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ABSTRACT

Increasing reengnition of the important roles served by membraze phospholipids in cellular metabolic and signal transduction
processes has stimuleled inlercst in examining potential phospholipid abnormalities in patients with psvchiatric disorders. This veport
describes a method, based on several novel modilicutions of existing weehnigues, for concurrently analyzing nanomaolar amounts of nine
paospholipic ciasses o1 4 single aliguot of membrane extiact, With this method, diverse phospholipid classes are first separated hy
two-dimensional thin-layer chromatography, and then determined vsing twe-dinernsional scunning laser densitometry. The method is
able Lo quantitate even small amounis of specific phospholipid classes, corresponding 10 < 10 ng ol lipid phosphorus. The sensitivity af
this method allows it Lo he readily applied to clinica: studies involving membranes from cell types that ace obtainable only in smail
quantities.

INTRODUCTION

Cell membrane phospholipids have rccently
become of interest to investigators studying psy-
chiatric conditions such as bipolur {manic-de-
pressive) disorder and  schizophrenia. These
membrane components have been reported to
kave altered composition in erythrocytes (red
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blood cclls, RBCs) from psychiatric patients
[1-3], to affect important membrane transport
processes [4,5], und (for phosphoinositides) to
have a central role in ncuronal signal transduc-
tion [6-9]. In addition, the antimanic drug lithi-
um interacts directly with membrane phospho-
lipids [10.11], afllects phospholipid metabolism
[6,9,12,13], and may dampen phosphoinositide-
related neuronal signal transduction [14-18], A
variety of specific phospholipid clusses have been
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implicated in the studies ooted above, including
those with headgroups consisting of: (1} choline
[phosphatidylcholine (PC). lysophosphatidylcho-
line {LPC), und sphingomychn {Sm)]; (2) amino
compounds [phosphatidylethanolamine (PE), 1y-
sophosphatidvlethanolamine (LIPPE), and phos-
phatdyiscrine (B9, and (3} inositol [phosphati-
dylinositol (P1), phasphatidylinosirol 4-phos-
phate (PIP), and phosphatidylinositol 4.5-his-
phosphate (PIP;)].

These various classes of phospholipids have
dufferent physicochemical properties. For exam-
ple, the polyphosphoinositides PIP and PIP, are
much more polar than the others. ITnaddition, the
varleus phospholipid classes naturally occur in
substantially different quantities in the RBC and
platelet membrane (ranging [rom < 1% (o
= 40% of the total molar phospholipid content).
Because of these factors, it is difficult to separate
and guantitaie the diverse phospholipid classes
derived from RBC and platelet membrane sourc-
es in any single analytical system.

For our clinical studies of mood disorders in
psychiatric patients, it was of interast to measure
a comprehensive group ol cheline, amino, and
inositol phospholipids. We were unable (o find
any published method that could be used to
guantilale all of the phospholipids of interest
from clinically available amounts of membranc
sample. Therefore, we developed a novel method
tor analvaing nanomolar amounts of ninc diverse
phospholimd classes in a single aliquot of mem-
brane extract. With Lhis method, which 1s bascd
on several modifications of existing techniques,
the phospholipids being investigated are concur-
rently scparated by twe-dimensional thin-layer
chromatography (TT.C) on high-performance
plates, and then guantitated via two-dimensional
scanning laser densitomeiry.

CXPERIMENTAL

Reagenrs

Phosphelipid standards, tristhydroxymethyi)
aminomethane (Triz) and 4-(2-hydroxyethyl)-1-
piperazinecthancsulfomic acid (HEPTS) buffers,
and acid melvhdate reagent for phosphorus anal-

A G Mallinger et al. [ 1. Chromiciogr. 614 ¢ T84 67-7)

ys15 were purchased from Sigma (SU. Louis, MO,
USA). Chromutography solvents and other
chemicals (analytical-reagent grade) were pur-
chased from Fisher Scientific (Pittsburgh. PA,
TISA).

Freparation of REC menbranes

Freshly collected venous blood. anticoagulated
with sodium heparin, was centrifuped at 1600 g
and 4°C for 15 min. The RBCs were separated
[Trom other blood components, washed twice with
ten volumes of ice-cold 110 mAM MgCls, and then
three times with 172 mM Tris buffer (to give nil
7.0 at #C). Each wash was followed by centrifu-
gation at 1600 g and 4°C [or 10 min. The washed
cells were then hemolyzed by forceful addition of
twenty volumes of ice-cold || mAf Tris buller
(pH 7.6 al 4°CY, placed in an ice bath for 10 mun
o allow the completion of hemolysis, and sub-
scquently centrifuged at 20 000 g and 4°C lor 10
min. The supernatant was carclully removed. and
the sedimented membranes washed four times
with twenty volumes of the ice-cold hemolvzing
salution. Each wash was followed by centrifuga-
tion at 200000 g and 4°C for 10 min. Membranes
prepared in this way are locculent and white in
colar, with no residual hemoglobin present. After
completion of the tinal wash, the membrancs
were resuspended in a solution consisting of 320
mM sucrose and 5 mA HEPES buffer (to give
pH 7.8 ul 4°C), and stored at —70°C.

Frepavation of pluielets

A 34-ml volume of whaole blood was drawn in-
to a plastic svringe conlaining 6 ml ol uctd citrale
dextrose anticoagulant (2.3 g of sodium citrate,
1.5 p of citric acid, and 2 g of glucose in 100 ml ol
water, final volume). The blood was centrifuged
at 142 g for 20 min (all centrifugations were al
4°C) to obtain platelet-rich plasma (PRE). the
PR was then centrituged at 370 g for 15 min
obtain a platcicl pellet. The pellet was washed
and resuspended in Ringer's cilrate dextrose
buller [110.4 mAM NaCl, 375 mM KCL, 1.67 mM
sodium bicarbonate, 21.2 mAf sodium cltrate,
and 0.3% (w/v) dextrose], contlaining 0.2 mA7
acetylsalicylic acid to prevent platelet aggregs-
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tion. The suspension was centrifuged at 208 g for
3 min o remoove any remaining RBCs, and the
suspended platelets were then pelletted by cen-
trifugation at 570 g far 10 min. The final platelet
pellet was reswspended in HEPES—ethylene gly-
col-his{fi-aminoethyl ether) N, N.N".N'-tetraacet-
ic acid (EGTA) buffer |10 mA HEPES, 1453 mAM
NaCl, 5 mAf KCI, 1 mM MeS5O,, 0.3 mM sodi-
um hyvpophosphate, 8 mM glucose, and | mAS
EGTA (pH 7.4)), containing 0.2 mAf acctylsal-
icylic acid, and stored at —70°C [19].

Exrracrion af membraie phospholipids

Prior to extraction, the frozen, suspended RBC
membranes were thawed slowly at roorm temper-
alure, separated from the sucrose—HEPES solu-
tion by centrilugation at 200000 g and 4°C for 15
min, and then washed once with twenty volumes
of 10 mAM 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 plateler suspen-
sions. Lirythrocyte membranes (300 ul) or thawed
platelet suspension (1-2 mly were added dropwise
to 12 mi of methanol—<hloreform-HCI
(100:30:1) and stirred for 20 min under a nitrogen
atmosphere (all steps from this poinl were per-
formed under nilrosen). This was followed by
addition of 4 izl of water und then 4 mi of chloro-
form, with subsequent stirring [or 20 min. The
phases were scpuraled by centrifugation ar 1000 g
for 10 min, and the upper phase was removed
and re-extracted with 8 ml of chioroforny. The
lower phases were combined, and the solvents re-
moved in a rotary evaporator. The residue was
quantitatively transterred to a vial using S00 g4l of
chloroform, which was then evaporated with a
sircam of nitrogen. The extracted phospholipids
were dissolved in 235 gl of chloroform—methanol
{1:1) und stored under nitrogen at —70°C. Re-
covery of total phosphorus (rom all origins in the
macmbrane using this method was 70 §0% (based
on compatison of phosphorus confent of washed
membranes versus total lipid extract).

Sepuration of phospholipids by TLC
High-performance thin-layer chromatography

oG

{HPTLC) plates were utilized (rather than stan-
dard TLC plates) because of improved separa-
tion and because the high-performance plates
praduce much more unifarm 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 pel
adsorbent (200 pm in thickness, 5 pm particle
size) and an inert organic binder (LHP-K plates,
Whatman, Hiltsboro, OR, USA). The plates were
10cm = 10 cm o size with a pre-adsorbent bund
on one side for sample application. The HFTLC
plales were washed (wice with methanol and
dried. Then, in order to facilitate resolution of
the polyphosphoinositides (see Miscussion}), the
plates were dipped in a solution of 1% potassium
oxalate dissolved in merhanol water (3:2) con-
taining 2 mAM LIDTA, and then dried again.
Aliquots of the lipid extracts were used {or to-
tal lipid phasphorus determinations [20] and for
microanalysis of phospholipid classes by TLC ac-
cording to a modification of the method of Yao
and Rastetter [21], which includes a modified
form of the charring procedure originally de-
scribed by Fewster er af. [22]. Prior to being de-
veloped, the plates were activated by heating to
110°C for 13 min. Samples of lipid extract (ap-
proximately 2.5 pl) containing 1.82.0 ug of
phesphorus were  applied to  quadruplicare
HPTLC plates with a2 10-ul Hamilton syringe.
The material was applied in successive, superim-
rased drops, at a location 1.7 cin from the lower
edge and 1.7 cm from the side of the plate. The
plates were developed at room temperature, in
tunks that were lined with filter paper saturation
pads {Analtech, Newark, DI, USA), and that
had been allowed to saturate with solvent vapors
for 60 mun. The first dimension was initially per-
formed wusing chloroform-methanol-4.3 A
NH4OH (90:65:20) 1o resolve the polyphospho-
inositides. The solvent [ront was allowed to as-
cend Lo 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 und developed a second time in
the {irst dimension with chloroform-inethanol-
concentrated MH OH (130:50:10), in order to
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separatc LPE from PC. Next, the plates were ro-
tated 90°, score lines were traced in the silica gel
along the mnterface 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 1o the sceond
dimensicn with chloroform—methanol-acetic
acid—waler (100:30:35:3) to resolve the remaining
phospholipid ¢lasses. After being developed in
each solvent system, the plates were dried thor-
oughly helore procesding 1o the next step.

Densitomerry ond guantilation

The separated phospholipids were visualized
by charring; the plates were saturated with 10%
cupric sulfale in 8% phosphoric acid. then heated
to 180°C lor 10 mun [21]. The charred phospho-
lipid spots were scanned in two dimensions with 4
luser densitometer (LKB Ullrosean XL, Pharina-
cia-LK.B, Bromma, Sweden). The scanning pat-
terns were adjusted to collect from 10 030 (o
30 000 readings of optical density, at uniform im-
tervals, from each phaspholipid spot and sur-
rounding border of silica gel. The spots for the
various classcs of phospholipids differed in area
and infensity of charring. according to the quan-
tity ol phospholipid present. Therefore, readings
wilh the {00-pm-diameter laser lipht beam were
taken using coordinales runging from 20 um »
40 um (ie.. muluply overlapped areas) for the
smallest, lightest spots to 80 ym = 160 pm [or the
larger. darkly charred spots. The data wete seri-
ally transmitted to a microcomputer {delta bina-
ry data format) and stored on magnetic media.
The absorbance for cach 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 ahsorbances within that arca, and ¢x-
pressed as absorbance umits times area (AU -
mm?). Standards for all ef the studied phospho-
lipids were developed and charred in a similar
Minner.

The linearity of the two-dimensional densito-
metric quantitation over a range of phospholipid
comcentratinns 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 cxtract to chromatag-
raphy plates, which were then developed and
scanned. The correlations between the applied
and measured amounts of phospholipids were
stronyg, ranging [rom 0.976 (p < 0.023) for PIP:
to 0995 (p < Q.001} for PS.

To quantitate the relationship between relative
absorbance pereentage and molar pereentage for
the individval phospholipid classes, we measured
phospholipids from RBC membranes both with
the densitometric technique and by mcans of
phosphorus analysis of the individual phospho-
lipid spats. In the latter case, the spots were vi-
sualized with iadine, scraped from the plates, di-
gested with perchloric acid, and then assayed for
phosphorus spectroscopically with acid molyb-
date reagent [20]. The relative absorbance ner-
centage determined densitometrically was similar
to the molar percentage based on direct measure-
ment ol lipid phosphorus. For the individual
phosoholipid classes, the differances (n abserved
percentage phospholipid composition were  as
follows (molar pereentage minus ubsorbunce per-
centage): PC = [.07%,; LPC = 1.36%; Sm =
- d4.%4%; PE =  1L68%: LPE = 6.26%: P8 =

0.38%; PI — —0.34%,;, PIP = —0.18%; PIP,
= —097%.

The parallel densitometric and phosphorus-
based analyses descrihed above were also used o
cilculate the molar absorbancies of the individu-
al phosphaolipid classes. This factor was then uti-
lized to transzlate the absorbance values to more
precise moelar quantities for cach class of phos-
phalipids. The malar absorbancy values for the
individual phospholipid classes were as follows
[in (ALl - mm*)/nmol]: PC — 1.39; LPC = 0.66;
Sm — 1.72; PE = 1.61; LPE — 0.59; PS — 1.51;
Pl = 2.13: PIP — 379; PIP, — 3.67.

RESULIS

With the method described in this paper. we
were able o efleclively separate PC, LPC, Sm,
PE, LPE, PS, P1, PIP, and PTP-, on a single chro-
malography plate, despite the markedly greater
polarity of the polyphosphoinositides (PIP and
PIP:} as comparad to the other studied phospho-
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big. 1. Charred HIPLLL plirte showing sepatation af 3 phospho-
iipid standard mixture by {wo-dimensional chromatapraphy.
Solvent systems were as desciibed in Experimental. Arrow | ic-
dicates 1he direction for the first dimensior. and actrow 2 for the
second dunension. PC - phosphatidy!choline;, LPC — lyso-
phosphatidylchaline; SM = sphingomyehn; PC = phosphati-
dylethanolamine: LPE = [vsophaosphatidylethanolamine: I'S =
phosphatidylacrine; P = phosphatidylinasitel; PII' = phospha-
tidylinosital 4-phosphate; PTP. = phosphatigviinesital 4, 5-bis-
phosphate; © = origin).

lipids. Fig. 1 is a photograph of an HPTLC plate,
showing a separation performed wilh phospho-
lipid standurds. Fig. 2 presents a representative
charred HPTLC plate following chromatograph-
it separation of an RBC membrane extract, and
Fig. 3 shows a corresponding separation per-
formed with a platelet extract. We were able o
quanifiate the various phospholipid classes in
their natural range of oceurrence in RRC mem-
branes {from < 1% to >25% of the total phos-
pholipid content) and platelets (from < 1% to
> 4% of the total phosplolipid content}, wilh
actual amounts of the minor components corre-
sponding to less than 10 ng of lipid phosphorus.
The mean coefficients of variation for determina-
tion of phosphalipid composition from quadru-
plicate or triplicate ITPTLC plates were 3.73 and
6.26% for the quantitatively major phospho-
lipids {I*C, Sm, PE, P8} in RBC and platelat ex-

YCINSEL L T By

Fig 2. Charred HPTLLC plate showing separation of a complex
mxture of lipid classes extracted trom KRC membranes, using

the same selvenl systems and procedures as showr in Fig. 1. Tha
divections for the sl and second dimensions wie indicated by
artows, X — unknown substauce o the extract that conlains no
phospharus; ¥ — an additional unknown dznsity lecated at the
second-dimension origin of X; for other abbreviations, see Fig. |
legend.

[ T —

Fig. 3. Charred 1IPTLC plate showing sepagatior. of a complex
mixture of lipid clusscs extracted from platzlets, usimg the same
solvent systems and procedures as for standards shownin Fig, |
The dirsctions for the first and second dimensions are indicated
by wrrows. X = unknown suhstance in the extract that contains
no phosphorus, for other abbreviations, sce Mg, 1 leoend.
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TABLE 1
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RETATIVE PHOSPHOLIPID COMPOSITION OF ERYTHROCY I'k MEMHRANES FROM CONTROL SUBJECTS

Phaspholipnd

cluss

Two-dimensional
system® (1 — L11)

Molar pereentage of phospholipids (mear £ 5,13

Cne-dimepsional Mutchell e ud. [20]

Phesphatidy.choline MY+ 1A
Lysophosphatdylcholice 243 & 143
Sphizgomyelin Me 16
Phaspratidylethanalamines N2 o+ 23
Phosphat dylserine 124 £ 1.2
Phasphatidylinesita’ 0.62 £+ 2]
Pirosphatidylinestiol d4-phosphate 020 £ 013

098 1 026

Phosphiatidylinesilo! 4,.5-bisphosphaic

systern® (2 = 12 (n = 32)
A5 L0 20 02
- I £ 1
2iA+ 27 25+ 3
N4 k16 26+ 2
125 &£ 1.6 13 172
24+ 1.1 19 £ 07
- 0.8 =04
1.5 = 0.4

* Using seicoe extraction of washed menoranes rom hermoly sed RBCs
© Using neuiral sxtraetion of ntact RBCS: his metiod does not recover polyphosphotinesinides.

" Sum of PE. LPE {see texl).

tracts, respectively, and 11.4% (RBChand 11.5%
(platelet) for the much less abundant phosphe-
tnasifides. These values relating o reproducibil-
ity of the assay are closely comparable to Lthose
reported by other investigators using nano-scale
densitometric analysis [23]. The mean cocllicients
of variation [or replicale extractions and analyscs
of the same sample on different days were &.12%
{or the major phospholipids and 13.2%4 lor the
phosphoinositides.

TAaBLL 1}

The first column of Table T presents the rela-
tive composition of phospholipid classes in RBC
memhrane extracts rom eleven nornmal control
subjects. We compared our  (wo-dimensional
method with results obtained after neutral ex-
traction of intuct RBCs [24], followed by one-
dimensional scparation and laser densitometry
according to a previously described method |217;
these compardtive duta are presented in the sec-
ond column of Tahle 1. There was generally good

RELATIVE PHOSPHOLIPID COMPOSITION OF PLATELET MEMBRANES FROM CONTROL SUBJECTS

Prospholipid

Maolar pereentage of phospholipids (mean £ 510.)

class

Twa-diensicnal
system (N = 9)

Faosphatidyleholine 42.6
Lysophosphatidylcheline 3.5
Sphingamyelin 167
Phasphandylsthanalsmine” 243
Phospliatidylsering 10.2
Phosphatidylinesital 2,36
Phosphatidylinesito! d-phosphate N1k

Phasphatidylinosilal 4,3-bisphosphaie .08

* Sum of PL+ LPL [see lext)

+ I+

— H W H

Mitehall o o/ [26]

=4

1.9 3 LA
1.8 I+ 1
1.8 v+ 4
Al A S
19 12 £ 2
0.87 4.5 1 09
005 09 + 04

02

0403 D4 +
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agreament between the two methods for those
phospholipids that were measurcd in both sys-
ters, despile Lhe dillerence in exiraction tech-
niques. In addition, the relative amounts of both
major and minor phosphoelipids were generally
similar to those reported by other investigators
using comparahle 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 columu of Table H presents the rela-
tive compaosition of phospholipid classes in plate-
et extracls [rom four normal control subjects
(dilferent from those subjects in the RBC stud-
ies). The second column of Table II lists corre-
sponding valucs oblained [rom platelet extraets
of four normal control subjects from a study by
Mitchell et al. [26], in which radiolabeling with
**P and guantitation by phosphatc assay were
utilized. The relative amounts of sach of the
quantitated phospholipids are penerally compa-
rable, again despite significant differences in pre-
extraction cell processing.

DISCLISSION

The method described here has several advan-
tages for the study of phospholipids rom cell
membranes. First, diverse mixtures of phospho-
lipid classes, including strongly pelar polyphos-
phoinosiikdes, can be separated on a single
HFPTLC piate. Second, the method is highly sen-
sitive and produces satisfactory results with na-
nomeolar quantities of phospholipids. Finally, the
various classes of phaspholipids that are present
in substantially dillerent amounts in membrane
extracts can be quantitated and directly com-
pared in the same sample.

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

adaptable to studies of clinically determingd al-
terations in phospholipid classes. Yamamoto ef
al. [28] reporled a echnigue For rellectance imag-
ing densitometry of phospholipids scparated
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 analyvsis of phosphe-
lipid mixturcs. However, they did not report the
application ol their method to the study of either
polyphosphomositides  or - lysophospholipids.
Mitchell e¢r al. [26] described a two-dimensional
techmique for separating all of the commonly en-
countered major and minor phospholipids, bul
their method was based on the use of a particular
silica gel plate having an organic binder that
could not be utilized for charnng and subsequent
quantitative densitomerry. Moreover, the tech-
nique described by Mitchell er ol. |26] requires as
much as eight-fold more phospholipid extract
than the method described here. The current re-
port is the first, to owr knowledge, of two-dimen-
sional, nano-scale densitometric quantitation
performed on complex mixtures of major and mi-
nor phaspholipids including polyphosphoinosi-
Lides.

To separate (he vanous phospholipid classes
found in our RBC membrane and platelet ¢x-
lravcts, il was necessary to develop the chroma-
tography plates in three different solvent systems.
In the first dimension, the polyphosphoinaositides
were initially resolved, [ollowed by a second de-
velopment o separate LPE from PC. The re-
maimng phospholipids were then separated in
the second dimension. by means of a third devel-
apment. We initially attempted these separations
using binder-free, conventonal TLC plates (silica
gel H), because the binders used to stabilize the
silica gel layer in commercially produced plates
can contain calcinm and magnesium, which in-
terfere with the resalution of PIP and PIP, duc to
the formation ol sulls. However, these plates
were unsuitable for densitomctric analysis of low
concentrations of phospholipids, because the
binder-{ree silica gel layer has slight irregularitics
in thickpess and uniformity that produce signif-
icunl varizbiiity of background readings. There-
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fore. it was necessary to wlilize HPTLC plates,
which give uniform background optical deasity,
but necessarily contuin binder Lo stahilize their
fine silica gel particles. This lmitation was over-
come by pretreating the HPTLC plates with ox-
dluic and EDYIA, which produced satislactory
resolution of the polyphosphoinositides.

It should be noted that the values for PTL re-
ported 1n the first column of Tables [ and L1 ac-
tually represent a combined total for PE + LPFE
measured in our system. This was necessary bhe-
cause our cxtractions were performed using acid-
ic conditions 1o recover the polyphosphoinosi-
tides, which promotes the hydrolysis of ethanol-
amine plasmalogens (a subclass ol PE) to LPE.
Because nalive LPE (not derived from acid hy-
drolysis of ethgnolamine plasmalogens) s pre-
sent in small amounts compared to total PE [23],
we ulihzed the combined PE t LPE to estimate
membrang PE content, as did the other investipga-
tors who have reported similar techniques
25.26]. Mevertheless, Lhe general methods de-
scribed here would he useful to investigators who
wanted to measure the small quantities of nitive
LPE directly, provided that the method of extrac-
tion was maodified. For example, most of the acid
could be removed, prior (0 concenlration 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
membrancs from cell types that are obtamable
only in smaller quantities than are RBCs, such as
platelets or culturcd libroblasts. Indeed, we were
able to successfully demonstrate the applicability
of this method to the guantitation of platelet
phospholipids. Given the numerous similarities
between platelets and neurons, including the
presence of functianal receptors, cyelic AMP and
polvphosphoinosilide second messenger $ystems,
and amine-cenraining storapge granules, the study
of platelet phospholipids may shed further light
on normal and pathophysiological processes that
oceur in neurons. This method may therefore
represent a promising new tool with which to
analvze membrane phospholipids in patients
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with psychiatric and reurologic disorders. Such
investigations could provide a useful additional
dimension 1o clinical studies of mood disorders.
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