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Summary: Metapyrone and eicosatetraynoic acid but not indomethacin are
effective inhibitors of the secretory response of isolated rat pancreatic
islets to arginine and glucose, Epoxyeicosatrienoic acids, products of the
cytochrome P-450-NADPH dependent arachidonic acid epoxygenase activity, are
potent and selective mediators for the in vitro release of either insulin or
glucagon from preparations of isolated rat pancreatic islets.

Introduction: We and others have provided in vitro evidence for the existence
of a new pathway of arachidonic acid metabolism, catalyzed by the NADPH-~
cytochrome P-450 dependent enzyme system (l-4). This enzyme system functions
as an active arachidonie acid "epoxygenase" affording four novel
cis-epoxyeicosatrienoic acids (EET's), i.e., 5,6-, 8,9-, 11,12~ and 14,15-EET
(5). The EET's are potent mediators for the in vitro release of certain
peptide hormones such as somatostatin from median eminence nerve terminals (2)
and luteinizing hormone from isolated anterior pituitary cells (6).

Recent experiments suggest that glucose induced insulin secretion from
isolated rat pancreatic islets is coupled to activation of phospholipases and
the release of arachidonic acid (7-12). The effect of exogenously added
prostaglandins as well as selective inhibitors of arachidonate metabolism

support a possible role for lipoxygenase products as in vitro mediators of
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glucose induced insulin secretion from isolated rat pancreatic islets (13).
Prostaglandins, on the other hand, affect pancreatic hormone secretion as
"modulators" of the secretory response (14),

It was of interest therefore to examine the effect of the newly described
EET's on the release of insulin and glucagon from preparations of isolated rat
pancreatic islets. Herein we present evidence implicating the involvement of
the EET's in the in vitro release of both insulin and glucagon.

METHODS

Pancreatic islets were obtained from male Sprague-Dawley rats (150-180g)
according to (15), modified as previously described (16). All in vitro
testing of the synthetic EET's and inhibitors consisted of a control and
various treatment groups of four assay tubes each containing eight isolated
islets. These were preincubated in 1 ml of Medium 199 (Gibco Laboratories,
Grand Island, NY) containing 0.1% bovine serum albumin, 5.6 mM glucose, 20 mM
HEPES, and 1000 K.I.U. Trasylol. After 60 minutes, the medium was replaced
with fresh control medium or medium containing the substance(s) to be tested
and incubated for an additional 30 minutes. The medium was removed and frozen
for subsequent radioimmunoassay for insulin and glucagon content. Insulin was
assayed as in (17), as modified by Herbert et al. (18). Glucagon was measured
with antiglucagon serum 30K according to Faisb;z.g£4§£. (19). The metabolism
of exogenous arashidonic acid by isolated rat pancreatic islets was studied as
follows: 2 x 10" islets were suspended in 2 ml of Medium 199, After a 5
minute preincubation period at 37°C,.the cell suspension was transferred to a
flask containing 4 nmols of neat 1-[  'Clarachidonic acid (5.9 mCi/mmol).

The incubation was continued for 30 minutes under constant mixing. The
isolation and chromatographic analysis of the products were done as in (1).
Control incubations were performed utilizing he?g denatured cells.

The synthetic EET's were prepared from 1-[ Clarachidonic acid (10
mCi/mol) by literature methods (20,21). Immediately prior to use, each EET
was purified by reverse phase HPLC as described (5). The required amount of
EET was placed in the incubation vessel and, after solvent evaporation, the
incubations were initiated by adding the cell suspension.

Chemjcals: Arachidonic acid was from Nu Chek Prep. (Elysian, Minnesota);
1-[""C]-arachidonic acid from Amersham (Arlington Heights, Illinois); ETYA
was a gift from Hoffmann-La Roche (Nutley, NJ). Indomethacin was from Sigma
Chem. Co. (St. Louis, MO.) Metapyrone was from CIBA-GEIGY (Ardsley, N.Y.)

RESULTS AND DISCUSSION

Incubation of isolated rat pancreatic islets with arginine (10 mM)
results in an approximate two and three fold stimulation in insulin and
glucagon secretion, respectively (Fig. 1-a). The arginine-stimulated release
of both hormones is strongly inhibited by both ETYA and metapyrone. The
cyclooxygenase inhibitor indomethacin (50 uM) fails to alter the arginine-
stimulated release of either glucagon or insulin (22). These inhibitors give
essentially identical results for glucose-stimulated insulin release (Fig.

1-b). ETYA is a potent competitive inhibitor of both the cveclooxygenase and
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FIGURE 1: Effects of Inhibitors on the Release of Glucagon and Insulin
Stimulated by Arginine or Glucose. Isolated rat pancreatic islets
were incubated at 37°C for 60 minutes, transferred to incubation vessels
containing the different test compounds and then incubated for an extra 30
minutes (see Methods). The values given are_she mean t SEM of eight diffeyent
incubations. C = controls; A.= arginine (10 M); G = glugose (1.6 x 10 ~

M), IS= indomethacin (5 x 1()-5 M); M = metapyrone (5 x 10 ° M) and E = ETYA (5

x 10 M). Statistical analysis was done by the Student's t test. Figure

l-a: Arginine stimulated release of glucagon and insulin. p values vs

controls are as follows: A < 0.001; A+I < §.001 for glucagon release; A <

0.025; A+I < 0.01 for insulin release. Figure 1~b glucose stimulated release

of insulin. p values vs controls are as follows: G < 0.001; G+I < 0.001; G+M

< 0.001. G+M vs G p < 0.001.
lipoxygenase enzyme systems. In experiments to be reported elsewhere (23), we
have shown that ETYA, at the concentrations used here, is an effective
inhibitor of the cytochrome P-450 catalyzed oxygenation of arachidonic acid.
Metapyrone has been shown to be a powerful and selective inhibitor of cyto-
chrome P-450 function in general (24) and of the cytochrome P-450 dependent
arachidonic acid oxygenase reactions in particular (1). Although the inter-
pretations of inhibition experiments involving whole cell preparations are
limited by the possibility of unknown side effects, these results suggest a
role for a metabolite(s) of the cytochrome P-450 dependent pathway in the
stimulatory effects of both arginine and glucose in the release of the
described hormones from our pancreatic islet preparations. In agreement with

(8), incubation of arachidonic acid (5 pM) with isolated islets results in a

two-fold increase In the release of insulin and in a smaller but significant
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TABLE I

Effect of Arachidonic Acid and 5- and 12-HETE on the Release of Insulin
and Glucagon from Isclated Pancreatic Islets.

Experiment Additions Insulin(uU/ml) % Glucagon(pg/ml) %
1 Controls 7+ 100 126 + 7 100
Arachidonic 16 * 0.42 229 166 + 7P 132
Arachidonic 9 * 6 129 126 * 6 100
+ ETYA
2 Centrols 15 ¢+ 2 100 94 * 6 100
5-HETE 11 + 1 73 170 + 11° 181
12-HETE 1+ 2 93 210 + 159 223

The different test compognds were added EE the following final ggncentrations:

arachidonic acid 5 x 10 M; ETYA 5 x 10 M; 5- and 12-HETE 10 M. The
values given are the mean * SEM of eight different incubations. ¢ values vs
controls are as follows: a < 0.001l; b < 0.05; ¢ < 0.025; d < 0.005 (Student's
t test). None of the remaining values are significantly different from
control values.

increase in glucagon release (33% over control values), Table I. Both effects
are abolished in the presence of ETYA, suggesting that a metabolite(s) of
arachidonic acid was responsible for the increases noted, Under these experi-
mental conditions synthetic 5- and 12-HETE (tested at 10"6 M) produces a
slight inhibition of the basal level of insulin release and increases glucagon
release approximately 80 and 220%, respectively (Table I). Lower concentra-
tions of 5- and 12-HETE failed to significantly alter the basal levels of
either hormone. The inhibitory effects of 5- and 12-HETE on insulin release
are unexpected; published data, based on the effects of inhibitors of arachi-
donic acid oxidation in a similar in vitro system, have suggested a role for
lipoxygenase products in the glucose-induced stimulation of insulin release
from isolated rat pancreatic islets (13). This discrepancy is presently
unresolved.

The EET's produced by the cytochrome P-450 dependent epoxygenase do not
contain a conjugated triene functionality in their molecular structure and are
therefore chemically distinet from the leukotriene group (8,25). Table II
shows the effect of each of the four synthetic EET's (10_6 M) on the release

of insulin and glucagon from isolated rat pancreatic islets. Under our
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TABLE 11

Effect of Epoxygenase Products on the Release of Insulin and Glucagon from
Isolated Rat Pancreatic Islets.

Insulin (uU/ml) % Glucagon (pg/ml) 7%
Control 2.8 * 4 100 193 + 23 100
5,6-EET 49,3 + 9@ 199 208 * 51 108
8,9~EET 26.6 * 7 107 379 + 8oP 196
11,12-EET 26.7 ¢ 7 108 565 + 56°€ 293
14,15-EET 24.7 %7 100 587 + 669 304

All incubatiggs were done as described in Methods. The different EET's were
added at 10 M final concentration. The values shown are the mean * SEM
of at least 5 different experiments each of which consisted of eight
duplicate incubations. p values vs the corresponding controls are as
follows: a < 0.01; b < 0.05; ¢ < 0.005; d < 0.005. Statistical aralysis
included one way analysis of variance and Student Neuwnan-Keuls Multiple
Range Test.

experimental conditions, only 5,6~EET produces a clear increase in the amount
of insulin released (1997 of control values). The effect of 5,6-EET is
selective for insulin; no significant changes in basal glucagon release are
observed (Table II). While 8,9~, 11,12- and 14,15-EET do not significantly
alter the levels of insulin secretion, they do clearly increase glucagon
secretion from isolated rat pancreatic islets (Table II). Their efficacy
decreases with the distance of the oxido group from the W terminus: 14,15-EET
(304% of control values), 11,12-EET (293% of control values) and 8,9-EET (196%
of control values).

The effects of the EET's on in vitro pancreatic hormone secretion are, to
our knowledge, unique in their selectivity, levels of stimulation and minimum
concentration required to elicit response. 5,6-EET and 14,15-EET stimulate
the release of insulin and glucagon, respectively, in a concentration
dependent manner (Fig. 2). The first significant increase in insulin release

is observed at 10_8

10_8 M 14,15-EET. Ve were unable to determine a saturation point for the

M 5,6-EET while that for glucagon occurs at approximately

dependency of hormone release for either 5,6- or 14,15-EET due to cell
toxicity at doses greater than lO_SM. The effects of 8,9- and 11,12-EET on
glucagon release from our preparations are also concentration dependent and,

in both cases, are qualitatively similar to that of 14,15-EET.
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FIGURE 2: Effect of Increasing Concentrations of 14,15-EET and 5,6-EET on

the Levels of Glucagon and Insulin Release. Isolated rat pancreatic
islets were incubated at 37°C with increasing concentrations of either 5,6-EET
or 14,15~EET. After a 30 minute period, the medium was removed and analysed
for insulin and glucagon as described in Methods. The values given correspond
to the mean * SEM of at least eight different incubations. The figgt
significant increase in the release of glucagon was obtained_gt 10 " M
14,15-EET (p vs controls < 0.0005) and that of insulin at 10 ~ M 5,6-FEET {(p vs
controls < 0.025). (Student's t test),

The mechanism by which the EET's alter the in vitro levels of insulin and
glucagon secretion from the isolated islets utilized remains unknown. Once
the EET's are formed, they are rapidly hydrated by a cytosolic epoxide
hydrolase to form the corresponding vic-dihydroxyacids (26)}. Hydration of the
EET's has been shown to be a route for partial inactivation of the EET's in
median eminence fragments as well as in isolated anterior pituitary cells
(2,6).

One limitation of our studies is the inability to demonstrate epoxygena-
tion of exogenously added arachidonic acid by our preparation of isolated ?at
pancreatic islets. Although the reverse phase HPLC chromatograms of the
organic soluble products isolated from incubation mixtures containing 2 x
10—6 M1- [laC] arachidonic acid did show small amounts of radiocactive mate-
rial that coeluted with authentic EET standards, the low amounts of radio-
active material recovered preclude any meaningful conclusion with regard to
their enzymatic formation and chemical identity.

In summary, we have provided evidence suggesting a role for a cytochrome
P-450 dependent epoxygenation of arachidonic acid in the secretory response of

isolated rat pancreatic islets to glucose and arginine. In addition, we
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showed that products of the hemoprotein dependent "epoxygenase" activity are
potent and selective mediators for the in vitro release of insulin and
glucagon from isolated rat pancreatic islets. The in vivo significance of
this phenomenon during insulin and glucagon release from the endocrine

pancreas remains to be established.
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