calcium Salt Composition (ACaSC) 

ACaSC was prepared using our previously developed method [19] [20]. ACaSC 
is a thick white suspension and contains calcium carbonate, calcium citrate, cal-
cium hydrocitrate and magnesium citrate. The total calcium content in the mix-
ture was 50 mg/g of calcium and magnesium-0.64 mg/g. ACaSC pH (diluted 
with water 1:1) is 7.53. 

2.3. Experimental Design and Animals 

Lohmann Brown cockerels were used for the laboratory investigations. Chickens 
were delivered from the Latvian poultry company “Balticovo Ltd.” and housed 
in cage units with free access to food and water. The animals were fed a 
wheat-barley full-fed diet, containing all necessary nutrients. Calcium content in 
the diet was 7.75 mg/kg. 

Two experiments have been done to study: 
1) Dependence of Ca absorption in chicken duodenum on the chemical com-

position of ingested Ca salt, its dosage and exposition time; 
2) Antirachitic efficacy of amorphous salt composition (ACaSC) with and 

without cholecalciferol (vitamin D3) supplementation.  
At the end of the experiment the cockerels were weighted and sacrificed by 

decapitation, in accordance with the recommendations of the European Con-
vention [21] for the euthanasia of experimental animals.  

Experiment 1. 30-day-old chickens with a body weight of 289.3 ± 29.5 g 
were randomized in 7 experimental groups of 7 heads each. Ca absorption in 
chicken duodenum was studied in vivo. 18 hours before the experiment the 
food was removed from the cages; drinking water was available. Different Ca 
salts—carbonate, chloride (as hexahydrate) and a tested amorphous Ca com-
position suspended (diluted) in 2 ml of distilled water were ingested per os 45 
or 60 min before decapitation. The amount of administrated Ca with all kinds 
of salts was 1.2 or 2.4 mg. The chickens of control group received drinking 
water only. 

At the end of the exposition period, vein (v. jugularis) blood sampling was 
done. The chickens were decapitated, the liver and isolated intestine segments 
removed. Duodenum content was drained into a test-tube; segments were rinsed 
with 1 ml of 154 mM NaCl and put into a separate test-tube. The duodenum 
(intestinal content and mucosa) was analyzed for Ca content. The amount of Ca 
absorbed was calculated as the difference between Ca content just after ingestion 
infusion of the tested compounds and after the exposition period and expressed 
as nmol/g tissue. 

Experiment 2. 2-day-old Lohmann Brown cockerels were used in the study. 
The birds were weighed and randomized in 6 groups (n = 7). The chickens were 
fed ad libitum vitamin D-free feed, containing: corn flour-40%, barley-30%, 
soybean meal-15%, casein-10%, fodder yeast-3%, dicalcium phosphate-0.5%, 
chalk-0.25%, salt-0.5%, Ca content-0.81%, phosphorus-0.64% (basic ration). The 
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control group was provided the mentioned diet (control) but enriched with cho-
lecalciferol (400 IU/kg). The experimental algorithm is as follows (Table 1). 

At the age of 4 weeks venous blood sampling was done, the chickens were de-
capitated, the parathyroid glands were extirpated and weighted, the femurs col-
lected for subsequent analysis. Parathyroid relative weight was calculated as a 
gland and body weight ratio. In blood serum calcium, phosphorus concentration 
and alkaline phosphatase activity were measured. The gravity of defatted and 
dried femur was measured; also, calcium and phosphorus content in bone was 
analyzed.  

Three days before the decapitation of the birds, the daily balance of minerals 
in the chickens’ bodies was evaluated. For 3 days, the food eaten every 24 h as 
well as the birds’ litter were controlled (weighted, dried and analyzed for Ca 
content).  

2.4. Laboratory Determinations 

At the end of the experiment, Fe, Mg and Ca concentrations in organs and tis-
sues were estimated using a flame atomic absorption spectrophotometer (Per-
kin-Elmer, model AAnalyst 700) [22]. Duodenal mucosa were homogenized in a 
solution of ice-cold tris-buffer (pH 7.4) using a glass homogenizer and a mo-
tor-driven Teflon pestle at 3000 rpm for 1 min to yield a 20% (w/v) homogenate. 
Proteins were denatured with trichloroacetic acid (120 g/l) and removed by cen-
trifugation for 10 min at 600 g. 

The liver samples were dried at 1050 C to constant weight, ashed in a muffle 
furnace at 6500 C, and subsequently dissolved in 6 N-HCl. 

Blood serum was analyzed for Fe, Mg, Ca and alkaline phosphatase performed 
on ILAB 300+ analyzer (Instrumentation Laboratory, USA). 
 
Table 1. Calcium salt antirachitic activity study in chickens.  

Experimental group Characteristic of group 

1) Control Basic ration + vitamin D3 

2) Rickets Basic ration (vitamin D3 free) 

3) Basic ration + CaCO3 
Basic ration (vitamin D3 free); starting from the age of  
14 days the chickens received per os calcium  
carbonate for two weeks (Са2+ 5 mg/day) 

4) Basic ration + CaCO3 + D3 
Basic ration (vitamin D3 free); starting from the age of 14 days 
the chickens received per os calcium carbonate for two weeks 
(Са2+ 5 mg/day) and cholecalciferol 0.25 µg/day 

5) Basic ration + ACaSC* 
Basic ration (vitamin D3 free); starting from the age of  
14 days age the chickens received per os amorphous  
calcium salts for two weeks (Са2+ 5 mg/day) 

6) Basic ration + ACaSC + D3 
Basic (vitamin D3 free) ration; starting from the age of 14 days 
the chickens received per os amorphous calcium salts for two 
weeks (Са2+ 5 mg/day) and cholecalciferol 0.25 µg/day 

*Amorphous calcium salt composition contains calcium carbonate, calcium citrate, calcium hydrocitrate, 
magnesium citrate. 
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2.5. Statistical Analysis 

All statistics were performed using the software Statistica 7. Results of investi-
gated parameters are presented as means ± SE. Multiple group comparison was 
done using one-way ANOVA and Post-hoc Tukey HSD test. 

3. Results and Discussion 

The aim of the first experiment was to compare the impact of different ingested 
Ca salts on Ca content in duodenal mucosa as well as in blood serum and in the 
liver.  

ACaSC specific activity was compared with Ca chloride, which is characte-
rized by high Ca bioavailability, as well as with calcium carbonate – the most 
commonly used Ca salt in food and medicines but having low solubility and 
bioavailability. In dose 1.2 mg Ca all tested preparations did not induce statisti-
cally significant changes neither in the duodenal mucosa, nor the blood serum 
(Table 2 and Table 3). However, induced Ca accumulation in the liver was 
found by all formulations, but it was the same in all groups. 
 
Table 2. Mineral content in chickens duodenal mucosa after peroral ingestion of 
amorphous calcium salt composition (ACaSC) and comparable calcium salts (ingesting 
period 60 min). 

Ca formulation in 
experimental group 

Ca dose, mg 
Mineral content in duodenal mucosa, µg/g 

Са Fe Mg 

1) Сontrol 0 0.53 ± 0.13c* 0.11 ± 0.03a 0.55 ± 0.10b 
2) Calcium chloride 1.2 0.70 ± 0.20bc 0.12 ± 0.03a 0.60 ± 0.13ab 
3) Calcium carbonate 1.2 0.68 ± 0.14c 0.10 ± 0.01a 0.89 ± 0.16a 
4) ACaSC** 1.2 0.73 ± 0.18bc 0.09 ± 0.04a 0.81 ± 0.25ab 

5) Calcium chloride 2.4 0.98 ± 0.25bc 0.09 ± 0.01a 0.58 ± 0.20ab 

6) Calcium carbonate 2.4 1.08 ± 0.22b 0.11 ± 0.04a 0.70 ± 0.34ab 

7) ACaSC 2.4 1.63 ± 0.26a 0.09 ± 0.01a 0.56 ± 0.18ab 

*Statistically different or similar within column according to Post-hoc Tukey HSD test (p < 0.05); 
**Amorphous calcium salt composition contains calcium carbonate, calcium citrate, calcium hydrocitrate, 
magnesium citrate. 

 
Table 3. Mineral content in chicken liver and blood serum after peroral ingestion of 
amorphous calcium salts composition (ACaSC) and comparable calcium salts (ingesting 
period 45 min).  

Ca formulation in 
experimental group 

Ca dose, 
mg 

Ca content in 
liver, µg/g 

Mineral content in blood serum 

Са, mmol/L Mg, mmol/L Fe, mg /L 

1) Сontrol 0 0.021 ± 0.011b* 2.82 ± 0.06a 0.67 ± 0.16b 2.08 ± 0.06ab 
2) Calcium chloride 1.2 0.163 ± 0.063a 2.77 ± 0.13a 0.82 ± 0.11ab 2.12 ± 0.06a 
3) Calcium carbonate 1.2 0.150 ± 0.016a 2.89 ± 0.07a 0.69 ± 0.08b 1.98 ± 0.10bc 
4) ACaSC** 1.2 0.144 ± 0.026a 2.81 ± 0.11a 0.70 ± 0.05b 2.03 ± 0.05b 
5) Calcium chloride 2.4 0.130 ± 0.028a 3.02 ± 0.17a 0.81 ± 0.20ab 2.15 ± 0.08a 
6) Calcium carbonate 2.4 0.146 ± 0.024a 2.96 ± 0.11a 0.96 ± 0.23ab 1.82 ± 0.08c 
7) ACaSC 2.4 0.164 ± 0.022a 2.98 ± 0.10a 1.00 ± 0.13a 2.18 ± 0.05a 

*Statistically different or similar within column according to Post-hoc Tukey HSD test (p < 0.05); 
**Amorphous calcium salt composition. 
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At a dose of 2.4 mg Ca, the ingestion of Ca salts caused an increase of Ca con-
tent in intestinal mucosa. The effect of ingested Ca salts—Ca chloride, Ca car-
bonate and ACaSC was 85%, 103% and 207% stronger in comparison with con-
trol, respectively. Taking into account the fact, that Ca absorption by duodenal 
mucosa is the best indicator of intestinal absorption of ions [1] we can conclude 
that ACaSC bioavailability exceed calcium chloride and calcium carbonate by 
66% and 51%, respectively. 

Ca content in the liver of animals of the 7th group did not differ from that of 
groups 2 - 4, the calcemia level tended to increase, but not significantly. Atten-
tion is drawn to the fact of the decrease of iron concentration in blood serum in 
animals of group 6 (received calcium carbonate), although this fact was not ob-
served in groups 5 (calcium chloride) and 7 (ACaSC) (Table 1). The probable 
mechanism of such a phenomenon is a lumenal event: calcium carbonate with 
phosphates and iron ions form an insoluble complex, which decreases Fe bio-
availability [23] and can cause iron deficiency anaemia [24]. From the point of 
view of practical application, ACaSC has an advantage in comparison with cal-
cium chloride, which is not indicated for long term use.  

In the second experiment antirachitic efficacy of ACaSC per os, as well as in 
combination with vitamin D3, was tested. At the age of 4 weeks the rachitic 
chickens’ body weight was 54% of the control. The birds had an untidy appear-
ance, a soft and deformed beak. Hypocalcemia and hyposphatemia were de-
tected in the blood serum, the activity of alkaline phosphatase increased more 
than 2.5 times; hyperplasia of parathyroid glands was found: its relative weight 
exceeded the control 10 times (Table 4). The ash content in the femur was sig-
nificantly less in comparison with the control (Table 5). This is the result of im-
paired bone mineralization due to primary calcium and vitamin deficiency as 
well as secondary hyperparathyroidism [1]. 

Under the influence of diet enrichment with calcium carbonate manifestations 
of rachitic in Group 3 weakened (increased blood serum Ca, diminished alkaline  
 
Тable 4. Impact of calcium preparations and vitamin D3 peroral ingestion on biochemical 
indices of blood serum and parathyroid gland relative weight of chickens with rickets. 

Experimental group 

Blood serum Parathyroid  
gland  

relative weight, 
mg/100 g BW 

Са, mmol/L Р, mmol/L 
Alkaline 

phosphatase, IU 

1) Control (D3) 2.66 ± 0.13a* 1.52 ± 0.07a 14.2 ± 2.18c 0.53 ± 0.10d 

2) Rickets (basic ration) 1.98 ± 0.21c 1.04 ± 0.06c 38.7 ± 3.31a 5.24 ± 0.45a 

3) Basic ration + CaCO3 2.12 ± 0.08c 1.14 ± 0.05c 33.7 ± 3.13a 3.50 ± 0.15b 

4) Basic ration + CaCO3 + D3 2.55 ± 0.11ab 1.54 ± 0.09a 17.3 ± 1.59bc 0.72 ± 0.22cd 

5) Basic ration + АCaSC** 2.34 ± 0.11b 1.30 ± 0.05b 21.1 ± 2.37b 0.80 ± 0.12c 

6) Basic ration + АСaSC + D3 2.70 ± 0.15a 1.53 ± 0.09a 13.9 ± 1.74c 0.50 ± 0.09d 

*Statistically different or similar within column according to Post-hoc Tukey HSD test (p < 0.05); 
**Amorphous calcium salt composition. 
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Table 5. The effect of calcium salts and vitamin D3 administration on body weight dy-
namic and content of ash in femur in chickens with rickets. 

Experimental group 
Chicken body weight, g Ash content 

in the femur,% 1 day 14 day 28 day 

1) Control 43.66 ± 7.23a* 158.3 ± 10.9a 337.5 ± 31.7a 48.93 ± 3.84a 

2) Ricket (basic ration) 44.02 ± 7.49a 128.1 ± 20.7ab 180.5 ± 10.9c 22.85 ± 2.35c 

3) Basic ration + CaCO3 44.50 ± 6.92a 131.5 ± 15.9ab 219.1 ± 16.2b 29.86 ± 1.76b 

4) Basic ration + CaCO3 + D3 43.46 ± 8.44a 138.5 ± 7.07b 302.4 ± 17.7a 46.85 ± 4.47a 

5) Basic ration + АCaSC** 42.56 ± 6.41a 130.1 ± 17.3ab 236.1 ± 12.0b 30.77 ± 1.42b 

6) Basic ration + АCaSC + D3 45.36 ± 4.86a 133.1 ± 9.91b 317.0 ± 11.3a 49.11 ± 2.35a 

*Statistically different or similar within column according to Post-hoc Tukey HSD test (p < 0.05); 
**amorphous calcium salt composition. 

 
phosphatase activity and parathyroid relative gland weight), but did not disap-
pear completely. This was achieved using calcium carbonate in combination 
with cholecalciferol (Group 4). Based on body weight gain during the experi-
ment, chicken groups may be arranged as follows: control/Group 1 = Group 6 > 
Group 4 > Group 5 > Group 3 > Group 2 (Table 5).  

How did rachitic chickens (Group 5) respond to the administration of ACaSC, 
which has a higher than calcium carbonate bioavailability? All tested indices 
show, that ACaSC efficacy was better than for CaCO3 (Group 3), but worse than 
for CaCO3 in combination with vitamin D3 (Group 4). Complete normalization 
of all analyzed indices was achieved in chickens of Group 6, received ACaSC and 
vitamin D3. It seems logical, because vitamin D functions are not limited by in-
fluence on calcium intestinal absorption regulation [25].  

In this experiment the different severity of rickets in bird groups is apparent: 
between the “classical” picture of D-avitaminosis and the healthy birds (Con-
trol). Ingestion of calcium carbonate, vitamin D3 and ACaSC to varying degrees 
normalized tested parameters. In general, the final outcomes, i.e. antirachitic ef-
ficacy, was practically the same in two groups receiving calcium carbonate + vi-
tamin D3 (Group 4) and ACaSC + vitamin D3 (Group 6). 

A calcium balance study did not identify significant differences between Ca 
accumulation only in the chickens of groups 4 and 6 (Table 6).  

Ii case ACaSC was used without vitamin D, its specific activity exceeded 
CaCO3 in all tested physiological and biochemical parameters. This fact coin-
cides with information, that in a double-blind randomized crossover clinical trial 
in postmenopausal women, it was shown that fractional Ca absorption of amor-
phous Ca was doubled on average compared to that of crystalline calcium car-
bonate [26]. The differences between CaCO3 and ACaSC biological activity in 
our experiment were “smoothed” by vitamin D.  

Nevertheless, there is evidence of an amorphous calcium salt composition ad-
vantage in comparison with crystalline calcium carbonate. It was shown that 
ACaSC is more effective regarding parathyroid gland function suppression, not  
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Table 6. The effect of calcium salts and vitamin D3 administration on chicken feed con-
sumption and calcium daily balance. 

Experimental group 
Consumpted feed 

quantity g/100g BW/day 
Calcium balance* in 

one day mg/per one bird 

1) Control 9.9 ± 2.1a** 
 

2) Ricket (basic ration) 5.3 ± 1.0b (−) 24 ± 3 

3) Basic ration + CaCO3 6.4 ± 1.3b (+) 31 ± 5 

4) Basic ration + CaCO3 + D3 9.9 ± 1.7a (+) 76 ± 4 

5) Basic ration + АCaSC 6.9 ± 1.3ab (+) 37 ± 2 

6) Basic ration + АCaSC + D3 10.1 ± 1.9a (+) 79 ± 4 

*(-) lost calcium quantity (+) accumulated calcium quantity; **Statistically different or similar within col-
umn according to Post-hoc Tukey HSD test (p < 0.05). 

 
impacting blood level of phosphates. In case ACaSC is used without vitamin D, 
its specific activity excels CaCO3 in all tested physiological and biochemical pa-
rameters. No less important is the ACaSC formulation: the fluid product is more 
suitable than calcium carbonate tablets and capsules for use by children and 
seniors.  

The current paper contains only the initial part of the wider experiment’s 
data. In the nearest future the information about combination’s of ACaSC and 
vitamin D ricket’s curative efficacy will be presented.  

4. Conclusion 

The studied composition of amorphous calcium salts seems prospective for new 
health food and pharmaceutical development. The product has a significantly 
higher bioavailability than calcium carbonate, suitable formulation for use by 
children and seniors. Combination with vitamin D increases ACaSC antirachitic 
effect. There is a reason to suppose that ACaSC together with some phyto-
chemicals can provide significant osteoprotective activity in children and adults, 
including pregnant women. 

Conflicts of Interest 

The authors declare no competing interest concerning any commercial associa-
tions or patent licenses. 

References 
[1] Bauman, V. and Babarykin, D. (1993) Vitamins A and D in the Exchange of 

Divalent Cations. Sov.Sci. Rev. F. Physiol. Gen. Biol., 6, 1-53.  

[2] Takeda, E., Sakamoto, K., Yokota, K., Shinohara, M., Taketani, Y., Morita, K. and 
Shibayama, M. (2002) Phosphorus Supply per Capita from Food in Japan between 
1960 and 1995. Journal of Nutritional Science and Vitaminology, 48, 102-108.  

[3] Diaz De Barboza, G., Guizzardi, S. and Tolosa De Talamoni, N. (2015) Molecular 
Aspects of Intestinal Calcium Absorption. World Journal of Gastroenterology, 21, 

https://doi.org/10.4236/jbm.2019.72002


D. Babarykin et al. 
 

 

DOI: 10.4236/jbm.2019.72002 24 Journal of Biosciences and Medicines 
 

7142-7154. https://doi.org/10.3748/wjg.v21.i23.7142 

[4] Bauman, V. (1989) Biochemistry and Physiology of Vitamin D. Riga, Zinatne, 480 
p. (In Russian) 

[5] Masuyama, R. (2015) [Bone and Nutrition. Vitamin D Independent Calcium Ab-
sorption]. Clinical Calcium, 25, 1023-1028. (In Japanese) 

[6] Matikainen, N. (2016) [Osteoporosis: A Clinical Perspective]. Duodecim, 132, 
1051-1058. (In Finnish) 

[7] Whiting, S.J., Kohrt, W.M., Warren, M.P., Kraenzlin, M.I. and Bonjour, J.P. (2016) 
Food Fortification for Bone Health in Adulthood: A Scoping Review. European 
Journal of Clinical Nutrition, 70, 1099-1105. https://doi.org/10.1038/ejcn.2016.42 

[8] Sosa, M. and Bregni, C. (2003) Metabolism of the Calcium and Bioavailability of the 
Salts of Most Frequent Use. Bollettino Chimico Farmaceutico, 142, 28-33. 

[9] Sakhaee, K., Bhuket, T., Adams-Huet, B. and Rao, D. (1999) Meta-Analysis of Cal-
cium Bioavailability: A Comparison of Calcium Citrate with Calcium Carbonate. 
American Journal of Therapeutics, 6, 313-321.  
https://doi.org/10.1097/00045391-199911000-00005 

[10] Heaney, R.P., Dowell, M.S., Bierman, J., Hale, C.A. and Bendich, A. (2001) Absorb-
ability and Cost Effectiveness in Calcium Supplementation. Journal of the American 
College of Nutrition, 20, 239-246.  
https://doi.org/10.1080/07315724.2001.10719038 

[11] Phadungath, C. and Metzger, L.E. (2011) Effect of Sodium Gluconate on the Solu-
bility of Calcium Lactate. Journal of Dairy Science, 94, 4843-4849.  
https://doi.org/10.3168/jds.2011-4549 

[12] Goss, S., Prushko, J. and Bogner, R. (2010) Factors Affecting Calcium Precipitation 
during Neutralisation in a Simulated Intestinal Environment. Journal of Pharma-
ceutical Sciences, 99, 4183-4191. https://doi.org/10.1002/jps.22131 

[13] Heaney, R.P. (2006) Absorbability and Utility of Calcium in Mineral Waters. 
American Journal of Clinical Nutrition, 84, 371-374.  
https://doi.org/10.1093/ajcn/84.2.371 

[14] Bristow, S.M., Gamble, G.D., Stewart, A., Kalluru, R., Horne A.M. and Reid, I.R. 
(2015) Acute Effects of Calcium Citrate with or without a Meal, Calcium-Fortified 
Juice and a Dairy Product Meal on Serum Calcium and Phosphate: A Randomised 
Cross-Over Trial. British Journal of Nutrition, 113, 1585-1594.  
https://doi.org/10.1017/S000711451500080X 

[15] Sun, R., Zhang, P., Bajnóczi, É.G., Neagu, A., Tai, C.W., Persson, I., Strømme, M. 
and Cheung, O. (2018) Amorphous Calcium Carbonate Constructed from 
Nanoparticle Aggregates with Unprecedented Surface Area and Mesoporosity. ACS 
Applied Materials and Interfaces, 10, 21556-21564.  
https://doi.org/10.1021/acsami.8b03939 

[16] Albéric, M., Bertinetti, L., Zou, Z., Fratzl, P., Habraken, W. and Politi, Y. (2018) The 
Crystallization of Amorphous Calcium Carbonate Is Kinetically Governed by Ion 
Impurities and Water. Advanced Science, 5, Article ID: 1701000.  
https://doi.org/10.1002/advs.201701000 

[17] Jensen, A.C.S., Rodriguez, I., Habraken, W.J.E.M., Fratzl, P. and Bertinetti, L. (2018) 
Mobility of Hydrous Species in Amorphous Calcium/Magnesium Carbonates. 
Physical Chemistry Chemical Physics, 20, 19682-19688.  
https://doi.org/10.1039/C8CP01782D 

[18] Meiron, O.E., Bar-David, E., Aflalo, E.D., Shechter, A., Stepensky, D., Berman, A. 

https://doi.org/10.4236/jbm.2019.72002
https://doi.org/10.3748/wjg.v21.i23.7142
https://doi.org/10.1038/ejcn.2016.42
https://doi.org/10.1097/00045391-199911000-00005
https://doi.org/10.1080/07315724.2001.10719038
https://doi.org/10.3168/jds.2011-4549
https://doi.org/10.1002/jps.22131
https://doi.org/10.1093/ajcn/84.2.371
https://doi.org/10.1017/S000711451500080X
https://doi.org/10.1021/acsami.8b03939
https://doi.org/10.1002/advs.201701000
https://doi.org/10.1039/C8CP01782D


D. Babarykin et al. 
 

 

DOI: 10.4236/jbm.2019.72002 25 Journal of Biosciences and Medicines 
 

and Sagi, A. (2011) Solubility and Bioavailability of Stabilized Amorphous Calcium 
Carbonate. Journal of Bone and Mineral Research, 26, 364-372.  
https://doi.org/10.1002/jbmr.196 

[19] Fattahov, A. and Razikulov, S. (2013) Composition for Oral Cavity Care. Eurasian 
Patent A61K 8/02; Nr 020907, A1. 28.02.2013. 

[20] Mutalova, M.A., Babarikin, D. and Smirnova, G. (2018) Amorfus kalcija sāļus 
saturoša kompozīcija ar osteoprotectīvu iedarbību. Latvijas Patents LV 15810 B, 
20.05.2018. 

[21] Close, B., Banister, K., Baumans, V., Bernoth, E.M., Bromage, N., Bunyan, J., Greg-
ory, N., Hackbarth, H., Morton, D. and Warwick, C. (1997) Recommendation for 
Euthanasia of Experimental Animals. Part 2. DGXT of the European Commission. 
Laboratory Animals, 31, 1-32. https://doi.org/10.1258/002367797780600297 

[22] AOAC Official Method 999.11 (1999) Lead, Cadmium, Copper, Iron and Zinc in 
Foods Atomic Absorption Spectrophotometry after Dry Ashing. 

[23] Wienk, K.J.H., Marx, J.J.M., Lemmens, A.G., Brink, E.J., van der Meer, R. and Bey-
nen, A.C. (1996) Mechanism Underlying the Inhibitory Effect of High Calcium 
Carbonate Intake on Iron Bioavailability from Ferrous Sulphate in Anaemic Rats. 
British Journal of Nutrition, 75, 109-120. https://doi.org/10.1079/BJN19960114 

[24] Benkhedda, K., L’Abbé, M.R. and Cockell, K.A. (2010) Effect of Calcium on Iron 
Absorption in Women with Marginal Iron Status. British Journal of Nutrition, 103, 
742-748. https://doi.org/10.1017/S0007114509992418 

[25] Khammissa, R.A.G., et al. (2018) The Biological Activities of Vitamin D and Its Re-
ceptor in Relation to Calcium and Bone Homeostasis, Cancer, Immune and Car-
diovascular Systems, Skin Biology, and Oral Health. BioMed Research Interna-
tional, 2018, Article ID: 9276380. https://doi.org/10.1155/2018/9276380 

[26] Vaisman, N., Shaltiel, G., Daniely, M., Meiron, O.E., Shechter, A., Abrams, S.A., 
Niv, E., Shapira, Y. and Sagi, A. (2014) Increased Calcium Absorption from Syn-
thetic Stable Amorphous Calcium Carbonate: Double-Blind Randomized Crossover 
Clinical Trial in Postmenopausal Women. Journal of Bone and Mineral Research, 
29, 2203-2209. https://doi.org/10.1002/jbmr.2255 

 
 

https://doi.org/10.4236/jbm.2019.72002
https://doi.org/10.1002/jbmr.196
https://doi.org/10.1258/002367797780600297
https://doi.org/10.1079/BJN19960114
https://doi.org/10.1017/S0007114509992418
https://doi.org/10.1155/2018/9276380
https://doi.org/10.1002/jbmr.2255
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