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neuronal oxidative damage and microglial activation
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[Abstract] Objective Different tandospirone citrate compositions (TCCs) were screened to assess their effectiveness in improv-
ing depressive behaviors in mice and to explore the neuroprotective effects of the most effective combinations. Methods Animal behav-
ioral experiments and in vitro cellular experiments were used. In animal experiments, the effects of five TCCs on depression-like behav-
iors in mice were evaluated by the forced swim test (FST) and tail suspension test (TST). In vitro experiments were conducted to inves-
tigate the effects of TCC—4, which exhibited the best performance , on inhibiting hydrogen peroxide (H,0,)—induced damage in PC-12
cells and lipopolysaccharide (LPS)—induced neuroinflammation in BV-2 cells. Results In FST and TST experiments, TCCs signifi-
cantly reduced the resting time of mice (P < 0.05) , showing their antidepressant-like effects. In H,0,~induced PC-12 cells, the best—
performing TCC—4 was found to effectively inhibit cell death, reactive oxygen species (ROS) production, and mitochondrial membrane
potential (MMP) reduction (P < 0.001). Additionally, TCC—4 could attenuate LPS—induced BV-2 cell activation and phagocytosis
(P < 0.001). Conclusion TCCs, especially TCC—4,showed favorable antidepressant effects. The mechanism of action might be related
to the inhibition of oxidative damage in neurons and the regulation of microglia activation. These findings provided support for the poten-
tial of TCC—4 as a novel antidepressant drug and laid the foundation for further studies on its clinical application.
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Table 1 Ratios of compound I,11,11I in TCC1 to TCCS

k&4 FR  TCC-1 TCC-2 TCC-3 TCC—-4 TCC-5
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Figure 1 The chemical structure of compound I, compound I, compound

III,and TC
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FUBIAS SR BRIE A /N U L3R FL, SRS # b A
Bl NS E] 80 2R B 245 A PUmARTE 1
1.5 3EiBFRSELE

SRIATEVK S0 (FST) 2 IPAL 25 T im AR i o , U
SEAE DR IN A A T O T AR R sk
B BT IXORE I SR B Y it s b T R ) K Tk
RS I, 2 R B — PR R LA T R, T AR
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AHFFE K ] 3-(4,5-Dimethyl-2-thiazolyl ) —2,5—di-
phenyl-2H—tetrazolium bromide (MTT )24 I I PFA 40
Jiu 37 25 A R (R A0S T o TR AZ 2 P Ab 3
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RAEFAF T BN AN s RS . LPS kb B | 24
LR A B BV=2 40 i {1 250 ng/ml. () TCC—4 #E47 kb
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K SPSS B AT GE it rHr o XA A IE S o Al
B K P, 48 B K 5 22 90 M7 (Analysis of variance,
ANOVA) 73 o 24 ANOVA 78 B 3% 22 it %
Tukey W pEER (Honestly Significant Difference,
HSD ) K6 5647 55 5 40 Br , ABH A 4 a2 4L i) [l ) 22 5
P < 0.05 K25 BAGH L,

2 R
2.1 TCC-4 BEM/NR TST FHABhATE
FEFRIE TCCs MPTIABRSCER I, X BREH A 537 28

VA (258 F /KO AR HE, 5 40 TCCs G 93 L) 10 mg/ke
M —EOR T A2 . BT T IS, /NETE TST
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Table 2 Cumulative immobility time of mice in TST

ZHR R FAABHITE] )
*FHRZH 172.23 + 9.89

ST 92.47 + 11.25"
TCC—1 147.95 + 11.26°
TCC-2 146.08 * 11.43"
TCC-3 108.48 + 9.73"

TCC—4 91.71 + 10.42°
TCC-5 106.62 + 10.05"

Eia bR, P<0.05;b 54, P <0.01,

2.2 TCC-4 REMR/INR FST AR BhAETE

TEPEAL TCCs 7E FST H A Sh s [a] i, % B2l 4237
25 A (8 F/K) LB, 5 4 TCCs A& L 10
mg/kg M — B R B 425, 290 TG, & 4/NRAE
FSTH ) R TFASShE R A3 3 iR o
2.3 TCC-41R5 H,0,%5H PC-12 4HRaiE 14

MTT A 25 5 7% 1 000 ng/mL ) TCC—4 7£ PC—12
IR R R AR, 22 R TR R X (
P > 0.05), WEI2A, #F kLI H,0,15 5 PC-12 14
A AL A, ST AE 45 T 25 T B 1 F MTT 462
1A TG A B S e IR AR B A . 25 R an &l 2B i
7 s Hy0, BEFRAE T PC-12 40 193K 24 (P < 0.001) , 1fij
TCC—4 FI NAC % 35 42 & 17 PC—12 40 il 19 3 14 (P <
0.05), K20 455 W75 . TCC—4 F1 NAC fEA &k &
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Table 3 Cumulative immobility time of mice in the FST

HlZFR BV ABNIE] ()
X REAH 162.71 + 11.25
ST 90.62 + 10.43°
TCC-1 139.08 + 10.26"
TCC-2 138.89 *+ 10.11°
TCC-3 95.44 + 879
TCC—4 88.79 + 9.52°
TCC-5 96.08  9.68"
Era G4, P<0.05;b5 A RAAL, P <0.01,

ﬁﬁﬂﬂﬂﬂﬂﬂ

T T T T T T T
o 78 156 313 625 125 250 500 1000 A
TCC-4 (ng/mL)

TCC-4(ng/mL) - - 7.8 156 31.3 625 125 250 500 -

H 0, (200 uM)
TCC4 TCC4 TCC4 NAC
mL) (125 g/mL) L) (500 ng/mL) ®

B2 TCC-41%58 H,0,% E’rﬁ"] PC-12 4B Y& 1%
Figure 2 TCC—4 enhances the viability of H,0,~induced PC-12 cells
VE AR RS B H) TCC—4 AL FL PC—12 48 0L 24 h )G 84 4m oL 7%
M B.H,O, 2 269 PC—12 48 £ 3 R Al TCC—4 4L 2224 h 5 49 4
ML P 5 C.HL0, 2L 22649 PC—12 2 042 JA 2 R JA TCC—4 4= NAC 4L 32
24 h G0 RS &, S AR LA AL % P < 0.05, %% P < 0.01,%%% P <
0.001 , 7 KAFH 10X 47 K: 200 wm.,
2.4 TCC-4i® b H,0, SR PC-12 %L T-
FATHH Hoechst/P1 s (75K 1 PC—12 2 L 9 5E
T 7EH H0,15 % PC-12 WY [RINH25 T 259t 4 7 Hii
24 h )7 4T Hoechst/PL YL (8, 85 5 7, 5% HRATAA L,
FEAIZH B E N T PC—12 41 i PI/Hoechst % (@ 1) Lt
BI(P < 0.001), 1 TCC—4 FI NAC )b # g 2 P A% T H:
Fefil (P < 0.001), WL 3.,

H 0, (200 uM)

(525 g!mL) (125 g/mu (250 g/mu (sou g/mL) (5 mMi

HO,(004M) -+ + + + + +

TECA (ngml) - - 625 125 250 500 -

NAC(5mM) - - - - - - 4
B

&3 TCC—4:Jﬁ{'/‘ Hzoglﬁﬂ-ﬁ’ﬂ PC—’IZéEIHE?Et
Figure 3 TCC-4 reduced H,O,—induced PC~12 cell death
7E A H,0, 2 2289 PC—12 40 L2 J R ) TCC—4 F» NAC 4L 22
24 h J& %9 %8 i, Hoechst/PI % &, B 4% ; B. PC—12 48 i P Hoechst/PI %9
Yo, 5 REAN LA AR R P < 0.001 , A KAEFHL 10XAR R 200 wm.
2.5 TCC—4B&EH.O0, S/ PC-12 4 A ROS/KF
55X REZEAR L, SR 20 (1) DHE 2 55 B B S 384
(P <0.001), SHEAIAIAH L, TCC-4 5 NAC 40 B i
PC-12 41l iy B {2 R (1K DHE 28 %58 B (P < 0.001) ,

PUHoechst (%)
N W s o

moeoomm . 1 L 1 T T L1 17 B

ULIE 4,

H 0, (200 uM)

3

AC
1525 g!mL) (125 g/mL) 1250 g/mL) 1500 g/mu (5 mM)

3

Relative DHE intensity (%)
8 &

H,0, (200 uM) +++++++

TCC4 (ngiml) - - 625 125 250 500 -

NAC(mM) - - - - - -+
B

B4 TCC-4P&IEH,0,FSHIPC-12 gﬂiﬂ@.l*] ROS 7k
Figure 4 TCC—4 reduced H,0,~induced intracellular ROS levels in PC—
12 cells

7 :AH,0, 42 89 PC—12 AL A R I TCC—4 2 NAC 4 2
24 h J5 %4 28 JL Hoechst/DHE % & B 1% ; B. PC—12 48 JL P &9 78 *f
DHE 3 X 3% B, 5 AR A AR bb , %k P < 0.001 , 2% KAEH 10X 45 R
200 pm,
2.6 TCC-41&& H,0,1%5 PC—12 ZHRaHILRA{AREER (i
5 X RAIAH H, H,0, 58 35 FRAIR PC—12 41 i 11
PR (P < 0.001) , 7E45 T T TCC—4 F1 NAC &b ¥
J& A0 TP Y 2 St a B A BB WK (P < 0.001) ,
LA 5,

H 0, (200 uM)

3

NAC
(525 g/mL7 (125 g/mu 1250 g/mL) (500 g/mu (5 mM)

8

Relative TMRM intensity (%)
8

H,0, (200 uM)
TCC 4 (n g/mL) .- N
NAC(EmMM) - - - - - - &
B

B 5 TCC-41E H,0, % SH PC-12 2Eﬂﬁ!ﬁ’]§€7|‘iﬁ§ﬁ§ ==K
Figure 5 TCC—4 restores the mitochondrial membrane potential of PC~12
cells induced by H,0,

E:AH,0, 43 6 PC—12 29 jo e A R A TCC—4 F» NAC 4L 22
24 h J& #9 48 i, Hoechst/ TMRM % & B 4% ; B. PC—12 20 i, F 49 48 %

TMRM % %58 ; HAEA 4R 1k, #%% P < 0.001 , 2 KAE 3 10X 4%
R 200 pme
2.7 TCC-4#%IBE % #E (LPS)i% S BV-2 4BiiE

AT S T TCC—4 X BV-2 B 41 376 7 1 5%
Wi, MTT 45 5 5 7R 500 ng/mL & LR #e BE Al TCC—4 %
BV-2 4l g A&7 F k(P > 0.05), WK 6A, R
K, A FH LPS 500 35 240 6L DA ASE $0L RS B o 9 4R E S I o
MTT %5 3 7R, TCC—4 A1 LPS 34 R 25 i 25 52 i
BV-2 ZH L B TE (P > 0.05, WWIEI6B) . tteah, FeAi1mi
RIS T BV-2 4 AIES . 25K 6C.D
7~ SX BRAL AR HE, LPS 4 B 3 4R = T BV-2 4B (3
W% (P <0.001), 5LPSHIL, A TCC-4 T HiG,
BV-2 4 [ (1) 306 3 B B FE IR (P < 0.001) o
2.8 TCC-4#l%I LPS 51 BV-2 ZHR F IS #E

50 REZH R B, 5750 2 7 s gt £ 5 D' K 1 240 i
B A 38N (P < 0.001) . SR A L, A TCC-
4 TG , FVEER OSBRI BV -2 20 i 50 B 3 08
D RN TCC—4 M4 T LPS 755 BV—2 40 i it 45 W fiE
J1(P<0.001), WA 7,
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g
g

Cell Viability(%)
g 2 g
Cell Viability(%)

10

. T T T T T
Ctrl 62.5 125 250 500 LPS (400 ng/mL) - + + + + +
B TCC-4 (ngimL) - i
TCC4 (ngimL) A (ng/mL) 625 125 250 500 B

3 LPS (400ngiml)-  + + -
C TCC4@songml)- -+ o+ p

6 TCC-4#lHl LPS %S BV-2 4H A HEIE

Figure 6 TCC—4 inhibits LPS—induced activation of BV-2 cells

VE AR JE A TCC—4 AL 22 BV -2 20 It 24 h J& 09 20 JL & 1 ;
B. LPS 4 22 84 BV—2 20 /2 ] 3 R ] TCC—4 AL 22 24 h JG 09 2a L 7%
M CLPS A 224 BV -2 2 I A2 A R Al TCC—4 42224 h J5 0 4w it
WA D. MATBE G B2 5 A AR, #5% P < 0.001 , 3K
KAEHN0XARR: 200 wm

s @ongml. v o

A TCc4(s0ngmL)- -+ + B

7 TCC-43# LPS %5 BV-2 4RI &I BE 71
Figure 7 TCC—4 inhibits LPS—induced phagocytosis of BV-2 cells
E:ALPS A F2 89 BV-2 20 Ja e A R TCC—4 42224 h & B
W LE &0 AR IR fa FL AR s B. BV -2 4a i AR AT B Ak ) 5 S AR A
ZRARIL Rk P < 0.001 , A RAFH 10X, 47 R 200 pm.,

3 Wip

TR, EE TR T ARE, Y 5
JHE VA SZ AR B R RERRTE L RS-/
Jigi 3 3% 2% 98 (multiple system atrophy — cerebellar sub-
type, MSA-C) i 2 v, 3H MR PR VG 7 48 JE R AR AE IR
(A R E B AT N AT BFSE o , SHTmar ¥ 3L
) PR 22 A G, 3832 B 7 S TS R AR PRI IR A
BEul /NG S PRRE AR 7 R AR YA
FHPLHI A& I8 K 5S-Gk RS0, =X TIRIT R
JEFIAARE s O 2,

AT TCCs PTIMARBCR AL 1 8 2EdE , T
HOGHE T TCC—41E S AT 0 AN AL h et S FH o o
2T A AR TE SRR AE & Jre vt 3 SCBEAE T, SR
i ) BT RE A A, P AT 25 B R G R R
MRERAE AL ] SEPE R I S IX A543 L) S o
PRI RERRE A2, BFFEE5 SRR, TCC-4 7RI D /N Bl
THRFEAT by B LR AP i 2 A i 6 32 S AR B P AN 22 98
Dy s B E W T AT R R G i TST A FST
LS AT L, TCC-4 A7 &40 /b 1 /N SRR REA T, (i
AR T ok 2 3R S /N B S B ) R H i
REHCIPABRICR o W A Bl (] 5 O BT AR 2549
FRPGTT AR, W] TCC-4 ] B2 — M RCR 3R KRR

Ratio of phagocy cells (%)

VERE, BT R ORI RIVER . fE40i)Z 1 , TCC—4
XF H,0, 7551 PC—12 4 R e 84 B B OR3P A
Hlo TCC-4PK%E T H,0,75 5 1) PC-12 4 i 1% 71 1Y 3%
9%, 5T 3T Hoechst/PT 42 (432 FH I X 4316 40 i A1 5T
AL, Hoechst Yo b}, — Bl (0L k), RBES & T A 41
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