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AABSTRACT

Increasing recognition of the important roles served by membrane phospholipids in cellular metabolic and signal transduction
processes has stimulated interest in examining potential phospholipid abnormalities in patients with psychiatric disorders . This report
describes a method, based Oil several tune] mudifculinns Of existing techniques. for concurrently analyzing nanomolar amounts of nine
phospholipid classes in a single aliquot of membrane extinct . With this method, diverse phospholipid clssscs arc first separated by
two-dimensional thin-layer chromatography, and then determined using two-dimetsionaI scanning laser densiI ,me Iry . The. method is
able to quantilate even small amounts of specific phospholipid classes, corresponding to < 10 ng of lipid phosphorus . The sensitivity of
this method allows it to he readily applied to clinica ; studies involving membranes from cell types that are obtainable Only in small
quantities .

INTRODUCI ]ON

Cell membrane phospholipids have recently
become of interest to investigators studying psy-
chiatric conditions such as bipolar (manic-de-
pressive) disorder and schizophrenia. These
membrane components have been reported to
have altered composition in erythrocytes (red
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blood cells, RBCs) from psychiatric patients
[1-3], to affect important membrane transport
processes [4,5], and (for phosphoinositides) to
have a central role in neuronal signal transduc-
tion [6-9] . In addition, the antimanic drug lithi-
um interacts directly with membrane phospho-
lipids [10.11], affects phospholipid metabolism
[6,9,12,13], and may dampen phosphoinositide-
related neuronal signal transduction [14-18], A
variety of specific phospholipid classes have been



implicated in the studies noted above, including
those with headgroups consisting of : (1) choline
[phosphatidylcholine (PC) . lysophosphatidylcho-
line (LPC), and sphingomyelin (Sm)] ; (2) amino
compounds [phosphatidylethanolaminc (PE), ly-
sophosphatidylethanolamine (LPE), and phos-
phatidylscrinc I(I'S)I ; and (3) inositol [phosphati-
dylirositol (P1), phosphatidylinositol 4-phos-
phate (PIP), and phosphatidylinositol 4.5-his-
phosphate (PIP 2 )] .

These various classes of phospholipids have
different physicochemical properties . For exam-
ple, the polyphosphoinositides PIP and PIP, are
much more polar than the others . In addition, the
various phospholipid classes naturally occur in
substantially different quantities in the RBC and
platelet membrane (ranging from < Mu to
>40% of the total molar phospholipid content) .
Because of these factors, it is difficult to separate
and quantitate the diverse phospholipid classes
derived from RBC and platelet membrane sourc-
es in any single analytical system .

For out clinical studies of mood disorders in
psychiatric patients, it was of interest to measure
a comprehensive group of choline, amino, and
inositol phospholipids . We were unable to find
any published method that could be used to
quantitate all of the phospholipids of interest
from clinically available amounts of membrane
sample . Therefore, we developed a novel method
for analyzing nanomolar amounts of nine diverse
phospholipid classes in a single aliquot of mem-
brane extract . With this method . which is based
on several modifications of existing techniques,
the phospholipids being investigated are concur-
rently separated by two-dimensional thin-layer
chromatography (TLC) on high-performance
plates, and then quantitated via two-dimensional
scanning laser densitometry .
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Reagents
Phospholipid standards, tris(hydroxymethyl)

aminomethane (Tris) and 4-(2-hydroxvethyl)-1-
pipe razinccthancsulfonic acid (HEPES) buffers,
and acid molvhdate reagent for phosphorus attal-
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ysis were purchased from Sigma (St . Louis, MO,
USA). Chromatography solvents and other
chemicals (analytical-reagent grado) were pur-
chased from Fisher Scientific (Pittsburgh . PA,
USA).

Preparation of RBC membranes
Freshly collected venous blood . anticoagulated

with sodium heparin, was centrifuged at 1600 g
and 4'C for 15 min . The RBCs were separated
rom other blood components, washed twice with
ten volumes of ice-cold 110 mM MgC1 2 , and then
three times with 172 niA1 Tris buffer (to give p11
Z6 at 4°C). Each wash was followed by centrifu-
gation at 1600,g and 4°C for 10 ruin, The washed
cells were then henolyzed by forceful addition of
twenty volumes of ice-cold I l nmM Tris buffer
(pH 7.6 at 4 °C), placed in an ice bath for 10 rain
to allow the completion of hemolvsis, and sub-
sequently centrifuged at 20 000 g and 4°C for 10
min . The supernatant was carefully removed, and
the scdimcnted membranes washed four times
with twenty volumes of the ice-cold hemolvzing
solution. Each wash was followed by centrifuga-
tion at 20 000 g and 4°C for 10 min . 'Membranes
prepared in this way are flocculent and white in
color, with no residual hemoglobin present . After
completion of the final wash, the membranes
were resuspended in a solution consisting of 320
mM sucrose and 5 mM HPPES buffer (to give
pi 7 .8 at 4°C), and stored at -70'C .

Preparation of platelets
A 34-nil volume of whole blood was drawn in-

to a plastic syringe containing 6 ml of acid citrate
dextrose anticoagulant (2 .5 g of sodium citrate,
1 .5 g of citric acid, and 2 g of glucose in 100 rill of
water, final volume) . the blood was centrifuged
at 142 g for 20 min (all centrifugations were ;it
4°C) to obtain platelet-rich plasma (PPP) ; tile
PRY was then centrifuged at c70 g for 15 min to
obtain a platelet pellet . The pellet was washed
and resuspended in Ringer's citrate dextrose
buffer 1110 .4 mM NaCI, 3 .75 nmAl KC, 1.67 mM
sodium bicarbonate . 21 .2 MM sodium citrate,
and 0 .5% (wjv) dextrose], containing 0 .2 rnM
acetylsalicylic acid to prevent platelet aggrega-
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tion . The suspension was centrifuged at 208 g for
3 min to remove any remaining RBCs, and the
suspended platelets were then pelletted by cen-
trifugation at 570 g for 10 min . The final platelet
pellet was resuspended in HEPES-ethylene gly-
col-his(/i-aminoethyl ether) N,N .N',N`-tetraacet-
ic acid (E(iTA) buffer [10 mM HEPES, 145 mM
NaCl, 5 mM KCI, 1 mMYM MgSO,. 0.5 mM sodi-
um hypophosphate, 6 mM glucose, and I mM
EGTA (pH 7.4)], containing 0 .2 mM acetylsal-
icylic acid, and stored at -70°C [19] .

Extraction of nrernbrane phosphulipids
Prior to extraction, the frozen, suspended RBC

membranes were, thawed slowly at room temper-
ature, separated from the sucroso-HLPES solu-
tion by ocntrifugation at 20 000 g and 4"C for 15
min, and then washed once with twenty volumes
of 10 mM HEPES buffer (to give pH 7 .8 at 4'C) .
Phospholipids were obtained by hiphasic extrac-
tion and partitioning of the washed RBC mcm-
branc preparations or thawed platelet suspen-
sions_ Erythrocyte membranes (300 al) or thawed
platelet suspension (1-2 ml) were added dropwise
to 12 mi of methanol-chloroform-11C1
(100:50:1) and stirred for 20 min under a nitrogen
atmosphere (all steps from this point were per-
formed under nitrogen) . This was followed by
addition of 4 nl of water and then 4 ml of chloro-
form, with subsequent stirring for 20 min . The
phases were separated by centrifugation at 1000 g
for 10 min, and the upper phase was removed
and re-extracted with 8 ml of chloroform . The
lower phases were combined, and the solvents re-
moved in a rotary evaporator- '1 'he residue was
quantitatively transferred to a vial using 50011 of
chloroform, which was then evaporated with a
stream of nitrogen . The extracted phospholipids
were dissolved in 25 p1 of chloroform-rethanol
11 :1) and stored under nitrogen at - 70'C. Re-
covery of total phosphorus from all origins in the
membrane using this method was 70 80% (based
on comparison of phosphorus content of washed
membranes versus total lipid extract) .

Separation of phospholrpids by TLC
High-performance thin-layer chromatography
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(HPTLC) plates were utilized (rather than stan-
dard TLC plates) because of improved separa-
tion and because the high-performance plates
produce much more uniform background read-
ings during laser densitometry, in which the de-
tector measures transmitted rather than reflected
light . These plates consisted of a laver of silica gel
adsorbent (200 pill in thickness, 5 pm particle
size) and an inert organic binder (LHP-K plates,
Whatman, Hillsboro . OR, USA) . The plates were
10 cm x 10 cut in size with a pre-adsorbent band
on one side for sample application . The HPTLCC
plates were washed twice with methanol and
dried . Then, in order to facilitate resolution of
the polyphosphoinositides (see Discussion), the
plates were dipped in a solution of 19/ potassium
oxalate dissolved in methanol water (3.2) con-
taining 2 mM EDT.A, and then dried again .

Aliquots of the lipid extracts were used for to-
tal lipid phosphorus determinations [20] and for
microanalysis ofphospholipid classes by TLC ac-
cording to a modification of the method of Yao
and Rastettcr [21], which includes a modified
form of the charring procedure originally de-
scribed by Fewster et al. [221 . Prior to being de-
veloped, the plates were activated by heating to
1f0°C for 15 min . Samples of lipid extract (ap-
proximately 2 .5 pl) containing L8-2 .0 jig of
phosphorus were applied to quadruplicate
HPTLC plates with a f0-1d Hamilton syringe .
The material was applied in successive . superim-
posed drops, at a location 1 .7 cm from the lower
edge and 1 .7 cm from the side of the plate . The
plates were developed at room temperature. in
tanks that were lined with filter paper saturation
pads (Analtech, Newark, DE, USA), and that
had been allowed to saturate with solvent vapors
for 60 min . The first dimension was initially per-
formed using chloroform-methanol-4 .3 M
NH4OH (90 :65 :20) to resolve the polyphospho-
inositides. The solvent front was allowed to as-
cend to a score line that had been traced by re-
moving a thin line of silica gel parallel to and 0.5
cm below the top edge of the plate . The plates
were then dried and developed a second time in
the first dimension with chloroform-methanol-
concentrated NH 4OH (,130:50:10), in order to
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separate LPE from PC . Next, the plates were ro-
tated 90', score lines were traced in the silica gel
along the interface between the pre-adsorbent
and the silica gel adsorbent, as well as 0 .5 cm
from and parallel to the top of the rotated plate,
and the plates were then developed in the second
dimension with chloroform-methanol-acetic
acid-water (100 :30:35:3) to resolve the remaining
phospholipid classes . After being developed in
each solvent system, the plates were dried thor-
oughly before proceeding to the next step .

Densztomelry and quariirlalann

The separated phospholipids were visualized
by charring; the plates were saturated with 10%
cupric sulfate in 8% phosphoric acid, then heated
to 18U°C for 10 Iran [21] . The charred phospho-
lipid spots were scanned in two dimensions with a
laser densitometer (LKB Ultroscan XL . Pharma-
cia-LKB, Bromma, Sweden) . The scanning pat-
terns were adjusted to collect from 10 000 to
30 000 readings of optical density, at uniform in-
tervals, from each phospholipid spot and sur-
rounding border of silica gel . The spots for tire
various classes of phospholipids differed in area
and intensity of charring. according to the quan-
tity of phospholipid present. Therefore, readings
with the 100-pm-diameter laser light beam were
taken using coordinates ranging from 20 yin Y.

40 um (i .e . . multiply overlapped areas) for the
smallest. lightest spots to 80 itm x 160 iam for the
larger, darkly charred spots. the data were seri-
ally transmitted to a microcomputer (delta bina-
ry data format) and stored on magnetic media .
The absorbance for each phospholipid class was
determined from an algorithmically calculated
volume term (LKB GelScan XL software, ver-
sion 1 .3) based on the area of each spot and the
measured absorhances within that area, and ex-
pressed as absorbance units times area (AU
mm'). Standards for all of the studied phospho-
lipids were developed and charred in a similar
manner .

The linearity of the two-dimensional densito-
metric quantitation over a range of phospholipid
concentrations was assessed under applicable ex-
perimental conditions by applying 0 .6. 0 .9, 1 .2
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and 1 .5 volumes of a lipid extract to chromatog-
raphy plates, which were then developed and
scanned. The correlations between the applied
and measured amounts of phospholipids were
strong, ranging from 0 .976 (p < 0 .025) for PIP-
to 0.999 (p < 0 .001) for PS .

ToquanLitatetherelationship between relative
absorbance percentage and molar percentage fur
the individual phospholipid classes, we measured
phospholipids from IBC membranes both with
the densltometric technique and by means of
phosphorus analysis of the individual phospho-
lipid spot ; . In the latter case, the spots were vi-
sualized with iodine, scraped from the plates, di-
gested with perchloric acid, and then assayed for
phosphorus spectroscopically with acid molyb-
date reagent [20] . The relative absorbance per-
centage determined densitometrically was similar
to the molar percentage based on direct measure-
ment or lipid phosphorus . For the individual
phospholipid classes, the differences in observed
percentage phospholipid composition were as
follows (molar percentage minus absorbance per-
centage) : PC = 1.07%; LPC = 1 .56% ; Sm =

4 .94% ; PE = 1 .68% : LI'E = 6.2691 ; I'S =
0 .58%; III - 0_34% ; PIP = -0.33% : PIP,
-0.97% .

The parallel densitometric and phosphorus-
based analyses described above were also used to
calculate the molar absorbancies of the individu-
al phospholipid classes . This factor was then uti-
lized to translate the ahsorbance values to more
precise molar quantities for each class of phos-
pholipids . The molar absorhancy values for the
individual phospholipid classes were as follows
[in (AU nnn 2)/mnol] : PC - 1 .39; I,PC- 0 .66 ;
Sin - 1 .72; PE= 1 .61 ; LPE-0.59; PS- 151 ;
PI = 2.13: PIP - 3 .79; PIP, - 3 .67 .

RESUL'IS

With the method described in this paper . we
were able to effectively separate PC, LPC . Sin,
PE, LPE, PS, PI, PIP, and PIP,, on a single chro-
matography plate, despite the markedly greater
polarity of the polyphosphoinositides (PIP and
PIP2 ) as compared to the other studiedphospho-
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Fig_ 1 .C'.harred 111'1 LC pPtfeshowtngseparattnn of a phespho-
iipid standard mixture by Iwo-di tensio' al ohronwnigaphy .
Solvent nystumn ware as described in Eaperimental. Arrow I it

sdicates fire direction for the first dimension, and arrow 2 for lire
second dimension, PC - phosplratidytcholine ; LPC - lyso-
phosphatidylcholine ; SM = sphingomyelin: PE = phosphati-
dylethanolamine ; Lit = Ivsophosphatidylethanolantine ; PS
phosphatidylserinc ; PI = phosphatidylinositol ; PIT' = phospha-
cidylinnsitol 4-phnsphn:c ; PTP_ = phosphntidvhnositol 4,5-
))is-phosphate;O = origin) .

lipids. Fig. I is a photograph of an HPTLC plate,
showing a separation performed wiLh phospho-
lipid standards . Fig. 2 presents a representative
charred HP I'LC plate following chromatograph-
ic separation of an RBC membrane extract, and
Fig. 3 shows a corresponding separation per-
formed with a platelet extract . We were able to
quantitate the various piospholipid classes in
their natural range of occurrence in RBC mem-
branes (from < 1 % to > 25% of the total phos-
pholipid content) and platelets (from <1% to

40io of the total phospholipid content), with
actual amounts of the minor components corre-
sponding to less than 10 Fig of lipid phosphorus .
The mean coefficients of variation for detcrtttina-
tion of phospholipid composition from quadru-
plicate or triplicate I IPTLC plates were 3 .73 and
6.26% for the quantitatively major phospho-
lipids WC, Sm, PL, PS) in RBC and platelet ex-

Fig 2. Charred HPTLCC plate showing separation of a complex
iIxrurn of lipid classes extracted from FttC membranes, using
the suite solvent systems and procedure: as shown in Fig . 1 . '1 he,

directions for the firs[ and second dimensions arc indicated by
arrows. X - unknown substance in thu extract that contains at,
phosphorus; Y - an additional unknown density located at the
second-dimension origin of X ; for other abbreviations. see Fig . I
legend .

Fig . 3 . Charred l1PTLC plate showing separation of a complex
mixture of lipid classes extracted from platelets, using the sane
solvent systems and procedures as for standards shown in Fig . I .
I he directions for the first and second dimensions are indicated
by arrows. X = unknown substance in the extract that contains
no phosphorus ; for other abbreviations, ice Fig . I legend .
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TABLE I

Using acicic extrv-ctiov of wuslied muabr :mes (rum herulyeed RBCN .
Usury neutral extraction of intact RB( .'s : :his nteCtoc does mn recuver polyphn,ahoinusrlidei .
Sum of PE LPL (see tex!)

tracts, respectively, and 11 .4".x% (RB() and 11 .5'%4r
(platelet) for the much less abundant phospho-
inosirides . These values relating to reproducibil-
ity of the assay are closely comparable to those
reported by other investigators using nano-scale
densitomctric analysis [23] . The mean cocilicientss
of variation for replicate extractions and analyses
of the same sample on different days were 8 .12%
for the major phospholipids and 13 .2% for the
phosphoinositides .

TABLE It

A 6 Mnpinger et a', ; J . Chronratcgr. 614 (1993 ) 57--%5

The first column of Table I presents the rela-
tive composition of phospholipid classes in RBC
mernhrane extracts from eleven normal control
subjects . We compared our two-dimensional
method with results obtained after neutral ex-
traction of intact RBCs [24], followed by one-
dimensional separation and laser densitometry
according to a previously described method [21] :
these comparative data are presented in the sec-
ond column of Table I . There was generally good

RELATIVE PITOSPITOLIPID COMPOSTTION OF PLATELET MEMBRANES FROM CONTROL SUBJECTS

P'^.osphnlipid Molar percentage of phospholipidi (mean 1 S . D .)
ass

Two-dlimensiou,d
system (n - 51

Mitchell t •l .d . [261
Dr - 41

Paosphat dyleholine 42.6 1 1 .9 36 1 5
Lysuphusphatidylchclinc 3.51 ± 1 .6 I 1 I
Sphingonrvclin 167 + 1 .8 14 1
Phosphsndylethanolamine' 24 ., - Fll ± S
Phuspliat .dylserine 10.2 1 1 .9 12 ± 2
Phospliatidyiinositol 2 .36 10.87 4 ., 109
Phosphat:dylinos,to' 4-phosphalc 0 .1I I 0 .0° 09 1 0,4
Phusphntidylinosiloi 4,">-hidphosphulc

11 Sum of PL+LPL (see tc%[)

0.05 ± 0 .01 0 .4 1 01

RET .ATTVF PHOSPHOLJPID COMPOSIIION OF ERYTHROCY Ii- MF :MIIRANFS FROM CONTROL SUBJECTS

T'hospholiprd
class

Molar pcrecntage-of phospliolipids (mean + S .) .j

Mitchell or uL [26f
(n = 321

Toro-dimensional
system" (a - I ll

One-dimensional
system' (,s = 1 2 )

Phosphatidy:cliollne 28 .7 1 1 .6 28 .5 1 L 9 28 1 2
Lysophesphatidylchelire 2 .43 1 1 .65 I

	

1 1
Sphingomvel n 24 .6 ± 2 .6 2 i .5 1 3. 25 + 7
PhcspHatidyimhanolamine` 30 .2 ± 2 .3 304 1 1 6 26 +
PhosphePdylicrinc 12 .4 1 1 .2 12.5 1 1 .6 15 1 2
PLnsphntidylinosito' 0 .62 1 0 .21 2 .4 1 I,I 1 .9 1 II .',
Phosphulidylinniilol 4-phosphalc 020 1 0.13 0 .9 = 0 .4
Phuspltalidylinosito:4.5-hisphnsph,itc 0 .98 10.26 1 .510.4
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agreement between the two methods for those
phospholipids that were measured in both sys-
tems, despite the difference in extraction tech-
niques. In addition, the relative amounts of both
major and minor phospholipids were generally
similar to those reported by other investigators
using comparable extraction techniques [25 .26]
(see third column of Table 1), despite the fact that
the cells were processed very differently prior to
extraction .

The first column of Table 11 presents the rela-
tive composition of phospholipid classes in plate-
let extracts from four normal control subjects
(different from those subjects in the RBC stud-
ies). The second column of Table II lists corre-
sponding values obtained from platelet extracts
of four normal control subjects from a study by
Mitchell et al . [26], in which radiolabeling with
32P and quantitation by phosphate assay were
utilized . The relative amounts of each of the
quantitated phospholipids are generally compa-
rable, again despite significant differences in pre-
extraction cell processing .

DISCUSSION

The method described here has several advan-
(ages for the study of phospholipids from cell
membranes. First, diverse mixtures of phospho-
lipid classes, including strongly polar polyphos-
phoinositides, can be separated on a single
HPTLC plate. Second, the method is highly sen-
sitive and produces satisfactory results with na-
nomolar quantities of phospholipids . Finally, the
various classes of phospholipids that are present
in substantially different amounts in membrane
extracts can be quantitated and directly com-
pared in the same sample .

Sun and Lin [27] recently described an ini-
proved two-dimensional chromatographic proce-
dure similar to the one reported here .. and used
this to investigate polyphosphoinositides to-
gether with major phospholipids . However, their
method was not applied to lysophospholipids
such as LPC and, moreover, these investigators
relied on radiolaheling of the phospholipids for
quantitation, an approach that is not readily

7 3

adaptable to studies of clinically determined al-
terations in phospholipid classes . Yamamoto et
al. [28] reported a technique for reflectance imag-
ing dcnsitonrctry of phospholipids separated
two-dimensionally on a TLC plate, that pro-
duced high accuracy and reproducibility . Their
work provides strong support for the use of two-
dimensional densitometric analysis of phospho-
lipid mixtures. However, they did not report the
application of their method to the study of either
polyphosphoinositides or lysophospholipids .
Mitchell et al. [26] described a two-dimensional
technique for separating al I of the commonly en-
countered major and minor phospholipids, but
their method was based on the use of a particular
silica gel plate having an organic binder that
could not be utilized for charring and subsequent
quantitative densitometry . Moreover, the tech-
nique described by Mitchell et al . [26] requires as
much as eight-fold more phospholipid extract
than the method described here . The current re-
port is the first, to our knowledge, of two-dunen-
sional, nano-scale densitometric quantitation
performed on complex mixtures of major and mi-
nor phospholipids including polyphosphoinosi-
Lides .

To separate the various phospholipid classes
found in our RBC membrane and platelet ex-
tracts . i t was necessary to develop the chroma-
tography plates in three different solvent systems .
In the first dimension, the polyphosphoinositides
were initially resolved, followed by a second de-
velopment to separate LPE from PC . The re-
maining phospholipids were then separated in
the second dimension, by means of a third devel-
opment . We initially attempted these separations
using binder-free, conventional TLC plates (silica
gel H), because the binders used to stabilize the
silica gel layer in commercially produced plates
can contain calcium and magnesium, which in-
terfere with the resolution of PIP and PIP, due to
the formation of salts . However, these plates
were unsuitable for densitometric analysis of low
concentrations of phospholipids, because the
binder-free silica gel layer has slight irregularities
in thickness and uniformity that produce signif-
icant variability of background readings . There-
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fore, it was necessary to utilize HPTLC plates,
which give uniform background optical density,
but necessarily contain binder to stabilize their
fine silica gel particles . This limitation was over-
come by pretreating the HPTLC plates with ox-
alate and ED'1 :A, which produced satisfactory
resolution of the polyphosphoinositidcs .

It should be noted that the values for PE re-
ported in the first column of Tables I and 11 ac-
tually represent a combined total for PE + LPF
measured in our system . This was necessary be-
cause our extractions were performed using acid-
ic conditions to recover the polyphosphoinosi-
tides, which promotes the hydrolysis of ethanol-
amine plasmalogens (a subclass of PE) to LPE .
Because native LPE (not derived from acid hy-
drolysis of e(hanolaminc plasenalogcns) is pre-
sent in small amounts compared to total PE [25],
we utilized the combined 1'E I LPE to estimate
membrane PE content, as did the other investiga-
tors who have reported similar techniques
[25,26] . Nevertheless, the general methods de-
scribed here would be useful to investigators who
wanted to measure the small quantities of native
LPE directly, provided that the method of extrac-
tion was modified . For example, most of the acid
could be removed, prior to concentration of the
lower phase, by washing with neutral upper
phase, and the remaining acid could be neutral-
ized with methanolic ammonia [29] .

The sensitivity of this method could allow it to
he readily applied in clinical studies involving
membranes from cell types that arc obtainable
only in smaller quantities than are RBCs . such as
platelets or cultured libroblasts . Indeed, we were
able to successfully demonstrate the applicability
of this method to the quantitation of platelet
phospholipids. Given the numerous similarities
between platelets and neurons, including the
presence of functional receptors . cyclic AMP and
polyphosphoinositide second messenger systems,
and amine-containing storage granules . the study
of platelet phospholipids may shed further light
on normal and pathophysiological processes that
occur in neurons . This method may therefore
represent a promising new tool with which to
analyze membrane phospholipids in patients

A . 6 Mat/ingcr cr a( ; J . CJmromatogr . 6) 4 '1 995/ 6 7-75

with psychiatric and ncurologic disorders . Such
investigations could provide a useful additional
dimension to clinical studies of mood disorders .
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