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TABLE 14-1 Reference Table of Plasma Constituents

Constituent
Water

Electrolytes (inorganic)
Ma®
K‘I‘
Ca’*
Mgz'
H"'
ar
HCO; ™
Phns_:‘phate (mostly HPO, )
5047

Proteins

Albumins
Globulins

Fibrinogen

Gases
COy
03
M3z

Mutrients
Glucose and other
carbohydrates
Total amino acids
Total lipids
Cholesterol

Individual vitamins

Individual trace elements

Waste products
Urea (from protein)
Creatinine (from creatine)
Uric acid (from nucleic acids)
Bilirubin (from heme)

Individual hormones

Amount/Concentration
93% of plasma weight

Total < 1% of plasma weight
145 mi

4 mM

2.5 mM

1.5 mi

0.0004 mh

103 mM

24 mmM

1 mM

0.5 mM

Total = 7% of plasma weight,
7.3 gM100 ml (2.5 mM)

4.2 g/100 ml

2.8 g/100 ml

0.3 g/100 ml

2 mif100 ml {1 mbd)
0.2 ml100 ml (0.1 mM)
0.9 ml/100 ml (0.5 mM)

100 mg/100 ml (5.6 mM)

40 mg/100 ml (2 mM)
500 mg/100 ml (7.5 mM)
150-250 mg/100 ml
(4-7 mM)
0.0001-2.5 mg/100 mil
(0.00005-0.1 mM)
0.001-0.3 mg/100 ml
(0.0001-0.01 mM)

34 mg/100 ml (5.7 mM}

1 mg/100 ml (0.09 mM)

5 mg/100 ml (0.3 mhd}
0.2-1.2 mg/100 ml (0.003-
0.018 mM)

0.000001-0.05 mg/100 ml
(107 7-107% mM)

Major Functions
Medium for carrying all other constituents

Keep HzO in extracellular compartment; act as
buffers; function in membrane excitability and
bloed clotting

Provide nonpenetrating solutes of plasma; act as
buffers; bind and transport other plasma constituents
{lipids, hormeones, vitamins, metals, etc.);

clotting factors; enzymes, enzyme precursors;
antibodies (immune globulins); hormones

Blood clotting

A waste product
Oxidative metabalism
Mo function

{See Chapters 2, 4, and 18)

Messengers in control systems




Proteiny krevni plasmy

-65—80 g/ (<300 proteind)
-35-50g/I = albumin
- 20— 35 g/I = globuliny
- biosyntéza:
- jatra (zejména)
- lymfocyty (imunoglobuliny)
- enterocyty (napf. apoprotein B-48)

- degradace:
hepatocyty, mononukledrni fagocytarni systém (MFS) (antigen-protilatka, hemoglobin-haptoglobin)

Fibrinogen
C4 Complement Complement Factor B

[‘ IgA Total :
[- Alpha-2-Macroglobulin Condopiaenin

Transferrin ’7

Prealbumin

IgG Total
g /~ 1gM Total C9 Complement
~ Alpha-1-Antitrypsin FactorH |

~ C3 Complement C1g Complement

C8 Complement

Apolipoprotein A-1

Albumin

Apolipoprotein B
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1. The Starling equation (Figure 3-18) P, is higher at the arteriolar end of the capillary than at the venous end (except in
glomerular capillaries, where it is nearly constant).
Jv = KlP. = F) =z — =] d. P; is interstitial fluid hydrostatic pressure.
where: An increase in P; opposes filtration out of the capillary.

Iy = fluid movement (mL/min) It is normally close to 0 mm Hg (or it is slightly negative).
K¢ = hydraulic conductance (mL/min » mm Hg)

B. = capillary hydrostatic pressure (mm Hg)

Pi = interstitial hydrostatic pressure (mm Hg) An increase in . opposes filtration out of the capillary.
me = capillary oncotic pressure (mm Hg) 7 is increased by increases in the protein concentration in the blood (e.g.,

e. m, is capillary oncotic, or colloidosmotic, pressure.

1 s fluid 1 m; = interstitial oncotic pressure (mm Hg) dehydration).

a. Jy Is Tind tlow. n. is decreased by decreases in the protein concentration in the blood (e.g.,

When J, is positive, there is net fluid movement out of the capillary (filtration). nephrotic syndrome, protein malnutrition, liver failure).

When J, is negative, there is net fluid movement into the capillary (absorption). Small solutes do not contribute to ..
b. K;is the filtration coefficient. f. m;is interstitial fluid oncotic pressure.

It is the hydraulic conductance (water permeability) of the capillary wall. An increase in x; favors filtration out of the capillary.

) . . 7m; is dependent on the protein concentration of the interstitial fluid, which is nor-
c. Pg is capillary hydrostatic pressure. mally quite low because very little protein is filtered.

An increase in P, favors filtration out of the capillary.

P, is determined by arterial and venous pressures and resistances.

An increase in either arterial or venous pressure produces an increase in Pg;
increases in venous pressure have a greater effect on P.

Pc L (

f H Capillary |
- +
FIGURE 3-18 Starling forces across the capillary
wall. + sign = favors filtration; — sign = opposes fil-
Interstitial tration; P, = capillary hydrostatic pressure; P; =

fluid interstitial hydrostatic pressure; m, = capillary

P. b . . . -
! oncotic pressure; i =interstitial oncotic pressure.



Proteiny krevni plasmy

1. Albumin
2. Globuliny

3. Fibrinogen
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Elfo frakce plasmatickych proteinu

Frakce Relativni | ¢ (g/l)
zastoupeni
(%)
Albuminy: albumin 52 — 58 34 — 50

pre-albumin (transthyretin)

a4-globuliny: thyroxin-binding globulin, transkortin, 24—-44 2-4
o4-Kysely glykoprotein, a4 -antitrypsin, a4-lipoprotein
(HDL), a,-fetoprotein

a,-globuliny: haptoglobin, makroglobulin, 6,1-10,1 5—9
ceruloplasmin
B-globuliny: transferin, hemopexin, lipoprotein (LDL), 8,5—-14,5 6—11

fibrinogen, C-reaktivni protein, C3 a C4 slozky
komplementu

v-globuliny: IgG, IgM, IgA, IgD, IgE 10 — 21 8—-15




Funkce plasmatickych proteinu

* Transport:
e albumin — MK, bilirubin, vapnik, |éCiva
* transferin — zelezo
e ceruloplasmin — meéd’
* transkortin — kortizol, kortikosteron
* lipoproteiny — lipidy
* haptoglobin — volny hemoglobin
e tyroxin-binding globulin — tyroxin
* retinol vazajici protein — retinol

* Osmoticka regulace:

 Zajisténi stabilniho onkotického tlaku (Starlingovy sily) = udrzovani objemu krevni plasmy
(objemu tekutiny v cirkulaci)

e Albumin = nejvyznamnéjsi protein v udrzovani onkotického tlaku.
* Hypoalbuminémie = ztrata tekutiny v cirkulaci a jeji prostup do intersticia = otoky
 Katalyticka funkce (= enzymy):

* Napr. lipazy



Funkce plasmatickych proteinu

e Koagulacni systém:
* Rada faktord: IX, VIII, trombin, fibrinogen, atd.

* Nadbytek/nedostatek = patologie, napr. hemofilie A/B (= absence/nedostatek
faktoru VIII/1X) formace trombu, atd.

 Fibrinolyticky systém (trombolyza):
* Plasmin = serinova protedaza, fibrinolyza (+ dalsSi proteiny fibrinogen, fibronektin,
trombospondin, laminin a von Willebranduv faktor), aktivace kolagenazy
e Aktivace = plsobenim vnitfnich aktivatord  (faktor XII, prekalikrein,
vysokomolekuldrni kininogen) a vnéjsich aktivatort (urokinaza, tkanovy aktivator
plazminogenu (tPA), streptokinaza).
* Pufrovaci kapacita:
» Bikarbonatovy pufr/proteinovy pufr
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Obecné vlastnosti plasmatickych proteinu

* Syntetizovany prevazneé v jatrech
e \lyjimka: y-globuliny — produkce plasmatickymi burikami
e Syntetizovany jako preproteiny, poté uprava v ER a
Golgiho aparatu
e \/étSina z nich jsou glykoproteiny

e \Vlyjimka: albumin (globularni protein)

* Charakteristicky polocas eliminace v cirkulaci (albumin —
20 dnu)

e Cetné polymorfismy (imunoglobuliny, transferrin, atd...)



Reaktanty akutni faze (APRs)

e Zmeny o vice nez 25 % béhem lokalniho nebo
systémoveho zanétu, prfi  traumatickém
poskozeni tkani, a dalsich...

 Reakci akutni faze wvyvolavaji zmeéeny, kdy Tyoss of APRS:
dochazi k:

v’ destrukci bunék

v'reverzibilnimu poskozeni bunék a jejich
nasledné reparaci

v’k metabolické aktivaci nékterych bunék
(zejména ucastnicich se imunitni odpovédi).
APRs:
e infekce
e chirurgické zakroky
e traumatické poskozeni tkani
e nadorova onemocneni




The importance of positive acute
phase reactants

« Components of the immune response

- I(lj-{eisiukalive protein, complement components (C3 a C4), TNF-a,

« Protection against collateral tissue damage

— scavergers of ROS and protein stabilizing transition
metals and their complexes

+ haptoglobin The importance of negative acute
* hemopexin
+ feritin phase reactants

+ ceruloplasmin
— Inhibitors of proteases

* o -antitrypsin . o . . . \
« a,-antichymotrypsin The criterion for determining inflammation

* ao-macroglobulin (decrease inflammation)
— transcortin (corticosteroid-binding globulin (CBG) or serpin AB)

. Transport of waste products produced during + The criterion for protein synthesis in the liver

inflammation :

- hemoglobin

— hemopexin

- serum amyloid A (SAA)
« Coagulation factors and proteins involved in tissue

regeneration :

- fibrinogen

— prothrombin

— factor VI

- von Willebrandt factor

— plasminogen



Albumin

= Koncentrace v krevni plasmé: 45 g/l (30 — 50 g/I, resp. 3 -5 g/kg
télesné hmotnosti)

= ~ 60% vsech plasmatickych proteint
= 40 % albuminu v plasmé, 60 % v kizi

= Funkce:

e Udrzovani onkotického tlaku (hodnoty nizsi nez 20 g/l vedou
k otok(im)

e zdroj“ aminokyselin

® transport:
e Steroidni hormony
e Volné MK
 Bilirubin, zluCové kyseliny
» Léciva (sulfonamidy, ASA)
° CaZ+
° Cu2+



Albumin

Syntetizovan jako preproprotein

signal

peptidase Slgnal
—

preproalbumin peptide * Proalbumin BELIN hexapeptide + albumin

Alb =585 AA, 17 disulfidickych vazeb

Proteazy — stépeni do tfi domén s rozdilnou
funkci

Elipsoidni tvar — nezvysuje viskozitu krevni
plasmy

Lg
I~

-10

Net charge

http://what-when-how.com/molecular-biology/serum-albumin-molecular-biology/



Priciny hypoalbuminemie

e Pokles syntézy v jatrech = jaterni choroby (cirhdza) — snizeni
pomeéru albumin-globuliny

e Proteinova malnutrice

Exkrece ledvinami (choroby ledvin — nefritidy, ztraty albuminu)

e Exsudativni enteropatie, celiakie

Defekt syntézy albuminu = analbuminemie (i méné neZ 2 g/I,
klinické priznaky?)



Table 1 | Localization of albumin-binding proteins and receptors.

Protein/Receptor Tissue Substrata

Albondin/gp&l Continuous endothalium Mative alburmin

gplg Erdothaliurn, macrophages, fibroblasts and MDA-MB-153 breast cancer call surfaces hoditied-albumin

gp30 Erdothaliurn, macrophages, fibroblasts and MDOA-MB-153 breast cancer call surfaces hoditied-albumin

SPARC Endothehal cells, vasculsr smooth muscle cells, skelatal muscle, hibroblasts, testicular, ovanan, Mative albumin
pancraatic and a rangs of tumor calls

hmAMNFs Human tumor cell lines: CEM Tcell leukemia cells, MCR7 breast cancer cells and MV3 melanoma cells  Mative alburmin

Calreticulin Human tumor cell lines: CEM Tcell leukemia cells, MCR7 breast cancer cells and MV3 melanoma cells  Mative alburmin

FcHn Erdothalium, antigen-presanting cells, gut, kidneys, lungs and the blocd-brain-barmer {central nervous Mative alburmin
system endothealium and choroid plesxus)

Cubilin Kidney praximal tubule cells, sbsorptive intastinal cells, placanta, and viscaral yolk-sac calls Mative alburmin and prob-

ahbly meodihied-alburmin

hle=galin Kidney prasimal wubule cells, sbsorptive intastinal cells, placenta, visceral yolk-sac cells, choroid Mative albumin and prob-

plexus, thyrooytes, ciliary epithalium, lungs, parathyroid, endometrium, oviduct, inner ear, and ably medified-alburmin

epididymal apithalial calls

Merlot AM, Kalinowski DS, Richardson DR: Unraveling the mysteries of serum albumin-more
than just a serum protein. Frontiers in Physiology 2014, 5.



oL,-antitrypsin

* Hlavni globulin o, frakce (90 %)
* Syntetizovan hepatocyty a makrofagy

* glykoprotein, vysoce polymorfni (=75
orem)

 Funkce:

* Hlavni plasmaticky inhibitor serinovych
proteaz (trypsin, elastaza...)

* Zvyseni behem akutni faze = inhibice
degradace pojivove tkanée elastazou

* Nedostatek = proteolytické poskozeni plic
(emfyzém)

Normal

lungs, protecting them
[ from neutrophil elastase.
Lung —

i gk Alpha-1 antitrypsi \
| pha-1 antitrypsin

Vessel Protects lungs from neutrophil

8 elastase. v

P
o
2 Neutrophil elastase Produced
3 by white blood cells to break
3 down harmful bacteria.
Potentially damaging to lungs.
V.

Alpha-1 antitrypsin coats}

/ /'/

White blood cell (neutrophil)

Alpha-1 Antitrypsin Deficiency

Lungs lack alpha-1 antitrypsin
coating, leaving them open to
) damage by neutrophil elastase

Lung —
= Alpha-1 antitrypsin
' Trapped in liver, causing
Blood liver damage
v
Vessel | -
P Neutrophil elastase
¥ Uninhibited, causing
* & lung damage.
=
)
v

White blood celli{neutrephil)



Transferin

Transferin = B-globulin
Vazba volného zeleza

Za fyziologickych okolnosti je 1/3
saturovana zelezem

Snizeni koncentrace transferinu:
Jaterni choroby (napf. cirhoza)
Chronické infekce
Nefroza
Vrozenad atransferinaemia —

mikrocytdarni hypochromni anémie, 16
jedinct/14 rodin

Zvysena hladina transferinu =
nedostatek zeleza, biosyntéza se
zvysuje pri nedostatku zeleza a klesa
naopak pri nadbytku

Tf-Fe{lll) binding to TR
Q:E l'{-:JI Fe{l) Recaptor-mediated Plasma

THR—5 (pH ¥.2]  endocytosis membrane

Ea

R
ﬁ_, ['l"l'f\-j % Clathrin-coated pit

% o | ; o Recyeling
%J -ﬁ’ﬁ ; endo 5::'19:-':*
\ - ) /

| I|| l_ ] q"q—-—u-l;j

! :' rﬂ II C}-H.' F—'-II

Erdosome

{r\.. . A » E ".“ _;._,
E’)Q (27 K
& K K

zemoglobin Ferritin

Mature Reviews | Molecular Cell Biology

The plasma protein transferrin (Tf) binds Fe(lll) with high affinity. At the
neutral pH (7.2) in plasma, Tf—Fe(lll) binds to the transferrin receptor
(TfR) on the cell surface from where it is internalized by receptor-
mediated endocytosis through clathrin-coated pits. The internalized
vesicle (an endosome) becomes acidified (pH 5.5) by the action of an
H* ATPase (not shown). As the pH of the endosome decreases, the
structure of the Tf—TfR complex changes and Fe(lll) is released from Tf-
Fe(ll). Fe(lll) is converted to Fe(ll) by the endosomal reductase STEAP3
and is then transported out of the endosome into the cytosol by
divalent metal transporter-1 (DMT1). Fe(ll) can be stored in ferritin in
non-erythroid cells or incorporated into haemoglobin in erythroid cells.
The Tf—TfR complex is exocytosed by a recycling endosome.



Transferin

 Volné Fe?* ionty jsou vysoce toxické,

katalyzuji Fentonovu reakci = tvorbu vysoce
reakticniho a toxického hydroxylového
radikalu

H,0, + Fe?* - OH + 'OH + Fe3*

* Transferin spolu s nekterymi  dalSimi
proteiny krevni plasmy, které vazi zelezo
(hem) funguiji jako antioxidanty = prevence
vzniku ROS

* PricCiny snizené hladiny transferinu:

* popaleniny, infekce, maligni procesy,
Jaterni choroby a choroby ledvin
* Priciny snizené hladiny transferinu:
nedostatek zeleza




Feritin

Intracellularni protein; pouze malé mnozstvi v krevni
plasmé (vétSina v jatrech, sleziné, kostni dreni, strevni
sliznici)

24 podjednotek, 3000 - 4500 iontl Fe3* (apoferritin +
Fe3+ = ferritin)

Funkce: zasoba Zeleza

Primarni hemochromatéza - geneticky podminéna
choroba charakterizovana zvySenou absorpci zeleza a
akumulaci akumulaci nejprve v hepatocytech, nasledné
zluCcovodech, Kuppferovych bunkach, maktofazich =
nadprodukce hydroxylovych radikalt, destrukce bunék.
Dalsi poskozené organy — myokard, pankreas, klouby,
varlata. Koncentrace ferritinu jsou zvysené.




Ceruloplasmin

= Koncentrace v krevni plasmé: 300 mg/I

= Funkce:

= Nese 90 % medi v krevni plasmeé
(méd — kofaktor celé rady enzymu)

1 molekula vaze 6 atomu meédi

- k médi ma daleko veétsi afinitu nez
albumin — albumin vaze pouze 10 %
médi = albumin muZe byt daleko
vyznamneéjsi v transportu medi,
uvolnuje atomy medi daleko
pohotoveéji nez ceruloplasmin




Dietary copper
Cu ~0.5-2.5 mg/day

ORGANS

Phase Il duodeum
- Blood Bile
Cu~6mg Cu ~ 2.5 mg/day .
Secretory fluids
disease
proximal
Phase |
Portal Circulation
Cu ~ 4.5 mg/day
Menkes distal

disease

Feces
Cu ~ 0.5-2.5 mg/day



Haptoglobin (Hp)
" o,- globulin, tetramer, o, 3,

= Existuje ve trech formach

= Funkce:
= Vazba volného hemoglobinu a jeho
doruceni retikuloendotelidlnim
bunkam

= Komplex Hb-Hp je pfilis velky pro
glomerularni filtraci = prevence
ztraty volného Hb (a Fe)

Volny Hb je filtrovan, ma tendenci k
precipitaci v tubulech = poskozeni
ledvin



Priciny zvyseni Hp
* Hp patfi k APRs =

e zanet, infekce
e traumaticka poranéni
e Nadorové choroby

Causes of Hp decrease

« half-life Hp = 5 dni X ale komplexu Hp-Hb = 90 min
(komplex je velmi rychle eliminovan z krevni plasmy)
= hladina Hp klesa, pokud je Hb kontinualne
uvolnovan z ery
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Intravascular hemobysis

Comparison between haptoglobin and hemopexin

THBSEHERES () Hemopexin Haptoglobin
| A Molecular 60 Hp 1-1: 86
B el dlirmhirs
e N e g mass (kDa) Hp 2-1: 86—300
or Hp deficaent Hp 2-2: 170-900
Reference range 0.4-1.5 0.3=-2.0
in adults (g /1)
™ Binding capacity ~ 6 mg/1 heme ~ 1 g/1 hemoglobin
Hb-binding capacity (HBC) metHb  hemoglobinuria Congenital Not descnbed Rare in Caucasians
Hpi1 @ 15:06glL e e deficiencies (1,/1000)
Hp2-1 : 1.0+05gl . .
Hp22 :07:04gL Common 1n blacks
Hp 2-1M : 0.7 £ 0.4 gL (up to 30%)
Metheme (hemin) + globin Plasma ) 54
+Hpx I | +albumin halt-life {da}-':-;]l
+ l Halt-lite of 7-8h < 10 min
_ the complex
mathemea-Hpx mathemallbwmin
Recycled after Yes No
h’ | +Hpe complexation
LIVEH Acute phase Low (1) High(t 1 1)
"‘}} - itk TeSpONSIVEness
Hpx recaplor

Fig. 2. Role of hemopexin in intravascular hemolysis. Initially,
circulating Hp rapidly binds free Hb o dimers and 15 taken up
by its hepatic receptor. HBC differs between Hp phenotypes.
When HBC 15 exhausted, or in congenital Hp deficiency, circulat-
ing free hemin 1s bound by Hpx and transported to the hepatocytes
by receptor-mediated endocytosis. Hpx also binds hemin bound to
albumin. In massive hemolysis, tree Hb passes through the
glomeruli resulting in hemosiderinuna and hemoglobinuna.

Delanghe JR, Langlois MR: Hemopexin: a review of
biological aspects and the role in laboratory medicine.
Clinica Chimica Acta 2001, 312(1-2):13-23.



Plasmatické proteiny a jejich ,,antioxidacni”
vlastnosti

Transferin

Feritin

Ceruloplasmin

Haptoglobin

Hemopexin (vaze hem a nasledné jen transportuje do jater)
PlUsobi jako ,,antioxidanty“:

vazi Fe ?*, a tim zabranuji Fentonové reakci:

H,O, + Fe?* - HO* + OH™ + Fe3*



C-reaktivni protein (CRP)

jméno podle schopnosti precipitace s C-polysacharidem pneumokokd
B,-globulin, hladiny signifikantné vzrastaji pfi zanétu
Jeden z nejvyznamnéjsich reaktantt akutni faze

Vazba na fosfocholin, ktery je vystaven na povrchu mrtvych nebo
umirajicich bunék (a na nékterych bakteriich)

Fyziologické hladiny nizsi nez 2—-8 mg/I

Plazmatické hladiny velmi rychle (2 hodiny) vzrustaji, dosahuji maxima
do 48 hodin:

Akutni bakterialni infekce (60 mg/I)

Mykotické infekce

Virové infekce (pouze do 40 mg/I)

Mozné riziko pooperacnich infekci

I\fl\irny'/b\gzestup po infarktu myokardu (10 mg/l = marker rizika kardiovaskularnich
choro

e Autoimunni onemocnéni

Nizka specifita (x prokalcitonin = marker generalizovanych
bakterialnich, mykotickych a protozoarnich infekcich)




Fibrinogen

* Glykoprotein, [3,-globulin (Mr 340 000)
* Plazmatickd koncentrace - 1.5 -4.5 g/I

 Slozka kaskady koagulace — prekurzor
fibrinu

Reaktant akutni faze

Rizikovy faktor aterosklerozy

* Pozn. konecné produkty degradace fibrinu

= D-dimery

* (= markery tromboembolickych stavu)

Human fibrinogen

coiled coil

% N-linked glycosylation
rFbgyC30 « thrombin cleavage site

{H. Cote, adapted from R. F Doolittde)



Imunoglobuliny

Ag Light chain

Protilatky produkované B lymfocyty NH Pypervariabl "
v odpovédi na stimulaci antigenem 2

Pozn. nejen protilatky! (adhezni
molekuly,” HLA molekuly, specifické
receptory B a T lymfocytu, receptory
pro rustové faktory...)

Volné  molekuly/zabudované do
membrany

/7 . . 7 CJ; -
Podminka = imunoglobulinova Heavy chain

hypervariable

domena regions

Reaguji. specificky s antigennimi Intrachain
determinanty (= specificka iunita) disulfide

bonds

AN

Sy

Interchain
disulfide
bonds

D)

* Minimalné __4 olxpeﬁtidové 0
retézce - 2 tezke (H)pa 2 lehké (L),
které jsou spojeny disulfidickou
vazbou
* |ehké retézce obsahuji konstantni

(C) a variabilni (V) regiony COOH COOH
IgG




Plasmatické enzymy

1. specifické:
cholinesteraza,
plasmaticka superoxiddismutaza,
lecitin-cholesterol acyltransferaza,

— inaktivni zymogeny koagulacnich faktort a faktoru
fibrinolyzy (protrombin, faktory VII, IX, Xlll) a komponentl systému
komplementu, nespecifického imunitniho systému (C1 — C9).



Plazmatické e

nzymy

Enzym

zkratka

Priciny zvysené hladiny

Alaninaminotransferaza

ALT

Poskozeni hepatocytu (jaterni choroby)
Poskozeni myokardu
(zvyseni propustnosti pfi poSkozeni bunék)

Aspartataminotransferaza

AST

Jaterni choroby
Poskozeni myokardu (akutni infarkt myokardu, operace srdce)
Poskozeni kosterniho svalu (dlouhodoba fyzickda ndmaha)

Alkalicka fosfataza

ALP

Cholestaza
Kostni choroby, kostni metastazy
Choroby jater (nadorové, virové)

Kreatinkinaza

CK

Poskozeni myokardu (nespecificky marker)

Poskozeni kosterniho svalstva (trauma, svalové dystrofie, intramuskuldrni injekce, resuscitace,
defibrilace), extrémni cviceni, chronickd renalni insuficience

Laktat dehydrogendza

LD, 5

Nespecificky marker rozpadu bunék
Pozdni zvySeni po infarktu myokardu (pretrvavajici, az 15 dni)

v-glutamyltransferaza

GMT

Poskozeni hepatobilidrniho traktu
Nadory jater a pankreatu




