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[ Abstract] Objective To investigate the role and mechanism of retinal Sigma-1 receptor antagonist N, N-
diethyl-2-[ 4-methoxy-3-( 2-phenylethoxy ) phenyl | ethanaminehydrochloride ( NE-100) in the formation of form
deprivation myopia (FDM) in guinea pigs. Methods Eighty-five 21-day-old guinea pigs were selected ,and 36 of
them were randomly divided into normal control group,occluded 14-day group and occluded 11-day group,with 12 in
each group. The right eyes of guinea pigs in the occluded 14-day group were covered with translucent eye shield for
consecutive 14 days,and guinea pigs in the occluded 11-day group were treated in the same way for consecutive 11
days plus 3 days without cover,and guinea pigs in the normal control group were not covered. The other 49 guinea pigs
were randomly divided into FDM group (n=10),FDM+NE-100 6 pg group (n=12),FDM+NE-100 60 g group
(n=10) ,FDM+NE-100 600 g group (n=9) ,and FDM+saline group (n=8). The right eyes in each group received
100 pl peribulbar injection of NE-100 6 g, 60 pwg and 600 wg or saline once a day according to grouping. Ocular
refraction and axial dimensions were measured using eccentric infrared photorefractor and A-scan ultrasonography,

respectively. Corneal curvature was measured with keratometer. Immunohistochemical staining and Western blot were
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used to detect the expression levels of Sigma-1 receptor protein,and retinal dopamine content was evaluated by high-
performance liquid chromatography with electrochemical detection. This study was approved by an Ethics Committee of
the Department of Laboratory Animal Science of Central South University ( No.2020sydw0084 ). The use and care of
experimental animals followed the Regulations for the Administration of Affairs Concerning Experimental Animals in
China. Results There were statistical significant differences in diopter and axial length among the normal control
group ,occluded 14-day group and occluded 11-day group ( F=147.81,160. 10;both at P<0.01). Compared with the
normal control group,the relative myopia was the deepest and the axial length was the longest in the occluded 14-day
group, then the occluded 11-day group,showing significant differences between them (all at P<0.05). In the normal
control group,Sigma-1 protein was mainly expressed in retinal ganglion cells (RGCs) , photoreceptor inner segment
and the inner nuclear layer. In the occluded 14-day group, Sigma-1 protein staining was enhanced in RGCs and
photoreceptor inner segment. Sigma-1 staining positive cells in the inner nuclear layer were increased significantly and
were also seen in the inner and outer plexiform layers, especially in Miiller cells, in which the expression levels of
Sigma-1 receptor protein were significantly increased. Compared with the occluded 14-day group,the Sigma-1 receptor
protein expression levels in the retina of the occluded 11-day group was significantly decreased (P<0.01). The
diopters of guinea pigs in the FDM+NE-100 6 pg,60 wg and 600 g groups were lower than those in the FDM group,
and the diopters of FDM+NE-100 60 pwg and 600 g guinea pigs were lower than those in the FDM+NE-100 6 pg
group,and the differences were statistically significant (all at P<0.05). The dopamine content in the retina of the

FDM+NE-100 60 pg group was (0.74+0.09) ng/mg, which was significantly higher than (0.57+0. 10) ng/mg in

the FDM group, with a significant difference between them (¢=15.18,P<0.01).

Conclusions  Sigma-1 receptor

antagonist inhibits FDM formation,, which may be associated with the elevation of dopamine content in retina.
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Table 1 Comparison of corneal curvature radius, diopter
and axial length among different groups ( mean+SD)
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Figure 1 Expression of Sigma-1 receptor protein in the retina of guinea pigs in different groups
by immunohistochemical staining ( DAB x400,bar=20 um) A :The retinal Sigma-1 receptor protein
in different cells of guinea pig eyes of the normal control group was pale yellow B :The number of cells
expressing Sigma-1 receptor protein in the retina of guinea pig eyes in the occluded 14-day group was
increased and the staining was enhanced C;The number of cells expressing Sigma-1 receptor protein in
the retina of guinea pig eyes in the occluded 11-day group was less than that in the occluded 14-day

group, and the staining intensity was weaker
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Figure 2 Expression levels of Sigma-1 receptor protein in the retina of guinea pigs in different groups
by Western blot
protein expression bands in the retina of the occluded 14-day group were stronger than those of the normal
GAPDH: glyceraldehyde-3-phosphate dehydrogenase

B :Quantitative comparison of the relative expression levels of Sigma-1 receptor protein in the retina of the

A ;Electrophoretogram of Sigma-1 receptor protein expression The Sigma-1 receptor

control group and the occluded 11-day group
three groups  F =36.78, P <0.01. Compared with the normal control group,“P <0.01; compared with the

occluded 14-day group,l'P<0. 01 (One-way ANOVA,LSD-¢ test,n=9)
occluded 14-day group;3:The occluded 11-day group

1: Normal control group;2: The
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Table 2 Comparison of refractive parameters of guinea
pigs among different groups ( mean+SD)
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phenyl | -ethylaminemonohydrochloride
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Figure 3 Comparison of dopamine contents in retina of guinea pigs

between the FDM group and the NE-100 60 pg group Compared

with the FDM group, “P<0.01 ( Independent-samples ¢ test,n = 10)
FDM :form deprivation myopia; NE-100: N, N-dipropyl-2-[ 4-methoxy-3-

(2-phenylethoxy ) -phenyl | -ethylaminemonohydrochloride
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B SRIAVE T, B NE-100 4 fig 58 42 B 1E K B FDM
fRIE 8, He 60 wg 14 9 NE-100 Xf FDM 1) 30 1 £
BB . 456 KBl FDM JE B S R 52 5k 78 v 40
JE Sigma-1 52 A8 1 1Y 3R 35 742 1k, & WIHL W B8 Sigma-1
ZARFEHURTE K B FDM JE it % v B 30l 1 .

DAT J2 i F £ [ i G #i 28 70 28 fl 17 B 1) — Fif 125
JEER 1, TR 22 0 DA A i o T 5% d B 58 fis miT A 42
TCHE N HEFF R 2o NN 2 B RS . B2 Bk
550 DAT &b T b 5, 5 2 B k45 & J5 DAT #%
S ] NG G, 30 2 O Jie B 3 S 440 ML I3 o, PR A A 1)
S 4 Hong % B 58 % BL, 0 1Y Sigma-1 32 4K
AES DAT 254 {2k DAT %745 5 ] S 42, it 248 g
b 22 U JHg 1) 240 M N 5 3 1 ok R T AR TG AR IO B 2 1
Jie & L e iE FDM B i, A WF 9245 3R & B, Bk 13 5
NE-100 #] 5] 2 K BUAL P 2 2 i & & T &, & W
NE-100 X} FDM {44 i £ FH v] 58 55 40 99 5 22 2 Jiig 75 &
)T = A K. NE-100 #i | FDM JE 5] fig 5 H 45 Hr il
W Sigma-1 52 44, AT 98012 DAT %725y ml SME 4,
AN LA 22 U e 1) 40 B N e B R . I Ah, P
5 DAT [ % 2 5 FDM {9 J& i, Zhao %" i
#"Te-TRODAT-1 SPECT DAT 14 % AR 5% & 1K B
FDM #L & DAT %55t 98 /0, iX 5 FDM 41 W) i 2 [ fig
B ARG AR AR 3 1

25 U0 i 2 R ) B8y — o o 114 b 22 08 T, 5 IR BR
MG K B SO L U VIAH G . 2 g6 R T
& Z R , 8 & B2 52 1L B (tyrosine hydroxylase, TH) & &
W2 T Y R . BTG LN 2 B R s R 2 B
REAH 22 70 19 22 fi 2 3, 't R SR B ke 381 5 fk [ i
VBT 58 il iy i oS 0 2% fal A0 1) 2 B B A2 A, 58 i 2 12
W REAF 5 % i . DAT SCHE 5 i ] B b () 2 T2 ik §% iz
(] 248 i P, T A A 5 S A Y6 0 L e Ak T AT
3,4- " F E K Z 8 (3, 4-dihydroxyphenylacetic acid,
DOPAC) , 573 W], LI JIEE 2 12 i 2 3 A0 A — 1> il
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{55, KB XS 55 FDM (1 0 ) i 22 B2 g R HL AR i ™
Yy DOPAC #FA% ", I 0 9 T 0 22 e 25 12 o 3
PRI Y B 2 U e 3 BE A %M Rl FDM R T
FDM #L  JiEE v 22 12 g &5 &2 T R 5 TH FRAK 2 2 %
B A T AN ARG R R ’M%'J*%l@ym
JE Sigma-1 SZ A PG )& — N &, W g5 Sigma-1 57
RIS 51 DAT #4254k, 05 1M 5 S04h i 41 2 L e 1)
20 B P e B R G
25 L A B 5 45 SR 2 W 5 R 35 B 5 1R K B
FDM L 5 Sigma-1 52 K 3 35 38 5, 3K J 11 2 Sigma-1
ZARFEHLR NE-100 GE4) ] FDM JE %, HiX —1EH 5
L5 0 2 B A AT G, PR Sigma-1
%W%ﬁz?ﬁ%%‘ﬁﬁ%l@ DAT m%/}ﬁﬂc 5% FDM 1
W 2 2 Jie 5 & T B AT e it — 2B WF S AR S5
#3575 %ﬁ%#ﬁm%$ﬁﬁﬂm@%
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