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Abstract
Gradually accumulating evidence indicates that schizophrenia 

may be accompanied by alterations of membrane phospholipids, 
however knowledge about how it affects lipid domain organization 
of membrane is lacking. We compared the membrane lipid domain 
organization of red blood cell (RBC) membranes from two groups of 
patients with schizophrenia selected by their high positive syndrome 
(PS) or negative syndrome (NS) scores on the Positive and Negative 
Syndrome Scale, and control subjects without known psychiatric history. 
Differences in the surface distribution of the membrane phospholipids 
were elucidated by: 1) registering the fluorescence excitation spectra 
of the polarity-sensitive lipid probe Laurdan incorporated into the RBC 
membrane, 2) measuring the resonance energy transfer (RET) from 
tryptophan to fluorescent analogs of the main RBC phospholipids 
phosphatidylcholine and sphingomyelin, and 3) determining the 
changes in RET from tryptophan to the sphingomyelin probe induced 
by prostaglandin E1. The data obtained with RBCs from either normal 
subjects or PS patients were largely similar, but differed significantly 
from those obtained with RBCs of patients with NS schizophrenia. The 
results support validity of the clinical distinction of schizophrenia into 
positive and negative subtypes.

Introduction
Most approaches to subtyping schizophrenia have made use of 

the concept of positive and negative syndromes (PS and NS). PS are 
characterized by hallucinations, delusions and thought disorders 
whereas apathy, emotional blunting and psychomotor retardation 
are regarded as NS [1]. Although the positive-negative dichotomy is 
believed by some authors to be a simplification [2-4], it has important 
clinical and prognostic significance. A number of recent investigations 
have revealed that the positive and negative syndromes are associated 
with different biochemical changes. Particularly, previous studies 
have detected certain specific lipid aberrations in red blood cells 
(RBC) from psychiatric patients with predominantly negative 
symptoms [5-8]. Recently, we reported on noticeable increases in 
both the sphingomyelin level and the aggregability of RBCs from 
patients with schizophrenia with mainly NS in comparison to 
those from patients with schizophrenia with mainly PS and normal 
controls [9,10]. Previously, RBCs from patients with schizophrenia 
were found to be enriched also in cholesterol and glycolipids [11-
13] and their membranes were reported to be less “fluid” than those 
of normal erythrocytes [11,13]. However the concept of membrane 
fluidity depends on the assumption that the hydrophobic region 
of the membrane is structurally and dynamically homogeneous, 
whereas in eukaryotic cells including human and rabbit erythrocytes 
[14-18], the surface lipids appear to distribute unevenly between 
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lateral micro-domains. Since the activity of membrane receptors and 
membrane bound enzymes depends on the physical state of their 
nearest environment, local properties pertaining to lipid domains in 
the immediate neighborhood of membrane proteins may be more 
relevant than bulk lipid properties. Nevertheless the connection 
between lipid domain structure and pathophysiological events is a 
new, still poorly explored field of clinical biochemistry. In recent years 
it has been found that in many cells sphingolipids and cholesterol 
cluster together forming movable domains or rafts, which are believed 
to be involved in signal transduction and cell-cell interactions [19]. 
In view of the unusually high sphingomyelin (SM) levels in RBC 
from patients with NS schizophrenia [9] we therefore thought it 
of interest to obtain more information about the lipid distribution 
in the RBC membrane, particularly, the lateral segregation of its 
two main phospholipid species, SM and phosphatidylcholine (PC) 
in membranes of RBCs isolated from the blood of patients with 
schizophrenia with defined clinical symptom scale scores. In this 
study we attempted to detect differences in the lipid domain structure 
of erythrocytes from normal subjects and subgroups of patients with 
patients with PS or NS schizophreniaby studying excitation spectra 
of the polarity-sensitive fluorescent membrane probe Laurdan, as 
well as by measuring the fluorescence resonance energy transfer 
(RET) from protein tryptophans to fluorescent analogs of SM and PC 
incorporated into the erythrocyte membrane.

Some earlier studies of polyunsaturated fatty acids, prostaglandin 
synthesis and prostaglandin receptor activity suggested a role for 
prostaglandins in the pathophysiology of schizophrenia (reviewed in 
[20]). Because red blood cells are known to be extremely sensitive 
to prostaglandin E1 (PGE1) [15,21-26] (see also [21,22] for reviews 
of the older literature), we here use the multilipid probe approach 
also to detect possible differences between the response to PGE1 of the 
phospholipid domain organization in the membranes of normal red 
cells and those isolated from the blood of patients with predominantly 
NS schizophrenia.

Copyright: © 2014 Ponizovsky AM, et al.   This is an open access article 
distributed under the Creative Commons Attribution License, which 
permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited.
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Methods
Subjects

The study group included 32 patients hospitalized in acute and 
open wards at the Sha’ar Menashe Medical Heath Center (mean age 
= 42.1 years, SD = 9.2; 16 men and 16 women). All patients met the 
criteria for DSM-IV diagnosis of schizophrenia [27]: 13 presented 
with paranoid type (295.30) and 19 with residual type (295.60). The 
patients were treated with haloperidol 10-20 mg/day or risperidone 
6-8 mg/day in unchanged manner at least during 3 months prior to 
examination and had the same dietary regime. During the screening 
phase, 9 patients were approached but not enrolled because of 
systemic chronic medical (n=2), neurological disease (n=1), substance 
and alcohol abuse/dependence (n=3) and clinically significant 
abnormalities in hematological and/or in biochemistry screening 
tests (n=3). The mean age at onset of psychotic symptoms was 23.3 
years (SD = 5.2), mean duration of the mental illness was 19.3 years 
(SD = 11.3), and mean duration of lifetime psychiatric hospitalization 
was 6.9 years (SD = 8.2). All patients provided written informed 
consent for the study protocol as approved by the institutional review 
board and the ethics committee of the Ministry of Health. 

The Structured Clinical Interview for DSM-IV Axis I Disorders, 
Patients Edition [27] was used for diagnosis. The severity of illness, 
positive and negative symptoms was assessed by two experienced 
clinicians (A.M.P. and Y.N.) specially trained in using the Positive 
and Negative Syndrome Scale (PANSS) [28]. The total mean PANSS 
score was 96.2 (SD = 16.5), Positive Syndrome Scale mean score was 
21.5 (SD = 6.9), and Negative Syndrome Scale mean score was 30.7 
(SD = 10.2). According to the PANSS total scores after a 3-month 
treatment with antipsychotics, the patients were considered as a 
treatment-resistant group.

Since in previous studies it has been shown that RBC-membrane 
biochemical abnormalities are differentially associated with the 
positive and negative symptoms of schizophrenia [9,29], out of the 
entire sample we selected for investigation only patients who had 
maximal high scores on the Positive Syndrome Scale (≥30) and 
Negative Syndrome Scale (≥40). The selected subgroups (n=19) did 
not differ significantly from the entire sample in characteristics other 
than the severity of positive and negative symptomatology. Control 
blood samples were obtained at the Hadassah Medical Hospital, 
Jerusalem, from 10 healthy donors (5 men and 5 women) with mean 
age = 41.1 years (SD = 9.3), without known psychiatric history.

Fluorescent probes

The fluorescent probes Antrylvinyl-labeled Sphingomyelin 
(ASM) and Antrylvinyl-labeled Phosphatidylcholine (APC) were 
synthesized according to Molotkovsky et al. in Shemyakin Institute 
of Bioorganic Chemistry, Moscow, and Avanti Polar Lipids Inc., 
Alabaster, AL, respectively [30,31]. Laurdan was obtained from 
Molecular Probes, Eugene, USA. Prostaglandins E1 and F2α were 
purchased from Biomol, Plymouth Meeting, USA.

Preparation and fluorescent labeling of RBC membranes

Erythrocyte ghosts were prepared as described by Barshtein et al. 
[32]. After lysis the RBC membranes were washed 6 times with Tris 
buffer and pelleted at 10 000 rpm for 15 min. The phopholipid probes 

ASM and APC were dissolved in ethanol to a final concentration of 
6 μM. Aliquots of these stock solutions were added to suspensions 
of RBC ghosts in Tris buffer to a final probe-to-phospholipid molar 
ratio of 1:200 and incubated for 2 h at 36.5 °C. Probe incorporation 
was controlled by following the relief from self-quenching, i.e. by 
measuring the increase in intensity of the 430 nm emission upon 
excitation at 370 nm. For incorporation of Laurdan, 1 μl of 0.25 mM 
Laurdan solution in dimethylsulfoxide was incubated for 2h at 25 °C 
with 5 ml of the RBC ghost suspension in Tris buffer at a concentration 
corresponding to 106 cells/ml according to the procedure described 
by Barshtein et al. [32]. After incubation the suspensions were 
centrifuged, and the pellet was re-suspended in 1.5 ml of Tris buffer.

Fluorescence measurements

Fluorescence Spectra were recorded with a Jesco FP 770 
spectrofluorimeter. Spectra were collected by using excitation and 
emission slit widths of 3 nm and 5 nm, respectively. Quenching of 
tryptophan fluorescence (excited at 295 nm) by ASM or APC in 
RBC membranes was determined by measuring the decrease in 
fluorescence intensity of the tryptophan emission (330 nm) induced 
by the lipid probe. This decrease in fluorescence intensity was 
expressed as a mean score for each group studied and two-tailed 
t-tests (Bonferroni-corrected) were performed to compare between-
group differences in mean scores and standard deviations. The level 
of test significance was defined as p < 0.001.

Generalized polarization (GP) of Laurdan was calculated 
according to the equation: GP = (B – R)/(B + R), where B (blue) 
and R (red) are the two excitation maximum at lower and higher 
wavelength, respectively [33]. 

Results and Discussion
Fluorescence measures with Laurdan, ASM and APC

The spectral properties of Laurdan [33-35] and the anthrylvinyl-
labeled phospholipids ASM and APC [36] and their use in studies 
of lipid domains in artificial and natural membranes [32,33,37] 
have been described. Laurdan spectra are extremely sensitive to the 
polarity and phase state of the probe’s environment. When Laurdan 
is inserted into phospholipid membranes its excitation spectrum 
usually displays two incompletely resolved peaks: a “red” one at about 
390 nm which is particularly intense in the gel phase, and a “blue” 
peak at about 350 nm showing maximal intensity in liquid crystalline 
phases [34,35]. In liquid crystalline environment both bands are 
observed in the Laurdan excitation spectra, but usually maximal 
excitation is seen in the blue band region [34,35]. The spectra of 
Laurdan incorporated into membranes of RBCs from normal donors 
and patients with schizophrenia showed two partly resolved peaks, 
(Figure 1A), however in the case of normal subjects the “blue” 
(liquid-crystalline) peak was of higher intensity than the “red” (gel 
phase) maximum, whereas the opposite was true for RBC isolated 
from the blood of the patients with schizophrenia with NS included 
into the present study. The Laurdan Spectra of RBCs from most of 
the patients with schizophrenia with PS were more similar to those 
obtained with normal erythrocytes with the higher maximum in the 
blue region (not shown). Since the affinity of Laurdan for proteins 
has been shown to be very low, this difference can be interpreted as 
showing that in RBCs from patients with NS the probe is surrounded 
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Figure 1: A) Excitation spectra of Laurdan incorporated into RBC membranes from 12 schizophrenia patients with severe negative symptoms (NS scores > 40) and 
10 normal control subjects. B) General polarization (GP) versus wavelength plots derived from the Laurdan excitation spectra shown in Figure 1A.

by more gel phase phospholipid than in red cells from patients with 
PS and normal subjects.

Moreover, the higher GP values of Laurdan obtained with RBC 
samples from patients with NS (Figure 1B) are indicative of reduced 
water content (water permeability) of the red cell membrane in NS 
schizophrenia [35]. The above differences could be ascribed simply to 
higher levels of SM [9,38] and/or elevated cholesterol [11,39] in the 
patient samples, but they also might be associated with differences 
in the interaction of various lipids with the membranes’ proteins. To 
visualize such differences we measured the resonance energy transfer 
(RET) from tryptophans to fluorescent labeled phospholipids [40]. 

Resonance energy transfer

This approach relies upon interaction between two fluorophores, 
occurring when the emission of one, the energy donor, overlaps 
with the excitation wavelength of the second, the energy acceptor, 
and the two fluorophores are in close spatial proximity. Under such 
conditions the energy absorbed by the donor can be transferred to 
the acceptor, which will then fluoresce as though it had been excited 
directly, whereas the emission of the donor will be less intense than 
in absence of the acceptor. Since the efficiency of energy transfer 
depends strongly on the distance between the donor and acceptor 
fluorophores, RET is a sensitive tool permitting the detection of 
changes in the spatial separation of fluorescent donor and acceptor 
molecules within a given membrane. In the present study we 
attempted to visualize such changes in the membranes of RBCs 
from schizophrenia patients and normal subjects by measuring the 
energy transfer from tryptophans to two phospholipid probes, ASM 
and APC, incorporated into the membrane. These probes are close 
analogs of SM and PC, the two major phospholipids of the erythrocyte 
membrane; they resemble them closely in their physical properties 
and were shown to be highly sensitive to separation of lateral domains 
on the surface of cells, viruses and serum lipoproteins [16,37,40,41].

As reported previously [32], ASM or APC separately incorporated 
into membranes of normal RBC and excited at 370 nm (the 

wavelength of the excitation maximum of the anthrylvinyl group) 
showed similar emission spectra with almost identical intensity of the 
maxima in the 430-440 nm region. However, if ASM or APC were 
excited at 295 nm (the wavelength corresponding to the excitation 
maximum of tryptophan), the intensity of the 430-440 nm emission 
peak of the ASM samples was higher, whereas the tryptophan 
emission in the 330-340 nm region was considerably weaker than in 
the fluorescent spectra of ghosts labeled with APC (Table 1). Thus, 
in agreement with our previous results [32], the tryptophan-to-lipid 
probe energy transfer was more efficient to the SM probe ASM than 
to the analog of phosphatidylcholine APC indicating a certain kind 
of phase separation between the parent lipids in the membrane of 
normal red cells.

When comparing RET efficiency in ASM or APC labeled RBC 
membranes from normal subjects and patients with schizophrenia 
which contain different amounts of PC and SM, it is feasible to discuss 
the fluorescence intensity changes of the donor tryptophans rather 
than those of the phospholipid acceptors because the RET-induced 
fluorescence intensity increase of the lipid probes may be obscured 
by self-quenching. As shown in Table 1, in membranes of RBC from 
patients with NS and PS, as well as in those of normal red cells, ASM 
also quenched the tryptophan fluorescence more efficiently than 
APC. However, in the NS patients’ samples the quenching effect of 
the SM probe ASM was much stronger than in erythrocytes from PS 
patients and healthy subjects. At the same time the quenching effect 
of the PC probe APC was similar in RBC membranes obtained from 
NS and PS patients and normal donors. Given that the probes ASM 
and APC reflect the behavior of their natural counterparts, these data 
can be interpreted as showing different surface distribution of SM 
and PC in membranes of red cells from a subgroup of patients with 
predominantly negative symptoms in comparison to normal controls 
and PS patients. 

Prostaglandin E1 (PGE1) impact 

Further differences were detected by comparing the changes 
of tryptophan-to-probe RET in membranes of RBC from normal 
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Probe
Control group (n = 10) Positive syndrome group (n = 7) Negative syndrome group (n = 12) 

Mean SD Mean SD t1 Mean SD t2 t3

ASM 19.6 1.3 22.1 2.2 2.13 31.3 3.4 10.99*** 6.25***

APC 9.8 1.3 11.4 1.9 1.24 13.5 2.2 3.83*** 1.70

ASM+PGE1 10.8 1.9 12.3 1.4 1.87 19.5 2.0 9.05*** 7.84***

APC+ PGE1 20.2 1.5 20.7 2.6 0.34 21.4 2.8 0.83 0.52

Table 1: Quenching of tryptophan emission by lipid probes in RBC membranes from patients with schizophrenia with mainly positive syndrome (PS scores ≥30) or 
mainly negative syndrome (NS scores ≥40) versus control group.

Notes: ASM: Antrylvinyl-labeled Sphingomyelin; APC: Antrylvinyl-labeled Phosphatidylcholine; PGE1: Prostaglandin E1
Excitation wavelength was 295 nm. Values shown are the relative decrease (percent of quenching) of tryptophan emission at 330 nm in the presence of ASM or APC, 
where emission in the absence of probe is 100. 
Two-tailed t-tests, t-value: t1

 - positive versus control subjects,t2 - negative versus control subjects, t3 -positive versus negative patients. 
***p<0.001

subjects and patients with NS schizophrenia induced by exposure of 
the ghosts to PGE1. For more than 30 years it was known that even 
sub-physiological concentrations of some prostaglandin induce 
dramatic changes in the properties of human erythrocytes [21-26], 
and a specific PGE1 receptor on their membrane has been identified 
[42-44].

As shown in Table 1, addition of PGE1 to APC- or ASM-labeled 
erythrocyte membranes caused the efficiency of energy transfer from 
tryptophans to the two probes (measured as the extent of quenching 
of the donor fluorescence excited at 295 nm) to shift in different 
directions: with the SM probe ASM the prostaglandin induced a 
decrease of RET from tryptophans, whereas the opposite was true for 
the PC probe APC. The dependence of the tryptophan fluorescence 
quenching by ASM on the concentration of PGE1 in membranes of 
red cells from patients with NS-schizophrenia and normal donors 
is shown in Figure 2. In both cases maximal effects were observed 
at about 10-9 M PGE1. At such concentration the effect of PGE1 was 
considerably higher in the patients group than in the controls. No 
effect was seen in the presence of PGE1 concentrations exceeding 10–8 

M or with PGF2α in the 10–10 - 10–8 M concentration range.
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Figure 2: Influence of prostaglandin E1 on the quenching of tryptophan 
emission at 330 nm caused by the presence of the sphingomyelin probe ASM 
in red cell membranes from 12 schizophrenia patients with severe negative 
symptoms (NS scores > 40) and 10 normal control subjects. Excitation 
wavelength is 295 nm. Filled circles - patient samples; empty circles – normal 
controls.

In agreement with previous data [21-26] such specificity and 
extremely high sensitivity (less than 1 PGE1 molecule per cell is already 
sensed) suggest the involvement of receptor-transmitter systems in 
the PGE1-induced structural reorganization of red cell phospholipids. 
The present study shows that this structural reorganization proceeds 
quite differently in ghosts from patients with schizophrenia and 
healthy subjects (Figure 2).

In the past two alternative hypotheses regarding a possible role 
of PGE1 in the etiology of schizophrenia were formulated (reviewed 
in [16]). According to one hypothesis [45] schizophrenia may be 
associated with excess in prostaglandins including PGE1, whereas the 
other suggests that the disease is related to PGE1 deficiency [46,47] 
probably caused by a defect in the metabolism of precursor fatty 
acids. The data of Figure 2 suggest that the membrane may make up 
for such deficiency by higher sensitivity. Summarizing, the results 
of this preliminary study suggest the existence of differences in the 
membrane lipid organization and in its response to the action of 
PGE1 in RBCs from a subgroup of patients with NS-schizophrenia 
as compared to red cells from patients with PS-schizophrenia and 
healthy donors. At the moment these data are subject to several 
important limitations. Thus, all patients were medicated, the number 
of patients and controls is small, and effects of age, gender, smoking 
and diet still have not been explored. Moreover, effects in buffer 
solution may differ from those in plasma, and although evidence 
to support the use of RBC as a model to study lipid pathology in 
schizophrenia exists [48,49], the relevance of that model to events 
in the central nervous system is still not clear. Finally, we did not 
measure cognitive function in the patients, and it is very possible that 
the between-group differences in the lipid domain organization of 
erythrocyte membranes in schizophrenia could be associated with (or 
attributed to) the possible differences in cognitive deficits rather than 
with the positive-negative symptom dichotomy. This assumption 
needs further investigation. Nevertheless, the result of the present 
study is in line with numerous previous findings, which demonstrated 
substantial deviations in the biochemical and biophysical state of 
erythrocytes in schizophrenia (reviewed in [50]). Noticeable, the 
protein composition of erythrocytes from schizophrenia patients 
was found not to differ from that of normal red cells [51]. It is thus 
possible that the primary cause of the observed changes may be some 
defect in lipid metabolism (see [29,52,53] and the literature cited 
therein) leading to changes in the lipid domain organization which 
in turn influence the properties and surface distribution of the red 
cell proteins. Further studies of the lipid domain organization in 
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peripheral and neuronal cells may prove helpful to achieve a better 
understanding of the role of lipids in the development of the specific 
subtypes of schizophrenia.
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