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Differential Incorporation of Precursor Moieties into
Cerebral Cortex and Cerebellum Glycerophospholipids
During Aging
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The incorporation of polar and non-polar moieties into cerebral cortex (CC) and cerebellum
(CRBL) phospholipids of adult (3.5-month-old) and aged (21.5-month-old) rats was studied in a
minced tissue suspension. The biosynthesis of acidic phospholipids thebiligly¢erol appears

to be slightly increased with respect to that of zwitterionic or neutral lipids in CC of aged rats
with respect to adult rats. On the contrary, the synthesis of phosphatidylcholine (PC) from
[®H]choline was inhibited. However, the incorporation &iC[|serine into phosphatidylserine

(PS) was higher in CC and CRBL in aged rats with respect to adult rats. The synthesis of phos-
phatidylethanolamine (PE) from PS was not modified during aging. Saturégpa(mitic) and
polyunsaturated {H]arachidonic) acids were incorporated successfully by adult and aged brain
lipids. In addition $H]palmitic, [*H]oleic and fH]arachidonic acid were employed as glyce-
rolipid precursors in brain homogenate from aged (28.5 month old) and adult (3.5 month old)
rats. PH]oleic acid incorporation into neutral lipids (NL) antH]arachidonic acid incorporation

into PC, PE and phosphatidylinositol (Pl) were increased in aged rats with respect to adult rats.
Present results show the ability and avidity of aged brain tissue in vitro to incorporate unsatu-
rated fatty acids when they are supplied exogenously. They also suggest a different handling of
choline and serine by base exchange enzyme activities to synthesize PC and PS during aging.
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INTRODUCTION brane deterioration theory is considered one of the
most important in explaining the aging phenomena. As
The aging brain is characterized by a measurablephospholipids are an integral part of membranes they
decline of physiological functions. Even if causes are undoubtedly play an important role in regulating cell
still unknown, several hypotheses have been advancednembrane function and therefore, any modification in
in an attempt to explain them. For example, the mem- their metabolism may influence cellular function.
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It is known that brain aging is accompanied by chloride (specific activity 69.5 Ci/mmol), [9,TB4(N)] palmitic
changes in the overall composition of membrane lipids acid (specific activity 47 Ci/mmol), [5,6,8,9,11,12,14 1§N)]
(1-4). Qualitative or quantitative changes in the ratios arachidonic acid (specific activity 83.8 Ci/mmol), [9,38¢N)]oleic

foh holinid head | d/or in th acid (specific activity 2—-10 Ci/mmol) and Omnifluor were pur-
Or phospholipid headgroup classes and/or In the propor-q,,seq from New England Nuclear-Dupont (Boston, MA). All other

tion of their fatty acyl moieties are known to start alter- reagents were of analytical grade.

ations in the physicochemical properties of biological Metabolic studies.They were carried out in two different
membranes, along with many of their functions. Our preparations:

previous studies on different brain areas from aged rats ) Minced Tissue Suspensioit:was prepared from cerebral

d t h holinid ific fatt id . cortex (CC) and cerebellum (CRBL) of 3.5- and 21.5-month-old
ocument a phospholipid-specinc tatty acid composi- rats. Tissues were minced to obtain about 13rmagments and

tion alteration produced by aging (2). However, no sig- transferred to conical tubes containing minimum essential medium
nificant changes in the content of different phospholipid (Gibco Lab, Grand Island, N.Y.) supplemented with 2.2 g/l of

classes were observed, except for one previous|y re-NaHCOQ;, 5% fetal calf serum (Sigma Chemical Co., St. Louis, MO)

orted for sphinaomvelin (SPH) (5) and cardiolipin (6). and L-glutamine, at a final concentration of 2 mM (10 ml of medium
P phingomy ( ) (5) P (6) per CC or CRBL). Tissue fragments were aspirated and expelled

In t|_’1IS report we present data desc_:rlblng de novo 10 times using a 1-mm diameter Pasteur pipette. After sedimenta-
synthesis as well as polar and acyl moiety turnover of tion, particles were resuspended in Krebs-Ringer bicarbonate

phospholipids in brain tissue in vitro. The purpose of buffer (pH 7.4). Samples (about 10@ of protein) were incubated
this study is to make a correlation between lipid com- for 15, 30, 60 and 90 min at 3T in the same medium using &
positional studies and metabolism in our aging experi- ° [2-"H] glycerol or f*Clserine or fHcholine or 2.51Ci of [*H]

. palmitic acid or fH]arachidonic acid in a final volume of 0.2 ml.
mental model (Wistar rats of 21.5 and 28.5 months of Fatty acids (FA) were resuspended in a fatty acid-free bovine serum

age as “aged” and 3.5 months of age as “adult”). We abumin solution with buffer (4:1, mol:mol). This mixture with FAs
studied the in vitro metabolism of choline and serine, was sonicated for 3 min in a MicroTip Branson Sonifier. An aliquot

and the glycerol incorporation into the backbone of was routinely taken to measure radioactivity before adding the la-
glycerolipids in a minced tissue suspension of cerebral beled FA to the incubation medium. In all cases, lipids were ex-

tracted from the tissue as described by Bligh and Dyer (7) and the
cortex (CC) and cerebellum (CRBL) from 3.5- and chloroform layer was taken to dryness underINpid samples were

21.5-month-old rats. These data were taken as a metaresuspended in chloroform/methanol (C:M 2:1, v/iv) and extracts
bolic pattern of a first stage in our experimental system were subsequently purified as previously described (8). Unlabeled
of normal aging in rats where minimal changes in acyl glycerol (1%), DL-serine (1%) or choline (1%) was added to the
composition of glycerophospholipids are present 2). upper phases to wash lipid extracts labeled witfHRylycerol,

. - . . [*4C]serine or fH]choline respectively.
In previous studies the fatty acid composition of total b) HomogenatesThey were prepared from the whole brain of

lipids from rats of 21.5 and 28.5 months of age showed 3 5. and 28.5-month-old rats as adult- and aged rats, respectively.
an increase in monounsaturated (18:1 and 20:1) and alomogenates were made at 30 % (w/v) in 0.25 mM sucrose, 62 mM
decrease in polyunsaturated (20:4, 22:4 and 22:6) con-Phosphate buffer pH 7.4, 0.15 M KCI, 5 mM Mg@0.1 mM EDTA

tent with respect to adult rats (2). In the present study, and 4.2 mM N-acetylcysteine. The assay was started by adding 1 mg

- . . . . brain homogenate protein (1Q0) to 42 mM phosphate buffer, pH
3
[*H]palmitic, H]oleic and fH]arachidonic acid were  ; supplemented with 3.5 mM ATP, 0.2 mM CoA, 1.5 mM NADH,

used as radioactive precursors to examine the saturateg 6 mm N-acetylcysteine, 0.33 mM nicotinamide, 42 mM NaF and
and polyunsaturated acyl chain turnover in the phos-2 mM MgCl in a total volume of 2 ml. The free FA was also pres-
pholipids of rat brain. These labeling studies were car- ent in the medium at 5aM concentration (1.Ci of [*H]palmitic
ried out in a minced tissue suspension of CC and CRBLaC'd) or 10uM concentration (1uCi of [*H]arachidonic acid or

. . 0.5 uCi of [*H]oleic acid). After evaporation to dryness under ni-
from 21.5- and 3.5-month-old rats as well as in brain trogen, FAs were sonicated in propylene glycol in a water bath for

homogenates from 28.5- and 3.5-month-old rats. 5 min and added to the medium (0.25 % v/v). An aliquot was rou-
tinely taken to measure radioactivity before adding the labeled FA
to the incubation medium. Samples were incubated &C3during
30 or 60 min. The assay was stopped and lipids were extracted by
addition of C:M (2:1, v/v), as previously described (8).

Lipid Isolation and Analytical Method®?hospholipids were

General.Wistar-strain rats were kept under constant environ- isolated by two-dimensional TLC (9) or by monodimensional
mental conditions and were fed on a standard pellet diet. Rat agespre-coated HPTLC (10). Neutral lipids were isolated by monodi-
were carefully assessed: adult rats were 3.5 months old and aged ratsensional TLC on Silicagel G plates developed in hexane/
were 21.5 and 28.5 months old, respectively. Animals were sacri- diethylether/acetic acid (70:30:2, v/v). After development, lipid
ficed by decapitation, the brain was immediately dissected (2—4 min spots were located on plates by exposure to iodine vapors. Spots
of decapitation), rinsed with ice-cold buffer, and the different re- were scraped off and subjected to phosphorus analysis (9) or trans-
gions were subsequently obtained. ferred to vials containing 0.4 ml water and 10 ml of 0.5% omnifluor

[2-3H]Glycerol (specific activity 5-10 Ci/mmol),*{C(U)] in toluene/Triton X-100 (4:1, v/v) to measure radioactivity by liquid
L-Serine (specific activity 168 mCi/mmol), [meth$#]choline- scintillation counting. When HPTLC plates were used the adsorbent

EXPERIMENTAL PROCEDURES
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was transferred to vials containing 0.4 ml water and kept overnight
before scintillator addition. Protein content was determined by the
method of Lowry et al. (11).

Statistical AnalysisStatistical analysis was performed using
Student’st test, with the values representing the mee®.D. (stan-
dard deviation) of the total number of samples indicated in each leg-
end. In the case of ratios or percentages (Fig. 4-6 and Table |) the SD
was calculated according to the ad-hoc statistical treatment (12).

RESULTS

In Vitro Metabolic Studies by UsingH]Glyc-
erol, [*H]Choline and E‘C]Serine in Tissue Frag-
ments. In vitro metabolic studies were carried out
using tissue fragments obtained from CC and CRBL in
oxygenated Krebs Ringer - bitmnate supplemented
with glucose (experimental procedures have been de-
scribed in Methods). This medium appears to be adequate
for free bases, glycerol and also for FA incorporation
studies.

[2-3H]Glycerol was incorporated as a function of
time into glycerolipids. The pattern of incorporation
showed to be PA>CDP-DG>PI>PC and PE during the
first 15 min of incubation (data not shown). Phospha-
tidic acid (PA) synthesized from this precursor repre-

dpm x 10 3/ ymol total lipid P

PA CDP-DG PI
+PS

sented 42 % of the total phospholipid (TPL) labeling Fig. 1. Glycerolipid synthesis in minced tissue suspensions of

PC PE

at this incubation time (data not shown). Fig. la cerebral cortex from adulff]) and aged M) rats incubated with

shows that [2H]glycerol was actively incorporated
into phogholipids (57 %) and NL (43 %) from CC at
60 min of incubation in adult rats. Results from indi-

[®H]glycerol. Minced tissue suspensions were obtained from CC of
3.5- and 21.5-month-old rats as adult and aged rats, respectively.
Tissues were minced to obtain about 1 Hfiragments and processed

as indicated in Experimental Procedures. Particles were resuspended
in Krebs-Ringer bicarbonate buffer (pH 7.4). Samples (aboug00

vidual phospholipids are shown in Fig. 1b and indicate of protein/sample) were incubated for 60 min at@4n a final

that PI, PC and PE were the predominantly synthe-volume of 0.2 ml of the same medium usingu@i [*H]glycerol

sized phOSphOlipidS (28, 22 and 19 % of TPL labeling _(specific _acti_vity 5-10 Ci/mm_ol_). Data are expressed as
. . incorporation in dpmimol of total lipid P and represent the mean

respectively). DAG was the predominantly synthe- S.D. of 3 adult and 3 aged rats. Panel a: neutral and total

sized NL (50% with respect to total NL, data not phospholipid synthesis; panel b: individual phospholipid synthesis.

shown). Glycerolipid precursors as PA and CDP-DG *: P <0.05;** p <0.025; ***:p < 0.01.

plus PS were also determined and represented only

about 26% at 60 min incubation.

In the minced tissue suspension of CC from aged The PH]choline incorporation into lipids was also
rats the synthesis of TPL was higher with respect to studied in CC suspension from adult and aged rats. PC
adult rats (Fig. 1a). Data from individual phospho- synthesis by base exchange reaction from free choline
lipids revealed that the de novo synthesis of acidic was shown to be active in adult rats and increased as a
phospholipids was the one affected, PA being the function of incubation time up to 90 min, the longest
most augmented phospholipid with respect to the incubation time studied (Fig. 2). It represented about
value from adult rats (Fig. 1b). Also CDP-DG plus PS, 90-95% of the total ®H]choline incorporated into
Pl and to a lesser extent PE labeling showed higher lev-choline-containing pospholipids at this incubation
els in aged than in adult rats. PC synthesis frofH[2-  time. Sphingomyelin and lysophosphatidylcholine
glycerol was similar in CC from aged and adult ani- (LPC) incorporated about 3-5% of total lipid radioac-
mals. On the contrary, NL synthesis from3®&}glyc- tivity. LysoPC production also increased up to 90 min
erol was slightly inhibited in aged rats with respect to in adult rats (insert, Fig. 2). PC synthesis from choline
adult rats, TAG being the most affected (25 % inhibi- was strongly inhibited (by 50 %) in the CC suspension
tion, data not shown). from aged rats with respect to adult rats (Fig. 2). This
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Fig. 2. PC and LysoPC synthesis in minced tsisue suspensions of
cerebral cortex from adulfO) and aged «) rats incubated with
[methyl-H]choline. Minced tissue suspensions were obtained
from CC of 3.5- and 21.5-month-old rats as adult and aged rats,

respectively as described in Fig. 1. Samples (about H@0of
protein/sample) were incubated for 15, 30, 60 and 90 min°& BV 60 -
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3H]choline chloride (specific activity 69.5 Ci/mmol). Data are 3 g .
expressed as incorporation in dpmmol of total lipid P and or LIE 1]
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effect was observed at 60 and 90 min of incubation. time (min)

Whereas LPC synthesis was also decreased, its pro-

; ; imi Fig. 3.PS and PE synthesis in minced tissue suspensions of cerebral
portIOI’IOWIth respect to PC proved t(? b_e similar (3.92 cortex and cerebellum from adulO( [J) and aged «, W) rats
+ 0.34% with respect to 3.58 0.46% in adult and  jycubated with J*C(U)]L-serine. Minced tissue suspensions were
aged rats, respectively). obtained from CC and CRBL of 3.5- and 21.5-month-old rats as

i i i adult and aged rats, respectively as described in Fig. 1. Samples
Fig. 3a shows the time course of the mcorporatlon (about 100ug of protein/sample) were incubated for 15, 30, 60 and

of [*“C]serine into phospholipids of CC and CRBL 0f g min at 37C in a final volume of 0.2 ml of the same medium using
adult and aged rats as a function of the incubation time5 pCi of [**C(U)]L-serine (specific activity 168 mCi/mmol). Data

which was linear up to 90 min of incubation. Labeled are expressed as PS or PE (insert) incorporation in dpoi/ of

total lipid P and represent the mears.D. of 3 adult and 3 aged
lipids isolated by two-dimensional TLC indicated that rats. »: p < 0.05; **:p < 0.01.
up to 85% of the incorporated serine was recovered
into PS, while a small percentage (8-10%) was de-
tected in PE. SPH synthesis was also observed but thearboxylation of labeled PS in both neural tissues (In-
percentage label in SPH was lower than in PE (4-6 %)sert Fig, 3, CC and CRBL). PE synthesis using serine
(data not shown). It is known that serine enters into as a precursor in CC and CRBL showed time depend-
many lipid pathways (synthesis of glycerol, FAs, and ence and it also showed that PE synthesized from ser-
sphingosine). However, we have obtained indirect ev- ine by PS decarboxylase was augmented in aged with
idence that the radioactivity present in PS was local- respect to adult rat tissues. The proportion of labeled
ized in its base moiety. If previous“C]glycerol PE with respect to labeled PS in aged with respect to
synthesis from*!C]serine took place, the label would adult rats shows a net increase at 90 min of incubation.
be present in PA, Pl or PC, the latter being lipids that [®H]Arachidonic Acid and fH]Palmitic Acid as
were previously shown to be mainly synthesized in Glycerolipid Precursors in a Minced Tissue Suspen-
this tissue by the de novo synthesis pathway from glyc- sion of Cerebral Cortex and Cerebellum of Adult and
erol (Fig. 1). Fig. 3 also shows thafC]L-serine in- Aged RatsFatty acids available from the blood stream
corporation into PS from CC and CRBL was higher in and those released from brain lipids constitute the pool
aged rats than in adult rats (10% and 30% increases irof free FAs capable of being esterified into neural tis-
CC and CRBL, respectively, at 90 min of incubation). sue phospholipids. Fatty acid oxidation and acyl-CoA
In addition, incorporation of labeled serine into PS synthesis are also active in brain cells and might play
was higher in CRBL than in CC of adult rats (Fig. 3). a role in the steady state of the metabolically active
Phosphatidylethanolamine was also synthesized by depool of FAs. The approach in the previously described
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experiments with a minced tissue suspension that
maintains cellular integrity makes it possible to study
all the above mentioned mechanisms.

Fig. 4 shows the®H]palmitic acid (16:0) incor-
poration into TPL and NL in CC and CRBL from 3.5-
and 21.5-month-old rats, respectively. FA incorpora-
tion with respect to total radioactivity (FA present in
the medium plus FA incorporated into lipids) in both

I3
=

[ acCC [ 135mo || a CRBL
71215 mo

PH]16:0 esterified / total

£ b. CRBL
lipid classes is shown in Fig. 4a. It is interesting to ‘g’
note that the incorporation into NL (DAG plus TAG) g
in both tissues, was higher than in TPL in 3.5-month- 5
old rats, the major difference being observed in the gz I
CRBL. As indicated in Fig. 4a, in CC this proportion = 7 | ] g
proved to be greater in NL (12 %) with respect to TPL A oRper rewm o
(7.4 %) whereas in CRBL it was even greater (14 % in _ o S _ _
NL with respect to 3.5 % in TPL) e o o o st s
Fig. 4b shows the distribution of th&H]16:0 in- incubated with JH] palmitic acid. Minced tissue suspensions were

corporation into individual glycerophospholipids at obtained from CC and CRBL of 3.5- and 21.5-month-old rats as
60 min incubation. At this time. 16:0 in PC from CC adult and aged rats, respectively as described in Fig. 1. Samples
’ P . ' (about 100ug of protein/sample) were incubated for 15, 30, 60 and
represented 50% of the total FA incorporated into TPL, 90 min at 37°C in a final volume of 0.2 ml of the same medium using
followed by PE, which represented 23% of the total. 2.5uCi of [*H]palmitic acid (specific activity 47 Ci/mmol). Data are

e ; _ xpressed as the ratio ofH]palmitic acid esterified to total
PhOSphatIdIC acid, Pl and CDP-DG plus PS reF)resel’]t(_:.oFH]paImitic acid present (esterifieefree) in panel a and percentage

12, 9 and 3% respectively’H]Palmitic acid incorpora-  [*Hjpalmitic acid incorporated into phospholipids in panel b, and
tion into PC from CRBL also represented 50% of the represent the meanSD of 3 adult and 3 aged rats. Paaeheutral

TPL. In addition, PE presented a labeling level similar to 2”&;?;;'8 phospholipid synthesis; paielindividual phospholipid
that of PC (40% of TPL). CRBL, in contrast to CC, pre- Y '
sented only up to 6% of the total incorporation into other
glycerophospholipids (PA, Pl and CDP-DG plus PS). Aging did not affect the incorporation of 20:4 into
As shown in Fig. 4a and b, acylation with the sat- lipids from CC or CRBL of 21.5-month-old rats with
urated FA in the minced tissue suspension of CC andrespect to 3.5-month-old rats. It is interesting to point
CRBL from 21.5-month-old rats was similar to that out that not only 16:0 but also 20:4, that was reported
observed in adult rats. No significant differences were to be significantly decreased in total lipids of CRBL
observed in TPL or NL nor in individual glycerophos- from 21.5-month-old rats (13), were incorporated into
pholipids in the two regions studied. lipids as efficiently as in 3.5-month-old rats (Fig. 5).
Results of fH]arachidonic acid (20:4) incorpora- [®H]Palmitic Acid, [PH]Oleic Acid and PH]Ara-
tion in CC and CRBL preparations are shown in Fig. 5a chidonic Acid as Fatty Acid Precursors in Glyce-
and b. In the samples obtained from both adult and agedolipid Biosynthesis in Brain Homogenates of Adult
rats, the proportion of FA incorporated into total lipids and Aged RatsTo avoid the uptake step of FAs by
with respect to total radioactivity (FA present in the the tissue, that was operative in the experimental ap-
medium plus FA incorporated into lipids) was slightly proach described above where cell to cell attachments
lower than that observed with 16:0 (Fig. 4). Although and microvessels are present, experiments utilizing
both FAs showed a similar incorporation into TPL FA precursors in brain homogenates were carried out.
(around 7%), 20:4 was incorporated to a lesser extentln these experiments, attention was focused on the
than 16:0 into NL. The distribution of 20:4 incorporation acyl activation and its incorporation into the brain ho-
into individual phospholipids showed a specific tisular mogenate glycerolipid acceptors. In addition, the ex-
pattern. In CC, the order was PC > Pl > PE representingperiment was designed with 28.5-month-old rats
about 40, 26 and 20% of the TPL respectively, whereasinstead of 21.5-month-old rats because at this age
in CRBL the order was PC >> PE >= PI (Fig. 5b). In this there were more marked changes in the acyl group
tissue PC incorporated 20:4 to the same extent as 16:0composition of different glycerophospholipid (2).
it accounting for about 50% of the label incorporated [*H] Palmitic acid, fH]oleic acid (18:1) and®*H]arachi-
into TPL. On the contrary, the label into PI from CRBL donic acid were used as precursors of glycerolipids in
represented only 15% of TPL incorporation. brain homogenates from adult (3.5-month-old) and
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aged (28.5-month-old) rats. Table | shows the incor- corporated into NL with respect to the total label of-
poration of fatty acids into TPL and NL in brain ho- fered was similar for saturated, monounsaturated and
mogenates with respect to total fatty acids offered polyunsaturated FASs, this ratio into TPL was arachi-
(FA in the medium plus FA incorporated into lipids). donic acid > oleic acid = palmitic acid. The ho-
In contrast to what was observed in the minced tissuemogenates from brain of 28.5-month-old rats also
suspension (Fig. 4a and 5a), FAs were mainly incor- incorporated these FAs into NL and TPL, being the
porated into phospholipids instead of NL. In addition, incorporation for all of them similar with respect to
the level of total FA incorporation into lipids (about values observed in adult brain.
40% for 16:0 and 18:1 and 60% for 20:4) was higher Fig. 6 shows the percentage incorporation into
than that observed in the incubation of minced neural individual phosphoglycerides with respect to the
tissue suspension. Although the proportion of FAs in- incorporation into TPL (100 %) for 16:0, 18:1 and
20:4. A different pattern of incorporation was ob-

s 2 acc CJ3smo || aCRBL 1

2 3 3

s E215mo 60 [*H]16:0 1 [’H]18:1

T

% 10 4 b J = Ty

g g

s s ZOT
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o NL TPL NL TPL £ ) —mCmom)|
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s ]
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Fig. 5. Glycerolipid acylation in minced tissue suspensions of
cerebral cortex and cerebellum from ad(lf) and aged M) rats Fig. 6. Glycerolipid acylation in homogenates of cerebral
incubated with JH]arachidonic acid. Minced tissue suspensiaese hemispheres from adulC]) and aged W) rats incubated with

obtained from CC and CRBL of 3.5- and 21.5-month-old rats as [*H]palmitic acid or fH]oleic acid or fH]arachidonic acid. Homo-
adult and aged rats, respectively as described in Fig. 1. Samplesgenates were prepared from total hemispheres of 3.5-28rd
(about 100ug of protein/sample) were incubated for 15, 30, 60 and month-old rats as adult and aged rats, respectively. Homogenates
90 min at 37C in a final volume of 0.2 ml of the same medium using were prepared and assays were performed as described in
2.5UCi of [*H]arachidonic acid specific activity 83.8 Ci/mmol. Data  Experimental Procedures. The free fatty acid was also present in the
are expressed as the ratio #fJarachidonic acid esterified to total medium at 5QuM concentration (iCi of [*H]palmitic acid) or 1M
[®H]arachidonic acid present (esterified free) in panel a and concentration (ACi of [*H]arachidonic acid and 045Ci of [*H]oleic
percentage 3H]arachidonic acid incorporated into phospholipids acid). Samples were incubated at@#uring 60 min. Data show the

in panel b, and represent the mea8D of 3 adult and 3 aged rats.  fatty acid incorporation into individual glycerophospholipids (as the
Panela: neutral and total phospholipid synthesis; panehdividual mean of the percentage incorporatior6D from three animals) in
phospholipid synthesis. brain homogenates. (*: p < 0.05).

TABLE |. Ratios of Fatty Acid Incorporated into Neutral Lipids and Total Phospholipids with Respect to Total Fattyk A6@sn Brain
Homogenates from Adult and Aged Rats

Palmitic Acid Oleic Acid Arachidonic Acid
Fatty Acid NL TPL NL TPL NL TPL
ADULT 5.84+0.74 36.12+ 4.20 5,57+ 1.21 35.66t 5.40 5.74+ 0.71 53.25+ 5.83
AGED 6.14+ 0.56 35.28t 9.64 7.07+ 0.76 35.94+ 1.74 6.16+ 1.43 55.84+ 4.20

Homogenates were prepared from total hemispheres of 3.5- and 28.5-month-old rats as adult and aged rats, respectivelyesiantbgena
says were carried out as described under Experimental Procedures. The free fatty acid was also present in the mpiuwuoretebration

(1 uCi of [*H]palmitic acid) or 10uM concentration (LCi of [*H]arachidonic acid and 0,8Ci of [*H]oleic acid). Samples were incubated at

37 °C during 60 min. Values represent the mea®D from three animals and are expressed as ratios between fatty acid into glycerophospho-
lipids (TPL) and neutral lipids (NL) in brain homogenates with respect to total (fatty acid in the medium plus fatty apatatediinto lipids).



Glycerophospholipid Synthesis in CNS and Aging 881

TABLE Il. Fatty Acid Incorporation into Individual Glycerophospholipids in Brain Homogenates from Adult and Aged Rats

Palmitic Acid Oleic Acid Arachidonic Acid
Fatty Acid ADULT AGED ADULT AGED ADULT AGED
1073 dpm/mg prot

DAG 64.0+5.9 79.9+ 7.3 34.5t 4.2 55.4+ 7.7° 30.7+ 1.3 32.3t 2.9
TAG 59.0+ 3.3 82.0+ 13.2 21.2+1.1 39.4+ 5.9 715+ 3.6 81.4+ 4.7
PE 65.9+ 3.3 62.3+ 6.8 44.5+ 5.6 48.3+ 5.1 53.7+ 1.2 63.1+ 2.4
PC 210.0+ 7.9 205.3+ 34.6 27.1+ 3.5 32.6+£5.0 243.1+ 18.5 337.9+ 21.#
CDP-DG+PS 15.8+ 0.8 15.6+ 2.6 12.4+ 0.4 13.7+ 2.6 36.2+ 0.0 40.6+ 2.6
Pl 15.2+ 0.8 18.2+ 3.1 27.8+4.9 34.7+ 9.5 173.4+ 0.4 205.1+ 21.9
PA 5.6+ 0.7 4.7+ 1.8 6.1+ 1.5 4.5+ 0.3 7.8t 0.3 6.2+ 1.7

Homogenates were prepared from total hemispheres of 3.5- and 28.5-month-old rats as adult and aged rats, respectivelyesiantbgena
says were carried out as described under Experimental Procedures. The free fatty acid was also present in the mpiuwuoretesration
(1 uCi of [®*H]palmitic acid) or 10uM concentration (MCi of [*H]arachidonic acid and 043Ci of [*H]oleic acid). Samples were incubated at
37 °C during 60 min. Data show the fatty acid incorporation into individual glycerophospholipids (as the: ®@Panf 10° dpm/(hx mg of
protein) from three animals) in brain homogenates. (a: p < 0.05; b: p < 0.025; c¢: p < 0.005).

served for each FA. While PC acylation with 16:0 and 3.5-month-old rats (Fig. 2) showed an inhibition of
20:4 represented about 60 and 50% respectively, acy-PC labeling and revealed that the data obtained in a
lation with 18:1 was about 25%. On the contrary, PE minced tissue suspension of CC are consistent with
was mainly acylated with 18:1 (40% of the total label previously reported data (14-16). Phosphatidyl-
incorporated into glycerolipids). In addition, Pl acy- choline may be labeled with®H]choline by two
lation with 20:4 was higher than with 18:1 and 16:0 mechanisms: a) de novo synthesis by the Kennedy
(the percentage of incorporation was about 30, 20 andpathway and b) PS synthase 1 (PSS1) activity that ex-
5%, respectively). Fig. 6 also shows the percentagechanges serine by choline in PS to synthesize PC (17).
incorporation into individual phospholipids from the As the specific activity of the radiolabeled choline
brain homogenate of 28.5-month-old rats. Values for could be increasingly diluted along the reactions in-
16:0 and 18:1 percentage incorporation were similar volved in a) in the different choline-containing pre-
with respect to homogenates from adult rats. It is in- cursors (i.e. phosphocholine and CDP-choline), the
teresting to note that only the percentage incorpora-final product, PC, is unlikely to be detected. This sug-
tion of 20:4 into phospholipids was slightly modified. gests that PC labeling witiH]choline is mainly due
An increased percentage with respect to control wasto PSS1 activity. DecreasetH]choline incorporation
observed in PC. In addition, Table Il shows the incor- into PC may be due to a) a dilution of the labeled pre-
poration into individual glycerolipids in brain ho- cursor within the choline cell pool in the aged rat
mogenates from aged and adult rats. It revealed thatorain; b) an age-related redirection of choline uptake
20:4 was more efficiently incorporated into lipids pathways; c) a decreased base exchange activity for
from aged than from adult rats. While incorporation the incorporation of choline into PC.
of 20:4 into Pl was slightly increased (by 18%), this PC synthesis in CC from aged rat through the de
value for PC and PE was 30 and 20% higher than innovo pathway, measured biH]glycerol incorporation
adult rats. In addition, 18:1 and 16:0 were more effi- into glycerolipids, was found to be unchanged. In ad-
ciently utilized by the brain homogenate of 28.5- dition, an increase in acidic phospholipid labeling was
month-old rats in the DAG and TAG synthesis, than observed. However, it has been reported that PC enzy-
in 3.5-month-old rats, though no significant increase matic synthesis is decreased in brain during aging.
in individual phospholipids was observed. These data were obtained from rat CC in in vivo ex-
periments (16) and also in neuronal cell homogenates
from rats up to 18 months of age (15). Further evidence
DISCUSSION employing labeled CDP-choline as precursor in brain
microsomes indicates that metabolism was mainly
Our results obtained from the incorporation of impaired not by a decrease in CDP-base availability
[®H]choline into CC lipids of 21.5- with respect to but by the modification of diacylglycerol fatty acid
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composition (14). The differences between the abovebase-exchange activity of choline and ethanolamine
mentioned work and our work could be due to the dif- free bases was not altered by aging (14). More re-
ferent tissue preparations used. The minced tissue suseently, a slight increase of serine base-exchange has
pensions that were used in the experiments described irbeen reported in microsomes of CC and striatum (24).
this work maintain the cellular compartments intact In our experimental approach all cellular compart-
while allowing ready access of precursor molecules. It ments were preserved and conditions guaranteed the
is interesting to note that the formation of the lyso- accessibility of free bases to them. This was not the
compound from labeled PC in our neural tissue prepa-case of ventricular injection of precursors where other
ration was minimal and that aging did not alter it. The transport mechanism could have been involved (16) or
inhibition of lysoPC labeling observed in CC from in experiments with microsomes where their obtention
aged with respect to adult rats correlates with the inhi- could produce the loss of cytoplasmatic components
bition observed in PC labeling usintH]choline. important for carrying out these reactions (14). It has
According to previous work, the PC content in been reported that aging induces a reduced energy
CC of the 28-month-old rats was similar to the PC con- availability in rat CC (25) and base-exchange is an in-
tent from adult rats (2). This unchanged content in PC teresting mechanism to change the phospholipid com-
may be due to a balance between synthesizing and deposition in membranes without energy requirements.
grading enzymatic activities. Experimental approaches Further studies on PS synthesis will be necessary tak-
using exogenous labeled glycerophospholipids as sub-ing into account that this is the first report that reveals
strates show that the effect of age on phospholipase Aa significant increased synthesis of this phospholipid
activity differs greatly according to the substrate used in CC and CRBL by aging. Differential handling of
(PC or PE) and the cerebral area tested (18). Althoughcholine and serine in PC and PS synthesis through base
there is a decrease or slight stimulation when PE con-exchange activities by aged neural tissue merits addi-
taining arachidonic acid is used as substrate, a 2-foldtional studies.
stimulation is seen in some brain areas of aged rats Previous reports from our laboratory have shown
when the activity is tested with PC as substrate (18).that in aging there is a decrease in the content of
The low content of lysoPC in our system points to an polyenoic and an increase in the content of monoenoic
efficient reutilization of this compound in the reacyla- FAs esterified to phospholipids (2), and that these
tion reaction. This hypothesis is also supported by thechanges are specific for different phospholipids and
results obtained when arachidonic acid was employedalso for different areas and subcellular fractions of the
as precursor in brain homogenates as discussed belowbrain. It is known that the source of FAs to be esteri-
Although PS content in CC and CRBL was not fied in brain phospholipids are blood-circulating FAs
significantly modified by aging (2), we have found an (26,27) and part from those arising from deacylation of
increased 'C]serine incorporation into PS in both brain glycerolipids (28). In our experimental approach
neural tissues (Fig. 3). Increased PS content in neuralith minced tissue suspensions from CC and CRBL,
membranes, investigated through PS liposomes addi-where natural membrane barriers and intracellular
tion, has been implied in the increase of'Qaptake components at physiological concentrations are pres-
into brain synaptosomes (19), norepinephrine turnoverent, we demonstrated that saturated and polyunsatu-
in hypothalamus (20) and ACh output in CC (21). rated FAs were successfully incorporated into neutral
It is known that in mammals base-exchange reac- and polar glycerolipids. The incorporation of FAs into
tion represents, so far, the main pathway for PS syn-individual lipids from CC and CRBL of 21.5-month-
thesis in the nervous system and in all tissues (22,23).old rats showed that aging at this time did not affect
In this base-exchange reaction L-serine replaces PCthe incorporation of FAs into glycerolipids. In these
and PE choline and ethanolamine moieties to produceexperiments we have also found that FAs are incorpo-
PS and free choline or ethanolamine by PSS1 andrated more efficiently into NL than into phospholipids.
PSS2 enzymatic activities, respectively (17). This en- However, when 20:4 was used the incorporation into
zymatic system is able to change the hydrophilic headboth lipids in CC or CRBL was similar.
of phosphoglyceride molecules without energy re- In previous in vivo studies the incorporation of la-
qguirements. It has been previously reported from in beled 20:4 into polar lipids injected in the lateral ven-
vivo experiments that théH]serine incorporation into  tricle of the brain of aged (24 months of age) rats was
lipids from aged CC (24-month-old rats) appears to be significantly lower (by about 40%) when compared to
unaffected by age (16). The in vitro test, made with adult animals (4 months of age). A similar but less
microsomes from whole brain, also indicated that the marked behavior of this nature was observed for 16:0
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(29). However, the incubation of a cellular subfraction erol into glycerolipids showed no changes between

from brain cortex in the presence of labeled arachi- adult and aged rat retinas. In these studies 22:6 incor-

donoyl-CoA and 2-lysophosphoglycerides showed a poration into all lipids of aged retinas was signifi-

moderate stimulation of the reacylation reaction rate in cantly higher (35). These results, together with the

aged rats (30). It has been suggested that aging inhibit©nes presented herein, allow us to suggest that neither

the incorporation of 20:4 via de novo phospholipid an impairment in the de novo biosynthetic machinery

biosynthesis pathway but has no effect on the deacyla-nor in the enzymatic mechanism involved in the

tion-reacylation cycle (31). turnover of fatty acids in preexisting phospholipid
In this paper, we also show data on the incorpo- molecules are responsible for the decrease in the con-

ration of saturated and unsaturated FA into glyc- tent of polyunsaturated FA esterified to phospholipids

erolipids from brain homogenates of 3.5-month-old observed during aging (35).

and 28.5-month-old rats. It has been previously ob-

served that glycerophospholipid composition is not

changed during aging (2). The cell free system usedACKNOWLEDGMENTS
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