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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. 

 –عٓ ؽز٠ك اٌزئز١ٓ    CO2ؽزذ  -ٕ٘بٌه ثلاس أٔظّخ ٌٍّسبفظخ عٍٝ درخخ زّٛػخ اٌذَ اٌطج١ع١خ: اٌجفزاد

 ؽزذ أ٠ٛٔبد ا١ٌٙذرٚخ١ٓ عٓ ؽز٠ك اٌىٍٝ.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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. 

عند إضافة كمٌات صغٌرة من  pHٌعمل المحلول المنظم على مقاومة التغٌرات الحاصلة على ال 
 الأحماض أو القواعد إلٌه.

 A buffer system consists of a weak acid (the proton donor) and its conjugate 

base (the proton acceptor). 

أو الأساس المرافق  ( مع أحد أملاحهمانح البروتونٌتكون المحلول المنظم من حمض ضعٌف )

 ( مستقبل البروتون)
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 By buffering mechanism a strong acid (or base) is replaced by a weaker one 

e.g. NaHCO3 and H2CO3. 

 المنظم على استبدال الحمض القوي )أو القاعدة القوٌة( بحمض أضعف.ٌعمل المحلول 

 A buffer can reversibly bind hydrogen ions. The general form of the 

buffering reaction is: 

 

  وفق التفاعل العكوس التالًربط أٌونات الهٌدروجٌن  للمحلول المنظم  ٌمكن  

Buffer + H+                     H buffer 
 

 

Example: 
A mixture of equal concentrations of acetic acid and acetate ion 
is a buffer system. 

 

 

When a strong acid (HCl) is added: 
 

 

CH3COO
- 
+ HCl              CH3COOH + Cl

-
 

 

When a strong base (NaOH) is added: 
 

 

CH3COOH + NaOH              CH3COO
- 
+ H2O + 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.        ُرزو١ش اٌّسٍٛي إٌّظ 
 

2. Relationship between the pka of the buffer and the desired pH. 
 اٌّطٍٛثخ      pHٚ    اٌعلالخ ث١ٓ ثبثذ رأ٠ٓ اٌسّغ

3. A buffer has the maximum buffering capacity when its pKa equals the pH. 
 pHِع  ٝ عٍّٗ عٕذِب رزظبٜٚ ثبثذ رأ٠ٓ اٌسّغ  ٠مَٛ اٌّسٍٛي إٌّظُ ثألظ

4. For the maximum blood buffering the pKa of the buffers should be near 

     ثبثذ رأ٠ٓ اٌسّغ ثسذٚد                                                             رجمٝ ل١ّخ    .7.4
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Blood Buffer Systems:      َأٔظّخ اٌّسب١ًٌ إٌّظّخ فٟ اٌذ 

 

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

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.  َوّسٍٛي ٚالٟ خبرج اٌخ١ٍخ أُ٘ ٔظب  

b. It plays an important role in maintaining blood pH, because of its high 

concentration.   

 ٌٗ أ١ّ٘خ وج١زح فٟ اٌسفبظ عٍٝ درخخ زّٛػخ اٌذَ ثظجت رزو١شٖ اٌعبٌٟ.

 

c. Two elements of the buffer system, HCO3
-  

and H2CO3  are regulated by 

the kidneys, and by the lungs respectively. 

 ٠زُ رٕظ١ُ و١ّخ اٌىزثٛٔبد ٚاٌج١ىزثٛٔبد عٓ ؽز٠ك اٌىٍٝ ٚاٌزئز١ٓ.
 

d. At pH 7.4 the average normal ratio of the concentration of  (HCO3
-
) and 

(H2CO3) in plasma is 20:1. 

 فٟ اٌجلاسِب  20:1 د اٌطج١ع١خ رمز٠جب فٟ اٌسذٚ رجٍغ ٔظجخ اٌمبعذح إٌٝ اٌسّغ 

 

 

Mechanism   of   Bicarbonate/   carbonate   acid   buffer systems: 
 
 

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

the  increased  hydrogen  ions  (H
+

)  are buffered by (HCO3
-
) to form weak 

acid (H
2
CO

3
), which in turn CO

2 and H
2
O. 

( إٌٝ ِسٍٛي اٌج١ىزثٛٔبد رزفبعً أ٠ٛٔبد ا١ٌٙذرٚخ١ٓ اٌّزسزرح ِع أ٠ْٛ HClعٕذ إػبفخ زّغ لٛٞ ِثً )
 اٌج١ىزثٛٔبد ٌزشى١ً زبِغ اٌىزثْٛ

 

HCO3
- 

+ HCl               CO2 + H
2
O 
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2. When  sodium  hydroxide   (NaOH),   is  added  to  the bicarbonate  buffer,   

hydroxyl  ion  (OH
-
)  from   NaOH combines with H

2
CO

3 to form weak base 

NaHCO
3
. 

ِع  )ِٓ ١٘ذرٚوظ١ذ اٌظٛد٠َٛ(عٕذ إػبفخ ١٘ذرٚوظ١ذ اٌظٛد٠َٛ إٌٝ اٌج١ىزثٛٔبد رزسذ أ٠ٛٔبد ا١ٌٙذرٚوظ١ذ
 زبِغ اٌىزثْٛ ٌزشى١ً ث١ىزثٛٔبد اٌظٛد٠َٛ.

 
H

2
CO

3 + NaOH            NaHCO
3 + H

2
O 

 
 

2. Phosphate buffer system: 

Phosphate buffer system is  most effective in intracellular medium, 

especially in kidneys. 

٠ىْٛ  ٔظبَ ِسٍٛي اٌفٛطفبد إٌّظُ ٘ٛ إٌظبَ الأوثز فعب١ٌخ فٟ اٌٛطؾ داخً اٌخ١ٍخ ٚخبطخ فٟ اٌىٍٝ. ٚلا 

إٌظجخ  الأزّبع فٟ اٌجٌٛخ. ؽزذ اٌجلاسِب ثظجت رزو١ش أ٠ْٛ اٌفٛطفبد إٌّخفغ ٚ٘بَ خذا فٟفعبي فٟ 

 4:1اٌطج١ع١خ ٌٍفٛطفبد الأزبد٠خ ا١ٌٙذرٚخ١ٓ إٌٝ أ٠ْٛ اٌفٛطفبد ثٕبئ١خ ا١ٌٙذرٚخ١ٓ فٟ اٌجلاسِب 

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
4

2-) and (H
2
PO

4

-
) in plasma is 4:1. 

 

Phosphoric acid has 3 ionization constants steps as follow 

HCl + PO4
3-

 HPO4
2-

           

 

pKa= 12.4 
 

HCl + HPO4
2-

 

 

H2PO4
-
 

 

pKa= 6.8 

 

HCl + H2PO4
-
 

 

H3PO4 

 

pKa= 1.9 

3. Protein buffer system: 
 

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

Buffering effect of proteins is low in plasma. 

 ٘ب إٌّظُ ػع١ف .. رأث١زاٌجلاسِب % 95ِٓ  الأٌج١ِٛٓرشىً اٌجزٚر١ٕبد، ٚخبطخ • 

 ٠ٚىْٛ رأث١ز٘ب إٌّظُ أوثز فعب١ٌخ فٟ اٌٛطؾ داخً اٌخ١ٍخ.
 Proteins are much more effective buffers in intracellular medium 
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 In  proteins,  ionizable  R  groups  are  responsible  for buffering 

such as:     pH ٌّؤٌٚخ عٓ رٕظ١ُ رغ١زاد ايظاٌدذٚر اٌسزح ٟ٘ ا  

a. (COOH) groups of aspartate and glutamate.  مجموعة الهٌدروكسٌل 

 
b. (NH2) groups of lysine, arginine and histidine.      مجموعة الأمٌن 

 

c. (N-terminal α-NH2) groups of some amino acids. مجموعة الامٌن

 الطرفٌة

 

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

to lungs and is an effective buffer. 

  

 Hb is the major intracellular buffer of blood. 

 

 The most important buffer groups of Hb are histidines. Each Hb molecule 

contains 38 molecules of histidine.  

 

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

erythrocytes.  

ىزثْٛ ِٓ الأٔظدخ إٌٝ ( ٘ٛ اٌجزٚر١ٓ اٌذٞ ٠سًّ الأوظد١ٓ إٌٝ الأٔظدخ ٚثبٟٔ أوظ١ذ اHbٌا١ٌّٙٛخٍٛث١ٓ )• 

ٌذا فٙٛ ِسٍٛي ِٕظُ فعبي ِؤلذ داخً اٌخلا٠ب فٟ اٌذَ ٚأُ٘ ِدّٛعخ فعبٌخ ١ٌٍّٙٛغٍٛث١ٓ ٟ٘  اٌزئز١ٓ 

 خش٠ئخ ِٓ ا١ٌٙظز١ذ٠ٓ.  38اٌٙظز١ذ٠ٓ، فىً خش٠ئخ ١ّ٘ٛغٍٛث١ٓ رسزٛٞ عٍٝ 

 ِٓ ثٕبئٟ أٚوظ١ذ اٌىزثْٛ اٌّزسزرح ِٓ أٔظدخ إٌٝ اٌجلاسِب ٌززرجؾ ثىز٠بد اٌذَ اٌسّزاء %95إْ 

 

 

 

 

 

 

 

 

 

Histidine structure 
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PH concept, acid-base balance, chemical 
equilibrium, common ion effect 

 

Acid-base balance: 
 The end-products of the catabolism of carbohydrates, lipids and   proteins  are  

generally  acidic   molecules  in   living organisms. 

اٌسبِؼ١خ ٟ٘  إٌبرح إٌٙبئٟ ٌع١ٍّخ رم٠ٛغ ٚ٘ذَ اٌىزث١٘ٛذراد ٚاٌذْ٘ٛ ٚاٌجزٚر١ٕبد فٟ  إْ اٌدش٠ئبد

 اٌىبئٕبد اٌس١خ.

 

 In  metabolic reactions, 22.000 meq acids (organic acids, inorganic acids and 

CO2) are produced per day. 

ِىبفئ غزاِٟ ِٓ الأزّبع اٌعؼ٠ٛخ ٚاٌغ١ز عؼ٠ٛخ ٚ  22000فٟ رفبعلاد اٌجٕبء ٠زُ إٔزبج ِب٠مبرة  

CO2 ١ِٛ٠ب 

 

 H
+  

is a direct participant for many reactions  ٟ٠شبرن أ٠ْٛ ا١ٌٙذرٚخ١ٓ ثشىً ِجبشز ف

 اٌعذ٠ذ ِٓ اٌزفبعلاد 

 An increase of H
+ 

concentration can easily alter the charges and functions of 

proteins, enzymes, nucleic acids, some hormones and membranes. 

 
ثظٌٙٛخ إٌٝ رغ١١ز شسٕبد ٚٚظبئف اٌجزٚر١ٕبد ٚالإٔش٠ّبد ٚالأزّبع أ٠ٛٔبد ا١ٌٙذرٚخ١ٓ رؤدٞ س٠بدح رزو١ش • 

 ا٠ٌٕٚٛخ ٚثعغ اٌٙزِٛٔبد ٚالأغش١خ.

 

 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. 

 اٌسّغ : ٘ٛ وً ِزوت ٠سزٛٞ أ٠ْٛ ا١ٌٙذرٚخ١ٓ فٟ ِسٌٍٛٗ )ِبٔر ٌٍجزٚرْٛ( 
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Base: 

Any compounds which combines with H
+ 

ions in solution (proton accepters). 

E.g. Bicarbonate (HCO3
-
) accepts H

+ 
ions 

 ٌٍجزٚرْٛ( ِظزمجً أ٠ْٛ ا١ٌٙذرٚخ١ٓ فٟ ِسٌٍٛٗ )لبدر عٍٝ الاررجبؽ ثاٌمبعذح : ٘ٛ وً ِزوت 

 

Regulation of acid-base balance:       :رٕظ١ُ اٌزٛاسْ زّغ –لبعذح 

Lungs and kidneys have an important role for regulation of acid- 

base balance. 

 ْ ٚاٌىٍٝ دٚرا ِّٙب فٟ رٕظ١ُ اٌزٛاسْ اٌى١ّ١بئٟ ث١ٓ اٌسّغ ٚالاطبصئزبرٍعت اٌز

 

Lungs: 

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

2. O2 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 

 

 ث١ٓ اٌذَ ٚاٌٙٛاء   O2/CO2رعًّ عٍٝ زذٚس اٌزجبدي  

 اٌسّزاءوز٠بد اٌذَ فٟ ث١ٓ اٌزئز١ٓ ٚالأظدخ  ثٛاططخ ا١ٌّٙٛغٍٛث١ٓ   ٠O2/CO2زُ إٌمً  

 ١ّ٘ٛغٍٛث١ٓ أٚ عٓ ؽز٠ك أ٠ٛٔبد ا١ٌٙذرٚخ١ٓ فٟ ع١ٍّخ اٌزٕفض -٠زُ إخزاج    إِب عٓ ؽز٠ك اٌّعمذ وبرثب١ِٕٛ

 

Kidneys: 

The kidneys secrete protons through 3 mechanisms:    رفزس اٌىٍٝ اٌجزٚرْٛ ثثلاس ؽزق 
 
 

1. Reabsorbsion of HCO3
-
 اعبدح اِزظبص اٌج١ىزثٛٔبد         .

 
 

2. Na
+

/H
+ 

exchange.          ٟٔٛع١ٍّخ اٌزجبدي الأ٠ 
 
 

3. Production of ammonia.               أزبج الأ١ِٔٛب                 
 
 
Disorders of acid-base balance:   لبعذح -اخزلاي اٌزٛاسْ زّغ  

These disorders are classified according to their cause: 
 
 

1. Metabolic acidosis.   س٠بدح اٌسّٛػخ ٌٍع١ٍّبد الأ٠ؼ١خ  

2. Respiratory acidosis.   ٟس٠بدح زبِؼ١خ اٌدٙبس اٌزٕفظ 

3. Metabolic alkalosis.    س٠بدح ل٠ٍٛخ اٌع١ٍّبد الأ٠ؼ١خ 

4. Respiratory alkalosis. ٟس٠بدح لبعذ٠خ اٌدٙبس اٌزٕفظ 
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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 

 

اٌسّغ فٟ اٌدظُ ثظجت أِزاع اٌىٍٝ أٚ اٌفشً اٌىٍٛٞ ثبٌسّبع الاطزملاثٟ. عٕذِب رسذس س٠بدح   

رسزٛٞ طٛائً اٌدظُ عٍٝ اٌىث١ز ِٓ الأزّبع، فٙذا ٠عٕٟ أْ خظّه إِب لا ٠زخٍض ِٓ ِب ٠ىفٟ ِٓ 

 .٠ظزط١ع ِٛاسٔخ اٌسّغ فٟ خظّهالأزّبع، أٚ أٔٗ ٠ظٕع اٌىث١ز ِٓ الأزّبع، أٚ لا 

 

 

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. 

 

إساٌخ وً ثبٟٔ أوظ١ذ اٌىزثْٛ اٌذٞ ٠ٕزدٗ خظّه. ٚ٘ذا ٠زظجت فٟ أْ سذس عٕذِب لا رزّىٓ رئز١ه ِٓ ٠

 ٠ظجر اٌذَ ٚطٛائً اٌدظُ الأخزٜ زّؼ١خ ٌٍغب٠خ.

 

 

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.  

 
نتٌجة لبعض العملٌات  7.45ٌتم تعرٌفها على أنها حالة مرضٌة حٌث ٌرتفع الرقم الهٌدروجٌنً للجسم إلى أكثر من 

 .الأٌضٌة
 
 

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. 

 
 

التنفس( الذي ٌحدث عندما تتنفس بعمق  بسبب الإفراط فً التنفس )ٌسمى فرطتحدث زٌادة قاعدٌة الجهاز التنفسً: 
 .شدٌد أو بسرعة

فقر الدم   -صدمة -ورم -ألم -(الحمل )وهذا أمر طبٌعً - حمى -القلق أو الذعر :تشمل أسباب فرط التنفس ما ٌلً
  الشدٌد.


