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0 Abstract O

The Changes of Ultrastructure and Function of the Corneal
Endothelial Cell Caused by the New Irrigating Solution(HR solution)
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The purpose of this study was to evaluate alterations in corneal endothelial
cell function and ultrastructure followed by perfusion with HR solution
which is a newly developed irrigating solution in Korea. After paired rabbit
corneas were mounted in the in-vitro dual-chambered specular microscope
and perfused with glutathione-bicarbonate-Ringer solution(GBR) for one
hour, one cornea of the pair was perfused with HR and the other cornea
was perfused with BSS’, BSS Plus’ or IOCARE’ solution. Corneal thickness
was measured every 15 minutes throughout the perfusion period. Swelling
rates were calculated by linear regression analysis. At the end of perfusion,
the corneas were fixed in 2.5% glutaraldehyde solution for transmission elec-
tron microscopy(TEM) or fixed in mixed solution of 0.5% glutaraldehyde and
0.5% paraformaldehyde for scanning electron microscopy(SEM). In another
experiment, corneal endothelial permeability was measured. Swelling rates of
rabbit corneas perfused with HR or BSS’ were 5.57+ 0.970 /hr and 6.45+
0.740 /hr respectively(pd 0.05), and swelling rates when perfusing with HR
or IOCARE’ were 7.87+ 0.450 /hr and 7.25+ 0.320 /hr respectively(p]0.05).
Swelling rate of rabbit corneas perfused with BSS Plus’ was 3.88+ 1.340 /hr
that is lower than that of HR(5.35+ 0.6900 /hr), but the difference is not sig-
nificant statistically(p 0.05). The endothelial permeability of the cornea per-
fused with BSS® or HR were 2.97+ 0.23x 10°0/min and 3.01% 0.15x 10™0
/min respectively which showed no significant differences between the
two(pd 0.1). TEM and SEM of corneas perfused with HR showed endothelial
cells with normal organelles, like with BSS' and BSS Plus’. The results of
this study indicate that HR solution maintain the function of corneal
endothelium(Jd Korean Ophthalmol Soc 41:886—893, 2000).

Key Words : Corneal endothelium, Irrigating solution, Permeability,
Swelling rate, Ultrastructure
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Pac = kecaX ReaX g

Keca = {In(M,0 M) O InMg}/t

M, =00000 dye OO0

M, =0000 dyeD OO

ke.ca = cornea-aqueous transfer coefficient
(rabbit value=1.07)

R = steady-state distribution ratio(0.94)

g = the average of the three final stromal

thickness
t = the time after applying CF
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Figure 1. Changes in corneal thickness and corneal
swelling rates during the perfusion with HR or BSS'
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Figure 2. Changes in corneal thickness and
corneal swelling rates during the perfusion with
HR or BSS Plus’
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Figure 3. Changes in corneal thickness and
corneal swelling rates during the perfusion with
HR or IOCARE’
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Table 1. Comparison of corneal swelling rates(0 ﬁ ) 7
/hr) following the perfusion with BSS’, BSS Plus’, a 147 "x“i
IOCARE’ or HR 10 4 {
Control* HR 05 4 ;;f__,»“'f
6.45+ 0.74(BSS") 5.57+ 0.97 .-__.-"- "'
3.88+ 1.34(BSS Plus’) 5.35+ 0.69 o0 y
7.25t 0.32(IOCARE") 7.87+ 0.45
Figure 4. Corneal endothelial permeability(Pac)
*p00.05 following perfusion with HR or BSS’

Figure 5. Transmission electron micrographs of
rabbit corneal endothelium after perfusion with
HR(A), BSS'(B), or BSS Plus’(C) for 2 hours. In
all groups, endothelial cells show normal intracellu-
lar organelles and intact intercellular junctions(x
11000).
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Figure 6. Scanning electron micrographs of rabbit
corneal endothelium after perfusion with HR(A),
BSS“(B), or BSS Plus”’(C) for 2 hours. In all

d groups, endothelial cells show a normal regular
i hexagonal mosaic(x 330).
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Table 2. Chemical compositions of different irrigating solutions(mmole/L)

Constituent GBR BSS Plus S-MA; BSS HR IOCARE
Sodium chloride 111.6 122.2 112.9 109.6 109.6 109.6
Potassium Chloride 4.8 5.1 4.8 10.1 10.1 10.1
Calcium Chloride 1.1 1.0 1.2 3 3 3
Magnesium Chloride 0.78 1.0 15 15 1.5
Magnesium sulfate 1.2

Disodium phosphate 3.0

Sodium acid phosphate 0.86

Potassium bicarbonate 1.0

Sodium bicarbonate 29.2 25.0 25.0

Glucose 5.0 5.1 8.3

Glutathione(reduced) 0.3 e

Glutatione(oxidized) e 0.3

Adenosine 0.5
Sodium acetate 4.4 28.7 28.7 28.7
Sodium citrate 3.4 5.8 5.8 5.8
pH 7.4 7.4 7.3 7.4 7.36 6.308.3
Osmolality(mOsm) 28501 300 306 293 2980 315 299 2730315

ate 10000 adencsined OO reduced glu-
tathione 000 oxidized gutathionel 00O 0O
0 GBROO OOOOO, S-MA'O citrate-ace-
tate-bicarbonate D0 000 acetatel] citratel
0000 glutathionel adenosined OO OO
GBRO O O0O0000. HRO IOCARE'O BSS’
O ODOO ODOO0O glutathione, adenosine,
bicarbonated glucosel 0000 acetate-citrate
0 0ooob ooboo oo oo oo oood
000 (Table 2).
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