---------------------------------------------------------------------------------Fatty Liver

Fatty Liver

    The normal amount of fat in the liver is about 5% of its weight. Seventy% of this amount are phospholipids & cholesterol & the remaining 30% is neutral fat.                                                                                                                                                        Fatty liver is an accumulation of abnormal amount of lipids (mainly of neutral fat)in the liver for a prolonged time .It may reach 20-40% of liver weight with subsequent compression of liver cells. The liver cells die and become replaced by fibrous tissue. This results in liver cirrhosis & impairment of liver functions.

*Types:

    Fatty liver fall into 3 main categories:

I-The type associated with raised levels of plasma free fatty acids (FFA):
Causes:

1-Over mobilization of fat from adipose tissue to liver :

   This occurs in conditions with decreased  carbohydrate utilization as in :

a)diabetes mellitus .

b)starvation .

c)low carbohydrate diet .

d)hyperfunction of pituitary ,suprarenal & thyroid glands.

    The liberated fatty acids are taken up by the liver ,estrified into triacylglycerols and secreting them as VLDL. The amounts of FFAs and the rate of its estrification into triacylglycerols exceed the capacity of liver to synthesize VLDL ,so,it accumulate in liver cells leading to fatty liver.

2-Overfeeding of fats:

    This leads to increased formation of chylomicrons ,extensive hydrolysis of it by lipoprotein lipase . The released fatty acids exceed the capacity of liver to synthesize VLDL.

3-Overfeeding of carbohydrate:

    Liver is first saturated with glycogen then extensive lipogenesis will occur (increase FFA and triacylglycerols synthesis). This will exceed the capacity of liver to synthesizeVLDL.

**vitaminB1:may aggravate the condition by stimulating the appetite. Also, it is a coenzyme for oxidative decarboxylation of pyruvate.

**Biotin :may increase synthesis of fatty acids as it is a component of acetyl CoA-carboxylase.

II-The type due to block in production of lipoprotein:

(with normal FFA levels in plasma & normal uptake of them )        

 Causes:

1-Block in apolipoprotein synthesis ::
   This in turn may be due to :

Inhibition of protein synthesis by either:

a)Inhibitors as

**puromycin (an antibiotic inhibiting protein synthesis by removal of an incomplete polypeptide from the ribosome).

  **actinomycin-D (an antibiotic that prevents the formation of mRNA).  

  **cyclohexamide (inhibits peptide bond formation by inhibiting peptide-synthetase).

b)Toxic substances or liver poisons :

 **These are carbon tetrachloride, phosphorous, chloroform,ethionine, lead, arsenic.They lead to inhibition of hepatic protein synthesis.

**The effects of CCl4 involve formation of free radicals that disrupt lipid membranes of the endoplasmic reticulum due to formation of lipid peroxides . VitaminE supplemented diet protects against CCl4 -induced lipid- peroxidation & choline aids in recovery.
**Ethionine (alpha-amino-gamma-mercaptobutyric acid) can replace methionine in s-adenosyl – methionine. This will trap a large part of the available adenine and prevent the synthesis of ATP in the cells. This in turn will inhibit the formation of mRNA & protein synthesis.

c)Deficiency of the essential amino acids.

d)Abeta lipoproteinemia: a genetic defect to synthesize apo-B.

2-Failure in the formation of phospholipids:

a)Deficiency of the essential fatty acids :This may be due to deficient diet , excess cholesterol in diet which competes with phospholipids for estrification with essential fatty acids & deficiency of vit.E & selenium that protect against lipid peroxidation .

b)Deficiency of choline : due to a deficient diet in: choline or methyl donors as methionine or glycine-betaine , in vitamins necessary for biosynthesis of methyl groups as vit .B12 & folic acid .

Also, by administration of large amounts of nicotinic acid or guanidoacetic acid which compete with ethanolamine for methyl groups forming N-methyl-nicotinic acid or creatine respectively preventing the synthesis of choline .

c)Deficiency of inositol : which is induced by a diet poor in B6 and rich in biotin .

3-Failure in conjugation of the apoprotein with the lipid fraction:

e.g. carbon tetrachloride : it inhibits the conjugation of the apoprotein with lipids & affects the secretion of the lipoprotein .

4-Failure in the secretory mechanism of lipoproteins from liver to the plasma :

    This type is often associated with the deficiency of substances called lipotropic factors that cause triacylglycerols to accumulate in liver .

Also, toxicity with orotic acid leads to interference with glycosylation of the lipoprotein inhibiting its release & accounting for the marked decrease in the lipoproteins containing apo-B.

*Lipotropic factors:

  They are substances that help the mobilization of fat (triacylglycerols) from the liver . They include :

a)Substances that help formation of phospholipids:

**Essential fatty acids e.g. linoleic acid.

**Choline : it is essential for synthesis of lecithin , plasmalogens , sphingomyelins .

**Phosphocholine is necessary for glycosylation of the protein part of lipoprotein.

**Choline – containing phospholipids are essential for membrane biosynthesis of lipoproteins.

**Choline is essential for formation of carnitine .

**Inositol , ethanolamine and serine are essential for synthesis of phosphatidyl-inositol & cephalins .

**Methionine & glycine – betaine are required for transmethylation reactions & choline synthesis .

**Folic acid & vit.B12: important for methyl group synthesis & transfer.

b)Substances important for apoprotein , choline & carnitine biosynthesis:

· adequate diet with high biological value protein .

· casein :a milk protein that contains a high amount of methionine .

c)Some vitamins:

vit.E : protects essential fatty acids from oxidation.

Vit.B6 :protects against vit.E deficiency & essential for interconversion of essential fatty acids .

Pantothenic acid :form CoA necessary for fatty acid activation& in turn its oxidation .

Anti-lipotropic factors:

  They inhibit the mobilization of triacylglycerols from liver thus resulting in fatty liver . They inhibit the formation of phospholipids or apoproteins . So , inhibiting formation of lipoproteins necessary for triacylglycerol mobilization from liver .They include :

1)Substances that inhibit phospholipids synthesis :

· Overfeeding of cholesterol(depletes unsaturated FA)

· Overfeeding of niacin & guanidoacetic acid (depletes CH3)

· Overfeeding of biotin : causes inositol deficiency & increase FA synthesis.

2)Substances that interfere with apo-protein synthesis:

· Liver poisons :CCl4 , chloroform , phosphorous , arsenic , etc .

· Ethionine :interferes with ATP formation & decreases protein synthesis . 
III-Fatty liver due to alcoholism :

In acute alcoholism: ethanol is oxidized in hepatic cytosol by alcohol dehydrogenase leading to production of acetaldehyde & excess NADH+H+


a)C2H5-OH + NAD+                                                  CH3CHO + NADH.H+ 

           ethanol                                                           acetaldehyde


b) CH3CHO + NAD+ + H2O                                                  CH3COO- + NADH.H+

   acetaldehyde                                                                            acetate                                                                                                                                                                                                                                                                                                  

  The NADH generated competes with other reducing equivalents for the respiratory chain, inhibiting their oxidation. This in turn reduce the activity of citric acid cycle and decrease fatty acid oxidation. This cause increased estrification of fatty acids in triacylglycerols. Acetaldehyde  is oxidized by aldehyde dehydrogenase in mitochondria to give acetate. This in turn leads to increased lipogenesis & cholesterol synthesis from acetyl -CoA. The increased NADH /NAD+ ratio also causes an increase of lactate /pyruvate  ratio that results in lactic acidosis which in turn decreases the capacity of kidney to excrete uric acid   (  pH). This is the cause of aggravation of gout by drinking alcohol.

In chronic alcoholism: a minor pathway for ethanol metabolism occurs via “a cytochrome - P450 –dependent microsomal ethanol oxidizing system” involving NADPH + O2

CH3CH2-OH + NADPH.H+ + O2                                     CH3CHO + NADP+ + H2O2
& in turn NADH + H+ is not formed.
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