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Abstract

e AIM:. To investigate the preventive effect and optimal
drug dose of lipoic acid-niacin ( N2L) against blue light-
induced retinal damage in SD rats, and to explore its
possible protective mechanism.

« METHODS: A total of 36 specific pathogen free - grade
male SD rats of 150-200 g were selected and randomly
divided into normal control group, blue light injury
group, N2L low-dose group (1.0 mg/kg), N2L medium-
dose group (2.5 mg/kg), N2L high-dose group (5.0 mg/
kg), and physiological saline group, with 6 rats in each
group. The normal control group was reared in a 12 h dark
and light cycle, and the rest of the groups received 9 h of
daily light exposure, 3 h of blue light irradiation with a
wavelength of 455 nm and an intensity of 3000+50 Ix, and
12 h of darkness to establish the injury model, and were
exposed to light exposure for 14 d. For 14 consecutive
durations, a 1 mL dose of the corresponding drug was
injected intraperitoneally. The rats were reared for another
5 d with a regular 12 h light - dark cycle and were
examined by electroretinography. Specimens were
prepared by over anesthesia, HE staining, and the
thickness of the outer nuclear layer was observed under a
optical superoxide dismutases ( SOD )
activity was detected by CheKine™ SOD Activity Assay
Kit; and the retinal Caspase-3, quinone oxidoreductase 1

microscope;
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(NQO1), glutathione S transferase (GST), Bcl-2, and
Bax protein expression in rat retina were detected by
Western blot.

¢ RESULTS: The amplitude of b-wave in dark-vision ERG
3.0 and 10.0 (cd - s)/m? stimulated light, b-wave in
bright-vision ERG 3.0 (cd - s)/m? stimulated light, and
the amplitude of the 2nd wave peak of oscillatory potential
were significantly lower in blue light injury group than
that in the normal control group (all P<0.01), while the
amplitude was significantly higher in the N2L medium -
dose group than in the blue light injury group (all P<
0.05), and was not statistically different from that of the
normal control group; the thickness of the retina in the
blue light injury group was decreased in the ONL
compared with that of the normal control group ( P<
0.001), while in the N2L medium dose group, it was
thicker than that of the blue light injury group ( P<0.001),
and there was no statistically significant difference from
the normal control group; SOD activity was significantly
higher in the N2L medium - dose group than in the
remaining 5 groups ( P<0.05) ; the expression of Caspase-
3, Bax, and NQO1 in the blue light injury group was
higher than that of the normal control group (all P<0.01),
and expression of Bax and Caspase -3 was significantly
lower in the N2L medium-dose group compared with the
blue light injury group (all P<0.001), whereas GST,
NQOT1 and Bcl-2 were significantly increased (all P<0.01).
* CONCLUSION: A concentration of 2.5 mg/kg N2L can
effectively antagonize the damaging effect of blue light on
the retina of SD rats, and it is expected to be a preventive
and curative drug for it.

o KEYWORDS: blue light; SD rat; lipoic acid - niacin
(N2L) ; oxidative damage; retina
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PRIASEE> ) ol A AR R A 00 T, OBt B 5 i N- 2%
B WP 5 - N — P BE BE (N - retinylidene - N —
retinylethanolamine , A, E ) 76 0L % JI5 e 3 B0 56 7 420 43
I AR KRB, X0 5 R AR R A G
BB M ( age—related macular degeneration, ARMD) AN
AR AT PE AR 7 B RS R 22— G R R B9 A
BIBLE o3 A AR M2 T b AR 2 H TR 1A
KAMETE, H LA IE , S A I TR LG 3115 vh 49 1 6 ol
B ZETATT AT A FT I A IR 5T & B G i 4R
AR S 7R TG Bax/Bel =2 8 T30 - S B0 M Rt 2R
A5 . a—Bi SRR (alpha lipoic acid, ALA ) FIAHAR
(niacin ) BN Ry A2 S B AR [ i) 2 #ih 28 O 4 4R

FHo MHRRFN ALA JE U7 8 52 G100, Bl fim 44 R = R A
iz I A4 (lipoic acid—niacin, N2L) , 1% & & W) 4 £ W F)
BB i, B o Ak ofi - B B 24 A D A 7R A
ALA fR @A R A0 e FRATT E A B A 1 B 5 v e B
N2L AT LA By 1k 40 i 32 1) A0 1 3 5 1k i B4, A
Bel-2[a] 4] Bax 235 AT PRA AHE IR 5 32 | B 4 il
(ARPE-19) """ {H1Z% 25 ) Bl = 16 1A 4 52 50 AH B 5T, 75
PR H YRR S A i, AR S0 8 YO N2L
NEFHF R, B R N2L XF 56 5 58 T R U 19 JIEE 45
Pt PR e T IR R AR AP BILARL, DS A i R B 3 D'
AR O S5 7 452 AT 1) B AR AR BT ¥ S s

1 W R 7T %

1.1 w8

1.1.1 283 36 M 5 R MENE SPF 90 SD L, K5
1 150-200 g, FH ML S A YRR AT RO w R AR (i
AJHIES ; SCXK 2021-0059) . %4 T 78 2 1 & 5K, 1E
12 WS AZ B A5 T ) 35, B F BE AL B R 5 36 H
SD KEFEHLAT R 6 4, B4 6 HR L, 230l 8 1E 5 X IR
HH EDEH A N2L IR i 4 (1.0 mg/kg) (N2L i)
20 (2.5 mg/kg) N2L & 7 4 (5.0 mg/kg) e A= B3 K
o AIETE S A5 FH RN IR 5 0 5 [ o 5 IR 22 F
FIMEHIER) ARVO 7 B (iS5 . SYDW2022108)
112 EEZXANENEF  AERRMEIR IR (il K22y
2B ) s WK AR (P OB A R A F)) s T4
Mt Jre T IR VA (A BH T 2% 5 1 245 4 BRTEAT A W) ) 5385 B Joi
FREMEEIRE ()7 ML AW RHEAT IR A ) 5 Anti—rabbit IgG,
HRP~-linked Antibody ( Cell Signaling Technology, 1:1000) ;
GAPDH ( D16H11) XP ® Rabbit mAb ( Cell Signaling
Technology, 1: 1000 ) ; Caspase—3( D3R6Y ) Rabbit mAb ( Cell
Signaling Technology, 1: 1000) ; NQO1 ( D6H3A ) Rabbit mAb
( Cell Signaling Technology,1:1000) ; Bax Antibody ( Affinity,
Rabbit, 1: 1000) ; Bcl-2 Antibody ( Affinity , Rabbit, 1: 1000) ;
GST ( 91G1 ) Rabbit mAb ( Cell Signaling Technology,
1 :1000) ; Affinity™ ECL kit ( picogram ) ; HE 3¢ (23 ( 46 5
REERHAMRAF) ;P 2R A (EEY 2 AH) ;
AR G i (db A R R A R A A )
CheKine™ 8 % 1t ¥ 857 1€ B (SOD ) i 7 4 P X 7 &
( Abbkine) ; BX-51 73 5% ( H 4% Olympus 2 7 ) ; % i
FEASCCT N R A AT B W) 5 Bl (36 3R K
HRBHE AR 5 BE KSR 73 A A5 IR AL (SE A AR A
W) s AR AR (B R A RS IR A BR A W) )

1.2 A%

1.2.1 [W W IESLMMIRRAIER  1EH 0 B K UE
F#F 12 W12 h IEF G/ B EREE I b w2
A FRER K AR H 9:00 ME TS 1 mL X0 2549 (4% 44 o
J110. 9% NaCl #5 W %6 B ), 20 1l 0 1.0 mg/kg N2L,
2.5 mg/kg N2L 5.0 mg/kg N2L & 0.9% NaCl ¥ ¥, 11: 00
PrEAT IR ST, FE BT AT 15 min XUHR 3 &2 7 FE ML 4 e
M, 1 B S 0 K B3R 88 T LED WO AT At (O 3R B2
3000+50 Ix, P K 455 nm) T 3 h, % 4E 14 d, w4 E A
TR B 35K 55.5 emx36.5 em WEOGKTHR (B 24x48 3
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51534 LED WESCITA ) A58 55 emx36 cmx40 cm i
WS 7 3 ARAA BRI B , R 1) DL B 9 35 DA B A B o
JE RS, B RRETE 1 URR, KRR E
T EE ERES T B 10-20 min MR 1 YK,
1.2.2 ERG X 1EE KR MIRINEE #5640 M52 U
REIE #1557 5 d BT 32 50K 0 DL 3k 3 o 4 460 405 A8
B R RE A K BB TR E 2 24 h, BEERS
LG R R A, L 0.3 mL/100 g I8 1 8 5 10% 7K & S
XUHIR 7% 42 7 FE ML e T , 8 15 ming, [5E PUBCT H il
PRBETE SR L F 3 AR AR B Al 20 B F AR T 5 mm
FRMRHR R T, LR Ay 5 v A0 1 H R 27 4E 220, J7 1) b
[ Y 4 i R 2 WG B T M SR T . #TJF RETI port
ERG ( #& ™ JEE B &, electroretinogram ) Bk, A
0.01 (cd - s)/m 3R JE (M AR5 B ) MO, 0 5% 3 1k, (7]
B2 s33.0 (ed - s)/m’ 5l BE (3B BOG, i % 3 1K,
[B]F% 10 $510.0 (ed -+ s)/m’ 5% B (@52 B ) JIEOE, id 5%
3R, A B 10 s, BE 0 Z ¥ B L (oscillatory potentials,
OPs) ,ic5%¢ 3 1K,3.0 (ed - s)/m’, [NKREHIR 30 Hz, 10 1K
BN, BR 15 s WIALRA 25 (ed - s)/m* G
10 min, 2A3.0 (cd - s)/m® FEOEHEAT R, 0 5% 3 Wk, 18]
B 10 s, SHBWRGIE ERG b Il & OPs 52 A5 2
AN I (0S2) PRI I ERG b I & OPs B35 LA S 2 NI
A (P2) WARI, 52 BUAS A 5 SUIR 3% 3 o S TR L IR
1.2.3 BUM A4 R BRI 10% KA &AL YL, i
B — MR R, T 12:00 137 f 3:00 i 2B 805 YL Rbric, &
T 4% Z R P REE 2, I — MR ER, UK 48 1E, 270
AR 0 CHY PBS g, AL 5V B 05 22 M B,
EBRARRAAR, BT R T A Al oy B L, B 41
B ER  B AL . AR ZUVE TR AR
FEAERAET 1 h 5B E-80 CUKFRAE R IR 2t
124 HELBRNRMEEE [ExE 24 h T4 2R
T B9 CBEWE K, H A RS AT TR 2 1T )
F R 3 um, FhANE LT (HE ) Ye o, 78 BX =51 Y62 i
TR T WAL IMZ Z (outer nuclear layer, ONL) ¥ JE & | F| FH
THAMLEUGR 04 RGN, LAIHAE Ry Iz 25 3t 25 14 1 e
Ei=
125 BERUAMELENXERN SOD Rix KA
CheKine™SOD Jif 446 3070 & 2547 SOD I MG I, H k
A7F =80 C VKAH )WL N JIEAIF JE 22 157 Stk | AU Do) i 24 21
(BEEH 2 30 mg DRI ES TR 5 By R AR D0 20 27 ) 55 M 2%
MRS AR 1 mg 10 pL ¥ ZRIFEE AL B -65 C |
75 HzA55E 30 s 5 20 s 1847 4 MEFRSH UG BT
R E AL 4 °C, 12000 g B0 5 min, B E 3G WA, %
VLI B4 IR RN 120 pL BOREASL REAS XS BRAL 23
FAL B 2s 6 BRAL IR AT A 96 FL#R, 37 C I F 30 min,
BRI TE 450 nm bW RE 0 S EE 5 3 a0 R A 5t
AR HISE R . SOD TR PE(U/g) = 6xMiI T 433/ (1= A
) /W (HEA TR xn (R B ED) .
1.2.6 Western Blot #ill#ExEBHIFTIE B JELH 2
(FREHZY 50 mg UK Vi IS VR &0 B R A0 D) 526 40) Fll RIPA
W 1 mg 2 10pL IR A J5 T ¥ VR AF B A - 432 IR
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-65 °C 75 Hz F¥42 30 s {5 20 s 1817 4 DMGHEIH VK
9% E 30 min J& , TAGIREOAHL4 °C 12000 g B0 15 min
RE A, BCA FHHE RS, 7 SDS-PAGE LT HLIK,
R % PVDF b 50T 5%4- 135 1A & H 3 60 min,
B THEIK 40 t/min, I A GAPDH , Caspase—3 . 4+ Bt H K3
FLFEFSG (GST) (R S AR R 1 (NQOT) \Bax Bel-2 &
NQO1 HL 44 (3 F AU HT AR BE W 1:1000) 4°C i & i 1%,
TBST %k % 3 UK, Anti - rabbit 1gG (i J1] %I 47 14 W B W
1:1000) ZEIREIFE 90 min, FEIK 40 r/min, PR 3 K, #EG
T ECL S5, R FHEERE S AHA TR Image J W7 4% 2571 JK
FEE I e, B 3 WA,
Giitep ek R AT 4.2.3 JRASHY R 1B 5 8 10
Rstudio 23 4tdE , HHERRZ Shapiro—Wilk Ko 55 &
ESIM i, R x+s F, A RIEE 4 Levene #5605 2%
F, R R I 225007, F— 25 1 P L 38R Tukey
HSD ¥4, P<0.05 AZEFAHGIT¥E X,
2HR
21 ZEKXRMMIE ONL EELLE  AHEEH X B4,
R Hsf (i) 3 D' PR AT B AR AR R BRSO J2 JBE 3, R
FEANLL ORI 400 m A7 (1), 1EH X IR
eI N2L AR FIHE 20 N2L th 2 N2 L v 7 2H
Az AR 7K ZH R BRI B ONIL J2 R 40 K 34.4+3.24
25.6+3.45.29.5+2.58 .33.1+3.97.28.3+2.96,27.0+
2.34 pm, 54K BFALME ONL 2R E 2 5 A 5124 E X
(F=10.382,P<0.001) , 5IEH X R HL 4%, W et
N2L % B 74 40 ONL JE R % (P<0.001,P=0.025,P=
0.004) , 1E % XF B2 5 N2L 7] i 41 ONL J& % T i 3% 48
fE(P=0.961) ; N2L "5 £ 2 ONL J& & BH &g & F 5 ot 4t
YigH K N2L #5540 ( P<0.001,P=0.017) ,
2.2 HHEKXR ERG LR  A4IH L ERG b I A [F]
WO E KRR R P2 I REY LR EES, BR
ERG b AR AR5 B RO HIR M 5 20 TG Bk 2 2 5 v 22 B of
BOLT, Bt W A IR iE B F K T IEH X4 (pP=
0.016) ,N2L Hfl| & 2H PR W 2 T WL i 41 (P =0.022) ;
AL RIHOE TR, W 4L N2 L R A = A 4 R
AR T 1E H X IR 40 ( P<0.001, P=0.001, P =0.008) , N2L
rh ) 4 PR R TR EHR G4 (P=0.003) ; 4R 5 2H X
N2L IG5 4 7= 3 HL v OS2 IR R AIK T 1E % X HR4H (35 P<
0.001) , N2 rv5i] 45 A1 751 ek 2L 4% s 5 - e i 4 ( P<
0.001,P=0.010) ,N2L 5|5 4 T N2L K F =4 (P=
0.004) , W35 1, & 2, £ 41BI ERG b PR H 0 8. 3% 2%
S5 OB LR IR 5K T IR H X B4 (P<0.001) ,N2L
HhR R R A R T A% 4 (P<0.001, P=0.001) ,
N2L A & F N2L AR 41 (P=0.003) , L3 2,
23 ZBAXRMMIE SOD RIZEELLE IEH XA %
eI N2L AR FHE 20 N2L rh R 20 N2L & 7 i
A AR TK 2 R B I SOD I 1 43 R 52.09+4.82
58.64+3.10 ,66.19+2.27 . 72.38+3.57 .62.23+2.69 57.72+
259 U/g, I E R A E L (F=31.32,P<
0.001) . HEICHAL K B M AL SOD T 1 Fi = T 1F 5 X
HEZH(P=0.017) ; N2L A 5 4 SOD §3F P 14 A 4 i
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T
,d
IPL > < - & c a
| . s 29ROk 96 o0y ! 3
Pt & ! J;!}"'Q 9410 | 109 =
INL FRe ,g drye e’ ;’9‘:;3, ?’:"::.’9’ ‘\"0'.'-" #19e% ¢! Ezo
%.‘ e of Bie'ed - B0 e =
OPL frperae 3&’,’."”3!'! A AR R 4’?*"%\'3 gesale 2
. 0%e ' . 8oty Phiadeells D O AT o
Sempn; SLEE witoat: prEntn DR 25
\ *:g i "f.‘.: 1
ONL W €%i D Nigip i
E A . & & PP PP
Y 5 RS 3 Rt g
IS RN =3t RS S P
EWA AL RGP NOLIGAEAL N2Lh AL N2LE AR ks kAL
1 SAXBRUAMEMZEEEILR GCL AL ANMEZE  IPL. WAIR)Z  INL: )2 ; OPL . ANMARZ ; ONL . AMZJZ 5 1S LR Z 2%
W5, P<0.05,"P<0.01 vs N2L Hi5 84 ;°P<0.05,"P<0.01 vs IEH X HRL
A f B C D i#ﬁﬁﬂ\/j\j\/\A
IR A IE R R A IE % Xt
f \ wxmtit T\ [\
48 0541 / S A L] ———
MARME \,/ \ / Nzl,fmlza\/\/\j\/\./
U— N2L{E A7) R 61
: N2Le 77 it 4
_ S smma
N2L e 0] ik 41
N2L % 77 ik 41 ‘\/J\—/\N
NzLMJim\,__/\‘ \ /\/\ U R
‘/_/V\ EE PPN *%’mx mmm\/*/\/\/\m
4 hk
200uV 200V 200uV 100V
‘ 25ms ‘ 25ms | 25ms ‘ 25ms

B2 BAAXRUEMEELLIRGEEN ERG BEFEETHL A9 0.01 (cd - s)/m*(Scot 0.01) ;B:58F 3.0 (cd + s)/m*(Scot 3.0) ;
C.#J¥10.0 (cd + s)/m*(Scot 10.0) ;D58 JF 3.0 (ed + s)/m’(OPs) ,

F1 HBAEAKXREM ERG b ik5S OPs P2 #X{E.b K5 OPs OS2 #RiELL & xts
g5 fra‘;zlx ERG b JE#RAE (ms) ERG b JEIRIE(wV) L OPs _

B 001(cd - s)/m? 3.0(cd + s)/m? 10.0(cd - s)/m? 0.01(cd » s)/m? 3.0(cd - s)/m?  10.0(cd - s)/m? P2 B¥R{E(ms) OS2 HRME (V)
1E K% R 6  46.41+2.62  32.30+0.81  32.53+1.08  122.62+15.71 216.21223.78 303.73+22.92  36.35+2.25  84.32+11.92
WA 6  46.61+2.04  32.96£1.09  33.70+1.57  118.40£21.49 163.24+33.70* 188.53+38.32* 39.63+1.73  52.96+11.26"
N2LAEAIE4 6 47.38+2.46  32.86+1.22  33.26+1.36  116.91x16.67 176.84238.37 203.50+22.32* 38.69+1.47 60.56=13.04"°
N2L 4 6 48.03£3.39  33.71+2.18  33.06+0.81  125.84+13.60 214.41+28.39¢ 271.80£47.41°° 37.18+1.75  82.36+9.67°°
N2L 4] 6 44.47x272  31.46+0.70  32.57+1.80 125.71x17.54 198.66237.73 227.69+41.54" 38.05+1.81 72.84+11.16°
HBE KA 6  46.54+3.82  32.48+1.61  33.93+1.50  120.52+15.42 156.76+18.35%% 193.52+46.45"¢ 38.27+1.02 55.56+9.16"%
F 1.377 1.881 1.359 0.431 5.554 13.422 0.403 12.19
P 0.252 0.118 0.259 0.824 0.001 <0.001 0.844 <0.001

. P<0.05 vs IEHXTHRL ;< P<0.05 vs WGIRMGI4H ; P<0.05 vs N2L {KHI 40 ;8P<0.05 vs N2L H15l54H ;' P<0.05 vs N2L & 584 .

®2 KMEKXRAM ERG b B RESIRIELER xXES
41 5 A WA b I IR E (ms) B b BRI (V)
1EH X R 6 36.74+1.89 120.45+7.55
WA 6 38.751.13 69.65+16.92°
N2L i) £ 20 6 38.69+1.47 78.03+15.06"
N2L Al i 6 37.18+1.75 107.39£12.17°°
N2L Al 6 38.05+1.81 103.45+13.19°°
AEFER K 6 38.48+1.23 79.46+18.88"#"
F 2.286 15.55
P 0.063 <0.001

T :°P<0.05 vs IEH N HRL ;°P<0.05 vs WEGHII4H ; P<0.05 vs N2L {54 ;5 P<0.05 vs N2L FFFIE4H ;' P<0.05 vs N2L F &4,
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eI GH i (P=0.001,P<0.001) , N2L 5] 42 24 14
FRBERE N2LAIG w0 s 4 W I8 (P =0.006, P<0.001) ,
AZAKRRBRUNMEEEAREELE B tHM4A
Caspase—3 i [1 %5 it & T 1E % X R4 ( P<0.001) , N2L
fi& 2 Al Rk 2 B E R T O (38 P<
0.001) ,N2L & 7l & 41 8¢ N2L Ik ) & 41 2 3K & A%
(#) P<0.001) ; N2L I\ H =50 i 41 GST 25 Rk 34 1
EE T WG4 (¥ P<0.001) ,N2L A% Fh &4 m T
N2L R4 (P=0.019,P=0.002) ; #6441 NQO1 &
AT 8 X B 4% B TH 5 (P=0.002) , N2L i P ) 21
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