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CHENG Hong-yan', WANG Dan-hui', ZHAO Wen-jie', WANG Tian-cheng', XU Wen-xue',
ZHANG Cai-yun'?, ZHAO Ya-nan’, ZHANG Yan-chun'*

(1. College of Pharmacy, Anhui University of Chinese Medicine, Hefei 230012, China; 2. Anhui Province Key Laboratory
of Research & Development of Chinese Medicine, Hefei 230012, China; 3. Pharmacy Center, Hefei Cancer Hospital,
Chinese Academy of Sciences, Hefei 230012, China)

Abstract: The pathogenesis of depression is complex, and some existing monoamine antidepressants have
problems such as drug resistance or off-target failure. Traditional Chinese medicine has the characteristics of
"multi-component and multi-target", and has been used in the treatment of depression in clinical practice. Yueju pill
is effective in the treatment of depression. Geniposide and ligustrazine, the active ingredients of Gardeniae fructus
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and Ligusticum sinense 'Chuanxiong', play a key role in the treatment of depression. In this study, based on the
neuroprotective activity of genipin and the rapid antidepressant activity of tetramethylpyrazine, a series of novel
genipin derivatives were designed and synthesized through pharmacophore assembly principle, and their
neuroprotective activity and antidepressant effect were investigated. The results showed that the novel genipin
derivatives had well neuroprotective activity on the glutamate-induced HT-22 cell model, with compounds W-1 and
W-3 showing better protective activity. In behavioral despair depression (BDD) model mice, compound W-3 was
found to have better antidepressant activity than W-1 in tail suspension test and forced swimming test. Further
study on the behavior of chronic unpredictable mild stress (CUMS) model mice showed that W-3 could
significantly improve the depression-like behavior of model mice. All animal experiments were approved by the
Experimental Animal Ethics Committee of Anhui University of Chinese Medicine (approval number: AHUCM-
mouse-2022027). The effects of the preferred compound W-3 on protein kinase A (PKA), cAMP response element
binding protein (CREB), brain-derived neurotrophic factor (BDNF), 5-hydroxytryptamine 1A (5-HT,,) receptor, N-
methyl-D-aspartate ionic glutamate receptor 2A (GluN2A) and N-methyl-D-aspartate ionic glutamate receptor 2B
(GluN2B) were analyzed by Western blot. W-3 treatment significantly up-regulated the protein expression of PKA,
CREB, BDNF and 5-HT
PCR were consistent with those of Western blot. According to the above results, compound W-3 has a potential

and down-regulated the protein expression of GluN2A and GluN2B. The results of qRT-

1A

antidepressant effect, and its mechanism may be related to the activation of PKA-CREB-BDNF signaling pathway

by regulating the expression of GIuN2A, GluN2B and 5-HT,, receptor proteins.
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Scheme 1  Synthetic route of compound W-3. Reagents and conditions: (i) p-TsOH-H,0, MeOH/i-PrOH, 80 °C, 1 h; (ii) CH,SO,CI, Et;N,
CH,CI,, 0 °C, 2 h; (iii) CH,Cl,, 0 °C, 6 h; (iv) K,CO,, DMF, r.t, 4 h; CH,OH/HCI (Conc.)
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Figure 3 The effects of novel genipin derivatives on the survival
rate of HT-22 cells induced by glutamate. n = 6, x + 5. “**P <
0.001 vs control; "P < 0.05, "P < 0.01, ""P < 0.001 vs model; “P <
0.05, "P < 0.01, *P < 0.001 vs Flu; “P < 0.05, **P < 0.01, ***P <
0.001 vs genipin. Flu: Fluoxetine
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Figure 4 Effect of W-3 on the duration of TST and FST immobility in BDD model (n = 6, x = s5) and CUMS model (n = 10, x £ 5). A: TST
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Figure 5 Effect of compound W-3 on the rate of sugar-water
preference in CUMS model. n = 10, x £ 5. ““*P < 0.001 vs control;

P <0.001 vs CUMS model; “P < 0.05, **P < 0.001 vs Flu
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Figure 8 Effect of W-3 on receptor proteins in brain (A-D). n =3, x + 5. “P < 0.01, “**P < 0.001 vs control; P < 0.05, P < 0.01 vs
CUMS model; "P < 0.05 vs Flu. 5-HT,,: 5-Hydroxytryptamine 1A; GIuN2A: N-Methyl-D-aspartate receptor 2A; GluN2B: N-Methyl-D-

aspartate receptor 2B
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Figure 9 Effect of W-3 on the mRNA levels of CREB, PKA,
BDNF, 5-HT,,, GluN24 and GIuN2B. n =3, x 5. “““P < 0.001 vs

control; P < 0.001 vs CUMS model; “P < 0.05, P < 0.01, "P <
0.001 vs Flu
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50%~60%- 12 h B} 1% 1 PR 1R 0 58 o B4 95 1 .
SEI6 T FE oR AT B B SRR K AR, B S0 AR 2 E
i o R 2R S S e B 2R R v (e EE AL
5 : AHUCM-mouse-2022027).
1.2 EEMERRAT I AE IR B e,
I H % A & IE . 7 Bruker 400 (Brucker, #ij 1) Il
& 'H NMR 1 °C NMROGHE, F HAHXT T DY FE Rk Joe,,
JT A A 5 A0 #2 LL ppm v B A7, i 1% B AB-SCIEX-
XS500R BT A g o S5 P 75 40 2250 B _E iR 4
T FE TR RV I R A LR SRS, BT A A
BT B A 2R A s o M A, ToRER U, — A& alifh
A B A

fi 2 L3 (2 BORIR A EAR AR TTAEA A,
20221213); DMEM 5 77 3 (38 Bk Kt R BB A A,
8122638); PBS 2 Il CCK-8 ikl & (b 5t 22 A M &}

FeA PR F], 22282121 A101100088); fif: Fi 4H A i 14
(FWE = REWHREA R A, 122022230225);
CREB ¥ #& . BDNF $i f& il pCREB $L& (% [F Abcam
A #], GR3102561-9. GR3105124-2 1 GR3012040-15);
GAPDH Pk« 1l 251/ B 1gG Al 2 5t % 1gG (AL =
A2 S AEW R AR A R A F, 210040421.236000213
F11234750414); PKA HifA  5-HT,, ¥4 GIluN2A i #4
A1 GluN2B $i & (A6 50 1 B AR A= B R BR A #],
AF19210562.  AD08246150.  AF19210516  flI
AG08450014); ECL B G & (b3 = A FH
HIRAT], 23158476); [t 3l & (AL = HIEAEY
HAARAHE, AM62082A).

2 BRUEYNER

2.1 1-ZEH-7-(BEHE)-1,4a,5,7a- TSI BE [c] ML
M-4-FREREAESAI A AL B 100 mL T 45 0 B4 11 Be i,
KTIIN B R (1.0 g, 4.42 mmol) K B K B2 - /K &
¥ (1.0 g, 5.30 mmol). Z % (7.74 mL, 132.33 mmol),
80 °C N 1 hJ&, TLCKEM (f1 Mk : 2R 4 BE = 1:1)
JERE LA 2 B 58 4, sk 10 mL, & H %E (2 x 30 mL)
ZHL, A AU, AT SN (3 x 30 mL) BE¥,
TR BRER BN T4, W4, REIRAE 22 3 (it - 2R
LB =4:1) 1R E AR 1.5 g, 772 80%.

22 HEI-ZEE-7-(FEFEBE)FE]-1,42,5,7a-
IR E [c] M IE-4-FREE AR AR 100 mL T
P B B TR, AR NN 1- 23R -7- (32 W 3E)-1,4a,5,
Ta-PU S IR K [c] Mk I -4-F2 1% 1 5 (0.9 g, 3.54 mmol).
TARH KIS mL. = 4% (5.3 g, 5.31 mmol), VK& HE



PR A B e TATEM R Bt & ORI i A F 7 - 2571 -

™ 2218 0 RS EE A (4.2 g, 3.72 mmol), VKB SFETR
k4[N 2 hy TLCAE I (A 4R 408 = 1:1) J&
REEARRPLE A [ B I 10% 5 32 B8R 4T
Bedk (3 x 20 mL), oK B B BN T, T 47 15 ik B (UM
RVI1.2 g, F2HT5%.
23 2,35-ZHE-6-(IkRMR-1-ERE)MENERKR (£
250 mL 5 R AR O IR 2 (8.8 g, 10.26 mmol)
T 28 mL, 0 °C AR ZE A% i N 2- (U E)-3,5,
6- = FHJEMLIEE (5.0 g, 2.93 mmol) () — 5 W BEia W, 7
VKU 26 E R 4k 82 S S 6 h, TLC A (f7 ik 2 218 2
B = 1:1) R A [ 8756 4%, 7K ¥E (4 x 50 mL), 1Al
FALENIA I (2 x 30 mL) Yok, /K BREREN T, IRk 40
BIRFE AR 1.6 ¢, 77 % 77%.
24 1-ZEE-T-[(FEEE)FE]-1,4a,5,7a-0 S IR
K|t iE-4- 5 EL FHEE - —2hFR Eh (W-3) &R 7
250 mL 5 1RSI AR AR I ON B R 1- AR R -7 (R
Tl 1 25 ) 460 3 ) - 1,4, 5, 7a- DU S A 13 2 [c] ML PR -4- R TR HY
fig (1.5 g, 4.3 mmol).2,3,5- = H1 L -6- (R & - 1-J H1 %)
ML (1.6 g, 8.4 mmol). ik B #F (1.2 g, 8.7 mmol).DMF
20 mL, W 4 h, TLC A (A Bk - 218 2.0 =
121 JR R A I B 56 4, sk 10 mL, & H bt (2 x
30 mL) ZEHL, & IFA VLA, A EENE R (3 x 30 mL)
Ve, TKBREREA T4, W46, Rk AE 3 B8 Chi ik
PR W8 = 5:1) £330k YD, IS mL F BV A, IR Eh IR
W pH 2, AR, BT dl, I8, JEDFF IR 1.0 g A A 1k,
77 2 58%, m.p. 273.8~274.9 °C. 'H NMR (300 MHz,
CDCL,) § 7.52 (s, 1H), 5.74 (s, 1H), 4.71 (d, J = 7.3 Hz,
1H), 3.75 (s, 4H), 3.63 (d, J = 7.1 Hz, 3H), 3.19 (q, J =
8.5, 8.1 Hz, 2H), 3.04 (d, J = 14.2 Hz, 1H), 2.85 (m, J =
15.6, 9.1 Hz, 1H), 2.71~2.63 (m, 2H), 2.60 (s, 8H), 2.52
(s, 9H), 1.26 (d, J = 7.1 Hz, 3H); "C NMR (101 MHz,
CDCl,) 6 168.01, 152.31, 149.87, 149.47, 148.03, 129.52,
110.95, 101.29, 65.21, 61.76, 57.93, 53.22, 51.14, 46.60,
38.78, 35.11, 21.55, 21.45, 20.97, 15.13. ESI-HR-MS
miz: caled. for C,;H,N,O, [M+H] " 457.280 9, found
457.280 4.
3 CCK-8EMZEMAES

HT-22 i g LA 2x 10* (1) % 5 B2 Fh T 96 LK 1, %S
E0 RRZE TR R R A2 . W L AE A TR (]
(61224 F148 h)y IO R FE 1A R, %o I B[]
FFALINA 10 pL CCK-8 ¥, 37 °ClHE I ¥ 7248 i &
2 hJ&, {£ 450 nm & Tl & W% BE (optical density,
OD) 8.

Yo 200 M 170 A B2 P 1 96 FLAR, J3 ot A (R 21
(&R S mmol L) AR5 T W-3 . Flu Fl 5 JE 145

2520 (0.1.1 F110 pmol-L™"). 4b#E 24 h J5, K CCK-8
2005 ODH, %4 (1) THEM AR S % .
S - 2 T RY
- (S90410DMH - 25 FIXTHHYLOD(H )
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(¥HRLIODI - % FIXIRLIODA )

(1)

4 HIEBIREIIDE

Y FEAT N AIARAE B A5 AL R T B AR 24 1 24 3
SRR N RS R SR 7RG, BEALSY R 8 4.
1E % 41 Flu (20 mg-kg") 41 W-1 (0.1.1 110 mg-kg")
4 W-3 (0.1.1 110 mg-kg") 4. AHHANRE T
0.1 mL-20 g f I yE iF, 1E % 45 F S A A B bk .
WG R FE ST 1 h S, R/ BRUZE AT B )R8 SI 5 A i 3 Y ik S
56, 103N RER LB (s).

7E Willner yEPY £ Al 1 %F CUMS #2488 77 v E 1T 24
o C5TBL/6J /) BR 4 55 1 AN o] TR0 Py ik A0 R I3 0 48
28 Ko MR R EAEEE A IR VKKK IR E I
Br I eI . @RI TR T R G, ¥/ BREEHL R
IEHH (47524 EE/K) . CUMS 240 W-3 (0.1, 1 il
10 mg-kg") HAI Flu (20 mg-kg™") . /R EIKIE
955 pl-g!, 1IEH 4180 CUMS 445 725 AR R 3 E K .
Rl MR 3 ORI IR 48 24, 45 25 R I 4 R FR L 30 AT
RL, FREE R S IR 45 W eR 2, 2 Ja AT AT N 48 5
ioR/I
5 TRFEEN
5.1 BN BEXE KA FSTHM TST/EAAT
NI VAL S W-3 BT AR IS . DRER
SZIG ¥R AE S I8 Lucien Steru 19 /7 v 00 DB HERY, 5R38
T bk S8 HE1E 2 W8 Porsolt [ 5 3 I DA S HERS . SR P sz
56 = [ o) S U B B A, A AL S5 /) B E SR IV K
T 24 h 43 EAT 15 min JEUK U 2k, 24 h 5 53 500 I8 Jis
S5 T 25 /N BRAH L2590, 1 h S JBONAR P 3R AT 5838 Ui
VK, GEit /s BROE A S AN AR P HT 6 min P )5 4 min )
ZAFA BT [A]
5.2 BEKIRIFSEIG  WE K O er S50 FH R A 0 40 A
i (1A% 0o PR PR SBR S AT Sy, LA PP Ak 256 30 470 1) 0TS
FEE, JF HAE N 56 CUMS #5574 2 57 5% 3 11 1 34 bn
RO, 7R SEIG IR ST A AT, #EAT = RZR. ZIU R/
BB 7R, 45 T — 2R IR K S — I 1% B R A I S AN
kL. 4h)E, %A Q) TR KRG .

\ K IEFE I
KA 529 =
’ (R HERE + K EERE)
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Table 1 Sequences of primers
Gene Forward primer (5'—3") Reverse primer (5'—3")
[f-actin AGTGTGACGTTGACATCCGT TGCTAGGAGCCAGAGCAGTA
CREB GTGAAGATGGCCGAGAACTT CAGCTCATCAGGAAGGTCAT
BDNF TTACTCTCCTGGGTTCCTGA ACGTCCACTTCTGTTTCCTT
PKA CTTCCTGTTCCCACCCTATC AAATCTTCCTTGGCTTTGGC
5-HT,, CTTTCCAATGTCTGCACCTG ACCAGCAACTTTGGCAATTT
GIluN2A4 TGACTATTCTCCGCCTTTCC CGTCCAACTTCCCAGTTTTC
GIluN2B CCTCCTGTGTGAGAGGAAAG GTAGAGGAGTCTCTGTGTGG

PN /IS BV BT 1) B R AN ST 5 T
6 (HALAREARIE

1T NS 925 45 d e, S B 4% 0.3% 1R B EL 22 40
50 mg kg IR HE X %5 2H S50 /)N BR AT I A S AR T
HEL HE 7 Jik M SR L, LR 4R 5 S B L /) B PR P 2EL 21,
BT EPE I T AR+
7 ERARRZENTE

W /N B 2 21 5 RIPA 2% p il (RIPA 24 i 1K -
PMSF = 100:1) JB & 213, UK 76> 22, 20 i B8
N\ RIPA 22 P A 10K E 24 . BCA IRF S I 2
R . K % 5 R & 31T SDS-PAGE J # # 2
PVDF 5 I o il T F 5% [t 5 4= @3 P 2 h, TBST
HEH3WE T4 CTE—mmEIR. W8 TRE
TBST{H ¥ 3 JFE =R N SH MK 5 E 1.2 he
SR J P B EUIL 22 KOG WU 52, Tmage T 820 BT 2541 )
6% AR
8 qRT-PCR’K“i')l'J

K H qRT-PCR #57 A A Wl /) B8 i 2 23 o BDNF
CREBPKA.5-HT,,~ GluN2A 1 GluN2B (/) mRNA £ ik
Ko SEEG TR 51 T B AR 1, 51 i AR )
(LB B A PR A F A R, cDNA ZEAT A i 20Uk
N, ]2 LA B-actin 9 A bR 2 BEA), H 1 5 B8] 1R A X 3%
KEHRQ =222 Tk 5,

PCR [ ¥k %: 2 x SYBR Green mixture 5 uL, 1E .
SIAE 510 (10 pmol-L™") % 1 uL, cDNA 4% 1 uL, H
K KL ERARF 10 pL.

PCR X N 2 ${: 95 °C Tl &% 1 1 min, 1 K16 3 ;
95 °C 1420 s; 60 °CiR K 1 min, FE1t 40 IRFEFE
9 GitFAbIE

P s i 2= /b AT 7 =R &, {# FH Graphpad
Prism 6 55 3 %f S 56 45 R AT Gt o0 A, 45 R
B+ bRl % (x £ 5) Fow, AL ECL R F 4656,
% 4 18] 5 B LR B B R R T 22 93 s P < 0.05 N 22
REAAGIEE S

1E& Sk FRLHL O SO SO A S RS, TR
B DT VR BT R SCHR  BEVHBIE A R SRR T AR R AR
Bl RS 5T R W SRR SR TR

E SR R 5 25 F TAE SCHRF BT S IR SR IE; 5k
R E NG L F = = 5 2 S WA S 2 L I 2 S Y
FUIEE ST FIrG A 38 P WA ASAF L6 AT ] 1) 25 AH 26 1) 7L
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