
Liver: organ not to be overloaded

NON-ALCOHOLIC HEPATIC
STEATOSIS
Non-alcoholic fatty liver disease (NAFLD) is the most common 
form of chronic liver disease worldwide (about 25% of the 
general population), and among patients, a not insigni�cant 
percentage (3-5%) develops non-negligible steatohepatitis. 
alcoholic (NASH), characterized by damage to hepatocytes,
in�ammation and �brosis, which increase the risk of developing 
cirrhosis and hepatocellular carcinoma.
At the base of the pathogenesis of NAFLD there is an 
accumulation of fats, in particular of triglycerides (TG) in the 
liver. It is therefore not surprising that most people with NAFLD 
have conditions such as visceral obesity (fat accumulation 
within the waist), hypertension, hyperlipidemia, and diabetes. 
However, the mechanisms by which a minority of patients 
develop a more severe phenotype than others are still not fully 
understood. In a recent review carried out by the University of 
Perugia and the Polytechnic of Ancona, together with the 
Scienti�c Division of Lipinutragen, it is clear that, in addition to 
the accumulation of TG, the main cause of the progression of the 
steatotic form in steatohepatitis was determined in the 
LIPOTOXICITY, or in the accumulation of speci�c classes of lipids 
(free fatty acids, ceramides, cholesterol, bile acids) which act as 
harmful agents [1]. These species, de�ned as “lipotoxic”,
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in�uence cell behavior through multiple mechanisms that induce
the activation of cell death and oxidative stress receptors.

ROLE OF FREE FATTY ACIDS (FFA) IN

LIPOTOXICITY
The most studied mechanisms underlying the progression from
NAFLD to NASH are those that lead to the release and
transformation of lipid species de�ned as “neutral” (i.e. TG) into
Free Fatty Acid (FFA).
In particular, it appears that more than the quantity of FFA that
accumulate in the liver, it is their quality that in�uences the
lipotoxic events.
Among these, saturated fatty acids (SFA), such as palmitic acid
and stearic acid, have shown greater toxicity than
monounsaturated fatty acids (MUFA), such as oleic acid, which
instead show a protective role for the cell [2]. Along with MUFAs,
polyunsaturated fatty acids (PUFAs) of the omega-3 series also
have a proven protective activity for the liver. As evidenced by
recent clinical studies [3-5], omega-3 PUFAs, in addition to
reducing TG levels in plasma and liver, reduce transaminase
(ALT) values   and in general lead to an improvement in
ultrasound parameters in liver in both adult and pediatric NASH
patients.
Conversely, an accumulation of PUFA of the omega-6 series, and
in particular of arachidonic acid (AA), favors the formation of
in�ammatory molecules, charging the process of lipotoxicity.

EVIDENCE OBTAINED WITH THE

LIPIDOMIC ANALYSIS OF MATURE

ERYTHROCYTES
The growing understanding of these lipid anomalies through
lipidomic technologies, such as membrane lipidomic analysis of
mature red blood cells (GRM), enrich the understanding of the
phenomenon by directly evaluating the presence of lipotoxicity
as a key pathogen at the cellular level.
An important point in favor of the use of erythrocytes, as a
reporter for liver disease, is the similarity of their composition in
terms of membrane fatty acids with that of hepatocytes:

• SFA: 43% in the GRM versus 42% in the liver
• MUFA: 23.0% in the GRM versus 23.8% in the liver
• Omega-6 PUFA: 27.6 in the GRM versus 27.4% in the liver
• Omega-3 PUFA: 5.7% in the GRM versus 4.6% in the liver [6].



days for hepatocytes, is also a clear indication of similar 
metabolism among the fatty acids that make up the 
phospholipids of their membranes.

SCIENTIFIC EVIDENCE AND ROLE OF

NUTRITION
Recent studies report the possibility of treating NAFLD and NASH 
subjects by exploiting the bene�ts of a dietary supplement, in 
particular with vitamin E and PUFA of the omega-3 series [7-9]. 
Vitamin E, in fact, represents the most important molecule “for 
blocking” the oxidative cascade caused by free radicals. In fact, it 
is now recommended in clinical guidelines of the EU, US and Asia 
as a therapy for NASH in non-diabetic patients [8-9]. While, as 
regards the omega-3 PUFAs, DHA represents a promising 
molecule to prevent the progression of the disease to NASH [7] 
thanks to its anti-in�ammatory activity also acting at the level of 
the membranes, improving their plasticity and �uidity.
From these premises, clinical studies have been carried out that 
have also explored the potential of multivitamin formulations 
containing DHA, as the main component, in the therapy of 
pediatric NASH. The results show a marked improvement in the 
metabolic, ultrasound and histological parameters of the liver. 
The results of this and other studies con�rm the importance of 
PUFA as biomarkers for a non-invasive diagnosis of NASH,
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describing for the �rst time its importance for verifying the
e�ectiveness of what we can de�ne as a “DHA therapy”. In light of
the above, it would be even more important to customize the
lipid therapy and also to follow it as e�cacy, both clinical and
molecular, over time by performing the membrane lipidomic
analysis of the GRM. The knowledge is there, the diagnostic tool
too, so it is only time to adapt the protocols, taking into account
that the analysis is now performed by the Lipidomics
Lipinutragen Laboratory with an ISO 17025 accredited method,
therefore with the appropriate speci�cations for the certainty of
the data obtained.
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