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Acid-Base Regulcltion-"

so as we said before the buffers are the first line of defence :
If we have too much acid ,a base from buffer system will interact with.
If we have too much base,an acid from the buffer system will interact with.
PH & 8l )aa (e ) 5883, g ) glaicay ) glglagy 7 ) buffers Jsw

Respiratory system is more faster than the renal system

Respiratory regulation of acid-base balance

Alkalosis= excess removal of H+ from the body fluids

Ll a9 PH ad i L ¢l hydrogen ions Jw k& duas acidosis <i¥ls & JaiHCO3- Wsa M
alkalosis Us jsa;y HCO3- 134 4dle hydrogen ions a Us 5% L

Acidosis= excess addition of H+

pH<6.8 Acidosii Alkalosis

< | pH= 7.35-7.45 | >
Death

Respiratory Regulation of A/B

2nd line of defence against acid-base disturbances in the body.

* By modulating CO2 excretion.

* Normally, PCO2 = 40 mmHg (35-45 mmHq).

* 1CO2 formation > TECF CO2 > 1 ECF PCO2 & Vice versa.
1ECF CO2-»1H2CO3 * 1H+

(a) In body tissue

Cco, /1
produced

&1 nhyd rnﬂj
.;

25 -

0 m e adkivg metabolism in the cells (» 3= €02
1_ZEndothelium “ . . .
" - Al Al dissolved ¢S OV Wl circulation

Body tissue Blood capillary

CA 2525 H20 g= bl jm 43 gl hydrostatic Pressure
A juay 79 ima acid ¢ 8,4))H2C03 OssSuy
HCO3 ((HCO3- s H+ ) disassociate

PH < 552

HYDROGEN IONS = 4k 5 CO2 Laila**
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¢ Response occurs within 3-12 minutes.

e I ventilation (RR) - 4,4, PCO2 - PH
CO2 n palddy Glis
¢ |, ventilation (RR) = accumulation of CO2-> 11 PCO2-> J,PH
e | J [H+] & 1pH = VI J ventilation (RR) & accumulation of CO2-> M1 PCO2.
pH (s Ji& oLis hydrogen ions Ju Biisy sy avall glkalosis <Yl 2
o M [H+] © 4 pH > P 1 ventilation (RR) = J  PCO2

too much hydrogen J4bs HCO3- Jk hydrogen ions Jale e J 8L awadl acidosis <l 4
<Nl A ) (waatly g pressure of CO2 &z g ventilation 235 zulung Al ions
PH a&.) (s g acidosis

1)

More changes in RR at low pH Less change (|) in RR with high pH

1
\ LPO2
1
11 ventilation

T T T
7.0 71 7.2 7.3 7.4 7.5 7.6
pH of arterial blood

Respiratory compensation is less effective at pH increase
L3 go PH A JuF giis Oy Jlull US aig normal PH <lisad) jsaa o haugl) 8 s2ic D
alkalosis (it Crall US ad Lal pH 315 1315 sl (0 83031 CO2 alhaly g alveolar ventilation
Le 43 Jaad g (pansY) M b hydrogen ions s Bélas lie ventilation <idss 75 lung Al
Haa 7o A8 Gt g normal o8 CeaesSY) 554 S £ respiration <iddd ae Jung ale
Nl b oSt Wl g effective (19SS 7o W 4,1 metabolic alkalosis 2 Ak ventilation
acidosis

Alveolar ventilatipn (normal

So hyperventilation is more dominant than hypoventilation

Renal Regulation of Acid-Base Balance

© potent o« 4ishy regulation s Jlds cdy oy Cadalll JAdll Sale (98

3rd line of defence against acid-base disturbances and the most powerful.

¢ Kidneys conserve HCO3 - and excrete acidic ( {d, acid in ECF) or basic urine( | /base in
ECF) depending on body needs
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& non-volatile lungs &b o allisg CO2 ) volatile : & L 2 types of acids (2 43) LisSa

kidneys

b oo bty

e Kidneys eliminate non-volatile acids (H2S04, H3P0O4) (~ 80 mmol/day
e Filtration of HCO3 - (~ 4320 mmol/day)

e Secretion of H+ (~ 4400 mmol/day)
¢ Reabsorption of HCO3 - (~ 4319 mmol/day)
® Production of new HCO3 - (~ 80 mmol/day)

H+ is not
excreted as free
H+ but rather in
combination
with other
urinary buffers,
especially
phosphate and
ammonia

production _xalh awall Aala cuua

e Excretion of HCO3 - (1 mmol/day)

Acidosis:

- increased H+ secretion

- increased HCO3- reabsorption
- production of new HCO3 -
Alkalosis:

- decreased H+ secretion

- decreased HCO3- reabsorption

- loss of HCOS - in urine

85%
(3672 mEqg/day)

4320 mEqg/day

Key point: For each
HCO3- reabsorbed, there
must be a H+ secreted - 10%

HCO3- J! reabsorption (shlia Jsa

432 mEqg/day

>4.9%
(215
mEqg/day)

(1 mEg/day)
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Mechanisms of HCO3 - reabsorption and Na+-H+ exchange in PT, thick loop of Henle
& early DT

(© g 3 84 Jua g i dan ) o ) g al))
Na-K ATPase—+ Dec. IC Na—-» [] gradient

s Ll 7 ((primary transport)) basolateral s 83923 L sodium potassium pump
gradient (& Jua L DAY cuew secondary transport « sodium —hydrogen pump Jids 431
H+ s HCO3- ! dissociation of H2CO3 (w <l ¢ <l ¢y ¢ hydrogen ions & cub

!

H+ secretion into the tubular fluid by Na-H counter-transport
NO CHANGE IN LUMINAL pH (EXCEPT COLEECTING
DUCTYS)

HCO3 reabsorption starts with formation of H2CO3 —* CO2

Reabsorption —> Na-HCO3 co-transport
Replacement of filtered HCO3

Renal Tubular

fluid Na+* + HCO3~

e

a+
H+

E .

Y

H,CO,

Carbonic Minimal pH
anhydrase

adlaiy g slall aa ady g (diffusion) cell JalA tubular lumen ¢+ J3d CO2 4l Us Jla o2
Gk Csinterstuim (& HCO3- 7.9 o329 HCO3- 3 H+ iy dlSihy (any 9 H2CO3

b 9 exchanger Giub ¢ lumen s pdbi 7, H+ B9 HCO3- sodiumcotransporter
filtrate (» ¢ A HCO3- buffer g

(Sas 3 JB) A 5 minimal pH=6.7 058 £ Ay pH Ao il L CO2 cussi ddes (08 Sa
PCT 4la g

s Jla Lag 4aasl) (udlyg filtered bicarbonate uass (lés interstuimd! HCO3- Jsia 4das

HCO3- J 3l ()
|
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HCO3 - reabsorption and H+ secretion in intercalated cells of late distal and collecting
tubules

Primary Active secretion of H+ by H+—ATPase & and H+- K+-ATPase
CHANGE IN LUMINAL— pH acidification of U

one HCO3 is absorbed for each H+ secreted —*> HCO3-CI counter transport (PT, LH,CD)
one Cl is passively secreted H+.

Renal | Tubular
interstitial ) Type A
fluid intercalated cell

= o S

S5 H+ 9 HCO3- Wiy H2CO3 Us ymany slally clsans (pdny g interstuim (e (3 CO2 (84 Lein
H+ gk

= hydrogen secretion J! types 2 Us g interstuim & HCO3- 4lx 7kl a3¥ lumen &=
R

H+/k+ cotransporters primary transport (atpase)
CL-/HCO3- cotransporter (&b (4133 (S HCO3- by
H Jasn s Hisecretion J 2 mechanisms Us (lée PCT Jb ) e AS) J 3 (Saa (98 pH

Only a limited number of H+ can be excreted in its free form in urine.

freely hydrogen ions ¢! urine (2 e La
* Lowest possible urine pH=4.5 — = 0.04 mmol/L of free H+.
» How does the kidney excrete the extra H+?

The extra H+ secreted will need to be buffered in the tubular lumen Non-Bicarbonate
Buffers in the Tubular Lumen

non_Jily abnormality ¥ b ¢Sl buffer ¢.sSs bicarbonate 4l el 8 Sa
Jet a7 urine (o H+ S Ue o6 W A) Jaas kidney (8 Jiidu bicarbonate buffer
buffers

|
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2 main non-bicarbonate buffers in the tubule

Filtered Synthesized |
| Phosphate buffer system | | Ammonia buffer system |

"‘H4+ > NH3 + H+
(acid) (base)

H,PO, — HPO,2 + H*
(acid) (base)

tubules b giath; ) ol filtrate B83sa9e 4l Wl buffers Jsw da

Buffering of secreted H+ by filtered phosphate (NaHPO4 - ) and generation of “new”
HCO3

Renal Tubular interstuim (» CO2 (A da

interstitial L Tubular cells lumen
fluid Na*+ NaHPO,~ $ H20 Wiy H2CO3 Uz

‘ J reabsorption +<a:9 HCO3-

s . lumen J! H+ gl s HCO3-

o TP ( ) CoH+ pdhile JS3aeld Uika g
HCO,~ ~<€-~- HCO;™ + H* R IeRE, Reabsorption for HCO3- <
“New” HC A l filtered (» Ui new O o

H,CO, NaH,PO,
Carbonic
anhydrase l

phosphate Jb duas H+ 3 5
phosphoric acid &8s buffer

H,0
+ . .
urine 2z king

|
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Production and secretion of NH4 + and HCO3 - by proximal, thick loop of Henle and distal
tubules

Ammonia buffers are formed in most of the tubules

¢ Quantitatively, NH4+ system is more important than the phosphate buffer system for
H+ excretion in urine.

e It is the most important system in case of acidosis.

e Ammoniagenesis(formation of new ammonia) from glutamine

amino gl (= £ ¢ circulation (e Us
v - . . . Interstitia umen
dedty AUy metabolisms in the liver (% fluid k tubular cells

L ey Wi ga¥ly 2NH4+,2HCO3- ) . 4
/\

excretion to the lumen by sodium- <

L ga¥) Ll smas 9 NH4+contransporter _ '
43 A S Saa s chloride i binding Glutamine === (ju)taiie = Glutamine

—

tubular e 75025 H¥, NH3 ) &l<it L ga¥) v

lumen -2H003 2NH i l

. New” HCOy
SR acidosis 2 Jxid buffer system a2)

" e Hy' NH, "+ CI~
most efficient than phosphate buffer % "
at at
system

Buffering of H+ by NH3 in collecting tubules

. 3 o fauall & Le S Renal Tubular
. prOijaI o 65 Iall i Ue S interstitial (‘E)olllectlnci;l lumen
Ae (4 sl b NH3 o= tubular cells fluid B
Diffused to the W< 7, NH4+

Ue jmarg Cl- s H+ e ki 5 75 lumen
ammonium chloride

- HCO3_ + H*
“New” H(Oy A
Carbonic
anhydrase
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Phosphate and Ammonium Buffering In Chronic Acidosis
500

ammonium buffer 43 Aa 98 400 | mmm H,PO, + HSO,
acidosis <Yl 4 efficient xS —

A gdila gcidosis il LalS (h gdida G 9R g Acid 300 4
v e e . . Excretion
dayial J) ) ammonium buffer —is (mmolesiday) 5

excretion for hydrogen (s.sw Olis
ions 100 4

-

Normal Acidosis for 4 Days

Quantifying Renal Acid-Base Excretion

Cualil) g) cdlail hase o) acid (8 el i Uy Cins M quba

HCO3 excretion=urine flow rate X [HCO3U]((concentration of HCO3-in the urine)).
HCO3 excretion= adding an H+ to the blood
amount of new HCO3 added to blood:

il (d) quuad aila Ualdnon-bicarbonate buffers Ys ¢S Ll s HCO3- el
non-bicarbonate buffers excretions < i 4l 34 ¢ msabicarbonate

=H+ excretion with non-HCO3 buffers

= NH4+ excretion +phosphate excretion

= V(urinary flow rate) xINH4ul+ urinary titrable acid

Note :phosphate excretion can be measured by urinary titrable acid

a5l pH ) ssass pH Jowd glde Millg urine (Ao 4 g8 bacl Jasd 4d) (5u b (99 ay CiS cu
o) qny Ml plasma s urine Jeag b a ey JS L i urine g glés filtration 2
phosphate excretion to neutralize hydrogen ions J 4l (udi ¢sSi A 48 acld Lisha

Urinary titrable acid process:NaOH, to a pH of 7.4 number of milliequivalents of
NaOH= number of milliequivalents of secreted H to combine with phosphate

Net acid excretion= NH4 excretion+ Urinary titratable acid- HCO3 excretion ((adding
an H+ to the blood))

net acid excretion must equal the nonvolatile acid production in the body

—» acid excretion wadis Uald non volatile acid production () qullig 3l sl Ao Jigw qual (Saa
e
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Net acid excretion= NH4 excretion+ Urinary titratable acid- HCO3 excretion
In acidosis > acid excretion?? NH4 excretion 1 1 1
!
Net acid excretion |
Net acid excretion=HCO3 added to blood

non-volatile gk le S s Allyg H+ o dasin glde buffer bise¥) waadi ¢ acidosis A 4
dilali ¢ b HCO3- 43S s £ acid excretion 4xss HCOO3- aall 3134 ¢, Wlisa acids
circulation =

In alkalosis > acid excretion??
NH4 excretion=0
HCO3 excretion 1 T 1
!
Net acid excretion is negative =HCO3 is lost & NO new HCO3 formation
pH ¢ S8 ¢lie excretion for HCO3-xa:9 ammonia buffer (& ¢s% ¢ W alkalosis A 4
(-) &S o acid excretion Al

Table 31-2 Plasma or Extracellular Fluid Factors
That Increase or Decrease H* Secretion and
HCOs™ Reabsorption by the Renal Tubules

Increase H* Secretion and Decrease H* Secretion and
HCO; Reabsorption HCO; Reabsorption

T Pco, 1 Pco,
T HY, 4 HCO;™ { H* T HCO;

! Extracellular fluid volume T Extracellular fluid volume

T Angiotensin i l Angiotensin I
T Aldosterone l Aldosterone

Hypokalemia Hyperkalemia

St Jo¥L 1 By puffers 431 < sl a ¥ abnormalities and compensation Jb (il La Jad**
renal W g respiratory

|
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Renal correction of acidosis(low pH)

pH H*
74
7.35-745

Pco,
40 mEg/L 40 mm Hg
35-45

HCO;

24 mEq/L
22-26

Normal

Acidosis pH< 7.35
Metabolic
J HCO3

excessive acid > Metabolic dis
(e.g DM, shock)/Ingestion of
Acids->aspirin/Impaired acid
secretion

HCO3 loss=> diarrhea & RF

MHCO3 reabsorption
Respiratory=> hyperventilation
pH |

YPCO2

J HCO3

Respiratory
MPCO2

Hypoventilation-
respiratory centers damage
Airways obstruction
Impaired exchange of gases
Neuromuscular dis

Renal>MHCO3 reabsorption

Type
Change

Causes

Compensation
N pH

Diagnosis

pH |
PCO2
MHCO3

In DM: metabolism of fat will
occur ,ketoacids will be
formed

In shock: no oxygen so
anaerobic metabolism will
occur leading to lactic acid
accumulation

Renal correction of alkalosis(high pH)

pH H*
Normal 74 40 mEg/L
7.35-745

HCO;

24 mEqg/L
22-26

Pco,
40 mm Hg
35-45

Respiratory related to
CO2 while the metabolic
related to HCO3-

The tables are important

©

pa g a N CO2 gl ) Ais
3538 434 kidneys (&b
OWeHCO3- reabsorption
pH Jaai

HCO3

PH * oo

a N HCO3- (aldadl aie g
Ghie CO2 padidy pgud g
pH

Alkalosis pH> 7.45

8 slila Compensation

Respiratory Metabolic

Type

- A8l ‘él.b

Change VPCO2 THCO3

HCO3

Causes Hyperventilation-fever, psychoneurosis, | -Acid loss=>persistent vomiting
meningitis, early exercise, ascending to
high altitude

drugs (NaHCO3)

M aldosterone & cortisol

-PMHCO3 ->thiazides/loop diuretics-
Hypovolemia-Ingestion of alkaline

PH o PCO2

Compensation
L pH

Renal->J, HCO3 reabsorption Renal->J HCO3 reabsorption

Respiratory=> hypoventilation

Diagnosis pH 1
JYPCO2

4 HCO3

pH T
1PCO2
PMHCO3

Note :when aldosterone
is increased ,the sodium
will be reabsorbed and
HCO3- also

T
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Hyperaldosteronism (aldosteronism) and acid base disturbances

Hormone Effects

I Aldosterone

Aldosterone T NaCl, H,0 reabsorption, T K* secretion, T H' secretion 1

T tubular K* secretion
K* depletion

t H* secretion

T HfO; reabsorption

new HCO; Production

Metabolic Alkalosis

Overuse of Diuretics

1 extracell. volume

|

1 angiotensin 1

|

I aldosterone

~~

/

K™ depletion

I tubular H" secretion

|

I HCO; reabsorption
+ | new HCO; Production

}

Metabolic Alkalosis

Acid base
disturbances caused
by overuse diuretics
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Classification of Acid-Base Disorders from plasma pH, pCO2, and HCO3-

Arterial blood sample

Acidosis Alkalosis
HCO;™ Pco, HCO;™ Pco,
<24 mEq/L =40 mm Hg >24 mEqg/L =40 mm Hg
Metabolic Respiratory Metabolic Respiratory

¥ ¥ ¥

Respiratory Renal Respiratory Renal
compensation compensation compensation compensation

Pco, HCO5™ Pco, HCO;~
=40 mm Hg >24 mEqg/L =40 mm Hg <24 mEqg/L

120 100 90 80 70 60 50
11 /

"// y/

Chronic alkalosis 30

respiratory
/ acidosis /
Acute 4
respiratory/ 25
« acidosis /
> D //20

Acute
> respiratory /1 5

AP alkalosis. Mixed disorders

10
ﬂe#abqﬁc /Chronlc/
acidosis<— regpiratory \

ekt alkalosis Pco, (mm Hg)

4
3

Pco, (mm Hg)

Arterial plasma [HCO5-] (mEg/L)

L) L) L) L) L) Ll T

T T T T
7.30 7.40 7.50 7.60 7.70 7.80

Arterial blood pH

T
7.20

Nomogram

Sia slaa Gadid oS Al (Saa Lilkay olde

&= acidosis (respiratoy and metabolic)
uan Se (98 compensation (s (an
G Ad) ageall G Bl daplea gl B giSal) CSa
respiratory e g« 4l primary & Ja

) 884 a9 mixed ) Al acidosis

|
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Anion Gap as a Diagnostic Tool

In body fluids: total cations = total anions

Na+ = Cl- + HCO3 - + unmeasured anions

unmeasured anions = Na+ - Cl- - HCO3 - = anion gap
=142 -108 - 24 = 10 mEq/L

Normal aniongap=8-16 mEq /L

Unmeasured anions for example like protiens,buffers,....

unmeasured anions $ hco3- 5 28 3k (& anions 9 agasall Bk (e cations (& Ui gy
anion gap (& S (lds

iINa*] + IKT1 - [CLT] + [HCO3 ]

Na+ @ =

sewwio.  BCATIONS ANIOns i CATIONS  ANIONS

2types of anion gap :high or normal
Anion Gap in Metabolic Acidosis when anion gap is increased

e I anion gap_ P unmeasured anions (organic acids)
anion gap = Na+- Cl- - J, HCO3-

normochloremic metabolic acidosis 6‘4"““ po¥ ) J g
2 33l abais Ladla (lds

acids

CATIONS ANIONS

= B% Increased Anion Gap
CHCH(OH)CO, H (Normochloremia)

Diabetes mellitus (ketoacidosis)

Lactic acidosis

Chronic renal failure

Aspirin (acetylsalicylic acid)
poisoning

Methanol poisoning
Ethylene glycol poisoning

Starvation




Anion Gap in Metabolic Acidosis (normal anion gap)
¢ loss of HCO3 - = normal anion gap anion gap
= Na+ - Cl- - HCO3 -

hyperchloremic metabolic acidosis

buffers ¢« 058 L compensation 4lall sl
G585 A5 anion gap is normal olés
chloride ions (&b (& compensation

Normal Anion Gap
(Hyperchloremia)

Diarrhea
Renal tubular acidosis

Carbonic anhydrase
inhibitors

Addison’s disease

Questions :

1-A patient presents in the emergency room and the following data are obtained from
the clinical labs: plasma pH=7.15, HCO3 - = 8 mmol/L, pCO2= 24 mmHg

This patient is in a state of:

1. metabolic alkalosis with partial respiratory compensation
2. respiratory alkalosis with partial renal compensation

3. metabolic acidosis with partial respiratory compensation
4. respiratory acidosis with partial renal compensation

Answer:3
normal ¢ J8 co2 s/metabolic Wiz S8 HCO3-//acidosis Wlisa 18 pH
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2-Laboratory values for an uncontrolled diabetic
patient include the following:

arterial pH =7.25

Plasma HCO3- = 12

Plasma PCO2 = 28

Plasma CI- = 102

Plasma Na+ = 142

What type of acid-base disorder does this patient have?
metabolic acidosis with respiratory compensation
What is his anion gap?

Aniongap =142 -102-12=28

Which of the following are the most likely
causes of his acid-base disorder?

a. diarrhea

b. diabetes mellitus

c. Renal tubular acidosis

d. primary aldosteronism

answer : DM because it is high anion gap

pH H* Pco, HCO;
Normal 74 40 mEg/L 40 mm Hg 24 mEg/L
7.35-7.45 35-45 22-26

3-Laboratory values for a patient include the following:
arterial pH=7.34

Plasma HCO3- = 15

Plasma PCO2 =29

Plasma CI- =118

Plasma Na+ = 142

What type of acid-base disorder does this patient have?

Metabolic Acidosis with Respiratory Compensation

|
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What is his anion gap?

Anion gap =142 - 118 - 15 =9 (normal)
Which of the following are the most likely
causes of his acid-base disorder?

a. diarrhea

b. diabetes mellitus

C. aspirin poisoning

d. Chronic renal failure

answer :a because it is a normal anion gap

4- Two or more underlying causes of acid-base disorder.
pH=7.60
pCO2 =30 mmHg
plasma HCO3- = 29 mmol/L
What is the diagnosis?
Mixed Alkalosis because :
» Metabolic alkalosis : increased HCO3-
* Respiratory alkalosis : decreased pCO2
oie CO2 1 yagiall At metabolic alkalosis s Us ¢S oy compensationg! 4 L clis
Jiy
5-A plasma sample revealed the following values in a patient:
pH =7.12
PCO2 =50
HCO3-=18

diagnose this patient’s acid-base status:

acidotic or alkalotic? Acidotic

respiratory, metabolic, or both?? Both

Mixed acidosis: metabolic and respiratory acidosis
Good luck hope ©

|
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