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Isoprostane E_-VI, a new marker of oxidative stress, increases
following light damage to the mouse retina

Tzvete DentcheV, Yuemang Yao? Domenico Pratic6? Joshua L. Dunaief

F. M. Kirby Center for Molecular Ophthalmology, Scheie Eye I nstitute, 2Department of Pharmacol ogy, University of Pennsylvania,
Philadelphia, PA

Purpose: A number of studies have suggested that retinal light damage involves oxidative stress. These include demon-
stration of protection by antioxidants, immunohistochemical detection of oxidative stress markers, and upregulation of
antioxidant enzymes. Recently a new specific marker of lipid peroxidation (LPO), isoprogtafigttas been devel-

oped. This prostaglandin isomer is produced by nonenzymatic oxidation of membrane-linked arachidonic acid. Because it
provides an unusually stable and specific measure of LPO, we sought to determine whether its levels would increase
following retinal light damage.

Methods: Balb/c mice were exposed to bright fluorescent light for 7 h. Twenty-eight h after light exposure, photoreceptor
death was assessed by terminal deoxynucleotidyl transferase-mediated dUTP nick-end labeling (TUNEL) analysis.
Isoprostane F-VI was quantified in retinal extracts by gas chromatography/mass spectrometry. Retinal isoprostane was
localized by immunofluorescence.

Results: TUNEL analysis demonstrated photoreceptor cell death after light exposure. Compared with controls, retina
extracts from mice exposed to fluorescent light had a significant increase in isoprggtéhéet¥els following light

damage. Immunohistochemistry confirmed an increase in retinal isoprostane.

Conclusions:Elevated levels of isoprostang I, a stable, highly specific marker of lipid peroxidation, confirm earlier
reports of light-mediated retinal lipid peroxidation, potentially an important mechanism of retinal degeneration. Further,
since levels of isoprostang FVI are readily quantified, its measurement provides a new means to specifically monitor
retinal oxidative damage caused by prooxidants such as light.

Retinal oxidative stress caused by light exposure has been Polyunsaturated fatty acids (PUFAS), such as arachidonic
implicated in the pathogenesis of age-related macular degeaeid (AA), are an integral component of neuronal membranes,
eration (AMD) and other retinal degenerations [1,2]. Photoincluding photoreceptor outer segments [15,16]. They are es-
oxidative stress is exacerbated by an imbalance between liglerified to phospholipids from which they can be liberated via
induced reactive oxygen species (ROS) and antioxidants. Ligphospholipases and subsequently metabolized by three enzy-
damage in rodents is a well-established model system to studyatic oxidative pathways: cyclooxygenase, lipoxygenase, and
retinal degeneration [3]. In this model and many others, phaytochrome P450 [17]. Recently, a novel oxidative pathway
toreceptor death occurs through apoptosis, as determined twas described in humans as well as in animals. In the pres-
terminal deoxynucleotidyl transferase dUTP nick end-labelence of ROS, PUFA can undergo non-enzymatic oxidation and
ing (TUNEL) and gel electrophoresis demonstrating apoptosigerm a new class of products, which are isomers of the en-
specific DNA laddering [4,5]. Similarly, in our Balb/c mouse zyme-derived prostaglandins and generally called isoprostanes
light damage model, many photoreceptor nuclei label witfi18]. The most extensively studied isoprostanes are isomers
TUNEL after a 7 h bright, cool-white fluorescent light expo-of the prostaglandin,f-(PGF, ) and for this reason generally
sure [6]. termed E-isoprostanes (FiPs). Since their original descrip-

Photooxidative stress has been implicated as a mech#@en, because of their chemical stability and the rapid devel-
nism of retinal light damage. Biochemical studies have despment of sensitive methods for their measurement, data have
tected lipid peroxides (LPO) in light-exposed isolated rat outeaccumulated supporting the concept that they are the most re-
segments [7]. Immunohistochemistry has demonstrated labéiable index of lipid peroxidation in vivo [19].#Ps are present
ing for markers of oxidative damage [8]. Several antioxidanin detectable levels in all normal animal and human biologi-
genes are upregulated following photic injury, including hemeal fluids and tissues. We developed an assay for spegific F
oxygenase [9], thioredoxin [8], glutathione peroxidase [10]jPs isomers using gas chromatography/mass spectrometry (GC/
ceruloplasmin [11], and metallothionein [6,12]. Further, ex-MS) and have found that isoprostane ¥l is one of the most
ogenous antioxidants protect the rodent retina from photic irebundant FiP in humans as well as in animals [20].
jury [13,14]. Weand others have found that measurement of isoprostane
F, -Vl in the central nervous system (CNS) specifically re-
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normal controls [21]. Levels were also increased in the cerddarbor, ME) with undilated pupils and dark adapted them for
brospinal fluid of patients with AD and Mild Cognitive Im- 24 h and exposed them for 7 h to 10 000 lux cool white fluo-
pairment (MCI), suggesting that increased LPO is an earlgescent light from 2 am to 9 am following guidelines described
component of AD [22]. A similar increase was also observeth reference [6]. This light dose in nonreflective cages causes
in the CNS of an animal model of AD-like amyloidosis, i.e.,death of less than half of the photoreceptors. The mice were
Tg2576. euthanized 28 h after light damage, a time point at which
Since isoprostane,FVI is a stable, specific marker ofin  TUNEL-positive photoreceptors are evident [12] (Figure 1).
vivo oxidative stress, we chose to test whether it would b&etinas from the right eye of each mouse were immediately
useful as a marker of photooxidative stress in vivo in the moussolated and collected on dry ice for GC/MS quantification of
retina. isoprostane, and the left eye was saved in fixation buffer (see
following section) after enucleation for TUNEL analysis. Con-
METHODS trol group mice were dark adapted and exposed to the normal
Light damage: We obtained approval from the University of ambient light of the animal facility (200 lux), then eyes were
Pennsylvania Animal Care and Use Committee and followedtudied as previously described.
animal care guidelines comparable to those published by the TUNEL analysis: The enucleated eyes used for the
Institute for Laboratory Animal Research. We then took eightTUNEL analysis were immersed in 4% paraformaldehyde and
week-old male Balb/c (albino) mice (Jackson Laboratory, Bafixed for 12 h. This fixation facilitates subsequent dissection

Figure 1. Fluorescence photomicrographs of TUNEL-labeled mouse retinas. Control mice did not have bright light AypBgpegitnen-

tal mice were sacrificed 28 h after light exposB}¥ All nuclei are labeled with DAPI (blue). TUNEL-positive photoreceptors appear blue-
green inB. Retinal layers are abbreviated as follows: retinal pigment epithelium (RPE), outer nuclear layer containing photordeéptor nuc
(ONL), inner nuclear layer (INL), and ganglion cell layer (GCL). Scale bar indicates 50
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and generally improves cryosection quality. Eye cups werPBS, 0.1% triton, and 1% BSA. Control sections were treated
generated by removing the anterior segment, cryoprotecteédentically but with omission of primary antibody. Sections
with 30% sucrose overnight, and then embedded in Tissugsere then washed three times, 5 min per wash in PBS. Sec-
Tek OCT (Sakura Finetek, USA, Torrance, CA). Nextut®  ondary antibody (donkey anti-rabbit labeled with Cy-3; Jack-
frozen sections were cut in the sagittal plane through the optson ImmunoResearch Laboratories, Inc., West Grove, PA) was
nerve head. The TUNEL in situ apoptosis detection kit (Rochehen applied for 1 h at room temperature. Sections were again
Mannheim, Germany) was applied to detect cleaved DNA imvashed three times for 5 min each in PBS. Nuclei were coun-
the frozen sections using the manufacturer’s protocol. terstained with DAPI (1.;,g/ml)-supplemented Vectashield

I soprostane quantification: For biochemical analysis of mounting medium. Epifluorescence microscopy was per-
iPF20-VI levels, mice (n=16) were euthanized, and their retiformed with a Nikon TE-300 microscope (Nikon Inc., Tokyo,
nas were isolated immediately and collected on dry ice. Reti-
nas were homogenized, and total lipids were extracted with
ice-cold Folch solution, chloroform/methanol (2:1, volivol).  440-
The solution was then vortex-mixed and centrifuged at 800 350
for 15 min at #C. Lipid extracts were subjected to base hy- £ g0}
drolysis by adding aqueous 15% KOH and then incubated . € 5504
45°C for 1 h for measurement of total isoprostane\i by 22004
negative-ion chemical ionization GC/MS as previously de g 450-
scribed [21,22]. Briefly, a known amount of the internal stan''s 490
dard, ¢-8-12,is0-iPF, -VI, was added to each sample. After 2 0
solid-phase extraction, the samples were derivatized, purifie oA
by thin layer chromatography, and analyzed. Quantificatior
was performed using peak area ratios [21,22].

Immunohistochemistry:  Following blocking for 1 h at  Figure 2. Bar graph showing mean levels of isoprostgr¥/IFin
room temperature in phosphate buffered saline (PBS), 1980use retinal extract. _The_experimental group (LD, n=8 retinas)
bovine serum albumin (BSA), and 1% normal donkey serun{!2d been exposed to bright light. The control group (NLD, n=8) was

. . . rhaintained in normal room light conditions. Bars represent standard

cryosections Were EXposeq tc.) antI_ISOprOStaZQEBFthqu deviation. p<0.001, Student’s two-tailed t-test.
(Abcam, Cambridge, UK, dilution 1:500) overnight &Cin

NLD LD

NLD-isoP LD-no primary LD-isoP

Figure 3. Fluorescence photomicrographs of Balb/c mouse retind$ormal retina, no bright light exposure, labeled with anti-isoprostane
antibody (red fluorescenceB. Control retina without primary antibody after 28 h bright light exposOreéRetina after 28 h bright light
labeled with anti-isoprostane antibody exposure. Nuclei are labeled with DAPI (blue). Scale bar indicatest#leviations are defined as
follows: no light damage (NLD), light damage (LD), exposure to anti-isoprostane antibody (isoP).
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Japan) and SpotRT Slider camera (Diagnostic Instrumentsjeasurable quantities in single mouse retinas. When unex-
Inc., Sterling Heights, MI) with ImagePro Plus software, verposed retinas (n=8) were compared to bright light-exposed

sion 4.1 (Media Cybernetics, Silver Springs, MD). retinas (n=8), the bright light-exposed retinas had a signifi-
cant increase (p<0.001, Student’s two tailed t-test, Figure 2).
RESULTS Immunohistochemistry with an anti-isoprostanedhti-

It has been shown previously that bright light exposure causé®dy (Abcam, Cambridge, UK, dilution 1:500) was performed
photoreceptor apoptosis [4]. To confirm that our light expoto determine the location of the isoprostane after light dam-
sure protocol resulted in photoreceptor death, we performeabe. Normal retinas not exposed to bright light had some weak
TUNEL labeling on mouse retinas 28 h after light exposurephotoreceptor outer segment label (Figure 3A). Retinas from
As expected, numerous TUNEL-positive photoreceptors wermice exposed to bright light had increased levels of anti-
present in retinas from bright light-exposed mice (Figure 1)isoprostane immunoreactivity in the outer nuclear layer (ONL)
but not in retinas from mice maintained at low light levels.and ganglion cell layer (GCL; Figure 3C). Retinal pigment
Some photoreceptors remained TUNEL-negative and survivegpithelium (RPE) autofluorescence is visible in the no pri-
for at least two weeks (not shown). As a control, TUNEL la-mary antibody control (Figure 3B). Confocal microscopy (Fig-
beling was performed on a light-damaged retina with omistrre 4) reveals punctate labeling in the ONL, with some cells
sion of the terminal deoxynucleotidyl transferase. This elimishowing perinuclear labeling (Figure 4, inset). Photoreceptor
nated the TUNEL label, as expected (not shown). Retinas fromuter segment labeling is more apparent in this confocal mi-
all light damaged mice tested in this experiment exhibite@¢rograph than in epifluorescence micrographs.
TUNEL-positive photoreceptors, confirming that each mouse
had experienced retinal light damage. DISCUSSION

Levels of iPF2-VI were tested using GC/MS. The sen- We report herein increased levels of retinal isoprostane F
sitivity of GC/MS to detect iPR2-VI was high enough to find VI following bright light exposure. This increase was detected

Figure 4. Confocal micrograph of Balb/c
mouse retina. Confocal micrograph of Balb/c
mouse retina, labeled with anti-isoprostane
antibody (red), following 28 h bright light ex-
posure. Nuclei are labeled with DAPI (blue).
Inset shows perinuclear label. Scale bar indi-
cates 5um.
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by both GC/MS and immunohistochemistry (IHC). Isoprostanés unclear, but it is possible that its elevated levels may play a
F,-VI quantification represents a new specific and sensitiveole in retinal cell survival after photooxidative stress.
technique for measuring oxidative stress in the retina and con- Future experiments will be aimed toward defining which
firms previous reports of increased lipid peroxidation follow-human and mouse retinal degenerations are associated with
ing bright light exposure. Lipid peroxidation is the mecha-elevated isoprostane levels as well as testing the efficacy of
nism by which lipids are attacked by ROS that have sufficienprotective antioxidants. We will also test a GC/MS assay to
reactivity to abstract an atom of hydrogen from a methylenemeasure oxidized docosahexaenoic acid, which is more abun-
carbon group in their side chain. The greater the number afant in photoreceptors than arachidonic acid, and which has
double bonds in the lipid molecule, the easier the removal dfeen found within drusen in AMD eyes [28].
the hydrogen atom. This explains why PUFA are particularly
susceptible to lipid peroxidation. The recent discovery of ACKNOWLEDGEMENTS
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