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B OE: B HTIN2Mso SE T E2 KR T 2 (Nrf2) /I HE A1 (HO-1) {55 3 B 18 1t s HR IS R B AR
JERIZ 40N (RGCs) G HISENA S bl Hl. 7555 48 W SD KEBENL A AT ARA ., BRIA . 2 gl 2 g+
ML385 4, R4 12 H o fRFREKRIATFARBAEEANE ATUREERIK, TR S KRR YU F# B VA g A8 s
FERRBAL, 2 AahBedl KR ip 4 molkg N2 AEEAR: N2 AhE+-ML385 KR ip 4 mg/kg N2 Ah B A 30 mglkg
ML385, KF iR R E IR T JRARRE - 4 (HE) Jeil M I 45 I RGCs £ ; TUNEL %t is
RGCs JAT- s A Gz AL P AL 4 ] — i (MDA A EALEE (SOD) Fid4 L&l (CAT) /KF; Western
blotting VA MAL P ZH 2L Nrf2, HO-1 BRI 3R0A . 55  SHIAAELL, =2 Ah @R K SRR R R, W0 2H 205 B4R 4%
B3, RGCs %, RGCs TR EK, MMEAHLH SOD. CAT 3HE LK Nrf2. HO-1 & A RIEKFHF+H, MDA
SEBK (P<0.05). 5122 AR, hi22Ahf+ML385 4k IR T, ML AH SUR B 5 I &, RGCs F&E /D,
RGCs - % Tk, MMEA LT SOD. CAT iEIELLK Nrf2, HO-1 & B R iA/K ¥R, MDA &EEZET & (P<0.05).
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Protective effect of galanthamine mediated Nrf2/HO-1 signaling pathway on
retinal ganglion cell injury in rats with chronic ocular hypertension
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Abstract: Objective To investigate the effect of galanthamine mediated Nrf2/HO-1 signaling pathway on RGCs injury in rats with
chronic ocular hypertension and its mechanism. Methods Forty-eight SD rats were randomly divided into sham operation group,
model group, galanthamine group, galanthamine + ML385 group, with 12 rats in each group. The rats in the sham operation underwent
surgical procedures without cauterizing the scleral veins, while the rats in the other groups used cauterization of the superior scleral
veins to establish the chronic ocular hypertension rat model. Galanthamine group rats ip 4 mg/kg galanthamine solution, galantamine +
ML385 group of rat ip 4 mg/kg galantamine solution and 30 mg/kg ML385. The intraocular pressure was measured by portable animal
tonometer, retinal tissue morphology and the number of RGCs were observed by HE staining. The apoptosis of RGCs was detected by
TUNEL staining, the levels of MDA, SOD, and CAT in retinal tissue were measured by kit method. The expression of Nrf2 and HO-1
proteins in retinal tissue were detected by Western blotting. Results Compared with the model group, the intraocular pressure was
decreased of rats in galanthamine group, pathological damage of retinal tissue was improved, the number of RGCs were increased, the
apoptosis rate of RGCs were decreased, the activities of SOD, CAT and the expression levels of Nrf2 and HO-1 proteins in retinal
tissue were increased, while the content of MDA in retinal tissue was decreased (P < 0.05). Compared with the galanthamine
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group, the intraocular pressure was increased of rats in galanthamine + ML385 group, the pathological damage of retinal tissue was
aggravated, the number of RGCs were decreased, the apoptosis rate of RGCs were increased, the activities of SOD, CAT and the

expression levels of Nrf2 and HO-1 proteins in retinal tissue were decreased, while the content of MDA in retinal tissue was increased

(P < 0.05). Conclusion Galanthamine may alleviate RGCs injury in chronic ocular hypertension rats by activating Nrf2/HO-1

signaling pathway.
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EIMLMIEZH Y, fRAFE T80 CUKFRH&H .
1.35 HE et HE YoM 4 23 28 K
RGCs #&. HUE & 5 1K BRARER AT A s A0,
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IERLE 30 min FUERE 1d, B, it
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BEF R (P<0.05), @5 7. 14d, H5HFARA
AHEL, AR K B R R & T (P<<0.05); i
RUZAAALE, hn2 g KRR E B BRI (P<
0.05); SN2 4R, N2 Ahis+ML385 41K
R & 2 T (P<<0.05), W 1.
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£1 MEMSHARBRENZME ( x s, n=12)

Table 1 Effect of galanthamine on Intraocular pressure in rats ( X #s,n =12 )

5 Fiilk=v) i & /mm Hg

- (mgkg™)  iEAET 3d RS 30 min G 1d W )E 7d W T 14d
RFEAR — 11.54+0.92 12.46+1.09 11.88+1.05 11.8340.98 11.7940.95
it — 11.48+0.95 30.57+3.46* 26.48+1.85° 26.10+1.54" 25.86+1.60"
in 24 At g 4 11.6040.91 30.354+3.52" 25.734+1.69°  19.4241.49% 16.89+1.31#
A+ ML385 4430 11.5740.89 30.49+3.63" 26.08+1.73°  23501154& 19.3341.45%

» 1853 -

H5EFERALE: "P<0.05; SHERALLE: *P<0.05; ShnAhitbik: P<0.05 (1 mm Hg=133 Pa)
P < 0.05 vs sham operation group; *P < 0.05 vs model group; 4P < 0.05 vs galanthamine group (1 mm Hg=133 Pa)

L R T Y % s R ]
3 3

El1 =t XRALMERERSHFE (HE, X200)
Fig. 1 Effect of galanthamine on pathological morphology
of retina in rats (HE staining, >200)

2.3 MZMEHEXTARR RGCs HERIF N
SFARAM, HAH KR RGCs & &

Wb (P<<0.05); SRRV, N2 KR

RGCs $ii R EMWZL (P<<0.05); Shn=2fhfiaitd

b, fn== At +ML385 2K Bl RGCs i 2 2 ik />

(P<<0.05), WK 2.
207

15

e

107 T

RGCs #i/A

5

BFAR  BE IS A+ ML385

HRFARMLE: "P<0.05; HHMALLE: *P<0.05; SiN=fh
WA AL #P<<0.05

*P < 0.05 vs sham operation group; “P < 0.05 vs model group; &P <
0.05 vs galanthamine group

2 MEfExAR RGCs HEMFM ( x+s, n=12)
Fig. 2 Effect of galanthamine on the number of RGCs in
rats( X #s,n=12 )

2.4 M= KR RGCs AT RIS

ERFARAMEL, ALK RGCs FT- R &
EFE (P<0.05); HHEAHAL, ==K
. RGCs I T- 3 W& L (P<<0.05); Hhn==2Aihf
ML, N2 Ahig4-ML385 241 K i RGCs I T-% &
FThE (P<0.05), WA 3. 4.

DAPI TUNEL

Merge
o ...
h -.
o -..
= Al g+
ML385

B3 mEfh&xt kR RGCs ATRIZM (TUNEL 3,
X 400)

Fig. 3 Effect of galanthamine on apoptosis of RGCs in rats
(TUNEL staining, ><400)
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H 2 SOD. CAT yitEEZET =, MDA &8 EE
FEIK (P<<0.05); Sn==AthBZaAf L, n==Ahi+
ML385 ZH K AL EZHZH SOD. CAT 5145 i
ZPES, MDA HERETHE (P<0.05), W# 2.




AR b A

Drugs & Clinic \ol. 38 No. 8 August 2023

+ 1854 « HIBHEESH 2023FE8H
304
T
& 20 &
ﬁ T
= #
2
= 104
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HEFRALLE: "P<0.05; HEAIALLE: P<0.05; Hhn=fh
LR &P<0.05

"P < 0.05 vs sham operation group; *P < 0.05 vs model group; &P <
0.05 vs galanthamine group

B4 mMZHatAR RGCs BT-RAIEM ( Xxs, n=12)
Fig. 4 Effect of galanthamine on apoptosis rate of RGCs in
rats ( X +s,n=12 )

26 M=MEXT KERMMELLF Nrf2/HO-1 18
SREEXERFTIENZN

ERFARAAL, 182 K R AR 5 2H 21
Nrf2, HO-1 i HRE/KFIEERFMK (P<0.05);
SRR A L, n = A g ZH K RO Y 4 2
Nrf2, HO-1 S AR ZE/K P EEFE (P<0.05);
522 A AR LG, 022 AR+ ML385 ZH K FR AR I
JEEZH 2 Nrf2, HO-1 25 IR IA /KPR E K (P<
0.05), WK 5.
3 g

HOCHR R AERA N0 R R F ZE A, HAFE
J& RGCs HIgiiiz . AWtsifhiit, HET&RLAH
60 H NEAFICIR, BEEANHZRALKPUEIEK,
HOCHR A % R HFE T mpa A0, B IR R S
PN ARE IR ER R &, Fir2 %88

F2 MEMExARAMRALEURHKFHINE ( x+s, n=12)
Table 2 Effects of galanthamine on oxidative stress in retinal tissue of rats ( X +s,n =12 )

2H 5 f&#/(mgkg™) SOD/(U-mg™?) CAT/(U-mg ™) MDA/(nmol'mg ™)
BFEAR — 8.171+1.62 11.5341.82 6.92+0.75
FEETTY — 2.31+0.86" 3.61+1.06" 20.58+0.95"
Hn== At 4 6.5441.25% 0.8741.35% 12.43+1.64*
Jin= A +-ML385 4430 4.72+1.08% 6.55+1.17% 16.7140.83&
S5EFARALE: "P<0.05; SHEAMLLE . *P<0.05; HinZfhidltbi: 4P<<0.05

"P < 0.05 vs sham operation group; *P < 0.05 vs model group; 4P < 0.05 vs galanthamine group

N2 | M S M — 50 10°
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2X10%
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157 T A
s Tﬁéiﬂ
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{05 A
e
0.0 -

Nrf2

H5\ETARHALLE.: "P<0.05; SHAHLLE: *P<0.05; Hin=Al
BeH R #P<0.05

*P < 0.05 vs sham operation group; *P < 0.05 vs model group; &P <
0.05 vs galanthamine group

5 MEfETARMAMRALRH Nrf2/HO-1 [F5iEE
HEZEAFRIEMEM ( X+s, n=12)

Fig. 5 Effect of galanthamine on expression of Nrf2/HO-1
signaling pathway related proteins in rat retina( x =s,
n=12)
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ik MDA & & B§5ma e H KA SOD & M r i 44k
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BESDRF Nrf2 220 e B4 A R HRX
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RE SYIREREIR, Nrf2 YR O 512 24 iz
BE HO-1 A% — RV TR, EEMNE T
AATYN B 2223, K EE R I, Nrf2 {5 518 i
TEH GHR I p i G E . AHRERR, Pl
1) il 25 A BRI I Nrf2/HO-1 34240k 2k 3G HR /)N
B RGCs M =24, Wang F5 2505t 75 45 7%, Nrf2/HO-
1 {55 18 B B0 2 2 PR T 5 GRS 1 R K
. RGCs M T M54, TP GIE RGCs A&k
PETERE AT AR TR IS S BoR, B s iR K
AR B2 2 Nrf2. HO-1 FE AR IE/KPFRIEH
KR BB, AR v R R K SR A R JIE 2 4 e
Nrf2/HO-1 {5 5l g Aab THHRAS, e i+
5 KRR IELL R Nrf2. HO-1 & A E LK
BETE . %4 BRI A NS 718 =R E
KA ZH 24 Nrf2/HO-1 {5 53 % . ML385 /&
— PR S Nrf2 4055, A S ML385
YE9 Nrf2/HO-1 388 2 PRI 1) 7714 36 11F =2 A o) 12
PERIRE KR RGCs #if R EH, 455K,
ML385 ()i B S0 55 1 0 == A O 18 1 v IR
KB RGCs i f73 FIei /EH o 1X R B0 ==t BT e
T IS Nrf2/HO-1 1553 #5942 18 1 e R K

5 RGCs 17 -

ZE L FTIR, 2 A R % I A 8 1 R IR TR
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