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ABSTRACT

Sulfur mustard, a bifunctional alkylating agent, causes severe eye injury. The
injury is a result of late inflammation, which is mediated by prostaglandins. Theo-
retically, inhibition of prostaglandins by reagents such as indomethacine could
result in alleviation of clinical adverse effects. In this study, the protective effect
of topically applied indomethacine against sulfur mustard toxicity was assessed
on the rabbit eye. Ocular toxicity was studied by using light microscopy, electron
microscopy and visual inspection methods. Methods used in this assay showed
that 100 puL of indomethacine solution (0.5% W/V) two hours before exposure
and throughout the experiment could markedly decrease the toxic effects of mus-

tard.
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INTRODUCTION

Sulfur mustard [bis (2-chloroethyl) sulfide, HD], a bi-
functional alkylating agent, can cause severe eye injury. This
is one of the chemical weapons that has been widely used
during World War I and the Irag-Iran war. Lacrimation, con-
junctival inflammation, hyperemia and ocular pain are early
toxic effects of mustard gas on the eye.? Many chemical
mediators including substance P (SP) and prostaglandins
(PGs) participate in the occurrence of these effects.'® It has
been shown that administration of neurotoxic agents such
as capsaicin produce a depletion of neuropeptides from pri-
mary afferent neurons and a suppression of neurogenic in-
flammation.” The cornea is innervated by A-delta and C
sensory fibers that terminate as unmyelinated nerve endings
within the corneal epithelium'® and act like polymodal
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nociceptors functionally.! Some of these sensory afferent
fibers contain SP and calcitonin-gene related peptide
(CGRP)."*!7 SP is one of the nervous chemical mediators
which causes the same effect as HD when it is injected in-
traocularly. SP also stimulates the synthesis of PGs that
cause a gradual increase in intraocular pressure. PGs play
an important role in the occurrence of intraocular inflam-
mation. Increasedlevels of PGs or PG-like activity are found
in the aqueous humor of patients with untreated acute ante-
rior uveitis. In experimental animals, PGs were reported to
mediate, at least in part, the breakdown of the blood-aque-
ous barrier induced by intra-vitreal injection of bovine se-
rum albumin® or bacterial endotoxin? and mechanical stimu-
lation of tiie iris.’ In contrast to the previously cited evi-
dence of PG involvement in ocular inflammatory responses,
pretreatment with an inhibitor of PG synthesis does not in-
hibit the rise in aqueous humor protein concentration pro-
duced by typical nitrogen mustard application." On the ba-
sis of these and similar observations after formaldehyde ad-
ministration or trigeminal nerve stimulation, it was con-
cluded that PGs play an important role in some, but not all,
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forms of ocular inflammation.® Because indomethacine is
the most powerful compound that inhibits PG synthesis, it
was chosen for this study.

MATERIAL AND METHODS

Animals

Albino white rabbits (1.5-2 kg) were bred on house and
acclimated before the experiment. Animals were housed in
single cages, with constant temperature (25°C) and mois-
ture. They had free access to food and water.

Solutions
Sulfur mustard 0.5%: SpL sulfur mustard was added to
1 mL propylene glycol and was kept at -20°C in a freezer.
The solution was thawed just before the experiment.
Indomethacine 0.5%: 0.5 g indomethacine was added to
100 mL phosphate buffer (pH=7.4) and was isotoned with a
proper amount of NaCl solution.

Experimental groups
Animals were randomly divided to eight groups. In each

. group seven animals were examined:

Group one. 100puL indomethacine solution was applied
topically in the examined eye two hours before administra-
tion of 50uL sulfur mustard.

Group two: 100uL indomethacine solution was applied
topically in the examined eye two hours before administra-
tion of 50uL sulfur mustard and then the animals received
100 pL of indomethacine solution in the eye every day for
one week.

Group three: 100uL indomethacine solution was applied
topically in the examined eye two hours before administra-
tion of 50uL sulfur mustard and then the animals received
100pL of indomethacine solution in the eye every day for
one month.

Group four to six: similar to groups one to three, they
received sulfur mustard for the same time as positive con-
trols and group seven received only solvent as blank. An-
other group of animals were used as independent controls.
After visual inspection at the end of the experiment, ani-
mals were sacrificed by cervical dislocation, then the eyes
of 4 animals in each group were removed and the cormea
was detached aseptically for further study. The rest of the
comeas were prepared by histological technique for light
and electronic microscopic study.

Determination of mitochondrial dehydrogenase activity

100 pL/mL of 3-[4,5-dimethy] thiazol-2yi]-2,5 diphe-
nyl tetrazolium bromide (MTT, 2 mg/mL) was added to
comeas. Mitochondrial dehydrogenase of viable cells cleaves
the tetrazolium ring of the yellow MTT to yield purple
formazan crystals, which are insolubl e in aqueous solution.
The crystals were dissolved in acidifie d propan-2-ol and the
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UV absorbance of the resulting purple solution was deter-
mined at 570 nm against 690 nm for blank solution accord-
ing to Mossman’s method (1983). The amount of produced
formazan is proportional to the number of viable cells.

Scanning electron microscopy study

Animals were sacrificed and whole eyes were immedi-
ately dissected. Corneas were fixed in 3.6% (w/v) glutaral-
dehyde in phosphate buffer. The tissue was then post fixed
in 2% osmium tetroxide. Dehydration was performed using
a graded ethanol series, ending with absolute ethanol. Tis-
sues were then immersed in ter-butanol and dried with freeze
point dehydration method. Dried specimens were carefully
mounted on graphite stubs and sputter-coated with gold in
an argon atmosphere at 0.15 Torr for a total of 4 minutes.
Samples were examined in a Steroscan 360® scanning elec-
tron microscope.

Light microscopy study

Corneas were fixed in 10% formaldehyde and dehydrated
in ascending grades of ethanol and then in xylene. Tissues
were embedded in paraplast plus paraffin wax following a
routine procedure. Sections of Sum thickness were cut and
mounted on glass slides. For routine morphological exami-
nation, tissue sections were stained with Harris Haematoxylin
and Eosin (H & E).

Intraocular pressure (IOP) and hyperemia measurement

The normal IOP of conscious animals was measured with
a pneumatic floating tip tonometer.> IOP values were cor-
rected to calibration curves obtained on conulated rabbit
eyes. The degree of hyperemia in the eye was classified as +
to ++++ on the basis of color of the tissue and engorgement
ofblood vessels.* Results obtained from this experiment were
compared by using paired t-student test.

RESULTS

In the control group treated by sulfur mustard (HD) alone,
IOP was increased after 30 minutes. This elevation remained
for 240 minutes after administration of HD and then de-
creased to normal (Fig. 1). On the second day, IOP increased
to 40 mmHg and after 7 days decreased to normal. 14 days
after the experiment, IOP decreased to amounts below that
of the beginning of the experiment and remained so for one
month (Fig. 2). In the test group that was treated by sulfur
mustard and indomethacine, IOP decreased after 20 min-
utes and this level was maintained for the whole time of the
experiment, however after 600 minutes the level of IOP re-
turned to normal. Furthermore, the effect of HD was totally
inhibited by administration of indomethacine. (Fig. 3). Fig-
ure 4 shows that indomethacine could prevent primary ocu-
lar pressure increase induced by sulfur mustard. In Figure 5
indomethacine could prevent the reduction of ocular pres-
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sure dueto ocular damage. Hyperemia gradually developed the intensity of hyperemia decreases in the experimental
shortly after applying sulfur mustard and increased to a group when compared with controls.
maximum in about 4 hours. This hyperemia was maintained In the control group, late inflammation resulted in com-
for one week. During this period inflammation gradually plete destruction of the cornea. In one case, tumors or hy-
decreased. Late inflammation started from the 21st day. In perplasia of internal tissue such as substantitia propria were
the group that received indomethacine alone, the intensity observed. Pictures 1 to 3 show the control group and 4 to 6
of hyperemia was less than the control group one menth the animals which were treated by indomethacine 1, 7 and
after the experiment. Primary inflammation was not observed 30 days after applying sulfur mustard respectively. The de-
in this group. Table I shows the measurement of hyperemia gree of inflammation and hyperemia was reduced in the lat-
at differenttimes of observation. As it is shown in this table, ter groups indicating the protective effect of indomethacine,
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Picture no. 2. Rabbit eye (right) one day after administration of HD
solution. Note elimination of primary hyperemia and inflammation.
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Fig. 5. Rabbit eye (right) one week after administration of HD+Ind.
Note primary hyperemia which was not prevented by indomethacine.

Table L. The effect of 50 pL sulfur mustard (HD) 0.5% on hyper-
emia in comparison with adding a single dose of indomethacine
hours before sulfur mustard (Ind+HD)

Time | Sulfur Mustard (HD) HD + Indomethacine

0 0 0

35 i 0

135 ++ 0

3hr ++ +

4hr +++ ++ ;

24 hr +++ ++ Picture no. 3 Rabbit eye (right) one month after administration
48 hr +++ ++ of HD solution. Note total degeneration of epithelial cells in
72 hr +++ ++ cornea and in this case hyperplasia of the substantia propria.

Picture no. 1; Rabbit eye (right) one day after adding HD solu-

. . . . Picture no. 4. Rabbit eye (right) one day after administration of
tion. Note primary hyperemia and lacrimatjon HD+Ind

however indomethacine could not prevent the primary in-
flammation. Furthermore, in some animals late in the ex- periment, a fibrotic area was observed.
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Picture no. 5. Rabbit eye (right) one week after administration of Picture no. 8. Corneal section from rabbit eye 30 days after treated
HD+Ind. Note primary hyperemia whicn was not prevent by by HD. Note loss of epithelium and total degeneration(H & E, 400x).

indomethacine.

T TET #

Picture no. 6. Rabbit eye (right) one month after administration Picture no. 9. SEM picture from corneal epithelium one day af-
of HD+Ind. Note no damage in corneal epithelium. Only some ter administration of HD. Note early micropelica & microvillous
fibroid can be seen. degeneration.
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Picture no. 7. Corneal section from rabbit eye after 30 days which Picture no. 10. SEM picture from corneal epithelium one week

was protected by indomethacine. Note normal anatomy and shape afteradministration of HD. Note total degeneration of micropelica
(H & E, 400%). & microvilli and adhesion of epithelium.
389
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Picture no. 11. SEM picture from corneal epithelium one month
after administration of HD. Note total degeneration of epithelium

and appearance of substantia propria.
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Picture no. 12. SEM picture from corneal epithelium onc week
after administration of HD + Ind. Note normal micropelica &
microvilli.

Light microscopy

Picture 7 shows a transverse section of the cornea in
animals which were pretreated by indomethacine 30 days
before the experiment. This picture shows a normal view of
cornea from squamous epithelium to the descement mem-
brane. Picture 8 shows the eye that was treated by mustard
after 30days. These pictures show complete loss of epithe-
lium and necrosis in the substantia propria and infiltration
o fneutrophils.

Electron microscopy

Pictures 9, 10 and 11 show eyes 1, 7 and 30 days after
exposure to mustard respectively. As it is shown in these
pictures microvilli are damaged and degenerated. In some
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Picture no. 13. SEM picture from corneal epithelium one month
after administration of HD + Ind. Note normal micropelica &
microvilli.

Table I1. Viability test using MTT assay (% of control + SFNM)

Duration HD ' HD + Ind

One Day 106.75 £ 0.11 112.28 + 0.1
One Week 128.6+0.12 125.15+0.1
One Month 120.5+£2.78 93.82+0.14

areas, microvilli and microplates were cohesive and sinuses
were not observed. Pictures 12 and 13 show eyes which were
pretreated by indomethacine for 7 and 30 days. No damage
in epithelial cells can be seen. Micropleica and microvilli
were normal one month after treatment.

MTT assay

Table II shows the results of MTT assay in the three
groups which were exposed to indomethacine prior to posure
to sulfur mustard and vehicle. The results are shown after 1,
7 and 30 days. These results show hyperactivity in both
groups compared to control when using the MTT assay. Only
one month after exposure, the result was noticeably differ-
ent (p<0.05). In the control group treated by vehicle, the
viability decreased.

DISCUSSION

Applying sulfur mustard resulted in immediate inflam-
mation, which is not prevented by indomethacine. This ef-
fect is probably due to the stimulating effect of sulfur mus-
tard on the tissue directly or by releasing histamine causing
an increase in extravascular fluid and a typical hypersensi-
tivity picture. It has been shown that during the first 24 hours
exfollowing topical mustard application there are two dis-
tinct phases of ocular hypertension.* The first hypertensive
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phase is clearly mediated by SP which promotes the ocular
response to mustard and the initial breakdown of the blood-
aqueous barrier caused by mustard.'® SP antagonists such as
capsaicin but not indomethacine can inhibitthis effect.”! This
observation suggests that release of SP from sensory nerve
terminals following mustard application (nitrogen or sulfur
mustard), mediates the first ocular hypertensive response,
which appears clinically by inflammation and hyperemia in
the eyes. SP induces the production of prostaglandins which
in turn produces the second phase of inflammation."' Unger
et al. (1989) reported that prostaglandins have a modula-
tory role in the irritation response. Theoretically, inhibition
of PGs in this stage reduces the late inflammation response
that is confirmed by this study. Indomethacine inhibits rise
of 1.O.P. after mustard exposure. Furthermore, indomethacine
reduces basal [.O.P. The reason of this effect is unknown
but PGs are probably involved in the maintenance of in-
traocular pressure. Both light and electronmicroscopy analy-
sis showed preservation and/or regeneration of corneal epi-
thelium when indomethacine was used before mustard. In
the MTT assay, hyperactivity in the control group is the re-
sult of mustard’s destructive effect on the epithelium, which
in this case caused the measurement of the activity in the
substantia propria instead of activity of the comea in nor-
mal eyes. Inthe group treated by indomethacine, the epithe-
lial layer was almost regenerated and so the viability was
decreased to about the level of normal eyes. Another patho-
logical change after preservation of the epithelium by
indomethacine is existence of a vascular area in the epithe-
lium. Itis not clear whether this area is in favor of regenera-
tion of epithelium or is just a pathological aspect of
indomethacine therapy. Another question that has remained
unanswered is the function of eyes after exposure to mus-
tard following treatment by indomethacine.
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