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Buffer and buffer systems of physiological
importance in living systems

Three systems to maintain normal blood pH:
1. Buffers.
2. Removal of CO2 by lungs.
3. Removal of H" ions by kidneys.
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Buffering Systems:

+ Buffer is aqueous system that can resist the change in pH of solution,

when small amount of acids [H+] or bases [OH ]is added to it.
(e B hia QLS Al die pH J) e Alalall @ il daglie e alaiall Jslaall Jany
Ad) ac) @l o ealaal)

#+ A buffer system consists of a weak acid (the proton donor) and its conjugate
base (the proton acceptor).
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+ By buffering mechanism a strong acid (or base) is replaced by a weaker one
e.g. NaHCO3 and H2COs3.
izl (e (LAl sl ) o s8) (aealdl Jlaiinl e adaiall Jslaall Jasy
#+ A buffer can reversibly bind hydrogen ions. The general form of the
buffering reaction is:
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Buffer + H+ == H bulffer

Example:
A mixture of equal concentrations of acetic acid and acetate ion

IS a buffer system.

When a strong acid (HCI) is added:

CH3;COO + HCl —— CH3;COOH + CI’
When a strong base (NaOH) is added:

CH;COOH + NaOH ——> CH3;COO + H,0 + Na"

PH of the buffers is calculated by the equation of Henderson- Hasselbach.

pH =pKa + log [conjugate base]/ [weak acid]

Buffering capacity depends on:
1. Concentration of the buffer. plaiall J glaall 35S 53

2. Relationship between the pka of the buffer and the desired pH.
Lgdhdl  pH 5 (aead) (8 Gl 483
3. A buffer has the maximum buffering capacity when its pKa equals the pH.
PH ae Caeall (i cald (5 gl Ladie alee aaly alaiall Jslaall o 68,
4. For the maximum blood buffering the pKa of the buffers should be near
7.4. 350ny (el cpli s dad A
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Blood Buffer Systems: sl & dakaiall Jllaall dalail

. Bicarbonate/ carbonate acid buffer systems
. Phosphate buffer system.

1

2

3. Protein buffer system.

4. Hemoglobin buffer system.

1. Bicarbonate/ carbonate acid buffer systems:

a. The Bicarbonate/ carbonate acid buffer systems are the most important
extracellular buffer, sl z & 815 JslaaS aUai aalf
b. It plays an important role in maintaining blood pH, because of its high

concentration.

(el o 38 55 ey aall dia gan A 3 e Lalial) 85 S daaf 4l

c. Two elements of the buffer system, HCO3  and H2CO3 are regulated by
the kidneys, and by the lungs respectively.
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d. At pH 7.4 the average normal ratio of the concentration of (HCO3') and
(H2CO3) in plasma is 20:1.
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Mechanism of Bicarbonate/ carbonate acid buffer systems:

1. When a strong acid such as HCI, is added to the bicarbonate buffer solution,

the increased hydrogen ions (H+) are buffered by (HCO3') to form weak
acid (H,CO,), which in turn CO, and H,0.

Qﬁi@sjﬁm\ Coa s el gyl Jelam b o Kl Jdasa ) (HCI) Jie s 88 sans 48l 2ic
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HCO3 +HCI ——> CO2 +H,0
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2. When sodium hydroxide (NaOH), is added to the bicarbonate buffer,
hydroxyl ion (OH") from NaOH combines with H,CO, to form weak base

NaHCO.,.
3 £
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H,CO, + NaOH ——> NaHCO, + H,0

2. Phosphate buffer system:
Phosphate buffer system 1is most effective in intracellular medium,
especially in kidneys.
058 Vs SIS 8 Aala g Al Jals Jau gl 8 ddled ISV AUl g alaiall cilia gl J glae alda
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Phosphate buffer system is not effective in plasma, because phosphate ion
concentrations are low. However it is important in the excretion of acids in the

urine.
At pH 7.4 the average normal ratio of the concentration of

(HPO,*) and (H,PO, ) in plasma is 4:1.
Phosphoric acid has 3 ionization constants steps as follow
HCl + PO, ——> HPO,” pKa=12.4
HCl+HPO,” — > H,PO, pKa=6.8

HCI + H2PO4- H3PO4 pKa= 1.9

3. Protein buffer system:

e Proteins, especially albumin, account for the %95 the plasma.

Buffering effect of proteins is low in plasma.
,Craa aliidl L 5l LM (e %695 (e sl Auala 5 el g yall (S o
Al Jaly haw ) 84 0ed i adaiall W il G S5
e Proteins are much more effective buffers in intracellular medium
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e In proteins, ionizable R groups are responsible for buffering
suchas: pH J <l s anlaii e A ggauall o8 3 a1l ) 93al)
a. (COOH) groups of aspartate and glutamate. JS 5 uell Ac gana

b. (NH>) groups of lysine, arginine and histidine. (Y ic senae

c. (N-terminal a-NH2) groups of some amino acids. (¥ 4c sana

4 5L

4. Hemoglobin buffer system:
e Hemoglobin (Hb) is a protein which carries O2 to tissues and CO2 from tissues

to lungs and is an effective buffer.
e Hb is the major intracellular buffer of blood.

e The most important buffer groups of Hb are histidines. Each Hb molecule
contains 38 molecules of histidine.

e The 95% of CO2 which is released from tissues to plasma is diffused into

erythrocytes.
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PH concept, acid-base balance, chemical
equilibrium, common ion effect

Acid-base balance:

e The end-products of the catabolism of carbohydrates, lipids and proteins are
generally acidic molecules in living organisms.

(2 Sl sl s saally Sl ) g0 KU a5 (685 Anlea] Sl Ul 8 dpaalall Sy el )
el <)

e In metabolic reactions, 22.000 meqg acids (organic acids, inorganic acids and
CO2) are produced per day.

shigme )y 4 small alaal) e g 186 22000 cliile ) &L L) CBleld
L CO2

e H s a direct participant for many reactions & &lw JS&s (pa s ynedl (sl &Ly
O e lEl) e daall

. + . . .
e An increase of H concentration can easily alter the charges and functions of
proteins, enzymes, nucleic acids, some hormones and membranes.

pabea ¥l 5 ey Y15 i gl il g s yas () A s s oed) Sl S 8k 555
A Y5 Dl ga gl Gany s 45 51l

+ Normal blood pH: 7.35-7.45.

+ Academia: plasma pH< 7.35.

% Alkalemia: plasma pH> 7.45.

Acid:
Any compound+which forms H' ions in solution (proton donors). E.g. carbonic
acid releases H " ions.

(05550 zeile) A slae 8 O 5 el sal (6 5im S ja US 5 1 (anal)
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Base:

Any compounds which combines with H™ ions in solution (proton accepters).

E.g. Bicarbonate (HCO; ) accepts H ions

(053l Jifinsa) Al slan 3 a5 el O sala Bl )Y e 508 (S 5e JS 58 32c 8l

Requlation of acid-base balance: el (mes o)) sl adai
Lungs and kidneys have an important role for regulation of acid-

base balance.
a5 Gmaal) e ()il adati 8 Laga |y 5 (ASI g ()l

Lungs:
1. Lungs provide O2/CO2 exchange between blood and atmosphere.

2. 02 and CO2 are transported between lungs and tissues by Hb within
erythrocytes.

3. CO2 carried with either carbaminoHb form or H™  form between globin
chains is excreted by respiration

elsellgadll i O2/CO2 Jaladll &igan Ao Jand
el el aall Gl S Gasle sanel) Aol 5y AW 5 0 g O2/CO2 Jaill o3
ol dlae (& Cpa g paedl il Ba sk e ) msle sand- sialy IS ikl By ke e W) 2l A

Kidneys:
The kidneys secrete protons through 3 mechanisms: Gk i ¢y 535l KU

1. Reabsorbsion of HCO3". il g Sl Gabiaial Bale |
+, .+ L .

2. Na /H" exchange. oY) o) Alae

3. Production of ammonia. L ¥ L)

Disorders of acid-base balance: 3B mes )l gl JoA
These disorders are classified according to their cause:

1. Metabolic acidosis. ) clilaall dca geall 30l
2. Respiratory acidosis. -4l Jleall s 334 5
3. Metabolic alkalosis. ~dsa! clalead) 45 518 5005 5
4. Respiratory alkalosis. il jleal) duaeld 32l )
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1.Metabolic acidosis :The buildup of acid in the body due to kidney disease or
kidney failure is called metabolic acidosis. When your body fluids contain too much
acid, it means that your body is either not getting rid of enough acid, is making too
much acid, or cannot balance the acid in your body

Ladie | oMLY (alaally (g oS0 Qi) of JSI (oal el Gy anand) 8 raeadl 33l ) Caas
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2.Respiratory acidosis: is a condition that occurs when your lungs can’t remove all
of the carbon dioxide produced by your body. This causes the blood and other body
fluids to become too acidic.

OF (8 iy 138 5 lania 4ay (3 () 5 KU 20T A JS A ) e i) (S Y Ladie Casy
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3.Metabolic alkalosis: is defined as a disease state where the body's pH is elevated
to greater than 7.45 secondary to some metabolic process.

Cillaal) Gand 455 7.45 e ST aeall s g sl o8l il Cus A e Alls il o el o o
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4.Respiratory alkalosis: This occurs when your blood doesn’t have enough carbon
dioxide is usually caused by over-breathing (called hyperventilation) that occurs
when you breathe very deeply or rapidly.

Causes of hyperventilation include: Anxiety or panic- Fever-Pregnancy (this is
normal)- Pain-Tumor-Trauma.
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