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Contraction of the Canine Basilar Artery following Linoleic, Arachidonic, 
13-Hydroperoxylinoleic, or 15-Hydroperoxyarachidonic Acid (41 294) 
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Abstract. The contractile activity of linoleic acid (LA), arachidonic acid (AA), 1 3 ~ -  
hydroperoxy-cis-9-trans- 1 1-octadecadienoic acid ( 13HPLA)' or 15~-hydroperoxy-cis-5-cis- 
8 4 s -  1 1-trans-13-eicosatetraenoic acid ( 15HPAA) was tested on canine basilar artery seg- 
ments in a small chamber, using serotonin as the reference vasoconstrictor. The cumulative 
dose-response contraction was approximately 400 times that of serotonin. On the other 
hand, either 15HPAA or 13HPLA at M induced a contraction $most equal to the 
maximum attained with serotonin ( 1  x lop6 M)  contraction. The maximal artery response to 
each of the hydroperoxy fatty acids was almost 1.4 times stronger than that obtained with 
serotonin, LA, or AA. 

When platelets aggregate, free fatty acids 
are released from phospholipids by the ac- 
tion of phospholipase At. Thus arachidonic 
acid can be released and oxygenated to 
prostaglandin H2 and 12r-hydroperoxy- 
5,8,10,14-eicosatetraenoic acid by a cyclo- 
oxygenase (1) and a lipoxygenase (2, 3), 
respectively . Furthermore pros taglandin 
H2,  an endoperoxide, is converted to  
thromboxane A2 which is an extremely po- 
tent vasoconstrictor (4, 5). On the other 
hand, autoxidation of hemoglobin, proba- 
bly during bleeding, produces 02-- and 
.OH (an active oxidant) (6) or  other oxi- 
dants (7), which may attack linoleic acid 
(LA) and arachidonic acid (AA) released 
from phospholipids, yielding the corre- 
sponding hydroperoxides. 

Little is known, however, of the action of 
hydroperoxy fatty acids on the arteries. 
The present work was undertaken to test 
the contractile activity of hydroperoxy fatty 
acids (which were prepared from LA and 
AA by soybean lipoxygenase) on the canine 
basilar artery. 

Materials. LA (99.5% purity) and AA 
(99.0% purity) were purchased from Na- 
karai Chemical Ltd. and Sigma Chemical 
Company, respectively. The 13~-hydro-  

To whom reprint requests should be addressed. 

peroxy-cis-9-trans- 1 1-octadecadienoic acid 
(13HPLA) was prepared by aerobic incuba- 
tion of linoleic acid with soybean lipoxy- 
genase (type I ,  Sigma Chemical Co.) and 
purified by preparative thin-layer chroma- 
tography on silica gel G (8). The 15~-hydro- 
peroxy-cis-5-cis-8-cis- 1 1-trans- 13-eicosa- 
tetraenoic acid (15HPAA) was prepared by 
a modification of the methods described by 
Bild et ul. (9) and Ohki et al. (10). A 37-mg 
portion of arachidonic acid was dissolved in 
300 ml of 0.1 M NH,-N&Cl buffer (pH 
9.0), and incubated with 36 mg of soybean 
lipoxygenase (type 1, Sigma Chemical Co.) 
for 1 min at 25", and the solution was occa- 
sionally agitated. At the end of the reaction 
100 ml of ethanol was promptly added to 
the reaction mixture. After acidification to 
pH 2.0 with 80 ml of 0.4 M citric acid, the 
reaction mixture was extracted three times 
with 450 ml of ethyl ether. The pooled ether 
extract was then washed twice with 100 ml 
of water and the ether layer was collected. 
After removal of the organic solvent under 
reduced pressure, the hydroperoxy acids in 
the residue were isolated by thin-layer 
chromatography on silica gel G (Merck, 
60F254) with the solvent system, ethyl 
ether-petroleum ether-acetic acid (85:  
15:0.1, by volume). Silica gel corresponding 
to the major band which was revealed by 
spraying N, N, N ' N'-tetramethyl-p-phenyl- 
enediamine - dihydrochloride in ethanol or 
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under ultraviolet light was scraped off and 
extracted with chloroform- methanol (2: 1, 
by volume). The purified hydroperoxy acid 
in chloroform-methanol was stored at 
-80" until ready for use. These compounds 
demonstrated a positive reaction with per- 
oxide reagent (KI  in acidic methanol) (11) 
and were used for the experiments within 5 
days of their preparation. The concentra- 
tions of 13HPLA and 15HPAA were deter- 
mined spectrophotometrically by using a 
molar extinction coefficient at 234 nm of 
25,000 M-lcm-l (in 0.1 M NHS-NH4Cl 
buffer, pH 9.0) (8) and at 237 nm of 30,000 
M-lcm-' (in ethanol) (9), respectively. Just 
before the experiment, unsaturated fatty 
acid or the hydroperoxy fatty acid in chloro- 
form- methanol was transferred to a 
round-bottom flask and the organic solvent 
was removed under reduced pressure. The 
residue was then dissolved in a minimum 
amount of bicarbonate - NaOH buffer (pH 
9.1) with or without indomethacin. 

Methods. The contractile activity of the 
agents on the canine basilar artery was 
tested in a chamber using, with slight mod- 
ifications, the method described by Allen ct 
ul. (12). Beagles of both sexes weighing 
about 20 kg were anesthetized by the intra- 
venous administration of sodium pentobar- 
bital (30 mg/kg) and killed by rapid exsan- 
guination. The brain was removed and 
placed in Krebs-Ringer solution. The 
basilar artery was dissected out under mag- 
nification and sectioned at 2- to 3-mm inter- 
vals. The segments were mounted in the 
chamber (maintained at 37 2 1") containing 
5 ml of a buffer solution (NaCl, 120 mM; 
KC1, 4.5 mM; CaCl,, 2.5 mM; MgCl,, 1.0 
mM; NaHCO,, 27.0 mM; KH2P04, 1.0 mM; 
Na,EDTA, 0.01 mM; and glucose, 10.0 
mM) bubbled with 95% 0, and 5% CO, (pH 
7.4 k 0.1). The segment was initially 
stretched at a tension of 400 mg with a 
force-displacement transducer (Nihon 
Kohden, SB-IT) for 1 hr during which time 
the buffer was changed several times. Ex- 
periments were started after the segments 
were stretched at a final resting tension of 3 
g. The total volume of the agents never ex- 
ceeded 250 p l  or 5% of the chamber vol- 
ume. Under our experimental conditions, 
the addition of the agent(s) in the bicar- 

bonate-NaOH buffer (pH 9.1) did not 
change the pH of the bath. The agents 
tested were added in a cumulative log-dose 
manner. After each addition of the agents, 
the artery was allowed to reach a stable 
contracted state. This was continued until 
subsequent additions did not further in- 
crease the degree of contraction. 

Results. The cumulative dose- response 
curves of the basilar artery contraction in- 
duced by unsaturated fatty acids, their hy- 
droperoxy analogs and serotonin are shown 
in Fig. 1.  The most consistent vasocon- 
strictor, serotonin, induced a detectable 
contraction (3 - 5% of maximum attainable 
serotonin contraction) at a concentration as 
low as M,  whereas other agents re- 
quired higher concentrations, i.e., M 
for ISHPAA, 3 x lo-* M for 13HPLA and 
AA, and 3 x lop7 M for LA. The cumula- 
tive concentration of LA or AA required for 
the maximal contraction, 2 x M, was 
approximately 400 times that of serotonin. 
On the other hand, either 15HPAA o r  
13HPLA at a cumulative concentration of 
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FIG. 1 .  Cumulative dose-response curves of the 
isolated canine basilar artery contraction induced by 
serotonin ( a 4 ,  n = 5 ) ,  13HPLA ( 0 4 ,  n = 
IS), 15HPAA (@A, n = 5 ) ,  AA (.---a, n = 5 ) ,  
and LA (0- - - 0, n = 8). Values are expressed as the 
mean ? SEM of the maximal contraction of serotonin. 
IZ represents the number of experiments. 
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lop6 M induced a contraction almost equal 
to the maximum attainable with serotonin 
at M .  Furthermore the maximal artery 
response to each of the hydroperoxy fatty 
acids was about 1.4 times stronger than that 
obtained with serotonin or the unsaturated 
fatty acid. Judging from the data obtained 
under comparable conditions (12), the 
cumulative concentration for the maximal 
contraction attainable with each of the hy- 
droperoxy fatty acids is almost equal to that 
obtained with prostaglandin F,, (PGF,,). It 
has also been reported that the maximal 
canine basilar artery and bovine cerebral 
artery responses to PGF,, are 1.1 and 1.8 
times (respectively) stronger than the 
maximal response to serotonin ( 5 ,  12). 
After the artery was contracted by lo-" M 
hydroperoxy fatty acid and then rinsed with 
buffer, the artery responded normally to the 
addition of M serotonin. This indicates 
that the acid does not damage the contrac- 
tile elements in the artery during our ex- 
periments. 

As shown in Fig. 2, the dose-response 
curve obtained with either 15HPAA or AA 
was not significantly affected by the pres- 
ence of indomethacin, a potent inhibitor of 
cyclooxygenase (3) .  Under similar condi- 
tions imidazole at 1 x lop3 M ,  an inhibitor 
of thromboxane synthetase (13), had no ef- 
fect on the 15HPAA- and AA-induced con- 
traction. Furthermore, neither PGF,,, 

PGE,, thromboxane B, (a  metabolite of 
thromboxane A,) nor the hydroxy fatty 
acids were detected when the canine basilar 
artery was incubated with 14C-labeled AA 
( 3  x 10-"-2 x M )  in the presence or 
absence of indomethacin ( 1  x lop5 M )  ac- 
cording to the method by Salzman et al. 
(14) (unpublished results). However, 6- 
keto-PGF,,, a metabolite of PGI, present in 
tracer amounts, was detected as a product 
of [14C]AA in the absence of indomethacin. 

From these results, it seems likely that 
AA-induced canine basilar artery contrac- 
tion observed here is caused by AA itself, 
and not by the cyclooxygenase or lipoxy- 
genase products of AA. 

Discussion. The in vitro data presented 
here show that free unsaturated fatty acids 
will directly induce the contraction of the 
canine basilar artery provided that these 
agents are present in a relatively high con- 
centration. Since only small amounts of 
free unsaturated fatty acids are present in 
serum, these acids could not act as vaso- 
constrictors under normal conditions. 
However, if LA or AA freed from serum or 
other organs is oxidized in an enzymatic or 
nonenzymatic process by some event such 
as hemorrhage or clotting of blood, these 
acids could be converted to several hy- 
droperoxy fatty acids including 13HPLA and 
15HPAA with a contractile effect on the 
artery. An isomer of 15HPAA, 12~-hydro- 
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FIG. 2. Effect of indomethacin on the contractile responses of canine basilar artery induced by 
ISHPAA or AA. Each point represents the mean 2 SEM of five determinations. @4, control; 
-0, indomethacin ( 1  x lo6 M); 0---a, indomethacin (1 X lop5 M ) .  
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peroxyarachidonic acid, which may also 
behave like 15-hydroperoxy acid with re- 
spect to the basilar artery, has been found 
to be generated enzymatically in platelets 
(3). Furthermore, the conversion of arachi- 
donic acid to the 15r-hydroxy analog in 
polymorphonuclear leukocytes, which 
suggests the formation of ISHPAA as an 
intermediate, has been reported (15). It is 
likely that several chemical factors in 
blood, including serotonin, prostaglandins 
such as PGF,, and thromboxane A2, and 
others act as the mediators of the spasm 
associated with basilar artery hemorrhage. 
Several hydroperoxy fatty acids may also 
be included in the mediators of the vaso- 
spasm. In contrast to the vasoconstrictors 
derived from prostaglandin H, (PGFza and 
thromboxane A2), the formation of the hy- 
droperoxy fatty acids including 13HPLA 
and 15HPAA would not be inhibited by in- 
domethacin which inhibits only the cyclo- 
oxygenase enzyme (3). 
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