Perynsamnusa KUcJIOTHO=OCHOBHOTO
PABHOBECHS IJIa3Mbl KPOBH



[TokaszaTtenn KOP opraHunama:
KoHueHTpauma nodos H*, 1.e. pH

Pco, aprepuansHom kposu (40 mmHg, 35-45 mmHg)

HbO, / Hb

1.

2

3. P02 apTepuanbHOU KpoBuM (KOCBEHHbIW NOKasaTerb)

4

5. KoHueHTpauunsa ocCHOBaHWW (cocTae bydepos)



pH.:

1. BHyTpukneToyHbin pH

BHyTpu sputpoumTa pH ~ 7,20 — 7,30 Normal pH
- Intracellular
2. BHekneto4yHbin pH Arse 70
Art.
HopmanbHbi pH nna3mbl 7,35 - 7,45 | 7.40 R4~ \7/'e3%.

COBMECTUMBIN C XXN3HbIO PH nnasmbel ~ 7,UV — 7,1V

3. pH aKcKkpeTupyembiX XXNOKOCTEN

[nana3oH 3Ha4eHun pH moun 4,50 — 8,00



ICTOYHNKN NOCTYyrJieHnAa U nytn ebiBeeHnA 13

opraHnama noHos H”
[locTynneHue:

*obpasoBaHue us CO, B TkaHsX
*0OpasoBaHNE HEMNETYYUX KUCIIOT B pesdynbrate metabonuama
‘rnotepsi bukapboHaTa (B pesynsrate anapen mn rp.)
‘notepsa bukapboHaTa ¢ Mo4voun
*abcopbums kucnot B XKKT
[loTepu:.
‘BbiBefeHve CO, Yepes nerkue
*yTUnu3auma H* npu metabonuame opraHn4ecknx aHMOHOB
‘notepu H* npu pBote 1 ¢ mo4von

*abcopbumsa ocHoBaHu B XXKKT



[MopoepxkaHmne KOP nnasmbl
obecne4ymnBalorT:

1. Oydpepbl:

— 6enkoBbIN (rnasHbiM 06pasom HD)
— BbukapboHaTHbIN

— bocdpaTHbIN
2. Nerkne (bnarogaps BbIBEAEHUIO YITNEKNCIIOrO rasa)

3. MOYKMU (6naronaps akckpeumn H* n peabcopbummn HCO,')



OO0Llee npegcraBrneHmne o
bydepax

pH =—Ig [H']
HA < H" + A", roe HA — cnabas kucnota
[H*] [A] |
[HA] =K Cy‘:IeTOM
MOHHOWU CuUJibl
[AT]
pH = pK' +Ig —— HA]

YpasHeHue eHOepcoHa-laccernbbarnbxa

. [A™]
[HAT+ [AT]

3aBUCMMOCTb CTENEHU Auccoumauunm
cnabou kncnotbl OT pH.

bydepHbIn adbdekT
3aKkrno4yaeTcsa B
YMEHbLUEHUN BNK
nobdaBneHHbIX B
pacteop H* unn OH-

bydepHasa eMKoCTb —

BE Ha, XapakTepuayLlas
exay

KonnyecTBoM AobaBneHHbIX H*

mnn OH" n nameHeHnem pH




B ero cocrtas BxogAaT 6enku nnasmel (ansoymmH) n Hb.

MaBHYHO POJib l/II'pa}OTRCOOH PRI RCOO- + H+ -

RNH," < RNH,, + H"
RSH & RS + H*

BbokoBble rpynmbl
bernkoB

\_

Hb cogepxunt
38
NMNOA30STbHbIX

konelIN__

ocTtaTtokK His

benkoBbi Oydep

n ap.

. B (p13. ycn. BKNag

HE3HAYNTESIEH

OCHOBHOM
BKNaa



Hb Oonee cnabag

KUCrnoTa, yem HbO2
mmol of H* = Je3oKkcureHauyums
et S I ycunueaet bydepHble
HbO, or Hb CBOUCTBA

remorrnodouHa
mmol of H*
removed
from 1
mmol of il
HoO; or Ho | 9%

7.30 7.40 7.50 7.60 7.70
pH

Figure 39-4. Titration curves of Hb and HbO,. The ar-
row from a to ¢ indicates the number of millimoles of H*
that can be added without pH shift. The arrow from a to
b indicates the pH shift on deoxygenation.




docdartHbI Oydep
H,PO, < HPO42' + H*
pK' = 6,80

»KOHUEeHTpauunsa doocdaTtos B NfiasMe HU3Kasad = eMKOCTb

docdartHoro dydepa mana.

»OcHoOBHas pyHKUMA doocdatHoro bydepa — perynsums pH

BHYTPU KIETKM N co3gaHne dydepa B MOue.



bukapboHaTHbIN bydoep

!
kapboaHrmgpasa -
pH = pK" + Ig 0
[H,CO.]
[HCO,]
pH=6.10 +Ig CO.)
[HCO,]
PR =6.10+19 0.03Pco,

aons nogaep»xaHua pH
BaXXHO OTHOLLEHNE
KOHUEHTpauumn (B Hopme

20:1), a He ux
Mé 3HaYEeHUS

[HCO,] = 24 mmonb/n
[CO,]= 0.03-40 mmorb/1

BukapboHaTtHbIn bydep — Hanbonee adbdekTnBHaa dydep-
Has cuctemMa nnasmbl, Tak Kak KOfTIM4ecTBO CO2 B KPOBM

perynupyetca nerkumu, a koHueHtpauua HCO, — nodkamu.

! CymmapHas koHueHTpaums HCO,™ 1 aHMOHHBIX rpynn Genkos

nocTtosHHa (=48Mmonb/n) N He 3aBUCUT OT Pco,




r Acid added

mea/L 15|

N

meq/L
(H2CO,]

HCOz ] .. _
—— ratio 20 0.9 10 16
[H?(-'O;‘i]

pH 7.4 6.0 7.1 7.3

Figure 39-5. Buffering by the H,CO,-HCO, system in
blood 'I't:(f; bars are drawn as if buffer ing oceurred In
Separ steps in order to show the effect of the initial re-
n'u- [‘u—' reduction of H.CO, to its previous value, and
its further reduction by the increase in ventilation. In this

ase, [H,CO.] is actually the concentration of dissolved
'@-'L');:»-- 50 that th e meaq/L values for it are arbitrary




NTak:

+»+BbYO®EPbI co3gatoT o4eHb BbICTPbLIN MEXAHWU3M

perynaumm pH — B TedeHmne 1c

O deKkTMBHOCTL Bydepa onpenensieTca ero
EMKOCTbIO

B nnasme rnaBHyo posb UrpatoT BENKOBbLIN U

bukapboHaTHbIN bydepbl



Ponb nerkux B nogaepxaHnm KOP

B cocTtoaHum nokosa n3a opraHuama ygansercs 230 Mo
CO2 /MWH, unu okosno 15-20 TbIC. MMOfb B CYTKU, =
13 nnasmbl UCYE3AET NPUMEPHO SKBMBASIEHTHOE
konunyecTtso H*

KomneHcaTopHas ponb 3akioyaercs
B perynsiuumn gbixaHus (runep- unm
rMNOBEHTUNALMS NErknx)

Perynauns abixaHust ocyLLecTBsieTcs
Yyepes LeHTparbHble XxeMmopeLenTopbl

3MeHeHNa OblXxaHNA SBNAKTCA ObICTPbLIM
mexaHuamom perynsumm KOP (1-2 MuH.):

eecnn pH | = rnnepBeHTUNALNS 1 Akcnmpauus CO2
perynupyeT Kofin4ecTBoO
CO,, obpasoBaBLueecs B
TKaHAX

eecrnv pH 1 = runoBeHTMNAUMS




Ponb novkn B nogaepxaHum KOP

B "~ Amino acids OcHoBHasa YHKLNA —
|
| /l\A yoaneHue HerneTy4Ymx KUcCnor
I NH1 + HCO4™ | Glucose | HgPO, + HpSO, | | Liver
; ™ - 40-60 H" mmonb / cyTku.
| Urea  Glutamine
H' HPOR SOZ L . [Tpn HEOBXOOANMOCTM MOYKM
HCO,™
= ’ MOIYT YBENUYNTb SKCKPELUIO
Glutamine HcTos- - | H* unn HCOS', TeM caMbIM
I\a-Ketoglutarate n3meHas pH kposw.

N3MeHeHUs AOeATEelIbHOCTH
NMOYKN ABJIAKOTCA MEeOJIEHHbBbIM
Figure 39-3. Role of the liver and kidneys in the han- MEXaHN3MOM perynaumnm KOP

dling of metabolically produced acid loads. Sites where

regulation occurs are indicated by asterisks. (Modified (HaCbI—CyTKI/I)
and reproduced, with permission, from Knepper MA et

al: Ammonium, urea, and systemic pH regulation. Am J

Physiol 1987;235:F199.)




Perynaunsa noykamu [HCO,'] B nnasme
OCYLLLeCTBNAETCA ABYMS NYTAMMU:

JKCcKpeumst NpodounsTpoBaBLLErOCA N [ nnu
CEKpPeETUPOBAHHOIo bnukapboHarta

[HCO,], = [HCO,] — [HCO, ], - [HCO,]

CeKkp peab

. [lobaBneHne HosbIx Monekyn bukapboHaTa B
KpOBb NyTeM cekpeunn H* n nytem
kaTabornmama rnroTammHa



Renal | Tubul
Al Pea6cop§tﬁﬂ HCO . Gt
fluid L 3 l

Na* + HCO3™

= Na*
L2, H*
HCO; + H* \
* HoCOj5
H2C03
’ Carbonic
anhydrase
________ niek H-O
CO2 e T S C-I(-)
L5 D (o o 0 R 6 . COs + HO

Cellular mechanisms for (1) active secretion of hydrogen ions into the
renal tubule; (2) tubular reabsorption of bicarbonate ions by combina-
tion with hydrogen ions to form carbonic acid, which dissociates to
form carbon dioxide and water; and (3) sodium ion reabsorption in
exchange for hydrogen ions secreted. This pattern of hydrogen ion
secretion occurs in the proximal tubule, the thick ascending segment
of the loop of Henle, and the early distal tubule.



Renal Tubular Tubular
interstitial cells luman

fluid L [o6asneHne HCO,
nyTem cekpeuun FH——

Clr=e=-=- -C-S- - €l - = Cl™
- - - HCO; + H* B g+

4 ATP

H2003
* Carbonic
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o
e o m R C02

FIGURE 30 - -
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Renal

interstitial
fluid L

Tiibultar [HPO42']= 4[H,PO,T]

cells \

H>COj;

i
H20

e
CO,

Na

Carbonic

anhydrase

FIGURE 30-7

Pl gyl

Tubular
lumen

Na* + NaHPO,

:

Na™*

Y

+ NaHPO4—

'

NaH2P04

l

H+

Buffering of secreted hydrogen ions by filtered phosphate (NaHPO, ™).
Note that a new bicarbonate ion is returned to the blood for each

NaHPO,~ that reacts with a secreted hydrogen ion.



Renal Collecting Tubular
interstitial tubular lumen

fluid L cells
s “CCRTA TR
ﬁ
Na+ NE]g ritepteimmesye > NH3
£ @ K+ “ ATP Cl-
A N HCO3 + H* H*
H2CO3 \
* Carbonic v B
H,0 anhydrase NH4+ + CI
------ - -
COZ‘___C___ CO2 l

FIGURE 3:0—9

Buffering of hydrogen ion secretion by ammonia (NH,) in the collect-
ing tubules. Ammonia diffuses into the tubular lumen, where it reacts
with secreted hydrogen ions to form NH,*, which is then excreted.
For each NH,* excreted, a new HCO; is formed in the tubular cells

and returned to the blood.



Tubular lumen

Tubular cell

Peritubular

capillary plasma

[HobaerneHne Hogozo bukapboHata nyTem

KaTabon

[MMIIOTaMWUHAa

Y
2NH4+ P —

>1Glutamine

—— Glutamine

NpoKcuManbHbIN
KaHaneu

Excreted in
urine




akum obpasom, cymmapHbin Bkinag HCO,
B KPOBb:

KONTMYECTBO 3KCKPETUPYEMBbIX TUTPYEMBIX
KMCMOT + 3KcKpeTupyembin NH,™ —
akckpeTnpyembin HCO |

MToro nony4yaem gobasrneHne nnm
BoiBeaeHne HCO,  u3 opraHuama.



Arterial plasma [HCO5 ] (mEg/L)

: : i 7|
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Table 33-3. Plasma pH, HCO, - and PCOQ values in various typical disturbances of acid-base balance.!

Arterial Plasma

[

HCO, Pas,
Condition pH (meg/L) (mm Hg) Cause

NORMAL 740 241 40 -
Metabolic 7.28 181 40 NH,Cl Ingestion

s 6.96 50 % Diabetic acidosis B
Metabolic 7.50 30.1 40 NaHCO, ingestion

Blkalse 7.56 49.8 58 Prolonged vomiting
Respiratory 7.34 25.0 48 Breathing 7% CO,

Ao 7.34 35 64 Emphysema
Respiratory 1.53 22.0 27 Voluntary hyperventilation

e 748 18,7 26 Three-week residence at 4000-m altitude

'In the diabetic acidosis and prolonged vomiting examples, respiratory compensation for primary metabolic acidosis and alkalo-
15 has occurred, and the P, has shifted from 40 mm Hg. In the emphysema and high-altitude examples, renal compensation

for primary respiratory acndosns and alkalosis has occurred and has made fhe deviations from normal of the plasma HCO,
larger than they would otherwise be.



34 Compensated Uncompensated
5 | metabolic ° metabolic
alkalosis, . alkalosis,
30 PCOQ 48 mm H(] ‘. PCU:?
40 mm Hg

Uncompensated Normal

| metabolic
o) 4 acidosis,

=

CO2
m

18140 mm Ha

Plasma HCO4~ (meq/L)

Compensated

14 ® metabalic
15 \ acidosis,

‘ ® Pog, 21 mm Hg
ol e T8

7.2 7.3 7.4 7.5 7.6
pH

Figure 39-7. Changes in true plasma pH, HCO ., and
Peo. 10 metabolic acidosis and alkalosis: This is called a
Davenport diagram and 1s based on: Davenport HW
The ABC of Acid-Base Chemislry, 6th ed. Univ of Chi

caqo Press. 1974




3akntoyeHue
»BaxHevnme xapaktepuctukm KOP: pH, Pco,, [HCO,-]
»bydepbl perynupyoT KOHLEeHTpaLMio NpOTOHOB
»llerkue perynupytot Peo,

»[1oukn perynupytot [HCO,-] B nnaswme

»Hapylwernnsa KOP BkntoyatoT B cebsi He TONbKO

n3ameHeHune pH, Ho 1 nameHeHusi Pco, 1 [HCO,-]



Effect on Electrolytes

e Potassium exchanges with H"
— Acidosis: K' comes out of cell & H" goes in
— Alkalosis: H" comes out of cell & K* goes in

e Chloride shift in the RBCs

— CI' moves into RBC in periphery, HCO?*" out
— CI' moves out of RBC in lung, HCO’" goes in

 Low chloride leads to metabolic alkalosis
o Alkalosis leads to low calcium levels



