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Abstract
Cholestasis can occur due to intrahepatic and extrahepatic causes. Increased free radical formation in cholestasis and the addition of the 
multiple hits hypothesis to it are important in vitamin malabsorption. Vitamin suplementation in NASH treatment should not be forgotten.

Introduction
Primary bile acids, cholic acid and chenodeoxycolic acid, 
occur in the liver by the addition of hydroxyl groups to the 
7th carbon atom of cholesterol. In this reaction chain, the rate-
limiting enzyme is cholesterol 7-α hydroxylase (CYP7A1). 
These primary bile acids are partially re-absorbed in the small 
intestine, and the portion that is not absorbed is deconjugated 
and metabolized by the bacteria that is in the large bowel to the 
secondary bile acids of deoxycholic acid and chenodeoxycholic 
acid [1]. Bile acids play an important role in the absorption of 
lipids and fat soluble vitamins (A, D, E, K).

Cholestasis is described as a occlusion anywhere from the 
production of bile acids in hepatocytes to the discharge from 
the duodenum. This clinical picture is evaluated in two groups 
as intrahepatic (genetic, hepatitis, viral and toxic hepatitis, 
autoimmune, alcohol, primary bilier cirrhosis, primary 
sclerosing cholangitis etc.) and extrahepatic cholestasis 
(choledocholithiasis, tumors, parasites, pancreas linked 
diseases). Choledocholithiasis is the most common cause of 
cholestasis [2].

Cholestasis-related vitamin malabsorption has been seen 
despite oral supplementation in all fat soluble vitamins. 
Especially vitamin E, is most hydrophobic fat soluble vitamin, 
most affected from bile acid deficiency during intraluminal 
absorption, approximately 50-70% deficiency. α-tochopherol 
is active form of vitamin E. The other fat soluble vitamins, 
A (active form is β-carotene), D (active form is 1,25 OH D3) 
and K (active form is phylloquinone), have been observed 
more less approximately 25%, 35-70%, 60% respectively, due 
to cholestasis related malabsorption. In addition, vitamin A 
absorbtion is affected from vitamin E. These vitamins effect 
each other during intestinal absorbtion [3, 4]. Fat soluble 
vitamin replacement is important an acceptable in cholestasis 
medical treatment. Free radical formation-antioxidant response 
balance is adversely affected because of deficiency fat soluble 
vitamins in cholestasis. DNA, protein, carbohydrate and lipid 

structures have been protected against to damage of reactive 
oxigen species (ROS) and free radikal, occur in tissues, by 
vitamin A and E. For this reason, vitamins A and E, fat-soluble, 
are evaluated as antioxidant. In chronic cholestasis, the 
accumulation of heavy metals such as Cu and Mn with oxidant 
properties in the liver might aggravate liver damage because 
of antioxidant response failure vitamins A and E neutralize the 
oxidant by turning into a weaker new molecule. This property 
of antioxidants is called scavenging and also vitamins A and 
E have [5]. Together with cholestasis-associated antioxidant 
response deficiency, bile salts that accumulate in hepatocytes 
disrupt to cell membrane integrity and suppress membrane 
transport proteins such as Na+ K+ ATPase. These pathologies 
chain progresses in the direction of free radical formation, 
inflammation and fibrosis [6]. Thus, inflammation and fibrosis 
occur at the result of free radical formation caused with 
physical barrier and vitamin malabsorption in cholestasis. 
This pathology can be evaluated as two hits hypothesis. 
However, in recent publications, multiple hits have emerged as 
a more advanced theory in the pathogenesis of Nonalcoholic 
Steatohepatitis (NASH). The two hits hypothesis is not 
considered sufficient to explain molecular interactions and 
metabolic changes in NASH development. The multiple 
hit hypothesis includes multiple factors which have roles 
in development of NASH. These are genetic and epigenetic 
factors, insulin resistance, metabolic syndrome, adipose tissue 
derived hormones, nutritional habits and gut microbiota [7].

A meta-analysis of five randomized controlled trials using 
vitamin E showed significant improvement in liver function 
and histological changes in NASH patients [8]. In a multicentre 
study including 149 pediatric patients, vitamin E deficiency 
was detected in children with NASH in all groups [9]. Vitamin 
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E supplementation has been shown to reduce liver steatosis 
and inflammation in rats [10]. In a study using wistar albino 
rats exposed to liver damage with carbon tetrachloride, vitamin 
E decreased steatosis and inflammation scores [11].

Conclusion
Experimental animal and cohort studies have shown that fat-
soluble antioxidant vitamins have beneficial effects on liver 
steatosis, fibrosis and inflammation. Fat soluble vitamin 
supplementation is important and necessary against the 
increased free radical formation by the multiple hits hypothesis 
of cholestasis. Fat soluble vitamin supplementation in NASH 
treatment should not be forgotten. Fat soluble vitamin 
supplementation for free radical formation and antioxidant 
balance in cholestasis and NASH pathology may be evaluated 
in detail with experimental studies.
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