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Respiratory conditions 

 
Respiratory conditions depend on CO2, if it is high inside the 
body that means more acid and protons will be produced, and 
if it is low this means less protons and less acidity  
 
 
Respiratory acidosis: 
 
 

H+ + HCO3-  H2CO3  CO2 + H2O  
 
Here we have acidosis because of the high amount of CO2 which 
interacts with water to produce H2CO3 acid  
 
Respiratory alkalosis: 
 
 
 

H+ + HCO3-  H2CO3  CO2 + H2O 
 
Here we have alkalosis because the small amount of CO2 so small 
amount of H2CO3 

 

 



1 
 

Respiratory conditions 

 
Respiratory conditions depend on CO2, if it is high inside the 
body that means more acid and protons will be produced, and 
if it is low this means less protons and less acidity  
 
 
Respiratory acidosis: 
 
 

H+ + HCO3-  H2CO3  CO2 + H2O  
 
Here we have acidosis because of the high amount of CO2 which 
interacts with water to produce H2CO3 acid  
 
Respiratory alkalosis: 
 
 
 

H+ + HCO3-  H2CO3  CO2 + H2O 
 
Here we have alkalosis because the small amount of CO2 so small 
amount of H2CO3 

 

 



2 
 

Metabolic conditions 

 
It depends on the presence of the protons. 
 
 
 Metabolic acidosis: 

H+ + HCO3-  H2CO3  CO2 + H2O 
 
Metabolic alkalosis: 

H+ + HCO3-  H2CO3  CO2 + H2O 

 

 

 

Causes of respiratory acid-base disorders 

 

 

 

Makes CO2 
accumulate 
in the cells 

Leads to problems 
in exhaling CO2 

Chronic obstructive 
pulmonary disease  

Less CO2, Less acid, 
alkalosis 

Too much 
ventilation, 
alkalosis 

High pressure in 
the skull 
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acidosis: 
Choking: CO2 will be still in our body and     

thus cause acidosis 

Bronchopneumonia: 
يا تفرز إفرازات تغلق الشعب والحويصالت الهوائية,   رئوية،التهابات   فيها البكتير

هذه   ومعظم  الكربون,  أكسيد  ي 
ثان  إخراج  ويقلل  التنفس  عملية  عىل  يؤثر  مما 

يد الحموضة    اإلفرازات حمضية في  

COPD (chronic obstructive pulmonary disease)  
، يعيق عملية التنفس خاصة ا ويضعف خروج   لزفير تضيق مزمن للجهاز التنفسي

ي أكسيد الكربون من الجسم  
 ثان 

 
alkalosis: 

 Hysterical overbeating:  

 Mechanical over-ventilation: 

 Raised intracranial pressure:                  
duo to the transmitted pressure to the postrema 

in the medulla which is the area responsible for 

vomiting it causes vomiting thus alkalosis 
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Causes of metabolic acid-base disorders 

 

 
 

                                                                                                                                
acidosis:  

Impaired H+ excretion 

Increased H+ production or ingestion:   because 

in reactions, most of intermediates and final 

products are acids so if we have increased 

metabolic activity (increased H+ production) it 

may cause acidosis 

Loss of HCO3-:                           execration 

of HCO3- caused by deficiency of kidneys  

 

 

 

High H+, acidosis 

Losing the conjugate 
base, increasing the acid 
relatively  

Disorder in excretion of H+ in urine 
leads to raise the concentration of 
H+ inside the body and thus 
acidosis 

Losing acids in vomit in the 
stomach leading to alkalosis 

Ingestion of bases d 
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alkalosis: 
Loss of H+ in vomit 

Alkali ingestion  

Potassium deficiency: 

this will lead to a more negative charge inside 

the cells and thus to the H+ ions in the extra 

cellular fluid to shift inside the cells which 

leads to alkalosis 

 

Compensation 
 

❖ Compensation: The change in HCO3- or 
pCO2 that results from the primary event  

❖ If underlying problem is metabolic, 
hyperventilation or hypoventilation can 
help: respiratory compensation.  

❖ If problem is respiratory, renal 
mechanisms can bring about metabolic 
compensation.  

❖ May be complete if brought back within 
normal limits  

❖ Partial compensation if range is still 
outside norms 
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Compensation 2 

 
The idea of compensation is to fix the ratio between the acid 
and the base, so for example if the acid is increased the body 
will increase the base to bring the ratio back to normal, but 
notice that concentrations of the acid and the base are 
abnormal  

ي منلعب   اكير  يعن  ي   بالي  اكير  تكون    بينهم،نزبط النسبة    لحن  ط الي  والحظ إنه مش شر
ة أو أقرب إلهايعيالزم تضل طب )بير  الحمض والقاعدة(  النسبةلكن  طبيعية،  

  
acid-base      primary        compensatory 
disorder        change          change    
1.respiratory 
acidosis 

pCO2  HCO3
-  

2.Respiratory 
alkalosis 

pCO2  HCO3
-  

3.Metabolic 
acidosis 

HCO3
-  pCO2  

4.Metabolic 
alkalosis 

HCO3
-  pCO2  

 
 
 
 
 for  examples: next page 
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case 1 : 
if we have decreased exhalation, we will have increased CO2 
and thus increased acidosis, now for the body to fix the ratio, 
metabolic compensation happens, by which more 
reabsorption of HCO3- happens from the renal system 
case 3: 
if we have increased excretion of HCO3- we will have decreased 
HCO3-, and we will have acidosis, now for the body to fix the 
ratio respiratory compensation happens, by which more 
exhalation happens, so the CO2 concentration will decrease 
and the ratio between acid and base is fixed and the PH is 
normal or closer again 
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Fully compensated 

 

 

 
 

 
In complete compensation, the pH is almost back to 
normal (notice that if we had acidosis, the 
compensation returns the PH to 7.3 for example) 
 
 
 
 
 
 
 
 
 
 
 

complete if brought 
back within normal 
limits 
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Partially compensated 

 

 

 
in partial compensation, body tries to get the PH back 
to normal but not completely, that is why in table we 
have arrows up and down (general increase and 
decrease if PH) 
 
 

 
 

 

 

Partial 
compensation if 
range is still outside 
norms 
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This picture is a further explaining from Dr.Diala, of how the 
body buffers work together 
 
This is an example of hepatic cell of the liver (not necessarily), 
which is active, and an RBC (necessarily)  
 

 
 
 
This cell is metabolically active and thus it needs energy, so fuel 
inside it gives CO2, which is a gas that diffuses easily through 
the cell membrane and to the blood stream, C02 enters the RBC 
and it won’t react with water to produce H2CO3 in neither the 
hepatic cell nor the blood stream, because the enzyme needed 
to produce H2CO3 is found in RBC, and H2CO3 under the 
physiological conditions will disassociate to H+ and HCO3-, so 
PH in RBC decreases and the intracellular buffers start to work, 
the first buffer is phosphate which takes the proton and 
becomes phosphoric acids H2PO4, the second buffer is a 
protein buffer system, the Hb because it has histidine inside of 
it which takes the proton, now HCO3- leaves the cell because it 

Hepatic 
cell a 
liver cell, 
active 
cell 
because 
in the 
liver 
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works in the blood stream, so it loses a negative charge and Cl- 
inters RBC to retrieve the loss in negative charges. Protons 
(from whatever source, food or metabolism, recall that the 
intermediates and final product are acid), are defended by 
intracellular buffers, and if they got out from the cell, they are 
defended by HCO3- now if with HCO3- we have H2CO3 so we 
need another buffer for the acid, so we increase the rate of 
respiration (increase exhalation) which leads to less CO2 so less 
acidity 
 
Protein buffers 
Dr.Diala mentioned a protein buffer example: histidine, 
histidine has a positive charge, and its pKa is the closest the 
blood PH, so it helps in maintaining the blood PH 
Ex: when acidosis happens, it becomes protonated (accepts 
protons) and thus increase the blood PH, and when alkalosis 
happens, it becomes deprotonated and gives H+ to decrease 
the pH (it alters between the protonated and deprotonated 
form) 
When we have a higher concentration of histidine, we will 
have more capacity of the buffer system 
- Note: proteins are found everywhere in body, so they act 
anywhere 
 

 

Good luck 


