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[ Abstract] Objective To investigate the effect of tetrandrine (Tet) on regulating the nuclear factor E2 related factor

2 (Nrf2)/heme oxygenase 1 (HO-1)/Nord like receptor protein 3 (NLRP3) signaling pathway on neuronal damage in depression
rats. Methods Seventy-two SD rats were selected and randomly divided into 6 groups (12 rats/group) using a number table
method: control group, model group, low dose Tet group (10 mgkg), medium dose Tet group (20 mg/kg), high dose Tet group
(40 mg/kg), and inhibitor group (Tet 40 mgkg+ Nrf2/HO-1/NLRP3 pathway inhibitor ML385, 30 mg/kg); Except for the con-
trol group, other rats were injected subcutaneously with corticosterone to construct a depression model. After successful mod-
eling, the control group and model group rats were gavaged and intraperitoneally injected with an equal amount of physiologi-
cal saline, while the other rats were gavaged and intraperitoneally injected with corresponding drugs once a day for 21 days. E-
valuate depression in rats using sugar water preference test, forced swimming test, and open field test; Hematoxylin eosin

(HE) and Nissl staining were used to evaluate the damage of hippocampal tissue and neurons in each group of rats; Observa-
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tion of hippocampal synaptic ultrastructure using transmission electron microscopy; Enzyme linked immunosorbent assay
(ELISA) for detecting interleukin-6 (IL-6) and IL-B in the hippocampus of rats in each group, Tumor Necrosis Factor (TNF)-
a Levels and levels of catalase (CAT), malondialdehyde (MDA), and reactive oxy gen species (ROS); Western blot was used to
detect the expression of Nrf2/HO-1/NLRP3 signaling pathway proteins, apoptosis related spot like proteins (ASC), and cys-
teine protease-1 (Caspase-1) in the hippocampus of rats in each group. Results Compared with the control group, the mod-
el group showed significant depressive behavior and severe damage to hippocampal neurons. The body mass, glucose prefer-
ence rate, autonomous activity score, number of neurons, length of active zone, thickness of dense zone, CAT activity, Nrf2,
and HO-1 protein expression levels in the hippocampal tissue of the rats were significantly reduced, while immobility time,
synaptic gap, IL-6, and IL-3 TNF- o, MDA, ROS, NLRP3, ASC, and Caspase-1 protein expression levels in the hippocam-
pal tissue were significantly increased (P <0.05); Compared with the Model group, low, medium, and high doses of Tet can
improve depressive behavior in rats and alleviate hippocampal neuronal damage (P <0.05); Inhibitors can reverse the improve-
ment effect of high-dose Tet on depression in rats (P <0.05). Conclusion Tet may alleviate depression in rats by activating

the Nrf2/HO-1/NLRP3 signaling pathway, alleviating inflammatory responses and oxidative stress damage in the hippocam-

- 647 -

pus.

[ Key words)

FVERAE 2 — B0 DL A B R | o IR A2
B FERA MGG R g PUREUR | 5 &
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(#1)2019-0014 7,8 ~ 10 JA 1%, &5 & 180 ~200 g, 1]
FEIRE 22 °C 8% 55% ~60% ,12 h YEHEIEER, £ /)N
B AL 8 ~ 12 YR, AEEEIK, (2) EZAH] Tet B
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NLRP3 3 300 i 570 08 - i — 2R R A R
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BHER A BR A F 3 bt T AHSCBE SRR B 1 (ASC) |
e 2 R B 1 -1 ( caspase-1)  Nrf2 \HO-1  3-B 2 H
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A RER K PRI LR B HE B 40 mg/kg 19 Tet FIE
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B IEHE I S A i AR R K BER TR REEE 21 d,
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B 1R K stk . KEES AR 24 b J5 28D
JOE B 1 1% FERK AT 1 E4loK 1 h 5 BUEFR
Frir TR R K I 43, B K R 4F % = B K TH AR
i/ (BRI FE R + 4K IHFER ) x100%

568 3T Y UK B0 2 K R BB 37 BH 1) [ A £
(IKIEZ1 40 cm, 7KiR 24°C +2°C ) &V 2 min J5,i05% 5
min PR FRAEK PR SRS[E]

SR 00 - K K RUBCFE SR BB A 25 AT s i) 2 4 i
#4(80 cm x 80 c¢cm x40 c¢cm) HE] H H7%3) 1 min J5 ,iC
S 4 min PSR 548 YRR B T LIS S B, R0
WEZ MFR KR A EIEHIT5
1.3.2 HE J& Nissl Qoo HitfE A S 6 H KRS,
O3B K BRI 2 b 935 T 2 20, 7 49% 2 TR
Bl 24 h J5, FEMEBR BE MK, AW E M E Y R (3
pwm) o ARIEHE YD R R R T R | B S R T HE
Jett 5 Nissl Yot , CEEMK G F, 76 W s WL gg
BEALIEEL Nissl Y@l F F CAL X 5 MLEFHEAT#l 4
JCIHAL,

1.3.3 BT HBEUERIE T 58 Ml I 2 40 8 3R J 4y
W e iE R TR (2.5% ) B RE 3 d IR
(1% ) HEOGIEE 2 h, ZT0K CFE DI E AR BE i K, A3
FB B A5 YA (50 nm) |, H#lET RS € )5 78 15 5 HL
e T LS T bl 2 T 58 fl BB A 25 A A8 A

1.3.4  KEIEG DA L0 R M 7 RS AL 3™ P )
R, ARBEF R 6 HOREL, 438 g A 4L, 4 K Rt
AR A S, R4 1L-6 \IL-B . TNF-a ELISA iR
FE R I R B 4 2 166, IL-B, TNF-a 7K,
CAT ROS, MDA s 7] & Ao il K BV 5 40 21 v CAT,
ROS MDA 7K,

1.3.5 Western-blot 75 £l Nrf2/HO-1/NLRP3 {55
I AR 1 S ASC | Caspase-1 1 3R 3A ; BEHUA4H R L
R AN Dl S B WD el N N s~ S 3
PVDF BS54 N B 2 h, 555 B4 30 Nef2 |
HO-1 NLRP3 ASC ,Caspase-1 . GAPDH —${7F 4°C 51
TIFEE R, A T HAE 37°C & FEE 90 min, %
J& Image J 3AF53 BT 454 AR R BEMH, THREAA
B AT IR K,

1.4 Stk RH Graphpad Prism 7.0 #4H T
SRTEE . FFAIER AT R TERER & 25 TR,
ZLA ] LU BER AR R T 225307, it — 20 2 1A AR
JH SNK-q #2585, P <0.05 AR HA G L,

2 % R

2.1 Tet X RBRIARIT I XAT I msm 55541t
B AR K BT e K R R | R S
F AR AN Sl ) 2 T A S AR R AR A R
fE(P <0.05) ; SHEAIA] L&, Tet K Bl R4 K
SN N ) N B B SR ) s M TV 3 =1 )
Asf 1) i & AR (P < 0. 05) 5 55 Tet i 77 40 Fo g, 4kl
RN K BRI B K IR 4% A 06 3h 140 35 1%
I, A B[R] 2 & THE (P <0.05) L& 1,

2.2 Tet ¥ RGP RALTTHG N 25 H
20K BRI S 2 ZUEE A0 TE 5 HEAAR A M HE S % A Ty
SERE MRS T, B N A R Je IR/ A 2 K
BRI T 2 S R 2 40 S ORI HE S AA BBOE T |, 30 %
45, Je F/IMA 2 o8 H IR (P <0.05) 5 S AR
A HLER, Tet A H | 5 77 o 20 K B S 2 2L 45 R 4o
B HEAR AR B B 5 T, AL R e %
B4 R 52, Je IR/ME M & e B B3 m (P <
0.05) ;5 Tet = ¥ L 41 LA, 304l 770 4 K BRUiAg 5 b 28
Je N Mok H A (P <0.05) , WK 1.2 F
#2,

R AUAREARTRE AT AL (x+9)

Tab.1 Comparison of body mass and behaviors of rats in each group

a5 n R (g) WAL 2 (% ) ANBEF I (s) EEXLTIN /)
E=E 12 318.25 £26.51 68.54 +6.21 12.36 +2. 14 54.21 +7.35
FREIZH 12 223.54 +19.26* 49.38 +5.11° 46.85 +5.96° 30.64 5. 17°
Tet A% &4 12 248.81 +18.59" 55.76 £5.35" 41.32 £5.27° 35.75 +5.46"
Tet H7il 2 12 274.82 +20.07" 58.42 £5.74" 35.72 +4.62% 41.68 £5.78"
Tet i 7 41 12 291.37 +24.32% 66.19 6. 15" 27.86 3. 75" 48.81 6. 32"
0 20 12 256.83 +22.38¢ 55.31 +4.23¢ 38.69 +4.81¢ 35.27 £5.63¢
F 18 27.581 20.550 85.364 60.068
PH <0.001 <0.001 <0.001 <0.001

T 52 AU A, P <0.05; 5B 3 ,PP <0.05; 5 Tet EFI R4 A, P <0.05; 5 Tet PRI HLE, P <0.05; 5 Tet wHIH4 L

#,°P <0.05,
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1 AR B S AW 1E OL(HE B¢ (0, x400)
Fig.1 Hippocampal tissue damage of rats in each group (HE staining, x 400)

2 BHKRMAITHGNE O ( Nissl Jefa, x400)

Fig.2 Neuron damage in each group of rats ( Nissl staining, X 400)

R2 AUEKRBMEITTAFEEIILE  (x+9)

Tab.2 Comparison of neuron survival in each group of rats

45 n MATTEE ()
EHA 6 62.82 £5.21
LTI Z 6 30.76 +3.18°
Tet fik 1 2H 6 37.51 +3.85"
Tet H7il 4 6 44.84 £4.52"
Tet {20 6 51.62 +5.31"
En i B ) 6 37.28 £2.96°
F1E 45.642
P1H <0.001

S HAE R, P <0.05; SHAIZH A PP <0.05 ;5 Tet {E5
HH A, P <0.05;5 Tet 4 L, P <0.05; 5 Tet 558 4H
He#,cP <0.05,

2.3 Tet XK U IR AT 25 141K
LI Th ik RTS8 b 2 T 2 B, G

P A R AR 2 | Sl AT R XA A B W
FMEETTI L], 525 LA AR, RS20 R B e b K
Ak (T K I U A B, B R I, 5% i e

Yol /L | AR R U X R 2 AR, 2 fi ] it
FHN(P <0.05), SR HLEE, Tet K, &7 i
A R h 28 Mk 45 4 A ) 00 A3, 28 045 T L B 4
FSREARTE 7 A M5 SRR X Wb , 3% A I B NS0
DX JEE R G 2 I, 2 fgh ] Bl 2 B AR (P < 0..05) , Tet
1o AR 4K B 5 Ml 80 R 5 fioh /)N v B 16 22 Tt A%
FI K R B A, 5 Tet SR R4
A A R 4 RO 2 M 285 ¥ 22 B ., kA o Ak
Je P9 P 5K B G, 5 fal g v T M R U
DX JRE B fb 2 AR, 2 fh ) B 8 8 i (P < 0..05) , WL A
3 M3,

2.4 Tet X KM LAHLH 1L-6 IL-B \ TNF-a 7K1
S Has A e d, B A OK U S 4P L6,
IL-B \TNF-a 7K 5 3 F 55 (P < 0.05) 5 SHBEAYZH [T
B, Tet I Hp w8 7 a2 41 K BUIE S 41 21 rp 16 1B
TNF-o K2 E FEAK (P <0.05) ; 5 Tet & 740 [t
B IR K R S 4 2 106 | IL-B  TNF-a 7K
WBETE (P <0.05) WK 4,

3 BT BT A R R D S il 45 44 ( % 20 000)

Fig.3 Transmission electron microscopy observation of synaptic ultrastructure in the hippocampus of rats in each group( x20 000)
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Tab.3  Comparison of ultrastructural parameters of hippocampal
synapses in different groups of rats
@ oA on TR 5 fi 1] Bt 0w X R

ZHH 6  376.85+20.35 9.24 +1.08 37.85 £3.36
IR 6 173.54 £15.32% 18.67 +2.67*  18.92 +1.10°
Tet l{AIELA 6  214.63 £16.25"  15.21 £2.04>  23.63 £2.12"
Tet PRI 6 245.26 +16.31™  11.54 +1.26"  28.58 +2.61"
Tet B4 6 287.57 £17.64"0  9.36 £1.13> 34,96 +3.17"¢
Pl 7 20 6 186.42 +£15.83° 15.46+1.87°  23.41 +2.36°
F 14 118.396 27.639 49.006

P1H <0.001 <0.001 <0.001

S AU, P <0.05; SHBILT 4L PP <0.05; 5 Tet fi%
FIELH AL, P <0.05; 5 Tet 4 LI, P <0.05; 5 Tet &7

% ,°P <0.05,

x4

K B B
gL

(x £s,ng/L)

IL-6 IL-B . TNF-a 7K

Tab.4 Comparison of IL-6 and IL- B, TNF-a levels in the hipp-

ocampal tissue of rats in each group

HO-1 8 [ 5K 3 FE K, NLRP3 | ASC , Caspase-1
EHFIRKFERETE(P<0.05), WWE 4 Figk 6,

RS AHKRMIMESHLD CAT ROS MDA 7KF
HoAL
Tab.5 Comparison of CAT, ROS, and MDA levels in the hipp-

(x+s)

ocampal tissue of rats in each group

2| n  CAT(U/mg) MDA(nmol/mg)  ROS(pmol/mg)
2 HH 6 6.78+0.87 3.83+0.42 104.72 +9.81
L RIUEE | 6 1.02+0.15* 12.74 +0.79* 253.49 +16.43*
Tet AFIHEL4 6 2.15 +£0.42° 9.53 +0.64" 216.83 £13.26"
Tet T 6  3.86 +0.64>  6.34 +0.48" 165.62 +11.75"
Tet F7HE4L 6 6.05+0.83"!  3.36+£0.37"¢  110.87 £9. 68"
MHFHE 6 2.24+0.51° 8.87 +0.62° 205.17 £12.31°¢
F1H 83.216 239.993 139. 696
P{H <0.001 <0.001 <0.001

52 AU, P <0.05; SR E PP <0.05; 5 Tet ik
R HAE, P <0.05; 5 Tet HFHELIHAE,'P <0.05; 5 Tet Bl i
HHE,°P <0.05,

45 n IL-6 1L-B TNF-a
E{EE 6 4.53+0.49 15.47 +1.77 5.16 £0.67
HEAIL 6  22.61 £2.25° 40.68 £4.45"  17.34 £1.46°
Tet iFIE4H 6  18.91 +1.82" 34.47 £3.76"  14.23 £1.25"
Tet PRI 6 13.14 £1.25%  26.96 £3.21" 10.86 +1.07"
Tet (AL 6 6.82x1.01""  18.48 £2.15" 573 £0.74"
R 2H 6  17.84+1.76° 31.56 £3.10°  13.62 +1.13¢
FA4 128.412 54.226 120.712
P1E <0.001 <0.001 <0.001

T 52 A, P<0.05; SHRAHE, P <0.05; 5 Tet fik
FIRA LA ,°P <0.05; 5 Tet P LA, P <0.05; 5 Tet 7l
L ,°P <0.05,

2.5 Tet X KR SHLUH CAT,ROS MDA 7K1
S S5a8 (AR SR R R LS CAT 3
P @ F 55 , MDA \ROS /K- & THE (P <0.05) 3 5
BEHUZH A, Tet K, v e A0 2 40 K Rl i 15 4 21
CAT 5% . 3 35 5, MDA | ROS 7K - B FH FEAK (P <
0.05) ;5 Tet ¥ i 41 Hugs, 307 770 4 K R iAg 2 21 21
H CAT 3 M 583508055 , MDA \ROS 7KV 8 3 7 (P <
0.05),W.35,

2.6 Tet X KM HALUH Nif2 HO-1 \NLRP3 | ASC ,
Caspase-1 £ IR 525 (4 i, BRI K
B2 21 Nif2 \(HO-1 8 3R IA 7K i A, NL-
RP3 (ASC, Caspase-1 i [1 3R ik KV i T+ & (P <
0.05) ; SRR Ho A, Tet A% R 7 41K U o
HAH Nif2 | HO-1 35 [ &K kK F 2 3% F+ s, NLRP3 |
ASC ,Caspase-1 £ KR AR ZHFEIL(P <0.05) ;5
Tet 1 771 2 21 o 48, 410 i 5770 41 K BV 5 21 40 N2

AL 28 AL B BB ; C. Tet AR 5415 D. Tet H157) it 41 E. Tet 57 £ 41

F il I2H
Bl 4 Western-blot Al 4541 K BRI 414U Nef2 \HO-1

NLRP3 |ASC , Caspase-1 HEHEXLKR
Fig. 4 Western blot detection of Nrf2, HO-1, NLRP3, ASC,
Caspase-1 protein expression in the hippocampus of rats
in each group
303 #

HREFVABAE S — i i P | A2 R P R TR A A i
A 22 9 TR S5 Jo A el 8 0, HG A 3R R B R A
Rt SR BT S B A S A E K B
BB AT Sh W)W 5T, LA SR AE 455 28 R BRI 98 &
PO SRR B R U R R K T S AR
Y BRSNS 2 . AR A B, A R 20 R B AR T
PR EER | H BTSRRI Ha0 kR
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K6 HBHAKFIEDHLH N2 HO-1 NLRP3 ASC Caspase-1 TEHRIKLE (5 +5)
Tab.6 Comparison of Nrf2, HO-1, NLRP3, ASC, Caspase-1 protein expressions in hippocampal tissue of rats in each group

M5Bl n Nif2 HO-1 NLRP3 ASC Caspase-1
ZHH 6 1.88 +0.15 1.58 +0.14 0.17 +0.03 0.14 +0.01 0.17 £0.02
HEAIL 6 0.10 £0.01° 0.26 +0.06" 1.88 +0.14° 1.92 +0.17° 2.14 +0.19°
Tet &5 2H 6 0.57 £0.07" 0.59 £0.05" 1.41 £0.11" 1.38 £0.10" 1.63 £0.13"
Tet H 7|24 6 1.12 £0.09" 0.98 +0.07" 0.92 +0.08" 0.87 +0.08" 1.03 +0.09"
Tet = 7 4 6 1.76 £0.15%4 1.37 £0. 14% 0.27 £0.01% 0.33 £0.02" 0.46 £0. 04"
R 2H 6 0.68 £0.07¢ 0.84 £0.08° 0.91 £0.07¢ 0.96 +0.08° 1.16 £0.11°
F i 281.335 151.497 351.251 299. 467 253.291
P <0.001 <0.001 <0.001 <0.001 <0.001

WS HA N, P <0.05; SHEAIHIE PP <0.05; 5 Tet (RFIEL LE, P <0.05; 5 Tet PFIELHLE, P <0.05; 5 Tet FHIEAHLL

#,°P<0.05,

Sy i) K SR A T, SR IS 45 5 — 2, B A
IS E A FRABE AR ) 2 B 2y

I F PR _XHIARAE 136 T AR 2, (A A7 A
FHZGRHAH B 7= A AN B 25 IR A, T3 AS g B AR
DRI AR5 M B PR | e 4 R A Ak T AMAT 24 4 S
i K b AR AR AP MR ARSI R UR T h B2
(14 Tet RESGIANAR K B T i A1 1% BEMHEFE R | FRAR
56 3 i UK X R e AR S S A i Lk BT ) LA G2 i IR
TVARIE VR ARBIFFE & B, Tet RE4H J6 50 10 JiF Tk
AN IE] 3G OR B BT i K I 4% B T 3 F
oy, REAMARAT 45 2 8 3 003, 5 R A F o 45
—3,
P28 5 M SO RN Sk 5 i 2 R A G, — 2
I PRAFFZE 2 B, BRI IR 5 412 4% PR 7 1) 2 5K 22 A A7 A
ARSR I SCHE T L, 048 24 1 48 F € B E B mT DA el 2
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