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E T Sirt1/Nrf2/HO-1/Gpx43hiR -6 FH X 18 R %
F & HIAMEFR BY K BR BY AR 22 R 3P 4E FH AL L6

EH ETH WA R
(R = EBE A DI —0 X, KUK 163712; 2K P 85 =B B RS #RHURT X, KK 163712)

WE TR LAY BT /4R T E2A8 X B T 2/d 41 & R6-8 1/ 5 RH AL Bqb
4B 4(Sirt]/Nrf2/HO-1/Gpx4) #4545 i1 #eF 3 (GNP)*H 48 Sk 9% F & 47 AR & (DD)ARR K R, 494 2 4R 37
VER B, 5722 SEEAEMSD R R (122 /40) 9 A4 5T B4R (Ctrl2R). AR 20 (DD4E). AR +AeF
HFKF) 20 (L-GNPAL). AR T3 F # 48 (M-GNP4L ). AZA 4T 3 & 7| 228 (H-GNP4L).
AR A F 3 5 A B +Sirt 145 M4 4] A 28 (H-GNP+EX52740 ); fedB AUk K R, % M f 4% (FBG)7K
;SR8 GK K A R F A R FAT A 4 AE; ELISASAS M dn 7 K E B F/K-F, BAL R Aw
LAY AYZi% . BDNFAK-F; HE. Nissl# &ULRE L8 AT 5 T A0 E4F B AMEIRL,
FiARTS 25 s Western bloth il i B 2048 F Sirtl. Nrf2. HO-1. Gpx4. ACSL4%& @ /K-F. 5DD4a4R
3, GNPH 2% % T DDK Rk D LR AP 2 UHEF| 40, JRRIPIR. 4% B 48 R R ALIR L MR AZ L,
FBG/K-F Bk, 3% 380k . & B R Z) 1A 4542, do 4% £ B F(TNF-a. IL-1B). BAL4R45 = 49 (MDA.
Fe")VA B ACSLA% & R A KT ) B FEIK, ML A B (GSH-Px. SOD)E M. V2% i 592 &
FBF(DA. 5-HT. NE. BDNF)/K-F &Sirt]. Nrf2. HO-1. Gpx4%& & %A K-F 2 F 5+ 5 (P<0.05).
Mo T 3248 kA IR AP ARE K R AY Z AR AE R, EALH T 485 0% Sirtl/Nrf2/HO-1/Gpx44d A
*%.
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The Neuroprotective Effect and Mechanism of Geniposide on Diabetes
Complicated with Depression Model Rats Based on Sirtl/Nrf2/HO-1/Gpx4 Axis
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Abstract This study aims to investigate the neuroprotective effects and mechanisms of GNP (geniposide)
on DD (diabetes complicated with depression) model rats based on the Sirtl/Nrf2/HO-1/Gpx4 (silentin forma-
tion regulators 1/nuclear factor E2-related factor 2/heme oxygenase-1/glutathione peroxidase 4) axis. Seventy-
two, 8-week-old, SD male rats (12 rats per group) were divided into Ctrl group (control group), DD group (model
group), L-GNP group (model+low-dose GNP group), M-GNP group (model+medium-dose GNP group), H-GNP
group (model+high-dose GNP group), and H-GNP+EXS527 group (model+high-dose GNP+Sirtl specific inhibitor
group). The blood glucose meter was used to detect FBG (fasting blood glucose) in rats. The forced swimming ex-

periment and tail suspension experiment were used to detect rat behaviors. The ELISA method was used to detect
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serum inflammatory factors, oxidative stress, neurotransmitters in hippocampal tissue, and BDNF levels. HE stain-
ing and Nissl staining were performed to observe pathological changes in hippocampal tissue. Transmission micro-
scope was performed to observe mitochondrial morphology. Western blot was used to detect the Sirtl, Nrf2, HO-1,
Gpx4 and ACSL4 proteins in hippocampal tissue. Compared with the DD group, GNP effectively alleviated the the
disorder of neuronal arrangement, cell body swelling, nuclear condensation, and mitochondrial structural damage,
while the levels of FBG were decreased; the time of forced swimming and tail suspension was shotende; the levels
of serum pro-inflammatory factors (TNF-a, IL-1B), oxidative damage products (MDA, Fe?"), and ACSL4 protein
expression were significantly decreased (P<0.05), while the levels of antioxidant enzyme (GSH-Px, SOD) activity,
neurotransmitter and neurotrophic factor (DA, 5-HT, NE, BDNF) and Sirtl, Nrf2, HO-1, Gpx4 protein expression

levels were significantly inceased (P<0.05). GNP may have a protective effect on the nerves of DD rats by activat-

ing the Sirt1/Nrf2/HO-1/Gpx4 axis.
Keywords

geniposide; silent information regulator 1/nuclear factor erythroid 2 related factor2/heme oxy-

genase-1/glutathione peroxidase 4; diabetes complicated with depression; neuroprotection

B PRI A — At DA vy LB DAy 75 AR 1 B
PR AN I AE, ACAE 2 Fh — RO REN . B IR
Jp3 F & FNARYE (diabetes complicated with depression,
DD)E#E RINMBERH . BRE . 595 I
IRFERG . E28 KV FEE. BYERg, HEREM
[ 5k v T MU B PR EARAE L 45 K EE A AL
i N EE . BTG DD E LAY
N, FEHUIHR 25 WIS P 259, 1B K 2 024
VIRSAG . 5 s, HA A RRM . PR ik 7 5 4%
TBTT 2PN ETHEAR AT UL LR T ROR . B8
T+ (geniposide, GNP) & M # HRHE T sz 2 HL
PREEI BT, BA R, FRIMPE. P, fuk.
PR VR R, ARG 970 PRI AR E J7 T R $E
HERER P BRI, GNPRIEE K2 T
S ORI 20 R T, S /N BRATRR AT 9, B
— & IPTAIAR/E I s (B FL BARAE FA B G AS A o
ULERAE 2 A TR 1 (silentin formation regulators 1,
Sirt1)2& — P NAD W 28 15T I LR, B 9T K
W, Sirtl AEDDH R 2 K EEIEHTY. %K TE2
AR F-2(nuclear factor erythroid 2-related factor 2,
Nrf2)/2 Sirt] P s 7, AIEAR RO RO P it
2L R A A 1(heme oxygenase-1, HO-1)/& Nrf2[1]5¢
BT AN EA R EA, S E5PELRMEY . &
I H ik S A P 4(glutathione peroxidase 4, Gpx4)
FEBRAET AR A5, AT HO- T Nrf2 555 1 At
FORBL, AT 7 Sirt1/Nrf2/HO-1/Gpx4/5 5 18 1,
AT RS0 RS A A8 A T S R 11 7D BT A
HEFEREAT AU, (B GNPAE S BT 4% Sirt1/Nrf2/

HO-1/Gpx 45t 3% DD K B (1) #1122 Dy BeAT) 75 IR A
Fi, AREFE LA R REATER FE, DU 4 5 DD
(03B 24 R AR A 1 %

1 MR57E%
1.1 SKIEEn)

8 JA W4 1 SDK BRI B K & L AL R
RN 7], A2 P VF AT HIE S N SCXK(37)2024-0001 . FT A5
KERFEFRIESIY G, B 12 W/ BT, R
(2342) °C, MBS (5543)%, HHTKEE. RALns
KPR T 55 = R B S 46 3 A6 B 23 4 o it (A6 B
%5(2024)106'5).
1.2 EEXFNSNEE

GNP(# 5 : YT64260). % IRVETH & (strepto-
zotocin, STZ)(5%'5: YT2045)0 [ 46 TS A MRl
ABRA T, Sirt] R HEMHIFIEXS527(52 5 M00182-
BXM)IW A b3 H RSB A PR A =] 5 5l (5%
51 1563974 H L HFE R BRAF] ;P
J&d R BE A -F -a(tumor necrosis factor-alpha, TNF-o)
1¢%5 : SBJ-R0040). M 40iA % -1B(interleukin-1
beta, IL-1B)(¥% 5 : SBJ-R0024). A —fi% (malondial-
dehyde, MDA)(#% 5 : SBI-R0007). 43 bt H ki 4
YD (glutathione peroxidase, GSH-Px)(¥¢ 5 : SBJ-
R0785). HAMYE AL (superoxide dismutase,
SOD) ELISAIRFI & (85 : SBJ-R0008)IH H 7 it
RIUUMA R A IR A7 2 B (dopamine, DA)
(%5 : A128898). 5-F&thfi& (5-hydroxytryptamine,
5-HT)(H25: A109625). il #4485 7% K T (brain-
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BRI

derived neurotrophic factor, BDNF) ELISAR 7 &
(P85 : A129068) 1 H LG E S AR A A ; 2
'S IR & (norepinephrine, NE) ELISAAF & (1%
5 CB10707-Ra)l H _Fig R A HARAT R A
F] ; FRAKE 2 Y (hematoxylin-eosin, HE)(7 5 :
G1120). JE FKHeth (Nissl staining, Nissl)iR 7l & (5%
5 G434 H AL B E LA R A F 5 2k (Fe*)
H R & (5 . MAKO025-1KT) I H #iiL Bk
WUAE RS AT IR A 7] 5 fik -3 & F (beta-actin,
B-actin)($5 5 : ab178846). LI EPi i -IgG(goat anti-
rabbit immunoglobulin G, HRP)(T% 5 : ab6721)ll4 5
F[E Abcam /A 7]; HUkSirt1(575: DF6033). Nrf2(%
51 AF0639). HO-1($7'5: AF5393). Gpx4(f& 5 :
DF6701). ACSL4(%%'5: DF12141)I (5 Affinity /A 7
MFEA (D25« P1-400)8 B ) R [ e R A R A
Al Z IREEEAR (B S YP-96- 1) 1L AR 2= ok
HRHE A IR A F ; B E R 48 (35 LI-NC600L)
T Ll 2R R S R A TR A A 318 R (RS
DMi8C)I [ 5 (5 I E R A MRS AR A A ; &4
BB (B5 - HT7800 R 51 ) [ I ifg SR a2 s 54
HMRAF.

1.3 75

1.3.1 @R FENLERC 12 HIEH KR
YER Crld, AR KB IR IR 8 )G, MRS
STZ(35 mg/kg), 3K Ja A& I K B 2% B L H% (fasting
blood glucose, FBG)7; &, #7 FBG>16.7 mmoL/L, NI
PRI SRAR T R Fl h ™ o 60 P T P 0 Y R R K R
BEATAB IR ] FRU BB o s e 8 4 °CUKK I
BREE B, BUE. TR MRS, R
I A 12 R, 1L 28K . ARG
HEATSRIE KRR RIS, MK BRI B R AN B
(331 2 minft, W DDK SARE AR i Th M i
BRI K B 2r W DD4H . L-GNPZH (5 200 mgkg
f\JIGNP). M-GNPZH (¥ 400 mg/kgfIGNP). H-GNP(J#
B 500 mg/kglf] GNPPY), H-GNP+EX5274 (#H
500 mg/kgf)GNP+IEEE S 7 mg/kgHISirt 145 7 P
HIFIEX5270), 4112 2 (n=12), Ctrl4ll. DD
HEB SRR MAEEK, FH UK, E821 K.

132 KAFBGAEMFATAHFN  HALHG,
FH B ASOR: T % 20K SRFBG & & LRSI 52 B )
BEATSRIE VK SRS o K K BUBON KA (5150 em HL
1220 em. 7K¥R30 cm, K22 °C)Hi&E M 1 minfg, id

S 4 min N KBRS ] 58 R EHT B R S0
SRR BT 5 50 cm2E[H] Y, B4 6 min,
105 K R A B [H] o

1.3.3 KR £z B F (TNF-o. IL-1B)F= AL L
#(MDA. GSH-Px. SOD)K-FAM 47 HFSLL
ST, B K B SRR BRI f, EUIE = 2h ik it v
A, ZHNE 1 h, FFHTHINE, 4 °Cy 1 500 xg &t
10 min, FRAGIME , T ELISAVEAS I i 3% J$5E K 1
(TNF-a. IL-1B)FI4% LS (MDA GSH-Px. SOD)
K, BARERAE D IR A% 4 HR U B kAT

134 KRELAL FF 4% 47423 f (DAL 5-HT.
NE). BDNFAK-FAR  HUMLS, BEATLZEEIF 00HE i
RIEALFE 6 A KB, TR BN 7 B9 it 2021, 50
I3y 2R 4% 2 5 W =R 18 5 24 h, FIRIE S
HLUHIELAIH , 4 °Cy 1500 r/min®5 0> 20 min, BY_Fi75
T, RS AR A K B S 4 Fe 5 =
ELISAVERG I 41 4P DA 5-HT. NE. BDNF/KF,
BAREA D IR A% 4 B S U0 53T

13.5 HE#AMEE XA BDLELBEFTL B
1.3. 40 i 4L, Bk, ASaEE. TIA. B
o TEEMAAM NHIBANEGAL S min, HRAKMBE
10 min, W LB 103 s, HRKHEE 10 min, L
Jettl min, K. FEWE, HHEMRE . BEE, H
AT ISR K R D AU S22

1.3.6 Nissl#m &8 kK AR K AKREEF Tk
il R 135S D Niss1Z4 il 44 .40 min, 7%
TR7K¥EE 1 min, 95% CEES 4k, — WM KiEM, H
H PR I e AR EE K BB IRV S A8
b

137 BB K REARTHEF TN KRIR6H
KERAEIE, 73 B B L, — 5o HI I, Ry
FH2.5%)% —EEBEATIE 7€ (4 °C+ 6 h), PBSIEPE 37K (5
%10 min), IO 1%HER € W (8 1.5 h), BEE K
YR 30%. 50%- 70%- 80%- 90% K% 100% .1 i3k
1T RFNBLK(BEZL1S min). /K 5 (120 378 I R 5
SI2AHF 2: )R A IR IE, KRS M H LK
N E, F60 °CHE 448 h, ¥R L 4L 2UH Ul A
LI R70 nmid Fr, 78 =i 2610 T FH0.3% Mg IR i
Tt R 2t e V7 % €, 10 mino 3B 5T A 0 2 2R kA4
e X

1.3.8 &K R AL P Sirtl. Nrf2. HO-1.
Gpx4. ACSL4E & A ikK-FME  RIPAZERIE



S RAE : HE T Sirt1/Nrf2/HO-1/Gpx 4R T HE 5~ HOM PRI I A ARSI K SR R e 28 fd 4 FH Ll 2581

W13 7 SHASKAEN (HAERSRHMRLL
$11:10), 4 °C. 12 000 r/min K £5:.0»15 min, Y2 _EiE
W, BCARFI G EEORSE, feEATES,
28 TGE FE I R B — 2R TR M T i 4 )12 (SDS-PAGE)
HLYK o B8 05, KR (#5822 PVDFIE b3 H 5%t g
Ay =2 b, B I —$tB-actin(1:1 000).
Sirt1(1:1 000). Nrf2(1:1 000). HO-1(1:1 000).
Gpx4(1:1 000). ACSLA4(1:1 000) 4 °CHF & L7 A1
RH, PR Sh o2l e k31K, B 10 min, B 50
AP (1:2 000)= 3005 F 2 h, H G KRG AT /AL
k., Imagel 317 € &= 5017 -
1.4 ZE9HH

F SPSS 25.0% 114 #r ks , #¥s R 8 A xs
%2 W LR R 2507 Z2 50 W, P ELASEFH SNK-g
K. P<0.058RZERA G E Lo

2 %R
2.1 GNPXIDDARFBGHITAZHIZ N

DDZH FBG. 5&IEVHFIKA S [ & A S
6] B K T Ctrl4H (P<0.05); L-GNPZ4H.. M-GNP4.,
H-GNPAH FBG. #IEFKABIS A &R A BN [H]
{4 T DDZH(P<0.05); H-GNP+EX5274HFBG. &
BB ] B R AN S [A] & e K T H-GNPAL
(P<0.05). W.#%1.
2.2 GNPXIDDX R I 7E % G F F RS Ry
A

DD TNF-a. IL-1p. MDA/KF& T Ctrl4H
(P<0.05), GSH-Px. SODZK-FIKT Ctrl4l (P<0.05);
L-GNP#1. M-GNP#l. H-GNPZ| TNF-o. IL-1B.

MDA K P& F DD4H (P<0.05), GSH-Px. SOD/KF
& T DD#H (P<0.05); H-GNP+EX52741 TNF-a. IL-
18+ MDAJKF & T H-GNP4 (P<0.05), GSH-Px.
SOD/K & T H-GNP4L(P<0.05). W32

2.3 GNPXDDARGSHLAFHRE, HEAIH
JR(DA. 5-HT. NE). BDNF/K¥HIE0m

DD41DA. 5-HT. NE. BDNE/KF{&T Ctrl4l
(P<0.05), Fe* & & T Ctrl4l (P<0.05); L-GNP4 .
M-GNP#4. H-GNP41DA. 5-HT. NE. BDNE/K-
= T DDAL(P<0.05), Fe*' & &% T DD (P<0.05); H-
GNP+EX52741DA. 5-HT. NE. BDNF/K*F&T
H-GNP4(P<0.05), Fe* &% & =5 T H-GNP4.(P<0.05).
A3,

2.4 GNPXIDDKR;BDHLRFIEFTLAIE N

Ctrldilg SR M A U A TR, HEFIRESE, G
53 5] ; DDA B AR M o g K. i B
HEZI L, MR K, #% 845, L-GNPZL. M-GNP4L,
H-GNPZH g B 2P e HEF 15455, [RIBR DN
H-GNP+EXS5274 1 B2 R AR E W e . W
K.

CtrlZi Je [IR/MAZE #5688, RS IR ; DDZHK
&) IRMEIR, TR Gy, A8 2L ; L-GNPAL,
M-GNP# . H-GNPA /D& Jg [IR/MEIEERL, St B5e
e HER S . H-GNP+EX52741 )8 /MR IR S
FERHEINE . W2,

2.5 GNPXIDDKFRZ&RIRIR 850

CtrIfH ZB R R 45 M 52 8, B A IEH ; DDA
R ARG 2 RRIAR SR, 46/ ; L-GNP4L,
M-GNPZ4 . H-GNPZ LR R 70k, A BET

F1 FEKXRFBG. BEHATRESE . BEEHAHEZERELE

Table 1 Comparison of FBG, forced swimming immobility time, and tail suspension

immobility time results of rats in each group

oy il SHEIEE KA B A/ BRABN [H)/s
FBG /mmoL-L™ L e . .o e
Group Forced swimming immobility time /s Tail suspension immobility time /s
Ctrl 4.82+0.83 58.69+5.91 78.58+8.45
DD 18.35+1.96* 173.88+18.85" 191.65+21.88"
L-GNP 14.82+1.58° 148.54+14.18° 164.48+16.85°
M-GNP 10.56£1.51% 129.75+13.65% 139.16+15.32%
H-GNP 7.98+1.24 98.42412.81" 108.77+14.57"¢

H-GNP+EX527 15.43+1.75¢

167.15+18.31°

185.95+19.18°

Xts, n=12; °P<0.05, 5 Ctrl41 LA "P<0.05 5 DDA LLAL; °P<0.05, SL-GNPA LLEL; ‘P<0.05, 5M-GNPA LL#L; °P<0.05, 5H-GNPA LL# .
X+s, n=12; “P<0.05 compared with Ctrl group; "P<0.05 compared with DD group; °P<0.05 compared with L-GNP group; ‘P<0.05 compared with M-

GNP group; °P<0.05 compared with H-GNP group.
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#2 SHARIMETNF-a. IL-1. MDA, GSH-Px. SOD7K
Table 2 Levels of TNF-0, IL-1p, MDA, GSH-Px, and SOD in serum of rats in each group
Ir4H
Group TNF-a /pgmL™" IL-1B /pg'mL"" MDA /U'mg"’' GSH-Px /U'mg" SOD /U'mg’!
Ctrl 15.35+3.81 8.75+1.42 18.42+2.75 397.854+49.74 254.77+31.79
DD 98.42+18.26° 75.96£11.98° 78.65+13.16* 183.11+£31.68° 82.48+15.44°
L-GNP 73.82+16.95° 58.68+8.65° 60.37+12.88° 238.95+42.75° 148.56+16.82°
M-GNP 48.56+11.43" 39.14+7.15 38.48+6.48" 294.72+48 96" 182.71+21.77"
H-GNP 21.68+5.75 13.71+3.82%¢ 23.72+3.15% 359.48+41 .28 213.65+28.96"¢
H-GNP+EX527 85.74+15.62¢ 64.59+11.69¢ 69.25+10.58° 208.68+53.65° 102.41£20.45¢

Xks, n=12; *P<0.05, 55 Ctrl4 HL#y; *P<0.05 5 DD LLEL; ©P<0.05, SL-GNPALLLEL; “P<0.05, S5 M-GNPAL HLE; °P<0.05, S5 H-GNPAL AL .
Xts, n=12; *P<0.05 compared with Ctrl group; "P<0.05 compared with DD group; °P<0.05 compared with L-GNP group; ‘P<0.05 compared with M-

GNP group; °P<0.05 compared with H-GNP group.

*®3 BEAREDHAF ZELINRDA, 5-HT. NE. BDNFKF
Table 3 Fe®* content, DA, 5-HT, NE, and BDNF levels in the hippocampus of rats in each group

7

Group Fe*'/ugg™ DA /pgrmL™ 5-HT /pg'mL™ NE /pg'mL™ BDNF /pg'mL™'
Ctrl 2.81+0.36 154.38+16.42 209.72+24.33 138.65+15.75 384.59+42.79
DD 15.26+2.18" 78.64+8.96" 105.41+£15.18° 64.14+7.82° 152.24421.69*
L-GNP 11.43+2.06 08.25+11.82° 139.72415.74° 87.48+9.64° 189.78+28.48°
M-GNP 7.62+0.91% 124.68+15.66™ 168.38+18.96™ 108.62+11.75 254.38+29.75%
H-GNP 3.84+0.52"¢ 149.22+16.18>¢ 191.65425.76" 128.95+15.28"¢ 375.65+38.69"¢
H-GNP+EX527 14.15+2.48° 82.75+9.26° 128.48+13.21° 78.64+8.37¢ 169.71£19.63°

Xts, n=6; *P<0.05, 5 Ctrl#HL#; *P<0.055 DD LA, ©P<0.05, 5 L-GNPA LA, ©P<0.05, 5M-GNPAL LA, ©P<0.05, 5 H-GNPA LA .
X£s, n=6; *P<0.05 compared with Ctrl group; "P<0.05 compared with DD group; “P<0.05 compared with L-GNP group; “P<0.05 compared with M-GNP

group; °P<0.05 compared with H-GNP group.

1B ; H-GNP+EXS5274 4R A il SR 2 55 0 5t fin .
I3,
2.6 GNPXIDDAREDLHLAFSirtl, Nrf2, HO-1,
Gpx4. ACSLAZEHKFEHIFM

DD# Sirtl. Nrf2. HO-1. Gpx4Fik/KF
ik T Ctrl4H (P<0.05), ACSL4#E % /K V& T Ctrl4l
(P<0.05); L-GNP#1. M-GNP41. H-GNP# Sirt1.
Nrf2. HO-1. Gpx4FKik7/KFmT DD4 (P<0.05),
ACSLA4FZ /KK FDD4(P<0.05); H-GNP+EX527
4 Sirtl. Nrf2. HO-1. Gpx4F£iL/K LT
H-GNP4 (P<0.05), ACSL4% ik /K& T H-GNP4H
(P<0.05). ULE4F15R4.

3 g

PRI A — ey WS M, H A A BREE IR
I B S, Ti20455 K8 740, HFRIES
FE L& F KM SARE A b R i W RRE 2 —,
RS 5 R0, 1 R f 8 S OB T RE 3L, ™

HI R E s HE S zh e A B DD
KR BARMLE R R AT A B A R
o AHtFeiELAE DDA R A, DD R4
U o R BRI K. A HESI R s 2L, R
K R/MARZE, FINFBG. 58l itk Az a] .
B EAFN R E A REBEK. X4 DDA R
RIF 8T -

RIE DDA KB RBR R —, R
i DD & 4 5 S 2 iR B0 A, R 2 X1 (W TNF-a
IL- 1) AKF 38 0 131, o 20366 ot 5 AR 34 e
TIAHIG , 703 B HIARYE K BRUABEZRY o 1 22326 5T (DA
5-HT. NE)/KFEE TR, DA —Fh s fiic e
SR, (e EREAT AR RS B E R
MVER S, S-HTS 5 E% . BEIR A &4k, HoK
1R BRI R0 2 FIAIE R T, NE AR5 1 77 BEAIR |
1 26 [0 I Dy Re , H Rk 5 AR e Kk A% )
FHRM, BDNFIEN—FhEZ R RS EA, BA
R T D Re e BV E ], LB &g
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Ctrl DD L-GNP

A i ¢ —

Ell HEREBXEKRREIHA

Fig.1 HE stained hippocampal tissues of rats in each group

B3 Zekir sty

Fig.3 Mitochondrial ultrastructure
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El4 £EEDELAPSirtl. Nrf2, HO-1, Gpx4, ACSL4FEAKIL
Fig.4 Protein expression of Sirtl, Nrf2, HO-1, Gpx4, and ACSL4 in the hippocampus tissue of each group

F4 BAAFEDELFSIrtl, Nrf2, HO-1, Gpxd, ACSLAEBARIAKFHIELE
Table 4 Comparison of protein expression levels of Sirtl, Nrf2, HO-1, Gpx4, and ACSL4 in the hippocampus

of rats in each group

il

G Sirtl Nrf2 HO-1 Gpx4 ACSL4
roup

Ctrl 1.72+0.28 1.64+0.21 1.96+0.21 2.08+0.29 0.43+0.06

DD 0.48+0.08" 0.29+0.05* 0.54+0.06" 0.65+0.14* 0.97+0.13*

L-GNP 0.74+0.09° 0.59+0.06° 0.91+0.15° 1.18+0.15° 0.78+0.09°

M-GNP 0.96+0.12" 1.28+0.18" 1.42+0.19" 1.69+0.26" 0.63+0.08"

H-GNP 1.59+0.19>¢ 1.4840.19>¢ 1.86+0.25>¢ 1.9540.23>¢ 0.48+0.06"¢

H-GNP+EX527 0.56+0.08¢ 0.48+0.07¢ 0.72+0.08¢ 0.83+0.14¢ 0.91+0.12¢

Xts, n=6; *P<0.05, 5 Curl4lLL4%; "P<0.05 5DDALLLEL; °P<0.05, SL-GNPALLLEL; 4P<0.05, 5M-GNPAL LA, <P<0.05, 5 H-GNPALELEL.
Xts, n=6; *P<0.05 compared with Ctrl group; *P<0.05 compared with DD group; °P<0.05 compared with L-GNP group; “P<0.05 compared with M-GNP

group; °P<0.05 compared with H-GNP group.

InRERE (L S-HTHI DAREM A UK E - e 54E
K2, AHE T LE B 2R, DDA TNF-a. IL-1B7KF
$BETHE, DA, 5-HT. NE. BDNF/K-F & 3% [&1%.
IXHRIN JORE S LG5 . 4008 i 3 G 2k 1 S R fik 2
H IR0 1T B S EM & oo, AT DD #E
.

Sirt1 e 2 S5 Re AW . AN, RIE R
FEN IR RS S5 2 Pl AR FUR B R, HE4RaE Sirtl
1E DD AR AL Fh oy v B B ) f 0 750 Nref2/E A —
Pl B B B A I S R, oA Sirt LS HBOE R
Ui U HO-1, HFEZ 5HE A MRS Gpxd
BRIETMAZ O R+, AT HO-1/Nrf218 25 15 3
T, AR, PR 5l Rt A, AT
HAAAE T MY, K, Sirtl/Nrf2/HO-1/Gpx4% o] fig
EDDRA K e RiEE HEMEH . DANGE!Y
WL LW, BT Sirtl/Nrf2/HO-1/Gpx4i& % 1] it 3%
AR A AR FEAT . ALISE P F R B, R B8 2K id it

Y42 Sirt1/Nrf2/HO- 115 5 il BR A2 A 48 JORE , AT
ZIRINAERIT N . WANGEEUIWF 78 B, Ml Gpx4
BRI AT IEOE BRAE T, 15 5 PN T I SR AR 8 R
i, INEIDAAT . A5 KIL, DDK RIS HH
HiSirtl. Nrf2. HO-1. Gpx4FRiL/KFREIK, XK
Sirt1/Nrf2/HO-1/Gpx44Hr] it 2 5 DDFw it e . 2k
HUT 2 — ARG 14 1 2 4 W R e M A T X
FLARFAE A0 45 20 0 385 2 OO (AN B REAR A /N . R4
4\ IR BT 2R ) B M4 (reactive oxygen spe-
cies, ROS) K& 2 5] A2 i s i i A Ak FI P Ak &
Gr oA, WETCHR H, GpxdfEPURIET - R B BRI
YEFH, T ACSLAZERAE T HIds &, HARE TR ok
FET- RGOS VT8 AT, DD R R 4 2 30
AR T A 0%, BT A L TEFF GSH-Px.
SODKTFF#AK, BRILT- A R AL IEFR Fe*'. MDA
KFFHE, ROSKEM R Ih/MEIET br & Gpxd R
B BRAG,, ACSLAKIEK T . X3 # il
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Sirtl/Nrf2/HO-1/Gpx4 3l il UG 6T, Itk DDk
o

GNPJ& — M lEE R G4, AR PRE
1IN 7= BN 11X & TN o A 2T BEER S G S 7 i
fath , P EEE A A P AENE PR ARE 16T 7 T
BonH RIFE A5, L2 R B, GNP E I
1% Creb1/Six3os 11, {21 RAMA G H B #RIL, ML
HEHNECIEIR . ZHENGES PO ST & B, GNPIE L 45
BTK/JAK2/STAT & 5 4% 5, $Mi{ie 98 K F-REI8, I8z
FIHS /N R 9 RE S S FIHDAREAR « ZOUSECIRIF LB,
GNPIEIT FiiSix3os151k, #fi #4708 A R ORI 40
FRPA T, B /N SRR T A o ASHIF 78 R B, R INGNP S,
DDA R Sirtl. Nrf2. HO-1. Gpxdffj#ik /K15 % Tt
151, Sirtl/Nrf2/HO-1/Gpx4{5 518 B4 iid , DD R M
ARAT A2 08 . WSIE GNPXY DD B 1
SR E R 2SS R ZIE A O, AT RN A
GNP Sirt 1 #1175 F- 7 DDA R, 455 8o, Sirt141]
Hil77 AT 86 #2 GNPX DDA B s & R 1B, kR
DU A R FE N . BRFE TR P, Ao
22 366 JTURE TR 300 B 9 0 e SRR, FARAT R ik —
WINE,

Zi L ATk, GNP DDA B A &SRy 5
HHLHIFT B8 5380 Sirt1/Nrf2/HO-1/Gpx4%h , ##i4k
FET, (R HEAH 2258 R BNDF IR, 3E— b 0ds &
i R LA K. IX— 45 5 1] GNPIR YT DD AL s is
WA o (HDDRIFHLHIE A4, 7T REDS B FAhAE I HE A1,
T EFE— IR
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