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Effect of exogenous 5, 8, 11, 14, 17-eicosapentaenoic
acid on cardiac anaphylaxis
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1 The effects of infusions of eicosapentaenoic acid (EPA) (6 x 10~% molmin~' and 15x 102
molmin~') on the coronary constriction and the release of immunoreactive sulphidopeptide-
leukotrienes (SP-LT), thromboxane B,(TXB,) and 6-keto-prostaglandin F, (PGF,,) from perfused
anaphylactic guinea-pig hearts were investigated.

2 EPA dose-dependently inhibited the profound early coronary flow reduction after antigen
injection. The less pronounced late phase of anaphylactic coronary flow reduction was, however, not
significantly affected. EPA (15 x 10~® molmin~"') significantly shortened the average duration of
antigen-induced arrhythmias.

3 EPA dose-dependently decreased release of immunoreactive TXB, and 6-keto-PGF,, from
anaphylactic guinea-pig hearts.

4 Release of immunoreactive SP-LT was dose-dependently increased after antigen challenge in the
presence of EPA. Inhibition of the release of SP-LT by the lipoxygenase inhibitor esculetin (1 x 107
mol min~') was accompanied by a significant attenuation of flow reduction during the late phase of
anaphylactic vasoconstriction.

5 Reversed phase h.p.l.c. of perfusates from anaphylactic guinea-pig hearts revealed immunoreac-
tivity comigrating with authentic leukotriene C, (LTC,), LTD, and LTE,. In perfusates from hearts
treated with EPA infusions, additional immunoreactivity was detected comigrating with LTC,, LTD;
and LTE,. In addition to immunoreactivity migrating with LTB,, as observed in control heart
perfusates, in perfusates from EPA-treated hearts, a second peak was observed, which coincides with
the retention time described for LTB;.

6 Exogenous LTC; (1x 10" molmin~' and 20 x 107> molmin~') induced dose-dependent
reductions of coronary flow and was found to be a slightly weaker constrictor than LTC,, but no
significant differences were observed. Coronary vasoconstriction elicited by infusion of exogenous
LTC, (20 x 10~'> mol min~') was dose-dependently inhibited by infusions of EPA. Howevef, the
negative inotropic effect of LTC, remained unaffected.

7 Thus, in the isolated anaphylactic heart of the guinea-pig exogenous EPA was effectively
metabolized via the 5-lipoxygenase pathway whereas the cyclo-oxygenase pathway of polyunsaturated
fatty acid metabolism was found to be inhibited. The results are in agreement with the suggestion that
cyclo-oxygenase products are mediators of the early phase of the anaphylactic coronary constriction,
while vasoconstrictor SP-LT are involved in the later phase. However, in spite of enhanced release of
SP-LT, EPA infusion did not result in increased coronary constriction. Considering the fact that EPA
antagonizes LTC,-induced coronary constriction, it seems possible, that EPA might act as a functional
antagonist of vasoconstrictor eicosanoids including EPA-derived SP-LT.

Introduction

In man, anaphylactic reactions to drugs or foodstuffs even acute myocardial infarction. Anaphylactic car-

have been accompanied by electrocardiographic chan- diac arrest has been reported in patients after intraven-

ges, including all types of cardiac arrhythmias and ous injection of propanidid or alcuronium. Cases of
coronary spasm, associated with urticaria, have been

! Author for correspondence. seen within minutes of a bee sting and signs of acute
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myocardial infarction were also observed (for review
see Simmet & Peskar, 1986).

The heart has now been recognized as a primary
target organ in anaphylactic reactions and a substan-
tial body of clinical evidence suggests that arrhythmia
and cardiac failure may occur without preceding
respiratory distress, which otherwise may be the cause
of secondary cardiac symptoms (Austen, 1978; Sim-
met & Peskar, 1986).

Guinea-pig isolated sensitized hearts react very
strongly to antigen, with a long-lasting reduction in
coronary flow coupled with marked impairment of
cardiac function (Feigen & Prager, 1969; Liebig et al.,
1975; Levi et al., 1976). In addition, electrocardiogra-
phic changes have been found that are similar to those
observed in man during anaphylaxis (Capurro & Levi,
1975). Furthermore, upon immunological challenge,
various mediators, which could be responsible for the
observed changes in cardiac function, like histamine
(Brocklehurst, 1960; Feigen & Prager, 1969) slow-
reacting substance of anaphylaxis (SRS-A) (Brockle-
hurst, 1960; Liebig ez al., 1975) or sulphidopeptide-
leukotrienes (SP-LT) (Aehringhaus ez al., 1983),
platelet-activating factor (Paf-acether) (Levi et al.,
1984), prostaglandins (Liebig et al., 1975; Levi et al.,
1976; Anhut et al., 1978; Peskar et al., 1979; Allan &
Levi, 1981), and thromboxane B, (TXB,) (Anhut et al.,
1977; Allan & Levi, 1981), the stable degradation
product of the biologically active TXA,, have been
detected in perfusates of anaphylactic guinea-pig
hearts.

The w-3 polyunsaturated fatty acid 5, 8, 11, 14, 17-
eicosapentaenoic acid (EPA) is a major constituent of
fish oil. Eskimos, whose diet is rich in w-3 polyun-
saturated fatty acids, have a prolonged bleeding time,
and a very low incidence of cardiovascular death,
which has been related to the fact that EPA is the main
fatty acid for prostaglandin biosynthesis in Eskimos
(Dyerberg et al., 1978). The report, demonstrating the
lack of effect of EPA-derived TXA; on platelet
aggregation whereas the corresponding PGI;
metabolite was found to be as effective as PGI,
(Needleman et al., 1979), further stimulated interest in
dietary manipulation of prostanoid biosynthesis. The
extent of EPA metabolism via the cyclo-oxygenase
pathway giving rise to trienoic prostanoids (Dyerberg
et al., 1978; 1981; Needleman et al., 1979; Fischer &
Weber, 1983; 1984) and the effect of the substance on
the cyclo-oxygenase pathway of polyunsaturated fatty
acid metabolism seem to vary considerably with the
experimental conditions. Thus, several authors sug-
gested the compound was only a poor substrate for
metabolism via cyclo-oxygenase (Culp et al., 1979;
Needleman et al., 1979; Hornstra et al., 1981; Juan &
Sametz, 1983; Juan et al., 1985) and in numerous
preparations an inhibitory effect of EPA on the
enzymatic conversion of the normal substrate, ara-

chidonic acid, by the cyclo-oxygenase pathway has
been described (Culp et al., 1979; Needleman et al.,
1979; Hornstra et al., 1981; Spector et al., 1983). On
the other hand, EPA seems to be readily metabolized
via the 5-lipoxygenase pathway giving rise to the EPA-
derived S-series leukotrienes (Hammarstrom, 1980;
Jakschik et al., 1980; Lee et al., 1984; Terano et al.,
1984; Strasser et al., 1985).

Thus, during anaphylactic reactions, it seems possi-
ble that EPA might favourably affect the release of
mediators derived from the cyclo-oxygenase pathway
of polyunsaturated fatty acid metabolism. Further-
more, we recently obtained evidence that EPA might
antagonize vasoconstriction induced by various
vasoactive drugs. Therefore, this study was initiated to
investigate the effects of exogenous EPA on the
coronary vasoconstriction and eicosanoid release in
guinea-pig isolated anaphylactic hearts.

Methods

Isolated hearts of ovalbumin-sensitized male guinea-
pigs (500—850 g body wt.) were perfused under con-
stant pressure and challenged by injection into the
inflow cannula of 1 mg of ovalbumin dissolved in
0.1 ml of Tyrode solution (Liebig et al., 1975). A
thread hooked to the apex of the left ventricle was
attached to a force displacement transducer (Hugo
Sachs, D-7801 March-Hugstetten, F.R.G., model
K 30). A basal tension of 4 g weight was applied and
the spontaneous rate and force of contractions were
recorded on a Watanabe multichannel recorder.
Duration of arrhythmias was determined from the
recordings of the heart rate. Coronary flow was
measured by direct determination of the perfusate
volume per collection period. Changes in coronary
flow after challenge were compared with basal flow
immediately before antigen challenge. After an
equilibration period of 25-30min, heart perfusates
were collected before and, for a total of 23 min, after
antigen injection. The sodium salt of EPA dissolved in
saline was infused into the inflow cannula at a constant
rate of 6 x 10~% molmin~' or 15 x 10~® mol min~!
resulting in final perfusate concentrations between
50x107°M and 12.8 x107® M, and 12.4 x 10~ M
and 33.5x107% M, respectively. Infusions started
30 min before ovalbumin challenge as did infusions of
esculetin. Esculetin was first dissolved in saline con-
taining NaOH (0.1 M) and was afterwards neutralized
with Tris/HCI buffer 0.5 M, pH 7.4. After appropriate
dilution in saline, esculetin was infused at a constant
rate of 1 x 10”7 mol min~! resulting in final concen-
trations between 0.8 x 10™> M and 1.5x107° M.
Control hearts always received the appropriate solvent
infusions.

Exogenous LTC, and LTC; were infused for S min
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into hearts of non-sensitized guinea-pigs (370-480 g
body wt.) which were prepared and treated like the
hearts of sensitized animals. Leukotrienes were in-
fused at a constant rate of 1 x 10™'2 molmin~' and
20 x 10~ mol min~' resulting in final perfusate con-
centrations between 0.9 x 107'°M and 1.7 x 10-°M,
and 1.8 x 10~° M and 7.7 x 10~° M, respectively.

Reversed phase h.p.l.c. of SP-LT and LTB, was
performed as previously described (Peskar et al.,
1986). Briefly, perfusate samples were purified using
C,3-SEP-PAK cartridges. LTB and SP-LT were eluted
with methylformate and methanol, respectively. After
solvent evaporation leukotrienes were redissolved in
methanol and injected onto a C,g-Nucleosil column
(250 x 4mm, particle size Spm, Macherey Nagel,
Diiren, F.R.G.), using the solvent system methanol
: water : acetic acid (68:32:0.01, v/v/v, pH 5.5). Fin-
ally, eluted fractions were tested for inhibition of
binding of [PH]-LTC, to an anti-LTC, antibody that
exhibits 40% relative cross-reaction with both LTD,
and LTE,. Fractions from the methylformate extracts
were likewise tested for inhibition of binding of [*H]-
LTB, to the anti-LTB, antibody.

Standard LTCs; was converted to LTDs by a
partially purified y-glutamyl transpeptidase as des-
cribed elsewhere (Bernstrom et al., 1982). Since this
commercially available enzyme preparation is con-
taminated with dipeptidase (Bernstrom et al., 1982),
LTD; was further degraded into LTE; resulting in a
mixture of LTCs;, LTDs and LTE,, which was
separated by reversed phase h.p.l.c.

Radioimmunological determination of SP-LT in
heart perfusates has been performed as described
previously (Aehringhaus et al., 1982). In fact the
validity of the method in this particular system has
been repeatedly checked by correlation to bioassay
data (Aehringhaus et al., 1983). Relative cross-reac-
tion of LTC, with the anti SP-LT antiserum was 99%.
Relative cross-reaction of LTB; with the LTB, anti-
serum has been reported to be 17.8% (Terano et al.,
1984). TXB, and 6-keto-PGF,, in the perfusates were
also determined radioimmunologically, as described
previously (Anhut et al., 1977; Peskar et al., 1979;
Achringhaus et al., 1983). Radioimmunoassays were
always controlled for non-specific interference with
EPA and were adequately corrected if necessary.

Means * s.e.mean were calculated. Statistical
analysis was performed using Student’s ¢ test.

Materials

Ovalbumin, esculetin, y-glutamyl transpeptidase and
the sodium salt of 5, 8, 11, 14, 17-eicosapentaenoic
acid were purchased from Sigma Chemical Co., St
Louis, Mo., U.S.A. Tritium labelled eicosanoids were
obtained from New England Nuclear, Dreieich,
F.R.G., and the anti-LTB, antiserum was from Well-
come Co., Beckenham, England.

Results
Cardiac function

Infusion of EPA 6 x 10~® molmin~' and 15 x 10~*
molmin~' dose-dependently inhibited the profound
coronary constriction observed early after antigen-
challenge (Figure 1). Thus, coronary flow reduction
after ovalbumin injection into control hearts was
63.5+ 5.3% as compared to 37.7 + 3.0% (P <0.01)
and 27.4 + 3.5% (P <0.001) in hearts which had been
infused with EPA at 6x10~%® molmin~' and
15 x 10~ mol min ™, respectively. On the other hand,
during the less pronounced longer-lasting late phase of
anaphylactic constriction, no significant differences
were observed.

The later phase of anaphylactic coronary flow
reduction was, however, also inhibited, when EPA
(15 x 107® mol min~") was infused in the presence of
esculetin (1 x 107" mol min~") (Figure 2). Thus, short-
ly after the initial anaphylactic coronary constriction,
which was similar to that of EPA-treated control
hearts, coronary flow increased again. It was found to
be significantly enhanced during the last three collec-
tion periods (i.e. 11-23min after challenge) by
23.6 + 8.3%, 18.7+ 6.4% and 18.0 + 5.9% as com-
pared to hearts receiving EPA (15 x 10~® molmin~")
alone. Similarly, when esculetin (1 x 10~7 mol min~"')
was infused in the absence of EPA the initial coronary
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Figure 1 Coronary flow before and after antigen
challenge of sensitized guinea-pig hearts under control
conditions (@, n = 8) and during infusion of eicosapen-
taenoic acid (EPA) 6 x 10~% molmin~' (M, n = 8) and
15 % 10" molmin~' (A, n = 8). The EPA infusion was
started 30 min before challenge. The coronary flow before
antigen injection was 11.2 £ 0.9 mlmin~! in the control
groupand 12.5 + 0.6 ml min~'and 14.4 + 0.7 mImin~'in
the presence of the lower and the higher dose of EPA,
respectively, and was taken as 100% for each group.
Antigen was injected at time 0. ***P<<0.001;
**P <0.005; *P <0.01 as compared to coronary flow
under control conditions.
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Figure 2 Coronary flow before and after antigen
challenge of sensitized guinea-pig hearts during infusion
of eicosapentaenoic acid (EPA) 15 x 10" ¥ mol min~' (A,
n = 5) and during infusion of EPA 15 x 10~® mol min~'
plus esculetin 1 x 10~7 molmin~' (A, n=5). All in-
fusions were started 30 min before challenge. Coronary
flow before antigen injection was 13.3 £ 1.2mlmin"" in
the presence of EPA alone and 11.5 + 0.8 molmin~' in
hearts treated with EPA plus esculetin and was taken as
100% for each group. Antigen was injected at time 0.
**P <0.02; *P<<0.05 as compared to coronary flow
during infusion of EPA 15 x 10~% mol min~' alone.

spasm remained unaffected (data not shown), whereas
the late phase reaction was significantly attenuated.
Again coronary flow was significantly enhanced dur-
ing the last three collection periods by 17.1 * 3.6%,
16.1 +4.1% and 169+ 4.1% (P<0.02, n=15) as
compared to control hearts. There was no significant
difference in coronary flow between both groups
before antigen challenge.

The average duration of arrhythmia after antigen
challenge was 434.9 * 102.1s (n = 8), which was sig-
nificantly shortened during the infusion of EPA
(15% 10" molmin~') to 193.5+35.7s (n=38,
P <0.05. When EPA (15 x 10"*molmin~') was
infused in the presence of esculetin (1 x 10~7 mol-
min~') the duration of arrhythmias observed was
210.3 + 63.4s (n = 5) suggesting that esculetin does
not antagonize the antiarrhythmic effect of the higher
dose of EPA. Infusion of esculetin (1 x 10~7 mol-
min~') alone did not significantly affect the duration
of arrhythmias as compared to controls (n = S ecach).
The lower infusion rate of EPA (6 x 10~ mol min™"'),
on the other hand, was without significant effect
(628.7 + 149.7s, n = 8).

Neither infusion of EPA 6 x 10~® molmin~' or
15%10”% molmin~' nor infusion of esculetin
1 x 10”7 mol min~' or its combination with EPA for
30 min before ovalbumin injection significantly affec-
ted heart rate or myocardial contractility compared to
controls.

Mediator release

Levels of immunoreactive TXB, and 6-keto-PGF, in
basal heart perfusates were either below or close to the
detection limits of the radioimmunoassays
(72%x10°"M and 6.1 x107'""M, respectively).
However, large amounts of these cyclo-oxygenase
products were detected in heart perfusates after
antigen injection. As shown in Table 1, (upper part)
EPA accelerated the initial release of TXB, after
antigen challenge, an effect which was significant
(P<0.05) at the higher infusion rate of EPA
(15 x 10~ mol min~"). In contrast, starting from the
third minute after antigen challenge, significant and
dose-dependent inhibition of TXB, release was
observed in the presence of EPA (6 x 10~® mol min~'
and 15 x 107® mol min~") (Table 1). Total release of
TXB, during the 23 min observation period decreased
to 1494*+11.7ng ((®=8, P<0.02) and
119.1 £ 8.4ng (n=8, P<<0.01) in the presence of
EPA 6 x10~* molmin~' and 15 x 10~ molmin~",
respectively. Control hearts released 189.4 + 8.0ng
TXB, (n = 8).

Whereas there was no significant inhibition of the
release of 6-keto-PGF,, during any of the single
perfusate collection periods, total release of 6-keto-
PGF,, during the 23 min observation period was
significantly decreased to 34.0*2.6ng (n=38,
P<0.025) and 33.0 £ 2.8 ng (n =8, P <0.02) in the
presence of EPA 6 x 10~% molmin~' and 15 x 10~#
molmin~', respectively. Control hearts released
48.3 + 4.9 ng 6-keto-PGF,, (n = 8).

Before antigen-challenge, no SP-LT-like material
could be detected in heart perfusates. After ovalbumin
injection considerable amounts of immunoreactive
SP-LT could be found in the perfusates (Table 1, lower
part). EPA infusions dose-dependently increased re-
lease of SP-LT-like immunoreactivity after antigen
injection. In fact, during the second minute after
antigen challenge the release of SP-LT-like material
was increased by 117.1 £ 49.0% and 215.5 * 63.2%
during EPA infusions of 6 x 10~® molmin~' and
15x 10"* molmin~', respectively (Table 1, lower
part). Total release of SP-LT during the 23 min
observation period increased from 40.3 * 4.5 ng under
control conditions to 649+ 11.5ng (NS) and
70.9 £ 11.2ng (P <0.025) during EPA infusions of
6 x 10~* molmin~' and 15 x 10~® mol min~".

In further experiments the release of SP-LT after
antigen challenge during infusion of EPA (15 x 107%
mol min~') was compared to that during infusion of
EPA (15 x 10~ molmin~') plus esculetin (1 x 10”7
mol min~"). The lipoxygenase inhibitor esculetin sig-
nificantly inhibited the total release of SP-LT from
95.1 £ 23.5ngto031.2 £ 10.0 ng (n = 5 each, P <0.05)
during the 23 min observation period. Infusion of
esculetin (1 x 1077 molmin~') alone reduced total
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Table1 Release of immunoreactive thromboxane B, (TXB,) and sulphidopeptide-leukotrienes (SP-LT) after antigen
challenge in the absence and presence of eicosapentaenoic acid (EPA)

Time (min) 0-1 -2 2-3
TXB, (pgmin~") 7670 30898 33367
Control + + +
(n=28) 2699 3980 2063
EPA 11657 36309 22399
6 % 10~ % molmin~"' + + +
(n=28) 2263 4323 18741
EPA 17486 27921 17409
15 % 10~% mol min~! + + +
(n=28) 3454* 4982 1359%1
SP-LT (pgmin~!) 536 5288 5529
Control * + *
(n=28) 211 915 1017
EPA 2046 11479 11105
6 % 10~% molmin~"' + + +
(n=8) 623*  2593* 2544
EPA 3793 16682 12878
15 % 10~% mol min~' + + +
(n=238) 7021t 3341%** [99]***

3-5 57 7-11 11-15 15-19 19-23
21273 11248 5780 3299 2387 1636
+ + + + + +
2657 1041 627 276 243 84
11120 6287 4797 2690 1944 1631
+ + + + + +
1039t 744t 345 165 210 202
8697 4776 3805 1938 1218 1002
+ + + + + +
964tt  802tt  S82¢ 380t 212t  199**
4623 2545 1651 969 679 547
+ + + + + +
585 241 238 120 62 51
7136 4138 2473 1085 521 357
+ + + + + +
1323 720 506 227 86 127
7428 4280 1647 919 512 420
+ + + + + +

1133* 1063 584 388 143 88

Values are mean * s.e.mean. *P <0.05, **P <0.02, ***P <0.01, 1P <0.005, 1P <0.001, as compared to controls.

release of SP-LT t0 23.2 * 4.7 ng, which is a significant
decrease of 45.6 £ 10.9% (n=5, P<0.05) as com-
pared to controls. The compound also tended to
decrease the release of TXB, and 6-keto-PGF,,, an
effect which did not reach significance (data not
shown).

Perfusates from six hearts (3 control hearts and 3
hearts treated with EPA 15 x 10~ mol min~"') were
each subjected to reversed phase h.p.l.c. Typical
profiles of SP-LT- and LTB,-like immunoreactivity
are shown in Figures 3 and 4. Analysis of the fractions
obtained after reversed phase h.p.l.c. of anaphylactic
guinea-pig heart perfusates, revealed SP-LT-like im-
munoreactivity comigrating with standard LTC,,
LTD, and LTE, (Figure 3, upper panel). When
antigen challenge had been performed in the presence
of EPA (15 x 10~% mol min~") additional SP-LT-like
immunoreactivity was found comigrating with LTC;,
LTD; and LTE;, indicating metabolism of EPA via 5-
lipoxygenase into the appropriate SP-LT (Figure 3,
lower panel).

As shown in Figure 4, upper panel, the anaphylactic
guinea-pig heart also releases immunoreactive
material comigrating with LTB, on reversed phase
h.p.l.c. When perfusates of EPA (15x 10~® mol
min~')-infused anaphylactic guinea-pig hearts were
used, a second peak of LTB,-like immunoreactivity

was detected upon reversed phase h.p.l.c. profiling
(Figure 4, lower panel). Even though this peak could
not be identified by LTB; standard, which was not
available to us, its relative retention time seems to be
identical to that reported for LTB; (Lee et al., 1984;
Terano et al., 1984; Strasser et al., 1985).

Exogenous sulphidopeptide-leukotrienes

The effect of exogenous LTC, (1.0x107"
mol min~' and 20.0 x 10~ > mol min~') on coronary
flow of non-sensitized guinea-pig hearts is shown in
Figure 5. LTC, at the concentrations used, dose-
dependently reduced coronary flow as did infusions of
exogenous LTC; (1.0x107'2 molmin~' and
20.0 x 10~'?> molmin~', Figure 5). Although LTC;
appeared to be a slightly weaker vasoconstrictor than
LTC,, no significant differences were found between
flow reductions induced by 4- and 5-series LTC. Both
LTC, and LTCs exerted dose-dependent negative
inotropic effects but no significant differences were
observed with respect to the efficacy of either com-
pound (data not shown).

In other experiments the effect of EPA (6.0 x 10~#
molmin~' and 15 x 10~% molmin~') on LTC,-in-
duced coronary flow reduction was investigated.
Figure 6 demonstrates that EPA at both concentra-
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Figure 3 (a) Reversed phase h.p.l.c. profile of sul-
phidopeptide-leukotriene (SP-LT)-like material released
from anaphylactic guinea-pig hearts as detected by SP-
LT radioimmunoassay. (b) Effect of eicosapentaenoic
acid (EPA) 15 x 10~% mol min~! infusion into the ana-
phylactic guinea-pig heart on the reversed phase h.p.l.c.
elution profile of SP-LT-like material as detected by SP-
LT radioimmunoassay. Arrows indicate the retention
time of appropriate comigrating standards. A Cg-
Nucleosil column was used. The solvent system consisted
of methanol : water : acetic acid, 68:32:0.01, v/v/v.

tions used, dose-dependently and significantly in-
hibited coronary flow reductions during infusion of
LTC, (20 x 10~'2 molmin~!') for Smin. Maximum
decrease of coronary flow was 33.1+3.4% (n=4,
P <0.02) and 14.5 + 3.4% (n =4, P<<0.001) in the
presence of EPA 6 x 10~% molmin~' and 15 x 10~%
mol min~!, respectively, whereas in control hearts
coronary flow decreased by 58.7 + 6.4%. Despite the
marked effects of EPA infusions on the coronary flow
reductions, EPA did not attenuate the negative in-
otropic effect of LTC,. At the end of the 5min LTC,
infusion period, myocardial contractility was
79.1 £ 2.3% and 78.7 £ 1.6% in the presence of EPA
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Figure 4 (a) Reversed phase h.p.l.c. profile of leuk-
otriene B, (LTB,)-like immunoreactivity released from
anaphylactic guinea-pig hearts as detected by LTB,
radioimmunoassay. (b) Effect of eicosapentaenoic acid
(EPA) 15 x 10~% mol min~"' infusion into the anaphylac-
tic guinea-pig heart on the reversed phase h.p.l.c. elution
profile of LTB,-like immunoreactivity as detected by
LTB, radioimmunoassay. Arrows indicate the retention
time of appropriate comigrating standards. A Cjq-
Nucleosil column was used. The solvent system consisted
of methanol : water : acetic acid, 68:32:0.01, v/v/v.

6 x 10"*molmin~" and 15 x 103 mol min~!, respec-
tively, and 75.6 + 5.0% in hearts receiving LTC,
20 x 10~ molmin~! alone, as compared to basal
values (n = 4). The reduction in myocardial contrac-
tility was significant in all three cases (P <<0.02)
compared to preinfusion values.

Discussion

In isolated perfused sensitized hearts of guinea-pigs
the anaphylactic reaction is characterized by the
occurrence of typical symptoms such as coronary
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n=3)and LTC5(V,n = 3)at 1.0 x 10~ "> mol min~', and
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molmin~! for 5min on coronary flow in non-sensitized
guinea-pig hearts. Coronary flow before leukotriene
infusion was 10.1 % 0.3 ml min~' and was taken as 100%.

constriction, decrease in myocardial contractility and
arrhythmias (Feigen & Prager, 1969; Capurro & Levi,
1975; Liebig et al., 1975; Levi et al., 1976).

The present results demonstrate that the anaphylac-

tic event can be successfully modulated by infusion of

exogenous EPA. Thus, EPA caused dose-dependent
inhibition of the early more pronounced phase of
anaphylactic coronary vasoconstriction and at the
higher concentration used, effectively shortened the
duration of arrhythmias.

EPA, a major unsaturated fatty acid in fish oil, is
known to affect eicosanoid biosynthesis. Its metabol-
ism via the cyclo-oxygenase pathway of polyun-
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Figure6 Effect of eicosapentaenoic acid (EPA) 6 x 10~2
molmin~! (O, n=4) and 15x10~® molmin~! (M,
n = 4) on leukotriene C, (LTC,) (20 x 10~'2 mol min~")-
induced coronary flow reduction as compared to LTC,
(20 X 10~'2 molmin~", for 5min) infusion alone (@,
n=4). Coronary flow before LTC, infusion was
100+ 0.6 mimin~' and was taken as 100%.
**2 P <0.001; **P <0.005; *P <0.02.

saturated fatty acid metabolism gives rise to trienoic
prostaglandins. In fact, bovine aortic microsomes and
aspirin-treated platelets have been shown to convert
PGH; into PGI; and TXA;, respectively, the former
exhibiting similar activities to PGI,, whereas TXA,
supposedly lacks any platelet aggregating activity
(Needleman er al,, 1979). It has been suggested,
however, that EPA is a rather poor substrate for cyclo-
oxygenase and it was generally believed that it is an
inhibitor of cyclo-oxygenase under normal
physiological conditions, with no appreciable conver-
sion into trienoic prostanoids (Culp et al., 1979;
Needleman et al., 1979). Indeed, several investigators
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failed to detect vascular PGI; formation after feeding
rats with EPA or after incubation of rat aortic tissue or
perfusion of rat hind legs and rabbit ears with EPA
(Hornstra et al., 1981; Juan & Sametz, 1983; Juan et
al., 1985). However, release of A!’-6-keto-PGF,,, the
degradation product of PGI,, from human umbilical
artery incubated with EPA has been reported (Dyer-
berg et al., 1981), as well as excretion of a urinary PGI,
metabolite and release of TXA; from human platelets,
both from subjects who had ingested large quantities
of marine oils (Fischer & Weber, 1983; 1984).

As in the guinea-pig lung, thromboxane release
predominates during anaphylaxis in guinea-pig hearts
(Dawson et al., 1976; Anhut et al., 1977; Allan & Levi,
1981; Aechringhaus et al., 1983), while under basal
conditions lungs (Gryglewski et al., 1978) and hearts
(Schror et al., 1978) release mainly PGI,. TXA, is
known to induce coronary vasospasm without direct
negative inotropic effects in guinea-pig isolated, work-
ing hearts (Terashita et al., 1978). In the EPA-treated
anaphylactic guinea-pig heart release of cyclo-oxygen-
ase products such as immunoreactive TXB, and 6-
keto-PGF,, were significantly decreased. Even though
infusion of EPA tended to increase release of TXB,
during the first min after ovalbumin challenge, inhibi-
tion of TXB, release dominated during the later course
of the anaphylactic reaction. Thus, for unknown
reasons, the profile of TXB, release appeared to be
somewhat different in the presence of EPA. The
overall effect, however, was still a significant inhibi-
tion of the total release of TXB, during the 23 min
observation period with both infusion rates of EPA. It
is recognized that the cross-reaction of the correspon-
ding EPA metabolites with the antisera are not known.
However, it is highly likely that the 3-series prostan-
oids will cross-react to a considerable extent with the
antisera employed. Thus, at least larger amounts of
EPA metabolites should have been detected. Instead,
significant inhibition of cyclo-oxygenase products was
observed. Hornstra et al. (1981) reported inhibition of
TXA, production by rat platelets and a decreased
release of PGI,-like material from rat aorta after
dietary administration of EPA. Furthermore, de-
creased biosynthesis of PGI, has been observed when
human endothelial cell cultures were enriched with
EPA (Spector et al., 1983). One could argue that
inhibition of cyclo-oxygenase and thereby of the PGI,
production of the coronary vascular bed might result
in coronary vasoconstriction. However, this was not
the case as shown in the results. This could be due to
the fact that independent of its activity on eicosanoid
biosynthesis, EPA seems to be able to antagonize
smooth muscle contraction elicited by various agon-
ists (Juan & Sametz, 1986; Simmet et al., 1986).

The concept that EPA is an inhibitor of cyclo-
oxygenase in the anaphylactic guinea-pig heart gains
further support from the fact, that EPA antagonized

the early more pronounced phase of anaphylactic
coronary constriction and was accompanied by the
inhibition of the antigen-induced immunoreactive
TXB, release. Previously, it has been demonstrated,
that addition of indomethacin to the perfusion
medium abolished the anaphylactic release of immun-
oreactive TXB, and PGF,,, and simultaneously in-
hibited the early phase of anaphylactic coronary
constriction, while leaving unaffected the later phase
of the anaphylactic vascular reaction (Anhut et al.,
1977). Others described almost complete inhibition of
anaphylactic coronary flow reduction by a rather high
concentration of indomethacin (Levi et al., 1976).
However, these authors measured total coronary flow
for a period of 10 min after challenge only, and might
therefore, have not been able to discriminate between
the indomethacin-sensitive and indomethacin-resis-
tant phase of coronary flow reduction.

Arrhythmias of the anaphylactic guinea-pig heart
are known to be due to conduction disturbances as
well as to increased ventricular ectopic activity (Sim-
met & Peskar, 1986). In the present experiments it
remains unclear whether the improvement of antigen-
induced arrhythmias in the presence of the higher EPA
dose is due to a direct effect of EPA or an unknown
EPA-derived metabolite on the electrophysiological
events or whether it merely reflects the restoration of
coronary perfusion.

SP-LT have previously been shown to be potent
coronary vasoconstrictors in various species (Letts &
Piper, 1981; Terashita et al., 1981; Burke et al., 1982;
Letts & Piper, 1982; 1983; Letts et al., 1983; Roth et al.,
1985) and to be released from anaphylactic guinea-pig
hearts (Aehringhaus ez al., 1983). Determination of
SP-LT-like material in the perfusates revealed an up to
3 fold increased release during the early phase of
anaphylaxis when anaphylactic guinea-pig hearts were
perfused with EPA. This increased release of SP-LT-
like immunoreactivity could be inhibited by the lipox-
ygenase inhibitor esculetin (Neichi ez al., 1983). Fatty
acids containing a A**!' unsaturation such as EPA,
are readily converted by 5-lipoxygenase (Jakschik et
al., 1980). Therefore, it was anticipated, that the
increased amount of immunoreactive SP-LT might
include EPA-derived SP-LT. In fact, reversed phase
h.p.lL.c. revealed immunoreactivity comigrating with 4-
and EPA-derived S-series LTC, LTD and LTE, even
though the solvent system used, did not clearly
separate LTC, from LTDs;. However, due to the
metabolic pathway of leukotrienes the presence of
single peaks comigrating with LTCs and LTE; im-
plicate the existence of LTD; as well (Samuelsson,
1983).

In the presence of EPA an increased immunological
release of SRS-A from chopped guinea-pig lung tissue
has previously been reported (Morris et al., 1979;
Piper et al., 1980). On the basis of the present results, it



EICOSAPENTAENOIC ACID IN CARDIAC ANAPHYLAXIS 323

is believed that this increased generation of SRS-A is
analagous to the increased release of SP-LT from EPA
perfused anaphylactic guinea-pig hearts. Further-
more, these authors (Morris et al., 1979) demonstrated
release of LTB, upon antigen challenge from sen-
sitized guinea-pig lung tissue. Immunologically-in-
duced generation of SP-LT and LTB of the 4- and 5-
series has recently been described in response to an
IgG-mediated immune complex reaction in the
peritoneal cavities of menhaden oil-fed rats (Leitch ez
al., 1984). Using reversed phase h.p.l.c. these authors
identified LTBs by comparison with a synthetic LTB;
standard which was not available for the present
study. The retention time of the unidentified peak
migrating in front of LTBy in this study appeared to be
identical to that of synthetic LTB; in the former study
and in others (Lee ef al., 1984; Terano et al., 1984;
Strasser et al., 1985). Since LTB, has been shown to
have no effect on coronary flow, heart rate and
contractility in isolated hearts of guinea-pig and rat
(Letts & Piper, 1983), the question of its patho-
physiological significance during cardiac anaphylaxis
awaits further elucidation.

Inhibition of the lipoxygenase pathway of ara-
chidonic acid metabolism in anaphylactic guinea-pig
hearts by nordihydroguaiaretic acid (NDGA) aboli-
shed the late phase anaphylactic coronary constriction
as did the SRS-antagonist FPL 55712, suggesting that
SP-LT may be the relatively more important
mediators in the late phase of anaphylactic coronary
constriction (Aehringhaus et al., 1983). Surprisingly,
in the present study significantly increased release of
SP-LT was not accompanied by significant changes
during late phase anaphylactic coronary flow reduc-
tion even though it was demonstrated that vasocon-
strictor activity of LTC; was similar to that of LTC,,
as had been described for other smooth muscle
preparations, such as the guinea-pig ileum and lung
parenchymal strip (Hammarstrém, 1980; Leitch ez al.,
1984). Nevertheless, inhibition of the increased release
of SP-LT in the presence of EPA by the lipoxygenase
inhibitor esculetin (Neichi ez al., 1983) resulted in
significantly increased coronary flow during the late
phase of cardiac anaphylaxis. Like the lipoxygenase
inhibitor NDGA, esculetin also inhibits cyclo-oxygen-
ase activity, although the ICs, for platelet cyclo-
oxygenase seems to be three orders of magnitude
higher than that for platelet lipoxygenase (Sekiya et
al., 1982).

The assumption of a direct or indirect effect of EPA
on the SP-LT-induced coronary flow reduction was
verified by the experiments demonstrating a dose-
dependent inhibition of LTC4-induced coronary con-
striction by EPA. Although EPA is metabolized into
5-series SP-LT of comparable vasoconstrictor activity
to 4-series SP-LT, the data suggest that EPA is able to
antagonize the coronary constrictor activity of SP-LT,

thus acting as a functional antagonist.

Interestingly, exogenous SP-LT which are known to
have negative inotropic effects (Letts & Piper, 1981;
1982; 1983; Burke et al., 1982; Roth et al., 1985) and
which dose-dependently decreased myocardial con-
tractility of non-sensitized guinea-pig hearts contin-
ued to exhibit negative inotropic effects in the presence
of EPA, which did, however, dose-dependently restore
coronary flow. Several authors did not find any
negative inotropic effect of exogenous SP-LT on
spontaneously beating atria or electrically driven
papillary muscles from cat, rat or guinea-pig (Letts &
Piper, 1981; 1982; 1983; Roth et al., 1985) and
consequently suggested that the negative inotropism
should be secondary to vasoconstriction. In contrast,
however, Burke et al. (1982) have shown that an
angiotensin II-induced coronary flow reduction, com-
parable to that induced by leukotrienes, was accom-
panied by only a slight negative inotropic effect. In
potassium-depolarized guinea-pig myocardium, LTC,
and LTD, have been reported to inhibit calcium-
dependent contractile responses and it was suggested,
that the negative inotropic effect of SP-LT might result
from a reduction in calcium ion influx through the
sarcolemma (Hattori & Levi, 1984). The present data
suggest that SP-LT might have a direct negative
inotropic effect, because the negative inotropic effect
remained unchanged despite almost complete restora-
tion of the coronary flow in the presence of the higher
dose of EPA. Similarly, in sheep the effect of exogen-
ous LTD, on coronary flow was abolished by
FPL 55712, but the antagonist only partially inhibited
the negative inotropic effect of LTD, (Michelassi et
al., 1982).

In conclusion the data suggest that EPA is able to
modulate the anaphylactic reaction in guinea-pig
isolated hearts with respect to coronary flow reduction
and duration of antigen-induced arrhythmias. EPA
was effectively metabolized via the S-lipoxygenase
pathway of polyunsaturated fatty acid metabolism,
but inhibited the cyclo-oxygenase pathway. By an
unknown mechanism, EPA seems to inhibit vasocon-
strictor activity of exogenous SP-LT, thus acting as a
functional antagonist. Furthermore, the data are in
agreement with the suggestion that cyclo-oxygenase
products are mediators of the early phase of ana-
phylactic coronary vasoconstriction, while vasocon-
strictor SP-LT are involved in the later phase.

LTC,, LTD,, LTE, and LTB, were kindly provided by Dr J.
Rokach, Merck Frosst Laboratories, Pointe Claire, Dorval,
Canada. LTC; was a generous gift of Dr S. Hammarstrom,
Department of Physiological Chemistry, Karolinska Ins-
titutet, Stockholm, Sweden.
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