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• We mentioned before that we have 3 lines of acid-base 
balance:

• 1- the blood buffers.

• 2- the respiratory system.(not prolonged one) 

• 3- the renal system , which is working to control our PH all of 
the time (it is working in normal conditions)

• The renal system control our PH as a course adjustment , 
while in the blood it is fine adjustment.

• We want to know that urine PH is very high and kindly it more 
acidic than blood, due to the excretion of the hydrogen ions 
all of the time ,in the other hand while we are releasing 
cations (H+)we are reabsorbing the filtrated Na.



• فوق عن الصوديوم والهيدروجين انحكااليالحجب ايش

• Don’t be depressed  

• هو باتجاه اليع نفس الناقل بيروحالقصة وما فيها انه الصوديوم 
الترجمة عاتجاه متعاكس انزل بيعني ايشما فهمت اذا)متعاكس 

المهم انه بهاد الناقل المتعاكس نحنا , ( الانجليزيبتحت بتفهمها 
ايونات بنطلع

• م وبيتم امتصاص ايونات الصوديوم ث, ( للخارجبنصرفه)الهيدروجين 
باتجاه الدم

• .↓↓الانجلشبالقصة نفسها بس 

• Na ions go to the same transporter (which H ions go) , 
this transporter is antiport , where we excrete H ions 
and reabsorb Na ions. 

↓هي كمانشوفلسااذا! وصلت ؟



RENAL REGULATION OF pH
• Urine is acidic compared to plasma 

• However, it has a wide range pH (4.5 to 9.8)
The major renal mechanisms for regulation of pH are:

A. Excretion of H+ (Fig. 29.2), is combined with generation of bicarbonate.
( while you are releasing H+ , you are making new bicarbonate) 
B. Reabsorption of bicarbonate (recovery of bicarbonate) (Fig. 29.3), just for 
reabsorbing of bicarbonate that are filtrated bu glumerular system.
C. Excretion of titratable acid (net acid excretion) (Fig. 29.4), other acids that are 
used for buffer the urine.
D. Excretion of NH4+ (ammonium ions) (Fig. 29.5).



A. Excretion of H ions Generation of Bicarbonate

• Net excretion of 
hydrogen ions, and net 
generation of 
bicarbonate

• Totally we are maintaining 
the bicarbonate at high 
concentrations in the 
plasma due to:

• 1-as it was filtered it 
should be recovered 

• 2- we are always 
producing acids that why 
we need other thing to 
adjust  the PH value.



• Means that you are transport the H+ from the tubular system 
into the lumen through the generation of carbonic acid →
bicarbonate.

• The tubular cells itself do that ,, generate the carbonic acid then 
it will be separated into bicarbonate and hydrogen ions, then the 
bicarbonate will be reabsorbed to the blood and the H+ will be 
excreted to the tubular lumen.

Just note that : the water is 
available all the time



B. Reabsorption of Bicarbonate

• No net excretion of H+

• Bicarbonate free urine 

• No net generation of new 
bicarbonate

• The aim is reabsorption of 
filtrated bicarbonate rather 
than formation of it.

C.A.



C. Excretion of H+ as Titratable Acid

• H+ are secreted by the distal
tubules and collecting ducts by
H+-ATPase located in the apical
cell membrane.

• Sodium acid phosphate is the
major titratable acid.

• The acid and basic phosphate
pair is considered as the
urinary buffer.

H+-ATPase

After reabsorption of Na2PO4 it will be Decomposed so we will have HPO4 which will 
combined with the H+ that produced previously , so it will be more acidic. 



D. Excretion of Ammonium Ions
• Predominantly occurs at

the distal convoluted
tubules.

• Helps to trap hydrogen
ions in the urine.

• The glutaminase activity 
is increased in acidosis

• Normally, about 70 mEq/L 
of acid is excreted daily; 
but in condition of 
acidosis, this can rise to 
400 Eq/day.



• We need more acids to control the PH, which is in this case the 
ammonium (formed from the excretion of ammonia and then conjugated 
with the hydrogen ions).

• But the ammonia is a toxic molecule, so we don't preferring transporting 
it freely and blood.

• We have 2 mechanisms to transport ammonia in blood.

1- Making Urea, which is less toxic (CO2 and 2 NH3), These 2 is available in 
the liver, so liver is responsible for the formation of urea.

2- Conjugation with glutamate to form glutamine and we have glutaminase
in tubular system that is responsible to break down and releasing free 
ammonia



Buffering against Acid Load

(لونهبكل صف حكيه )حكي عن كل صف شويةبعده البالسلايد



*The PH is depend on the site we take blood (usually :artery) because the venous 
blood more acidic as it comes from the tissues.

*Here we have acidosis and in the same time the CO2  is decreasing so you 
are doing partial compensation through the res. System.
You are producing bicarbonate, so it's means that you are reducing the 
ratio (less than 20:1)→acidosis →you have to triggered to the seconds 
mechanism, (which is respiratory)→hyper ventilation →↓CO2, So you 
have reduction in both.(compensation)
If the hyperventilation continue, that's mean more reduction in CO2 and 
you already excreted the H+ and absorbed bicarbonate so you will have 
alkalosis.

*We have reduction in both in order to maintain constant ratio. 



Relationship of pH with K+ Ion Balance

• Metabolic acidosis is
associated with hyperkalemia
and metabolic alkalosis with
hypokalemia.

• In renal tubular acidosis, due 
to failure to excrete hydrogen 
ions, potassium is lost in urine; 
then hypokalemia results



• We have to be attention to other ions when we talk about acidosis and alkalosis. 

• One of the vital ions is potassium, the normal range of potassium is 4 to 5 (narrow range, 
any change can be lethal).

• Renal functional tests, 4 parameters:

• (urea, creatinine, Na+, K+).  

• These have to be monitored in acidosis or alkalis cases.

• If you have alkalosis, you will excrete the hydrogen ions → potassium ions will go to 
RBCs. And  so hypokalemia.

• If you have acidosis, you will absorbe the hydrogen ion → potassium ions will go to 
plasma and so hyperkalemia . (because we calculate it and plasma).



Factors Affecting Renal Acid Excretion

• 1. Increased filtered load of bicarbonate

• 2. Decrease in ECF volume

• 3. Decrease in plasma pH

• 4. Increase in pCO of blood

• 5. Hypokalemia

• 6. Aldosterone secretion (Diuretics).

• *all of these parameters is going to affect compensation mechanism.



↓PH
The ratio will be 
less than 20
↓H2CO3





Take home 



Anion Gap
• unmeasured anions constitute the 

anion gap. 
– Protein anions, sulphate, phosphate and 

organic acids

• Normally this is about 12 mmol/liter

• Urine anion gap (UAG) is useful to 
estimate the ammonium excretion. It is 
calculated as
– UAG = UNa + UK – UCl
– The normal value is –20 to –50 mmol/L.



Why we have high anion gap (we have another anion that are measured)?
we have a reduction in bicarbonate 

*reduction  in bicarbonate and no anions that's mean we have recovering of 
chloride. (reabsorption)



Increase the anion gap due to toxication



Gift for 
you



Lactic Acidosis



Decreased Anion Gap is Seen in

• Hypoalbuminemia. (we have a protein that can’t be measured, 
if it ↓ the gap ↓.

• Multiple myeloma (paraproteinemia)

• Bromide intoxication

• Hypercalcemia



Osmolal Gap
(not very common)

• This is the difference between the measured plasma osmolality and the calculated 
osmolality

• The normal osmolal gap is <10 mOsm

• A high osmolal gap (> 25) implies the presence of unmeasured osmoles such as 
alcohol, methanol, ethylene glycol, Acute poisoning.



Compensated Metabolic Acidosis

• Hyperventilation—Kussmaul respiration to eliminate carbon dioxide leading to 
hypocapnia (Hypocarbia)

• Renal compensation: Increased excretion of acid and conservation of base occurs. 
Na-H exchange, NH4+ excretion and bicarbonate reabsorption are increased (2-4 
days).

• Acidosis is Associated hyperkalemia (correcting acidosis which may lead to sudden 
hypokalemia.)



Treatment of Metabolic Acidosis

• Oxygen is given in patient with lactic acidosis

• Bicarbonate Requirement



Metabolic alkalosis



H+ loss

• There are two main ways by which H ions can be lost from the 
body: 

1. Through the kidneys or some of the intestine.
2. Mainly the stomach. 

This mechanism is coupled with the generation of HCO 3-

• In the kidney this is the method by which secretion of excess H+

ensures regeneration of buffering capacity



Clinical Features of Metabolic Alkalosis

• Hypoventilation



Respiratory Acidosis









brush border



proximal tubules



Urinary Buffers

• Phosphate buffer

• Ammonia
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