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AB balance; introduction into
pathophysiological aspects
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rovhovaha mezi acidifikujicimi a alkalizujicimi
vlivy

nerovnovaha znamena, ze se:
zmenily se pomery kyselin a bazi,

zmenilo se pH organismu (neplati obecne),
narusily regulacni mechanismy,

postupne uplatnuji kompensujici mechanizmy




> balance between factors induced acidosis
or alkalosis
» dysbalance Is due to:

N/

¢ changes of both acids and bases,

“* change of pH in organism (however, it

IS not in every cases)

regulatory machanismis are affected
compensatory mechanisms of different organs




- AB Dbalance -

Recall:
General aspects of buffers:

A~_ H +B
Acid (A) is able
to release (resp. accept) proton
(H")
Base (B) is able

00 . T e
by FBaE- " H B

acid H' + HCO; — H, COsj

base OH + H, CO3; — HCO; + H,O



Koncentrace vodikoveho
kationtu (H*)
 lonty se v krvi vyskytuji v rfadu mmol/l =
10-3 mol/l
« [H*]=40 x 10° mol/l = 40 nmol/l

(rozmezi: 36 - 44 nmol/l)
« pH=7,40 (rozmezi 7,44 - 7,30)

* hodnoty slucitelné se zivotem 20 - 160
nmol/l = pH-7,70 - 6,80)

« H,CO,— H* + HCO, nejdulezit&jsi pufr




Concentration of H -

Blood concentration of different ionts is In
order of mmol/l = 103 mol/l

[H*] = 40 x 10° mol/l = 40 nmol/l (range: 36 - 44
nmol/l)

pH = 7,40 (between 7,44 - 7,30)

Values for surviving (20 - 160 nmol/l, = pH -
7,70 - 6,80)

H,CO; — H* + HCO; the most important
buffer




AB balance

Production:
a) H™ from respiration of tissues
(as H,CO3) -about 20 000
mmol/day
b) H" from non- volatile acids
(EIS H2804 or H3PO4)
- about 30-80
mmol/day

Buffers - total capacity 2400
mmol

Elimination - lung
capacity 20 000 mmol/day

- kidney
capacity 30-80 mmol/day




Hendersonova — Hasselbach
rovnice (dalSi Uvahy)

* pH =pK + log ([HCO,] / [H,CO4])

* pK kyseliny uhliCité neni konstantou, kolisa
kolem hodnoty 6,1

* [H,CO;] = a ™ pCO,

a je koeficient solubility oxidu uhli¢itého (0,03 mol-1I-
torr’, "tj 0,225 mol-'I-'kPa-"




Hendersonova — Hasselbach
equilibrium (remarks)

* pH =pK + log ([HCO,] / [H,CO4])

* pK H,CO; is not constant- but around value
6,1

* [H,CO;] =a ™ pCO,

a coefficient of solubility CO2 (0,03 mol* |7 torr7,
corresponding 0,225 mol-' |- kPa




AB balance

> Buffer systems:

= bicarbonate, ([HCO;]/[H,CO,]),[H,CO,] =a * pCO, >50%
(plasma 35% ERY = 18% ,)

= Hb ~ 35% :
= proteins,
= phoshate (minor effect in blood, important in kidney)

» Metabolic pathways: (where H* are either producing /
or consuming / or neutral chemical reactions)

» Requlatory mechanisms:

= respiration: lung (hypo-/hyperventilation)

= non respiration: kidney (bicarbonate, phoshate, NH, -
lons), GIT (acid gastric, alkaline pancreatic fluids), liver
(acidosis: 1 NH, ions in urine, | formation of urea in liver

due to effect of pH on |nh|b|tory mechanism of enzyme:
carbamoyl synthase, alcalosis: vice versa)




HA

. HoO3

PCO, x 0.03

Respiratory

Increase in PCO3]

-7
T
Myre
2. Ventifation/perfusion
ratio below 1

rentilation

Acidosis

less than 20 (pH below 7.4)

: 7
>£ (/- {ile Yt

Metabolic

{

Decrease in HCO3:

1. Increase in other blood acids
(i.e., lactic acid) causing use of
HCO3 to buffer excess H+

HCO3
PCOs X 0.03

Respiratory

Decrease in PCO2
] 1. e
HYTE -4
.. Vemilalionfperfusion
tatio above 1

entilation

Alkalosis

reater than 20 {pH above 7.4)

Metabalic

Increase in HCOT:
1. Ingestion of alkaline foods

2. Loss of other acids, as in loss of
acid gastric juice by vomiting, 1o
cause accumulation of HCOJ

Hewdcrion - g2, B

b i, H1C X009
0 603



AB balance

» Acidosis x alkalosis
» Metabolic (MAC or MAL) x respiratory
(RAC or RAL)

» Combination of both factors




Arterial

pH = 7.37 - 7.43
H* = 37 - 43 nmol
pCO, = 36 - 44mmHg kapnie

muzi 4,7 - 6.0 kPa

zeny (deti) 4,3 - 5,7 kPa

HCO; = 22 - 26mmol/l bazemie
muzi 23,6 -27,6 mmol/l

zeny (déti)21,8- 27,2 mmol/l

Venous

pH = 7.32 - 7.38

H* = 42 - 48 nmol
pCO, = 42 - 50 mmHg

27 mol/l

HCO3- = 23




New AB aspects Is derived
from basal ,non- dependent”
variable (nezavisle proménne)

pC02 (partial pressure of CO,

SID (strong ion difference)

A (albuminat, fosfat)




Zakladni promenneé

Basal dependent variable

Stewart & Astrup &
Fencl: Siggaard-Andersen:

— pCO, — pH

- SID — pCO,

— Atot — base excess
— HCO;




SID. s S

SID, = [HCO,] + [Alb*] + [Pi¥]

ilné
ron




Relevant AB parameters:

pH, physiological 7,36 -7,44
pCoO,, - 4,9 - 5,7 kPa kapnia
HCO,;, -“- 22 - 26 mmol/l bazemia
BE(ECT), -“- -2,5 az +2,5 mmol/l
Non — estimated anionts
6 -10 mmol/l
SID ¢, 38 - 40 mmol/i
Cl 104 - 108 mmol/i

corr’




Base excess function of both
HCO?3- and non-bicarbonate
buffers

bicarbonate is function of non-
dependent factors (SID, albumin,
phoshate)




Astrup & Siggaard-Andersen:

Base excess
(pH! pCOZJ HC03')

Stewart & Fencl
HCO3-
(SID, albuminate, phosphate




Respiratory acidosis

(hypercapnie)

» relativni pokles alveolarni ventilace k
produkovanemu mnozstvi oxidu uhliCiteho

» muze se jednat o primarni nebo sekundarni
fyziologicky proces (hypoventilace)

“* Abnormal process: relative decrease alveolar
ventilation to production of CO,
*» Either primary or secondary procedure

» pCO2 ~ produkce (production) CO, / alveolarni
ventilace (alveolar ventilation) - hypoventilation




Respiratory alkalosis

(hypocapnia)

» abnormalni proces, pri kterem je relativni
vzestup alveolarni ventilace k produko-vanemu
mnozstvi oxidu uhliCiteho

» muze se jednat o primarni nebo sekundarni
fyziologicky proces — hyperventilace

* Abnormal procedure — relative elevation alveolar
ventilation to produce amount of CO2

» Either primary or secondary procedure

» pCO2 ~ (produkce (production) CO, / alveolarni
ventilace (alveolar ventilation) — hyperventilation




Metabolicka acidé

» abnormalni proces charakterizovany primarnim
vzestupem silnych kyselin nebo ztratou
HCO,~ z extracelularni tekutiny

» abnormailni proces charakterizovany primarnim
vzestupem silnych kyselin nebo ztratou
silnych kationtu (hyponatremie) z

extracelularni tekutiny

*» abnormal procedure — primary elevation of

strong acid or lost HCO, from extracellular
fluid

“*»abnormal procedure primary elevation of
strong acid or lost of strong cations
(hyponatremia) from extracellular fluid




Metabolicks alkalé

» abnormalni proces charakterizovany primarnim
vzestupem silnych bazi (nebo ztratou silnych
kyselin) nebo vzestupem HCO; v Krvi

» abnormalni proces charakterizovany primarni
ztratou silnych kyselin nebo primarnim

vzestupem silnych kationtu (hypernatremia)

Alavs nn ¥
CICV Ull Ul

a
ses (lost of strong acid) or elevation
of HCO; from extracellular fluid

s+ abnormal procedure primary lost of strong acid
or elevation of strong cations (hypernatremia)
In blood.

+1
L




 Dalsi poznamky k AB rovnovaze
Further notes to AB balance

Dalsi obrazky jsou podrobneji vysvetlu-
jici k AB —rovnovaze (latka byla
diskutovana v ramci biochemie a
fysiologie -2 rocCnik)

N/

* Next slide are explanatory remarks to
AB Dbalance (details see lectures:

biochemistry and physiology - 2 year of
study).




AB - balance

RECAL:
Acid — compound (ion) with tendency lost
(release) proton (H") ton,

Base - % % with tendency
accepted proton

Different acids according to proton theory
Different base according to proton theory




AB balance

Concentration of many ions in
blood is in range of 10° (mmol),
however, H" is in range of 107
(nmol)

R

" pH of blood = 7,40+ 0,04

Origin of proton (H") is from
metabolic pathways

Metabolism
non- volatile volative
(netékavé) (tékavé)
acids
PO~ HCOs

SO~

Elly production:

about 70 mmol 25 000 mmol




BUFFERING SYSTEMS

~\ : Pulmonary Caplilary Beds

HbCO2~—>Hb +

H20 + CO2
Carbonle
anhydrase

H2C03

CO2 lost
across lungs

Tissue Capillary Beds

iz

CO2 production :
Hb—=Hb 4 CO2 (23%

carbonic
Haco,

plasma

0___-—_.-
£og. ¥ B anhydrase
dissolved ‘)
i COz (7%) HCO3 + H+ =
i clI— ;
| 70, :
' / Plasma
e HCO3
(70%)

=
_¢P




BUFFERING SYSTEMS

Tissue Capillary Beds

02
To active

/ cells

Maelabolizing cells

Pulmonary Caplllary Beds




Hb as buffer (both HHb and after
binding of oxygen - HHbO, are
acids — pK 7,71 and 7,15 -
stronger is, therefore HHbO,)

HHB +02 — HHb02—> H+ + HbOg-
H" + HbO, — HHb + O,

Hb- BPG +4 O, — Hb(02)4 + BPG

is composed from four subunits:
ayB2; each subunit is formed by
globin + hem (pyrrol structure — with
central atom Fe ** - has six binding
position: four of then to each pyrrol,
fifth to globin — via histidin  and
sixth to oxygen)




TRANSPORT OF
OXYGEN

Hb + 40, oxyHb

Pulmonary Caplllary Beds

Tissue Caplllary Beds




TRANSPORT OF CO,

a) bicarbonate mechanism

b) carbamate mechanism
R-NH; +CO, =R -NH-COO

(o — NH2)




O
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CO, BINDS TO THE TERMINAL AMINO GROUPS OF HEMOGLOBIN

AND LOWER ITS OXYGEN AFFINITY

Mcst of CO, is transported as
carbonic anhydrase
CO4 +

Ho0 = HCO4

Much of H protons generated
deoxyhemoglobin as part of the

bicarbonate by the action of

3 HY

by this reaction is takne up
Bohr effect

In addition, CO, is carried by Hb in the form of carbamate
(reversible reaction of €0, with alfa- amino groups of
hemoglobin
R-NH, + ={_ R-NHC0O~ + HT
O/_N;‘/:,\ CAMpama k.

MECHANISM OF THE EOHR EFFECT

The affinity of
ag a consequence of transition

His 146

Acia ---ssase + " [pK [
(-
P

...l,:_,_.
V' I+ Ht

some sites for H protons

must be increased

(deoxy-Hb to oxy-Hb)

Asp 94

Acid ---»Base + H !pK ;
~COOH --3C00~ + HY

"
Aspartate 94 réalises the pK of histidine 146 (on each
beta-chain) in deoxyhemoglobin. The proximity of the
negative charge on aspartate 94 favors protonation of
higstidine 146 in deoxy-Hb. In oxy-Hb, his (146) rotates
freely, whereas, in deoxy-Hb this terminal residue

participates in a number of interactions

_ oy, e’

0

\ o®




Aminoacids are able to buffer pH
due to different AA:

dissociation of both NH; and
COOH groups

Peptida
i i rJ

ey .l"urln f/
H geld g F —N—- Hlstidin —G_NH —::-




AB - BALANCE

1) buffer systems

a) HCO;

b) Hb

c) proteins
d) phosphate

2) metabolic pathways

.~ proton- proton- proton-neutral
__production consumption
glucose - lactate - glucogenesis glucose - Krebs cycle
i lactate
lipolysis - lactate - lipogenesis from
FA + glyc. CO; +H:;0 glucose
+H"
ketogenesis - AA - urea + CO; + H,O glutamin from lactate

acetoac./ +3H*

diH: AA - urea + H

urea from NH,

diCOOH AA - urea
+C0, +H.0




- BUFFERING SYSTEMS -

(kidney)

a) bicarbonate




BUFFERING SYSTEMS -
(kidney)

b) phosphate

b) ammonium ion

NH; (ammonia is derived from
glutamine) + H™  ceemeeeeeee >
---> NH;" (ammonium ion)




e ? W demmr n

100 g of protein ---—----=--——>urea + HCO;3"
(metabolism of proteins.... )

PROTEIN
*- aminokyseliny ———— *
uhlflcovy skelet [ MHy
— e ’
= FT— ‘ - plutamat
M0+ 60, [DHEOZ T CHY i+ LiRI:E Y {2-oxoglularal) M ,'J ;
iV 'l 1l
t—,_l GLUTAMIN | R L
el Y Y ——— _ glutamat =t by
moc [ NHI 1 [(B~owoglulardl) <
v modl  (jite, svaly)
{jeiLrn) = == e e h?
favorizovino pii favorizovdng pri ’.fi_,‘ilgﬁ
alkalémii acidémii = Lia
b ds
- s st Catbyp

Obr 3. PResmylk detoxikuce [NH,'] cestou tvorby medéoviny na tverbu glulaminu v jitrech (8 ehricend) | ‘rf
v zhvislosti na pH-krve —I.'{ir.;._L‘g/

elevation of H (pH from 7.4 to 7.1)

in urine elevation of ammonium

in blood decrease of ammonium
lower ureagenesis in liver due to inhibition of
carbamoylphosphate synthese

 decrease of H '(pH from 7.4 to 7.8)

in urine decrease ofammonium

in bloodelevation of ammonium

higher ureagenesis in liver due to activation of
carbamoylphosphate synthese




3) regulatory systems

a) respiration
b) non-respiration

1) liver

2) kidney (acidification of urine)

3) stomach and pancreas

(secretion H'/HCOs3)

3 Hvnences [ox HosoeasTass avn Bioon Gaces
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lumen
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blood
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pancraatic cell
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pancreatic
duct

Fig, 3.8 Generaticn of acidic gastric and alkaling
parcreatic seerstions, f—l‘,'drn:lgun antd bigarkanatr fans

ark generated frorm carkon gioxide and wigler, eafalyzad

Ly zarbonate dehydracass, e the stormach, e
hydregan izns ara zacreted while hicarbonare is
relaingd. The reverse procwss accurs in the pancreas,




- gastric
parietal cell

€O, H,0

]

carbonate __|
dehydratase

stomach
lumen

{ dehydratase” " |

exocrine
~ pancreatic cell

carbonate

A 4
H,CO;4

pancreatic
duct

ig. 3.8 Generation of acidic gastric and alkaline
ancreatic secretions. Hydrogen and bicarbonate ions

re generated from carbon dioxide and water, catalyzed

by carbonate dehydratase. In the stomach, the
hydrogen ions are secreted while bicarbonate is
retained. The reverse process occurs in the pancreas.




pK klinicky vyznamnych kyselin

clinical important acids

HCI (pK  0),

H,PO, (2.00),
acetoacetat (3.58),
lactic acid (3.86)
(4.39)

B -hydroxybutyrate (4.39),
H,CO, (6.10).




Henderson had introduced dissociation constant (K, - ratio
between dissociated [H'], [A] and non-dissociated [HA] fraction
of appropriate acid

[H'] + [A]

[HA]

Hasselbach transformed this formula into negative log formulation
(to be compatible with value for pH)

[HA]

[A]

pK, + log [A] / [HA]




