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 Aldosterone helps control the balance of water and salts 
in the kidney by keeping sodium in and releasing 
potassium from the body
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Functions of nucleotides

1. Nucleotides are building block of nucleic acid
2. Nucleotides serve as carriers of activated 

intermediates in the synthesis of some 
carbohydrates , lipids, and proteins.

3.  They are structural components of several 
essential coenzymes



4.   Nucleotides, such as cyclic AMP (CAMP) and 
cyclic GMP (CGMP), serve as second 
messengers in signal transduction pathways.

5.  Nucleotides play an important role as "energy 
currency" in the cell.

6.  Nucleotides are important regulatory 
compounds for many pathways of intermediary 
metabolism, inhibiting or activating key 
enzymes.















































































































Glutathione reductase is responsible for maintaining the 
supply of reduced glutathione , glutathione plays key roles in 
the cellular control of oxygen species 



















(Adenosine deaminase )





























































Reye's syndrome, a child's blood sugar level typically drops 
while the levels of ammonia in blood rise.
At the same time, the liver may swell and develop fatty 
deposits. Swelling may also occur in the brain, which can 
cause seizures, convulsions or loss of consciousness





What is Carnitine?

Carnitine - substance found in 
almost every cell in the body, it 
is biosynthesized from - amino 
acids lysine  and methionine.
There are three different forms 
of carnitine:
L-carnitine
acetyl-L-carnitine
propionyl-L-carnitine

Carnitine -helps the body turn 
fat into energy . Our body makes it 
in the liver and kidneys and stores 
it in the skeletal muscles, heart, 
brain, and sperm.

The compound plays role in 
energy production , as it is 
responsible for transporting fatty 
acids to the mitochondria. 
carnitine transports long-chain 
fatty acids into mitochondria 
where they are oxidized to 
produce energy.

Carnitine-transports waste and 
toxic compounds out of the 

Role of 
Carnitine?



Carnitine Deficiency
Carnitine deficiency is one 
of a group of metabolic 
muscle diseases that 
interferes with the 
processing of food (in this 
case, fats) for energy 
production.

Inborn error of fatty acid 
transport caused by a 
defect in the transporter 
responsible for moving 
carnitine across the 
plasma membrane

When carnitine cannot  be 
transported into tissues, 
fatty acid oxidation is 



Who is at risk for carnitine deficiency?

The primary condition is passed down 
from parents to children.

 A child needs to get an abnormal copy 
of the gene from both parents.

You may have a risk for the secondary 
condition if you have liver or kidney 
disease, or certain other health conditions



What causes carnitine 
deficiency?
Response to a genetic mutation (gene defect) 
in the protein responsible for bringing 
carnitine  into the cell (primary carnitine 
deficiency)

May occur secondary to other metabolic 
diseases (secondary carnitine deficiency)



Primary carnitine deficiency
This is a rare condition caused by an 

abnormal gene.
The gene causes a problem with a protein 

that carries carnitine inside cells from the 
blood.

The condition only leads to low carnitine 
levels in muscle.

 In this condition the body can't use certain 
fats for energy, particularly when the person 
goes without food (fasting).

 If the liver and heart are also affected, it 
may be called systemic carnitine deficiency . 



Secondary carnitine deficiency
This is a more common condition.
 There isn’t a problem getting carnitine  

into cells.
The problem is that there isn’t enough 

carnitine in the blood. It can result from a 
number of health problems.



A person with primary 
carnitine deficiency has very 
low levels of carnitine in the 
blood due to a faulty 
carnitine transporter  which 
prevents carnitine from 
getting into the cells where 
it is needed.

The primary form of the 
disorder can be classified as 
either "systemic carnitine 
deficiency ", which affects 
many organ systems 
including the heart and the 
brain, or "muscle carnitine 
deficiency", which is 
restricted to voluntary 
muscles.

The secondary form of carntine 
deficiency can arise secondary to 
metalobic disorders in the 
mitochondria.
Blockage of metabolic pathways in 
the mitochondria leads to a build-
up of acyl compounds.
These compounds then bind to 
carnitine and the bound complex is 
then excreted by the kidney , 
causing carnitine levels to drop.
Some of these mitochondrial 
disorders include, mitochondrial 
ATPase deficiency , and fatty acyl-
CoA dehydrogenase deficiencies.
In both primary and secondary 
carnintine deficiencies, increased 
dietary intake and supplements of 
carnitine can be beneficial . 

 Primary Carnitine Deficiency Secondary Carnitine Deficiency 



Simple explanation of carnitine transporter
*The main function of carnitine  is in the uptake of fatty 
acids into the mitochondrial matrix for beta-oxidation .
*Fatty acyl CoA cannot cross the mitochondrial 
membrane.
*At the outer face of the outer mitochondrial membrane 
the fatty acyl group is transferred onto carnitine , 
catalysed by carnitine acyltransferase 1 (CAT 1).
* Acyl carnitine  is transported across the membranes in 
exchange for free carnitine and at the inner face of the 
inner mitochondrial membrane the acyl group is 
transferred onto CoA, catalysed by carnitine 
acyltransferase 2 .



Fatty acid are activated on the outer mitochondrian 
membrane, whereas they are oxidized in the mitochodrial 
matrix
A special transport mechanism is needed to carry the long 
chain acyl CoA molecules across the inner mitochondrial 
membrane.
Activited long chain fatty acid are transported across the 
membrane by conjugating them to carnitine
 The acyl group is transfer from the sulfur atom of CoA to 
the hydroxyl group of carnitine to form acyl carnitine . 



√ This reaction is catalyzed by carnitine acyl transferase I which is 
bound to the outer mitochodrial membrane .

√ Acyl carnitine is then shuttled across the inner mitochodrial 
membrane.

√ The acyl group is transferred back to CoA on the matrix side of the 
membrane. The reaction, which is catayzed by carnitine acyl is 
transferase II is simply the reverse of the reaction that takes place in 
the cytosol

√ Finally, the translocase returns carnitine to the cytosolic side in 
exchange for an incoming actyl carnitine



Basic Concept



Conclusion

Carnitine, absorbed from dietary intake or 
synthesized  in liver  and kidney , reaches the blood 
stream and the extracellular fluid.

 Its transport within cells of various tissues is 
limited by their respective uptake capacities.

Plasma concentration of free carnitine is in 
dynamic balance with acylcarnitine.









What are the symptoms of 
carnitine deficiency?

If confined to muscles, this disease causes:

Weakness in the hips, shoulders, and upper arms and legs.
The neck and jaw muscles also may be weak.
Heart muscle weakness may occur.

In more severe cases, where other tissues are affected, symptoms can include :
low blood sugar
fatigue
vomiting
abdominal pain
growth retardation
low weight
enlarged liver
 brain function abnormalities.



What causes carnitine deficiency?
The primary condition is caused by an abnormal gene.

A variety of health conditions can cause the secondary 
condition. These decrease the amount of carnitine in the body.

They may do this by increasing  the amount sent out in urine .
Or, they may cause the body to absorb less from food. The 

health problems that can cause this include:

√ Liver disease
√ Kidney disease, especially with dialysis
√ Digestive disease that causes poor absorption
√ Malnutrition
√ Mitochondrial disease
√ Certain metabolic disorders
√ Certain medicines, such as valproate
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