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Recent studies on the effect of various
types of physical or psychic stress on the
phospholipid composition of blood plasma
and tissues in humans and animals showed
a significant increase of one particular phos-
pholipid, phosphatidylglycerol (GPG), while
other phosphatides were affected to a lesser
extent or not at all (1). Some of these stud-
ies suggested a possible role of the brain in
the regulation of phospholipids in stress. As-
suming that adaptation to environmental and
pathological stress may involve biological en-
ergy control and utilization, it was thought
that the regulatory role of the brain in phos-
pholipid metabolism in stress may be stimu-
lated by changes of oxygen utilization of the
brain. This problem was explored by exami-
nation of the plasma phospholipids in the
carotid artery and internal jugular vein of
patients with cerebrovascular diseases and
various degrees of decreased cerebral blood
flow and diminished cerebral oxygen con-
sumption. This investigation showed that the
GPG content of the plasma from the inter-
nal jugular vein was significantly greater
than the GPG value of the plasma from the
internal carotid artery. However, while there
was some correlation between the A-V differ-
ence of GPG across the brain and decreased
cerebral blood flow, or cerebral oxygen con-
sumption no more definite relation between
these parameters could be established (2).
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It was thought that more evidence for a pos-
sible role of the brain in the described
changes of phospholipids in stress may be
obtained from animal experiments allowing
simultaneous examination of phosphatides
across the brain and the splanchnic area of
the circulation. Tt was decided to examine
the phospholipid composition of the blood
plasma from the femoral artery, the sagittal
sinus and the hepatic vein before and after
hemorrhagic shock.

Materials and Methods. The experiments
were performed on 7 mongrel dogs. The ani-
mals were anesthetized by intravenous ad-
ministration of sodium pentobarbital (35
mg/kg). A continuous infusion of the anes-
thetic was also maintained throughout the
experiment in order to produce a relatively
steady level of anesthesia. An arterial can-
nula was placed in the carotid artery to
monitor blood pressure, another was intro-
duced into the femoral artery for sampling
of arterial blood and hemorrhaging the ani-
mal. Hepatic venous blood samples were ob-
tained through a catheter introduced from
the jugular vein and directed into the left
hepatic lobe by manual controls through lapa-
rotomy. Sagittal sinus blood was taken
through a catheter. One hour after the place-
ment of all the catheters control blood sam-
ples were taken simultaneously from the
femoral artery, hepatic vein and sagittal si-
nus vein. This was followed by a massive
hemorrhage which consisted of removing ap-
proximately half of the circulating blood vol-
ume. Arterial blood pressure was monitored
throughout the hemorrhage, and withdrawal
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of the blood was adjusted so that the post
hemorrhagic mean arterial blood pressure
equaled about 50% of the control value. Ap-
proximately 30 min following hemorrhage a
second experimental set of blood samples was
taken from the same sites. At the end of the
experiment the location of all catheters was
confirmed.

All blood samples were collected in hepa-
rinized tubes and kept and centrifuged in the
cold. No heparin was administered into the
animals.

Analysis of the phospholipid composition
of the blood plasma from the femoral artery,
sagittal sinus, and hepatic vein. The blood
samples were centrifuged immediately and
the plasma was frozen and stored, or when
possible, extracted immediately with 20 vol
of chloroform-methanol (2:1 v/v) for 24 hr
at room temperature. No significant changes
in the analyzed phospholipids were observed
during the freezing and storage. The protein
precipitate was filtered off on-a sintered glass
funnel and the solution was evaporated to
dryness in nitrogen stream. The residue was
dissolved in chloroform-methanol-water (60:
30:45). This solution was passed through a
glass column of 6 mm diameter packed with
2 g of Sephadex G-25 for removal of non-
lipid impurities (3). The eluate was again
evaporated to dryness in a stream of nitro-
gen. The residue was dissolved in 25 ml of
chloroform. The separation of the phospho-
lipid fractions and phospholipid analyses
were carried out in duplicate as described
elsewhere (4, 5). The purified lipid extract
was passed through a column of 6 g silicic
acid for removal of the neutral lipids and
aliquots of the phospholipids thus obtained
were subjected to mild alkaline hydrolysis
with 0.03 ¥ NaOH in ethanol for 20 min at
37°. The hydrolyzate was neutralized with
ethyl formate and again evaporated in a ni-
trogen stream. The residue was distributed
between 2 vol of isobutanol-chloroform (1:
2, v/v) and 1 vol of water and the two
phases were separated by centrifugation. An
aliquot of the water phase containing the
deacylated (alkali labile) phospholipids was
placed on Whatman 3 MM paper and the
glycerol phosphate components were sepa-

rated first by descending chromatography in
phenol saturated with water-acetic acid-
ethanol for 16 hr. The solvents then were re-
moved and separation in the second dimen-
sion was obtained by high voltage ionophore-
sis in pyridine-acetic acid-water at pH 3.6
using a current of 100-125 mA at 2000 V
for 1.5 hr with a Savant apparatus. The
chromatograms were dried and then sprayed
with Ninhydrin reagent to locate amine li-
pids and afterwards with acid molybdate (4)
to determine the phosphorus compounds.
Choline containing compounds were detected
with Dragendorff’s reagents when necessary.
Analyses of the alkali stabile fractions (plas-
malogens, sphingomyelin, alkyl ethers) con-
tained in the chloroform fraction were car-
ried out as described by Dawson (4). The
individual chromatographic spots were iden-
tified by R; values found with deacylated
authentic standards. In the case of GPG
pure phosphatidylglycerol, which was isolat-
ed from human blood plasma (6), *C la-
beled GPG isolated from Scenedesmus (7),
and chemically synthesized GPG (8) were
used. Quantitation of the individual phospho-
lipids was performed by digestion of the
stained spots with 72% of perchloric acid
and subsequent determination of inorganic
phosphorus (9, 10).

Results and Discussion. Table 1 demon-
strates the detailed composition of plasma
phospholipids from the artery and veins be-
fore and after hemorrhagic shock. It is dem-
onstrated that prior to the shock the concen-
trations of GPG, phosphatidyl ethanolamine,
and phosphoinositides were significantly high-
er in the plasma from the sagittal sinus than
in the plasma from the artery. The elevation
of phosphoinositides may not be meaningful,
because of limitation of the method (4). No
similar increase of GPG or any other phos-
pholipid was found across the splanchnic
area (in the hepatic vein) under control con-
ditions.

Effect of severe hemorrhage on phospho-
lipids in arterial and venous plasma. Table 1
also shows that following the hemorrhage
there was a small decrease of total lipid phos-
phorus and lecithin concentration in the ar-
terial plasma. At the same time the arterial
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TABLE II. Differences in Plasma Phospholipid
Concentration (umoles/liter) Across the Brain.®

Sagittal sinus
minus arterial

Before After
hemorrhage hemorrhage

Total lipid phosphorus 143 + 78 58 + 46
Phosphatidyl ethanolamine 12 + 4 10+ 3
Phosphatidylglyeerol 7+ 2 12+ 4

® Values are expressed as micromoles per liter,
mean + SEM; differences represent mean change
=+ SEM.

concentration of GPG increased significantly.

No significant differences were observed in
any of the phospholipids across the splanch-
nic area following hemorrhage. The differ-
ences in plasma phospholipid concentrations
across the brain before and after hemorrhag-
ic shock are reviewed briefly in Table II.

It can be seen from Table II that while
there was no significant difference of total
lipid phosphorus across the brain following
hemorrhage, the negative A-V difference (i.e.,
release) for phosphatidyl ethanolamine still
persisted and the difference for GPG even be-
came markedly greater (from 7 %= 2 to 12 %=
4). This change of the difference of GPG
across the brain after the hemorrhage is not
quite significant statistically, because a few
rather high differences of GPG across the
brain existed already before the hemorrhagic
shock.

It is not quite clear at this time what the
physiological significance of the phospholipid
release from the brain is under control con-
ditions. Although decrease of total phospho-
lipid concentration following hemorrhage has
been observed previously (11) its importance
is still obscure. It is of interest to note that
GPG, which was shown to be associated with
other forms of shock is elevated following
hemorrhage and its source (at least in part)
is the brain.

The biological significance of the increase
of GPG in plasma after hemorrhagic shock
can only be surmised at present. It is of in-
terest to note in this connection that the in-
crease of GPG in plasma after another stress
(acceleration of rats) failed to occur in hypo-

physectomized animals and that a consider-
able elevation of GPG in the brain appeared
instead (1). Recent in vitro studies by Eich-
berg et al. (12) showed that catecholamines
such as L-norepinephrine increased the 32P
incorporation into GPG 4- to 6-fold in pineal
culture systems. It thus may be hypothe-
sized that the considerable increase of cate-
cholamines found after hemorrhagic shock
(11) may trigger an increase of GPG in the
brain, which then may be released into the
circulation. Discussing a probable function
of GPG in stress it is well to emphasize that
Macfarlene (13) and others (14) have given
convincing evidence that a number of bac-
teria produce ortho-amino acid esters of GPG
and phosphatidopeptides have been reported
isolated from liver and other animal tissues
(15). One may be tempted to postulate a pos-
sible release of polypeptide esters of GPG
from the pituitary to be involved in adapta-
tion to stress, but such an assumption may
only be realized after extensive additional
investigations.

Summary. The phospholipid composition
of arterial, sagittal sinus and hepatic venous
blood plasma was investigated in dogs under
pentobarbital anesthesia both before and
shortly after a severe hemorrhage. The total
lipid P concentration in the artery decreased
following hemorrhage, but the phosphatidyl-
glycerol concentration increased. Only small
and variable differences were observed across
the splanchnic region either before or after the
bleeding. A significant release of total lipid
P, phosphatidyl ethanolamine, choline plas-
malogen and phosphatidylglycerol was noted
across the brain under control conditions.
The individual phospholipids were continued
to be released even following hemorrhage.
The physiological significance of these
changes will have to await further study.
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