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(Abstract] Objective To investigate the ameliorative effects of Ziyin Mingmu Pill (ZYMMP) on retinitis pigmentosa (RP) in
mice and the potential mechanisms. Methods Twelve C57BL/6] mice were selected as the normal control group, while forty—eight
retinal degeneration 10 (rd10) mice were randomly allocated into four groups (12 mice per group): the model group, the low—dose
Ziyin Mingmu Pills group (520 gkg), the high—dose Ziyin Mingmu Pills group (1040 gkg), and the Leding group (0.13 gkg). All
groups received intragastric administration once daily for 28 consecutive days.Electroretinogram (ERG) was used to observe and
record the amplitudes of the A—wave and B-wave; Optical coherence tomography (OCT) was used to observe morphological changes
in the mouse fundus, assess the distribution of fundus blood flow, and measure the retinal thickness; Hematoxylin and eosin (HE)
staining was used to observe retinal pathological morphology and measure the thickness of the outer nuclear layer (ONL); Western
blot was used to detect the protein expression levels of Nrf2, HO -1, and GPX4 in mouse retinal tissue; Enzyme -linked
immunosorbent assay (ELISA) was used to measure the levels of glutathione (GSH), malondialdehyde (MDA), superoxide dismutase
(SOD), and ferrous ion (Fe*) in the retinal tissue. Results Compared with the blank control group, the amplitudes of both the A-
wave and B-wave in the electroretinogram (ERG) were decreased in the model group (P<0.01); Markedly thinner and atrophic fundus
vessels, a pale optic disc; Significantly decreased blood flow perfusion; A thinner average retinal thickness (P<0.01); Blurred retinal
structure with obvious damage, a thinner ONL (P<0.01); Decreased protein expression levels of Nif2, HO-1, and GPX4 in the retinal
tissue (P<0.05, P<0.01), increased levels of Fe* and MDA in the retinal tissue (P<0.01), and decreased levels of SOD and GSH (P<0.01).
Compared with the model group, the low—dose and high—dose Ziyin Mingmu Pills groups and the Leding group showed increased
amplitudes of ERG A— and B-waves (P<0.01); Clearer and thicker fundus vessels, increased blood flow distribution; A increased full
retinal thickness (P<0.01); Noticeably improved retinal morphology; A increased ONL thickness (P<0.01); Increased protein expression
levels of Nrf2, HO-1, and GPX4 in the retinal tissue (P<0.01); Decreased levels of Fe* and MDA in the retinal tissue (P<0.01), and
increased levels of SOD and GSH (P<0.01). Compared with the low—dose group of Ziyin Mingmu Pills, both the high—dose group of
Ziyin Mingmu Pills and the Leding group showed increased amplitudes of the A—-wave and B-waves in the mouse electroretinogram
(ERG) (P<0.01); Clearer fundus vessels, increased blood flow perfusion; A increased retinal thickness (P<0.01); A increased ONL
thickness (P<0.01); The high—dose Ziyin Mingmu Pills group showed increased protein expression levels of Nrf2, HO-1, and GPX4
(P<001), while the Leding group showed increased GPX4 protein expression (P<0.05); The high—dose Ziyin Mingmu Pills group
showed decreased levels of Fe* and MDA (P<0.01) and increased GSH levels (P<0.05), the Leding group showed decreased levels
of Fe* and MDA (P<0.05) and increased levels of GSH and SOD (P<0.01). Compared with the high—dose Ziyin Mingmu Pills group,
the Leding group showed decreased amplitudes of ERG A- and B-waves (P<0.01); Less clear fundus vessels, decreased blood flow
perfusion; A decreased retinal thickness (P<0.01); Decreased protein expression levels of Nirf2, HO-1, and GPX4 in the retinal tissue
(P<0.05, P<0.01); The levels of Fe* and MDA in the retinal tissue were increased (P<0.01), and decreased levels of GSH and SOD
(P<0.01). Conclusion Ziyin Mingmu Pills may inhibit ferroptosis and improve retinal structure and function in RP mice, potentially
delaying the progression of RP, via the Nif2/HO-1/GPX4 pathway.

(Keywords] retinitis pigmentosa; Ziyin Mingmu Pill; nuclear factor erythroid 2-related factor 2; heme oxygenase 1; glut-

athione peroxidase 4; ferroptosis
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HO-1 QD s wase @IS sws 33 kDa
B-actin s e—— ce— o= e 1) kDa
GPX4 @D ~v @mms NS e )3 kDa
B-aclin e e—— e e s 1) kDa

B 5 HRENMERMMEARAHE N2, HO-1,GPX4 R
Rk E
Fig.5 Protein electrophoresis images of Nrf2, HO-1, and

GPX4 in retinal tissue of each group of mice
T AL X R BASRLAL ; CL4 B WY H JLARGR) &40 5 DL B
FULR R EARATAL,

3.6 HHNRUMEHLSH Fe* GSH,MDA SOD
KETWK

Lo (At B AR EE BRI 3% B IR B U AR5
A T B LR R AL FUR AT 2414 Fe?t . MDA
JKSFETF i (P<0.01),GSH . SOD /KA (P<0.01) ;
SR R, 2 B W LA = 4 P E
4R R AT 4 B Fe*t MDA K EREAR (P<
0.01),GSH ,SOD KT8 (P<0.01) ; 5 BHIH H AL

’b’:-%
!u“il'# S
313 ’&3’ &
.rvir S 1Y "a, ‘m

&ZFH B L 7 e 2
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Fig.4 Retinal tissue morphology in each group of mice (HE staining, x400)
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x4 BHNMRMMEELARE Nif2 HO-1,GPX4 BEERIE
IKF LB (s ,n=3)
Table 4 Protein expression levels of Nif2, HO-1, and GPX4

in retinal tissue of each group of mice (xxs, n=3)

2157 Nif2 HO-1 GPX4
75 FX IR 0.95+0.09 1.58+0.04 1.48+0.19
A2 0.14+0.03%%  0.19£0.02%*  0.06+0.03%*

PERARH E ALK 2 0.4420.05%%%  0.69+0.01%%%  0.5420.07%#
BERA T H IR 0.7120.08+#4% 1.36+0.10%#242 1.10£0.04%#04
SRHT4H 0.5120.06%## (0.81+0.10%*#8& () 6840, 04+#A8

1 525 PO L HAL , #P<0.05, %% P<0.01 ; SR I4H L #% , #P<0.01
S B B AU e, 2P<0.05, 22P<0.01 ; 5% BH W H AL
FHE A HE A, $P<0.05,%P<0.01 ,

G REZH LA, B A B AL IR Fe? MDA 7K
FREAR (P<0.01) ,GSH 7K F-FH 15 (P<0.05) , ARHT 4L Ay
Fe?* MDA 7K F-F#AIK (P<0.05) , GSH ,SOD /KT &
(P<0.01) ; 5% B H AL 7 2 L, ARHT A Fe? |
MDA 7K T} (P<0.01) , GSH  SOD 7K - 1 & B#AI%
(P<0.01), HWFES,

4 g

RP SR i PRIEAT oy B 1o A P A0 S e P ) IR JE A
T BOR M . A AL 2%, B R 2Rk
ZHRTIRY ARG T L, 0] B8 A ) R Y Bl
AR, sHPREZGEINE, AR &I
PUEF  $ i A 05 BT, RPJE T Hh B e KU B 3
W , 15 e R B DIAH OC , Ja < [ A 5 A8, R 5
P IR T I 41, e = T, D00 ORI A . Il
WEIRYY RP Z2 LGNS 36 1 B 7 g 34k ]
RAESEUESE T BT H LR U172, %
B F AU g T R 2 R o — M = e A R A%
AR RS B P S S R 2 867, 4T SE =R AT
B SR IMLIE 2% 2 50, AR B AEIR S i T B
ML T5 T U 1 B BT AL T2 i

B H LR O 250 2 —  BFSE 2B, RP /)N LR IR0 5
AR F AN, MRl — PSR ik Re 20 |
FPEEIRSE, AI{# Nef2 5 Keapl B &Y E,Nief2 5
PrEAL RN IO ES A S HO-1 B3k, Bl 1A 1k
IO R R AE T T S5 A0 I RS A4 453 4312 7E RP
Jigrh ROS 1 SR 2> fiih A& g 25 1 p53 1Y M, p53
AT SLCTATL 3R 35 17 ek 20 Jb 20 1R % B, 388 i 4.
LU M XTRTTIE 1 U AL T 5712 RS
Al HRE R ps3, iE SLCTALT Bk K 4EFEGPX4
(IR AR AL AR S X RP /N OG22 kgt T
A AWHIVE S,

rd10 /N ERUR — B e o iR Bt RP /N BT
— M AE A 4 FE S BT AR AT e, B 8 A
LT BB RP SR 5 RP (85 1Y &
AR E AL, BRI, ABIFFE SR ] 1d 10 /) BRIR ST 1%
FIE H AL T RP BURCR . AT LR IT SR 4 4R
PR R 2 L o A R g R A S
B R AE AL R 32 AR B AR B A, T
HORA B3 R ICGEE ROS DU/ iR R DT,
AT B A IO OGS 400 D B2 i ey 4522, AT F 5
8 B R AT IR A e R R 28 Y N2 -
HO-1 38 [ , D8 S8 A B, 4100 1) DA Jo 240 BB T
21 YA F A VE IR EORE Ve B SR A T
FILIGELE RP R,

BRIET 5 RP Z ()5 UIAH OG220, 400 19 R A A
WA Z BRSNS Z — W5 2 5
SR P S R s AR R AR AR AL S P AR
ARG R AT FEOE ROS 74 S Ak
I EACE A X L) BT AT B AR, TR BTROS
(AR SRR 25 55 15 R ARAET 19, RP /)N BRI 2 25
Tl i AR ) 4-FR I TR A 1 Rk K7 1
FEHG M R ZS 5 0 (F R A BT UL B A B
L BB AR RN g BT i AR I RRAIG Bk 2

x5 BANRRMBEBARAR Fe* GSH MDA SOD & E (x+s,n=4)
Table 5 Content of Fe*, GSH, MDA, and SOD in retinal tissue of each group of mice (¥xs, n=4)

2151 Fe?*(wmol/mg prot) GSH(wmol/g prot) MDA (nmol/mg prot) SOD(U/mg prot)
75 X R 0.0 031+0.0 008 18.54+0.72 1.38+0.19 10.25+0.58
RRILH 0.0 287+0.0 018+ 3.3920.56%* 13.53+0.83% 1.18+0.24%%
PTG A 0.0 093+0.0 010%+*# 14.33+0.45% 5% 6.09:+0.34%* 7.84:40.35% 4
WA H AL R 0.0 051+0.0 Q04###As 15.57:+0.70%#2 2.55£0.26%H50 8.41+0.36%
SRETAH 0.0 1212£0.0 Q1Q###ass 0.3320.75#HAAE 7.27+0.58#+HA 5.59+0.29%##AAK

. 525 AR L3, #+P<0.01 ; 5HERA] HL#R, #P<0.01 ; 55 BB B AL A g, 2P<0.05, 24P<0.01 ; 5 % BA B B AL i s 4 ke

B ,%p<0.01,
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