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INTRODUCTION
Urea cycle reactions converts toxic 
NHӡ into non-toxic and water 
soluble urea.
Urea is the principle end product of 
protein or amino acid metabolism in 
humans.
80-90% of urinary nitrogen excreted 
is in the form of urea nitrogen.



UREA SYNTHESIS
Krebs and Henseleit were the first to 
elucidate the steps. Hence Krebs Henseleit
Cycle.
Other name-Urea Cycle, Ornithine Cycle
Site of urea synthesis-Liver
First two reactions occur in the mitochondria
And later three reactions occur in cytosol.



REQUIREMENTS OF UREA 
SYNTHESIS
Substrates:

(1)  CO₂ - from HCO3

(2)  NH₄ - Deamination of amino acids
(3)  Aspartic acid- Transaminatio of OAA

Energy: ATP 3 molecules
Modulators:

Mg⁺², N Acetyl Glutamate(NAG)



STEPS IN THE UREA CYCLE ARE
Step 1: Formation carbamoyl phosphate

Step 2: Formation of citrulline

Step 3: Synthesis of Argininosuccinate

Step 4: Synthesis of Arginine

Step 5: Release of urea and Ornithine





In liver mitochondria

NAG allosterically activates CPS-I

Two high energy phosphate bonds are 
utilized for the syntesis of carbamoyl 
Phosphate









Arginino succinate is cleaved to arginine and 
fumerate

enzyme is present in cytoplasm of liver and 
kidney tissues

Link between Urea cycle and TCA cycle

Fumarate can be converted to molate and then 
to oxaloacetate by the intervention of certain 
TCA cycle enzyme

Aspartate may be regenerated by 
transamination





Release of Urea and Synthesis

The guanido group of arginine 
Hydrolytically cleaved by arginase

The urea diffuses into blood from where 
it is cleared by the kidneys

Ornithine will enter mitochondria and 
become substrate for reaction2





REGULATION OF UREA CYCLE 
1. Substrate availability (feed forward)

2. High protein diet and prolonged starvation 
increases urea synthesis

3. Allosteric mechanism (by N acetyl glutamate)

4. CPS-I,ornithine transcarbamoylase, arginine 
succinate synthetase and arginino succinate 
synthetase and arginase all undergo feed back 
inhibition.



ROLE OF CPS - 1 
IN REGULATION OF UREA CYCLE

CPS-I is the rate limiting enzyme of the urea 
cycle.

CPS-I is allosterically activated by  N-acetyl 
glutamate (NAG), which lowers its km for ATP
On binding with NAG, the enzyme changes its 
conformation to the active form.

This will express specific -SH group and increase 
the ATP affinity of the enzyme.



This promotes the transfer of phosphate group 
from ATP to an enzyme bound carbamate 
intermediate, changing the carbamate to 
carbamoyl phosphate.

Energetic-3 molecules ATP
Formation of 1 molecule of urea requires 4 high 
energy bonds.



DEPENDENCY OF UREA CYCLE 
ON TCA CYCLE
For ATP
CO₂ produced in TCA cycle is used for urea 
synthesis
Aspartate supply can be replenished by 
converting fumarate produced in urea cycle 
to malate and oxaloacetate via TCA cycle.



UREA CYCLE DISORDERS

Hyperammonemia Type I

Hyperammonemia Type II (Ornithinemia)

Citrullinemia

Arginino Succinic Aciduria

Hyper Argininemia





HYPERAMMONEMIA TYPE I

This is due to the deficiency of carbamoyl 
phosphate synthetase-I in mitochondria

Features are high levels of NHӡ in blood and 
urine.



HYPERAMMONEMIA TYPE-
II(ORNITHINEMIA)

Due to the deficiency of ornithine 
transcarbamoylase

Results in elevated levels of NHӡ
in tissues



CITRULLINEMIA

A rare disorder

Probably due to a mutational change 
in the catalytic site of arginine 
succinate synthetase

Blood level and urinary excreation of 
citrulline increases.



ARGININO SUCCINIC ACIDURIA

Due to the deficiency of arginine Succinase

Increased level of Arginino succinate in blood 
and its increased excretion in urine



HYPER ARGININEMIA

Due to the deficiency of Arginase

Increased level of Arginine in 
blood and increased urinary 
excreation.



SIGNIFICANCE OF UREA CYCLE

1. Major route of disposal of toxic 
Ammonia
2. Synthesis of semi-essential 
amino acid ARGININE
3.Urea cycle, Citric acid cycle 
and transamination reactions are 
linked.



BLOOD UREA
Normal level-15-45 mg/dl

Uremia or azotemia is increased blood urea level 
due to renal failure.

Normally urea excreation is about 20-30 gm per 
day.

A hogh value of blood urea indicates significant 
reduction in the GFR and kidney disease.

Causes for reduction in GFR-Pre renal, Renal and 
Post –renal.



PRE-RENAL CAUSES- MAINLY 
REDUCTION IN GFR
(reduction in plasma volume and fall in 
renal biood flow)
(1) Diarrhea

(2) Vomiting

(3) Severe dehydration

(4) Increase protein breakdown observed in cases 
of prolonged fevers, diabetic coma , 
thyrotoxicosis, after major surgery.



RENAL CAUSES SUCH AS –

(1) Actual glomerular nephrities

(2) Chronic nephrities

(3) Nephrosis

(4) Polycytric kidney

(5) Hydronephrosis



POST RENAL CAUSES LIKE 
Urinary tract obstruction due to

(1) Tumors

(2) Stones in the bladder

(3) Enlargement of prostate gland

All these may lead to increased reabsorption 
of urea from the renl tubules.





COMMON SYMPTOMS OF UREA CYCLE 
DISORDERS INCLUDES

(1) Elevated blood NHӡ level 

(2) Aversion to protein intake 

(3) Tendency for vomiting

(4) Mental retardation

(5) Coma convulsions and death

Lowering the dietary protein intake has been 
suggested as a way of treatment.




