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Abstract. To investigate the effect of topical cyclosporin A 
(CSA) on the rabbit cornea, both eyes of 80 animals were 
treated with CSA 2% eye drops over a 3-week period under 
various conditions. CSA was dissolved in castor oil or etha- 
nol 13.8 vol. %. Slit-lamp, scanning and transmission elec- 
tron microscopic examinations were performed. CSA 2% 
in castor oil given 5 times daily showed no damage to either 
the corneal epithelium or endothelium. In contrast the solu- 
tions containing ethanol revealed considerable epithelial cell 
damage. 

Introduction 

Cyclosporine A (CSA) is a potent immunosuppressive agent 
and has been shown to prolong survival of allografts in 
animals and man (Editorial, 1979). In placing corneal grafts 
experimentally in a rabbit model, the immune reaction pro- 
duced can be delayed after its intramuscular (Coster et al. 
1979; Bell et al. 1982; Shepherd et al. 1980), retrobulbar 
(Salisbury and Gebhardt 1981), and topical administration 
(Shepherd et al. 1980; Hunter 1981; Hunter et al. 1981, 
1982a, b; Kana et al. 1982). Penetration of topical CSA 
into the cornea and aqueous humor has been shown by 
Mosteller et al. (1985) and Behrens-Baumann et al. (1986). 
Although topical application of the drug avoids its potential 
systemic side effects, possible local toxic effects on the cor- 
nea have not yet been described. Using the rabbit cornea 
as an animal model, we studied the effects of topical CSA 
with clinical, scanning and transmission electron micro- 
scopic data. In addition, we studied the effect of CSA on 
epithelial healing after induced corneal abrasions. 

Materials and methods 

CSA was dissolved in either ethanol or in castor oil. This 
preparation was then applied to both eyes of outbred male 
rabbits, ranging in weight from 3.8 to 4.2 kg. Topical saline 
was used as a control solution. Preparations were given 
to 80 rabbits as illustrated in Table 1, with 5 animals placed 
in each group. 
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All eyes were examined with a slit-lamp to exclude any 
abnormality of the anterior segment. In 20 eyes (Groups 7 
and 8), a corneal abrasion was gently performed with a 
hockey knife using a microscope, so that the epithelium 
was completely removed from limbus to limbus. The group- 
specific drops (without preservatives) were then admin- 
istered over a period of 3 weeks. The epithelial healing in 
groups 7 and 8 was further studied with fluorescein staining 
and documented by photographs. 

After 3 weeks the eyes were examined again with a slit- 
lamp, following which the animals were anesthetized with 
ketamine (Ketanest) and xylazine (Rompun) for prefixation 
of the corneas. They were then killed with an overdose 
of the anesthetics. 

Preparation of corneas for electron microscopy 

Scanning electron microscopy (SEM). The in vivo corneas 
were continuously irrigated for 5 min with 4% glutaralde- 
hyde in 1/15 M Srrensen phosphate buffer (pH 7.2) and 
were then excised with a 7-ram trephine and fixed in the 
same glutaraldehyde solution for 3 h. The corneas were 
washed in Srrensen phosphate buffer and postfixed for I h 
in 1% osmium tetroxide. They were dehydrated in ascend- 
ing concentrations of acetone and were dried at the critical 
point. All tissue preparations were coated with a 20 nm 
layer of gold. Observations and photography were per- 
formed with a Philips SEM 505 scanning electron micro- 
scope. 

Transmission electron microscopy (TEM). The in vivo cor- 
neas were prefixed in 2% glutaraldehyde and 2% formalde- 
hyde in 1 M cacodylate buffer (pH 7.3). The corneas were 
then excised and fixed in the same solution for 1.5 h. This 
was followed by rinsing in cacodylate buffer and postfixing 
for 1 h in osmium tetroxide in phosphate buffer. Specimens 
were next dehydrated in a series of ascending alcohol con- 
centrations and were embedded in Epon. Each preparation 
was sectioned on a LKB 4800 III Ultrotome, stained with 
uranyl acetate and lead citrate, and observed and photo- 
graphed with a Siemens Elmiskop 101. 

Results 

Slit-lamp examination 

Epithelial healing after corneal abrasion was not delayed 
clinically in the CSA group when compared with that of 
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Fig. 1.a, b CSA 2% in castor oil (t0 drops 
daily), a Scanning electron micrograph 
(SEM) of rabbit corneal epithelium. 
Medium dark (M) and dark (D) cells, holes 
(arrows), as well as tiny particles on the 
corneal epithelial surface are readily seen. b 
Transmission electron micrographs (TEM) 
of regular corneal epithelium, showing 
reduced surface microprojections without 
antennulae microvillares (arrows). e, d CSA 
2% in ethanol, 13.8 vol% (t0 drops daily), e 
TEM of corneal epithelium with short and 
reduced microvilli and vacuolization (V). d 
SEM of corneal epithelium with mainly 
medium dark cells and desquamating 
superficial cells (arrow), with pores in the 
outer plasma membrane, e CSA 2% in 
ethanol, 13.8 vol% (5 drops daily). SEM of 
corneal epithelium. Medium dark (M) and 
dark (D) cells with prominent borders 
(arrows) and cell nuclei (N). f Ethanol, 
13.8 vol% (t0 drops daily). SEM of corneal 
epithelium. Desquamating cells (arrows) with 
holes and pores in their plasma membranes 

the castor oil treated animals. Although one eye in each 
group was lost by infection, all groups as a whole clinically 
showed no corneal damage or conjunctivitis. 

S E M  and T E M  studies 

Group 1 (10 x CSA in castor oil). The corneal epithelium 
exhibited mainly medium dark cells, as compared with un- 
treated rabbit  epithelium (Fig. 1 a). The cell borders were 

unbroken,  while microvilli and microplicae were short and 
sometimes reduced in number.  Holes were present, but  did 
not  exhibit any visible microstructures. Tiny particles were 
visible on all preparations and were probably deposits of 
CSA. SEM revealed the corneal endothelial layer to have 
no significant pleomorphism. All intracellular borders re- 
mained intact, cell nuclei were not  recognizable. Small 
numbers of individual microprojections were present, but  
their numbers were not  more than in normal  corneal en- 
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Fig. 2. a, b Ethanol, 13.8vol % (10 drops 
daily), a SEM of corneal endothelium with 
regular cell mosaic, prominent cell nuclei 
(N), and cilia (arrow). b High magnification 
SEM of corneal endothelium with opening 
borders (arrowheads). e Castor oil (10 drops 
daily). SEM of corneal epithelium with light 
(L), medium dark (M), and dark (D) cells. 
d-f CSA 2% in castor oil 10 drops daily 
after corneal abrasions, d SEM micrograph 
of healed corneal epithelium: medium dark 
(M) and dark (D) cells with reduced surface 
microprojections and prominent cell nuclei 
(arrows). e High magnification SEM. Many 
dark cells with short and reduced microvilli 
and prominent cell nuclei (N). f SEM of 
corneal endothelium showing more cell 
projections than on the normal inner 
corneal surface 

Table l. Treatment of rabbit corneas with either CSA in castor 
oil or ethanol (eye drops without preservatives) 

Group Treatment Drops 
(10 eyes each) daily 

CSA 2% in castor oil 10 
CSA 2% in ethanol (13.8 vol.%) 10 
CSA 2% in castor oil 5 
CSA 2% in ethanol (13.8 vol.%) 5 
NaC1 0.9 in ethanol (13.8 vol.%) 10 
Castor oil 10 
CSA 2% in castor oil after 10 
corneal abrasion 
Castor oil after corneal abrasion 10 

dothelium. TEM always revealed an intact histological 
structure in all parts of the cornea. The epithelial micropro- 
jections were slightly shortened and showed no antennulae 
microvillares (Fig. 1 b). 

Group 2 (10 x CSA in ethanol). SEM revealed mainly medi- 
um dark corneal epithelial cells equipped with short micro- 
villi and holes with reduced internal microstructures. How- 
ever, open cell borders in some areas and plasma membrane 
damage to superficial epithelial cells were demonstrable 
(Fig. 1 d). TEM further showed that surface cells had cur- 
tailed microstructures and vacuolizations which were visible 
with enlargements of the intercellular spaces (Fig. 1 c). The 
corneal endothelium had intact cell borders with few micro- 
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Fig. 3. a, b Castor oil (10 drops daily) after 
corneal abrasion: a SEM of corneal 
epithelium after abrasion. Healed epithelium 
with nearly regular surface microstructure, 
holes (H) without normal microprojections. 
b SEM of corneal epithelium after abrasion 
with desquamating cell (arrow) 

structures (SEM). Cell nuclei were distinguishable from the 
rest of the cell surface as light areas. 

Group 3 (5 x CSA in castor oil). The corneal epithelium 
and endothelium were not different from normal tissues 
inspected with SEM and TEM. 

Group 4 (5 x CSA in ethanol). Cell nuclei could be identified 
as prominent areas, and cell borders appeared as prominent 
ridges (Fig. 1 e). In addition, open cell borders were present. 
Microvilli with intact cytoplasmic structure were demon- 
strable for superficial epithelial ceils under TEM. An intact 
corneal endothelial cell pattern with a regular morphology 
was seen in all SEM preparations. 

Group 5 (10 x ethanol). The use of this test solution led 
to an extensive cell desquamation of the corneal epithelium 
(Fig. I f). The regular microstructure could not be detected 
by SEM in the detaching cells. There was considerable cell 
damage, with pores and cracks in the outer plasma mem- 
brane. Only a few microprocesses could be seen on the 
surface of the desquamating cells. Although the corneal 
endothelial cell mosaic was regular in SEM preparations, 
the cells per se were swollen and the cell nuclei appeared 
as whitish prominent areas (Fig. 2a). The usually overlap- 
ping cell borders were open partially (Fig. 2b). 

Group 6 (10 x castor oil). Under SEM, the numbers of me- 
dium dark and dark epithelial cells were increased (Fig. 2 c), 
as compared with normal epithelium. The cell borders were 
intact and the number of holes reduced. In TEM, the corne- 
al endothelial cells revealed an intact pattern. 

Group 7 ( i0 x CSA in castor oil after corneal abrasion). Slit- 
lamp examination revealed no corneal opacity and no epi- 
thelial damage when stained with fluorescein. Mainly medi- 
um dark cells with short microvilli were seen under SEM. 
The migrated corneal epithelium were usually intact. Some 
migrated cells revealed short microprocesses on their sur- 
faces (Fig. 2d and e). Under SEM, corneal endothelial cells 
had increased superficial microprocesses and cilia (Fig. 2f). 

Group 8 (10 x castor oil after corneal abrasion). The epithe- 
lium was usually complete and showed typical cell struc- 
tures in SEM with light, medium-dark, and dark cells and 
holes (Fig. 3a). However, some desquamating cells were 

visible as a sign of the vulnerability of the just-healed epithe- 
lium (Fig. 3b). Under SEM, the corneal endothelium re- 
vealed an intact cell pattern with more cell microstructures 
than normal. No relevant alterations could be demonstrated 
in ultra-thin sections. 

Discussion 

Topical cyclosporine A (CSA) has been shown to penetrate 
into the rabbit cornea and aqueous humor (Mosteller et al. 
1985; Behrens-Baumann et al. 1986), and will delay the im- 
mune reaction after corneal grafting (Shepherd et al. 1980; 
Hunter 1981; Hunter et al. 1981, 1982a, b; Kana etal. 
1982). In its preparation as eye drops, CSA is soluble in 
either ethanol or castor oil. 

An ethanol concentration of more than 45 weight % 
causes superficial injury to the eye (Grant 1974). In order 
to get a 2% CSA solution, we reduced the intravenous 
CSA preparation of Sandimmun to up to a 13.8 weight % 
concentration of ethanol. Nevertheless, all rabbit corneas 
treated with eye drops containing ethanol revealed consider- 
able SEM and TEM cell damage despite normal slit-lamp 
microscopy. This damage showed a dose-dependent relation 
and resembled corneal changes after hydrochloric acid 
(Brewitt and Honegger 1979) or benzalkonium chloride 
(Tonjum 1975; Pfister and Burstein ]976; Burstein 1980; 
Brewitt and Feuerhake 1980). Our solutions contained no 
preservatives. 

The addition of CSA, however, reduced cell damage 
of the corneal epithelium. The mechanism of this protective 
effect is not yet understood. Ahonen et al. (1984) studied 
the effect of CSA on the formation of granulation tissue 
in subcutaneously implanted viscose cellulose sponges 
(which is a commonly used model for studies on wound 
healing). In CSA treated rats, Ahonen found an increased 
number of macrophages and accumulation of collagen and 
therefore suggested that CSA might even enhance wound 
repair. 

In our experiments, CSA in castor oil did not show 
any negative influences on wound healing after corneal 
abrasions, when compared with castor oil alone. This fur- 
ther supports the experimental data of Ahonen et al. (1984), 
although both studies are not directly comparable. 

CSA in castor oil caused no significant alteration of 
corneal cells when applied topically 5 times daily. A more 
frequent dose (10 times daily) also caused no cell damage. 
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However,  numerous  tiny particles could be detected by 
SEM, which were p robab ly  deposits  of  CSA. 

In summary,  eye drops  of  2% CSA in castor  oil given 
5 times daily caused no corneal damage detectable clinically 
or  by SEM or TEM. Consequently,  our study indicates 
that  there is no contra indicat ion to the topical  use of  CSA. 

References 

Ahonen J, Nemlander A, Wiktorowicz K, von Willebrand E, Hek- 
ali R, Lalla M, t-I/iyry P (t 984) Effect of cyclosporine on wound 
healing. In: Kahan BD (ed) Cyclosporine. Biological activity 
and clinical applications. Grune & Stratton, Orlando, pp 876- 
877 

Behrens-Baumann W, Theuring S, Frey B, Frey F, Sostmann H, 
Bircher J (1986) Cyclosporine concentrations in the rabbit aque- 
ous humor and cornea following subconjunctival administra- 
tion. Importance of anatomical site of injection. Graefe's Arch 
Clin Exp Ophthalmol 224:368-370 

Bell TAG, Easty DL, McCullagh KG (1982) A placebo-controlled 
blind trial of cyclosporin A in prevention of corneal graft rejec- 
tion in rabbits. Br J Ophthalmol 66:303-308 

Brewitt H, Feuerhake H (1980) Der EinfluB von Desinfektionsl6- 
sungen ffir HEMA-Kontaktlinsen auf das Hornhautepithel - 
eine rasterelektronenmikroskopische Untersuchung. Contacto- 
logia 2: 262-272 

Brewitt H, Honegger H (1979) Early morphological changes of 
the corneal epithelium after burning with hydrochloric acid. 
A scanning electron microscope study. Ophthalmologica (Ba- 
sel) 178:327-336 

Burstein NL (1980) Preservative cytotoxic threshold for benzalkon- 
ium chloride and chlorhexidine digluconate in cat and rabbit 
corneas. Invest Ophthalmol Vis Sci 19:308-313 

Coster D J, Shepherd WFI, Chin Fook T, Rice NSC, Jones BR 
(1979) Prolonged survival of corneal allografts in rabbits 
treated with cyclosporin A. Lancet II : 688-689 

Editorial (1979) Cyclosporin A. Lancet II:779-780 
Grant WM (1974) Toxicology of the eye. Charles C. Thomas, 

Springfield, pp 467-472 
Hunter PA (1981) Potential role of cyclosporin A in corneal graft- 

ing. J Roy Soc Med 74:810-813 
Hunter PA, Wilhelmus KR, Rice NSC, Jones BR (1981) Cyclo- 

sporin A applied topically to the recipient eye inhibits corneal 
graft rejection. Clin Exp Immunol 45:173-177 

HunterPA, Rice NSC, Jones BR (1982a) Prolonged corneal graft 
survival using topically applied cyclosporin A. Trans Ophthal 
Soc UK 102:19-20 

Hunter PA, Garner A, Wilhelrnus KR, Rice NSC, Jones BR 
(1982b) Corneal graft injection: a new rabbit model and cyc- 
losporin A. Br J Ophthalmol 66 : 292-302 

Kana JS, Hoffmann F, Buchen R, Krolik A, Wiederholt M (1982) 
Rabbit corneal allograft survival following topical administra- 
tion of cyclosporin A. Invest Ophthalmol Vis Sci 22: 686~690 

Mosteller MV, Gebhardt BM, Hamilton AM, Kaufman HE (1985) 
Penetration of topical cyclosporine into the rabbit cornea, aque- 
ous humor and serum. Arch Ophthalmol 103:101-102 

Pfister RR, Burstein N (1976) The effects of ophthalmic drugs, 
vehicles, and preservatives on corneal epithelium: a scanning 
electron microscope study. Invest Ophthalmol Vis Sci 
15 : 246-259 

Salisbury JD, Gebhardt BM (1981) Suppression of corneal allo- 
graft rejection by cyclosporin A. Arch Ophthalmol 
99:1640-1643 

Shepherd WFI, Coster DJ, Chin Fook T, Rice NSC, Jones BR 
(1980) Effect of cyclosporin A on the survival of corneal grafts 
in rabbits. Br J Ophthalmol 64:148-153 

Tonjum AM (1975) Effects of benzalkonium chloride upon the 
corneal epithelium studied with scanning electron microscopy. 
Acta Ophthalmol (Copenh) 53:358-366 

Received January 17, 1986 / Accepted July 10, 1986 


