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The effect of 8-isoprostanes on potassium (K+)-depolarization-evoked release of [3H]D-
aspartate from bovine isolated retinae was investigated. Isolated bovine retinae were pre-
pared for studies of K+-evoked release of [3H]D-aspartate using the Superfusion Method.

Low concentrations of 8-isoPGF2a (1–100 nM) inhibited whereas higher concentrations of
this 8-isoprostane (100 nM–30 lM) enhanced K+-induced [3H]D-aspartate overflow. The
excitatory effect of 8-isoPGF2a was mimicked by thromboxane receptor agonist, U-46619

and blocked by thromboxane receptor antagonist, SQ 29,548 (10 lM). Pretreatment of tis-
sues with the cyclooxygenase (COX) inhibitor, flurbiprofen unmasked an inhibitory effect
of high concentrations of 8-isoPGF2a (1–30 lM) on [3H]D-aspartate release that was atten-

uated by AH 6809 (10 lM). In conclusion, 8-isoPGF2a exhibits a dual regulatory effect on
K+-induced [3H]D-aspartate release in isolated bovine retinae. The inhibitory action caused
by 8-isoPGF2a is due to the activation of EP1/EP2 receptors while the excitatory effects are

due to the activation of thromboxane receptors.
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INTRODUCTION

Isoprostanes are a series of prostaglandin (PG)-
like compounds formed in abundance in vivo by a
non-enzymatic, free radical catalyzed peroxidation
of arachidonic acid independent of the cyclooxygen-
ase (COX) enzyme (1) and to a minor extent, by the

inducible COX-2 catalyzed peroxidation of arachi-
donic acid (2). Of the 8-isoprostane family, 8-iso-
PGF2a has been detected in all tissues and human
biological fluids (3). In addition to 8-iso-PGF2a,
other isoprostanes formed in vivo include PGD2-like
(8-isoPGD2), PGE2-like (8-isoPGE2), PGA2-like (8-
isoPGA2) and thromboxane-like (8-iso-Txs). Unlike
eicosanoids formed by COX, isoprostanes are formed
in situ on esterified phospholipids and are released
preformed presumably by phospholipases. 8-Isopros-
tanes are a reliable marker of oxidative stress because
they are stable products whose production increases
with exposure to oxidative injury in both in vivo and
in vitro animal models (4–7).

Isoprostanes have been reported to exert phar-
macological actions in various tissues through activa-
tion of prostanoid or prostanoid-like receptors (8–10).
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In the eye, Awe et al. observed that 8-isoPGE2 inhib-
ited electrically evoked noradrenaline release while
8-isoPGF2a enhanced the release of this neurotrans-
mitter from isolated human iris-ciliary bodies (11). On
the contrary, both 8-isoPGE2 and 8-isoPGF2a were
reported to enhance the release of field-stimulated
norepinephrine release from bovine isolated irides
(10). There appears to be species and tissue difference
in the nature of receptors that mediate the phar-
macological actions of 8-isoprostanes. There is evi-
dence that isoprostanes may act via prostaglandin
FP receptors because 8,12-isoP-III can activate FP
receptors in neonatal rat ventricular myocytes (12).
Recently, Nakamura et al. reported that unlike 8-iso-
PGF2a whose inhibitory effect on evoked norepi-
nephrine release was mediated through thromboxane
receptors, the inhibitory effects of 8-isoPGE2 was
mediated via EP3 receptors in isolated rat stomach
(13). We have evidence that isoprostanes can pro-
duce both thromboxane receptor-mediated excitatory
effects and a non-thromboxane receptor mediated
inhibitory effects on sympathetic neurotransmission
in isolated bovine (10) and human (11) iris-ciliary
bodies. Clearly, the exact nature of receptors that
mediate the pharmacological actions of isoprostanes
is yet to be fully determined.

In the retina, there is evidence that free-radical
catalyzed peroxidation of arachidonic acid leads to
formation of isoprostanes in human (14) and bovine
tissues (15). Recently, Hou et al. reported that 8-iso-
PGF2a and its metabolite caused vasoconstriction of
pig retinal and brain microvessels via an endothelin-
dependent, thromboxane A2 synthesis (16). We have
previously shown that oxidant stress induced by
hydrogen peroxide can modulate glutamate release
from bovine retinae both in vitro and ex vivo (17,18).
It is, however, unclear whether as free radical derived
metabolites of the arachidonic acid pathway, isopros-
tanes can also affect the release of glutamate from
mammalian retinae. The aim of the present study was,
therefore, to investigate: (i) effect of different series of
isoprostanes on the release of glutamate (using [3H]D-
aspartate as a marker) from mammalian retina and (ii)
role of arachidonic acid metabolites and their recep-
tors on the isoprostane response. Parts of this study
have been communicated in an abstract form (19).

EXPERIMENTAL PROCEDURE

Studies were performed with cow eyeballs obtained from the

local slaughterhouse (J.F.O ’Neill Packing Co. and All American

Meats, Inc.). Eyeballs from freshly sacrificed cows were trans-

ported to the laboratory in an ice bucket. Eyes were quickly enu-

cleated under light and the cornea, lens and vitreous humor were

carefully removed. The remaining eyecup was everted and placed

in a vial containing Krebs buffer solution.

Potassium-Induced [3H]D-Aspartate Release. The methodol-

ogy employed for studies of [3H]D-aspartate release was essentially

the same as described by us (20) and others (21). Briefly, isolated

mammalian retinas were incubated in oxygenated Krebs buffer

solution containing 200 nM of [3H]D-aspartate at 37�C for 1 h.

The Krebs buffer solution was composed of the following (milli-

molar): sodium chloride, 118; potassium chloride, 4.8; calcium

chloride, 1.3; potassium dihydrogen phosphate, 1.2; sodium bicar-

bonate, 25; magnesium sulfate, 2.0; and dextrose, 10 (pH 7.4).

After incubation, tissues were rinsed, mounted between nylon

mesh cloth and placed in thermostatically-controlled Superfusion

Chambers (Warner Instrument Corp., CT). Tissues were super-

fused at 1.5 ml/min with oxygenated Krebs solution, with superfu-

sates collected every 6 min. After an initial 60 min of superfusion

to establish a stable baseline of spontaneous tritium efflux, release

of [3H]D-aspartate was evoked by K+ (50 mM; iso-osmotic

replacement of Na+ with K+) stimuli applied at 90–102 min (S1)

and 138–150 min (S2) after the onset of superfusion. K+-induced

[3H]D-aspartate release was estimated by subtraction of the extrap-

olated basal tritium efflux from total tritium released in the 24-min

period after the onset of stimulation. Under this experimental con-

dition, [3H]D-aspartate has been reported to be a valid marker of

endogenous glutamate in retinal neurons which use these amino

acids as transmitters (21–23). Basal (unstimulated) tritium efflux

was assumed to decline linearly between pre-stimulation and post-

stimulation fractions. All tissues received two stimulations (S1 and

S2) 36 min apart. To examine the effect of isoprostanes on [3H]D-

aspartate release, each drug was present in the Krebs buffer solu-

tion applied to tissues 12 min before and during S2. When used,

antagonists were present in the buffer solution 30 min before S1
and also during S2.

Data Analysis. Results for superfusion studies are expressed

as the absolute (area under the peaks) S2/S1 ratios. Except where

indicated otherwise, values given are means ± standard error of

the mean (SEM). Significance of differences between S2/S1 values

levels obtained in control and agent-treated preparations was

evaluated using analysis of variance followed by Dunnett’s test

(GraphPad Software, CA). Differences with P values < 0.05

were accepted as statistically significant.

Drugs and Chemicals. The following drugs were used: 8-iso-

PGA1, 8-isoPGE1, 8-isoPGE2, 8-isoPGF2a, 8-iso(15R)PGF2a, flur-

biprofen, SQ 29,548, U-46619, AH 6809 (Cayman Chemical, Ann

Arbor, MI USA); caffeic acid (SIGMA, St. Louis, MO); ozagrel

hydrochloride (Tocris Cookson Inc., Ellisvilee MO; [3H]D-aspar-

tate (1000Ci/mmol) Dupont NEN, Boston, MA.

RESULTS

Biphasic Effect of 8-isoPGF2a on [3H]D-Aspartate

Release

As illustrated in Fig. 1 (panel a), application of
an iso-osmotic Krebs solution containing K+

(50 mM) for two successive collection periods elic-
ited an overflow of [3H]D-aspartate from isolated,
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superfused bovine retinae yielding S2/S1 ratios of
1.05 ± 0.04 (n ¼ 8). Application of 8-isoPGF2a

(30 lM) 12 min prior to second K+ stimulus caused
an enhancement of K+ -induced [3H]D-aspartate
overflow without affecting basal tritium overflow
(Fig. 1, panel b). In the presence of flurbiprofen
(3 lM), the same concentration of 8-isoPGF2a

exhibited an inhibitory response (Fig. 1, panel c). In
the concentration range, 1 nM to 30 lM, 8-iso-
PGF2a exhibited a biphasic response, being inhibi-
tory (maximum inhibition of 25% at 0.1 lM
concentration) at lower concentrations and excit-
atory at higher concentrations (Fig. 2). Since most
of the pharmacological actions of isoprostanes can
be mimicked by thromboxane receptor agonists, we
examined the effects of U-496619 on K+-induced
[3H]D-aspartate release. As observed with higher
concentrations of 8-isoPGF2a, U-46619 (10 lM)
caused an enhancement of K+-induced [3H]D-
aspartate release (Fig. 3).

Role of Thromboxane. Due to the susceptibility of
isoprostane responses to inhibition by thromboxane
receptor antagonists, we examined the effect of SQ
29,548 on enhancement of K+-induced [3H]D-
aspartate release induced by 8-isoPGF2a and
U-46619. It was interesting to note that while SQ
29,548 (10 lM) on its own had no effect on K+-
induced [3H]D-aspartate release, it attenuated the
effect of both 8-isoPGF2a (30 lM) and U46619
(10 lM ) on this excitatory neurotransmitter in iso-
lated bovine retinae (Fig. 3). To determine whether
endogenous thromboxanes could mediate 8-iso-
PGF2a –mediated enhancement of K+ -induced
[3H]D-aspartate release, tissues were pretreated with
the thromboxane synthetase inhibitor, ozagrel. As
illustrated in Fig. 3, ozagrel (10 lM) attenuated the
excitatory effect of 8-isoPGF2a (30 lM) on K+-
induced [3H]D-aspartate release.
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Fig. 1. Effect of 8-isoprostaglandin F2a (8-isoPGF2a) on KCl
(K+, 50 mM)-induced release of [3H]D-aspartate from isolated,
superfused retinas. K+ stimuli were applied at fractions 5/6 (S1)
and 13/14 (S2). Panel A, control (no agent present). Panels B and
C, 8-isoPGF2a (30 lM) applied 12 min before S2 in absence and
presence of flubiprofen (FBF), respectively. Fractions of the su-
perfusate containing [3H]D-aspartate were collected at 6-min
intervals and analyzed for radioactivity as described in the Meth-
ods section.
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Fig. 2. Effect of 8-isoprostaglandin F2a (8-isoPGF2a) on KCl
(K+, 50 mM)-induced release of [3H]D-aspartate from isolated,
bovine retinas. Data shown are derived from ratios of S2/S1
peaks as described in Methods section. Vertical bars represent
means ± SEM of four to eight determinations.

131Isoprostanes and Retinal [3H]D-Aspartate Release



Inhibitory Effect of Isoprostanes on [3H]D-Aspartate

Release: Role of Prostaglandins

In a series of experiments, we investigated the
role of other products of the COX pathway (i.e.,
prostaglandins) in the response produced by 8-iso-
PGF2a on [3H]D-aspartate release. In the presence

of the COX inhibitor, flurbiprofen (3 lM), 8-iso-
PGF2a elicited a concentration-dependent inhibition
of evoked [3H]D-aspartate release (Fig. 4). Based
upon the inhibition exhibited by 8-isoPGF2a in pres-
ence of flurbiprofen, we further examined the
effect of other isoprostanes, 8-isoPGA1, 8-isoPGE1,

Fig. 3. Effect of SQ 29,548, U-46619 8-isoprostaglandin F2a (8-isoPGF2a) and ozagrel on KCl (K+, 50 mM)-induced release of [3H]D-
aspartate from isolated, bovine retinas; control and in the presence of SQ 29,548 (10 lM), U-46619 (10 lM), U-46619 plus SQ29,548,
8-isoPGF2a (10 lM), 8-isoPGF2a plus SQ 29,548 and 8-isoPGF2a plus ozagrel (10 lM). Vertical bars represent means ± SEM. Number
of observations is in parenthesis. *P < 0.01; **P < 0.001, significantly different from untreated control. CP < 0.001, significantly differ-
ent from U-46619 alone. dP < 0.001, significantly different from 8-isoPGF2a alone.
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Fig. 4. Effect of 8-isoprostaglandin F2a (8-isoPGF2a) on KCl (K+, 50 mM)-induced release of [3H]D-aspartate from isolated, bovine reti-
nas; in the presence (solid line) absence (dotted line) of flurbiprofen (FBF;3 lM ). Data shown are derived from ratios of S2/S1 peaks as
described in Methods section. Vertical bars represent means ± SEM of four to eight determinations.
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8-isoPGE2, and 8-iso(15R)PGF2a on K+-induced
[3H]D-aspartate release. At an equimolar concentra-
tion of 0.1 lM, all isoprostanes tested except 8-
iso(15R)PGF2a exhibited an inhibitory effect on
K+-induced [3H]D-aspartate release with the follow-
ing rank order of activity: 8-isoPGF2a > 8-isoPGA1

> 8-isoPGE1 > 8-isoPGE2 (Fig. 5).

Effect of Lipoxygenase Inhibitor, Caffeic Acid. To
determine whether products of the lipoxygenase
pathway are involved in the observed inhibitory
response to 8-isoPGF2a, tissues were exposed to the
lipoxygenase inhibitor, caffeic acid. Caffeic acid
(10 lM) had no significant effect on both K+-
induced [3H]D-aspartate release and 8-isoPGF2a

(0.1–1 lM)-mediated inhibition of K+-induced
[3H]D-aspartate release (Table I).

Effect of EP1/EP2 Receptor Antagonist, AH
6809. To determine the role of prostaglandin recep-
tors in the observed inhibitory response to 8-iso-
PGF2a, tissues were pretreated with AH 6809. As
shown in Fig. 6, AH 6809 (10 lM) on its own had
no significant effect on K+-induced [3H]D-aspartate
release. On the other hand, the same concentration
of AH 6809 attenuated the effect of 8-isoPGF2a

(0.1–1 lM) (Fig. 6).

Effect of Thromboxane Receptor Antagonist, SQ 29548.
To determine the role of thromboxane receptors on
the isoprostane-mediated inhibition of K+-induced
[3H]D-aspartate release, tissues were pretreated with
the thromboxane receptor antagonist, SQ 29,548. SQ
29,548 (10 lM) did not significantly alter K+-
induced [3H]D-aspartate release nor did it reverse the
inhibitory effect of 8-isoPGF2a (10 lM) on K+-
induced [3H]D-aspartate release (Table II).

DISCUSSION

It is now established that in addition to being
markers of oxidative stress in vivo and in vitro,

Fig. 5. Effect of the isoprostanes, 8-iso(15R)prostaglandin F2a (8-
iso(15R)PGF2a), 8-isoprostaglandin E2 (8-isoPGE2), 8-isoprosta-
glandin A1 (8-isoPGA1) and 8-isoprostaglandin F2a (8-isoPGF2a)
on K+-evoked [3H]D-aspartate release: control and in the pres-
ence of 0.1 lM concentration of the isoprostanes. Vertical bars
represent means ± SEM Number of observations is in parenthe-
sis. *P < 0.05; **P < 0.01, significantly different from untreated
control.
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Fig. 6. Effect of AH 6801 on 8-isoprostaglandin F2a (8-isoPGF2a)
mediated inhibition of K+-evoked [3H]D-aspartate release: control
and in the presence of 8-isoPGF2a (0.1 lM and 1 lM). Vertical bars
represent means ± SEM. Number of observations is in parenthesis.
*P < 0.01, significantly different from untreated control.

Table I. Effect of Caffeic Acid on 8-Isoprostaglandin F2a (8-iso-
PGF2a)–Mediated Inhibition of Potassium Chloride (K+,
50 mM)-Induced Release of [3H]D-Aspartate from Isolated,

Superfused Retinas

Experiment S2/S1

Minus caffeic acid Plus caffeic acid (10 lM)

Control 1.05 ± 0.04 (8) 1.04 ± 0.08 (4)
+ 8-isoPGF2a

(0.1 lM)
0.739 ± 0.07 (7)* 0.770 ± 0.02 (4)*

+ 8-isoPGF2a

(1 lM)
0.712 ± 0.07 (4)* 0.750 ± 0.03 (4)*

Values are means ± SEM; Numbers of observations in parenth-
esis; The 8-isoprostanes were added 12 min before S2; *P < 0.01,
significantly different from untreated control.
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isoprostanes exert pharmacological actions in a vari-
ety of tissues. Indeed, 8-isoPGF2a, the most promi-
nently studied isoprostane in literature, has been
reported to be a potent vasoconstrictor in retinal
vascular bed (24) kidney (25), lung (26), brain (27)
and heart (28) and to modulate acetylcholine (29)
and norepinephrine release (13) from isolated gui-
nea pig trachea and isolated rat stomach, respec-
tively. In the mammalian eye, we have previously
shown that 8-isoPGF2a can regulate sympathetic
neurotransmission in bovine and human iris-ciliary
bodies. In the present study, we now report, for the
first time, that isoprostanes can modulate K+-
induced [3H]D-aspartate release in the isolated
bovine retinae. The isoprostane, 8-isoPGF2a exhib-
ited an inhibitory action on K+-induced [3H]D-
aspartate release at low concentrations but caused a
stimulant effect on the release of this excitatory
amino acid at higher concentrations. Interestingly,
we reported a similar pattern of dual pharmacologi-
cal activity for 8-isoPGF2a in both bovine and
human iris-ciliary bodies (10,11). Taken together,
these results indicate that, under our experimental
conditions, 8-isoPGF2a exhibits a biphasic regula-
tory action on K+-induced [3H]D-aspartate release
in bovine retinae, in vitro. It is possible that the
observed biphasic response of 8-isoPGF2a on D-
aspartate release could be due to an interaction of
isoprostanes with amino acid transporters. A review
of the literature, however, does not reveal any evi-
dence in support of this hypothesis. The possibility
that isoprostanes could interact with amino acid
transporters does merit further investigation.

Because there is evidence that pharmacological
effects of isoprostanes can be mimicked by throm-
boxane receptor agonists (10), we compared the
effect elicited by 8-isoPGF2a with those caused by
U-46619 on K+-induced [3H]D-aspartate release in
bovine retinae, in vitro. Indeed, we have previously
reported that the excitatory effects of 8-isoPGF2a on

sympathetic neurotransmission in bovine iris-ciliary
bodies could be mimicked by U-46619 in vitro (10).
In the present study, U-46619 also caused an
enhancement of K+-induced [3H]D-aspartate release
in bovine retinae suggesting that thromboxane
receptor stimulation can produce an excitatory
action on the release of aspartate from this tissue.

There is evidence that the excitatory effects of
8-isoPGF2a at pre- and post-junctional sites can be
blocked by thromboxane receptor antagonists (13,
30–31). Due to weak receptor-binding properties of
8-isoPGF2a to the thromboxane receptor, it has
been proposed that the excitatory effect of isopros-
tanes is mediated via a unique receptor that is simi-
lar to but distinct from the thromboxane A2/PGH2

receptor (8,9). In the present study, we found that
SQ 29,548 inhibited the enhancement of evoked
neurotransmitter release induced by 8-isoPGF2a,
suggesting that this response may be mediated via
thromboxane receptors. It is, however, unclear
whether the so-called unique isoprostane receptor
with thromboxaneA2-like receptor properties is
involved in the observed isoprostane response. It
may well be that high concentrations of 8-isoPGF2a

causes the biosynthesis of thromboxanes which in
turn, activate thromboxane receptors to cause the
excitatory response. Indeed, in a previous study, we
found that the thromboxane synthetase inhibitor,
carboxyheptylimidazole abolished the stimulatory
effect of 8-isoPGE2 on electrically evoked [3H]nor-
epinephrine release in bovine retinae, suggesting
that endogenous thromboxanes mediate this excit-
atory sympathetic response (10). In this study, pre-
treatment of retinal tissues with the thromboxane
synthetase enzyme inhibitor, ozagrel attenuated the
excitatory effect of 8-isoPGF2a on evoked neuro-
transmitter release. It was also interesting to note
that SQ 29,548 attenuated the enhancement of K+-
induced [3H]D-aspartate release caused by U-46619.
These results are in agreement with our previous

Table II. Effect of SQ 29,548 on 8-Isoprostaglandin F2a (8-isoPGF2a)–Mediated Inhibition of Potassium Chloride (K+, 50 mM)-Induced
Release of [3H]D-Aspartate from Isolated, Superfused Retinas

Experiment S2/S1 n

Control 1.05 ± 0.04 8
+ SQ 29,548 (10 lM)* 0.973 ± 0.09 4
+ 8-isoPGF2a (10 lM)* 0.57 ± 0.04� 7
+ 8-isoPGF2a (10 lM)* + SQ 29,548 (3 lM)� 0.632 ± 0.05� 4
+ 8-isoPGF2a (10 lM)* + SQ 29,548 (10 lM)� 0.728 ± 0.028� 6

Values are mean ± SEM; n = number of observations; *SQ 29,548 and 8-isoPGF2a, were added 12 min before S2;
�SQ 29,548 was added

throughout the experiment; �P < 0.01, significantly different from untreated control.
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observation in bovine iris-ciliary bodies, where SQ
29,548 attenuated sympathetic excitatory effects of
8-isoPGF2a, in vitro (10). Taken together, these
results indicate that the excitatory effect of 8-iso-
PGF2a on [3H]D-aspartate release may be due to an
action on thromboxane receptors. Furthermore,
endogenous thromboxanes may contribute to the
isoprostane response. It is possible to speculate that
there is an endogenous isoprostane tone that modu-
lates excitatory neurotransmitter release in retinal
tissues via the excitatory thromboxane or throm-
boxane-like receptors in retinal tissues. It also
appears that the mechanism of stimulatory effect of
isoprostanes on excitatory neurotransmitter release
is similar to that observed for sympathetic neuro-
transmission in bovine irides (10).

Since arachidonic acid metabolites have been
reported to modulate neurotransmitter release in
several tissues (15,32), we investigated the role of
these second messengers on 8-isoPGF2a effect on
K+-induced [3H]D-aspartate release. In a series of
experiments, we pretreated retinal tissues with the
COX inhibitor, flurbiprofen prior to exposure to 8-
isoPGF2a. This concentration of flurbiprofen has
been reported to be adequate in blocking endoge-
nously generated prostanoids in retina (15). Pre-
treatment of tissues with flurbiprofen unmasked an
inhibitory action of high concentrations of 8-iso-
PGF2a on K+-induced [3H]D-aspartate release in
bovine isolated retinae. It is pertinent to note that
the inhibitory effect of lower concentrations 8-iso-
PGF2a was independent of inhibition of COX, sug-
gesting that these responses are not mediated by
endogenously generated prostanoids. This observa-
tion was contrary to that we reported for sympa-
thetic neurotransmitter release in bovine iris-ciliary
bodies where the inhibitory effect of low concentra-
tion of 8-isoPGF2a was diminished following pre-
treatment with flurbiprofen (10).

Based upon the observed inhibitory action of
8-isoPGF2a on [3H]D-aspartate release in the pres-
ence of flurbiprofen, we further evaluated the effect
of different series of isoprostanes on the release of
the excitatory amino acid neurotransmitter. At an
equimolar concentration (100 nM), the rank order
of activity was as follows: 8-isoPGF2a > 8-isoPGA1

> 8-isoPGE1 > 8-isoPGE2. It was interesting to
note that 8-isoPGE2, which has been reported to be
a potent inhibitor field-stimulated [3H]norepineph-
rine release in bovine iris-ciliary bodies (15 times
more potent than 8-isoPGE2a) (10) and to reduce
intraocular pressure in normotensive rabbits (33)

was the least potent of all isoprostane agonists
tested in the present studies. In human and canine
airway smooth muscle, Jansen et al. also observed
that 8-isoPGE2 exhibited a higher potency (10–100
times excitatory effect) than 8-isoPGF2a (34). Taken
together, these studies reveal that in spite of their
similarity in structure, different members of the
8-isoprostane family exhibit specific pharmacologi-
cal effects in different tissues.

To determine the role of other arachidonic acid
metabolites on the observed inhibitory response to
8-isoPGF2a, we examined the effect of caffeic acid, a
lipoxygenase enzyme inhibitor on the isoprostane
response. Caffeic acid had no significant effect on 8-
isoPGF2a –induced inhibition of K+-induced
[3H]D-aspartate release response, suggesting that
the lipoxygenase pathway does not play a role on 8-
isoPGF2a response. Similarly, the thromboxane
receptor antagonist, SQ 29,548 failed to reverse the
8-isoPGF2a-mediated inhibitory effect on the release
of the excitatory amino acid neurotransmitter. On
the other hand, the prostanoid EP1/EP2 receptor
antagonist, AH 6809 reversed the effect of 8-iso-
PGF2a, suggesting the involvement of prejunctional
EP receptors in the inhibitory isoprostane response.
A similar observation was made by Nakamura et al.
who reported that 8-isoPGF2a inhibited sympathetic
neurotransmission by interacting with EP receptors
in gastric sympathetic nerve terminals in rats (13).
Taken together, these data indicate that 8-isoPGF2a

acts on prejunctional EP receptors to elicit inhibi-
tion of potassium depolarization-evoked release of
[3H]D-aspartate. It may well be that these EP recep-
tors are different from the other prejunctional EP
receptors that have been described at sympathetic
and parasympathetic nerve terminals (35,36).

It was interesting to note that in the absence of
flurbiprofen, 8-isoPGF2a exhibited a stimulatory
effect that was blocked by a thromboxane receptor
antagonist. Pretreatment tissues with flurbiprofen
not only abolished this effect, but also unmasked an
inhibitory response that was reversed by the prosta-
glandin EP receptor inhibitor, AH 6809. It is possi-
ble to speculate that when all the arachidonic acid
metabolite pathways are intact, 8-isoPGF2a stimu-
lates synthesis of products of the thromboxane syn-
thetase pathway that elicit a response via the SQ
29,548-sensitive receptors. However, inhibition of
cyclooxygenase by flurbiprofen leads to a direct
effect of 8-isoPGF2a on prejunctional EP receptors.

The dual response elicited by 8-isoPGF2a on
evoked [3H]D-aspartate release indicates that there
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is a spectrum of activity whereby at low concentra-
tions, the inhibitory action of this isoprostane could
serve a neuroprotective role against glutamate ex-
citotoxicity. At high concentrations, the excitatory
action of 8-isoPGF2a on evoked [3H]D-aspartate
release may counterbalance the inhibitory effects of
oxidative stress on the release of glutamate release.
Indeed, oxidative stress induced by reactive oxygen
metabolites such as hydrogen peroxide has been
shown to reduce basal glutamate concentrations in
the bovine retina and vitreous humor (17) and K+-
evoked release of [3H]D-aspartate from this tissue
(18). Interestingly, LeDay et al. also showed that
treatment of isolated bovine neural retina with
hydrogen peroxide increased the production of 8-
isoPGF2a from this tissue (15). It is tempting to
speculate that isoprostanes may play an integral
role in the maintenance of glutamate content in reti-
nal neurons, an effect that contributes to the overall
activity of the amino acid as a neurotransmitter in
this tissue. Be that as it may, the fact that isopros-
tanes can produce direct effects on glutaminergic
transmission suggests that these sites could provide
a potential target for therapeutic intervention in
some of the diseases of the retina that are associated
with oxidative stress such as diabetic retinopathy.

We conclude that 8-isoPGF2a exhibits a dual reg-
ulatory effect on K+-induced [3H]D-aspartate release
in isolated bovine retinae. In low concentrations, 8-
isoPGF2a produces an inhibitory action presumably
via the activation of EP receptors but at high concen-
trations, products of the thromboxane synthetase
pathway may be involved in this excitatory response.
Inhibition of cyclooxygenase unmasks an inhibitory
effect of high concentrations of 8-isoPGF2a that is
mediated by a direct action of this 8-isoprostane on
pre-junctional EP receptors.

ACKNOWLEDGMENTS

The authors thank J.F. O’neill Packing Company, Omaha

and All American Meats, Inc., Omaha for their generous dona-

tion of cow eyeballs. This project was supported by Health

Future Foundation Faculty Development Award and National

Institutes of Health grant EY13967-01A1 to CAO.

REFERENCES

1. Morrow, J. D., Awad, J. A., Boss, H. J., Blair, I. A., and
Roberts, I. L. J. 1990. A series of prostaglandin F2-like com-
pounds are produced in vivo in humans by a non-cyclooxy-

genase, free radical catalyzed mechanism. Proc. Natl. Acad.
of Sci. USA 87:9383–9387.

2. Jourdan, K. B., Evans, T. W., Goldstraw, P., and Mitchell,
J. A. 1999. Isoprostanes and PGE2 production in human iso-
lated pulmonary artery smooth muscle cells: concomitant and
differential release. FASEB 19:1025–1030.

3. Roberts, L. J. II, Brame, C. J., Chen, Y., and Morrow, J. D.
1999. Novel eicosanoids. Isoprostanes and related com-
pounds. Methods Mol. Biol. 120:257–285.

4. Hill, D. B. and Awad, J. A. 1999. Increased urinary F2 -iso-
prostane excretion in alcoholic liver disease. Free Radic. Biol.
Med. 26:656–660.

5. Morrow, J. D., Chen, Y., Brame, C. J., Yang, J., Sanchez, S.
C., Xu, J., Zackert, W. E., Awad, J. A., and Roberts, L. A.
1999. The isoprostanes: unique prostaglandin-like products
of free radical-initiated lipid peroxidation. Drug Metab. Rev.
31:117–139.

6. Reilly, M. P., Pratico, D., Delanty, N., DiMinno, G., Tremo-
li, E., Rader, D., Kapoor, S., Rokach, J., Lawson, J., and
FitzGerald, G. A. 1998. Increased formation of distinct
F2-isoprostanes in hypercholesterolemia. Circulation 98:2822–
2828.

7. Pratico, D., Basili, S., Vieri, M., Cordova, C., Violi, F., and
Fitzgerald, G. A. 1998. Chronic obstructive pulmonary dis-
ease is associated with an increase in urinary levels of iso-
prostane F2a-III, an index of oxidant stress. Am. J. Resp.
Critical Care Med. 158:709–714.

8. Longmire, A. W., Swift, L. L., Roberts, I. L. J., Awad, J.
A., Burk, R. F., and Morrow, J. D. 1994. Effect of oxygen
tension on the generation of F2-isoprostanes and malondial-
dehyde in peroxidizing rat liver microsomes. Biochem. Phar-
macol. 47:1173–1177.

9. Fukunga, M., Yura, T., Grygorczyk, R., and Badr, K. F.
1997. Evidence for the distinct nature of F2-isoprostane
receptors from those of thromboxane A2. Am. J. Physiol.
272:F477–F483.

10. Opere C. A., Awe, S. O., Harris, L. C., LeDay, A. M., and
Ohia, S. E. 2001. Potentiation of sympathetic neurotransmis-
sion in bovine isolated irides by isoprostanes. Free Rad. Res.
35:257–264.

11. Awe, S. O., Opere, C. A., Harris, L. C., Uketui, A. J., and
Ohia, S. E. 2000. Effect of isoprostanes on sympathetic neu-
rotransmission in the human isolated iris-ciliary body. Neu-
rochem. Res. 25:491–496.

12. Kanupuli, P., Lawson, J. A., Rokach, J. A., Meinkoth, J. L.,
and Fitzgerald, G. A. 1997. Prostaglandin F2alpha (PGF2alpha)
and the isoprostane, 8, 12-iso-isoprostane F2alpha-III, induce
cardiomyocyte hypertrophy. J. Biol. Chem. 273(35):22442–
22452.

13. Nakamura, K., Okada, S., Ono, K., and Yokotani, K. 2003.
Effect of 8-iso-prostaglandin E2 and 8-iso-prostaglndin F2a

on the release of noradrenaline from the isolated rat stom-
ach. Eur. J. Pharmacol. 470:73–78.

14. Nourooz-Zadeh, J. and Pereira, P. 2000. F2-isoprostanes,
potential specific markers of oxidative damage in human ret-
ina. Ophthalmic Res. 32:133–137.

15. LeDay, A. M., K. H., Opere, C. A., and Ohia, S. E. 2004.
Arachidonic acid metabolites and peroxide-induced inhibition
of [3H]D-aspartate release from bovine isolated retinae. Cur-
rent Eye Res. 28(5):367–72.

16. Hou, X., Roberts, L. J.II, Gobeil, F. Jr., Taber, D. F., Ka-
nai, K., Abran, D., Brault, S., Checchin, D., Sennlaub, F.,
Lachapelle, P., Varma, D. R., and Chemtob, S. 2004. Isomer
specific contractile effects of a series of synthetic F2-isopros-
tanes on retinal and cerebral microvasculature. Free Radical
Biol. Med. 36:163–172.

17. LeDay, A. M., Ganguli, S., Kulkarni, K. H., Opere, C. A.
Dash, A., and Ohia, S. E. 2003. Effect of hydrogen peroxide
on amino acid concentrations in bovine retina and vitreous

136 Opere, Zheng, Huang, Adewale, Kruglet, and Ohia



humor, ex vivo. Methods Fin. Exp. Clin. Pharmacol.
25(9):695–701.

18. LeDay, A. M., Awe, S. O., Kulkarni, K. H., Harris, L. C.
Opere, C. A., Dash, A., and Ohia, S. E. 2004. Effect of per-
oxides on [3H]D-aspartate release from bovine isolated reti-
nae. Neurochem. Res. 29(4):811–818.

19. Opere, C. A., Adeniran, A. O., Huang, J., Zheng, W. D.,
and Ohia, S. E. 2004. Isoprostane-induced inhibition of
[3H]D-aspartate release from bovine retinae: role of prosta-
noids. Invest. Ophthalmol. Vis. Sci. Abstract # 433.

20. Ohia, S. E., Opere, C. A., Awe, S. O., Adams, L., and Sha-
riff, N. A. 2000. Human, bovine and rabbit retinal gluta-
mate-induced [3H]D-aspartate release: role in excitotoxicity.
Neurochem. Res. 25:853–860.

21. Lopez-Colome, A. and Somohano, F. 1986. Effect of selec-
tive kainate lesions on the release of glutamate and aspartate
from check retina. J. Neurosci. Res. 15:205–216.

22. Storm-Mathisen, J. 1981. Autoradiographic and microchemi-
cal localization of high affinity glutamate uptake in Gluta-
mate: transmitter in the central nervous system. In: Roberts,
P., Storm-Mathisen, J., Johnston, C. (eds.), Wiley, New
York, pp. 89–115.

23. Santos, P. F., Duarte, C. B., and Carvalho, A. P. 1996. Glu-
tamate receptor agonists evoked Ca(2+)-dependent and
Ca(2+)-independent release of [3H]D-aspartame from cul-
tured chick retina cells. Neurochem. Res. 21:361–368.

24. Michoud, E., Lecomte, M., Lagarde, M., and Miernsperger,
N. 1998. In vivo effect of 8-epi-PGF2a on retinal circulation
in diabetic and non-diabetic rats. Prostaglandins Leukot. Es-
sent. Fatty Acids. 59(6):349–355.

25. Takahashi, K., Nammour, T. M., Fukunaga, M., Ebert, J.,
Morrow, J. D. I., Roberts, L. J., Hoover, R. L., and Badr,
K. R. 1992. Glomerular actions of a free-radical- generated
novel prostaglandin, 8-epi-prostaglandin F2, in the rat. J.
Clin. Invest. 90:136–141.

26. Kang, H. K., Morrow, J. D. I, Roberts, L. J., Newman, J.
H., and Banerjee, M. 1993. Airway and vascular effects of

8-epi-prostaglandin F2a in isolated perfused rat lung. J. Appl.
Physiol. 74:460–465.

27. Hoffman, S. W., Moore, S., and Ellis, E. F. 1997. Isopros-
tanes: free radical-generated prostaglandins with constrictor
effects on cerebral arterioles. Stroke 28:844–849.

28. Kromer, B. M. and Tippins, J. R. 1996. Coronary artery
constriction by the isoprostane 8-epi prostaglandin F2a. Br. J.
Pharmacol. 119:1276–1280.

29. Spicuzza, L. Barnes, P. J., Di Maria, G. U., and Belvisi, M.
G. 2001. Effect of 8-iso-prostaglandin F2a on acetylcholine
release from parasympathetic nerves in guinea pig airways.
Eur. J. Pharmacol. 416:231–234.

30. Oliveira, L., Stallwood, N., and Crankshaw, D. J. 2000.
Effect of some isoprostanes on the human umbilical artery in
vitro. Br. J. Pharmacol. 129:509–514.

31. Crankshaw, D. J. and Rangachari, P. K. 2003. Isoprostanes:
more than just mere markers. Mol. Cell Biochem. 253:125–130.

32. Graham, J., Awe, S. O., Leday, A. M., Rice, J. C., Ramos,
G., Harris, L. C., Opere, C. A., and Ohia S. E. 2000. Effect
of inhibition of cyclooxygenase on pre- and post-junctional
actions of peroxides in the iris-ciliary body. Neurochem. Res.
25:519–523.

33. Zhan, G. L., Opere, C. A., Awe, S. O., Camras, C. B., and
Ohia, S. E. 1999. Regulation of intraocular pressure and sym-
pathetic neurotransmission by isoprostanes: role of thrombox-
anes. Invest. Ophthalmol. Vis. Sci. 40(4): Abstract No. 4350,
p. 5826.

34. Janssen L. J., Premji, M., Netherton, S., Catalli, A., Cox, G.,
Keshavjee, S., and Crankshaw, D. J. 2000 Excitatory and
inhibitory actions of isoprostanes in human and canine air-
way smooth muscle. J. Pharmacol. Exp. Ther. 295:506–511.

35. Ohia, S. E., Opere, C. A., Tang, L., and Al-zadjali, K. H.
1995. Role of cyclic AMP in prostaglandin mediated
responses in the neural retina. J. Ocul. Pharmacol. 11: 73–81.

36. Ohia, S. E. and Jumblatt, J. E. 1991. Prejunctional prosta-
glandin receptors in the human iris-ciliary body. Curr. Eye
Res., 10:967–976.

137Isoprostanes and Retinal [3H]D-Aspartate Release


