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The connection between ferroptosis mechanisms and pathological

changes in retinal photodamage induced by blue light in mice
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Abstract:  Objective To investigate the connection between ferroptosis mechanisms and pathological
changes in retinal photodamage induced by blue light in mice. Methods Forty SPF-grade male C37 mice were
randomly divided into 4 groups with 10 mice in each group. The self-made blue light boxes were used to estab-
lish mouse retinal photodamage models. Serum malondialdehyde (MDA) content was detected and ROC curve
was drawn to evaluate the efficacy of MDA content in predicting the occurrence of ferroptosis lipid peroxidation
in retinal photodamage. The retinal of mice in each group was observed under microscope after HE staining,
and the content of Bcl-2 protein in retina was measured by immunohistochemical method. FerrDb database was
used to obtain ferroptosis-related genes and GeneCards database to obtain retinal photodamage related genes,

and Venn diagrams were plotted for GO and KEGG enrichment analysis. Results The content of MDA in se-

rum of mice exposed to blue light was increased ( P <{0.05), and the area under the curve (AUC) was 0. 990.
The total retinal tissue thickness and the thickness of IPL., INL, ONL, and PRL were reduced ( P <C0. 05),
and the Bcl-2 protein content was decreased. Seventeen genes related to ferroptosis and retinal photodamage

were screened out, 170 entries were obtained from GO enrichment analysis, and 80 pathways were obtained
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from KEGG enrichment analysis.  Conclusion
ferroptosis lipid peroxidation pathway.
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1.1 Eshy 40 H 5~6 JA IR MEr: C37 /N,
W [ FA RS BH X SR AR S 283 /N BV 9%
LR ST E BE s ) S 56 oG s W B I . s B i
B IR EJE R S 20 °C ~25 C, MR BE 50% ~
60% BRI BTN SPF 2%, /I KU FH b v 1 ) i
I H R AKOK & BB IR IE Dy LED HOBT Ok
HEBHR B o0 (400+20) lux, B B S8 B A 12
h:12 h, &%/NRFEE N FE 7 d 5 PR,
1.2 FERH S5 W MDA I 2 7 &
(R B RAYHEARA AT 40 2 5 FEEH 2
TEW BERR 22 v (0. 01ML, PBS) 4t Bl Bel-2 £ 5
BEHR (LIEE S REWHARAGRAA, 5.
AB112) s #5606 HRAR CH D 538 LA CHHD AR A
(BB AR B A B2 7], Muitiskan MK3) 2%
i [ AR S (o ED A FRA R, OLYMPUS CX43 ],
SEHE B 3 (BR B GM1010) . A B 4] K #L ( LEICA
BIOCUT) . 4H 414 # HL (LEICA Arcadia H+C) 472
nm LED #OEITHF (11, 52W/M BRI 17 44 & 18 0H B F
AIRAFD,

1.3 a5 6 1 1 A i) il £

13,1 h®srdl K 40 H/NERIE IBEALECR 50
AW Cn =10): IEH X BRAL b5 1 0 B i K 41 L KB K
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Blue light may cause photodamage to mouse retina through

ferroptosis; retina; eye damage; blue light

A EOLIRA .
L.3.2 OGO RIdl & A &1 PP IS RIAE . 3 B

WO AR AR RN R 70 em X 50 em X 50 cm . 4
R R BEG . K LED #5647 0 [ 2 56345 6 A
A4S T A A5 493 46 45 T o' BB 3 SR A R ) 1 3
FEARZR LED WOGAT A . 3 BG40 56 1) i O AT
SRR A T RS 52 4 R [ ol G o 9 0 Ol R RE
THGRE GM1010) I 4 47 P 1 350 BE 38 B 2 (800 £+
50) lux, H4h—Fh (2 000£100) lux, FFA SEH /N
FRULE [ G 1 A6 P IS & N 24 h R AT 08 . IE R
Xif HE L /N BT A BB 16 8 B G AT Y6 IR 3R B8 i 9%
SR EE R (400£20) Tux, BUGFEF K3 E N 6 h/d, BrifE
580 FE B /0N BB A O B B SR (800 £50) Tux 196
BAH P BT B R 6 h/dL BEE ROk BRI Ry
42 h, KB/ B G5 04 - 40 BE5E B S (800
+50) Tux, fH GBI B & R 9 h/d, IS #EO6E IRa
Ko 63 ho 58O B ZH /N B 7 340 RS B Oy (2
0004100) lux HYIGREAH , L RBT KA 6 h/d, 806
MK 42 h, B/ B IR 52 R 3 A B il i3
O 35 1V A S 7E IS T /D BRUBE L 2 & AR HOK A R F
et — R A

L4 $8FRIE 5 07k

141 /NEM SN MDA & &I E Bk N
0.45 mm X100 mm KB40 FE1THrEE AL BE S X AT
/0N Rt A7 HIR HIE S5 5 ok PA SR It o SR 1 A1 7E /) BHIR HEE J%] 61
T S Je0 8 BRI SR R P . T It R e P G R 15 XS L
HATE D R ERE R 4 C B H % E K 10 000 1/
min, i (8] 3% € K 10 min, B0 58 B8R B3 . £ H
TBA BXF /N R i N MDA & &g 47 0 € . BT A7 #
25 BR 34 4 RORR) & 00 W 5 )™ 4% AT .

Lo4.2 MMBEARAS & 5IEAY WA HHEDF %
A BE /N BRUE S BN B — D A it A7 2R I 452 1 IR 2R L
F 4% 2 B W B WD E E 20 min, 5 T PBS 12
WL FRBE e W OB A BT U AR LR AL B O,
B /I BRI B 3 0, FH 4% 7 ) 1R e S L I R, R 8 T
R P 5 2 4 T 5 5 L v, Pl e R b v R R
WA -, A 4% 2 B H R BRI
B, e B RIE B T 4 CHEE KA PR, 42
R AK 5 B L 58 1 e FH 325 B A 5 0 % bR 67 7K - 4 38 4
L, MNAamHEF R VIR IEERERN S5 pm. B
30 min J5#47 HE Qe @IFFKE R .40 X 10 #5067 B
T WA . 18 H CaseViewer WX W I 44 ity
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1.4.3  REEALULERN  H TR Bel-2 ik
AP R F 58 C KA Uk 5 S %K 4k, PBS T b
BE 3 K X3 min, BRI A MA 3% H, O, #H 10
min, DL BE W7 P9 05 M 3 S Ak A O M 0% 58 S
PBS W nhvk . KBk PBS WG P Bel-2 b 2 5 B
A —Pi 4 CHE L, —hi 37 CIFH 1.5 h,PBS Ik
3X3 min, DAB % 3~5 min, 78 K ZE 5 Y, kR
Wt A . R ORI N Image] B HL A
Bel-2 # 1R 1L,

1.5 Gibsearik P8 406 1 SPSS 26. 0 #{4F
HEATGE 55007 0 TS A il (2 £ ) F#om. it
TRORHMT IE 540 6 6 560 (W Test) FlJ7 22 55 1L 6 56
(Levene’s Test) J& X 21 0] $ 4% #5417 50 R 2% 7 22 434
(One-way ANOVA), Frfg45 L P <<0.05 H 5%
BEGiEE L, KRB E Logistic [BIH 47 5,4
il 32 4 T 4F & i £¢ (receiver operating characteristic
curve, ROO) 434 MDA & & 76 FU I /)N 5L A0 1) 5 S 46
5 9 R BE . 3R 45 il 4 T 1 R Carea under the cure,
AUC) H W Tt (9 645

1.6 AL S48 40 Hh Ak B8 T B T B Ok 5 0 BT
FerrDb™ i 35 & 35 BU 4k 8 12 A & I, GeneCards'™
B P2 AR R I RS S 8 45 A D 3 . 22 ] Venn [ B
64 19X JIEE ' 483 5 v Ak B T TS E R, £ ] DAVIDH
B 12 X %k L R AT GO 5 KEGG & #0#r , ik
B GO &HE40rar 10 ik H S KEGG & %4 i 20
S Y R S S

2 &R

2.1 MDA FRAMEER  5IEHE XA M. %2
LED 65T 7 BSR4 /0 BRIl 3 9 /9 i 5T S 1k 7= )
MDA &®¥A BER M. ERAZITFE L (P <
0.05), 5 bR o B B 4 AR B AR AL O R A
AN I YE MDA & & WA & B E W, 2 7245
TR E P <<0.05), @GR/ Ui 1 MDA Y
FRK A KAUNR R R E N, 2R a5 % E
X (P <0.05,WWE1.E 1.,

F1 FBAMMEFESD MDA 2

21 51 n MDA/ (pmol « L™1)
1E X B2 10 9.76+2.94

T 74 5 JBE 4 10 20. 4544, 48"
K 2H 10 28. 0944, 60
(19 e 10 33.69+5.22%

FOENUHERBEEUN LD ET: QL E & 4 B4
B,a: P<<0.05; GARMRE K A& .b: P<T0.05; 5 K &

KA, c: P<<0.05,

s
=
T

v
>
T
~

MDAE . (umol /1)
-
T T

5]
T

THAHEEAL  RiETRERHEl KR L TR AL
FLHEE A EALE a: P<{0.05; 5 FR0 8 F K
A b P<0.05; 5 KBt K4 L& ,c: P<C0.05,

Bl SH4 58 A LR NEEEHE
2.2 MDA Tl o W G545 1 ROC fhge MDA
X 0L PR ' 453 495 EL A v 1) T A0 (B C P <<0. 05)
Hph4k F i L (AUC) 2 0. 990 (95% CI : 0. 968 ~
1.000) . e AR R WTE M 16. 46 pmol/L, WLIE 2,

ROC ik

08

06

SRR

04

00 D:Z 0-4 B:S 0?3 10
1 -5
H 2 MDA B/ B AL B4R 5 B ROC %

2.3 MMBIEASS45M28 0 I F X B2/ Bory il
PR HE 3% (525 52 5 7, AL 09 J5E 1 19 715 70 A1 755 2 i
GIBEAREUE ST, B S B A BB M. WARZ
(inner plexiform layer,IPL) 40 }d I, N #% )2 (inner nu-
clear layer, INL) 4l il J2 %0 /0, 4& 8 He b #% 2 Couter
nuclear layer, ONL) Zf J & , JE & &0, HoAth 4% )2 41 fifg
Z a4y LA B W . AR SR A A
5e ' FE 2L /)N B PR D) B 25 24 U2 40 2 o S0 AS ) R
B 47 240 L5 R Y R L S 43 4 i e 0 S 4 B T
WE TR AR AL 4 R RO R b L INL L ONL
AR W, W IR 3. R B AT RO B /0N B A R
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BUERE IPL. INL. ONL, &% 41 e 2 (photoreceptor
layer, PRL) J& B B4 i 5 {2 s# J5 . 32 F SPSS 26. 0 %k
ot a5 th g . 45 R WoR . 3 4552 OOt R/
B P A0 R i JBE B L TPL L INL , ONL , PRL J& £ 84 [ 1F
OB AL/ BUAE P <C0. 05), 5 R e BE I 4
ANERAE BE s 4 B G 2 /N BRI R R B L INL
ONL JE B4 3 ( P <C0.05) .1 IPL A1 PRL J&JF %A
WY 22 00 . 5O RECZ N BRI RS R B R TPL .
INL & B 5 K i 414 bt A8 3 ¢ P <<0. 05), {1
ONL 5 PRL J& B %A W b e s , W3k 2,

b dE S E N K41

e RAL KM KA1 K ML

EGCL. # 2 % 41 B TPL. )W A3k B INL. A &
OPL. 4t ok B sONL. 4h# B s PRL. & 48 i B

B3 AR EE AR/ RALREE Y F (HE, 400 X)

®2 AAXBEHAPIRUNERESHBEEESIT HfT : pm
415 n R IPL INL ONL PRL
IE X A 10 203.7645.17 45,6542, 33 35.6643.08 51.7342. 80 30. 2942, 00
o 1 i FE I 4 10 163.7948. 30° 38.37+2.61° 33.03+£3.76° 49. 7644, 24 22.09+3, 11°
Ko 10 151. 2544, 39" 37. 4444, 39" 25.29+2. 57" 45.62+2.06™ 19.96+1. 84¢
' B A 10 140. 4043, 75 30.87+2. 36" 22.17+1.57% 42.07+3.07" 21.24+1.47°

FOXNUHEXABHBEUNGEDEXT;QFEFE B ALK a: P<<0.05; SR ERE MK ALK .b: P<0.05; 5 K it K 4 1k

B ,c: P<C0.05,

2.4 REEALRMLERIMER  Bel-2 FHPEFR KA T
PO JE5 45 J2= 400 JHEL 200 MO B A 5 5% B A AR S P A B 4 40 0K
ARG, TEH O B bR 5 B A R R 2 L
JEHRZH K IK Bel-2 19 B0t % BEAE 70 90 o4 0. 187 &
0.006.,0.14840. 007,0. 1034-0. 006.,0. 115+0. 039,
T I Xk B Hhon] DA i A (0 e B T 4 A2 A [ A
JIE RO B /I U AL B Bel-2 /Y 3R 3K 1 B AN ] A2
JEE AR 20 M A o e e R X B e L DL 4

A FrRmeS E Y Falkh. T
4 3
PR

B bangedt

C B ey gy ueen v san o™
' L 1

VE A FRVETRE R KA B KK A
C. BB A ;D. % Xt B4,
A4 AA/NBRAFAEE Bel2 By %k ik (#9240 14 ,400X)

2.5 TR SRS R 5T FerrDb B 4 4k
B 259 AT I R AR 5, GeneCards ¥R FE Ui 1 3¢
I 146 A~ A0 9 B 351 45 26 PRI #E 5, AT Venny2. 1 £
580

2 T ER R B0 T 5 0 o BG4 45 3 R S IO L 4
il Venn B, 3645 17 MNEAEAH S FL S, WA 5,

129

M5 #ATHMMELRGEALELERELE Venn B

2.6 GO XMIIAEYS KEGG & £ 4R iz
I DAVID $ia Xt 17 A8l KEGG & 550 B )5 3k
13 80 %3l i » F2 2 KR 55 3l Ik ot 4 A AL (lipid and
atherosclerosis) \ Wit A& 85 Y] i 71 5 2 ik 35 B 6 4k (fluid
shear stress and atherosclerosis) . N 23 WA it 25 Cendo-
crine resistance) %, i F A il R A% 77 20 7 18 %%
Hl L L LA 6. GO BT E RIS KH 170
Z AR R T B R PR T R 1 17 U 45 (negative
regulation of apoptotic process) i P 2 A0 3 2 1Y 1F
] 8 2 (positive regulation of reactive oxygen species
metabolic process) %5, 4l E 7 EEMHEE Ko+
(macromolecular complex) | 40 )i #% (nucleus) &, 43
FIJRE E B N AR H 454 (protein binding) | 45 &
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(enzyme binding) %, ffi H A #l R Xt #T 10 7% H
2w AR L WL 7,

;;;;;;;;

.
@
@
° ®:
Che @
[ ]
[ ]
[ ]
B 6 AP AR A P4k e B
fEHEHEE KEGG @ & 441
10 - BP
. CC

Molecular function

Cellular component

H7 MFELHRGF R EAEE

HE A GO £4 8 %o

3 Wig

e AL AT U 04 6 3% L B O 4 e R 1Y B
R DY WS 5 R AR 5 4 ML 32 A
5 S AL R N L R A A T R A R T Rk A
JHT-H DNA 45550 A 5250 R IS 003 AT BR
il 1E SPE 208 LAY St IR 0 B Ok #4898 i 6 51 & /b
SRR P90 ' 983 49 A9 9 AR Ak A0 Ak B T R T o R AR ML
il . EHTFAR T A AR B R 5 R i, £
Hep B R FAG 38 K G 38 18 14 0 3% 52 56 s W ok A7 Ak
B, — 5 B[R] I E N g A Sk nT O R T 5 &
AT R TR] 2 3 Al R O BESE BE A 850 ~10 000 lux
AN B 1 PR R R — A R A A IR S ok
BRI

FEADIEFE /N BRI RS 458 4 2 28 3R L Dy e IR
5 INL.IPL.ONL.PRL % JZ J& & ¥l /b 1 40 it 2 473 5
WAL, 7E HE Y& &, 5 0% B A1 /N U R
INL 5 ONL 2 458 £ %8 ™ 5, B A3 ol B 4
/INERAL I RS 1) PRLJEE B2/ B B . A B e B R W,
O 14 ' 7 M 30 3 o Rk ORI AR By R SR
0B 7R AN ] 114 ' HE 5 8 R ) ok HIR 4% 358 7 4 2 %) 4 4
SR RV T T BB AN ), X 45 400 I IS 35 A 1 %
IR NS R SR T TNt BB o=t L
T S G 0 o E LA A T A SR A RR R R Y 4 W A
M N AW Bh 1 28 B 08 Y 5 1l A0 A 3 2 AE
R

Bel-2 S —Fp il 98 7 3% B, HLAE ) 45
B0 A A T 5 A A 0 L P A 0 g ) R E T R
SRR A AR YL e A AUk 2R T R T
R4 32 WO BRI /N B BB A Bel-2 R H 2
AN T B AR, AT 5 B4 B & A R T, X AT RE 2 A
PR A S A R SR SN NS A NS TR N R R
T WS OGS L FE DO IR R A S R AR A
FERPR A S AL A AL L 1T Bel-2 A X E B0 T4
LR T S B0W . Ik Ham #5145 00, 8
] JI58 %) 453 473 5 A0 X 8 21 7 (retinal pigmentepithe-
lium, RPE) i h R E el RGN TR A %
MR . LIEWEIE R I, 4% FEE 45 4 s 2 1 76 0 R s
B0 R 1) S A0 A O T v e AR L R TR
I ) AL s S I o ) R AN BT B . A 5 R L B
HET AT RELE AL M B 8% 57 2% (photoreceptor , PR) A
AL 5 R B T o A MR L i PR O 45 45 A8
J& AMD S5 ) 35 R . o, 67 5T Dbk 4%
rh ] PR A 38 ) 25 4 55 08 % ) 5T 1 0 0 5 3R | B 4
il (retinal pigment epithelium cells, RPECs) A f8 /& %k
FET- KA A M . MDA 2 40 i B i B o E 1k
(lipid peroxidation, LPO) fx F & 1 /=4 Z — , il 1 /N
R I Y7 PN R 1% v I, AT BT DS R IR R A A B BB
T 5 1 o S A 40 1 7 AR B L, a4k ROC 4 T
L MDA AE Sy 7000 7N B Do) 5556 83 495 oh 4k 38 T i
J it Ak R AE B AR AR T A AT R . S BT
MDA & ik F] 16. 46 pmol/L B, A /) B R 5 %
A R BE T IR T ik AR Ak Y RT REPE R K,

Xof Ui 1 R A AR BT T 5 A B B 17 AN A Ok
FEHHE ST GO 5 KEGG 43 #r)a - & B H A 4 oh ik
F2 P KA T Ak TR A A A I PR A AR R A IE 1
W EARSS B EE, 55K 32 & s
55 koo BE A 1L L P9 4 s it 25 L MAPK {5 5 38 % 45
oA A T AR R R A A R A T A R 1 A 9 s
R R MU LG v 22 U B (ELTE R I T 45 475 v
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O] B] KA e o o AL 2 WA Bl BK o RE A AL 1 K
JEE ZENG S XA R 2 4 0L I 5O IR 32 A
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AP

g5 LTIk, W6 nT S 2U B IR K A e Al
FO BRSO 25 00 20 M 463 400 A0 08 T 9 A5 4 7
JEE i A 1 D' TR S5 ) P R R R Y A 4 . A
BG4 /08 B 7 o MDA & & 3 1 T, 42 % 2k 5K
T AT REAE WL I JE ' 458 £ v i B e EAE AT, A AE B
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