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Acute hypoxia modulates
arachidonic acid metabolism in
cat carotid bodies. Role of
dopamine
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Abstract. The hypoxic stimulus of the arterial blood is transformed at
the carotid body (CB) chemoreceptors into neuronal signals regulating
respiration. The mechanism of chemotransduction is until now not well
understood. In this study the regulation of arachidonic acid (AA)
release and its incorporation into membrane glycerolipids were
investigated. Moreover, the effect of hypoxia and dopamine (DA) on
these processes was evaluated. The CB were excised from cats exposed
in situ to normoxia or hypoxia. Then CB were homogenized and used
as a source of enzyme (s). It was observed that Ca** enhanced the
release of AA by 40-50% through the action of phospholipase C
together with diacyl-glycerol lipase and phospholipase A2. Acute
hypoxia significantly decreased AA incorporation into
phosphatidylinositol (PtdIns) and enhanced the level of AA
radioactivity in diacylglycerol and AA-CoA. These results suggest that
hypoxia induces inhibition of AA incorporation on the level of
acyl-CoA-lysophospholipid:acylotransferases. DA decreased AA
incorporation into PtdIns and exerted an additive inhibitory effect in
hypoxic samples. These results demonstrate that AA metabolism in CB
is significantly affected by hypoxia and that DA is not responsible for
the hypoxia-induced alteration of lipid metabolism in CB.
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INTRODUCTION

Despite widespread interest in the neural control
of respiration, the cellular and molecular mechan-
isms which mediate afferent transmission from pe-
ripheral chemoreceptors to brain stem respiratory
neurones remain poorly understood.

The mechanism of chemoreception in the carotid
body is often connected with the release of some
neurotransmitters, particularly dopamine and with
the action of Ca’* and K* channel function (Fidone
and Gonzalez 1986, Hescheler et al. 1989, Lopez-
-Lopez et al. 1989, Urena et al. 1989, Biscoe and
Duchen 1990, Gonzalez et al. 1992). Hypoxia, a
natural CB stimulus, induces dopamine release
(Fidone et al. 1982, Shaw et al. 1989).

The role of dopamine in chemoreception pro-
cesses is controversial. Both inhibitory and excita-
tory effects on chemoafferent activity have been
reported, depending on dose, species and ex-
perimental technique used (Okajima and Nishi
1981). Hypoxia and ischemia interfere with plasma
membrane processes, in some tissues cause changes
in membrane phospholipid composition and accel-
erate the breakdown of phospholipids as well as re-
lease of arachidonic acid (Bazan 1970, Bazan et al.
1971, Lazarewicz et al. 1972, Strosznajder and Sun
1981, 1982, Noremberg and Strosznajder 1986,
Van der Vusse et al. 1994).

In our previous studies it was found that acute
hypoxia influenced phosphoinositide metabolism
in CB (Pokorski and Strosznajder 1992, 1993,
Strosznajder 1995). These phospholipids in nerv-
ous tissue are enriched in arachidonic acid. A recent
study indicated an active mechanism for phosphoi-
nositides turnover and for recycling of AA in brain
(Sun 1992). There is convincing evidence for the in-
volvement of ischemia-stimulated hydrolysis of
polyphosphoinositides in the initial phase of AA re-
lease in brain (Yoshida et al. 1986, Sun 1992).

Arachidonic acid is involved in stimulus-secre-
tion coupling in a variety of cell types and there is
a growing body of evidence that it modulates neu-
rotransmission and signal transduction. Arachi-
donic acid has been shown to be a stimulator of the

release of transmitters from synaptosomal or brain
slice preparations (Shimizu and Wolfe 1990, Dorman
etal. 1992). Moreover, increased availability of un-
esterified AA has been correlated, depending on
amount and location, with the induction of long
term potentiation (LTP) (Lynchetal. 1989, Luo and
Vallano 1995), Ca’* mobilization and protein ki-
nase C (PKC) activation (Shinomura et al. 1992). In
addition to the above mentioned potent functions,
arachidonic acid is a precursor for prostaglandins,
thromboxanes and leukotrienes as well as for other
eicosanoids (Shimizu and Wolfe 1990). These com-
pounds may play important roles in the modulation
of membrane function and signal transduction as
well as in control of microcirculation (Siesjo and
Katsura 1992). AA may be released by phospholi-
pase A2 (PLA?) from the second position of glycerol
moiety of glycerophospholipids, or by phospholipase
C (PLC) followed by the action of diacylglycerol li-
pase (DAG-lipase) (Bell et al. 1979). Both PLA>
and PLC may be directly coupled to transmitter re-
ceptors by GTP-binding proteins (Burch etal. 1986,
Jelsema 1987, Axelrod et al. 1988, Farooqui et al.
1992), however, Ca” may be involved in activation
of enzymes (Simon et al. 1986). Until now the ara-
chidonic acid release, uptake and role in chemo-
transduction processes in CB are hardly known.

The aim of this study was to investigate the pat-
tern of [1-14C] arachidonic acid incorporation into
glycerolipids of normoxic CB as well as the effect
of acute hypoxia on arachidonic acid release and its
incorporation into glycerolipid. Moreover, the role
of dopamine in modulation of arachidonic acid me-
tabolism was investigated.

METHODS
Chemicals

[1-'*C) arachidonyloglycerophosphatidylinosi-
tol ( [1-14C] AA-PtdIns or PtdIns) s.a. 57 mCi/mmol
and [1-]4C] arachidonic acid s.a. 59 mCi/mmol
were purchased from Amersham, U. K.

ATP, CoA, dithiothreitol (DTT), sodium deoxy-
cholate (DOC), quinacrine, neomycine, GTPYS,



were purchased from Sigma Chemical Co. (St
Louis, MO, USA).

Thin layer chromatography (TLC) and HPTLC
plates were from Merck, Darmstadt Germany.

Animals and hypoxic treatment

Adult cats 2-3 kg body weight were used for
these experiments. Cats were anaesthetized with
chloralose - urethane in a dose of 30 and 800 mg/kg
b.w. i.p. respectively, and exposed to exclusively
normoxic (Pa02=90 mmHg) or hypoxic (Pa02=20
mmHg) gas mixture for 20 min at constant PaCO,
and other acid-base variables. Then perfusion
through the aorta with an ice-cold Krebs-buffer sol-
ution was performed. Carotid bodies were quickly
excised and subsequently subjected to a short pre-
incubation time with dopamine 100 UM in the
presence of pargyline 10 UM, or homogenized in 20
mM Tris-HCl buffer pH 7.4 to be used as a source
of enzyme(s) for the studies on arachidonic acid re-
lease and its incorporation into glycerolipid. Protein
was determined according to the method of Lowry
et al. (1951). Research project was accepted by the
Commission of Ethic.

Assay of arachidonic acid release from
[1-14C] arachidonyl-glycerophosphoinositol
by enzyme(s) of normoxic and hypoxic CB

Carotid bodies homogenate was used as a source
of enzymes (phospholipase Az and phospholipase
C, DAG-lipase). [1-14C] AA-PtdIns was used as an
exogenous substrate. [1-14C] AA PtdIns was intro-
duced into the water phase after evaporation of or-
ganic solvent and addition of 1% DOC together
with 100 mM Tris-HCl buffer, pH 7.4. Then it was
vortexed for 2 min. Subsequently the substrate
(PtdIns) in the amount of 20 nmol 3(0,000-40,000
dpm was added into each incubation tube. In final
volume of 200 ul of incubation mixture the final
concentration of DOC was 0.1%, Tris-HC1 pH 7.8,
20mM, and about 50 g protein was added. In few ex-
periments quinacrine (50 uM) or neomycine (1 mM)
were added into the incubation mixture.
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Assay of [1-14C] arachidonic acid
incorporation into glycerolipids of
normoxic and hypoxic cat CB

Arachidonic acid incorporation was assayed in
an incubation system that contained 0.2 uCi of [1-'*C]
AA,2.5mM ATP, 0.1 mM CoA, 10 mM MgClp, 0.3
mM DTT and 50 pg of CB homogenate protein in
total volume of 200 1. While determining the effect
of dopamine, this agonist (100 uM) together with
pargyline (10 uM) was added to the incubation mix-
ture for AA incorporation. The AA incorporation
was performed during 15 min incubation at 37°C in
a shaking water bath. Then the reaction was termi-
nated by addition chloroform:methanol mixture
(1:2 by vol.) and the lipids were extracted.

Extraction of lipids and arachidonyl-CoA
(AA-CoA)

Lipids were extracted according to the method of
Bligh and Dyer (1959). The extraction procedure
was performed at 0-4°C. The total lipid extract was
evaporated to dryness from the samples under the
stream of nitrogen and then was applied to silica gel
TLC plates. The arachidonyl-CoA that remained in
the Bligh and Dyer’s upper aqueous phase was puri-
fied by three extractions of aqueous phase with 1 ml
of n-heptane, each time centrifuged at 2,500 rpm for
10 min and then a 0.5 ml aliquot of the water
phase was taken for the measurement of AA-CoA
radioactivity using 10 ml of Bray’s scintillation
fluid. Radioactivity of samples was measured in a
LKB Wallach-1409 scintillation counter.

Separation of lipids

Lipid extract from CB was separated in the
presence of brain lipid extract on TLC by the sep-
aration-reaction-separation procedure of Horrocks
and Sun (1972). A solvent system containing chloro-
form-methanol-acetone-acetic acid-0.1 M ammonium
acetate 130:60:55:35:10 by vol. was used for devel-
opment in the second dimension. lodine vapour was
used for detection of the lipid spots. In some experi-
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ments the solvent system consisted of chloro-
form:methanol: 4N ammonium hydroxide 9:7:2 by
vol. Free fatty acids (FFA) and DAG were separated
on TLC using a solvent system consisting of chlo-
roform: acetone 96:4 by vol. The lipid spots vis-
ualized in iodine vapour and corresponding to lipid
standard were scraped into the scintillation vials.
Radioactivity was counted using 10 ml of Brays
scintillation fluid in LKB Wallach-1409 counter.

RESULTS

Effect of Ca>* and hypoxia on enzyme(s)
activity involved in arachidonic acid release
from labelled phosphatidylinositol

Homogenate of normoxic and hypoxic CB was
used as a source of enzymes in the studies on ara-
chidonic acid release from exogenous substrate, la-
belled phosphatidylinositol [1-'*C] AA-PtdIns.

The substrate was degraded by CB homogenate
enzymes into two radioactive products such as
DAG and free radioactive AA. Seventy percent of
radioactivity was found in DAG and about 30% in
AA. Degradation of substrate and AA release were
activated by increasing Ca** concentration. GTPyS

had no effect on PtdIns degradation and AA libera-
tion from this substrate (Fig. 1).

The results with PLC inhibitor neomycine (1 mM)
and PLA2 inhibitor quinacrine (50 uM) indicate
that both enzymatic processes were involved in
[1-14C]AA-PtdIns degradation and in liberation of
DAG and AA (Fig. 2).

It was observed that hypoxia activates [1—14C]
AA-PtdIns degradation into DAG and AA by
enzyme(s) of CB by about 115-140% vs. control
value, however, results were not statistically signi-
ficant (data not shown).

Preincubation of CB with DA had no significant
effect on AA release (data not shown).

Effect of acute hypoxia and dopamine on
incorporation of [1-""C] arachidonic acid
into glycerolipids of cat CB

Radioactive arachidonate was incorporated
mainly into phosphatidylinositol (PtdIns), phos-
phatidylcholine (PC), phosphatidylserine (PS),
phosphatidylethanolamine (PE), phosphatidic acid
(PA), diacylglycerol (DAG) and polyphosphoino-
sitides (Poly-PtdIns) in normoxic CB. The pat-
tern of AA incorporation into glycerolipid was
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Fig. 1. Effect of Ca** and GTPYS
on arachidonic acid release from
[1-"*Clarachidonoylo-PtdIns. Ca>*
ions (0.25-1.0 mM) were added
into incubation mixture containing
about 50 pg protein of CB ho-
mogenate. GTPYS was added at
100 uM. Incubation was carried
out for 30 min at 37°C in a shaking
water bath. The data are means + SD
from 3-4 experiments carried out
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Fig. 2. Action of quinacrine (Q) and neomycine (N) on arachi-
donic acid release. AA liberation in the presence of 0.5 mM
CaCly was a control value. The data are means * SD from 3-4
experiments. The data are statistically significant from control
value. *P<0.05 by Student #-test.

significantly changed in hypoxic CB and it was as
follows: PC>PS>PE>PtdIns>DAG>PA>PolyPtdIns
(Table I).

When radioactivity of the total phospholipids in
normoxic CB was compared with respect to the total
radioactivity of hypoxic or dopamine-treated nor-
moxic samples, a significantly lower incorporation
of the AA into the phospholipids was observed. The
datain Table I present the percentage distribution of
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AA radioactivity of particular glycerolipid in total
analysed glycerolipid radioactivity.

The hypoxic samples indicated a decrease in the
incorporation of [1—14C]AA radioactivity into
PtdIns by about 50%. Dopamine added into control
samples slightly decreased AA incorporation into
PtdIns by about 18%. Dopamine added into the hy-
poxic samples additionally decreased AA incorpor-
ation into PtdIns. In hypoxia a significant increase
in the level of [1—14C]AA radioactivity was ob-
served in the fraction of diacylglycerides (1 fold)
and also in phosphatidylcholine. Dopamine added
to the hypoxic samples slightly increased the level
of radioactivity into PC and PE as compared to the
hypoxic condition (Table I).

The ratio of radioactivity between diacyl-GPI
and DAG was significantly lower in the hypoxic
samples as compared to control (Fig. 3).

Effect of acute hypoxia and dopamine on
the level of arachidonyl-CoA radioactivity
in CB

It was observed that in the hypoxic samples the
level of AA-CoA radioactivity was significantly
higher as compared to control (normoxic) samples
of CB (Fig. 4).

The action of DA, opposite to hypoxia effect, de-
creased the level of AA-CoA radioactivity. When

TABLEI

Effect of dopamine and hypoxia on incorporation of [1-14C] arachidonic acid into glycerolipids of cat carotid bodies

% of total glycerolipids

Lipids Control Control+DA Hypoxia Hypoxia+DA
PtdIns 27.8610.57 22.87+1.71 *13.38+2.32 11.76£1.76
PolyPtdIns 4.5710.46 4.5410.25 4.241+0.44 3.8210.72
PA 12.4140.63 13.58+0.92 11.53+2.00 9.55+0.55
PC 20.29140.76 18.08+2.12 *28.324+2.86 32.3310.81
PS 16.08+0.02 18.88+0.72 16.29+1.88 13.9440.16
PE 13.80+0.94 16.66x1.40 14.51£1.24 17.50+0.59
DAG 5.32+1.67 5.63+0.96 - *¥11.63+0.89 11.08+0.38

The results are means + SD from 3-4 experiments carried out in triplicate. Hypoxia versus control *P<0.05 by Student #-test.
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Fig. 3. The ratio of [1-14C]AA radioactivity of PtdIns versus
[1-14C]AA radioactivity of diacylglycerols in normoxic and
hypoxic cat carotid body. Effect of dopamine. Each value rep-
resents the mean from 3-4 experiments. P<0.05 by Student ¢-test.

DA was added into the hypoxic samples there was
a slightly lower level of AA-CoA radioactivity in
the aqueous phase as compared to hypoxic sam-
ples, however, this was statistically insignificant
(Fig. 4).
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Fig. 4. Effect of hypoxia and dopamine on the levelof [ 1-'*C]AA-
-CoA radioactivity. Results expressed as a percentage of con-
trol (normoxia) represent the mean + SD from 3-4 experi-
ments. The data are statistically significant from control value.
*P<0.05 by Student #-test.

DISCUSSION

These experiments indicate for the first time that
acute hypoxia leads to a transient imbalance be-
tween lipid hydrolysis and (re)synthesis in cat ca-
rotid bodies.

The findings include:

- The enhanced degradation of exogenous [1-14C]
AA-PtdIns into DAG and AA in the presence of
Ca** by the action of phospholipase C together
with diacylglycerol lipase and phospholipase
Aj.

- The significant and specific decrease of AA in-
corporation into phosphatic}‘ylinositol. The en-
hancement of the level of [1-1 C]AA radioactivity
in DAG. In consequence the significant decrease
in PtdIns/DAG ratio indicates modulation of
membrane glycerolipids of hypoxic CB.

- The increase of the level of radioactivity in ara-
chidonyl-CoA.

Moreover, these data suggest the modulatory
role of dopamine in arachidonic acid metabolism in
normoxic and also in hypoxic carotid bodies.

These results indicate that hypoxia significantly
affects AA and glycerolipid metabolism in CB and
that dopamine plays a modulatory role in AA glyce-
rolipid metabolism in normoxic and hypoxic CB.
However, DA 1is not responsible for hypoxia-in-
duced alteration of lipid metabolism in CB. These
lipid changes seem to be involved in the mechanism
of chemotransduction.

There are many controversies in the literature
about phospholipases activity during hypoxia,
ischemia reperfusion time in brain and in the heart.
In in vitro studies higher and lower phospholipases
activity was observed by Edgard et al. (1982) and
Van der Vusse et al. (1994).

In the previous studies we have found that acute
hypoxia specifically and significantly stimulated
PtdIns(4,5)P2-PLC in CB but had negligible or no
effect in superior cervical ganglia and brain stem,
respectively (Pokorski and Strosznajder 1992, 1993,
Strosznajder 1995).

It seems that in carotid bodies PLC acting on
phosphoinositides together with DAG-lipase may



be more important for AA release than phospholi-
pase Aj. Previously Gammon et al. (1989) have
found that PLC and DAG lipase are mainly in-
volved in AA release in superior cervical ganglia.

Net degradation of cellular phospholipids might
be caused by altered (re)synthesis. Acute in vivo hy-
poxia significantly and specifically decreases the
acylation of diacylglycerophosphoinositol and en-
hances the level of AA-CoA radioactivity. These
results suggest that inhibition occurs at the level
of the lysophospholipid:acyl-CoA acyltransferase.
Kajiyama and co-workers (1987) have observed the
inhibitory effect of ischemia on the activity of lyso-
phosphatydyl-acyl-transferase (Van der Vusse et al.
1994). Acyl-CoA is usually maintained at a very
low level in the cells because an excess of acyl-CoA
in membrane may inhibit some enzyme(s) activity
and physiological processes, and it may be det-
rimental to the cell membranes due to its potent
detergent properties. Higher levels of this com-
pound are very quickly removed by acyl-CoA hy-
drolyse; however, an elevated concentration of
calcium ions may exert an inhibitory action on
AA-CoA hydrolase (Strosznajder and Sun 1982).
Nevertheless, metabolism of acyl-CoA, for example
in brain synaptosomes, is complicated by the tend-
ency of this compound to bind with Ca”* and mem-
brane phospholipids (Strosznajder and Sun 1982)
and in this form acyl-CoA is not readily accessible
to hydrolysis by acyl-CoA-hydrolase. The mechan-
ismresponsible for the accumulation of AA-CoA in
hypoxic CB will be investigated further. These re-
sults may suggest that hypoxia exerts inhibitory ac-
tion on acyltransferase activity and enhances the
level of AA-CoA. However, it seems that dopamine
decreases the turnover of AA and glycerolipid me-
tabolism in CB through a mechanism different than
that which occurs in hypoxia. Dopamine is not re-
sponsible for hypoxia evoked disturbances of AA-
glycerolipid metabolism.
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