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The purpose of this study was to evaluate alterations in corneal endothe-
lial cell function and ultrastructure caused by benzalkonium chloride(BAC).
Sixteen albino rabbits(32 eyes) were used for this study. One cornea of each
matched pair was assigned to experimental group and the other cornea to
control group. The experimental groups were divided into 4 groups, of
which corneal endothelium were perfused with 0.01%, 0.001%, 0.0002%,
and 0.0001% BAC. After paired rabbit corneas were isolated and mounted
in the in vitro dual-chambered specular microscope, experimental corneas of
each matched pair were perfused with different concentrations of BAC.
Control corneas were perfused with glutathione-bicarbonate-Ringer solu-
tion (GBR). Corneal thickness was measured every 15 minutes throughout
the perfusion period. Swelling rates were calculated by linear regression
analysis, and compared to swelling rate of each paired mate perfused with
(BR alone. At the end of perfusion, the corneas were fixed in 2.5% glu-
taraldehyde solution for transmission electron microscopy (TEM). Swelling
rates of rabbit corneas perfused with BAC, 0.0001% did not differ signifi-
cantly from control corneas(p>0.05). But, 0.0002%, 0.001%, and 0.01% BAC
differed significantly from control corneas(p<0.05). BAC, 0.0001% showed
normal corneal endothelial findings, but 0.0002% and 0.001% BAC showed
reversible endothelial cellular injury. BAC, 0.01% showed irreversible
endothelial cellular injury such as loss of nuclear membrane and disruption
of cellular organelles. The results of this study indicate that long-term use
of topical eye solutions containing BAC might induce corneal endothelial
damage, especially in the absence of epithelial barrier such as corneal ulcer
(J Korean Ophthalmol Soc 40:2423~2430, 1999).
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Figure 1, Corneal swelling rates in rabbit corneas
perfused with 0.01% BAC : Paired rabbit corneas
were perfused with a control solution(GBR solu-
tion) for about 1 hour stabilization period. After
stabilization period, one cornea of each matched
pair was perfused with 0.01% BAC for additional
2 to 3 hours, and the control cornea with GBR.
The rabbit corneas perfused with 0.01% BAC
showed increase in corneal thickness at the mean
swelling rate of 100.35+8.85um/hr, which differed
significantly from swelling rate of control cornea
perfused with GBR(5.12=+1. 08um/hr).
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Figure 2, (A) Transmission electron micrograph of a rabbit corneal endothelium perfused with GBR

- shows normal endothelial ultrastructure(x10, 000).

(B) Transmission electron micrograph of a rabbit

corneal endothelium perfused with 0.01% BAC shows irreversible endothelial cellular injury such as
shrunken cytoplasm, loss of nuclear membrane and disruption of cellular organelles(x12, 000).
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Figure 3., Corneal swelling rates in rabbit corneas
perfused with 0.001% BAC : Paired rabbit corneas
were perfused with a control solution(GBR solu-
tion) for about 1 hour stabilization period. After
stabilization period, one cornea of each matched
pair was perfused with 0.001% BAC for additional
2 to 3 hours, and the control cornea with GBR.
The rabbit corneas perfused with 0.001% BAC
showed increase in corneal thickness at the mean
swelling rate of 37.63=%0.74um/hr, which differed
significantly from swelling rate of control cornea
perfused with GBR(6.72+0, 52um/hr).
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Figure 4, Corneal swelling rates in rabbit corneas
perfused with 0.0002% BAC : Paired rabbit
corneas were perfused with a control solution (GBR
solution) for about 1 hour stabilization period.
After stabilization period, one cornea of each
matched pair was perfused with 0.0002% BAC for
additional 2 to 3 hours, and the control cornea
with GBR. The rabbit corneas perfused with
0.0002% BAC showed increase in corneal thickness
at the mean swelling rate of 17.55%1.41wm/hr,
which differed significantly from swelling rate of
control cornea perfused with GBR(7.13+0.61um/hr).



Figure 5, (A) Transmission electron micrograph of a rabbit corneal endothelium perfused with 0.001%
BAC shows reversible celluar injury such as dilated endoplasmic reticulum and mitochondria, and vac-
uoles in the cytoplasm(x8,000). (B) Transmission electron micrograph of a rabbit corneal endothelium
perfused with 0.0002% BAC also shows reversible celluar injury such as dilated endoplasmic reticulum
and mitochondria, and vacuoles in the cytoplasm, but intercellular tight junction is intact(x12, 000).
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Figure 6, Corneal swelling rates in rabbit corneas
perfused with 0.0001% BAC : Paired rabbit
corneas were perfused with a control solution
(GBR solution) for about 1 hour stabilization peri-
od. After stabilization period, one cornea of each
matched pair was perfused with 0.0001% BAC for
additional 2 to 3 hours, and the control cornea
with GBR. The rabbit corneas perfused with
0.0001% BAC showed increase in corneal thick-
ness at the mean swelling rate of 6.18%1.42um/hr,
which did not differ significantly from swelling
rate of control cornea perfused with GBR(6.67+
1. 07un/hr).
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Figure 7. Transmission electron micrograph of a
rabbit corneal endothelium perfused with 0.0001%
BAC shows normal-looking endothelial ultrastruc-

ture except for mild dilatation of the endoplasmic
reticulum and a few small vacuoles in the cyto-
plasm (<10, 000).
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