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Introduction

A Backgrollnd

For almost one hundred years, it has been known that the
mammalian nervous system is composed of a variety of cell types,
each of which sends out complex branching processes that inter-

¢wine with each other to form a mesh-like pattern of nervous
tissue (for a discussion see Peters, et al, 1970: Cragg, 1968).
Thus any section of nervous tissue, even if it is from a well
defined anatomical region is composed of a heterogeneous mix-
ture of cells and their processes. There are two major types
of cells, the neurons which carry the actual nervous impulse,
and the neuroglia, of which there are two major kinds, the
astrocytes, whose function is largely unknown, and the oligo-
dendrocytes, the cells presumably responsible for the formation
and maintenance of the myelin sheath (Bunge, 1968, 1970). Esti-
mates have been advanced concerning the number of glial cells
in the brain and the figure varies from brain region to brain
region and between histologists (Brizzee, et al, 1964, Jacobson,
1970).

Any compositional or metabolic experiments on nervous
tissue will result in data that reflects the net average of
all the cells and cell processes in the tissue sample. Methods
have been developed to isolate the various functional units

from Nervous tissue such as cell soma (see below) and even parts

I



of cells such as myelin (Autilio, et al, 1964), axons (DeVries,

ot al, 1972) and synaptosomes (Whittaker, 1964, deRobertis, et
al, 1961). (For discussion of these various methods see Appel,
et al, 1972, Whittaker, 1969, deRobertis and Arnaiz, 1968).
This work was undertaken for the purpose of elucidating
the roles of neurons, astrocytes and oligodendrocytes in the
overall pattern of lipid metabolism of the brain., Lipids were
chosen because of their importance in membranes (Nicholson and
singer, 1971, Bretschler, 1973) and membranes are particularily
essential to the functioning of the nervous system; as this is
where the actual conduction of information takes place, Brain
contains more lipid than any other organ. Over half of the
dry weight of the brain is lipid. On a total weight basis,
the brain is 11% lipid while skeletal muscle contains only 5%
lipid., (McIlwain and Bachelard, 1971). Most of thig brain
lipid is in the white matter which contains 55% lipid to 39%
protein (Norton, 1972) on a dry weight basis, but even grey
matter has a higher lipid to protein ratio than skeletal muscle,
0.8 as compared to 0.26 (McIlwain and Bachelard, 1971). Thus
even omitting myelin which has a ;ipid to protein ratioc of
from 2.3 to 3 (Norton, 1972), lipids play a large role in the
molecular structure of nervous tissue.

B. Brain Cell Preparations

Four basic methods have been published for the isolation
2



| £ brain cell types (Figure 1). They are the mechanical, the
o .
hemical_mechanical (of which there are two) and the enzymatic-
c

mechanical° They differ primarily in the pretreatment of the

tissue (oT lack of pretreatment) before disruption of the

£issue into a cell suspension by sieving. There are also
gifferences in the media emploved for preparing the suspension,
the material used for the gradients (Ficoll or Sucrose), the
density of the gradients and the speed and time of centrifu-
gation.

gaul Korey and his associates (1958a, 1958b and 1959) de-
veloped a method to produce a neuroglial fraction from white
matter by two basic steps (a) disrupting minced tissue into a
cell suspension by forcing it through meshes of small pore size
and (b) separating the cell types on a discontinuous density
gradient. These two basic steps are employed in all of the
currently available cell separation methods. Stephen Rose
(1965, 1967, Rose and Singh, 1970) developed a method to obtain
both neuronal perikarya and neuroglia from whole rat brain
utilizing a media of 10% Ficoll, 100mM KC1l, 10mM K-phosphate,
PH 7.4 to disrupt the tissue in, and a "Ficoll" density gradient
for centrifugation. Ficoll is a ﬁigh molecular weight (400,000)
Polymer of sucrose which offers the advantage of high density,
low Osmolarity grudients. Rose's method was altered by

Blomstrand and Hamberger (1969) who modified the density
3



Figure 1

SUMMARY OF AVAIIABLE METHODS FOR THE PREPARATION OF BRAIN CELL FRACTIONS

Mechanical
mechanical

whole Brain

!

Nylon, Steel
Meshes

P

!
Gradient (1)

|

Centrifugation

(Rose, 1965, 1967)
(Blomstrand and
Hamberger, 1969)
{(Rose, 1970)

Chemicali,-Mechanical

Brain Mince

l

Acetone:;Glvcerin:
water: (1:1:1)
30 min 4°C

Nylon, Steel
Meshesl

!

Gradient (2)
Centrifugation

(satake and Abe, 1966)
(Freysz, et.al., 1969)

Engymatic-Mzachanical

Chemicalz—Mechanical

Brain Mince

75% Polyvinyl
Pyrrolidone, 10 mM
CaCl2, 1% Albumin

Nylon, Steel
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|

J

Gradient (3)
|

l

Centrifugation

(Sellinger, et.al.
1971)

Brain Mince

1% Trypsin, 1% Albumin
5% Glucose,5% Fructose
10 mM phosphate buffer
PH 6.0
45 min, 37°C

1

|

Nylon, Steel
Meshes

Gradient (2)

j/

Centrifugation

(Norton and Poduslo,
1970, 1972)



adient and placed the cell suspension in the center of the
gras~

radient sO that the neurons sedimented down and the astro-
g

cytes floated up. In later experiments, Blomstrand and
Hamberger (1970) found that the morphology and yield of cells
js improved if the tissue is first incubated at 37° prior to
sieving. presumably during the preincubation endogenous pro-
teases are released and some intercellular bonds are weakened
making the tissue casier to sieve.

satake and Abe (1966) introduced the step of pretreatment
of the brainvmince before disruption of the tissue into a sus-
pension by placing the minced tissue into cold glycerol:acetone:
water (1l:1:1) on ice for thirty minutes. The treated tissue
was then washed free of the acetone-glycerol-water and a cell
suspension prepared by sieving. In this way Satake and Abe
(1966) were able to obtain a neuronal preparation. Freysz et al
(1968) modified the Satake and Abe procedure to produce both
neuronal soma and neurcglia by adding a second density gradient
centrifugation to purify the glial fraction obtained from the
first step. The major disadvantage with this method is that
the cells obtained are not viable and also membrane lipids may
be extracted by the glycerin-acetone-water,

Norton énd Poduslo (1970) used a trypsin pretreatment and
A salt free isolation media containing 5% glucose, 5% fructose,

1% albumin ang 10 mM phosphate buffer at pH 6.0. They have
5



' 1ified their method (Poduslo and Norton, 1¢72a) so that
also modit P

by starting with calf brain white matter and using a slightly

different gradient, an oligodendroglia fraction can be obtained.
gellinger et al (1971) devised a method involving the use

of polyvinylpyrrolidone in the media for preparing the cell sus-
pension. zonal rotors have also been utilized by several lab-
oratories in place of the diécontinuous density gradients
(Flanges and Bowman, 1968, Giorgi, 1971).

Rose (1967) and Satake and Abe (1966) recovered 7% and 6-
18% respectively of the 17.4 x 106 neurons per rat brain ob-
tained by Norton and Poduslc (1971) with their method. The
figure of 17.4 x 10° neurons per brain probably represents 15-
20% of the total neurons. Norton and Poduslo (1971) also re-
covered 3.4 x 10° astrocytes from each rat brain or approxi-
mately 3.5% of this cell population., Neither Rcse (1967) nor
Satake and Abe (1966) reported recoveries of glial cells.

On the basis of recovered protein, the Sellinger technique
yields 11% (10 day old rats) to 1.,44% (18 day old rats) to
0.68% (43 day old rats) of the recovered protein in the neuronal
fraction and only 0.067% to 0.042% in the glial fraction.
Norton and roduslo (1971) recoveréd 11% of the DNA which equals
about 11% of the cells. Since some of the brain protein is non-

cell soma protein, i.e. myelin, processes, synaptosomes, etc.,

the Sellinger vield of neurons from 10 day old rats is probably
6



ater than the Norten-Poduslo yield. However, the neuronal
e

gr

overy at the later ages, and most important, the very low
recove:

1ial yield make the method less desirable if one wants to com-
gl

re neurons and glia.

pa

johnston and Roots (1965) fcund that gangliosides stabiliz-
ed the plasma membrane of neurons during a micro-isolation pro-
cedure and it is possible that in the Norton-Poduslo technique,
the albumin serves a similar function. In the process of iso-
jating plasma membranes from mouse fibroblasts and other cells,
warren et al, (1967) found that a variety of substances and con-
ditions, including a low pH, stabilized the plasma membranes
of the cells they were working with. Thus, it appears that the
combination of albumin and low pH used in the Norton-Poduslo
technique may be optimal for stabilization of the cells while
allowing disruption of the tissue. These factors, plus the
digestion of intercellular proteins by the trypsin pretreatment,
which makes it easier to disrupt the tissue into a cell sus-~
pension without breaking the cells, probably account for the
higher yield of cells by the Norton-Poduslc method as compared
to the other available techniques.

For thg work of this paper, the Norton-Poduslo method was
used for the following reasons: 1) it is possible to obtain the
thrﬁe cell types, neurons, astrocytes and oligodendrocytes, from

c e . . .
alf braln, 2) the cells are intact on the basis of electron
7



. cr0SCOPY subcellular organelles and the plasma membranes are
mi B ’

well preserved (Raine, et al, 1971), 3) on the basis of phase
MiCrOSCOPY s the results obtained by us (See Results Scction)

were VEry similar to those of Poduslo and Norton (1972b) and

4) the method offers the highest yield of both cell types, thus
allowing routine chemical analysis on the fractions.

c. Lipids of Neurons and Glia,

The available isolation of techniques have been used by
gseveral authors for the purpose of studying the lipid composi-
tion of neurons and glia. Fewster and Mead (1968 a,b) used an
isolation method similar to that of Rose (1967), but starting
with bovine white matter to obtain a white matter glial frac-
tion (FPewster, et al, 1967). The cells were found to be com-
posed of 74% protein and 26% lipid. Norton and Poduslo (1972)
found oligodendroglia, also isolated from white matter to be
30% lipid on a dry weight basis. Fewster and Mead (1968b) also
investigated the fatty acid and fatty aldehyde composition of
the glial cell glycerophosphatides. The cell fatty acids had a
composition similar to that of white matter and myelin, namely
few long chain polyunsaturated fatty acids (20:4, 22:4, 22:6).

Norten and Poduslo (1971) ana Hamberger and Svennerholm
(1971) detefmined the lipid composition of their neuronal and
9lial Preparations, the former from rat brain and the latter

from rapbit cerebral cortex. Both groups found approximately



' cnid per cell in the neuronal soma than the glial
re l 1pid }_:)T N [ g .
50% mor 1%

graction and more cholesterol and ganglioside in the glial
r f

fractionﬂ Although Hamberger and Svennerholm (1971) found
twice the amount of glial ganglioside as compared to neurons,
Norton and Pocduslo (1971) found almost eight times mofe gang-
lioside in the glia than in the neurons. The phospholipid
composition was found to be similar in both cell fractions by
both groups, with choline phosphoglycerides present in the
greatest amount followed by ethanolamine phosphoglycerides,
jnositol and serine phosphoglycerides. Since the isolated
neurons lose their processes, during the isolation procedures,
while the glia retain extensive, thin highly branched processes,
it is possible that the higher lipid concentration of the glial
fraction reflects the higher proportion of membrane per cell.
Raghavan and Kanfer (1972) confirmed the findings of Norton and
Poduslo (1971) with regard to the higher lipid concentration
of the glial fraction, and they also found differences in the
fatty acid composition of the neuronal and glial ceramide galac-
toside, the latter containing more A-hydroxy fatty acids and
long chain (C>20) non-hydroxy fatty acids.

Studies of the metabolism of iipids of the cell fractions
May help to clarify the functional roles of the cell types in
the Nervous gystem and also the role of lipids in the structure

a4 function of the cells. The first approach to the study of
9



‘ ron_glial lipid metaboliism was a rather ingenious method de-
neu '

. wed DY norvik and Sidman (1965). With conventional auto-
vis

i4c)

dioqraphic methods, use of general precursors such as (1-
ra A

14

cetate OF (1-77°C) serine does not permit the study of lipid
a

etabolism, since the tracers will be incorporated into other
m

classes of molecules such as proteins and carbohydrates. Thus,
it is impossible to ascertain whether a grain is from a lipid
or a protein molecule, Torvik and Sidman (1965) circumvented
this difficulty by preparing two adjacent thin sections from
prains of mice that had been injected intraperitoneally with a
radioactive tracer and then removing the lipids from one of the
gections. Both sections were then developed for autoradiography.
The grains present in the non-delipidated section and absent
in the delipidated section represent lipid radicactivity. They
found in vivo incorporation of (1—14C) acetate was most rapid
in the neuronal soma, followed by the neuropil and slowest in
white matter. The neuropil includes astrocytes, dendrites,
axons and synapses, Likewise, white matter ig composed of
oligodendrocytes and myelinated axons. Thus, it is understand-
able that the white matter was the least active since the bulk
Of it is myelin, which has a slow turnover for most of the lipids
(Davidson, i968) )

Freysz, et al (1969) injected 32P labelled inorganic phos-

Phate intraperitoneally into adult rats and isolated neuronal
10



' omma and glial Iractions by their acetone-glycine-water pre-
-]

atment mathod. From the first to about the seventh day
trea>-"=

frer injection, the neuronal phospholipids had a specific
a

ctivity 50% greater than that of the glia. After the ninth
a

day after injection, the specific activity of both cell phos-

pholipids was the same. The neuronal phospholipid specific

activity reached its peak on the fourth day and the glial cell

fraction on the seventh day after injection. Thus Freysz, et al,
h 32

(1969) concluded that wit P labelled inorganic phosphate, in

the adult rat, the neuronal phospholipids are turning over fast-
er *han those of the glial fraction. Within the phospholipid
classes, phosphatidylcholine was found to turn over more rapidly
than phosphatidylethanolamine in both cell fractions. Since
different parts of the phospholipid molecule (the glycerol
backbone, phosphate, fatty acids and choline or ethanolamine,
etc,, base) turn over at different rates (Lennarz, 1970 and
McMurray and McGee, 1972), it is necessary to study the other
Parts of the phospholipid molecule in order to conclude that
Neuronal phospholipids turn o&er at a greater rate than glial
phoSPhOlipids. Raghavan, et al (1972a) utilized the Norton-

14

Poduslo method and studied the in vitro incorporation of (7 °C)

s : 14 . L .
| /ser;ne, ("°C) ethanolamine and (14C) choline into phospholipids

of . . . . -
Neuronal soma and glial fractions of rat brain, by the catt

depeng .
Pendent page exchange reaction, This is the reaction in which

11



ne base moiety of the phosrholipid (for example, phesphatidyl-
t (S el i -

holine) ig exchanged with a free base (like ethanolamine) to
c

roduce 2 different phospholipid and a free base (in this
P

example phosphatidylethanolamine and free choline). They

gound 1ittle or no difference between the cell fractions,
probably reflecting similar levels of the base exchange enzymes
in the two cell types. However, the experiments were performed
with rats ranging in age from 13 to 20 days and since the rat
prain is rapidly maturing during that time period, it is possi-
ble that differences would have been found if only one age was

studied. Raghavan et al, (1972a) also found that (U—14

C) glu-
cose, glycercl and acetate were incorporated equally into the
lipids of the isolated cells.

Goracci,et al, (1973) used the Blomstrand and Hamberger
method of cell preparation with adult rabbits. They found that

140y serine and (1,2-1%c)

the ca’™ dependent incorporation of (3-
ethanolamine into phospholipids was 6-8 times greater in neu-
ronal plasma membranes and microsomes than in the corresponding
glial subcellular fractions. In a later study, the same group

of workers (Bingalia et al, 1973) .studied the incorporation of
Phosphorylcholine, phosphorylethanolamine, cytidine-5'-phosphate
choline ang cytidine~5'phosphate ethanolamine into phospholipids
of isolateq neurons and glia. Both CDP-choline and ChP-ethanola-

Mine - . . ,
were incorporated into neuronal cholinephosphoglycerides

12




and ethanclaminephosphoglycerides (EPG) respectively,

ine fold more rapidly into the corresponding glial
The same was true when the precursors phosphoryl-
and phosphorylcholine were used, although these

ethanolamine
precursors were incorporated at a rate of about 1 to 2% of that
of the corresponding cytidine nucleotides. The activity of the
enzymes choline~phosphotransferase (E.C.2.7.8.2) and ethanola-
mine phosphotransferase (E.C. 2.7.8.1) were also studied, The
K, for cytidine 5'~-phosphate ethanolamine and diacyl glycerol,
the pH optimum and requirement for divalent cations were similar
in the two cell types. However, the Kpn for cytidine 51phosphate

3M) in glia

choline was lower (2.3 x 107 %n compared to 1 x 107
than in neurons. The authors were not sure if this could be
interpreted to mean that the glia possessed a different enzyme
than the neurons. They concluded that the cytidine-dependent
enzyme system for choline and ethanolamine phosphoglyceride
synthesis was more concentrated in the neuronal fraction, as
Ccompared to glia.

The enzymes galactocerebroside galactosidase and ceramide
9alactosulfotransferase were founq to be present at similar
SPecific activities while ceramide glucosyltransferase, an
<intermediate enzyme in ganglioside synthesis was found only in

nel}rons (Radin,et al, 1972). Jones, et al (1972) found that

Neurong 140y

indorporated DL (3~14C) serine and N-acetyl (4-
13




- Aminic acid into gangliosides to a greater extent than the
neu’

enriched fraction, supporting the conclusion of Radin et

glial

1 (1972) that gangliocside biosynthesis may be localized in
als

peurons - raghavan et al, (1972b) studied the acid hydrolase B~

alactosidase,‘pwglucosidase,ﬁ(~galactosidase,o{mannosidase,
g
N acetyligwglucogaminidase, N-acetyl-B-galactcsaminidase, acid

Phosphatase,‘nglucuronidase, arylsulfatase, glucocerebrosidase
and galactocerebrosidase and found all of them to be pregent at
gimilar speccific activities in both cell fractions.

phospholipase A7 and A, activities of the neuronal and
glial fractions were studied by Woelk et al, (1973). The found
different pH optima for the two enzymes in the neurons and glia
and an 8-fold greater activity for phospholipase A, and 5-fold
greater activity for phospholipase A, in the neurons as com-
pared to the glia.

In conclusion then, there are differenceg in the lipid
compositicn and metabolism of the neuronal and glial cell

fractions,but whether or not these differences are related to

the functions of the cells, is yet to be determined.
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Materials and Methods

tgolation Procedure,

1. Neuronal Soma-Astroglia and Myelin Preparations

ror the preparation of neuronal soma and astroglia, the
starting material is either ten rat brains minus cerebellum
(10 days old), six rat brains minus cerebellum (21 days old)
or from ten to fifteen grams of calf brain grey matter., The

3 pieces) with a scalpel in a

tissue is minced finely (1 mm
. watch glass on ice in a medium of 5% glucose, 5% fructose, 1%
PO

ablumin and 10 mM KH ~NaOH buffer pH 6.0, {(Hereafter re-

2774

ferred to as HAP). The sugars are of AR grade from Mallincrodt
Chemical Works, St. Louis, Mo. and the alubmin is Cohn fraction
Vv from Sigma Chemical Co., St. Louis, Mo. The minced tissue is
incubated at 37°C for one hour in HAP (10 ml per gram of tissue)
with either 1% trypsin (rat brain) or 0,5% trypsin (calf grey
matter). The trypsin is 2x crystallized from bovine pancreas,
salt free, from Nutritional Biochemicals, Inc., and the trypsin
solution is made fresh just prior to use and filtered. 2ll
solutions including HAP, trypsin and sucrose are readjusted to
PH 6.0 as necessary.

Following the incubation, the mince is cooled to 0° on ice
~3nd a mixture of 90% calf serum, 10% phosphate buffer (10 mM
pH.G,o) ig added, 1 ml for every 5 ml of trypsin.solution, (The

Clf serum is fetal, lyophilyzed from Sigma Chemical Co., 1.7
15




2

Pore size.

-~

grams of the powder is added to 45 ml of H50 and 5 ml of the

ffer i1g added). All further steps are carried out at 0-4°c.
bu

he tissue iz washed free from the trypsin by centrifugation at
The

120 x 9 for five minutes, discarding the supernatant and resus-

pending the tissue in fresh HAP media. This is repeated twice,
The washed tissue is then forced through a 150 micron nylon
mesh by stroking with a glass rod and applying a gentle vacuum
under the mesh. Tne meshes can be held either over a IHirsh
funnel or in a Millipore filter funnel (No. xx20-047-20). While
disrupting the tissue, S0 ml of a solution of 0.85 M sucrose in
EAP is added to keep the tissue wet and prepare the suspension
of cells for density gradient centrifugation. The original
Norton-Poduslo method calls for preparing the crude suspension
in plain FAP, but it was found that with the older rat brains
the myelin sedimented to the bottom of this layer and prevented
the cells from going through, thus reducing the yield. Sus-
pending the disrupted tissue in 0.85 M sucrose allows the myelin
to float to the top and not hinder the sedimentation of the cells.
This is the only significant departure from the original Norton-
Poduslo method. Following disruption of the tissue, the sus-
Pension is fijtered through a stainless steel mesh of 74 micron

This is repeated from three to five times and monitcr-

is Complete,
16



pifteen ml of the cell suspension is then lavered over a

qradient of 5 ml 2,00 M sucrose, 5 ml of 1.55 M sucrose, 5 ml

1.35 M sucrose and 8 ml of 0.9 M sucrose in the 39 ml tubes

Y

of
¢ the IEC gB-110 or Spinco SW 27.1 rotoxr, both of which hold
o

jx such tubes. The sucrose golutions are made up in HAP,
-

rhese gradients are then centrifuged for ten minutes at 3300

x g (5000 rpm).

The neuronal soma layer on the 2.00 M sucrose and require
no further purification. The astrocytes layer on the 1,35 M
gucrose. Both cell types are removed with a syringe and a 16
gauge needle. The crude astrocytes from the first gradient are
diluted slowly to 90 ml with HAP. Twenty-two ml of this is
then layered on a gradient of 5 ml 1.40 M sucrose and 10 ml
0.9 M sucrose; four such tubes are used. This second gradient
is centrifuged for twenty minutes at 3300 x g. The purified
astrocytes layer over the 1.40 M sucrose. Both cell types are
collected by diluting the suspensions from the sucrose gradients
slowly to 160 ml with HAP and centrifuging at 630 x g for 20
min, The cells collect in the pellet.

In those experiments where myelin was prepared, the float-

ing layer from the 0.85 M sucrose was removed after centrifu-

_®tion. men to twenty volumes of ice cold deionized water was
a . . . . .
dded, the material was mixed well and allowed to sit on ice for

0 Minutes. The myelin was then collected by centrifugation at
17



000 ¥ 9 for ten minutes., The crude myelin went into the
12,

pellet.
2. l1igodendrocyte Preparation
rhe procedure for the prepavation of oligodendroglia is
gimilar +o that for neurons and astrocytes and where there are
differences they are described in the following paragraph.

The starting material is 50-60 grams of calf brain white
maﬁter- This tissue is minced finely with a scalpel and. in-
cubated in 200 ml of 0.1% trypsin in HAP at 379 for 90 min.
Following incubation, the mixture is cooled and the tissue
washed free from trypsin solution by centrifugation (three times).
The washed tissue 1is then sieved through the nylon and steel
meshes. Forcing white matter through the nylon mesh is more
difficult than grey matter or rat brain, the screen clogs and
must be changed 2-3 times or a larger piece of mesh must be used.
The suspension is made up in 280 ml of 0.9 M sucrose. Twenty-
two ml of this suspension is layered over a gradient of 5 ml each
of 1,55 M sucrose, 1.40 M sucrose and 0.9 M sucrose. As before,
all sucrose solutions are made up in HAP, These gradients are
tentrifuged at 3300 x g for ten minutes. Two such runs are made
to accommodate all of the cell suspension. The oligodendroglia
;aye; On the 1,55 M sucrose, and are diluted and pelleted as
before_

The myelin floats on the 0.9 M sucrose and is prepared

as 4
18 the ragt myelin, Poduslo and Norton, (1972b) have discussed
18
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B Lipid Methodology

Lipids were extracted by the methcd of Folch et al, (1957),
by placing the tissue in chloroform}methanol (2;1) and adding
0.2 volumes of 0.9% saline., All solvents were of AR grade ox
petter (redistilled in glagss). For the acetate experiments,
the lower phase was washed five times with theoretical upper
phase (chloroform:methanol:water, 3:48:47) to remove all free
acetate. In the fatty acid experiments, the lipid extract was
washed three times. Lipid classes were separated by column and
thin layer chromatography. The column was 0.5 cm x 3.0 cm
(Rouser et al, 1967) and made of silicic acid., The washed lipid
extract was taken to dryness, dissolved in a small amount (5 mi)
of chloroform and applied to the column, The neutral lipids
(cholestercl, mono, di and triglycerides, free fatty acids) were
eluted with 150 mi of chloroforme« The glycolipids (cerebrosides
and sulfatides) were eluted with 300 ml of acetone and the phos-
Phdlipids with 150 ml of methanol. The unincorporated free
fatty acid was found in the chloroform fraction, The final
20 ml of all three fractions contained no radioactivity, When
the Phospholipid fraction from a fatty acid experiment was

3PPlied to a thin layer plate (see below) and developad, the

- 8olvent front contained little or no radicactivity and the

SPecific activity of all the phospholipids eluted from the TIC
19




: te was within 20% of the value obtained frowm the total column
ate ¥

pl

: on Thise indicates that the radicactivity in the phos-

gractioh-

holipid fraction was not due to free fatty acids. An aliquot
) 2

£ the phospholipid was taken for ligquid-~scintillation counting
o

in a packard Model 3003 ligquid scintillation counter, using

5 gn/100 ml PPO and 100 mg/100 ml POPOP as a scintillation
fluid. The lipid aliguot was taken to dryness directly in the
8cintillation vial. Counting efficiency was 85% as determined
by an internal 14¢ toluene standard. A second aliquot was re-
moved for phosphorus determination by the method of Bartlett
(1959) .

The remainder of the phospholipids was evaporated tc a

small volume (0.2 ml) and streaked across a Silica Gel HR

(Brinkmann) thin layer plate (0.3 mm thickness, for a descrip-

tion of the plate preparation see Skipski, 1968) and was de-
veloped in chleroform—-methanol: acetic acid-water (60:35:2:2),
and then air dried for 10 minutes. 1In order to detect the lipid
classes, 7/8 of the plate was covered with a glass plate and

the exposed section was sprayed with 50% H,80,. The glass plate
Was then moved to uncover an additional 1/8 of the plate (1/4
-Was now exposed) and the chromatogram was sprayed again, this
time with nirhydrin. The plate was then put in an oven at 1200C

fo : : '
X T ten minutes and then air cooled. The result was one channel
: ' 20



ayed o detect all the lipids (H?SO4) and anocther sprayed
spr )

getect the lipids which give color with ninhydrin such as
to '

thanolamine and serine phosphoglycerides, with 3/4 of the
e

plate remaining colorless. Identification of the lipid classes
was checked with authentic standards (Supelco, Inc.) and the

reaction with ninhydrin. In this way, ethanclamine-inositol-,
gerine-, choline- phosphoglycerides and sphingomyelin could be

jocated. A sample plate is shown in Figure 2., The lipids from
the unsprayed half were then scraped off and either eluted from
the silica gel by the method of Skipski et al, (1964) or placed
directly into a scintillation vial for counting. In those ex-
periments where the specific activity of the phospholipid class
was determined, an aliquot of the eluate was taken for liguid
‘geintillation counting as above and one aliquot was used for
phosphorus determination by the method of Bartlett, (1959). 1In
the experiment where two dimensional TILC were used, the method
was that of Rouser et al, (1967), with solvent system as shown
on the page (Figure 10).

Fatty acids were analyzed by gas-liquid chromatography.
The phospholipid fraction from thg column was taken to dryness

in a glass tube, fitted with a teflon lined screw cap. Methyl

§8ters Oof the fatty acids were produced by the addition of two

ml 9f 14y BF3 in methanol (Supelco, Inc.), the air flushed out

wit : ) .
h Nitrogen and the tube sealed. The sealed tube was then
21
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Figure 2

rhin-layer Chromatogram of Rat Brain Phospholipids

Ten mg of rat brain phospholipids were streaked across a
silica gel HR plate and the plate developed in CHCls-
CH3OH-HAc—H20 (60:35:2:2). The right side was sprayed
with ninhydrin (0.2% n-butanol) and the left with 50%
HZSO4' The lipids are 1. sphingomyelin, 2. choline
Phosphoglycerides (CPG), 3. serine phosphoglycerides (SPG),
4,

inositol phosphoglycerides (IPG) and 5. ethanolamine

Phosphoglycerides (EPG).
d 22




ced in @ boiling water bath for five minutes. JFollowing
a " . pt
pl
: ation, the tube was cooled on ice and an equal volume of
pethy 12+ '

cl saturated water added. Five ml of redistilled pentane was
.Na

added and the mixture shaken. The pantane was removed and a
gecond five ml added, the tube shaken and the pentane removed.
rhis was then repeated a third time. The procedure, when
applied to a standard amount of radioactive (1~14c) linoleic
acid, gave a recovery of 95% of the radioactivity in the pen-
tane fraction, and of this 90% could be recovered off of the GLC.
(see below). The fatty acid methyl esters (FAME) were then
purified by evaporating the pentane almost to dryness and apply-
ing the FAME to a small silicic acid column made in a Pagteur
pipette plugged with glass wool., The methyl esters were then
eluted with 4% petroleum ether in pentane (5 ml). This purifi-
cation step resulted in much cleaner data (less "tailing" of

the radicactivity) from the GIC. Typically, a yellow unidenti-
fied residue was left on the silicic acid column. The purified
fatty aciq methyl esters were analyzed on either a Vvarian 2100
With a flame-ionization detector attached to a Varian 1200 digi-
tal integrator to determine peak areas and percent distribution
Qf the phospholipid fatty acids or a Varian 90-P with a thermal
"""?/Onductivity detector. The latter was attached to a Packard 850

Wtomatic fraction collector and the fatty acids were collected

23




pow 550 conted terphenyl cartridges., BAfter collection, the
in i

1 wae placed in scintillation fluid for counting. The
terphely " = '

esults wOLe expressed as percent of total fatty acid radio-
r -

- "or hol instruments e column materi as 10%
activitye For both instruments the column material was 10%

“ o8 o
;

diethyleneglyCQl succinate with gas chrom Q as the solid
support. The column temperature was a constant 1909C with the
detector and injector at 250°C. The carrier gas was Argon for
the varian 2100 and helium for the Vvarian 90-P, The fatty acid

peaks werc identified by the relative retention time of the

peak compared to stearic acid. Authentic standards (Supelco,

Inc.) were run in order to obtain the relative retentlon time

.of each fatty acid. A typical gas chromatograph is in Figure 3,

Decarboxylation of the fatty

o

cids was accomplished by the

method of Goldfine and Block (1S¢1).

C. Incubations and Injections

Isolated cells and slices were incubated in a Krebs-Ringer
medium composed of 123 mM NaCl, 6 mM KC1,1.5 mM MgSO4,12 mM glu-
ﬁose and 20 mM phosphate buffer pH 7.4. Slices were incubated in
‘this medium alone with the precursor. Cell incubations (except
1ihOse in synthetic tiscue culture media) were rerformed in the
~%ame media with 1% albumin added.lThe albumin was added because

it was found that it helped to prevent the cells from breaking up

D

dur; . . . , \ v
Uring the incubation,The changing of the cell media from the HAP

of § o . . . . . .
1s0lation to the Krebs-Ringer plus albumin of incubation ig a
' 24



Figure 3

GAS CIHROMATCERAPH OF WHOLE RAT BRAIN PHOSPHOGLYCERIDE

FATTY ACIDS

> n
3 N
a3 =
I @
! \/J | _
,_.L l_H—H—M "’rx } + t + 1 + 1
/123 456 7 8 9 [0 /" 2 3 14 5

Lipids were extracted, phospholipids purified, and fatty acid
methyl esters of the phospholipids prepared as described,
Approximately 100 micrograms were injected into the Varian 90-P
to obtain thig chromatogram. The conditions for the gas chroma-
tography arc described under Materials and Methods. The helium
~flow rate was 30 nl/min. Initial electrometer attenuation was
64. This was changed to 8 after peak 6,

The peaks are: 1. solvent, 2. 14:0, 3. 16:0, 4. 18:0, 5. 18:1,
§.18:2, 7. 18:3 + 20:1, 8. 20:2, 9. 20:3, 10. 20:4. 11. 20:5 +
22:3, 12, 22:4, 13. 22.5 (n-6), 14. 22:5 (n-3), 15. 22:6 (n-3) .

N
1911




p. BAfter pelieting the cells from the HAP by centri-
the HAP is poured off and the inside of the tube is
aned with & cotton swab to remove traces of HAD. Then,

he cells in a compacted pallet and ice cold, the new

slowly poured over the pellet of cells go as not to

disrupt the pellet. After 15-20 minutes on ice, the cells can

be dispersed by gently swirling the tubes and the incubation can
then be initiated. After a five minute preincubation, the radio-
active tracer was added,

All radioactive compounds were from Amersham-Searle and
had specific activities of from 55 to 60 mCi/mM. (1-14C) sodium
acetate was obtained as the dry powder and dissolved in 0.9%
NaCl. Appropriate guantities of this were added directly to the
incubation mixture. Typically 1 ml of saline was added to 1 mCi
of Url4c) scdium acetate to give 1 uCi per microliter.

The fatty acids were added to the incubations as the al-~
bumin compiex. The fatty acid in benzene solution, was taken to
dryness and an egquimolar amount of 0,01 N KOH added. From 0.1
t0 0.3 m1 of a 12% albumin solution in saline was added to the
~test tube of fatty acid and the mixture sonicated for three, thirty
8econgd bPeriods, keeping it on ice the whole time, This proced-
e solubilized all of the radiocactivity. BAliquots were then

-Added tpo rp. N . . A . .
ded to the incupation mixtures or injected intracranially into

Tats,

In some experiments isolated cells were incubated in the
26




rd the lipids then erxtracted and the analysis
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Tn other experiments, slices from rat brain were

formed.
per

ubated first and the cells then isolated by the Norton-
inc

PN

podus 10 rethod. Following isolation, the cell lipids were ex-

tracted and analyzed.

The experiments to study the effect of trypsin on the in-
corporation of acetate and linolenate into EPG and CPG were
pexformed in the following way. Fifteen (linolenate experiments)
or thirty (ncetate experiments), brains and livers from 10 day
old rats were sliced, pooled and divided into six aliquots. Six
different types of incubations were then performed, The con-
trol () was incubated for one hour in the incubation media des-

4 Y
l—l‘C) sodium acetate. The

cribed above at 37°C with 10 nCi of (
total volums was five ml. In (B) the same type of incubations
was performed but with the addition of 8 mg ATP 2 mg NADPH, 1 mg
MADPH and 1 mg CoASH. For (C) and (D) the brain or liver samples
were first preincubated for 45 min at 37° in AP, then washed
free from the medium as described for cell preparations and the
',flices then incubated as in (A) and (B) respectively. (E) and

(F) were done as (¢) and (D) but with 1% trypsin in the HAP,
Following incubation, the liéids were extracted in the

-

il ; .
8Wal way, column and thin layer chromatography performed and

®peci £ .
®becific activities determined.

The methodology for the in vivo studies was as follows:
27




-ntracranial injections were done with a Hamilton 50 ul
e 1U-T

. into the skull at a midline point between the eyes and
ringe -

3

Twenty-three to twenty-five rats were injected for ex-

ears:-

nts where only sixteen were needed. Upon sacrifice at
~arriate time 3 " VA = imals witt egss intra-—

the appropriate time interval, those animals with excess intra

ranial hlood at the site of injection were discarded. The
c

ains from eight of the remaining rats were mixed with fifty

br

.grams of calf brain white matter which was used as a carrier for
ithe preparation of oligodendrocytes in the usual way. Both
olkﬂﬁendrocytes (2 mixture of calf and rat cells) and a myelin
fraction that ccentained both rat and calf myelin mixed together
were obtained. The specific activities of the phospholipids of
both of these fractions was obtained. Another eight rat brains
5jumaused for the preparation of rat neurvonal soma, astroglia

nd myelin., The phospholipid specific activities of these three
fractions were then determined in the usual way. By dividing
the specific activity of the rat myelin (S.A, rat myelin) ob-
tained from the necuron-astrocyte preparation by the specific
qctivity of the mixed rat plus calf myelin (S.A. rat + calf
f“mlhﬂ obtained from the oligodendrocyte preparation, a di-
lution factor (d.f£.) was obtained that represents the number of
times the rat myelin was diluted by the calf myelin in the mixed

Preparaticm, Thus d.f, = S P, rat nyelin If, for

S.A. rat + calf myelin.

e, the dilution factor turned out to be 30, this would
28



an that the radicactive rat myelin was diluted thirty times by

be led Ca 1t wyve lin. Now, if one makes the as S\lﬂl}_ﬁt ion that
nla - -

)

" the rat oligodendreglia are diluted by calf oligodendroglia by

the same amount the rat myelin is diluted by the calf myelin,

then the dilution factor can be multiplied by the specific

actiVitY of the mixed calf + rat oligodendrocyte fraction in

order to calculate the specific activity of the rat oligodendro-
cytes. Tn other words, (S.5. of rat + calf oligo.) x (d,f,) =
(S-A- of rat olige.). For example, if the mixed oligodendrocyte
graction had a phospholipid specific activity of 10 and the di-
lution fraction was 30, then the calculated specific activity

of the rat oligodendroglia would ba 300, The assumption that
the rat myelin is diluted by the calf myelin to the same ex-
“tent that the oligodendroglia is diluted cannot bhe proved by
_these experiments, but some evidence is in its favor. 1Its use
;fesults in phospholipid specific activities for rat oligodendro-
‘glia in vivo similar to those for calf oligodendroglia in vitro
and the rat neurcon and astrocyte phospholipids from in vivo ex-
Periments resemble those of calf neurons and astroglia in vitro,
than eight grams of rat brain was mixed with 50 grams of calf
Vhite matter, Nowston and Poduslo (1973) estimated that, at most,
25% of rat brain is white matter, so the theoratical value for

he 'Qi1u+ s , . « .
dilution factor is then 6.25 (50 grams calf white matter/8

29



at brain % 4,0 (Proportion of grey/white matter in rat brain)
rat 1

or 259

s

The fraction usually came oul between 29 and 32, meaning
pat apeut 1/28 to 1/32 of the cells of the mixed oligodendro-
t

~etions were from the rat brain. This agrees well with the
Cyte frac g

theoretical value, The use of this dilutiocn factor is discussed

e

in depth in the results section.




IIT Results and Discussion

rhe experimental results are divided into 5 sections. The

girst section, A, presents photographs of the three cell types
i

nd discusses their morphology. Section B is the preliminary
a

work done to determine the best method of studying the cell

1ipid metabolism; by incubating brain slices prior to cell iso-
jation or by incubating the individual cells after isolation,
rhis section contains data comparing the two types of incubation
and also data on the effects of trypsin or lipid metabolism. The
third section, C, 1is in vitro work on the incorporation of
1ipid precursors into lipids of neuronal soma astroglia from
rat brain and the fatty acid composition of the phospholipids of
the cell types. Section D concerns experiments on the incorpora-
tion of lipid precursors into lipids of neuronal soma, astroglia
and oligodendroglia of calf brain in vitro, and Section E pre-
sents similar studies on in vivo incorporation of linolenic
acid into the lipids of the three cell types from the rat,

« Characterization of the Cellular Fractions
Under the phase microscope, both the neuronal soma and
ilstroglia fractions are nearly identical to those obtained by
rton and Poduslo (1970). The neuronal fraction (Figure 4) is
‘hﬁracterizéd by large cells with a large nucleus, a single
Tominent nucleolus and abundant, dense cytoplasm. Most of the

‘llvprocesses are lost, but some cells retain short, thick
31




Figure 4

Neuronal Soma Isolated From Rat Braid
1000xX

Phase Contrast
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The only non-neuronal contamination is an occasional

e nucleus. Neurons from calf grey matter had a similar

ppearance (Figure 5). Following incubation of isolated cells
a

gor jncorporation of radioactivity, the neurons appear more

yacuolar and some of the cells break up, since subcellular
particles and broken cells appear at the end of the incubation
periOd- This degeneration of the isolated cells is greatly in-
pibited by the inclusion of 1% albumin and/or 5% glucose in the
jncubation media.

The astroglial fraction (Figure 6) contains mostly astro-
cytes. These cells are characterized by small cell bodies, a
gmall nucleus and little cytoplasm. These cells retain thin
highly, branched processes. Calf astrocytes were also similar
in appearance. Non-glial contamination consists of some sub-
cellular particles, probably mitochondria and broken cell mem-
branes, Incubation of the isolated astrocytes resulted in
breaking of a few of the cells and shrinking of the cell bodies.
No apparent difference in the morphological characteristics
of the two cell types was observed with rats of different ages.
The/‘ oligodendroglial fraction, whether from calf brain
¥hite matter (Figure 7) or a mixture of calf white matter and
‘rat brain (Figure's) contains small cells with a thin rim of

Very dense cytoplasm. The oligodendrocytes are the smallest

:Of the three cell types.
, 33




Figure 5

Neuronal Soma Isolated From Calf Brain
1000xX
Phase Contrast
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Figure 6

Astroglia Isolated From Rat Brain
2000x
Phase Contrast

1000x
Phase Contrast




Figure ¥

oligodendrocytes Isolated From Calf Brain White Matter
1 1000x
Phase Contrast
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Figure 8

oligodendrocytes Isolated from a Mixture of Calf
Brain White Matter and Rat Brain
1000x

Phase Contrast
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gncubation of Cells versus Slices

Isolated neuronal soma and astroglia from both 10 and 21

14

- old rats actively incorporate (1-7°C) acetate into total
Y

da

1ipids (Figure 9). In the case of cells from 21 day old rats,

the neurons are more active than the glia, incorporating 36 and

. 78 cpm/nM lipid phosphorus into total lipids at one and two hours

of jncubation while the glia contain 5.8 and 25 cpm/nM lipid
_Pbosphorus at the same time periods. Thus the isolated neurons
are from 3.1 A(2 hr incubation) to 6.2 (1 hr incubation) times as
active as the isolated astrocytes in incorporating (1—140) ace-
tate into total lipids. There is an apparent lag for the first
36 minutes of incubation.

With cells from 10 day old rats, the situation is reversed:
the astrocytes are more active than the neurons, the neuronal to
glial ratios being 0.36, 0.51 and 0.35 at 30, 60 and 120 minutes
of incubation respectively

While the astrocytes from ten day old rats are more active
than those from the 21 day old animals, at both one and two hours
of incubation, the opposite is true for the neuronal soma. The
older heurons are more active than. those from the younger
Aimals with respect to the incorporation of (1—14C) acetate

into total 1ipigs.

‘When slices from 21 day o0ld rat brains were incubated with
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Figure 9

INCORPORATION OF [i-*C] ACETATE INTO TOTAL LIPIDS OF ISOLATED
NEURONAL SOMA ANDO ASTROGLIA FROM DEVELOPING RAT BRAIN

140
1204
ng IRonge of volues
Astrocytes
X 1004 * Number of experiments (0days of age
n (2)*
2
S
z 80
n
z
60+ Neuronal Soma
o 21 doys of age
a (3)%
.
3 404
iL Neuronal Soma
. 10 days of age
5 (2)%
S 20 Astrocytes
21 days of age
@) (3%
O _ 1 § !
0 30 60 120

TIME (minutes)

Isolated cells were incubated in the Krebs-Ringer medium
(1 ml) described in the text with 10 uCi of (1-140)

acetate. At the appropriate time, a sample was withdrawn
and'the total lipid specific activity determined.
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- 14C) acetate and the neuronal soma and astroglial fractions

quently igsolated. the neuronal lipids contained 1.5 cpm/nM

subse

j_pid
of 0 6 cpm/nM lipid phosphorus (Table 1). With slices from

phosphorus, while the glial lipids have a specific activi-

-ty
o day old rats, the astrocyte lipids had a higher specific

‘1
ctivity than those from the neuronal fractions, 7.9 and 5.2
epu/nM 1ipid phosphorus respectively. The neuronal/glial lipid
Bpecific activity ratios obtained from slice incubations were

j jmilar to those obtained when isolated cells are incubated with
;(1_14c) acetate, namely 2,5 and .66 at 21 and lQ days of age re-
ctively. The fact that the isolated cells incorporated a
reater amount of acetate than the slice incubated cells was
obably due to the greater permeability of the isolated cells.
1so in the slice incubations, the substrate has to penetrate the
lice. This rate of incorporation into the isolated cells re-
lects the relative degree of metabolic integrity of the isolat-
cellé. since no pyridine nucleotides or ATP was added to the
cubation media.

The pattern of incorporation of (1—14C) acetate into the

Pid classes of cells incubated after isolation is shown in
igure 10. Relative sterol synthesis increased in both

Uronal s&ma and astrocytes from 10 to 21 days of age as did

8ynthesis of choline phosphoglycerides (CPG) to a small ex-
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Table 1

INCORPORATION CF (1—14C) ACETATE INTO NEURONS AND ASTROCYTES

OF DEVELOPING RAT BRAINI

SLICE INCUBATION

10 days 21 days
' JEURONS 5.2+1.2 (3)2 1.5+0.25 (5)
ASTROCYTES 7.9+1.0 (3) 0.640.05 (5)

CELL INCUBATION

MEURONS 9.0+3.0 (2) 37.0+8.0 (7)
TROCYTES 18.0+6.0 (2) 5.540.8 (7)

1. C.P.M/nM lipid phosphorus
2. Number of experiments

Cells were incubated as described in Figure 9.

Blices were incubated in 10 ml of the same medium with
f 10 uci of (1-14c) acetate, the cells were subsequently
dsolated and the total lipid specific activities de-

lined. The incubations were for one hour.
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Figure 10

JNCORPORATION OF [1-'%C] ACETATE INTO LIPID CLASSES OF ISOLATED NEURONAL SOMA
AND ASTROGLIA

10 DAY OLD CELLS 2i DAY OLD CELLS
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Isolated cells were incubated as is described in Figure

9. The lipids were isolated, lipid classes separated by
thin layer chromatography, and the specific activity of
each fraction determined as described in the text, The
results are expressed as relative specific activity (total
cell lipid specific activity = 1).

(L~CPG = lysocholine phosphoglyceride).
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tent. The incorporation of the (1—14C) acetate into ethanola-
mine phosphoglycerides (EPG), compared to the ofher lipid
fractions, decreased in neurons while in the astrocyte fraction
it increased.

A significant finding was the relative lack of incorpora-
tion of the (l—l4c) acetate into the CPG fraction compared to
the éPG fraction. Usually, the CPG fraction is the more active
of the‘two (Dhopeshwarkar et al, 197la; Cuzner et al, 1966:
Kanazawa et al, 1972 and Claton and Rowe, 1966). In fact,
when the phosphoglycerides of the slice incubated cells were
fractionated (Table 2), the CPG fraction was more active than
the EPG fraction, a result to be expected on the basis of work
from other laboratories. Since the isolated cells had a
metabolic pattern different from that of intact tissue, it was
necessary to investigate if this was due to the isolation pro-
cedure before further experiments were performed with the iso-
lated célls. The possibility that a contaminant with high
specific activity was migrating with the EPG fraction in thin
layer chromatography was ruled out by pooling the EPG fraction
eluted from the thin layer plates'of several experiments and
running this EPG fraction on two dimensional thin layer
(Figure 11). Nine spots were obtained, four of which were
ninhydrin positive. The majority of the radioactivity was in

the actual EPG spot as determined by chromatography of an au-
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Table 2

COMPARISQY OF SLICE AND CELL INCUBATED INCORPORATION
oF (1-1%C) ACETATE INTO ETHANOIAMINE AND CHOLINE
pHOSPHOGLYCERTDES OF ISOIATED NEURONS AND ASTROCYTES

Slice Incubation Cell Incubation
Neurons Astrocytes Neurons Astrocvytes
EPG  0.39” 0.87 3.05 3.16
cpG 1.06 1.50 0.05 0.09

*Relative specific activity (total cell phospholipid
specific activity = 1).

Ten day old tissue was incubated as described in
Table 1. Average of 3 experiments.
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Figure 11

TWO DIMENSIONAL THIN LAYER CHROMATOGRAPHY OF ETHANOLAMINE PHOSPHOGLYCERIDE

FROM RAT BRAIN CELLS INCUBATED WITH [1-1”c] ACETATE
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thenic standard on a duplicate plate. Thus contamination of
the radioactivity of the EPG fraction was ruled but.

In order to determine which step, if any, in the cell
isolation procedure was causing the high EPG, low CPG specific
activities, six different incubations were performed on brain
and liver (Table 3)., They were (A) control, incubation for 1

14C) acetate, (B)

hr. in Krebs-Ringer medium with 10 uCi‘(l—
control with added cofactors, (C) pre-incubation in HAP -~ the
media of the cell isolation procedure followed by incubation

as in (A), (D) pre-incubation in HAP followed by incubation as
in (B), (E) pre-incubation in HAP with 1% trypsin then incubat-
ed as in (A), and (F) pre-incubation in HAP with 1% trypsin,
then incubated as in (B). Pre-incubation in HAP alone resulted
in a greater incorporation of (1—14C) acetate into the EPG
fraction than in the CPG fraction (columns C, D, E, Table 3).
Addition of cofactors (see Table 3) to the incubation media
greatly étimulated the incorporation of (l—l4C) acetate into
the EPG fraction of both brain and liver trypsin slices

(Column F, Table 3), a situation resembling that of the isolat-
ed cells. Thus, the unusual pattern of incorporation found in
the isolated cells is most likely due to the trypsinization
used in the isolation procedure, and while the results found

for incorporation into total lipids of isolated cells is

similar to the glice incubated material, conclusions must be
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TABLE 3

14 :
INCORPORATION OF (1- C) ACETATE INTO LIPID FRACTIONS OF RAT

BRAIN UNDER VARIOUS INCUBATION CONDITIONS

(A) (B) (c) (D) (E) (F)
Control Control+ HAP HAP HA P+Tr HAP+Tr-—
Cofactors Cofactors Cofactors
BRAIN
Total Lipids 78.4 40.3 9.1 5.4 7.8 3.7
Ethanolamine
Phosphatides 5.2 1.5 1.7 1.1 1.4 6.5
Choline .
Phosphatides 13.0 2.0 1.0 0.7 0,7 : 0.7
Neutral
Lipids 210.,0 - 125.0 36.0 15.0 30.9 6.0
LIVER
Total Lipids 27.6 9.8 3.2 1.5 2.0 3.0
Ethanolamine
Phosphatides 4.9 1.0 1.7 1.4 4.6 8.8
Choline
Phosphatides 4.3 1.5 1.4 0.4 0.2 0.4
Neutral
Lipids 81.0 22.6 15,3 3.5 4,5 4.2

*cpm/mg. lipid (x-10"2) 10 day old tissue
Incubation Conditions:

(a)

(B)
(c)

(D)
(E)

(F)

123mM NaCl; 6mM KC1; 1.5mM MgS04: 12mM Glucose; 20mM phosphate
buffer, pH 7.4 and 10 uci (1—14C) Sodium Acetate.Total volume
= 5 ml

Same as (A) plus cofactors--8mg. ATP; 2mg. NADH; lmg. NADPH
and 1 mg CoASH.

Pre—incubated in 5% glucose; 5% fructose: 1% Albumin; 10mM
phosphate buffer pH 6.0 and incubated in medium A.

Same as (C), except incubated in medium B,

Pre-incubated in medium C with 1% trypsin added to the pre-
incubation media, and incubated in medium A.

Same as (E), incubated in medium B.




grawn with caution since the trypsin pre-incubation does affect
metabolic activity. Control experiments such as this one are
necessary before any work is done with isolated cells.

Similar experiments were performed with (l~14C) lino-
jenate as the precursor (Table 4) and it can be seen that the
trypsin pre-incubation does not have such a marked effect upon
the incorporation of this tracer into phospholipids as it does

4C) acetate, These phenomena may be due to specific

with (1-1
inactivation of one of the enzymes involved in the choline
phosphoglyceride synthetic pathway and/or a decrease in the
pool size of saturated diglycerides necessary for CPG synthe-
sis by inhibition of de Novo fatty acid synthesis. These
possibilities have been discussed in more detail elsewhere
(Cohen and Bernsohn, 1974).

4

C. In Vitro Incorporation of (l—14

C) Linoleic and ILinolenic
Acid into Neuronal Soma and Astroglia of Rat Brain and Fatty
Acid Composition.
.1. Phospholipids

Wheh rat brain slices were incubated with (1—140) lino-
lenic acid and the cells subsequently isolated (Table 5), it
was found that the phospholipids from 21 day old neurons were
more radioactive than those from the astroglial fraction of the

Same age, With ten day o0ld slices, the situation was reversed,

the glial phospholipids had a specific activity greater than
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TABLE 4

INCORPORATION OF (1—14C) LINOLENATE INTO PHOSPHOLIPID

FRACTIONS OF RAT BRAIN UNDER VARIOUS INCUBATION CONDITIONS

(a) (B) () (D) (E) (F)
Control Control+ HAP HA P--

Cofactors Cofactors HAP+Tr HAP+TIr--
Cofactors
BRAIN
Total *
phospholipids 7.0 6.6 6.9 6.3 3.7 3.1
Ethanolamine
phosphatides 4,8 4.3 5.1 5.8 : 3.3 1.9
Choline
Phosphatides 7.1 8.5 7.6 7.1 4.7 4.0
LIVER
Total
Phospholipids 4.0 3.2 4.8 3.2 3.3
Ethanolamine
Phosphatides 1.9 1.3 3.5 1.7 1.2
Choline
Phosphatides 2.3 2,2 3.8 3.9 3.9
* ) .. -3
CPM/mg.  Phospholipid (x10™°)
Legend same as for Table 3 but the labeled precursor was
(1-14¢) 1inolenate.
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TABLE 5

INCORPORATION OF VARIOUS PRECURSORS INTO LIPID FRACTIONS OF NEURONAL SOMA AND

ASTROCYTES FROM DEVELOPING RAT BRAIN

PRECURSOR NEURONA L ASTROGLIAL NEURONAL: ASTROGLIAL
(1-14c) aceraTet 5.2 (3)*** 7.9 (3) 1.5 (4) 0.6 (4)
(4.3-6.8) (5.5-10.3) (1.3-1.7) (0.5-0.7)
(1-14c) rIivorEaTE*t 28.3 (2) 17.2 (2) 19.8 (2) 12.1 (2)
(22.0-34.6) (13.0-21.5) (17.0-22.6) (10.5-13.6)
(1-Y4c) pInorEmaTE'T 14.6 (3) 25.3 (3) 11.5 (2) 7.4 (2)
(11.8-20.2) (23.5-27.2) (10.8-12.3) (6.3-8.5)

* .
number of experiments

range of values

*total lipid cmp/nM phospholipid phosphorus.
++phospholipid cpm/nM phospholipid phosphorus

Slices from six (21 day old rats) or 10 (10 day old. rats) were incubated in 10 ml of
the Krebs-Ringer medium with 7.5-10.0 uCi of the appropriate tracer, the cells isolated
and the lipid or phospholipid specific activities determined.



TABLE 6

RATIOS OF NEURONAL TO ASTROGLIAL LIPID SPECIFIC ACTIVITIES
AFTER INCUBATION OF DEVELOPING RAT BRAIN SLICES WITH
ILABELLED PRECURSORS

Ratio of
Neuronal/Astroglial
Lipid Specific Activities

wgﬁ_}; 10 day 21 day
14

(1-, ,C) Acetate 0.66 2.50
(1-*4c) Linoleate 1.64 1.63
(1-1%c) Linolenate 0.58 1.55

51



¢hat of the neuronal phospholipids. This is a pattern similar
to that found with (1—14C) acetate, although from three to
eleven times more linolenate was incorporated, depending on
the cell type and the age. When the precursor was (1—14C) lino-
1eate, the neuronal phospholipids were more radiocactive than
the glial phospholipids from both 10 and 21 day old slices.
There was a general decrease in incorporation of all three
precursors between the ten and twenty-one day old cells. Neu-
ronal lipid specific activity dropped by 61% and the glial
lipids by 91% with (1—14C) acetate ag the precursor. The
corresponding decreases for phospholipid specific activity with
(1—14C) linolenate were 21% (neuronal) and 71% (glial), and
with (1—14C) linoleate the decreases in phospholipid specific
activity were 30% for both cell types.

[ The neuronal to astroglial ratios of lipid specific activi-
ty (Table 6) demonstrate that at 21 days of age there was a
similar ratio for the incorporation of the two fatty acids and
for all three precursors the neuronal phospholipids had a
greater specific activity than those of the glia. When ten
day old cells, both acetate and linolenate,were incorporated
_14C)

more into the glial phospholipids than the neuronal. (1

linoleate had a similar ratio at both ages.
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4

incorporation of (1—140) linoleate (Figure 12) revealed the

Inspection of the individual phospholipid classes after

highest relative specific activity in the CPG fraction, with
the other phospholipids very close to each other in relative
gpecific activity. ©Neuronal-glial differences were found
in relative specific activity in the CPG fraction, with the
other phospholipids very close to each other in relative
gpecific activity. Neuronal-glial differences were found
in EPG and IPG at 10 days of age and SPG and CPG at 21 days of
'age. The only significant changes between the two ages was
an increase in neuronal SPG relative specific activity from
10 to 21 days of age.

When the precursor was (1—14C) linolenate (Figure 13)
the highest relative specific activity in both cell fractions
at both ages was also in the CPG fraction and the only sig-
nificant neuronal-glial differences were in the CPG and EPG
fraction at 21 days of age, At the older age, the differences
between the relative specific activities of the various phos-
pholipids was much less than in the 10 day o0ld cells. The
relative specific activities increased in the IPG and SPG

fractions of both cells from ten to 21 days of age.
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Figure 12

INCORPORATION OF [1-4CT LINOLEIC ACID
10 DAY OLD SLICES 21 DAY OLD SLICES
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Rat brain slices were incubated as previously described, the
cells isolated, the phospholipids were separated by TLC, and
the specific activity of each phospholipid class determined,
The results are expressed as relative specific activities
(total cell phospholipid specific activity = 1). (I-CPG =
lysocholine phosphoglyceride, SPM = sphingomyelin).
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Figure 13

INCORPORATION OF [1-*%C] LINOLENIC ACID
10 DAY OLD SLICES 21 DAY OLD SLICES
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Legend same as for Figure 11
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2. Fatty acids - incorporation
Fractionation by GIC of the phospholipid fatty acids of

aronal soma and astroglia after incorporation of (l~l4c)

ne
’acetate revealed most of the radioactivity to be in palmitic,
palmitoleic and stearic acids, and of the polyunsaturated fatty
acids (PUFA), 22:4 had the highest percentage of radioactivity
(Table 7). In ten day brain, both cell fractions had more
radiocactivity in the palmitic-palmitoleic fractions (49.5% for
neurons and 32.0% for glia) than the other fatty acids follow-
‘ed by 22:4 (19.0% for neurons and 24% for glia). At 21 days
of age, in the neuronal fraction, most of the radioactivity was
in the stearic acid fraction (30.7%) followed by 22:4 (23%)
and palmitic-palmitoleic acids (15.6). The glial fatty acid
with the most radioactivity at this age was the stearic acid
fraction (30.3%) followed by 16:0 +16:1 (23.3%) and 22:4
(20.0%). In both cell fractions from ten to twenty-one days of
age, the percentage of radioactivity in the stearic acid frac-
tion increases while decreasing in the palmitic-palmitoleic
acid fraction and remaining about the same in 22:4,
Fra;tionation of the phospholipid fatty acids of the two

14C) linolenate (Table

cell types following incubation with (1-
8) revealed over 85% of the radiocactivity remained in the pre-

Cursor fatty acid, 18:3. Similar results were found when
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TABLE 7

INCORPORATION OF (1—14C) ACETATE INTO PHOSPHOGLYCERIDE FATTY
ACIDS OF NEURONAL AND GLIAL PREPARATIONS OF
DEVELOPING RAT BRAIN

10-DAY BRAIN 21-DAY BRAIN

FATTY ACID

NEURONA L GLIAL NEURONA L GLIAL
14:0 6.0 13.3* 4.7% 1.5%
16:0+16: 1 49.5 32.0 15.6 23.3
18:0 11.3 6.9 30.7 30.3
18:1 3.5 3.2 4.7 8.9
18:2 1.9 1.3 3.6 1.5
18:3+2-:1 2.6 1.6 4.9 -
20:3 (n-9)+(n-6) 1.8 0.6 2.2 -
20:4 2.1 3.1 5.7 3.8
20:4 (n-3) - 2.1 1.2 4.5
22:4 | 19.0 24.0 23.4 20.0
22:5 (n-6) 0.8 - 4.0 3.9
22:5 (n-3) 1.1 3.6 2.2 1.0
22:6 1.2 1.5 3.1 2.1

*
Percentage of total fatty acid radioactivity.
Total cpm recovered was between 400 and 1000,

Fatty acid radioactivity from slice incubated cells were
@nalyzed as described in the Materials and Methods section.
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TABLE 8

INCORPORATION OF (1—14C) LINOLENATE INTO PHOSPHOGLYCERIDE
FATTY ACIDS OF NEURONAL AND ASTROGLIAIL PREPARATIONS
FROM TEN DAY OLD RAT BRAIN

FATTY ACID NEURONAL SOMA ASTROGLIA
14:0 0.2" 0.1%
16:0 0.7 0.3
18:0 0.3 0.2
18:1 0.4 0.3
18:3+20:0 86.0 89.0
20:3 (n-6) 3.8 3.0
% 20:4 (n-6) 3.8 3.4
é 20:4 (n-3) 1.4 1.1
20:5 (n-3)+22:3 (n-9) 1.3 0.8
22:4 (n-6) | 0.8 0.6 |
22:5 (n-6) 0.4 0.3 \
22:5 (n-3) “ 0.5 0.2 ’
22:6 (n-3) 0.8 0.6 |
*percentage of total fatt§ acid radioactivity |

Fatty acid radiocactivity from slice incubated cells were
dnalyzed as described in the Materials and Methods section.
In all linolenate incorporation experiments, a minimum of
2000 cpm was recovered from the GIC.
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¥{1inoleic acid was the précursor. Therefore, little or none of
the 1inolenic acid was elongated and the small amount of radio-
actiVitY found in 20;3 and 20?4 was probably due to "tailing"
;ince injection of a standard methylated linolenic acid gave a
gimilar pattern, i.e, 90% of the radiocactivity was collected in
the 18:3 peak and 5-7% in the two following peaks.

3. Fatty acids - compbsition

The distribution of phosphoglyceride fatty acids was very
gimilar in ten day old neuronal soma and astroglia from rat
prain (Table 9). Thé major fatty acids are palmitic, stearic,
oleic, arachidonic and docosahexenoic. There was slightly
more palmitic acid in the astroglial phosphoglycerides, while
the neuronal soma phosphoglycerides contained more arachidonic
acid.

; Similar results were found for calf brain neuronal soma
and astroglial phosphoglyceride fatty acids (Table 10), namely
more paimitic acid in the astrocytes with the neurons having
slightly more arachidonic acid than the astroglia. Hamberger
and Svennerholm (1971) found a very similar fatty acid pattern
for neurons and glia isolated from adult rabbit brain.

The phosphoglyceride fatty a;id pattern of the oligo-
dendroglial.fraction (Table 10) resembles myelin more than that
of the other two cell types. The major fgtty acids of phos-

phoglyceride'fatty acids are palmitic, stearic and oleic acids
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TABLE 9

pISTRIBUTION OF PHOS PHOGLYCERIDE FATTY ACIDS IN NEURONAL
SOMA AND ASTROGLIA OF TEN DAY OLD RAT BRAIN

FATTY ACID NEURONAL SOMA ASTROGLIA
12:0 1.9% 1.1
14:0 2.4 1.8
16 ald 2.7 2.2
16:0 20.8 27.6
18 ald 1.8 2.0
18:0 16.9 14.6
18:1 ‘ 14 .4 13.9
18:2 4.3 2.8
18:3+20:0 1.8 1.7
20:1+20:2 3.0 4.0
20:3 (n-6) 2.2 2.1
20:4 (n-6) 14.8 10.6
20:4 (n-3) 1.6 0.5
20:5 (n-3) 0.5 0.3
22:4 (n-6) 1.8 3.1
22:5 (n-6) 0.3 0.8
22:5 (n-3) 0.2 0.5
22:6 (n-3) 8.4 10.3
Saturated and

Monounsaturated 60.9 63.2
Polyunsaturated 38,9 36,7

+ Number of Experiments

*percentage of total fatty acids

Fatty acids were analyzed as described in the Materials
and Methods section.
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TABLE 10

|
\
|
\
DISTRIBUTION OF PHOSPHOGLYCERIDE FATTY ACIDS iN CELLS i
FROM DEVELOPING CALF BRAIN

FATTY ACID NEURONAL - asTRocLiA?  orteopEN-  MyEnin**
= soma3 DROGLIA3*
14:0 2.2% 2.1* 3.2% I
16:0 20.6 24.9 26.6 17.5% 1
18:0 14.5 17.8 18.9 20.8
18:1 16.7 19.4 27.6 30.5
18:2 4.8 3.1 5.0 2.3
18:3+20:1 2.9 1.3 2.1 3.3
20:2 1.4 0.9 - -
20:3 (n-6) 3.6 1.4 0.8 2.3
20:4 (n-6) 13.6 10.6 8.5 9.8
20:5 (n-3)
+22:3 (n-9) 1.9 1.2 1.0 -
22:4 (n-6) 4.9 3.2 1.5 5.0
22:5 (n-6) 1.7 3.1 1.8 4.0
22:5 (n-3) 0.4 1.3 - 0.4
22:6 (n-3) 9.9 9.7 3.1 3.8 |
Saturated and 1
Monounsaturated 54.0 64.2 76.3 68.8
Polyunsaturated 45,1 35.8 23.8 25.3
Ratio (n-6) 2.3 1.7 4.1 5.0

(n-3)
fatty acids

*Number of experiments.

*iPercentage of total.
Data from Hamberger and Svennerholm, 1971 (Rabbit Myelin).
Fatty acids were analyzed as described in the Materials
and Methods Section.
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»;‘with less arachidonic and docosahexanoic acid in the oligoden-
droglia than the neurons and astrocytes, There was relatively
jittle polyunsaturated fatty acids in the myelin and oligoden-
droglia. The highest proportions of n-6 fatty acids was found
in the oligodendroglial fraction followed by myelin, neurons
and astroglia.
D. ;E Vitro Incorporation of Fatty Acids into Neuronal Soma,
Astroglia and Oligodendroglia of Calf Brain.

since it requires 50-60 grams of white matter to obtain
sufficient oligodendrocytes for a lipid analysis, it is not
practical to incubate slices of white matter fof incorpofation
into oligodendrocytes. Several hundred milliliters of incu-
bation media would be required as would an expensive amount of
radioactive tracer in order to have a sufficiently high con-
'centration and specific activity. The best system would be the
incubation of the isolated cells in order to allow a small in-
cubation volume. Because the trypsin pre-incubation did not
have the same radical effect on fatty acid incorporation as it

did on acetate incorporation (Tables 3 and 4), it was decided

14

to incubate the isolated cells with (1--"C) stearic, linoleic
and linolenic acid (Table 11) in order to compare the incorpora-
tion of the three fatty acids into the phospholipids of the

three cell types.
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TABLE 11

INCORPORATION OF (l—l4C) FATTY ACIDS INTO ISOILIATED

NEURONAL SOMA, ASTROGLIA AND OLIGODENDROGLIA FROM CALF BRAIN

Fatty
- 14

Acid (1—14C)Stearic (1-7 '¢) Linoleic (1—14C) Linolenic

Neurons Astro- Oligoden- Neurons Astro- Oligoden- Neurons Astro- Oligoden-

: glia droglia glia droglia glia droglia
Exp. 1 8.0" 10.0 76.8 11.9 29,7 124.3 6.4 14.2 140.9
Exp. 2 5.6 12.0 69.0° 20.0 37.7 384.4 20.5 37.8 319.4
Exp. 3 5.5 - 10.4 130.0 3.9 12.6 649.6 4.4 14.9 300.3
EXP. 4 : 3.0 3.5 213.0
Exp. 5 12.2 9.9 254.3

(1—14C) Acetate
Neurons Astro- Oligoden-
glia droglia

Exp. 6 1.0 1.9 31.0
Exp. 7 0.6 0.6 5.5

*CPM/nM phospholipid phosphorus

Tsolated cells were incubated in 0.5 ml of the Krebs-Ringer medium with 1% albumin
and 2.5 uCi of the fatty acid or 10 uCi of (1- 4C) acetate, After one hour, in-
cubation, the lipids were extracted and analyzed as previously described.



Experiments 1, 2 and 3 represent 3 separate cell isolations'
each of which was divided into 3 aliquots for incubation with
(1_14c) stearic acid, (1—14C) linoleic acid or (1—140) lino-
jenic acid. The results were rather startling; with all three
fatty acids, the oligodendroglial phospholipids had a specific
activity from four to 166 times greater than that of the phosg~
pholipids of the neurons and astrocytes. Within the one hour
jncubation period, both of the essential fatty acids, linoleic
and linolenic, were more rapidly incorporated into the oligo-
dendroglial phospholipids than was stearic acid. The oligo-
dendroglia phospholipids were approximately 10-24 times more
active than the neuronal and 6-12 times more active than the
astroglial phospholipids in the incorporation of (1—14C)
stearic acid. With linoleic acid the values varied over a much
wider range, the oligodendroglia phospholipids were 10-166 ang
4-61 times more radioactive than the neuronal and astroglial
phospholipids respectively. Where the precursor was (1—14C)'
linolenic acid, the oligodendroglia phospholipids incorporateq
from 20 to 68 times more than the neuronal and 9 to 25 times
more thaﬁ the astroglial phospholipids. The astroglia appeareq
to incorporafe more of the three precursors than the neuronal
Phospholipids, but the differences.were not as great as with

the oligodendrocytes; the astroglia were only at most four

times more active than the neurons, and in some experiments
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the values were nearly equal. (1—14C) acetate was also in-

corporated into the three cell types (Experimenfs 6 and 7) for

the basis of comparison,and with this precursor, the oligo-

gendroglial phospholipids were from 9 to 31 times more active
than those of the neurons and astrocytes. These results re-
genble those found for ten day old rats where the astrocytes

14 14C) acetate

jncorporated more (1-"°C) linolenic acid and (1-
into phospholipid than did the neuronal soma, but contrasts the

data for (1—140) linoleate because with that precursor, the

neuronal phospholipids were more active than the astroglial at

both ages. The variations between experiments (as much as 11

fold difference with (1—14

C) linoleic acid incorporation into
the astroglia ) are probably due in part to differences in the
age of the animals, since changés between ages as great as 1l
fold were found for (1—14C) acetate and 3 fold for fatty acid
incorporation into rat brain cells of different ages (Table 5).
Unfortunately, it was not possible to obtain the age of the
animal at the time of death, and the manner of dissection from
the skull precluded obtaining brain wéights.

When the phosphoglyceride fatty acids were fractionated

by GIc and the peaks counted for radioactivity, the results

- Were rather disappointing. Although the (1—140) linolenate

Was readily incorporated into the phosphoglycerides of all three

cell types,,little or none of it was elongated (Table 12), One
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TABLE 12

3 l i
f'»INCORPORATION OF (1- 4C) LINOLENATE INTO PHOSPHOGLYCERIDE i
: FATTY ACIDS OF ISOIATED CELLS FROM DEVELOPING CAILF BRAIN

. i
FATTY ACID NEURONAT, SOMA ASTROCYTES OLIGODENDROCYTES N
:

14:0 * * - i
16:0 . .2Y ww
18 H 0 M . . H\‘
18 . l . ™ . “

- 18:3+420:0 85. 87. 83. ‘

20:3 (n-6)
20:4 (n-6)
20:4 (n-3)
20:5 (n-3)
+22:3 (n-9)
22:4 (n-6)
22:5 (n-6)
22:5 (n-3)
22:6 (n-3)

.
]

O0O0O0 H RHRWWNOOOO
AWWNN H OCWBNMNIOTBAIN

.
*
A\

OO0 K H FHFWWUMMOoOOMRO
[ ] e
NOoOBNbMDW 2 OOV W
OO0OO0OK O OOMNMWOOO
L]
ONKHN O VwowVUupN

.
.
.

*Percent of total fatty acid radioactivity. |

Fatty acid radioactivity was analyzed as described
previously following incubation of isolated cells
as in Table 11.
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would expect elongation to occur since little 18£3 is found in
the cell phosphoglycerides (Table 10). Eighty-four to eighty-
geven percent of the radioactivity remained in the linolenate
peak. The oligodendrocyte data demonstrated a very slight amdunt
of elongation in that the 20:4 (n-6) peak, which probably also
contains 20:4 (n-3) a product in the elongation of linolenate,
contained 8.3% of the radioactivity. Wwhen rat (Table 13) and
calf brain cells (Table 14) were incubated for 20 hours in syh—
thetic tissue culture media, similar results were obtained in
that over 80% of the fatty acid radioactivity was still in lino-
lenate, except for the oligodendrocytes which again contained a
large amount of radioactivity in the 20?4 (n-6) peak (Table 14).
Even slices (from brain and Liver), homogenates, trypsinized
slices and the starting cell suspension did not elongate the
linolenate to any significant extent (Tables 14, 15, 16), so

the lack of elongation was not due to the trypsinization step
involved in cell isolation. Two basic explanatiohs are poss-
ible, either the elongation of linolenic acid is a slow process
and‘the cells do not remain viable long enoﬁgh or something is
inhibiting the elongation system in vitro. A possibility for.the
latter is that free fatty acids are know to inhibit elongation
(Mohrhauer et al, 1967).Excision of the tissue coupled with slic-
ing may release phospholipases which would the increase concentra-

tion of free fatty acids within the cells,thus inhibiting elongation.
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TABLE 13 _
14 \
INCORPORATION OF (1-" 'C) LINOLENATE INTO PHOSPHOGLYCERIDE
FATTY ACIDS OF RAT BRAIN CELLS INCUBATED IN SYNTHETIC
CULTURE MEDIUM(NCTC 135)

FATTY ACID NEURONAL SOMA ASTROGLIA
14:0 - ’ -
16:0 "~ o0.6" 0.4%
18:0 + 18:1 1.8 | 0.6
18: 2 | 0.8 0.5
18:3 + 20:1 89.3 88.3
20:2 + 20:3 1.0 7.7
20:4 (n-6) 3.5 0.7
zoingg—?;-g) 0.6 0.7
22:4 (n-6) 0.8 0.2
22:5 (n-6) 0.2 0.1
22:5 (n-3) 0.3 0.2
22:6 (n-3) 0.7 0.3

. _
percentage of total fatty acid radioactivity

Isolated brain cells were incubated for 24 hours in
synthetic tissue culture medium(NCTC 135 Grand Island
Biological Company, Grand Island, N.Y.) with 1 uCi of
(l—léc) linolenate. Following incubation phospholipid
fatty acid radioactivity was analyzed in the usual way.
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TABLE 14
14 :
INCORPORATION OF (l1-" C) LINOLENATE INTO PHOSPHOGLYCERIDE

FATTY ACIDS OF CALF BRAIN CELLS INCUBATED IN CULTURE MEDIUM

FATTY ACID NEURONAL SOMA ASTROGLIA OLIGODENDROGILIA
FaL- X -7

14:0 1.0 0.4" -
16:0 1.6 3.3 0.5%
18:0 1.0 1.8 0.8
18:1 . 1.1 1.8 0.3
18:2 0.5 0.6 0.4
18:3 + 20:1 79.1 81.9 70.8
20:2 | 3.5 1.7 1.0
20:3 2.3 0.5 1.3
20:4 (n-6) 2.3 4.1 19.1
2°i52§?;61n_9)‘- 3.0 1.4 1.5
22:4 (n-6) | 1.5 . 0.8 2,3
22:5 (n-6) 1.5 0.5 0.9
22:5 (n-3) 0.6 0.6 0.1
22:6 (n-3) 1.3 0.4 . 0.9

* ’ ‘
percentage of total fatty acid radioactivity

Isolated brain cells were incubated for 24 hours in synthetic
tissue culture medium (NCTC 135 Grand Island Biological Company,
Grand Island, N.Y.) with 1 uci of (1-1%c) linolenate, Following
incubation phospholipid fatty acid radioactivity was analyzed

in the usual way. 68




TABLE 15
INCORPORATION OF (1—14C) LINOLENATE INTO SLICES

AND HOMOGENATES OF RAT BRAIN AND LIVER

SLICES HOMOGENATE
FATTY 10 day 10 day 21 day 10 day 21 day
ACID brain liver brain brain brain
14:0 0.1 0.1 0.0 0.1 0.0
16:0 0.5 0.1 0.0 0.0 0.1
18:0 0.5 0.9 0.8 0.1 0.4
18:1 0.1 4.2 0.1 0.1 0.1
18:2 - - 0.4 0.3 0.5
15;30:1 79.4 85.4 81.4 79.4 84.3
20130:3 (nos) 68 3:4 8.8 8.8 4.1
20:4 (n-6) 6.1 2.1 4.5 3.9 3.5
20:5 (n-3) 2.0 1.3 1.4 3.4 2.2

+22:3 (n-9)

22:4 (n-6) 0.9 0.6 0.7 0.9 0.6
22:5 (n-6) 0.4 0.5 0.2 0.5 0.1
22:5 (n-3) 0.8 0.7 0.6 1.0 0.4
22:6 (n-3) 0.8 0.8 0.7 0.7 0.6

250-350 mg slices from rat brain or liver were incubated either
intact or as a homogenate in 5 ml of the Krebs-Ringer medium

8 mg ATP, 2 mg NADH, 1 mg NADPH, 1 mg CoAsh with 1 uci (1-14c)
linolenate. The lipids were extracted and the phosphoglyceride

fatty acids analyzed as described previously.
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TABLE 16

14
INCORPORATION OF (1l- <C) LINOLENATE INTO PHOSPHOGLYCERIDE

FATTY ACIDS OF RAT BRAIN TISSUE INCUBATED IN CULTURE MEDIUM
FATTYvACID SLICES TRYPSiNiZEb éLICES CELL SUSPENSION
14:0 - 0.1" 0.2"

16: 0 0.7" 0.4 3.1

18:0 0.7 0.7 2.3
18:1 - 0.6 0.6
18:2 0.7 0.2 | 0.8
18:3 + 20:1 85.8 87.2 | 68.9
20:2 2.6 2.0 2.1

20:3 0.7 0.8 0.8
20:4 (n-6) 3.7 2.8 6.1
20152§?53in—9) 0.7 2.2 3.8
22:4 (n-6) 1.9 0.7 1.7
22:5 (n-6) 0.7 0.4 1.1
22:5 (n-3) 0.7 0.6 4.4
22:6 (n-3) 0.7 0.8 . 4.4

*percentage of total fatty acid radioactivity

One ten day. old rat brain was sliced, and incubated as such or
first trypsinized in HAP as described or trypsinized and a cell
suspension prepared by sieving. The latter was centrifuged at
600xg to prepare the cell suspension. The incubations were in
5 ml of culture medium(NCTC 135) with 1 uCi of (1-140) lino-
lenate. The fatty acids wersoanalyzed as described before.



: 14
E. In vivo Incorporation of (1- C) linolenate into Neuronal

goma, Astroglia and Oligodendroglié of Rat Brain.,

Due to the reéults regarding elongation in vitro in order
to in&estigate the elongation of linolenic acid it was neces-
gary to find a system where elongation would take place., This
was done in vivo by intracerebral injections of the linolenate,
gince large améunts of white matter are necessary in order to
obtain an oligodendroglial fraction, there were two alternatives,
rhe first was injection of a large animal, such as a calf with
the isotope and sacrifice at the proper time, or secondly, in-
jection of a large number of small animals, such as rats, then
sacrifice and dissect the white matter from the brains. The
first was not possible due to cosf and handling of the animal
and the second was not practical due to the time involved for
injection and dissection of the hundreds of rat brains neées—
sary for each experiment. Consequently a third method was de-
vised to measure oligodendrocyte incorporation and elongation

4C) linolenate indirectly.

of (1-—l
The use of a carriér substance is not new in biochemistry.

For example, in gas-liquid or thin-layer chromatography in

order to visualize peaks ér spots with samples that contain

little material but high radioactivity, cold carrier is added,

the peak or spot collected and the radioactivity determined.
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rhe carrier is used simply to visualize the material. The dis-
advantage is that unless the proportion of sample to carrier is
xnown the specific‘activity of the sample cannot be determined.
In order to be able to collect rat olig&dendrocytes off a
gradient, calf brain white matter was used as a carrier. The
rat brain and calf white matter were minced together in a pro-
portion of about 1 to 5-7 (see Materials and Methods section)
and the material treated as calf white matter for the prepara-
tion of oligodendrocytes.. Thus when rats were injected'intra-

4C) linolenate and the oligodendrocytes

vertebrally with (l-—l
isolated in this manner, the radioactivity in the oligodendro-
cyte fraction was due to the rat brain cells. The lipids were
extracted from this fraction, the fatty acids analyzed fbr
radioactivity by GLC and the amouﬁt of elongation at the
various times after injections was determined. While the
specific activity of the lipids was dilﬁted by the cola calf
brain, thé percent distribution of fadioactivity among the
fatty acids was unchanged. 1In this way the amount of elonga-
tion in the fat oligodendrocytes could be compared to the
neuronal and astroglial fractions when thé latter two cell
types were prepared in the usual wﬁy. |

However, the specific.activity of the oligodendrocyte

Phospholipids could not be determined due to the presence of

the calf brain carrier, a clear disadvantage since it was
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desirable to compare the specific activities of the phospho-
1ipids of the three cell types, both in vivo and in vitro. 1In
order to arrive at the phospholipid specific activity of the
rat oligodendrocyte fraction, a calculation based on the di-
lution of the rat myelin by the calf brain myelin was used. This
dilution factor, when applied to the phospholipid specific ac-
tivity of the mixed rat and calf oligodendrocytes yielded the
specific activity of the rat brain oligodendrocyte phospholipids.
As mentioned in the Material and Methods section, the use of
the dilution factor preSﬁpéoses some assumptions which are not
provable at this time. However, while the dilufion of myelin
may not equal the dilution éf oligodendrocytes, it will be
within at least # 100% and thus the number arrived at'for
the phospholipid specific activity of the oligodendrocytes will
give an indication of how active the oligodendrocytes are.
Figure 14 preéents the specific activities of the phospho—
lipids from the neuronal soma, astrogliai, myelin and oligo-
dendroglia (after multiplication by the dilution'factor)
fractions of 21 day old rat brain, 5 min., 055, 1; 2, 4, 12

14C) linolenate.

and 36 hrs after intracerebral injection of (1-
At all time periods, the highest phospholipid specific activity
was in the oligodendrocytes followed by the neurons, the astro-~

cytes and the myelin fractions (except at 12 hrs where the

myelin fraction had a slightly higher specific activity than
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FIGURE 14

INCORPORATION OF [IF'C] LINOLENATE INTO PHOSPHOLIPIDS
OF RAT BRAIN FRACTIONS AFTER INTRACEREBRAL INJECTION
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Twenty-one _day old rats were injected intracranially with 0.75
uCi of (1-+-%C) linolenate as the albumin complex. At the
appropriate time after injection, the animal was sacrificed and
the cells prepared as described. The oligodendrocytes were
prepared as by mixing rat brains with calf brain white matter,
Phospholipid specific activities were determined as described.
The oligodendrocyte phospholipid specific activity was calcu-
lated by using the dilution factor as specified in the text.
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the astrocytes). One hour after injection the neuronal and
astroglial phospholipids had specific activitieswof 4.7 and
3.6 cpm/nM phospholipid phosphorus respectively, and the
neuronal to glial ratio was 1.3. The ratio is in excellent
agreement for that found in the in vitro incubation (1.5), and
the actual specific activities agree well with the values for
the cells in vitro (Table 5), especially considering the

- different variables in the two studies in vitro and in vivo,
the concentration of tracer, the condition of the cells and
the diffusion of the substrate into the tissue. At all other
time periods the neuronal phospholipids were from 1.2 (.5 hr)
to 3.7 (5 min) times more active than those of the astrocytes.
The least active fraction, myelin, had about 0.20 to 0.25 the
activity of the neuronal phospholipids. At one hour after
injection, the oligodendrocyte phospholipids had a specific
activity of.93 cpm/nM phospholipid phosphorus. This value is
relatively close to the in vitro incubation of calf oligoden-
drocytes (Table 11) considering the different conditions in
vivo and. in vitro (species and age differences plus those
mentioned previously). The agreement of the in vitro and in
Vvivo results is evidence for the validity of the use of the
dilution factor. The phospholipid specific activities of the
oligodendrocyte and astrocyte fractions peaked at 0,5 hr while

those of the neuronal and myelin fraction peaked at 1 hr after
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jnjection. From one to two hours after injection, there was a
gharp decrease in the specific activities of all of the frac-
tions and then from two hours until 36 hours, a very slight de-
crease in the neurons, astrocyte and myelin fraction and an
jncrease in the oligodendrocyte phospholipid specific activity,

Despite the fact that the oligodendrocyte is the cell
presumed responsible for the formation and maintenance of the
myelin sheath (Bunge 1968, 1970), no producf—precursor relation-
ship was obtained between these two fractions. However, given
the large mass of myelin (50-70) mMoles phospholipid phosphorus
recovered from the rat in these studies) and thé small ﬁass of
oligodendrocytes (1-2 mMoles phospholipid phosphorus recovered
of both rat and calf oligodendrocytes), any lipid transferred
from the oligodendrocytes into the myelin would be greatly di-
luted by pre-existing myelin lipids and hence the specific
activity of the myelin fraction could never reach that of the
oligodendrocytes.

Ten day old neurons and astrocytes (not shown on figure)
haqg phospholipid specific activities of 2,4 and 5.0 and 3.9
and 5.0 épm/nM phospholipid phosphorus at 0.5 and 2 hours after
injection respectively, agfeeing with the in vitro data (Table
5)where astrocytes incorporated approximately twice the lino-
lenate into phospholipids than did the neurons.

The percent distribution of radioactivity between the
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neutral, glyco- and phospholipids is given in Tables 17-22.
gven at 5 minutes after injection, there was only 30% of the
radioactivity in the neutral lipid fraction, which contains
the free fatty acids, indicating that the linolenate is rapidly
incorporated into phospholipid as soon as it comes ih contact
with the tissue. This is similar to results described by Sun
(1973), namely a very short half life for free fatty acids in
brain., The radioactivity in the neutral lipid fraction dropped
to about half of the 5 min value within 0.5 hr after injection
and from then on there was a steady decrease. The radiof
activity in the glycolipid fraction remained at about a steady
2% excepf in myelin where it was higher (6-7%) at the longer
time periods. As the radioactivity in the neutral lipid frac-
tion decreased, there was a proportional increase in the
radioactivity of the phospholipids. The myelin and oligoden-—
drocyte fractions were not found to be any more similar in
radioactivity distribution than the other cell fractions. The
pattern of distribution of radioactivity between the neutral
glyco- apd phospholipids in the ten day o0ld neurons and astro-
cytes was very similar to that of 21 day old rats (Table 23).
The distribution 6f the radiéactivity among the ethanola-
mine and choline phosphoglycerides is shown in Fiéure 15 and for
these and the rest of the phospholipids in Tables 24 to 31. The

choline phosphoglyceride function was initially more active
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Table 17
INCORPORATION OF (1—140) LINOLENATE INTO LIPIDS OF RAT

BRAIN AFTER INTRACEREBRAIL INJECTION

Twenty-one Day 01d Rats

5 Minutes After Injection

Fraction Neuronal Astroglia Oligodendroglia Myelin
Soma ‘
Neutral 30.8% 32,.8% 27.5% 28.0%
Lipids
Glycolipids 2.1 1.7 0.3 ‘ 2.2
Phospholipids 67.0 65,3 : 72.1 69.7
Total Lipid 39.9™%  52,2** 6.9%" 46.1%*
Radioactivity

*Percent of total lipid radioactivity.
**rotal lipid CPM x 10-3.

Legend for Tables 17-23

The lipids from the rat brain cells following intracerebral
injection were fractionated by column chromatography as
described in the Material and Methods section. The results
are expressed as percent of the total lipid radioactivity
for each cell type and time point, and the total radio-

activity in CPM x 1073 is given., The radioactivity in the
oligodendrocyte is that of the mixed oligodenrocyte prepara-
tion of the dilution factor.
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Table 18
INCORPORATION OF (1- C) LINOLENATE INTO LIPIDS OF RAT

BRAIN AFTER INTRACEREBRAL INJECTION

Twenty-one Day 01d Rats

30 Minutes After Injection

Fraction Neuronal Astroglia Oligodendroglia Myelin

Soma
Neutral * * * *
Lipids 16.7 20.6 19.3 16.5
Glycolipids 2.7 1.9 2.7 3.2
Phospholipids 82.4 77.4 78.0 80.3
Total Lipid 56.1 43.1 11.8 93.1
Radioactivity

*Percent of total lipid radioactivity,
Total lipid CPM x 103,
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Table 19
INCORPORATION OF (1—14C) LINOLENATE INTO LIPIDS OF RAT

BRAIN AFTER INTRACEREBRAL INJECTION

Twenty-one Day 01d Rats

1 Hour After Injection

Fraction Neuronal Astroglia Oligodendroglia Myelin

Soma
Neutral 16.0" 15.0" 19.6% 15.0"
Lipids
Glycolipids 2.4 . 2.5 3.1 4.5
phospholipids 82.5 82.5 77.3 . 80.3
Total Lipid 38.8%* 39.8%* 6.5%* 95.4%*
Radioactivity

Percent of total lipid radioactivity.
**rotal lipid CPM x 10-3,
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Table 20
INCORPORATION OF (1—140) LINOLENATE INTO LIPIDS OF RAT

BRAIN AFTER INTRACEREBRAI, INJECTION

Twenty-one Day 0ld Rats

Two Hours After Injection

Fraction Neuronal Astroglia Oligodendroglia Myelin
Soma .

Neutral 11,4% 15,1* 13.6* 14,5*
Lipids

Glycolipids 0.7 0.7 1.1 5.2

phospholipids 87.8 84.1 85,2 80. 2

Total Lipid 17.1%* 18.3%* 1.3%* 19,2**
Radioactivity

Percent of total llpld rad10act1v1ty.
**rotal lipid CPM x 10-3
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INCORPORATION OF (1—14C) LINOLENATE INTO LIPIbS OF RAT

TABLE 21

BRAIN AFTER INTRACEREBRAL INJECTION

Twenty-one Day Old Rats

Four Hours After Injection

Fraction Neuronal Astroglia Oligodendroglia Myelin
Soma

Neutral 8.6" 9.6% 10.2% 12.7*
Lipids

Glycolipids 2.8 2.6 1.0 4,9
Phospholipids 88.7 87.9 88.8 80.0

Total Lipid 20.6%%  16,3** 3,2%* 42,2%*
Radioactivity

Percent of total 1lipid radioactivity.
**rotal 1lipid CcPM x 10-3,
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TABLE 22
INCORPORATION OF (1-14C) LINOLENATE INTO LIPIDS OF RAT

BRAIN AFTER INTRACEREBRAL INJECTION

Twenty-one Day 0ld Rats

Thirty-six Hours After Injection

Fraction Neuronal Astroglia Oligodendroglia Myelin
Soma

Neutral 6.0" 10.4% 6.8" 10.7%
Lipids

Glycolipids 0.8 1.8 0.6 - 6.6
Phospholipids 93.1 87.6 92.2 82.4

Total Lipid 11.0%** 17.0%* 2.5** 49.1%*
Radioactivity

*
sprercent of total lipid radioactivity.
Total lipid CPM x 10-3,
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TABLE 23
INCORPORATION OF (1—140) LINOLENATE INTO LIPIDS OF RAT

BRAIN AFTER INTRACEREBRAL INJECTION

Ten Day Old Rats

Time After Injection

FRACTION 1/2 Hour 1 Hour 2 Hours
Neuronal
Neutral 19.9% 14.4% 12,7%
Lipids
Glycolipids 1.2 1.3 1.3
Phospholipids 78.9 84.1 85.6
Total Lipid 35,6** 62.4% 58.6%*
Radioactivity
Astroglial
* * *
Neutral 26.7 19.1 17.8
Lipids
Glycolipids 0.6 1.7 1.6
Phospholipids 72.3 79.0 80.5
Total Lipid 61.9%* : 42-1** : 64.9%*
Radioactivity

*:Percent of total lipid radioactivity.
Total lipid CPM x 1073,
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than ethanolamine phoéphoglyceride (Figure 15} but the trend
was toward a decrease in the radioactivity of the CPG fraction
and an increase in that of the ethanolamine phosphoglyceride
fraction, There were major changes in this direction between
0.5 and 1 hour in the oligodendrocyte fraction and between

1 and 2 hours in the neuron, astrocyte and myelin fractions.

By twelve hours after injection, the radioactivity in the
myelin ethanolamine phosphoglyceride fraction had surpassed
that of the choline phosphoglyceride fraction, while for the
three cell types it was probably after 36 hours that this
occurred. It would appear that the (1—14C) linolenate was first
incorporated into the choline phosphoglycerides fraction and
then transferred to the ethanolamine phosphoglycerides after
elongation. Since the specific radioactivity for each of the
four fractions is nearly constant from two to thirty-six hours
after injection (Figure 14), the rise in the proportion of radio-
activity in the ethanolamine phosphoglyceride fraction cannot
be explained by preferential uptake of the (1-140) linolenate
by the ethanolamine phosphoglyceride fraction, This is similar
to the results reported by Yavin and Menkes (1974), for bréin
culture, who also found the choline phosphoglyceride fraction
begin to decrease in raéloactivity four hours after admini-
stration of (1—14C) linolenate to the cultures with a con;

comitant rise in the ethanolamine phosphoglyceride radio-
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FIGURE 15

INCORPORATION OF [;‘" C] LINOLENATE INTO ETHANOLAMINE AND CHOLINE PHOSPHOGLYCERIDES

OF RAT BRAIN FRACTIONS AFTER INTRACEREERAL INJECTION
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Phospholipids were separated by thin layer chromatography as
described., Following development of the TIC plate the in-
dividual phospholipid spots were scraped off into counting
vials and the radioactivity determined by liquid scintilla-

tion counting. The results were expressed as percent of

total phospholipid radiocactivity.
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TABLE 24
14 :
INCORPORATION OF (1-~ 'C) LINOLENATE INTO PHOSPHOGLYCERIDE

FRACTIONS OF RAT BRAIN CELLS AFTER INTRACEREBRAL INJECTION

Five Minutes-21 Day 0ld Rats

FRACTION NEURONAL SOMA ASTROGLIA OLIGODENDROGLIA MYELIN

EPG 12,3 24.6* 15.1% 20.7%
IPG . 9.1 8.1 10.0 6.6

SPG 5.0 5.7 1.5 3.2

cPG 72.8 61.1 72.0 69.1

SPM + 0.8 0.5 1.3 0.4

L-CPG

*Percent of Total Phospholipid Radioactivity.
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TABLE 25

INCORPORATION OF (1—14C) LINOLENATE INTO PHOSPHOGLYCERIDE

FRACTIONS OF RAT BRAIN CELLS AFTER INTRACEREBRAIL INJECTION

FRACTION

One Half Hour-21 Day 0ld Rats

NEURONAL SOMA ASTROGLIA OLIGODENDROGLIA MYELIN

EPG
1PG
SPG
CPG

SPM +
L-CPG

* *

12.7 19.5% 15.0 23.0
8.3 6.4 2.3 2.9
1.6 5.1 8.1 6.0

75.1 66.8 72.6 66.7
2.2 2.1 2.0 1.4

*percent of Total Phospholipid Radioactivity.
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TABLE 26

14
INCORPORATION OF (1- C) LINOLENATE INTO PHOSPHOGLYCERIDE

FRACTIONS OF RAT BRAIN CELLS AFTER INTRACEREBRAL INJECTION

One Hour-21 bay 0ld Rats

FRACTION NEURONAIL SOMA ASTROGLIA OLIGODENDROGLIA MYELIN
EPG 5.9" 5.6% 31.1% 19.2%
IPG 0.9 5.9 7.3 4.1

SPG 7.6 8.5 11.6 3.8

CPG 74.0 75.9 48.5 72.5

SPM + 1.7 4.1 1.5 : 0.5

L-CPG

*pPercent of Total Phospholipid Radioactivity.
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TABLE 27

INCORPORATION OF (1—14C) LINOLENATE INTO PHOSPHOGLYCERIDE

FRACTIONS OF RAT BRAIN CELLS AFTER INTRACEREBRAL INJECTION

Two Hours-21l Day 0ld Rats

NEURONAL SOMA ASTROGLIA OLIGODENDROGLIA MYELIN

EB@CTION

EPG 14.1* 24.6% 30.3% 39.9%
1PG 5.1 7.9 4.6 7.4

PG 6.3 3.2 4.6 3.8

CPG 70.5 62.9 60.5 48.6

SPM + 4.0 | 1.2 0.2 0.3

L-CPG ’

*percent of Total Phospholipid Radioéctivity.
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TABLE 28

INCORPORATION OF (1—140) LINOLENATE INTO PHOSPHOGLYCERIDE

FRACTIONS OF RAT BRAIN CELLS AFTER INTRACEREBRAL INJECTION

Four Hours-21 Day 01d Rats

* . . ‘s
Percent of Total Phospholipid Radioactivity.

91

FRACTION NEURONAI SOMA ASTROGLIA OLIGODENDROGLIA MYELIN

* * *
EPG 11.8 20,2 19.5 31.2
1PG 6.4 | 4,4 6.7 3.2
SPG 3.0 3.9 1.1 4,2
CPG 73.9 67.5 69.9 59.9
SPM + 4.9 4.0 2.5 1.4
L-CPG




TABLE 29
14
INCORPORATION OF (1- C) LINOLENATE INTO PHOSPHOGLYCERIDE

FRACTIONS OF RAT BRAIN CELLS AFTER INTRACEREBRAL INJECTION

Twelve Hours-21 Day 0ld Rats

FRACTION NEURONAL SOMA ASTROGLIA OLIGODENDROGLIA MYELIN

EPG 18.1" 34.7" 32.5" 47.8"
1PG 7.1 9.3 7.1 4.9
SPG | 8.4 4.1 3.9 8.0
CPG 60.9 50.6 55,1 38,9
SPM + 5.4 1.2 1.4 0.4

L-CPG

*Percent of Total Phospholipid Radioactivity,
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TABLE 30
14
INCORPORATION OF (1~ C) LINOLENATE INTO PHOSPHOGLYCERIDE

FRACTIONS OF RAT BRAIN CELLS AFTER INTRACEREBRAL INJECTION

Thirty-Six Hours-21 Day 0ld Rats

FRACTION NEURONAL SOMA ASTROGLIA OLIGODENDROGLIA MYELIN

* * * *

EPG 34.6 41.6 33.7 61.3
1PG 4.6 5.9 11.0 6.6
SPG . 4.6 8.2 4.1 7.4
CPG 54,3 43.7 50.0 24.2
SPM + 2.0 0.6 1.1 0.4

L~-CPG

*percent of Total Phospholipid Radioactivity.
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TABLE 31
INCORPORATION OF (1—14C) LINOLENATE INTO PHOSPHOGLYCERIDE
FRACTIONS OF RAT BRAIN CELLS AFTER INTRACEREBRAL INJECTION

Ten Day 0ld Rats

One Half Hour One Hour
FRACTION NEURONAL SOMA  ASTROGLIA NEURONAL SOMA  ASTROGLIA
EPG 20,1" 25.8" 13.8" 18.6"
IPG 10.3 16.1 | 3.6 8.1
SPG 1.8 1.3 13.0 2.1
cre 67.3 56.0 67.0 69.6
sPM + 0.4 0.7 2.6 1.6

L-CPG

Two Hours

NEURONAT, SOMA © ASTROGLIA *

EPG 19.3 27.6
IPG - 9.2 11.6
SPG 2.2 2.0
CPG 67.7 58.1

~ SPM + 1.5 0.6
L-CPG

*Percent of Total Phospholipid Radioactivity.
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activity. By eight hours after (1-14¢) 1linolenate administra-
tion, the ethanolamine- and choline phosphoglyceride fractions
had nearly equal radioactivity in their experiments. The re-
maining phosphoglyceride fractions (Table 24-31) contained
1ittle of the radioactivity compared to EPG and CPG and by 36
hours after injection IPG and SPG were nearly equal in radio-
activity.

The rate of conversion of the linolenate to other fatty
acids is shown in Figure 16 wherein the percentage of non-
linolenate phosphoglyceride fatty acid radioactivity is plotted
against time after injection. At five minutes after injection
75% of the fatty acid radioactivity was still linolenate;
approximately 25% has been converted to other fatty acids., A
'small amount of degradation and synthesis utilizing the de-
gradation products had occurred since approximately 2.5% of the
fatty acid radioactivity was in palmitic acid (1.3% in the oli-
godendroglia fraction), At five minutes approximately 20% of
the fatty acid radioactivity was in elongated products, with
the 20:4 and 20:5 + 22:3 fractions having the most, 5-8% each
(Table 32). Within thirty minutes after injection 40-45% of
the linolenate had been elongated‘or degraded and neutralized
(Figure 16 and Table 33). The astrocytes had converted the
most (47%) and myelin the least (40%) of the linolenate to

other fatty acids. The three cell fractions have approximately
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FIGURE 16

INCORPORATION OF [/-"C] LINOLENATE |INTO PHOSPHOGLYCERIDES FATTY ACIDS
OF RAT BRAIN FRACTIONS AFTER INTRACEREBRAL INJECTION

‘00t

PERCENT OF PHOSPHOGLYCERIDE FATTY ACID RADIOACTIVITY

g
()
2
-~
©
2
S
~J
O
N O—ONEURONS
1 *—XK ASTROCYTES
40 i o—0 OLIGODENDROCYTES
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sl 2 4 2 36
MIN. TIME AFTER INJECTION (HOURS)

Phosphoglyceride fatty acid radioactivity was analyzed as
described in the Materials and Methods section. The per-
cent of fatty acid radioactivity excluding the starting
tracer, (1-14C) linolenate, was calculated and plotted
against time after injection.
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TABLE 32

INCORPORATION OF (1—14C) LINOLENATE INTO PHOSPHOGLYCERIDE FATTY
ACIDS OF RAT BRAIN CELLS AFTER INTRACEREBRAL INJECTION

Five Minutesg-21 Day 0ld Rats

FATTY NEURONAL
_ACID SOMA
14:0 0.2"
16:0 2.6
18:0 0.6
18:1 0.3
18:2 -
18:3 + 20:1 75.6
20:2 2.7
20:3 0.7
20:4 (n-6) | 8.5
20:5 (n-6) 6.2
+22:3 (n-9)

22:4 (n-6) 0.8
22:5 (n-6) 0.6
22:5 (n-3) 0.8
22:6 (n—?) 0.4

Total Elongation 20.7

Total De Novo 3.7

*percent of Total Fatty Acid Radioactivity.

Legend for Tables 26-32

ASTROGLIA OLIGODENDROGLIA

MYELIN
0.1* 0.1 -
2.4 1.3 2,4"
0.7 0.1 1.0
- 0.3 -
0.3 0.2 -
74.9 77.0 "77.3
5.9 3.2 4,2
0.6 0.6 0.6
5.8 7.6 6.5
6.3 6.3 5.1
0.6 1.2 1.0
0.5 0.5 0.2
0.9 1.2 0.9
1.0 0.3 0.9
21.6 20.9 19.4
3.2 1.8 3.4

Phosphoglyceride fatty acid radioactivity was analyzed by GIC

as described.
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35-37% of the fatty acid radioactivity in the elongated pro-
ducts, while myelin contains only 23% in the long chain fatty
acids. Among the polyunsaturated fatty aéids, 20:4 and 20}5 +
22:3 had the most radioactivity. Six to ﬁine percent of the
radioactivity in the cells and 17% in myelin phosphoglycerides
was in 16:0 - 18:1 fatty acids, mostly in palmitic acid. Be-
tween one-half and one hour, there was a lag in conversion

of the linolenate in all fractions except the oligodendroglia
(Figure 16). Also, thé radioactivity in 22:5 (n-3) began to
increase, most iikely at the expense of 20:5 or 22:3 (Table 34).
There was another rapid conversion of the linolenate between
one and two hours after injection, 70-80% of the radioactivity
was in other fatty acids. Of the saturates, palmitic acid still
contained the most radioactivity (7.6-11%), but in the polyun-
saturated fatty acids fractions, the radioactivity of 22:5

(n-3) had nearly equalled or surpassed that of both the 20:4
and 20:5 x 22:3 fractions (Table 35). The radioactivity in
22:6 (n-3) was also beginning to increase.

At four hours after injection, there was the widest spread
in the percentage of radioactivity in the linolenate of the
four fractions, 23% in the astrocyte and 40% in the myelin
phosphoglycerides (Table 36), From 45% (myelin) to 56%
(neuronal soma) of the fatty acid radioactivity was in the poly-

unsaturated fatty acid fraction. From four to thirty-six hours
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TABLE 33

14
INCORPORATION OF (1- C) LINOLENATE INTO PHOSPHOGLYCERIDE FATTY
ACIDS OF RAT BRAIN CELLS AFTER INTRACEREBRAL INJECTION

Thirty Minutes—21 Day Old Rats

FATTY NEURONAL ASTROGLIA OLIGODENDROGLIA MYELIN
_ACID soma
14:0 0.2" 0.2* 0.2" 0.1%
16:0 3.9 7.3 4,2 10.4
18:0 1.6 1.6 1.7 5.0
18:1 0.6 0.4 0.3 1.3
18:2 o1 - 0.2 0.4
18:3 + 20:1 58.7 53,0 57.1 59,9
20:2 1.5 3.0 1.3 1.7
20:3 0.7 0.4 0.8 0.9
20:4 (n-6) 14.7 11.0 13.8 9.7
20:5 (n-6) 10.6 15.5 12.0 6.3
+22:3 (n-9)
22:4 (n-6) 1.4 1.7 1.5 1.6
22:5 (n-6) 1.4 0.7 1.4 0.6
22:5 (n-3) 3.1 2.2 3.6 1.0
22:6 (n-3) 1.4 2.7 1.8 1.1
Total Elongation 34.8 37.2 36.2 22.9

Total De Novo 6.3 9.5 6.4 16.8

*percent of Total Fatty Acid Radioactivity.
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TABLE 34

INCORPORATION OF (1—14C) LINOLENATE INTO PHOSPHOGLYCERIDE FATTY
ACIDS OF RAT BRAIN CELLS AFTER INTRACEREBRAL INJECTION

One Hour-21 Déy,Old Rats

FATTY NEURONAL ASTROGLIA OLIGODENDROGLIA MYELIN

_ACID SOMA
14:0 0.2* 0.2* 0.3* 0.4*
16:0 6.4 8.0 6.4 5.5
18:0 1.6 1.0 2.6 2.6
18:1 - 0.5 0.6 1.0 0.5
18: 2 0.2 v 0.2 - 0.3
18:3 + 20:1 58.6 53.8 46.1 64.7
20:2 1.5 1.4 1.9 1.5
20:3 0.6 0.8 1.3 1.0
20:4 (n-6) 15.1 23.7 14.4 11.3
20:5 (n-6) 9.0 1.0 15.2 6.3
+22:3 (n-9)
22:4 (n-6) 1.0 0.9 1.7 1.4
22:5 (n-6) 0.8 - 0.9 0.6
22:5 (n-3) 3.1 5.0 6.3 2.5
22:6 (n-3) 1.4 2.3 2.0 1.5
Total Elongation 32.5 35.1 43,7 26.1
Total De Novo 8.7 10.7 10.3 9.0

*pPercent of Total Fatty Acid Radioactivity.
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TABLE 35
INCORPORATION OF (1—14C) LINOLENATE INTO PHOSPHOGLYCERIDE FATTY
ACIDS OF RAT BRAIN CELLS AFTER INTRACEREBRAL INJECTION

Two Hours-21 Day 01d ﬁats

FATTY ACID NEURONAL SOMA ASTROGLIA OLIGODENDROGLIA

14:0 - - - -

) * * *
16:0 7.6 11.2 10.9
18:0 2.5

' 2.6 _ 3.4

18:1 1.1
18:2 0.1 0.5 -
18:3 + 20:1 27.5 20.8 26.1
20:2 1.0 1.4 -
20:3 0.6 1.2 -
20:4 (n-6) 19.1 12.1 15.1
20:5 (n-6) 15.9 17.2 19.3

+22:3 (n-9)
22:4 (n-6) 1.3 1.3 1.7
22:5 (n-6) 3.1 1.7 2.5
22:5 (n-3) 16.5 19.1 ' 13.4
22:6 (n-3) 4.8 9.8 7.6
Total Elongation 62.3 63.8 59,5
Total De Novo 10.2 ' 14.9 14.3

*percent of Total Fatty Acid Radioactivity.
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TABLE 36
INCORPORATION OF (1—140) ILINOLENATE INTO PHOSPHQGLYCERIDE FATTY
ACIDS OF RAT BRAIN CELLS AFTER INTRACER.EBRAL INJECTION
Four Hours—zi Day 014 Rafs
FATTY ACID NEURONAL SOMA ASTROGLIA MYELIN
14:0 - 0.2* 0.3*
16:0 11,2 17.9 9.1
18: 0 2.3 4.8
. : 5.8
18:1 1.6 1,2
18:2 0.1 0.1 -
18:3 + 20:1 ' 28.6 22.8 ' 39.7
20:2 1.6 0.2 0.6
20:3 0.4 0.5 0.2
20:4 (n-6) 23.4 11.4 | 16.3
20_;;2-5;“6(31_9) 11.3 9.3 12.5
i 22:4 (n-6) 1.7 _ - 2.4
| 22:5 (n-6) 3.7 2,0 | 1.3
22:5 (n-3) | 8.9 11.7 7.7
| 22:6 (n-3) 5.1 17.8 4.1
Total Elbngation 56.1 52.0 45,1
Total De Novo 15.1 : 24.1 15,2
*Percent of.Total Fatty Acid Radioactivity.
a
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after injection there was a gradual rise in the non-linolenate
fatty acid radioactivity. Only 6-11% of the radioactivity of
the cell phosphoglyceride fatty acids was still in the linole-
nate fraction at 12 hours, 18.8% in the myelin fraction (Table
37). Radioactivity in the 22;6 (n-3) fractions was approach-
ing that of the 22}5 (n-3) fraction. Over 70% of the radio-
activity of the cell phosphoglyceride fatty acids was in the
elongated products, 58.3% in myelin, At 36 hours after in-
jection (Table 38) the four fractions have nearly identical
amounts of radicactivity remaining in linolenate (3-8%). In
the neuronal soma most of the radioactivity was in 22:5 (n-3)
followed by 22:6, 20:3+20:4, 16:0 and 20:5+ 22:3 while in the
oligodendroglia the pattern was 22:6> 22:5 (n-3)>18:0>16:0~
20:4> 20:5 + 22.3 and in myelin phosphoglyceride fatty acids
22:6> 22:5 (n-3)>20:3 + 20:4> 18:0>20:5 + 22:3> 16:0, in-
dicating differences in the elongation patterns of the various
fréctions. Yavin and Menkes (1974) also found 22:6, 21:5 and
20:5 to be the majcr-products formed from 18:3 in their cell
cultures and little radioactivity was in the short chain fatty
acids. fen day old neuronal soma and astroglia (Figure 16 and
Tables 39 and 40)appeared to elongate more rapidly than 21 day
old cells.

In the three cell fractions and myelin, between 5 minutes

and 36 hours, the fatty acid radioactivity goes in a pattern
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TABLE 37

INCORPORATION OF (1-—14C) LINOLENATE INTO PHOSPHOGLYCERIDE FATTY
ACIDS OF RAT BRAIN CELLS AFTER INTRACEREBRAL INJECTION

Twelve Hours-21 Day 0Old Rats

FATTY NEURONA L ASTROGLIA OLIGODENDROGLIA MYELIN

_ACID S OMA
14:0 0.2* 0.4% - -
16:0 15.3 12.2 6.3" 11.5%
18:0 3.9 4.2 , 4.3 9.0
18:1 2.9 3.5 2.9 2.3
18:2 . 0.3 0.4 - 0.3
18:3 + 20:1 5.9 7.6 10.9 18.8
20:2 0.3 1.0 - 0.6
20:3 0.3 0.4 - 0.6
20:4 (n-6) 10.4 9.2 12.7 13.9
20;2252‘3;_9) 15.6 10.9 19.3 13.5
22:4 (n-6) 1.7 1.2 1.7 2.6
22:5 (n-6) 2.7 1.2 3.5 2.0
22:5 (n-3) 27.0 26.0 24.8 13.5
22:6 (n-3) 13.4 21.7 13.5 11.6
Total Elongation 71.4 71.6 75.5 58.3

Total De Novo 22,3 20.3 13.5 22.8

*percent of Total Fatty Acid Radioactivity.

104




INCORPORATION OF (1—14C)LINOLENATE INTO PHOSPHOGLYCERIDE FATTY

TABLE 38

ACIDS OF RAT BRAIN CELLS AFTER INTRACEREBRAL INJECTION

FATTY

ACID

14:0

16:0

18:0

18:1

18:2

18:3 + 20:1

20:2

20:3

Zd:4 (n-6)

20:5 (n-9)
+22:3 (n-9)

22:4 (n-6)

22:5 (n-6)

22:5 (n-3)

22:6 (n—é)

Thirty-six Hours-21 Day 0ld Rats

NEURONA L

S OMA

0.1%

11.0

31.2

22.3

Total Elongation

Total De Novo

*percent of Total Fatty Acid Radioactivity.

77.4

20.1

OLIGODENDROGLIA

24.3

27.6

73.7

21.4

MYELIN

13.3

0.6

18.2

20,9

'70.2

21,0



TABLE 39

14 '
INCORPORATION OF (l1-" 'C) LINOLENATE INTO PHOSPHOGLYCERIDE FATTY
ACIDS OF RAT BRAIN CELLS AFTER INTRACEREBRAL INJECTION

One Hour-10 Day 0ld Rats

FATTY ACID ~ NEURONAL SOMA ASTROGLIA
14:0 0.3% 0.6"
16:0 18,0 21.2
! 18:0 3.3 4.0
18:1 1.5 2.1
18:2 ’ 0.2 0.1
18:3 + 20:1 25.5 25,0
20:2 | 1.7 1.7
20:3 0.6 | 0.8
20:4 (n-6) 15,1 8.2
20:5 (n-6) 16.1 19.8
+22:3 (n-9)
22:4 (n-6) 1.2 1.0
22:5 (n-6) 2,5 1.0
22:5 (n-3) 9.7 9.1
22:6 (n-3) 4.0 5.3
Total Elongation 50.9 _ 46.9
Total De Noyo 23.1 27.9
fPercent of‘Total Fatty Acid Radioactivity.
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TABLE 40

14 7
INCORPORATION OF (1- C) LINOLENATE INTO PHOSPHOGLYCERIDE FATTY
ACIDS OF RAT BRAIN CELLS AFTER INTRACEREBRAL INJECTION

16 JSé:ty ”Old qR;ats

, (r)né/Ha-lfuﬁéur Two Houi'é
FATTY ACID NEURONAL §OMA ASTROGLIA NEURONAL SOMA
14:0 .3t 0.4" 0.5
16:0 15.1 15,0 18.8
18:0 3.6 2.8 4.5
18:1 0.7 1.1 1.7
18:2 1.5 0.2 0.4 -
18:3 + 20:1 40.7 40.8 26.0
20:2 0.2 2.8 1.3
20:3 0.6 | 0.7  12.5
20:4 (n-6) 15.5 8.6 " 11.4
20:5 (n-6) 13.1 20.1 | 1.2
+22:3 (n-9)

22:4 (n-6) 1.1 1.0 1.4
22:5 (n-6) 1.1 0.6 2.7
22:6 (n-3) 3,5 3.5 7.6
22:6 (n-3) 2.9 2.4 10.2
Total Elongation 38.0 " 39,7 4.3
Total De Novo 19.7 19.3 ©25.5

*percent of Total Fatty Acid Radioactivity.
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from 18:3—> 20:4-> 20:5-> 22:5-> 22:6, which is expected from
the known elongatién pattern of linolenic acid (Sprecher, 1972).

The patterns of fatty acid conversion (Figure 16) and EPG-
CPG radioactivity (Figure 15) resemble each other in that there
were rapid changes within the first two hours followed by a
period from 2-36 hours of gradual changes. It would appear then,
that as the linolenate is elongated, the elongated products are
transferred to the ethanolamine phosphoglycerides. This is not
surprising since ethanolamine phosphoglyceride fatty acids are
more unsaturated than the fatty acids found in the choline phos-
phoglyceride fraction and polyunsaturated fatty acids are prefer-
entially incorporated into the ethanolamine phosphoglycerides
(McMurray and McGee, 1972).

The data in Tabe 41 are the proportion of radioactivity in
the carboxyl carbon of the fatty acids 16:0, 18:3, 20:4, 20:5,
22:5 (n-3) and 22:6 collected from the GIC of various fractions
and times. Because of the low carboxyl radioactivity in the
22:6 and 22:5 (n-3) fractions, it is obvious that the radio-
activity in these fatty acids was in the remainder of the carbon
chain ané hence are derived from the elongation of the radio-
active 18:3, The data from 20:4 and 20:5 demonétrate'that most
of the radioactivity of these fatty acids was not in the carboxyl
carbon. However, it is iméossible to conclude how these acids

were synthesized, probably becigge of the heterogeneous nature



of these fatty acid peaks (20;4 contains both 20:4 (n-6) and
20:4 (n-3) while 20:5 contains 22:3 (n-9), 20:5 (n—6) and 20:5
(n~-3). Low R.C.A. (theoretically zero) would indicate elonga-
tion of 18:3, a R.C,A. of about 10% indicates de Novo synthesis
and equal distribution of the radioactivity between the carbon
atoms. A high R.C.A. indicates elongation of an endogenous non-
radioactive fatty acid such as the essential fatty acid lino-
leic, Dhopeshworkar, et al (1971b) obtained similar results
following feeding of (1-140) linolenate to rats and extraction
and analysis of the brain fatty acids, except that their 20:4
had a very high R.C.,A. (81.7%) indicating different mechanisms
of degradation and elongation between fed and intracerebrally
injected fatty acids. This is certainly an important area for

future research.
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TABLE 41

% PERCENTAGE OF RADIOCACTIVITY IN THE CARBOXYIL CARBON OF BRAIN
{ FATTY ACIDS AFTER INJECTION OF (1—14C) LINOLENATE

FATTY ACID S OURCE TIME AFTER INJECTION % R.C.A.*

1630 myelin 1/2 hour 2.8
16:0 myelin 12 hours 11.0
}éig ______ neurons 1/2 hour 5.3
18:3 neurons 1 hour - —_—_-__§§T6—__
18;3 astrocytes 1 hour 100

18:3 myelin 1/2 hour 87.0
18:3 myelin 1 hour 91.5
20:4 neurons 5 min. 9,2
20:4 neurons 1 hour 9.3
20:4 astrocytes 4 hours 13.0
20:4 myelin 5 min, .
20:5 astrocytes hours .
20:5_ myelin _______ 1/2 hour 3.3 __
22£§_ n-3) __myelin ______ 36 hours _________ ___0.11 _
22:6 myelin 12 hours 0.54
22:6 myelin 36 hours 0.56

*¢ R.C A. = relative carboxyl activity (radioactivity in
-COOH X 100/radioactivity in total fatty acid.

The fatty acid peaks from phosphoglycerides of rat brain

cells of intracerebrally injected rats were collected by
GIC and decarboxylated as described.
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IV Conclusions

A, The Method of Brain Cell Isolation

It is significant for the future of neurochemistry that
this study was able to duplicate the cell isolation procedure
of Norton and Poduslo (1970) and obtain results similar to
theirs. The investigation of neuronal and glial metabolism
is an important area of research and for the bulk cell iso-
lation methods to become accepted (as they are, since an in-
creasing number of papers and reports at the American Society
for Neurochemistry meetings utilize such a method) they must
be readily reproducible from laboratory to laboratory. While
some conditions (such as amount and time of trypsinization)
must be altered from laboratory to laboratory, it is the con-
clusion of this study that the Norton and Poduslo method
offers a practical isolation technique for the preparation of
neurons, astrocytes and oligodendrocytes.

However, one muét be cautious since the isolation pro-
cedures may alter the metabolism of the cells as this study

14C) acetate into

demonstrated with the incérporation of (1-
the choline phosphoglycerides (Table 3). Careful controls are
necessary to determine the extentlof damage, if any, to the
particular.pathway or enzyme under investigation in the iso-

lated cells.

In this study, a method is presented for the investigation
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of the in vivo oligodendrocyte metabolism of sﬁall animals, by
using white matter from calf brain as a carrier and a mathe-
matical calculation of the dilution factor, The validity of the
method was indicated by the fact that the results obtained agree
with those found in the in vitro studies and the theoretical
prediction for the dilution factor was close to the actual ex-
perimental values.
B. The Neuron and Astrocyte

Previous work with neuronal soma and glial preparations has
‘revealed that in the adult rat or rabbit, in vivo and in ziggg,
protein synthesis is occurring at a more rapid rate in the
neuronal fraction than in the glia (Blomstrand and Hamberger,
1969, 1970; Rose, 1968, Hamberger et al, 1971:‘Tip1ady and Rose,
1971). Likewise, studies of RNA metabolism of the two cell
fractions has demonstrated a more rapid incorporation of
labelled precursors into neuronal as compared to gliai RNA
(Volpe and Giuditta, 19677 Flangas and Bowman, 1970; Jarlstedt
and Hamberger, 1971). This present work and that of Freysz
et al, (1969) arrive at a similar conclusion with regard to
lipids; a more rapid metabolism in the adult neuron than in
the adult glia with respect to the incorporation of the lipid
precursors investigated in this study, (Figure 9 énd Table 5).
The finding in this study of a more active astrocyte lipid

metabolism at 10 days of age probably reflects the fact that, at
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that age in the rat, the glia are still dividing and growing
at a rapid rate and hence are rapidly synthesizing membranes,
while the neurons have reached their adult number (Brizzee et
al, 1964). From these results, it can be concluded that
generally the neuronal soma have a more active metabolism than
the‘neuroglia.

Both cell types appear to have the full compliment of
lipid synthesizing enzymes, some pathways such as ganglioside
biosynthesis (Radin et al, 1972; Jones et al, 1972) and the cyti-
dine-dependent pathways for choline and ethanolamine phospho-
glyceride biosynthesis (Goracci et al, 1973) may be primarily
neurcnal, This study found that both cell types have the ability
both to synthesize all the phospholipid classes from the radio-
active precursors acetate, stearic, linoleic and linolenic acid
and elongate linolenic acid, While there were quantitative
differences in the amounts of lipid synthesized which depended
upon the age of the cells (Figure 9 and Table 5) very few
qualitative differences were found in the pattern of incorpora-
tion into phospholipids (Figure 12, 13 and 15 and Tables 24-31)
and elongation into fatty acids (Tables 7 and 32-40). The
possibility of a localization of iipid biosynthetic pathways
to one cell type and transfer of lipid to other cells was |
neither proved nor disproved by this study.

There  are three processes in which the glia have been
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found to be more active than the neurons, 1) generation of
amino acids from glucose (Rose, 1968), 2) uptake and concen-
tration of potassium from the medium (the glial Natkt-ATPase
was also more sensitive to potassium ions) Haljamae and
Hamberger, 1971- Henn, et al, 1972) and 3) uptake ofA aminobuty-
rate from the medium (Henn and Hamberger, 1971). The function
of these cells may be both as a source of some metabolites for
the neurons, since the glia generate amino acids but the neurons
utilize them more rapidly, and also as regulators of the extra-
‘cellular milieu of the neurons (see Bunge, 1970 for a discussion).

With regard to brain lipid metabolism, this study describes
results similar to those of Yavin and Menkes (1974), namely that
the elongation of fatty acids occurs before they are incorporat-
ed into EPG and the elongation of 18:3 to 20:5, 22:5 (n-3) and
22:6 (n-3). '
C. The Oligdendrocyte and Myelin

Histochemical studies of the oligodendrocyte have indicated
high levels of enzymes of the hexose monophosphate shunt (Lowry,
1955; Meyer and Meyer, 1964). This has been interpreted by
Adams (1965) as being indicative of the rapid lipid metabolism
of the oligodendrocyte in relatiohship to its maintenance of
the myelin sheath, since this pathway supplies the NADPH
necessary for lipid bios¥nthesis (see Bunge, 1968 for a dis-

cussion of the oligodendrocyte-myelin relationship). This
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study found no product-precursor relationship between the oligo-
dendrocyte and myelin, but this may have been due to the type
of experimental protocol used. The fatty acid composition of
the phospholipids of the oligodendrocytes and myelin fractions
was similar (Table 10).

Norton and Poduslo (1973) calculated that during develop-
ment each oligodendrocyte must synthesize more than three times
its own weight of myelin each day. It would be necessary for
each of these cells to be highly specialized for the synthesis
~of myelin membranes. This would explain the histochemical
studies and the findings of the work presented in this paper:
that the oligodendrocyte is a cell uniquely geared to the syn-

thesis of lipids for the production of myelin.
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