. 184 - th A SIS IR R 4 75 2021 4E 3 A48 39 #4545 3 ) Chin J Exp Ophthalmol , March 2021, Vol. 39, No. 3

- TR -

PO R AT R B TR S IR 0 HIR ¥ 2 2 Y
e PR AL

kv AR EZ4T kB ER EawE BE k4ER
FTEEERFREMRAGRAEEZTS MREMAEFHFRETLELHT, B 710032, 45 £

SN
~

N

FEXRPHEHGES PO, LiFE200433,' 2 FEZERXRFAMEFR, /% 710032
BAEAE# %  Email ; ct1988@ fmmu. edu. cn

(FEE] BH BRI O IR AR OR 5 R R S s 68 TH Y8043 300 A bR AR A B R ) B T2 285 R ) B 1 552 )
Fik 36 HfE R K R AT IR o MR S0 SR FH B AL BT 3 0k I K AR o't T IR AR R BRI S R

S B[] A S [ K K B IE AL 40 A s 391 ) ( HEST ) 4 7 391 1< i) ( HFLT ) 21 | o 350 s ( MIFST) 2 331 K i
(HFLT) 41 AR %5 B (LFST) 2 AR B (LELT) 41, 54 6 H o & 4K BUAT HR 2647 500 Ix (1) 308 B A1
SEI R, 20 B AN 452 32 AT An] T 0040 g X B o @ SO0 BRSO 15 Uk, Hp S RS S 10 R RIS Ol 5 R, B R
JE S5 bsf ) [0 B > 10 i3 S8 RS Oy 30 s/, 4 B BB Ol 60 s/ o R A Bk Atk VH & 43 W 3038 (S T o) X 4% 41 K
R 52 T MR 5 e IR 0 Y 90K 0 6 Sk 0 A7 00 7 R B ¢ 5 R FH 284 B KT S BB ARk TR D Aty 4% A MK B A IR AR T M A
AR 1O 5 2R FH HR G JERL 32 Aty JAC B B G 0 4 38 R SO 25 5 SR FH AL I JEE vl 181 ( ERG) 3 5 5 PE 45 28 K B AR 1) e
e R E R A LR B kA W AN 2 R AR fk, &SR HFST 41 HFLT 4] MFST 4],
MFLT 41 LFST 2 I LFLT 2H 52 56 AR Y8 ¥ 43 9 & 43 il & 8.00(7.37,9.00) .8.75(8.25,9.00) ,8.50(7.75,
9.50) .9.00(8.50,9.50) .8.00(7.37,8.75) f1 8.25(7.75,8.75) mm/5 min, Ak L 22 B L4243 L (X =
5.502,P=0.240) ;45 4 K RS2 56 AR YH 43 W0 o 5 0 BRI b 4 22 R TR B34 R L (1 P>0.05) . B4 K R
WSLHR b DR A 2375 W, S 06 T S MR VS 1 2 L IR 38 s HEST 41 5230 BR ERG WS 58 17 3. 0 a I 4% W {1 {% T LFST
H,ERAGIHE L (P<0.05) , & HE S IR ERG &R 3.0b JIRIE A A LR ES LRI ¥ E X (F=
1.358,P=0.268) ; % ZH K B S2 00 IR 55 % HRER (] ERG a b 4R IF LL 4825 S RS 144 7 L (3 P>0.05) ;&% 41 [
JOC B 52 5 B AR D) A A% 2 SRR B R L B 22 R C B 12 B L (F=0.952,P=0.463) . £5if 500 Ix 31 M5 X R
TSR AR R TG B BB, (8 — 8 R s a0 I S 0 BB 40 5, 908 0 R T 2 2 5 O R TR A

[k E] #ot; MIMBIG; M BAE; MDY

E&TH: RABRUIESAWE (172B02027) ; BRVGA TSSO LI E (2018SF-257)

DOI;10. 3760/ cma. j. cn115989-20200105-00007
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[ Abstract] Objective To explore the effects of laser irradiation parameters (irradiation frequency and single
duration) on tear secretion,lens and retina. Methods Thirty-six healthy guinea pigs were randomly divided into 6
groups with random number table method according to different frequency and single exposure duration of laser to the
eye,namely, high frequency short time ( HFST) group, high frequency long time ( HFLT) group, medium frequency
short time ( MFST) group, medium frequency long time ( MFLT) group,low frequency short time (LFST) group and
low frequency long time ( LFLT) group, 6 for each group. The right eyes were irradiated with 500 Ix laser as
experimental eyes,and the left eyes of the guinea pigs served as the control eyes. The high, medium and low irradiation
frequencies were defined as 15 times, 10 times and 5 times, respectively, and the short and long period was defined as
30 seconds and 60 seconds each time, respectively. The right eyes were irradiated based on the grouping at a
10-minute interval. The tear secretion was detected by Schirmer | test;lens opacity was assessed under the slit-lamp
microscope ; fundus photography was performed to evaluate the general morphology of retinaj retinal function was
evaluated by electroretinogram ( ERG) record and the thickness of retinal outer nuclear layer was measured by

histopathology examination. This study protocol was approved by the Medical Ethics Committee of Air Force Military
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Medical University ( No. 20181203 ) , and the use and care of the experimental animals complied with the ARVO
statement. Results The tear secretion was 8.00(7.37,9.00),8.75(8.25,9.00),8.50(7.75,9.50),9.00
(8.50,9.50),8.00(7.37,8.75) and 8.25(7.75,8.75) mm/5 min in the HFST group, HFLT group,MFST group,
MFLT group, LFST group and LFLT group, respectively, without significant difference among the groups (X* =5. 502,
P=0.240) ; after laser irradiation, there were no statistically significant differences in tear secretion between the
control eyes and laser-irradiated eyes in all the groups (all at P>0.05). The lenses were clear and the fundus was
normal through the experimental duration in all the groups. The amplitude of ERG a-wave was significantly reduced in
the HFST group in comparison with the LFST group ( P<0.05) ,and there was no significant difference in the b-wave
amplitude among the six groups ( F =1.358, P =0.268). The ERG a-, b-wave amplitudes were not significantly
different between the control eyes and laser-irradiated eyes in various groups ( both at P>0.05). There was no
significant difference in the thickness of the outer nuclear layer of retina among the HFST group, HFLT group, MFST
group , MFLT group, LFST group and LFLT group ( F = 0.952, P =0.463). Conclusions  The 500 Ix laser

irradiation is safe to ocular surface and lens, but there are some injuries to retinal function, and the injury degree is
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related to laser irradiation frequency.

[Key words] Laser; Eye injuries; Electroretinogram; Retinal function
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Table 1 Comparison of tear secretion between control eyes and experimental eyes in various groups[ M (Q,,0Q,) ,mm/5 min ]

. B A S W

HFST 4] (n=6) HFLT 41 (n=6) MFST 4 (n=6) MFLT 41(n=6) LFST 41 (n=6) LFLT 4 (n=6)
X B MR 8.25(7.50,8.75) 8.75(8.00,9.00) 8.75(7.62,9.12) 8.50(8.00,9.50) 8.50(7.62,9.12) 8.50(7.50,9.00)
2B IR 8.00(7.37,9.00) 8.75(8.25,9.00) 8.50(7.75,9.50)  9.00(8.50,9.50) 8.00(7.37,8.75) 8.25(7.75,8.75)
Z 14 0.707 0. 000 0.577 1.300 0. 638 0.333
P Y 0. 408 1. 000 0.564 0.194 0.524 0.739

¥ : (Wileoxon 75 2 Bkt %e)  HFST. #4514 B s HELT : 2 4501 B ; MFST : 35S B  MFLT : T 46 i 3 LEST (i 4504 B 5 LELT R 95046 i

Note : ( Wilcoxon sign rank test)

HFST : high-frequency-short-time ; HFLT ; high-frequency-long-time ; MFST : medium-frequency-short-time ; MFLT ;: medium-

frequency-long-time ; LFST ; low-frequency-short-time ; LFLT ; low-frequency-long-time
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Table 2 Comparison of tear secretion of experimental

BSRES Hﬁiﬁ(%#%%ﬂ“%%)(()( =5.502, P =0.240) eyes among various groups[ M(Q,,0,) ,mm/5 min ]

(%£2). ikl [FN RN S
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W RS 12 h, & 4 K RS RAR Y B SR ik HFLT 41 6 8.75(8.25.9.00)

Tk EE RS 0 48 (1) . MFST 21 6 8.50(7.75,9. 50)

s . . " MFLT 4 6 9.00(8.50,9. 50)

2.4 RO e R KRR R I e B —— . 8. 00(7.37.8.75)
BOGRE BTG 12 h, 25 41K BB BB 51 ER A0 X B IR LFLT 4 6 8.25(7.75.,8.75)

AR RS AT DL A0 2 245 44 35 B, o DL A0 IS O ol RN 9B Xl 5.502

(H 2) P 0.240

7F : ( Kruskal-Wallis H 5 6 HFST ; =5 #i 45 wf; HFLT ;=5 4 1 i
2.5 KANTIIE S X R E ERG a b U 4 iF MFST:*bFﬂ’*EBﬂ‘;MFLT:*bFﬂl\Hﬂ‘;LFST;{EWMEEQ‘;LFLT:ffﬁbFﬁtﬁﬂﬂ‘

b Note: ( Kruskal-Wallis H test ) HFST: high-frequency-short-time;
HFLT: high-frequency-long-time; MFST: medium-frequency-short-time;

=1 Sk S £ = = S A IE T
A IEJ {g‘i 7‘6 i’ﬁﬂ Jiteg: | JK B X B AR Ej S5 AR [#] ERG a MFLT: medium-frequency-long-time; LFST: low-frequency-short-time;
{ﬁ P & {E 2 2 ¥ I 5 1+ = i‘: X ( #HP>0.05 )= LFLT:low-frequency-long-time

HFST 4 HFLT4H MFST 41 MFLT 4 LFST 4 LFLT4H

E1 F12h FEBRRRERIE 4 4K REOE RS IR A B FOR (R 3B B HEST . @& 450 1 s HELT ;5 43I B 5 MEFST o 4 15
Ml‘Ll:LI-"fJFIJLtHﬂ';LfSl:ﬁﬁ%ﬂﬁﬂ';uuzﬁ’fﬁﬁﬂﬂl

Figure 1 Performance of lens of guinea pigs among various groups at 12 hours after laser irradiation The lenses of both eyes of the guinea pigs

Xif BRI

LR

were clear in various groups  HFST: high-frequency-short-time ; HFLT: high-frequency-long-time ; MFST ;: medium-frequency-short-time ; MFLT : medium-
frequency-long-time ; LFST ; low-frequency-short-time ; LFLT ; low-frequency-long-time

HFST 2 HFLT #H MFST #H MFLT 2H LFST 44 LFLT 2
=
E
=
%

;JL

2 HAERHELRhWEFARRRERE S 4K EURY MM E SR HEST 85U W HELT . 5 450K i 5 MFST . Hsi 2 i MFLT . o
B I 5 LEST AR L B 5 LELT - AR 4504

Figure 2 Fundus images of guinea pig eyes among various groups at 12 hours after laser irradiation The retina and optic disc of the both eyes of
guinea pigs were normal in various groups HFST: high-frequency-short-time ; HFLT : high-frequency-long-time ; MFST : medium-frequency-short-time ; MFLT ;

medium-frequency-long-time ; LEST ; low-frequency-short-time ; LFLT : low-frequency-long-time
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P<0.01) , Hrp @i B G 41 ERG a 387 i (A% {05 4 B
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SLHGHR ERG b 3 4% i {5 B AR H 48 22 5 RG24 08 X
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Figure 3 Scotopic 3. 0 ERG of both eyes of experimental animals at
12 hours after laser irradiation  HFST: high-frequency-short-time;

HFLT: high-frequency-long-time; MFST: medium-frequency-short-time ;

MFLT: medium-frequency-long-time; LFST: low-frequency-short-time;

LFLT:low-frequency-long-time

TEASIEH , HEP) 5% 06 B A 4 500 wm b 40 R ik 4h

*3 BRAXWREEBRE ERG a i #x 18 & bk 22 (mean=SD, pV)
Table 3 Comparison of ERG a-wave amplitude between control eyes and experimental eyes in each group(mean+SD, V)

%24 ERG a I 4R I8

AR 531
HFST 4 (n=6) HFLT 24 (n=6) MFST £ (n=6) MFLT 4 (n=6) LFST 4 (n=6) LFLT 4 (n=6)
i 18 H 51.18+21. 49 47.85+20.39 62.43+22. 64 58.62+24. 32 62.33+14.27 60. 50+ 10. 67
FR IR 41.01£16.09 38.68+12. 31 46.42+21.28 33.70+ 8.60 67.83+ 9.47 61. 66+ 5.64
R 0.730 1. 692 1. 648 2.186 0. 695 0.214
P 1 0. 498 0.152 0. 160 0. 081 0. 539 0. 839
W (FOX K %e)  ERG WL B A (&1 HEST ; e 451 J B s HELT ;e 451K Bb s MIPST ;w35 6 B 5 ML : e 33 4 B 5 LEST o IR A5 46 Bsf 5 LELT : AR 431 < 1)

Note: ( Paired ¢ test)  ERG: electroretinogram ; HFST: high-frequency-short-time ; HFLT: high-frequency-long-time ; MFST ; medium-frequency-short-time ;

MFLT : medium-frequency-long-time ; LFST ; low-frequency-short-time ; LFLT ; low-frequency-long-time

x4 FHAFZHRSXHERE ERG b i #R 18 & Lk 2 (mean+SD, uV)

Table 4 Comparison of ERG b-wave amplitude between control eyes and experimental eyes in each group (mean+SD,puV)

# 4 ERG b ¥R I

MR 51

HFST 41 (n=6) HFLT #{(n=6) MFST 41 (n=6) MFLT 41 (n=6) LFST 41 (n=6) LFLT 41 (n=6)
X B HR 125.00+15.17 121.32+31.76 118.03+45. 94 140. 65+32. 77 124.33+2. 62 125.33+2.21
LI IR 96.45+21. 57 86.38+29. 79 112.28+29. 43 114. 02+54. 21 117.83%3. 71 123. 83+8. 35
el 3.626 5.019 0.322 1.366 1.210 0.229
P 0.015 0. 004 0. 760 0. 230 0. 280 0.777

W (FCXT ¢ K %e)  ERG WL B A (8] HEST .« e A5 487 1 5 HFLT « e 4K B 3 MIPST 2 oS5 66 B 3 MFILT « rp 34 B 5 LEST AR AR 87 B5F 5 LELT AR A3 15
Note: ( Paired ¢ test)
MFLT : medium-frequency-long-time ; LFST : low-frequency-short-time ; LFLT ; low-frequency-long-time

ERG : electroretinogram ; HFST ; high-frequency-short-time ; HFLT ; high-frequency-long-time ; MFST ; medium-frequency-short-time ;
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#5 HHEBEFEWER ERG a b i #iRIGEMELL B (mean+SD, pV)
Table 5 Comparison of ERG a-,b-wave amplitudes of
experimental eyes among various groups( mean=SD, uV)

4 51 FEAR h a AR IR b 4% i
HFST 41 6 41.0116. 09 96. 45+21. 56
HFLT 4 6 38.68+12.31" 86.38+29. 78
MFST 41 6 46.42+21.28 112.28+29. 42
MFLT 41 6 33.70+ 8.60 114.01£54. 20
LFST 41 6 67.83+ 9.47 117.83+ 9.10
LFLT 21 6 61.66+ 5.64 123.83+ 8.35
FAE 6.269 1.358
P <0.01 0. 268

IE .5 LFST 4 L, “ P<0. 05; 5 LFLT 4 L4k, P<0. 05 (#[H % J5 2
4307, Tukey #2560 ). ERG : W0 I 15 it [&] ; HEST « 5 4 f b s HFLT ; 5 4% 4
ff s MFST ; w41 48 B 3 MFLT : A 45 K B 5 LFST : IG 4% 48 B 5 LFLT : {I§ 45
K

Note : Compared with the LFST group,“P<0. 05; Compared with the LFLT

group,”P<0. 05( One-way ANOVA , Tukey test). ERG: electroretinogram
HFST: high-frequency-short-time ; HFLT : high-frequency-long-time ; MFST ;
medium-frequency-short-time; MFLT: medium-frequency-long-time; LFST.

low-frequency-short-time ; LFLT : low-frequency-long-time
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Figure 4 Morphological findings of binocular retina in each group

(HE X 400, bar = 30 wm )
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The morphology of the retinas of both
experimental eyes and control eyes in various groups was normal HFST;
high-frequency-short-time; HFLT: high-frequency-long-time; MFST;
medium-frequency-short-time; ~ MFLT: medium-frequency-long-time ;

LFST : low-frequency-short-time ; LFLT ; low-frequency-long-time

E E Lt % (mean+SD, um)

Table 6 Comparison of retinal outer nuclear layer thlckness between control eyes and

experimental eyes in each group(meaniSD,pun)

- LU I S )2 TR

.
A HFST 4 (n=6) HFLT 24 (n=6) MEST 2 (n=6) MFLT 4 (n=6) LFST 4 (n=6) LFLT 4 (n=6)
X M HR 28.95+5. 58 27.08+1. 19 28.05+1. 58 27.12+2.24 27.122. 01 28.54+2.23
J2I IR 26.62+2. 58 28.10+1.57 28.86+1. 82 26.60+3. 19 28.16+1.22 27.23+2. 65
Al 1.479 1.341 0. 683 0. 498 2.281 1.528

P At 0. 199 0.238 0.525 0. 640 0. 085 0.201
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Note: ( Paired ¢ test)
long-time ; LFST ; low-frequency-short-time ; LFLT : low-frequency-long-time

R7 FHEEKRELE R MEIMZEE E LS (meanSD, ym)
Table 7 Comparison of retinal outer nuclear layer thickness
of experimental eyes among various groups(mean+SD, ym)

Eigil N LI5S A1 A% 22 JEL g
HFST 41 6 26.62+2. 58
HFLT 41 6 28.10+1.57
MFST 4 6 28.86+1.82
MFLT 4 6 26.60+3. 19
LFST 4 6 28.16+1.22
LFLT 21 6 27.23+2.65
FE 0.952

P 0. 463

W (SRR Iy 2240 07)  HFST . @ 4548 0 s HELT ;35 45 4 1 s MFST ;
AR I s MFLT ; 45 b 5 LEST 2 IR B 3 LELT < AR A5 4 1

Note: ( One-way ANOVA )  HFST: high-frequency-short-time ; HFLT;
high-frequency-long-time; MFST. medium-frequency-short-time; MFLT .
medium-frequency-long-time; LFST: low-frequency-short-time; LFLT: low-

frequency-long-time

HFST: high-frequency-short-time ; HFLT : high-frequency-long-time ; MFST ;. medium-frequency-short-time ; MFLT : medium-frequency-
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