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Effect of Topically Epithelial Sodium Channel Inhibitors Eyedrops on Tear Production in
Rabbit with Scopolamine Induced Dry Eye
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Abstract: [Objective] To test the hypothesis that inhibiting sodium absorption via the epithelial sodium channel
(ENaC) will increase ocular hydration and cure the rabbit’ s dry eye induced by scopolamine. [Methods] In the
experiment, 24 New Zealand rabbits weighing about 2.0-2.5 kg were divided into 3 groups: tested group (8 rabbits) ,
control group (8 rabbits) , and treatment group (8 rabbits). For the rabbits in the tested group, they were given
subcutaneous injection of scopolamine 4 times a day for 12 consecutive days to induce the dry eye. For the rabbits in the
control group, they accepted subcutaneous injection of saline solution. For the rabbits in the treatment group, they were
firstly given the same treatment as the rabbits in the tested group. Then, the local regions in their right eyes received the

application of 100 mmol/L. amiloride (a sodium channel inhibitor). Meanwhile, the local regions in their left eyes
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received the application of equivalent saline solution. We detected ENAC a and ENAC vy subunits of epithelial sodium
channel in conjunctival epithelium by fluorescence quantitative PCR and detected the opening of epithelial sodium
channel by short—circuit current technology. Finally, we compared the ENaC a and ENaC vy gene expression, corneal
fluorescein sodium staining and tear secretion among the 3 groups. Fluorescence quantitative PCR was used to detect
ENaC « and ENaC <y subunits of epithelial sodium channel in conjunctival epithelium and short—circuit current was used
to detect the opening of epithelial sodium channel. The ENaC o and ENaC vy gene expression, corneal fluorescein sodium
staining and tear secretion (immerged length) were compared among 3 groups. [ Results] The results showed that the
quantity of tear secretion was (17.00 + 0.37) mm for the control group, (4.42 + 1.34) mm for the tested group (P<0.001
vs Control, n=8) and (14.25 + 0.54) mm for the treatment group (P>0.05 vs Control, n=8). The results of short—circuit
current detection showed that the sodium current was (5.72 + 0.35) WA /cm’ in normal model and (12.24 + 0.54) wA /em®
in dry eye model (P<0.001). After Amiloride treatment, the sodium current decreased to (4.00 + 0.61) pwA/cm® (P>
0.05) and there was no statistical difference compared with the normal group. According to the results of fluorescence
quantitative PCR, the expression of ENaC a and ENaC vy subunits and IL—8 in in dry eye model were up—regulated (P<
0.01) compared with that in normal group. After topical amiloride application, there were no statistical differences in
inflammatory cytokines IL-1 B, ENaC «, and ENaC vy between the normal group and treatment group (P>0.05, n=8).
After treatment, tear secretion increased (P<0.001), and ocular surface staining improved significantly. [ Conclusion]

Topical application of amiloride increase the quantity of preocular tears owing to inhibition of conjunctival sodium

channels and could provide an effective new therapy for chronic dry eye.

Key words: dry eye; epithelial sodium channel; conjunctival epithelium; ion channel
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Table 1 Primers sequence of real time PCR

Gene Forward Reverse
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Table 2 The effect of scopolamine on tear secretion [ (n=8 pairs,X +S, mm/5 min) |
Group Day 0 Day 3 Day 6 Day 9 Day 12 P value
Scopolamine 15.58 £2.22 7.28 £ 0.58 6.13 £ 0.29 5.12 +1.28 442 £ 1.34 0.001
$ Control 14.83 £ 1.29 15.25 £ 1.03 15.75 = 1.17 17.00 = 0.22 17.00 £ 0.37 0.075

Scop

Saline

The emergence of fluorescein sodium spot on the sixth day in tested group and flake staining on the twelfth day; No cornea staining for the

rabbits in the control group. n=8

Day 12

1 RARIERMNELERE

Fig.1 Fluorescein sodium staining of rabbit’s cornea
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A: Sodium current of conjunctival epithelium in control group; B: Sodium current of conjunctival epithelium in tested group induced by

scopolamine; C: Sodium current of treatment group treated with amiloride
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Fig.2 Sodium current mediated by epithelial sodium channel
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The sodium current in control group was (5.72 + 0.35) wA/cm®
For the tested group, the sodium current increased to (12.24 +0.54)
wA/em®, Values are means = SD. Among 3 groups, F=72.41, P<
0.001, n=8. 1) Control vs scopolamine, P<0.001. The sodium current
returned (4.00 = 0.61) pwA/em® after topical amiloride eye drops
about 12 day in treatment group induced by scopolamine. 2) There
was no statistical difference between the sodium current of control
group and treatment group, n=8, amiloride vs control, P>0.05.
B3 ECtRMBENMSHPEREITZEER
Fig.3 Statistical results of sodium currents mediated by

epithelial sodium channels

23 BREBELIRNEEERETRESRTIE
T

BUR X RR A S ae gl TR A PSSR T R i
1 % i PCR J7 ¥4 K - Bz 943 8 ENaCo
ENaCy DL 2858 I 1L-1B, 45 9 s, Seir 4l op
ENaCa .ENaCy DA S R AE R F IL-18 Rk &, I
HEAB G 22557 (P<0.01) . G572 5 Bl K%

ENACa ENACy ENACB
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Fig.4 The relative expression of epithelial sodium

channel and inflammatory factor mRNA in 3 groups
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The mean tear quantity showed a significant increase at day 3
and day 6 compared to the pre—instillation value in eyes assigned to
amiloride eye drops. The mean tear quantity at day 3 and day 6 was
significantly higher in the amiloride group compared to control eyes.

5 PFREAAREERSWENKENTUES
Fig.5 The variation trend of tear’s quantity after

amiloride application in dry eye model rabbit
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Saline

Survival rate of rabbit conjunctival epithelial cells treated by

various concentration of Amiloride.
B 7 MTT &N EEEERE
Fig.7 Histogram of cell survival by MTT
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The right eye was treated with amiloride (100 mmol/L.) and the left eye with saline solution as own control. The results of sodium fluorescein on

day 0, day 3, day 6 and day 9 showed that the corneal epithelium of the right eye recovered faster than that of the left eye control group, which

means the symptoms of dry eye can be improved by closing the epithelial sodium channel.
Bo6 TREREEZAMKEMNAREAELEHENL

Fig.6 Changes of corneal epithelium after amiloride eye drops for the rabbits in tested group
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