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SUMMARY 
Objectives: Reduced n-3 and n-6 polyunsaturated fatty acids (PUFAs) content in 

red blood cell (RBC) membranes and abnormal membrane phospholipid metabolism 
were repeatedly implicated in the etiology of schizophrenia.  

Findings: Prenatal and perinatal depletion of PUFAs interferes with normal 
brain development and function. The lack of docosahexaenoic acid - DHA in the 
brain is reflected in lower membrane DHA/AA (AA - arachidonic acid) ratio, 
increased activity of AA-metabolizing enzymes, and disturbance of downstream 
metabolic pathways involved in signaling, growth modulation, brain glucose uptake, 
immune functions, neurotransmission, synaptogenesis and neurogenesis. Preli-
minary high-throughput metabolomic studies revealed abnormal biochemical profile 
in patients with schizophrenia or brief psychotic disorder when compared to healthy 
controls. The results of both metabolomic and proteomic studies pointed to energy 
metabolism and lipid biosynthesis being impaired in schizophrenia. The usefulness 
of antipsychotic medication and supplementation with PUFAs in reverting to the 
normal metabolic state has been suggested in early treatment of the first psychotic 
episode. Abnormalities of phospholipid metabolism can be also detected as 
attenuated niacin skin flush response in the variety of neuropsychiatric disorders. 

Conclusions: Disturbances of lipid homeostasis could represent biochemical 
markers in the preclinical phase of neuropsychiatric illnesses and could serve as 
triggers in genetically vulnerable individuals. The assessment of patients’ lipid 
status may also help in monitoring the course of the disease and treatment response. 
In this regard, simple, cheap and fast niacin skin flush test might be valuable. It 
might help in diagnosis of adolescents and young adults with psychotic behaviour, 
or in defining the necessity for long-term antipsychotic therapy. Along with 
antipsychotic medication schizophrenic patients need specific medical nutrition 
therapies.  
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*  *  *  *  *  

CELLULAR LIPIDOMICS  
AND MEMBRANE LIPIDS  

Cellular lipidomics, a discipline within 
metabolomics, investigates over thousand different 
lipids in the cell, quantitatively describing their 
structure and function (van Meer 2005). The vital 

role of lipid molecules was recognized in health 
and disease, and can be explored using 
sophisticated high-throughput technology. Mass 
spectrometry, for instance, enables contemporary 
measurement the huge amount of different cellular 
metabolites. Cellular lipidomics is further interes-
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ted in enzymes involved in lipid metabolism and 
transport, and mechanisms of their regulation. It is 
expected that lipidomics will provide a molecular 
signature to a certain pathways or a disease 
conditions (Adibhatla et al. 2006). Along with 
lipidomics analyses, the methodology of RNA 
silencing (that enables selective gene “turning off” 
by degrading RNA) represents a tool to investigate 
diverse lipid intermediates’ functions. Due to its 
recent expansion, lipidomics inevitably joins 
genomics and proteomics, enabling the 
consideration of the cellular processes as an 
integrated system. 

By a definition, lipids are biological 
substances generally hydrophobic in nature and 
principally soluble in organic solvents (Fahy et al., 
2005). Most lipids contain a polar head and long, 
hydrophobic tails (amphipatic molecules). Their 
hydrophobic nature enables specific forms of 
aggregation in the cell: i) as lipid droplets in the 
cytosol or lipoproteins being secreted or 
endocytosed (consisting mainly of triacylglycerols 
and cholesterylesters), ii) as membrane bilayers 
assembling the bulk of cellular lipids. The three 
classes of lipids are main constituents of 
membrane bilayers: phospholipids, sphingolipids 
and cholesterol. Among phospholipids, in most 
membranes the most numerous are phosphati-
dylcholine (PC) molecules (50%), followed by 
phosphatidylethanolamine (PE) (20%), negatively 
charged and mainly localized in the inner leaflet - 
phosphatidylserine (PS), and phosphatidylinositol 
(PI). These molecules (PC, PE and PS) contain 
different polar headgroups bound to a glycerol 
with two fatty acid chains (diacylglycerol – DAG). 
Usually, one fatty acid is saturated and another one 
is unsaturated contributing to the bilayer’s fluidity. 
The main sphingolipid, sphingomyelin (SM) 
contains phosphocholine head (like PC), sphingo-
sine tail and one saturated fatty acid (forming 
ceramide). Sphingolipids make membranes rigid. 
The third class of lipids, cholesterol (the 
mammalian sterol) helps maintaining the 
appropriate level of membranes’ fluidity, 
concurrently contributing to their fluidity and 
rigidity. Cholesterol keeps adjacent phospholipid 

molecules altogether, preventing, at the same time, 
their aggregation.  

Cellular membranes differ regarding lipid 
composition, although the detailed lipid compo-
sition of each organellar membrane is not known 
(van Meer 2005). Similar lipid composition was 
suggested for lipid droplets, peroxisomes, 
mitochondria and endoplasmic reticulum (ER). 
Phospholipids are synthesized on the cytosolic 
surface of ER and Golgi, and translocated to other 
organellar or plasma membrane via secretory 
vesicles. Secretory vesicles beyond Golgi, as well 
as, endocytic vesicles are 10-fold enriched in 
sphingolipids and cholesterol. Glycosylated 
sphingolipids (ceramide carrying carbohydrates) 
are found only in the outer leaflet of the plasma 
membrane thus contributing to membrane 
asymmetry (differences in composition between 
inner and outer leaflet). 

 

LIPIDOMICS OF THE BRAIN AND 
VERSATILE ROLES OF N-3 
POLYUNSATURATED FATTY ACIDS 

Brain has a high concentration of lipids; 
therefore lipid metabolism may be of particular 
importance for brain and central nervous system 
(CNS) as the whole. Lipids are engaged in 
numerous physiological processes in the cell, 
including cell signaling, and lipid dysregulation 
was implicated in many neurodegenerative 
diseases. Lipidomic analyses in schizophrenia, 
bipolar disorder, major depression or Alzheimer 
disease may help identifying particular lipid 
intermediates or enzymes that could possibly serve 
as new drug targets in these conditions (Berger et 
al. 2002, Adibhatla et al. 2006). Challenges in the 
brain lipidomic analyses are studies of lipid-to-
lipid interactions and lipid-to-protein interactions 
that are very complex (Rapaka et al. 2005). 
Particular lipid intermediates (i.e. ceramide 
phosphate or sphingosine-1-phosphate) may 
activate a cascade of enzymes working on 
membrane phospholipids (phospholipases A2 - 
PLA2s or cyclooxygenase 2 – COX-2, for 
instance). This may, in turn, activate downstream 
processes resulting in synthesis of numerous 
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bioactive lipid metabolites. It is estimated that 
cytosolic PLA2 (cPLA2) enzyme may recognize 
approximately 50 lipids while interacting on the 
membrane bilayers.  

Important point for brain lipidomics is to 
establish a correlation between lipid profile in the 
brain and various forms of behaviour. Some 
progress has been already made: i) 
endocannabinoids were found to regulate sedation, 
euphoria, appetite, memory, sleep and other 
processes (Grant & Cahn 2005, Pacher et al. 2006), 
ii) a connection between lipids and long-term-
potentiation in memory formation has been 
established (Gerdeman & Lovinger 2003, Slanina 
et al. 2005). Furthermore, the role of particular 
lipid molecules (polyunsaturated fatty acids - 
PUFAs) in neurodevelopmental processes (i.e. cell 
migration, eicosanoid precursors, ligands for 
transcription factors that regulate gene expression, 
cellular communication, interaction with proteins) 
(Innis 2007, Yavin 2006, Bourre 2006) and 
cognitive aging (Youdim et al. 2000, Borsonelo & 
Galduróz 2008, McNamara et al. 2008, Das 2008) 
is emerging. Disturbances of lipid metabolism and 
deviation of lipid homeostasis are suggested as 
crucial for abnormal CNS and brain development, 
thus making the prerequisites for later life 
appearance of wide array of clinical symptoms. 
PUFA deficiency and disturbances of lipid 
homeostasis were observed in many other 
neuropsychiatric illnesses except schizophrenia: 
major depression, bipolar disorder, Alzheimer 
dementia, multiple sclerosis, attention-deficit 
hyperactive disorder, dyslexia, but also coronary 
heart disease, hypertension, cancer, diabetes, 
inflammatory and auto-immune disorders, etc. 
(Chiu et al. 2002, Frasure-Smith et al. 2004, 
Zamaria 2004, Richardson 2004, Gerber et al. 
2005, Plourde et al. 2007, Su 2008).  

The uniqueness of brain lipid content is its 
heavy concentration of the polyunsaturated 
docosahexaenoic fatty acid (DHA) from n-3 series 
(22:6n-3). DHA is accumulating during CNS 
development and its early deprivation has been 
associated with vulnerability to neuropathological 

insult (Innis 2007, Rapoport et al. 2007). The lack 
of DHA in the brain is probably reflected in lower 
DHA/AA ratio (AA -polyunsaturated arachidonic 
acid from the n-6 series; 20:4n-6). The decrease of 
the DHA/AA ratio imposes a higher activity of 
AA-metabolizing enzymes (such as cPLA2, COXs, 
LOXs) that give rise to synthesis of different 
proinflammatory eicosanoids (20-carbon-atoms-
containing lipid metabolites, derivatives of AA) 
and inflammatory cytokines (tumour necrosis 
factor, interleukin-1 and interleukin-6) (James et 
al. 2000, Yao & van Kammen 2004, Calder 2006). 
In comparison, DHA can be enzymatically 
converted to various docosanoids (resolvins and 
neuroprotectins) with anti-inflammatory properties 
(Das 2004, Calder 2006). PUFAs from n-6 and n-3 
series exert these effects through interfering with 
intracellular signaling pathways and activation of 
different transcription factors. It follows that 
membrane PUFA composition, and their n-3/n-6 
ratio determines the nature of inflammatory 
response in the cells and the body. It was earlier 
shown that increased n-3 PUFA levels in serum 
might attenuate the pro-inflammatory response to 
psychological stress (Maes et al. 2000). 

The main source of DHA is diet; alternatively 
DHA can be endogenously synthesized from its 
precursor, essential alpha-linolenic fatty acid (α-
LNA, 18:3n-3) in the liver (Figure 1). Body cannot 
synthesize α-LNA; therefore, it must be obtained 
from diet too. Usually, liver produces sufficient 
DHA to maintain brain demands. This conversion 
from α-LNA to DHA depends on action of the 
elongases and desaturases enzymes (Figure 1), 
whose activity varies individually and by sex 
(conversion is more efficient in females than 
males, suggesting the role of sex hormones) 
(Burdge 2006, Childs et al. 2008). In the brain, 
DHA is prevalent at the cytofacial site of the 
membrane where it is involved in numerous 
intracellular events and functions during prenatal 
and perinatal life: intracellular signaling, growth 
modulation, maintenance of balanced oxidative 
status (Mazza et al. 2007), gene expression 
(Nakamura et al. 2004), synaptogenesis and
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Legend: GLA - γ-linolenic acid; DGLA- dihomo γ-linolenic acid 

 

Figure1. Metabolic pathways from essential to polyunsaturated fatty acids of n-6 and n-3 families 
 
neurogenesis (associated with remarkable DHA 
accumulation) (Green et al. 1999), and dopa-
minergic and serotonergic neurotransmission (du 
Bois et al. 2005, Chalon 2006, Vancassel et al. 
2007). Remarkable elevation of dopamine receptor 
(D1 and D2) genes expression in the postnatal rat 
brain was found following maternal n-3 fatty acid 
dietary deficiency (Kuperstein et al. 2005). DHA is 
also an important regulator of brain glucose 
uptake. Glucose utilization and glucose transport 
were impaired in the endothelial cells of the blood-
brain barrier in rats deficient in n-3 PUFAs (Pifferi 
et al. 2007). The finding that dietary supplemen-
tation with DHA or eicosapentaenoic fatty acid 
(EPA, 20:5n-3) increased the glucose uptake while 
AA had no effect, led to suggestion that membrane 
n-3 PUFAs may modulate some glucose transport 
proteins’ expression and activity (Pifferi et al. 
2007). Interestingly, impairment in brain glucose 

uptake has been associated with cognitive decline 
and aging (Freemantle et al. 2006), and impaired 
glucose tolerance was demonstrated in schizo-
phrenic patients long ago (Peet 2006). According 
to growing literature, schizophrenia is not solely a 
brain disease. Findings of disturbed glucose 
tolerance and immune functions, increased 
oxidative stress, features of metabolic syndrome, 
and risk for cardiovascular disease in schizo-
phrenia point to some abnormal basic cellular 
mechanisms with systemic effects in the body. 
Disturbance of lipid homeostasis in cellular 
membranes of schizophrenic patients might repre-
sent the underlying cause. Disturbance of lipid 
homeostasis was determined in neuronal mem-
branes but also plasma membranes in peripheral 
tissue i.e. red blood cells – RBC, bringing the 
phospholipid hypothesis of schizophrenia reported 
by Feldberg (1976) and Horrobin (1977) into light. 
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THE ROLE OF BIOACTIVE LIPIDS AND 
PHOSPHOLIPID HYPOTHESIS OF 
SCHIZOPHRENIA 

Feldberg (1976) and Horrobin (1977) 
proposed schizophrenia as prostaglandin 
deficiency disease. Prostaglandin deficiency is 
probably influenced by reduced levels of particular 
PUFAs (AA and DHA) in the membrane 
phospholipids of schizophrenic patients (Mahadik 
et al. 1994, Arvindakshan et al. 2003) and 
increased PLA2 activity in serum, platelets, and 
brain tissue of schizophrenic patients (Gattaz et al. 
1987, Ross et al. 1997, Tavares et al. 2003). An 
increased phospholipid breakdown in brains of 
unmedicated schizophrenic patients was also 
indicated by magnetic resonance imaging 
(Pettegrew et al. 1991, Williamson et al. 1996). 
Plasma membrane PUFAs deficiency causes the 
increased activity of membrane-associated 
enzymes, such as cPLA2 or iPLA2 and further 
PUFAs loss (Ross 1999, Ross 2006, Gattaz et al. 
1987, Ross et al. 1997, Barbosa et al. 2007). 
PLA2s comprise a super-family of enzymes that 
catalyze the hydrolysis of the sn-2 fatty acyl bond 
of phospholipids to liberate free fatty acids and 
generate lysophospholipids (LPs). cPLA2 has a 
preferance to AA, while iPLA2 mainly liberates 
DHA from membrane phospholipid molecules 
(Forlenza et al. 2007, Green et al. 2008). Both free 
fatty acids and LPs act as potent second 
messengers at low concentrations, whereas are 
neurotoxic at high concentrations (Farooqui & 
Horrocks 2004). Cytosolic PLA2s are involved in 
the multiple signaling pathways; some of them 
mediate transient calcium rise in the cytoplasm. 
Therefore, elevated activity of cPLA2s may cause 
disturbances of the calcium homeostasis and 
provoke cell death and neurodegeneration (Thomas 
et al. 2006). Free fatty acids, liberated by action of 
PLA2s have many options: they can be used as 
energy supply by mitochondria and peroxisomes 
(Prabakaran et al. 2004), can be peroxidized to 
reactive oxygen species (ROS) (Yao & van 
Kammen 2004), bind to specific nuclear 
transcription factors and mediate expression of 

lipophilic genes (Wolfrum & Spener 2000, Jump 
2004, Nakamura et al. 2004, Sampath & Ntambi 
2005), or metabolized to prostaglandins, throm-
boxanes and prostacyclins (by action of COX-1, 
COX-2, and COX-3 enzymes), leukotrienes (by 
action of lipoxygenase-5 and lipoxygenase-12 
enzymes - LOXs), epoxides and other metabolites 
(by multiple cytochrome P450 enzymes) (Figure 
2). COX-2 metabolizes liberated AA to 
prostaglandins D2 and E2 (PGD2 and PGE2) that 
exert inflammatory effects. The metabolic pathway 
including cPLA2 and COX-2 does not function 
properly in vast majority of schizophrenic patients 
(Tavares et al. 2003, Bosveld-van Haandel et al. 
2006). The abnormal metabolic pathway is 
expressed as reduced skin redness after topical 
application of niacin solution in range 0.001M – 
0.1M. Niacin (nicotinic acid) causes local skin 
flush and oedema due to AA release by cPLA2 and 
subsequent PGD2 and PGE2 synthesis by COX-2. 
It is hypothesized that schizophrenic patients have 
greatly attenuated niacin skin flush response and 
low level of PG synthesis due to AA deficiency in 
the membrane phospholipids. The finding of 
disturbed prostaglandin synthesis has a meaning 
since mentioned metabolic pathway is a common 
phospholipid-dependent signal transduction path-
way. Since neurotransmission is associated with 
PUFA release from the membrane phospholipids, 
the occurence of such an abnormality in neurons 
may alter PLA2-dependent monoaminergic neuro-
transmission (Ross 2003, Chalon 2006). 

Other studies of AA metabolism can broaden 
phospholipid hypothesis of prostaglandin distur-
bances in schizophrenia. For instance, cytochrome 
P450 epoxygenase-derived eicosanoids (epoxy-
eicosatrienoic acids - EETs) have numerous potent 
biological activities: regulation of peptide hormone 
secretion, ionic transport, inflammation, hemo-
stasis and other functions (Zeldin, 2001). New data 
show that n-9 and n-3 PUFAs exert some of their 
beneficial physiological effects through interfering 
with cytochrome P450 ω-hydroxylase activity and 
formation of hydroxylated metabolites of AA 
(hydroxyeicosatetraenoic acids-HETEs or 
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oxylipids). EPA, DHA, and particularly 
eicosatrienoic acid (ETA, 20:3n-3) were 
recognized as alternative substrates for cytochrome 

P450 ω-hydroxylase and as potent inhibitors of AA 
hydroxylation (Fer et al. 2008). Oxylipids also play 
prominent physiological roles. 

 

 
Legend: AA – arachidonic acid; PLA2 – phospholipase A2; COXs – cyclooxygenases; LOXs – lipoxygenases 

 

Figure 2. The three major pathways of arachidonic acid metabolism 
 
Furthermore, EPA and DHA are substrates for 

a novel group of mediators produced through 
COX-2/LOX pathways called E-series and D-
series resolvins, respectively. DHA is enigmatic 
molecule since it is also a supstrate for 
docosatriene (neuroprotectin D1) synthesis 
(mediator exerting prominent anti-inflammatory 
effects) (Calder 2006, Das 2008) and isoprostanes 
which are neurotoxic. 

 

RED BLOOD CELL FATTY ACID 
CONTENT IN SCHIZOPHRENIA  

Reduced levels of certain PUFAs in RBC 
membranes were repeatedly reported both in drug-
naïve first-episode schizophrenic patients and 
chronically ill, medicated ones (Fenton et al. 2000, 
Khan et al. 2002, Arvindakshan et al. 2003). 
Consequently, structural and metabolic changes of 
plasma membranes in schizophrenic patients are 
reflected in the surface architectonics of RBCs 
(Novitskii et al. 2000). Reduced PUFA level was 
accompanied with higher levels of plasma 
peroxides, suggesting the increased oxidative stress 
in schizophrenic patients (Khan et al. 2002). Doris 
et al. (1998) have found higher concentration of 
dihomogamma-linolenic acid (DGLA, 20:3n-6) in 

RBCs of schizophrenic patients compared to 
healthy controls. DGLA is a precursor of AA 
synthesis by delta-5-desaturase enzyme (Figure 1). 
Phospholipid analysis of RBCs indicated the 
similar levels of PC and PS in schizophrenic 
patients and controls, while SM level was 
increased and PE level decreased in patient group 
(Ponizovsky et al. 2001). SM/PE ratio correlated 
directly with PANSS Negative Symptom Scale 
Score enabling authors to suggest that elevated SM 
level might be a factor of negative syndrome 
development in schizophrenia. They pointed to 
ceramide content of SM, known as a potent 
mediator of apoptosis. 

All the findings support a view of reduced 
level of certain PUFAs, namely DHA and AA, in 
the brain and RBCs of schizophrenic patients as 
the consequence of increased oxidative stress (an 
intrinsic property of the illness) and increased 
activity of PLA2 enzymes in temporal cortex and 
serum of schizophrenic patients. Important factor 
that may contribute to the reduced PUFA levels 
represent dietary habits. Nutritional patterns of 
schizophrenic patients are different from those of 
healthy controls and are principally poor (high in 
saturated fats and sweet drinks, low in unsaturated 
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fats) (Amani 2007). Deprivation of n-3 PUFAs 
from diet altered expression of AA and DHA 
signaling cascades in rat frontal cortex (Rao et al. 
2007) increasing cPLA2, synovial PLA2 and 
COX-2 activities. Another factor contributing to 
the reduced PUFA levels is conversion rate from 
essential fatty acids (EFAs) LA and α-LNA to 
long-chain PUFAs that depends on the activity of a 
rate-limiting enzyme delta-6-desaturase and 
elongases, and is influenced by sex hormones. 
Delta-6-desaturase’s activity and regulation has 
recently become a subject of intense investigation 
(Das 2005, Hashimoto et al. 2008). Except delta-6-
desaturase, a number of other enzymes involved in 
the lipid metabolism are of immense interest in 
lipidomic and genetic analyses: stearoyl-CoA 
desaturase (an endoplasmic reticulum enzymes that 
catalyzes the biosynthesis of monounsaturated 
fatty acids from saturated fatty acids) (Dobrzyn & 
Ntambi 2005), fatty acid synthase (Wang et al. 
2004), long-chain fatty acid-CoA ligase 
(selectively esterifies AA, EPA and DHA with co-
enzyme A forming acyl-CoA that can be 
incorporated into membrane phospholipids) 
(Covault et al. 2004), etc. 

Reduction of DHA, associated with reduction 
in grey matter volume of orbitofrontal cortex has 
been even found in healthy adults of advanced age 
(McNamara et al. 2008) giving support to the 
hypothesis of schizophrenia as a syndrome of 
accelerated aging (Kirkpatrick et al. 2007).  

 

ANTIPSYCHOTIC AND PUFA 
SUPPLEMENTATION EFFECTS TO 
LIPID HOMEOSTASIS IN 
SCHIZOPHRENIA  

There are no validated biomarkers of 
schizophrenia that establish diagnosis or reliably 
predict response to treatment (Kaddurah-Daouk 
2006). By studying the huge number of metabolites 
in cells, tissues and body fluids, metabolomics 
results might be representative of the individual’s 
overall health status. In their metabolomics study, 
Holmes et al. (2006) revealed abnormal 
biochemical profile in patients with schizophrenia 
or brief psychotic disorder when compared to 

healthy controls. Mostly glucose, acetate, alanine, 
and glutamine separated the two groups. Glucose 
and acetate abnormalities pointed to pathways of 
energy metabolism and lipid biosynthesis being 
impaired in schizophrenia. Their preliminary data 
suggested usefulness of antipsychotic medication 
in reverting to the normal metabolic state, 
particularly in early treatment of the first psychotic 
episode. The results of proteomic analysis of the 
human brain tissue of schizophrenic patients 
coincide with those of mentioned metabolomics 
study: the enzymes involved in gycolysis, electron-
transport chain, ATP synthesis, and lipid 
biosynthes (including cholesterol synthesis) were 
significantly down regulated (Prabakaran et al. 
2004). Contrary, fatty acid β-oxydation enzymes 
(including numerous peroxisomal enzymes) were 
significantly increased at the transcriptional level. 

A preliminary lipidomic study of Kaddurah-
Daouk et al. (2007) gave first insight into profile of 
seven different lipid classes in unmedicated 
schizophrenic patients and after two weeks of 
treatment with antipsychotics (olanzapine, 
risperidone and aripiprazole). The authors were 
able to separate two groups of patients: responders 
and nonresponders to antipsychotic medication 
(assessed using Clinical Global Impression score – 
CGI), based on identifying pre-treatment lipid 
metabolites that were related to response to 
medication. Changes in lipid profiles, in this 
research, differed according to antipsychotic 
treatment. Olanzapine appeared more potent in 
modification of plasma phospholipids, while both 
olanzapine and risperidone caused more changes in 
n-6 series, than n-3 series of fatty acids. 
Aripiprazole induced minimal change in plasma 
free fatty acid composition.  

A number of randomized, placebo-controlled 
studies investigated the effects of EFA, EPA or 
DHA supplementation on positive and negative 
symptom improvements and PUFA status of 
patients with schizophrenia (Peet et al. 2001, 
Fenton et al. 2001, Emsley et al. 2002, Peet et al. 
2002, Peet 2003). All those studies generally 
revealed improvement in negative or positive 
psychopathology and total n-3 fatty acid content 



A. Buretić-Tomljanović, J. Giacometti, S. Nadalin, G. Rubeša, M. Vulin & D. Tomljanović: PHOSPHOLIPID MEMBRANE ABNORMALITIES  
AND REDUCED NIACIN SKIN FLUSH RESPONSE IN SCHIZOPHRENIA          Psychiatria Danubina, 2008; Vol. 20, No. 3, pp 372–383 

 
 

 379

after supplementation with EFAs or PUFAs, 
although were hardly inconsistent regarding patient 
selection and used neuroleptic medication. 
Supplementation with pure EPA showed better 
effect on positive symptoms than supplementation 
with pure DHA. Improvements with EPA 
supplementation were mainly achieved in 
unmedicated or patients with an acute psychotic 
episode (Peet et al. 2001), while had no obvious 
effect in chronic, residual type schizophrenia 
(Fenton et al. 2001).  

 

ATTENUATED NIACIN SKIN 
FLUSHING – A BIOCHEMICAL 
MARKER IN SCHIZOPHRENIA 

The mechanism of niacin action is a part of 
AA-cascade pathways. Niacin binds to appropriate 
receptors in skin macrophages and epidermal 
Langerhans cells that is followed by synthesis and 
release of PGD2 and PGE2 (Figure 2). Precursor 
molecule AA is released from membrane 
phospholipids through activity of PLA2 enzyme; it 
is further transformed in PG molecule by the action 
of COX-2 (Tavares et al. 2003, Nilsson et al. 
2006). Once released, PGs stimulate relaxation of 
smooth muscles in skin capillary walls, and 
consequent vasodilatation, flushing and edema. 
Appropriate skin response to the application of 
niacin is only possible if the PLA2/COX-2 cascade 
pathway works properly (Hudson et al. 1999, 
Messamore 2003, Maclean et al. 2003). 

Attenuated response to local application of 
niacin was established in schizophrenia, but other 
neuropsychiatric diseases as well. Nevertheless, 
niacin response is significantly weaker in 
schizophrenic patients when compared to bipolar 
or depressive (unipolar) patients (Maclean et al. 
2003, Bosveld-van Haandel et al. 2006, Liu et al. 
2007). Reduced volumetric niacin response was 
also associated with severity of illness (Puri et al. 
2007). In healthy individuals, who use cannabis 
regularly, niacin response was significantly 
reduced, but there was no effect of cannabis in the 
group of schizophrenic patients (Smesny et al. 
2007a). Considering the suggested modulation of 
AA metabolic cascade by cannabis, the results 

indicated already existing metabolic disorder in the 
schizophrenia group. 

Niacin skin response is influenced by age and 
sex, being weaker in males than females, and 
diminishing with age (Smesny et al. 2004). 
Although the cause of disturbance in PGs' 
signaling cascade may not be necessarily caused 
by PUFA precursor’s deficit (the defect may be in 
niacin or PG receptors, or in poor vasomotor 
activity), niacin non-responsiveness may, in 
majority of cases, indicate the disturbance of 
membrane phospholipids metabolism and 
decreased concentration of AA in cellular 
membranes (Smesny et al. 2005, Smesny et al. 
2007b). If this is the case, niacin skin flush testing 
might serve as a biochemical marker for 
identifying a subpopulation of patients with a 
disturbed phospholipids metabolism. 

 
CONCLUSIONS 

Membrane phospholipids are the source of 
important bioactive substances.  

Lipid metabolism in the body depends upon 
diet (environmental factor) (Wahle et al. 2004), 
hormonal influences, and genetic background 
(endogenous synthesis of particular metabolites). 
While enzymes participating in lipid metabolism 
are well characterized, they provide interesting 
means for studying gene-environment interactions 
in pathogenesis of various diseases.  

Disturbances of lipid homeostasis could 
represent biochemical markers in the preclinical 
phase of neuropsychiatric illnesses and could serve 
as triggers in genetically vulnerable individuals. 
The assessment of patients’ lipid status may help in 
monitoring the course of the disease and treatment 
response. While waiting for more complete and 
reliable results from complex and expensive 
lipidomic and metabolomic studies, simple, cheap 
and fast niacin skin flush test might be valuable in 
identifying individuals with abnormal phospholipid 
metabolism. It might help in diagnosis of 
adolescents and young adults with psychotic 
behaviour, or in defining the necessity for long-
term antipsychotic therapy.  
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Along with antipsychotic medication, 
schizophrenic patients need specific medical 
nutrition therapies.  
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