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Abstract
Aims/background—To evaluate the extent
of oxygen radical damage in the cornea
after excimer laser ablation.
Methods—The 193 nm argon fluoride
excimer laser was programmed for an
average fluence of 150 mJ/cm2, with a
firing rate of 5 Hz and an ablation zone
diameter of 6 mm.Phototherapeutic kera-
tectomy was performed to remove 30 µm
of epithelium and 50 µm of stroma from
the corneas of New Zealand white rabbits.
Oxidative tissue damage after laser was
determined by measuring oxidised lipids
(conjugated dienes and ketodienes) in
corneal lipid extracts, and by fast blue B
staining to localise the lipid peroxide in
the tissue.
Results—Conjugated diene levels were
3.73 (SD 0.56) nmol per hemicornea in
ablated corneas and 1.99 (0.33) nmol per
hemicornea in normal corneas (p =
0.0044). Ketodiene levels were 2.72 (0.38)
nmol per hemicornea in treated corneas
and 0.91 (0.12) nmol per hemicornea in
normal corneas (p < 0.001). Fast blue B
staining disclosed that the tissue damage
occurred primarily on the surface of the
ablated cornea.
Conclusion—The presence of lipid peroxi-
dation in the superficial corneal stroma in
excimer laser treated corneas was demon-
strated. This lipid peroxidation could be
from oxygen free radicals generated by the
infiltrating polymorphonuclear cells at
the site of tissue damage.
(Br J Ophthalmol 1997;81:141–144)

The eYcacy of the 193 nm excimer laser in
treating myopia, astigmatism, and corneal
opacities has been established by previous
studies.1–5 As laser therapy has advanced,
eVorts have been made to elucidate the patho-
logical and microstructural changes that are
present after photorefractive keratectomy and
the eVects these changes have on the remaining
corneal tissue. Studies have shown that the
ablated surface of the cornea undergoes several
biochemical reactions such as the deposition of
laminin, fibrinogen, and fibronectin.6 Follow-

ing excimer laser treatment, the local inflam-
matory responses include infiltration of the
corneal stroma by polymorphonuclear cells
(PMNs) and production of inflammatory
mediators such as prostaglandin E2 and leuko-
triene B4.7

Superoxide and other reactive oxygen me-
tabolites are potent inflammatory mediators
produced by activated PMNs that are recruited
to the site of inflammation. As the PMNs are
activated by the nicotinamide adenine diphos-
phate hydrogen (NADPH) and the respiratory
burst oxidase, O2

- is generated by these phago-
cytes. The O2

- dismutates to H2O2 and acceler-
ates the metal ion dependent formation of
highly reactive OH- from H2O2.

8 9 These proin-
flammatory agents can damage the surround-
ing healthy tissues by peroxidation of lipid
membranes and by induction of alterations in
cellular proteins and other molecules.10 11

The purpose of this study was to evaluate the
extent of lipid peroxidation in the cornea after
excimer laser ablation.

Material and methods
EXPERIMENTAL ANIMALS

Seven New Zealand white male rabbits weigh-
ing 2.5 kg were anaesthetised with intramuscu-
lar injections of ketamine hydrochloride and
xylazine. After induction of anaesthesia, topical
proxymetacaine (proparacaine) was applied to
the rabbits corneas and the 193 nm argon fluo-
ride excimer laser (Twenty-Twenty Excimer
Laser, Visx Inc, Sunnyvale, CA, USA) was
used to treat both eyes as has been described
previously.7 Briefly, the laser was programmed
for an average fluence of 150 mJ/cm2 with a fir-
ing rate of 5 Hz and an ablation zone diameter
of 6 mm. In the first step 30 µm of epithelium
was removed by laser ablation; thereafter,
phototherapeutic keratectomy was performed
on the corneal stroma to a depth of 50 µm. Ten
rabbits that were not treated were used as con-
trols. All treated animals were killed by
intravenous injection of pentobarbitone 24
hours after treatment and the eyes were
enucleated. Control animals were killed under
the same conditions as the treated rabbits and
the eyes were also enucleated. All procedures
used were in full accord with the Association
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for Research in Vision and Ophthalmology
Resolution on the Use of Animals in Research.

DETERMINATION OF TISSUE DAMAGE BY REACTIVE

OXYGEN METABOLITES

The corneas were trephined from the globes of
both eyes of each rabbit using a 7.5 mm
Barron-Hessburg vacuum trephine (Jedmed
Instrument Co, St Louis, MO, USA). One half
of each cornea was immediately snap frozen in
OCT compound for histology. The other half
of each cornea was used for evaluation of tissue
lipid peroxidation. In numbers, it represented
14 hemicorneas from treated animals and 20
hemicorneas from normal animals that were
used for conjugated diene and ketodiene meas-
urements; the other portions of hemicorneas
from each group were used for histological
studies.
The method for measuring conjugated

dienes and ketodienes in the tissue has been
described previously.12 The total lipids were
extracted by the method of Folch et al.13 For
each determination, half of a cornea button
from each eye was homogenised and extracted

with 1 ml of chloroform/methanol (2:1). The
extract was washed with 0.2 ml of distilled
water and centrifuged. Solvents were evapo-
rated from the organic layer and the residue
was dissolved in 1 ml of anhydrous ethanol (J T
Baker Chemical Co, Phillipsburg, NJ, USA)
for ultraviolet absorption measurement. A
Shimadzu spectrophotometer, model UV-160,
was used to record the absorption range of
200–400 nm. Absorbance of 233 nm was used
to measure conjugated dienes, and a molar
extinction coeYcient of 25 200 was used to
calculate the quantity of conjugated dienes
produced in moles. Absorbance of 280 nm was
used to measure ketodienes with the extinction
coeYcient of 20 000.14

HISTOCHEMICAL LOCALISATION OF PEROXIDISED

LIPIDS

Frozen sections were fixed in 5% trichloroace-
tic acid for 1 minute, then rinsed in saline (4 ×
5 minutes). The sections were allowed to react
overnight at room temperature in a 0.1% (w/v)
3-hydroxy-2-naphthoic acid hydrazide (NAH)
solution in saline containing 10% (v/v) dime-
thyl sulphoxide (DMSO) and 0.095% (w/v)
para-toluene sulphonic acid (pTSA) as a cata-
lyst. Sections were then washed (4 × 5 minutes)
in a 15% (v/v) DMSO solution in 1 mM HCl,
and exposed for 20 minutes to a 0.1% (w/v)
fast blue B (Aldrich Chemical Co, Milwaukee,
WI, USA) solution in 0.1 M phosphate buVer,
pH 6.5.15 After fast blue B coupling, sections
were washed in running tap water for 5
minutes, then in saline for 5 minutes, before
embedding in glycerol gelatin.

HISTOPATHOLOGICAL EVALUATION

To evaluate the presence of PMN infiltration,
formalin fixed hemicorneas from treated rab-
bits and normal controls were embedded in
paraYn, and histological sections of 5 µm were
cut. The sections were stained with haema-
toxylin and eosin.

STATISTICAL ANALYSIS

The unpaired two tailed Student’s t test was
used to evaluate diVerences between groups.

Results
Oxygen free radical induced tissue damage was
demonstrated by measurement of conjugated
dienes and ketodienes from each of the 14
hemicorneas 24 hours after treatment. Our
results showed an increased level of lipid
peroxidation in laser ablated corneas com-
pared with the 20 non-treated control hemi-
corneas, as illustrated in Figures 1 and 2,
respectively. Conjugated diene measurement
showed an increase of 87% in the treated cor-
neas (3.73 (SD 0.56) nmol per hemicornea)
when compared with untreated corneas (1.99
(0.33) nmol per hemicornea). Ketodiene levels
were increased by 198% in the corneas of
treated animals (2.72 (0.38) nmol per hemi-
cornea) compared with controls (0.91 (0.12)
nmol per hemicornea). Conjugated diene and
ketodiene measurements performed in rabbits
immediately after excimer laser ablation did

Figure 1 Rabbit corneas were subjected to excimer laser
keratectomy with an average fluence of 150 mJ/cm2, a
firing rate of 5 Hz and an ablation zone diameter of 6 mm.
Conjugated dienes were measured in lipid extracts of the
rabbit corneas 24 hours after excimer laser keratectomy.
Control corneas were not treated.
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Figure 2 Rabbit corneas were subjected to excimer laser
keratectomy with an average fluence of 150 mJ/cm2, a
firing rate of 5 Hz and an ablation zone diameter of 6 mm.
Conjugated ketodienes were measured in lipid extracts of the
rabbit corneas 24 hours after excimer laser keratectomy.
Control corneas were not treated.
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not show any diVerence in comparison with the
normal corneas (data not shown).

LIGHT MICROSCOPY

Microscopic examination of corneas immedi-
ately after excimer laser ablation did not show
any infiltrating inflammatory cells in the
stroma (Fig 3) as well corneas from non-
treated animals; however, after 24 hours, large
numbers of PMNs were seen infiltrating the
ablated area primarily concentrated near the
treated surface (Fig 4). Fast blue B staining
disclosed lipid peroxide formation on the
surface of the laser treated area after 24 hours
(Fig 5). Lipid peroxidation was not observed in
the untreated controls.

Discussion
In this study, we have confirmed the presence
and location of lipid peroxide on the ablated
surface of corneas after excimer laser photo-
therapy. The presence of oxygen radical
induced tissue damage was indirectly demon-
strated by the measurement of oxidised lipids
in corneal tissue by biochemical assays and was
confirmed by histological examination of the
laser treated tissue after fast blue B staining.
The presence of peroxidative damage in

ocular tissue has been demonstrated in retinas
in experimental autoimmune uveitis in rats.16

Reactive oxygen species, such as superoxide
and hydrogen peroxide, are potent microbi-
cidal agents produced by inflammatory cells
such as PMNs.9 The primary species of these
oxidants, O2

-, is produced from oxygen by
stimulated PMNs and is subsequently con-
verted to other highly reactive oxygen interme-
diates during the respiratory burst. These oxy-
gen radicals may be injurious to the corneal
tissues, possibly by degrading corneal colla-
gen17 18 and by oxidising the unsaturated fatty
acids present in the cell membrane in the
epithelial and stromal cells.8 19 This type of
acute injury may contribute to an increase in
the incidence of corneal haze and regression of
the eVect of the surgery as a result of the pro-
longed inflammation secondary to the persist-
ence of the inflammatory cells at the site of
laser treatment.20 In this study, the oxidation of
unsaturated fatty acid was documented by the
measurement of conjugated dienes and keto-
dienes, with an increase of 87% and 198%,
respectively, in the laser ablated corneas.
A high influx of PMNs into rabbit corneal

stroma after excimer laser therapy was recently
reported.7 Our study confirms these findings
and suggests that the high levels of oxidised
lipids found in the irradiated corneas after 24
hours are produced by these infiltrating
PMNs, since corneas removed immediately
after the laser therapy did not show any oxida-
tive damage. It is also possible that lipid
peroxidation in the cornea was produced by
the direct, but delayed, eVect of the excimer
laser on the tissue; however, recent studies
show that free radicals generated during
excimer laser ablation are highly reactive at
room temperature and, therefore, are transient
products of the photoablation event.21

Figure 3 Haematoxylin and eosin staining of an excimer laser ablated cornea removed
immediately after the treatment.

Figure 4 Haematoxylin and eosin staining showing the polymorphonuclear cells
infiltrating the surface of an excimer laser ablated rabbit cornea 24 hours after excimer laser
keratectomy.

Figure 5 Photomicrograph of a corneal section where fast blue B staining shows lipid
peroxide formation on the surface of the laser treated area (arrows) after 24 hours (original
magnification × 100).
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The accumulation of PMNs close to the sur-
face of the ablated area may be explained by
the production of chemotactic agents such as
arachidonic acid metabolites.22 In a recent
study, however, the inhibition of prostaglandin
E2 and leukotriene B4 increased the infiltra-
tion of PMNs in the cornea after excimer laser
therapy.7 This finding can be explained in part
by the chemotactic properties of the oxidised
lipids already reported by Goto et al.23 These
chemotactic agents amplify the inflammatory
process, attract more PMNs to the laser
ablated surface, and cause membrane lipid
peroxidation at the site. This observation
shows the use of topical corticosteroid immedi-
ately postoperatively may have a clinical value
in humans, since it reduces the number of
inflammatory cells at the site of laser treatment
in rabbits.7

In conclusion, we have demonstrated the
presence of oxygen radical mediated tissue
damage in the form of lipid peroxidation
following excimer laser keratectomy. Proce-
dures to reduce this oxidative damage in
corneas may minimise tissue damage after
photorefractive surgery.
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