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Vzipnik v téle : celkovy vapnik

télesné tekutiny kosti
1 % 99 %
ECT ICT
0,1 % 0,99 %
fyziologicky ucinny je jen
IST 4 volny ionizovany vapnik !!
krevni plasma » 50 % volny, ionizovian)'f Ca (1,25 mmol /1)
375 mg 32 % Ca vazany na albumin (0,8 mmol / 1)
2,5 mmol /1 8 % Ca vazany na globuliny (0,2 mmol /1)

10 % Ca v komplexech s anionty (0,25 mmol /1)

hydrogenuhlicitan, 4
laktat, fosfat, ...




Calcium in the body : the whole calcium

1,0 - 1,3 kg
body fluids bones
1 % 99 %
ECF ICF
0,1 % 0,99 %
Only free 1onized calcium
IST is physiologically effective !!
A
blood plasma » 50 % free, ionized éa (1,25 mmol / 1
P )
375 mg 32 % Ca binding to albumin (0,8 mmol /1)
2,5 mmol /1 8 % Ca binding to globulins (0,2 mmol / 1)

10 % Ca in complexes with anions (0,25 mmol /1)

hydrogencarbonates, 5
lactate, phosphate, ...




Apatit/e :

~N

2+

Ca,(P(0,,*




Karbonatapatit, hvdroxvapatit :

Ca;(PO,), Ca;(PO,),

~N

C az+

Ca,;(PO,),

3 Ca,(PO,), *« Ca(OH),
hydroxyapatit

CO.Z

2 OH-

hydroxyapatit
je hlavni strukturalni
komponenta kosti
= 65 % hmotnosti kosti
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C

arbonatapatite, hvdroxvapatite :

Ca;(PO,), Ca;(PO,),

~N

C az+

Ca,;(PO,),

3 Ca,(PO,), *« Ca(OH),
hydroxyapatite

CO.Z

2 OH-

hydroxyapatite
is the main structural
component of bone
= 65 % of bone weight
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Fluoroapatit/e :

Ca;(PO,), Ca;(PO,),

~N

C az+

Ca,;(PO,),

2 k-

(dentin/e)




Nerozpustné vapenate soli :

CaCO 3 - wrozpustny“ je Ca(HCO,),
existuje jen ve vodném roztoku

Ca(COO0),

CaSO (velmi malo rozpustny
4

— podminuje stalou tvrdost vody)

Ca,(PO,),

CaHPO4 - rozpustny je Ca(H,PO,),
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Insoluble calcium salts :

CaC ()3 - Ca(HCO,), is ,,soluble*
it exists in water solution only !

Ca(COO0),

CaSO 4 (only slightly soluble

— it produces the permanent hardness of water)

Ca,(PO,),

CaHPO 4 - Ca(H,PO,), is soluble
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Rozlozeni a pohyby kalcia v téle :  Minerdlni depozita

Denni pfijem

priblizné
(fosfaty,
oxalaty,
fytaty)
absorpce
do 15 mmol / d
>
sekrece
az7mmol/d

Id

remodelace kosti
7,5 mmol /d

2,5 mmol /|
celkem jen 35 mmol

filtrace
240 mmol

25 mol Ca

(rychle sménitelnych
100 mmol)

rychla sména
500 mmol / d

ICT

signalni funkce
0,1 ymol / |

tubularni resorpce
230 mmol / d

Exkrecni frakce max. 5 %
PTH ji snizuje,

kalcitonin a vysoka
nabidka Na* ji zvysSuje

/d

D,
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Occurrence and movement of calcium
in the body :

Daily intake approximately

Mineral deposit

25 mol Ca

(rapidly exchangeable
100 mmol)

rapid exchange
500 mmol / d

L\

signal function

25 - 30 mmol remodeling of bone
(phosphate, 7,5 mmol / d
oxalate,
phytate)

absorption
up to15mmol / d ECF ICF
>
< 2,5 mmol / |
) ’ 0,1 pmol /|
secretion total 35 mmol only

up to 7 mmol / d

filtration \\‘
240 mmol / d

17 — 25 mmol /d

!

5—-6 mmol /d

tubular resorption
230 mmol / d

Excretion fraction max. 5 %
PTH decreases it,
calcitonin and hiah supply
of Na* increases it
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Vapnikova homeostaza :

1/ parathyrin (PTH, parathermon). .

.............

2 / kalcitonin (thyreokalcitonin)

3 / kalcitriol

4/ (osteokalcin)
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Calcium homeostasis :

1/ parathyrin (PTH, parathyroid hormone)
2 / calcitonin (thyreocalcitonin)
3/ calcitriol

4/ (osteocalcin)
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Parathyrin (PTH) (1) :

prepro-PTH 115 AA
pro-PTH 90 AA
PTH 34 AA t,, ® 3—5 min

N-terminalni sekvence (28 AA) — biologicka aktivita

hypokalcemie - zv. PTH

hyperkalcemie,
kalcitriol - sn. PTH

zv. = zvysen/i
sSn. = snizen/i
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Parathyrin (PTH) (1) :

prepro-PTH 115 AA
pro-PTH 90 AA
PTH 34 AA t,, ® 3—5 min

N-terminal sequence (28 AA) - biological activity

hypocalcemia - incr. of PTH

hypercalcemia,

calcitriol — decr. of PTH . .
incr. = increase/d

decr. = decrease/d
17




Parathyrin (PTH) (2):

membranovy receptor (kost, ledvina)
adenylatcyklasa
zv. intracelularniho cAMP

zv. Intracelularniho vapniku

1

fosforylace bilkovin kinasami

1

aktivace enzymu/bilkovin s koneCnym biologickym
u¢inkem hormonu
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Parathyrin (PTH) (2):

membrane receptor (bone, kidney)
adenylatcyclase
incr. intracellular cAMP

incr. itracellular calcium

1

phosphorylation of protein by kinases

1

activation of enzymes/proteins with end biological
effect of hormone
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Senzor pro kalcemii :

receptor — G, —protein -

vzestup P-Ca’* zde ma inhibicni vliv
(rozdil od ostatnich bunék !!)

senzor v pristitnych téliscich
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Sensor for calcemia :

receptor — G, —protein -

incr. in P-Ca** has hier inhibition influence
(the difference from other cells !!)

sensor 1n parathyroid gland
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U¢&inek PTH :

1/ kost: — osteoklast — resopce kost1 — zv. kalcemie

2/ ledvina: ¢ zv. resorpce Ca’" - zv. kalcemie,
sn. kalciurie
* sn. resorpce HPO,> - zv. fosfaturii
» zv. la-hydroxylace kalcidiolu (prox. tubulus)
— kalcitriol — zv. stfevni resorpce

3/ sttevo: zv. stievni resorpce (kalcitriol) — zv. kalcemie
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Effect of PTH :

1/ bone: — osteoclast - bone resorption — incr. calcemia

2/ kidney: ¢ incr. resorption of Ca’* — incr. calcemia,
decr. calciuria
* decr. resorption of HPO,> - incr. phosphate-
uria
 1incr. la-hydroxylation of calcidiol
(prox. tubulus)
— calcitriol — 1ncr. gut resorption

3/ gut: 1ncr. intestinal resorption (calcitriol)
— Incr. calcemia

23




Kalcitonin :

(thyreokalcitonin, 32 AA)

antagonista PTH, uCinek stimulovan estrogeny

omezeny vyznam pro regulaci, ochrana pred ndhlym zv. kalcemie

sekrece fizena kalcemii (senzor obdobny pfistitnym téliskim)

tlumi kostni resorpci, podporuje novotvorbu matrix qeca osteoporszy)

inhibuje resorpci Ca 1 fosfata v ledvinovém tubulu —
— zv. exkreci Ca 1 fosfatu
je druhove specificky (lososi kalcitonin ma 50 % AA

shodnych s lidskym)
analgeticke pusobeni u kostni bolesti
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Calcitonin :
(thyreocalcitonin, 32 AA)

e antagonist of PTH, effect stimulated by estrogens
e limited signification for regulation, protection against violent
incr. of calcemia

e calcemia is in control of the calcitonin secretion (sensor similar
to parathyroid gland)

e decr. bone resorption, incr. new production of matrix (reamentor
osteoporosis)
e decr. reabsorption of Ca and phosphate in the kidney tubule
— 1ncr. exkretion of Ca and phosphate
e 1t 1s species-specific (salmon calcitonin has 50 % of AA
identical with the human one)

e analgesic effect in bone pain =




Kalcioly :
7-dehydrocholesterol (jatra)

\

kalciol (kuZe uv)

\

kalcidiol (jatra 2sa-on) — hl. metabolit kalciolu v plazmé

(<10 pmol /1, sezonni rozdily,
t,, = 20-30d,
vazba na D-binding protein)

kalcitriol (ledvina ia-on)

inhibice: zv. kalcitriol
zv. kalcitonin
nadbytek piijatéto Ca
stimulace: PTH pi1 hypokalcemii

: 26
somatotropin




Calciols :

7-dehydrocholesterol (liver)

N

calciol (skin uv)

N

calcidiol (liver 2s0-on) - the main metabolite of calciol
in plasma
(<10 pmol /1, season differences,
t,, = 20-30d,
bonding to D-binding protein)
calcitriol (kidney 1a-on)

inhibition: 1ncr. calcitriol
incr. calcitonin

excess 1n intake of Ca
stimulation: PTH at hypocalcemii

: 27
somatotropin




Kalcitriol :

1/ enterocyt: zv. resorpce Ca do ECT — mechanismus:
« zména konformace cytosolového kalmodulinu
- uc¢innéjsi vazba Ca’* -
— usnadnéni pfechodu Ca** membranou

 kalbindin (= CaBP = calcium binding protein)
indukce jeho syntézy — zprostfedkovani

transportu Ca bunkou

« Ca?*-ATPasa, indukce jeji syntézy —
— cCerpani Ca z enterocytu do ECT

2/ kost: regulace resorpce 1 novotvorby kostni tkané
= protichudné déje, mechanismus nejasny
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Calcitriol :

1/ enterocyte: incr. resorption of Ca into ECF — mechanismus:
 change of conformation of cytosol calmodulin
- more effective bonding of Ca** —
— easier Ca?" crossing of the membrane

 calbindin (= CaBP = calcium binding protein)
induction of its synthesis — possibility of Ca
transport 1n the cell

« Ca’*-ATPase, — induction of its synthesis
— draw Ca from enterocyte to ECF

2/ bone: regulation of resorption and new formation of bone
tissue = the opposite actions, the mechanismus not
understandable 2




Osteokalcin (1) :

= BGP = bone Gla protein 49AA t,, = 4-5 mn

 obsahuje 3 karboxyglutamaty (Gla) pro vazbu Ca?" iz
 reguluje mineralizaci kosti

« marker remodelace kosti (aktivita osteoblastu v tvorb¢
organick¢ matrix)

30




Osteocalcin (1) :

= BGP = bone Gla protein 49AA t,, = 4-5 mn
« contents 3 carboxyglutamate (Gla) for the bond of Ca?" e nex:
* regulates the deposit of bone mineral

« marker of bone remodeling (osteoblast activity in forming
of organic matrix)
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Osteokalcin (2) :

C karboxylace Glu
C 2 C 2 « (vitaminK)
H O
C 2 \ C y-karboxyglutamova kys. (Gla)
C
c —C H
H —
e N\
C 2 C - . C' 2
i (j) d *  yvazba Ca*
C c —C -
N H co2 O
C
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Osteocalcin (2) :

C carboxylation of Glu
Co2 C 2 « (vitamin K)
H O
C 2 \ C y-carboxyglutamic acid (Gla)
C
c —C H
H —
e N\
C 2 4C) - . CI 2
H a +
! bonding of Ca?*
C \ 6 —c¢ - g
N H co2 O
C
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Vapnik (1) :

e v Cesku ma osteoporozu kazda 3. zena
a kazdy 5. muz

e potieba vapniku = 1g/d (=25 mmol/d)
starSi muz + Zena v menopauze~< 1,5gCa/d

e 2gCa = 21 mléka
65 g tvrdého syra

Y41 bileho jogurtu

W U
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Calcium (1) :

in the Czech Republic suffers from osteoporosis
every 3rd woman and every Sth man

needed calcium = 1¢g/d (=25 mmol/d)
older man + woman in menopause~< 1,5gCa/d
»gCa = 721 milk
65 g solid cheese
Y41 white yogurt

1w U
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Vapnik (2):

e v détstvi a dospivani zuzitkujeme
=~ 50 % z podaného Ca

e v dospélosti zuzitkujeme jen
=~ 20-25 % z podaného Ca !!

 nejvic Ca se vstrebava
- z polotu¢nych mlé¢nych vyrobku
- z nékteré zeleniny (kvétak,
ruzickova kapusta,
¢ekanka,
brokolice)

- z kysanych mlé¢nych vyrobki
(kyselé mléko, jogurty, zakysy)

vlivem kyselého prostredi se vstieba vice Ca
nez ze samotného mléka !!

- z okrajovych zdroju: mak, ofechy, sardin£<6y




Calcium (2):

e in childhood and during adolescence we utilize
=~ 50 % from given Ca

e in adulthood we utilize
=~ 20-25 % from given Ca !!

e (Cais absorbed at most
- from medium-fat dairy products

- from some vegetable (cauliflower,
Brussel sprout,
chicory,
broccoli)

- from sour dairy products
(sour milk, yogurt, ....)

more Ca is absorbed from the acidic products
than from milk alone !!

- from marginal sources: poppy seed, walnut,
o 37
sardines




Vapnik (3) :

 nevhodné zdroje vapniku
- Spenat - pro vysoky obsah st’avelanu
— vznik nerozpustného Ca(COO),

- tavené syry - obohaceny velkym mnozstvim
fosforeCnanu
— vznik nerozpustného Ca,;(PO,), a CaHPO,
znacny prijem Kkys. fosforecné predstavuje Coca Cola !!
- listova zelenina s vysokym obsahem Mg

(hor¢iku ma byt o polovinu méné nez vapniku)
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Calcium (3):

e unsuitable sources of calcium
- spinach - high content of oxalates
— formation of insoluble Ca(COOQ),

- processed cheese - fortified with large amount of
phosphates
— formation of insoluble Ca,;(PO,), a CaHPO,

- Coca Cola comprises considerable amount
of phosphoric acid !!

- foliar vegetable with high content of Mg

(magnesium should be taken one half less than calcium)
39




Roztok .., ACD — R 110* ( priprava krevnich konzerv,

Heitratova krev* ) 1

Natrii citras dihydricus

( Na;CHO, -2 H,O) 14 g
Acidum citricum monohydricum

(CH:O, - H,0) 0,5
Glucosum

(CeH 206 ) 2,5
Aqua pro injectione ad 100,0

pH roztoku = 5,1 £0,1
100 ml roztoku + 350 az 450 ml krve
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The solution ., ACD — R 110* ( preparation of conserved blood,

»citrate blood* )

Natrii citras dihydricus

( Na;CHO, -2 H,O) 14 g
Acidum citricum monohydricum

(CH:O, - H,0) 0,5
Glucosum

(CH,O¢ ) 2,5
Aqua pro injectione ad 100,0

pH of the solution = 5,1 £ 0,1
100 ml of the solution + 350 to 450 ml of blood

1
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Roztok ..ACD — R 110* ( p¥iprava krevnich konzeryv,
»wcitratova krev*) 2

krev (400 ml) + ACD roztok (100 ml) — Kkrevni konzerva

(500 ml)

1,4 g citratu ( S500ml - 28¢g/1

2,8/294.40 =9,52 mmol /1

0,5 g Kkys. citr g )/500ml - 1g/1
1/210,14 = 4,75 mmol / 1

itoveho aniontu celkem : 14,28 mmol / 1
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The solution ,,ACD — R 110* ( preparation of conserved bl
,citrate blood* )

blood (400 ml) + ACD slution (100 ml) — c¢ehserved blood

(500 ml)

1,4 g of citrate (
2,8/29

/500ml - 2,8¢g/1
0=9,52 mmol /1

0,5 g of citric acid ( )/500ml - 1g/1

1/210,14 = 4,75 mmol /1

citric anion: 14,28 mmol / 1
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Roztok .,ACD — R 110* ( priprava krevnich konzeryv,
Hcitratova krev* 3

1 krevni konzerva (500 ml) — = 7,14 mmol citratového aniontu

THZ—COO' 3 Ca’* + 2citrat> -
Caz+
HO_T_COO' —  Cay(citrat),
CHy— COO- ., ..
Ca,(citrat), = calcu citras
Cal+t . , ,
= cltran vapenaty
CH»— COO- . { o
| je NEDISOCIOVANA sul,
HO— C—— COO- > 4
| caz ve vodée rozpustna
CH— COO-

= vyjimka: nedisociované soli jsou nerozpustné !!

Na této vyjimecéné rozpustnosti nedisociované vapenaté soli je zaloZzena témet cela transfizni sluzba !!

V krevnich konzervach nelze ptipustit vznik nedisociované a soucasné nerozpustné soli, tj. vznik sraZzeniny
(napft. oxalat vapenaty) !

Citratovy anion je pfidan ve znaCném nadbytku (viz dale), takZe bezpecné vyvaze (odstrani) z roztoku vSechny
vapenaté ionty, potfebné pro srazeni krve. 44




The solution ,,ACD — R 110* ( preparation of conserved blood,
»citrate blood* ) 3

1 conserved blood (500 ml) — = 7,14 mmol of citrate anion

CHy— COO- 3 Ca?" + 2 citrate’” -

| Caz+
HO— C—— COO- .

| —  Cay(citrate),

CHy— COO- . . .

Ca,(citrate), = calcii citras
CaZ+t . .
) = calcium citrate

CH»— COO- .

| 1s UNDISSOCIATED salt,
HO—T_COO' e soluble in water

CH— COO- = the exception: undissociated salts are insoluble !!

On this exceptional solubility of undissociated salt is based almost the whole blood transfusion service !!

In the conserved blood must not be present any undissociated and concurrently insoluble salt, it is precipitate
(e.g. calcium oxalate) !

The citrate anion is added in greate abundance (see next), so it bonds (removes) safely from the solution

all calcium ions, needed for blood clotting. 45




Roztok ,,ACD — R 110* ( pfiprava krevnich konzerv,
mwcitratova krev® ) 4

3 Ca* + 2citrat> ~  Cay(citrat),
1,5 Ca%* + 1 citrat*-
] mmol citratu vaze cca 1,5 mmol volného Ca

7,14 mmol citratu (z 500 ml transfundované krve)
je schopno vazat 10,7 mmol (volneho) Ca

t]. (teoreticky) Caz vicenez4 1 krve !!
P-[tCa] = 2,5 mmol /1

pi1 vétSich objemech transfuzi krve je nutno myslet
na vznik mozné hypokalcemie !

(- aplikace calci gluconas od 2. transfuze ?)
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The solution ., ACD — R 110 ( preparation conserved blood,
»citrate blood* ) 4

3 Ca** + 2citrate>> ~  Cay(citrate),
1,5 Ca*t + 1 citrate’
1 mmol of citrate binds cca 1,5 mmol of free Ca

7,14 mmol of citrate (in 500 ml of conserved blood)

are able to bind 10,7 mmol of (free) Ca

it 1s (theoretically) Ca from more than4 1 of blood !!
P-[tCa] = 2,5 mmol /1

At big volumes of transfused blood we should think about
origin of possible hypocalcemia !
(—» admuinistration of calci1 gluconas

from the 2nd transfusion ?) Y
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