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Summary

  It is suggested that perinatal supplementation of long-chain polyunsaturated fatty acids (LCPUFAs) 
especially; eicosapentaenoic and docosahexaenoic acids prevent schizophrenia in the adult. I pro-
pose that schizophrenia could be a low-grade systemic infl ammatory disease with its origins in the 
perinatal period, probably triggered by maternal infection in a genetically susceptible individual 
that leads to excess production of pro-infl ammatory cytokines both in the mother and the fetus. 
These cytokines, in turn, induce damage to the fetal neurons leading to the adult onset of schiz-
ophrenia. I suggest that maternal infection perse interferes with the metabolism of essential fatty 
acids (EFAs) resulting in defi ciency of LCPUFAs that are known to have neuroprotective action. 
Alternatively, decreased formation of LCPUFAs as a result of decreased activity of D6 and D5 de-
saturases (due to prematurity) can result in neuronal damage due to the absence/decrease in 
the neuroprotective LCPUFAs. This is supported by the observation that LCPUFAs suppress the 
production of pro-infl ammatory cytokines, have anti-infl ammatory and neuroprotective actions. 
Furthermore, LCPUFAs are essential for brain growth and development. If this hypothesis is true, 
it implies that perinatal supplementation of appropriate amounts of LCPUFAs in the right combi-
nation is helpful in the prevention of schizophrenia in adult life.
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BACKGROUND

Schizophrenia is common and is characterized by delusions, 
hallucinations, disorganized speech (e.g., frequent derail-
ment or incoherence), grossly disorganized or catatonic be-
havior, negative symptoms, i.e., affective fl attening, alogia, or 
avolition, and social/occupational dysfunction. Despite many 
years of research, the exact cause and aetiopathogenesis of 
schizophrenia is not clear. It has been suggested that the 
symptoms of schizophrenia may result from altered neuro-
nal membrane structure and metabolism [1]. Dysregulation 
of the infl ammatory response system has also been linked 
to pathophysiology of schizophrenia [2]. There is reasona-
ble evidence in support of these two proposals.

PRENATAL IMMUNE EVENTS, CYTOKINES, AND 
SCHIZOPHRENIA

Recent studies suggested that mice born to mothers who 
had respiratory tract infection at mid-gestation show fea-
tures of schizophrenia [3]. This coupled with the observa-
tion that prenatal immune challenge disrupts sensorimo-
tor gating in adult rats that was reversed by antipsychotics 
and that serum levels of interleukins-2 (IL-2) [4] and IL-6 
were increased suggests that prenatal immune events may 
play a role in the aetiopathogenesis of schizophrenia [5]. 
Several recent studies suggested that there are specifi c im-
munological abnormalities in schizophrenia.

Serum and cerebrospinal fl uid (CSF) IL-2, IL-6, IL-8 and 
tumor necrosis factor-a (TNF-a) levels are elevated in pa-
tients with schizophrenia [6–10]. Relapse-prone patients, 
examined both while medicated and after drug withdraw-
al, had signifi cantly higher levels of CSF IL-2 than patients 
who did not relapse [6] and the use of risperidone was as-
sociated with augmented IL-10 (a suppressor of Th1 re-
sponse) and decreased interferon-g (IFN-g) production 
[11] suggesting that measurements of cytokines can be 
used to predict disease progression and response to treat-
ment. Similarly, both haloperidol and perazine decreased 
the release of IL-1b and TNF-a from monocytes of schizo-
phrenic patients the concentrations of which were elevated 
before treatment compared to the control [9]. These results 
suggest that pro-infl ammatory cytokines play a signifi cant 
role in the pathogenesis of schizophrenia. This is supported 
by the fact that IL-2 treatment induced behavioral changes 
can be completely blocked by a selective dopamine D1 re-
ceptor antagonist (SCH 23390) or by a relatively high dose 
of a D2 antagonist (sulpiride) [12] suggesting that IL-2 in-
duces and/or increases psychiatric abnormalities by causing 
aberrations in central dopaminergic transmission. Further, 
embryonic day 18 rat cortical cultures exposed to IL-1b, 
IL-6 and TNF-a showed dose-dependent decreases in the 
number of neurons immunoreactive for MAP-2 antibody, 
suggesting decreased neuronal survival [13]. Furthermore, 
pro-infl ammatory cytokines can interfere with the actions 
of various neurotransmitters that, in turn, result in the de-
velopment of features of schizophrenia [14]. These data 
suggest that injury; infection and infl ammation-induced in-
crease in pro-infl ammatory cytokines during gestational pe-
riod have the potential to cause injury to fetal neurons that 
in turn increase their risk of schizophrenia. This may ex-
plain the high incidence of schizophrenia associated with 
maternal infection during pregnancy, the maternal viral 

infection animal model of schizophrenia developed [3], 
and why prenatal immune challenge causes schizophrenia 
[4]. Signifi cant correlations observed between plasma IL-
2 and homovanillic acid (HVA), IL-2 and psychopatholo-
gy assessed by the Scale for the Assessment of Positive and 
Negative Symptoms (SAPS), and HVA and SAPS during the 
acute state of schizophrenia and IL-6 and SANA and dura-
tion of illness lends further support to the role of cytokines 
in schizophrenia [12]. These results suggest that methods 
designed to suppress the production of pro-infl ammatory 
cytokines and the use of neuroprotective agents could be 
of signifi cant benefi t in schizophrenia.

POLYUNSATURATED FATTY ACIDS AND SCHIZOPHRENIA

Reduced levels of membrane LCPUFAs: docosahexaeno-
ic acid (DHA, 22: 6 w-3), eicosapentaenoic acid (EPA, 20:5 
w-3) and arachidonic acid (AA, 20:4 w-6), and increase lev-
els of peroxidation products have been observed in schizo-
phrenics [15–17]. However, the reductions in levels of both 
AA and DHA were much smaller in medicated versus never-
medicated patients [16] and the LCPUFA (especially those 
of AA and DHA) levels were much higher in chronic medi-
cated patients than drug-naïve fi rst-episode patients [18]. It 
is likely that antipsychotics increase the levels of LCPUFAs 
in schizophrenia and thus, brings about their benefi cial ac-
tions. LCPUFAs suppress the production of pro-infl amma-
tory cytokines IL-2, IL-6 and TNF-a both in vitro and in vivo 
[19–22]. Oral supplementation of EPA is useful in schizo-
phrenia [23–26]. The benefi cial effects of EPA in schizo-
phrenia could be due to its ability to suppress the produc-
tion of pro-infl ammatory cytokines. In addition, EPA, DHA 
and AA have potent neuroprotective and cytoprotective ac-
tions and prevent apoptosis of neurons [27–30].

Maternal feeding of DHA and AA alters dopaminergic and 
serotoninergic neurotransmitters in frontal cortex caused 
by a linolenic and a-linolenic acid defi cient diet in formu-
la-fed piglets [31]. When pregnant rats were fed a diet rich 
in DHA, the newborn brain dopamine was inversely relat-
ed to phosphatidylethanolamine DHA and phosphatidyl-
serine DHA, but positively related to phosphatidylcholine 
AA. It was also observed that maternal dietary fatty acids 
could alter fetal brain growth cone and neurotransmitters 
involved in neurite extension, target fi nding and synap-
togenesis [32].

TESTING THE HYPOTHESIS AND CONCLUSIONS

I propose that injury, infection and infl ammation increase 
the production of pro-infl ammatory cytokines during preg-
nancy both in the mother and the fetus that in turn dam-
age the developing fetal brain by inducing apoptosis of 
developing neurons, alter the balance between dopamin-
ergic and serotoninergic neurons and predispose them to 
develop schizophrenia in adult life. Alternatively, since 
DHA, EPA and AA have neuroprotective action and sup-
press the production of pro-infl ammatory cytokines, it is 
likely that sub-clinical defi ciency of these fatty acids causes 
enhanced production of pro-infl ammatory cytokines due 
to the absence of their (LCPUFAs) negative feed back con-
trol on their (cytokines) synthesis and action. Sub-clinical 
defi ciency of LCPUFAs itself could be due to exposure to 
increased amounts of pro-infl ammatory cytokines such as 
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IL-1, IL-2, IL-6, TNF-a. This is supported by the observa-
tion that short-term exposure of human endothelial cells 
to TNF-a caused marked alteration in the LCPUFA pro-
fi le and LCPUFA content of total phospholipids decreased 
[33]. Presence of injury, infection and infl ammation in 
the pregnant mother will lead to an increase in the pro-
duction of pro-infl ammatory cytokines both in the mother 
and the fetus that in turn suppress the production of var-
ious LCPUFAs in the maternal and fetal tissues, especial-
ly in the fetal neurons, and this may render the fetal brain 
susceptible to the cytotoxic action of cytokines. It was re-
ported that LCPUFAs (especially gamma-linolenic acid and 
eicosapentaenoic acid) have cytoprotective and genopro-
tective actions [34–36]. This suggests that decreased levels 
of LCPUFAs may render the fetal brain more susceptible to 
the cytotoxic actions of cytokines. Hence, supplementation 
of LCPUFAs to high-risk pregnant and lactating mothers 
prevents/postpones the development of schizophrenia in 
their progeny (Figure 1). LCPUFAs are essential for nor-
mal growth and development of brain and memory for-
mation [37–40] It is observed that fewer schizophrenic pa-
tients than normal were breast-fed [41,42]. The benefi cial 
effect of breast-feeding in the prevention of schizophrenia 
can be attributed to the presence of signifi cant amounts of 
LCPUFAs in human breast milk.

The present proposal can be tested by studying the effect 
of maternal supplementation of LCPUFAs (especially EPA, 
DHA, and AA in the ratio 1:6:9, the ratio in which they are 
present in human breast milk [37]) on prenatal immune 
activation in response to maternal infection and subsequent 
development of features consistent with schizophrenia in 
neurodevelopmental models of schizophrenia [3,4,43]. It 
is predicted that plasma levels of AA, EPA, and DHA will 
be low in these animal models of schizophrenia, and sup-
plementation of LCPUFAs will blunt elevation of pro-in-
fl ammatory cytokines and prevents pathology of schizo-
phrenia. It is suggested that maternal supplementation of 
LCPUFAs and/or to newborn during the critical period of 
brain growth prevents development of schizophrenia in lat-
er life. This hypothesis also implies that a combination of 
currently available anti-schizophrenic drugs and LCPUFAs 
will be more benefi cial than either alone.

One of the major criticisms of the present proposal is that 
perinatal infections are unlikely to have an impact in adult 
life especially in the development of an adult diseases such 
as schizophrenia. In this context, it is interesting to note 
that there is interplay between the developing organism 
and the circumstances in which it fi nds itself. Several stud-
ies showed that a given genotype could give rise to differ-
ent phenotypes, depending on environmental conditions 
[44]. Such a change in the expression of different pheno-
types may include both short-term and long-term changes 
in physiology and behaviour. It may be mentioned here that 
such responses to the environment, which includes mater-
nal infections, may be expressed in the fetus rather than in 
the mother. This may apply to the development of various 
adult diseases as well. For instance, maternal exposure to 
glucocorticoids in pregnancy induces hypertension, insulin 
resistance, obesity and altered muscle mass as well as altera-
tions in the hypothalamic-pituitary-adrenal axis in the adult 
progeny [45]. Similarly, it is likely that maternal infection 
leads to excess production of pro-infl ammatory cytokines 
that are neurotoxic resulting in the development of schizo-
phrenia in adult life. The source of these pro-infl ammato-
ry cytokines could be infi ltrating macrophages, T cells and 
the neurons themselves [46,47]. Exposure of fetal neurons 
to such noxious stimulus may render them more susceptible 
to further damage even by sub-optimal doses of pro-infl am-
matory cytokines that may explain why in all patients with 
schizophrenia the concentrations of these cytokines are not 
uniformly increased. Since brain is rich in LCPUFAs and as 
they have neuroprotective [27–30] and anti-infl ammatory 
actions [21,22,47], one of the major functions of these fatty 
acids in the brain could be to protect neurons from the ac-
tions of neurotoxic chemicals and insults. This interaction 
between the mother, fetus and noxious stimuli (including 
viral infections) may play a critical role in the pathobiology 
of schizophrenia. Furthermore, triggering such a damage 
to the fetal neurons by various environmental agents such 
as maternal viral infection may be induced during sensi-
tive, often brief, periods during development of the brain. 
Outside these sensitive periods, the infl uence of the neuro-
toxic agents may be little or no effect. It is this critical win-
dow period during which neuronal damage may occur and 
predispose the fetus to develop schizophrenia in adult life. 

Maternal Injury, Infection & Inflammation
During the Critical Window Period

Maternal
and fetal
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Figure 1.  Scheme showing possible 
interaction(s) between LCPUFAs, 
maternal infection, injury, and 
infl ammation, fetal neuronal 
damage and schizophrenia and 
bipolar disorders. (+) Indicates 
increase in the synthesis/action or 
the disease process. (–) Indicates 
decrease in the synthesis/action 
or decrease in the incidence of the 
disease.
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This explains why all maternal viral infections need not nec-
essarily lead or predispose their progeny to develop schizo-
phrenia in adult life. If this hypothesis proves to be true, it 
may open new avenues of preventing schizophrenia.
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