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Difuse
m Prvni FickOv zdkon (1855): J=-D/RTxAP/AX

m velké plochy
m krdtké vzddlenosti

m velké rozdily parcidlnich tlakd

m CO, 20x rychlejsi nez O,

Koncentrace a parcidini tlak

molekuly O2 ve vzduchu

Suchy vzduch: 21% je O,
F02 = 02]
[O,] = 210 ml/I

Protoze Pz ~ 760 mmHg
Poo = 0.21 x 760 mmHg
= 160 mmHg
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370C

Viiv vodni pary

Pg ~ 760 mmHg
Pwoo = 47 mmHg (pri 37°C)
Pory = 713 mmHg
Poo = 0.21 x 713 mmHg
= 150 mmHg

O, Vv roztoku

Po equilibraci:
VIDUCH: Pg, = 150 mmHG S
VODA: Py, = 150 mmHg .

VZDUCH: [O2] = 210 ml/I

VODA: [O2] = 4.5 ml/I
Rozpustnost O2 -

=4.5 /150 =0.003 ml/(dl.mmHQ)
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Transport O, v roztoku pri ndmaze

m rozpustnost = 0.003 ml/(dl.mmHg)
m Poo v arteridini krvi = 100 mmHg
m [O2] =3 ml/l
m srdecni vydej =30 1/min
m max. O, k dispozici = 90 ml/min
Ale potreba O, je 3000 mil/min!
CO, podobné (rozpustnost 0.067 mi/(dl.mmHg))

Hemoglobin (Hb)

m Transport CO, i O,

= NH, skupiny N-termindlinich val

= Fe?* hemU

oxyHb A: a,p,

m 4 globiny + 4 hemy (Fe?* v porfyrinovém kruhu)
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m R (relaxed):
= pii 10,
= 7 afinita k O,
= stabilizovano TpH
m T (tense)
= pii O,
= | ofinita k O,

= stabilizovano CO, & H*

2 konformacni stavy Hb

2 komparimenty:

Transport CO, v krvi

3 mechanismy:

~4

m plasma

*a rozpustény (~8%)

- A% rozpustnost > O, (22x)

~5%
\;‘7 m jako HCO5 (~70%)

m erytrocyty —
\{/5 | |
\ = joko karbamino

komplexy proteinU
HE) " (R-NH,+CO,)
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Transport CO, jako HCO4

Karboanhydrdza v erytrocytech:
COQ + HQO > HQCO3 — H*+ HCO3_

Hb rychle pufruje volné H*

(lpH — | transport jako HCO4)

Cast HCO5 difunduje z erytrocytd x CI dovnitt
(elektroneutralita, osmotickd =):
chloridovy posun

@ Transport CO, jako
karbaminoHb: Haldanuv efekt
John Scott Haldane
(1860-1936) 200
Obsah
CO; + NH, skupiny €0, (ml/L) oo
N-termindinich val > P.=0
deoxyHb a & B 400 |12
retézcu 300
— 1 molekula Hb 200 |Pop=100
prendsi az 4 100
molekuly CO, 0
0 25 50 75 100
Pco, (MmMHg)
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Transport O, v krvi:
Hb-O, saturacni krivka

kooperativni
vazba O, Zilni krev arteridini krev max.
/o’ruroce
200
Obsah feneseny O,
o, 19 (spotfebovany
(mi/1) v tkdnich)
100
50
____________ rozpustény
0 v plasmé
o 20 40 60 80 100 120
Po. (MmMHg)

Na fransport CO, staci mensi
rozdil parcidlnich tlakd nez pro O,

600

Obsah CO,
(miL) >°°
400 ¥
300
O,
200 — gt
100
(0]
0 25 50 75 100

Parcidlni tlak (mmHg)
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Pulsni oxymetrie
m bezpecnd, snadnd, neinvazivni, (periferﬂll SOQ)

levnd, uziteCnad pri intenzivni peci
m ne vzdy shodnd s arterialni SaO,

Absorption Spectra of Hemoglobin
T T T

m ale dobrd korelace 0

m svétlo 2 vinovych délek skrz tenkou
Cast téla do fotodetektoru

m Mé&fi absorbanci pfi kazdé z
vinovych délek

= Meéfi Spy, ne [Oy]

NIR region
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Transport O, v krvi:
Hb-O, saturacni krivka

Pso

Saturace

(%)

40 /

20

o] 20 40 60 80 100 120
Po. (MmHg)
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Christian Bohr

Saturace
80
(%)
60

40

20

H* — | afinitu Hb-O,:
Bohruv efekt

Zini krev

;lpH

T pH
vic s 1 aktivitou
jesté vic ve svalu
— laktat
20 40 60 80 100

Po, (MmHg)

1 H*— 1 protonace
a & P retézcu

ve stavu T —

1+ ndboj —

1 iontové interakce
s blizkymi COOH
skupinami —
stabilizace T stavu

CO, podobny
ale mensi efekt
(via R-NH,+CO,)
(~HaldanOv efekt)
+ vliv na pH

b

0 1500 3000 4500
Vaha téla (kg)

1.5
log Pso 1.4

1.3
1.2
1.1

1

0.9

Siinéjsi BohrOv efekt
U mensich savcu

—Mys
—Morce
—Clovék
—Krdva
—slon
—Plejtvak

0.8
7 7.2

7.4 7.6 7.8 8

pH
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KADETI — vpravo hled!
CADETs - look right!

Sat |
60 cidita
PG (2,3-BPG)
40 .
Exercise
20 plota

0 20 40 60 80 100 120
Po, (MmHg)

2,3-bisfosfoglycerat (2,3-BPG)
(2,3-difosfoglycerdt, 2,3-DPG)

o)
HO/\\p\/OH onq ™ meziprodukt glykolyzy v erytrocytech

e} (~ 5 ml\/\)
HO O m rychle spotfebovavdn pii normdalnim

o:%»\o Poo. hromadi se pri [P,
HO m prednostné se vaze na P retézce
m~9 A
m pasuje do deoxyHb formy (11 A kapsa)
= hOF do oxyHb formy (5 A kapsal)
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Fetdlni Ho (Hb F: ayys,)
= Vazba BPG: y<a<p

® Yy md méné + ndboju, které atrahuji - ndboje na BPG
s ] tvorba BPG v placenté

+ od 6. tydne:
100 embryondini Hb (vC. F)
Saturace + od 3. mésice dominuje F
@ % - Aod 40. tydne
60 pfi * 50-95% F
« od 6. mésice dominuje A
40
Bohrv efekt v placenté (a CO,)
20
o

0 20 40 60 80 100 120
Po, (MmHg)

Myoglobin (Mb)
1 fetézec — neni kooperativni vazba O, (“vie nebo nic”)

100

Mb
Saturace 80 Hb
(%)
60
40
20
0

0] 20 40 60 80 100 120
Po. (MmHg)
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Dyshemoglobinemie

m 3 formy Hb, které nemohou transportovat O,:
= MetHb
m karboxy-Hb (CO-Hb)
m sulf-Hb

m O, kompetuje o vazebnd mista Hb s jinymi

ligandy v krvi

Methemoglobinemie

m Fe?* v hemu oxiduje na Fe3* (NO & jeho donory, C=N)
m Fe3* rusi kooperativitu Hb — | uvolnovani O, v tkanich (~Mb)

100

. normdlné 1-2%
Satu:at|on 80 £ e >5-7% riziko
(%) «  koufeni <10%
60

Léébq: , 40 Oprava:
metylénovd modr NADH metHb
Fe3* — Fe2* 20 redukidza

QN@ ] (cytochrom-b5
S| € 0 reduktdza)

O 20 40 60 80 100 120
Po, (MMHg)
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Kdy je methemoglobinemie
dobre?¢
CytC oxidasa
100 MeTHb
s Ho
Vazb
o
(%) 60
40
20
0
[C=N]
Typy hypoxie
300 Zilni PO» arteridini Po2
250
200
}\Pfenesem'/
Obsah 150 O,
0,
(mif1) 100
50
0
0] 20 40 60 80 100 120
Po, (MmMHg)
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Typy hypoxie: hypoxickd

300 sini arteriaini Po
} 1 Pagz *+ | Pvg, 250 Po2
= AA-V [O,]
200
Obsah ) }\Pfeneseny
150
o, > 0,
(mif1) 100
50
0
0 20 40 60 80 100 120
Po, (MmMHg)
Typy hypoxie: anemickad
300 Zilni arteridini Poy
=Pag2 + | | Pvo, 250 Po2
= AA-V [O,]
200 -
Obsah 150 - \
0,
(i) 100 }\Pfenesem’/
O,
50
0
0 20 40 60 80 100 120
Po, (MmHg)
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Karboxyhemoglobin (otrava CO)

100
Saturace 8 | CO 0
2
Hb 60 250
o, 40
(%) o
0 200

0 25 50 75 100
Parcidlni tlak (mmHg)

150
CO se vaze na stejném misté  Obsah

jako O, (~250x vétsi afinita) O, 100
(mlfl)

50

0

hem oxygendza

/

Normal (<1-2% HbCO; min 0.5-1)

50% HbCO;
50% Hb

20 40 60 80 100 120
Po, (MmHg)

Typy hypoxie: ischemickd

arteridlni Poz

‘ Preneseny
O,

3 ini
=Paog, + | Pvo, 250 Poz
T AA-V [O,]
200
Obsah ‘
150
o, ° y
(mI/I) 100
50
0

1 ml/min krve
v tkdnich —
tkdné
potrebuji
extrahovat 1

O3 z kaZzdého
80 100 120 ml

Po, (MmHg)
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Typy hypoxie: histotoxickd
300 Zilni arteridini Po2
= Pag; + 1 Pv Po2
iAA?\zl [0,] % 20
200 l Pfeneseny
Obsah 150 2K }\Oz
0,
(mif1) 100
50
0
0 20 40 60 80 100 120
Po, (MmMHg)

4 typy hypoxie
Pao, AA-V  Pvo,
[0.] 2 ||
hypoxickd 1 = | o :‘EE e

0 20 40 60 80 100

250

H 4 Obsah 200
anemicka = = 1l o 10 ,//i_
(GUDI =
o

0 20 40 60 80 100

250

Obsah 203

. ., B x

ischémickd = 1 | Sy o0 £

(o]

0 20 40 60 80 100
250
: . . Obsah 21‘5’3
histotoxick&a = ! 0 o 50
(mlift) 50
0

o

20 40 60 80 100
PO2 (mmHg)
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Kompenzace
200 g Hb/I

200 ]509 Hb/I

o, 100 g Hb/I

0 20 40 60 80 100 120
Po, (MmMHg)

Erythropoietin fidi vyvoj erytrocytu

iy _ — @
( °
Hypoxua induced kidney Erythrocyte Reti culocyte
EPO expression

> 0’0 ©
= 5 ., EPO
Pencytes produce EPO OﬁhOChfomamPh"lC
erythroblast
/EPOR
. Lineage Erythroid $ Y
decision Imeage )
0:0:0©- 9 9 g 9
. GATA1 KLF1 N %
P
Hematopoietic N Megakaryocytic- BFU. CFU-E Proerythroblast Basophilic Polychromatophilic
stem cell erythroid erythroblast erythroblast
progenitors
|—‘ EPO dependent
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HypOX|e ridi uvolnovani
eryThrop0|eT|nu

, 1‘7 " i
log Sy
max 1 gt
plasma €+ Miyake et al 1977
[EPO] « kortik&Ini intersticidlni b.
(units/ml) (filoroblasty)
o1 + glykoprotein 30 kDa
« proteinovd Cdast 18 kDa
+ 165 aa
0.01
50 60 70 80

Po, (MmHg)

Hypoxia-inducible factors (HIF 1—

Konstitutivné: HIFa HI FB

NS

HlFaB

Normoxie: 0,-dependentni

Hypoxie:

'

transcripce gent
(EPO, VEGF,
ul. protein) glycolyza,...)

Pavodné (1991): HIF-1
2020 (ledviny): HIF-2
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