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Study on the mechanism of rutin in ameliorating depressive symptoms associated with premenstrual
dysphoric disorder characterized by liver qi stagnation syndrome

ZHANG Yiwei', SONG Xianliang®, REN Yashuang’, GUO Dedi', SONG Runwei', CHEN Xitai', ZHAO Huaiwei',
SONG Chunhong' (1. School of Pharmacy, Shandong University of Traditional Chinese Medicine, Jinan
250355, China; 2. Pharmacy Intravenous Admixture Services, the Affiliated Taian City Central Hospital of
Qingdao University, Shandong Taian 271000, China; 3. Clinical Pharmacology Laboratory, Heze Municipal
Hospital, Shandong Heze 274000, China;4. Laboratory Animal Center, Central Hospital Affiliated to Shandong
First Medical University, Jinan 250014, China)

ABSTRACT OBJECTIVE To investigate the mechanisms of rutin in alleviating depressive symptoms associated with
premenstrual dysphoric disorder (PMDD) characterized by liver qi stagnation syndrome. METHODS Network pharmacology was
employed to identify the intersecting targets of action between PMDD and rutin. A protein-protein interaction network was
constructed to screen core targets, followed by gene ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG)
pathway enrichment analysis. Molecular docking simulations validated rutin’s binding affinity to core targets. The bilateral ovaries
of female Wistar rats were removed, followed by artificial hormone induction. The rats were then randomly divided into normal

group (10 rats) and modeling group (50 rats). PMDD rat model with liver qi stagnation syndrome was established via restraint

stress. The successfully modeled rats were further divided into
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model group, fluoxetine group (positive control) and rutin
group, with 12 rats in each group. The corresponding drug
solutions or water were administered by gavage at 9: 00 a.m.

every day, continuing for two estrous cycles. The open-field
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test, forced swimming test and Y-maze test were utilized to
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evaluate the effects of rutin on the behavioral indexes of model rats. Additionally, the density of neuronal dendritic spines in the
hippocampal tissues of the rats was observed. Serum brain-derived neurotrophic factor (BDNF) levels and the expressions of
BDNF, tyrosine kinase receptor type B (TrkB), synuclein (Syn), and postsynaptic density protein 95 (PSD95) in hippocampal
tissues were quantified, respectively. RESULTS Network pharmacology and molecular docking revealed the core targets through
which rutin ameliorated PMDD characterized by liver qi stagnation syndrome included BDNF, TrkB, PSD65, Syn, etc. The results
of experimental validation demonstrated that rutin significantly increased the spontaneous alternation behavior scores of PMDD
model rats with liver qi stagnation syndrome during the non-receptive phase, shortened their immobility time during the forced
swimming test, and enhanced the density of neuronal dendritic spines in the hippocampal tissues. Additionally, rutin upregulated
the levels of serum BDNF and the protein expressions of BDNF, TrkB and Syn in the hippocampal tissues (P<<0.05). However, it
had no significant effect on the above indexes in model rats during the receptive phase (P>0.05). CONCLUSIONS Rutin
ameliorates depressive symptoms, enhances spatial memory capabilities, and reduces neuronal damage in PMDD model rats with
liver qi stagnation syndrome. These effects may be associated with the activation of BDNF/TrkB signaling pathway and upregulation
of Syn protein expression.

KEYWORDS rutin; premenstrual dysphoric disorder; liver qi stagnation syndrome; brain-derived neurotrophic factor; neuronal

damage
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Hoop, 22 i o 52 5% 5 (premenstrual dysphoric disorder,
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1.3 SEIEzh¥

SPF ZHEPEAR T Wistar KFL 60 H, 1A 130~170 g,
6~8 Jii, W [ It st 4Eim A AL S50 Sh W AR A R A H
APV ANIESS 2 SCXK (51)2021-0006, T K BRI AL
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{553 911 4 72.65.58.58..56) ; LAk, it 28 484 47 b i
PSD95 ., Syn 7E PPT % 45 rf1-th,45 Ay 825 (45 55 B 53 oy
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A9 4 W3 #2 (biological process, BP ) #E 4L 24 2 fili 4% 3 |
DA 1 2 6 B 114 T 1) 81 4 55 5 4 2 53 (cellular compo-
nent, CC) F= 295 N 5 il Jei B AR 58 9% B 46 5 4+ D) g
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mL; (3)NR # (B R ) 565 3 K 177 8:00, B2 T i 4
0.012 5 pg/wL Z2fi 0.04 mL; (4) R WIAFEATALAT T
W R ELEF 2 AN R, RS8R T
1:00—3: 00 FF47 FFI 8 H BEL i A (K B NR 491174 [ 1 Fa, BHL
H <3 kQ,RIIAGPIE A FHAE =3 kQ™™) , Mi%E2E 3 d 1R
NR .1 d H 30 RIIES, 90— B A 1 . i 22
L 24 Bl AR A R BRFA T 5 22 55
2.3.2 B 5%
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(P<<0.05), £ RIIGRIAFEIK LI ANY 2R Ey S0 g, 4541
KB AR bR L 22 R TESe T4 L (P>0.05) .
2.3.4 FEACRAE

11 2R 2 RS, 43 S HCIE  2H NR O AR 1K
BLE L UBIRIA] HPE VT4 o T 41 NR IR R 1K FRL 6
S P L2 RS T = BRI 5 mL, IR
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T E AR (P<<0.05) ; SR L, S PG VT4 A T4
TR B VA T 2H 4R 22 TT S M 5 R MG 22, R 28 R i 1) (.
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FEA 10 2606409 31874308 213£049 2414046 176+22 89941381 1340388 1234329 64404222 51504324
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(¥R :10 pm)

K EUNG V20 24U BDNF , Syn  TrkB & [ 1) ik 1 B 3%

I (P<<0.05) ; i 44 PSD95 7R [ A 35 i, 25 54

TGt E L (P>0.05), 7ERM, &A KRR LARFEAM

TR, 2RI TG FE L (P>0.05),

*3 FAKXRKEIALAPHEXEANEMNREZL
B(xts)

BDNF/p-tubulin PSDY5/B-tubulin Syn/B-tubulin TrkB/B-tubulin
NRET R ONRET O RET O MRMT ORI MRMT R
ERA 5 1332049 1265083 0824034 1204042 1264048 0.984023 1631034 1174033
R 6 0592017 0.87£0.13 0.88£023 1224025 0.46£0.14' 0.81£035 0.84£0.05* 1121031
FITA 6 1314050 1002027 103033 0.7420.13 1412073 0751029 141£044° 1.10£0.13
FITH 6 1274043 1412062 087020 1142032 130£0.60° 0.72£0.15 144036 1.090.55

a: FIEH 4L 3, P<0.05;b: SR 13, P<0.05,

a5

NR

TrkB . — - - b - —-— 140 kDa
1
i 1 -—
ftubulin - - _'- -_— - 55 kDa

I
GION e———— 32 kDa

I
o SR - o
|

Syn - —— - — 18 kDa
1

R

— G | . G — — 55 kDa
1 1 I I\ : 1 1 I I\Y
)
T EH 4 T AR T Gl VG T4 IV . ™ T4
B3 HFHAXRESELAPHEXERRIEINEKE

S-tubulin
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PMDD F5 & TE I Lotk BE LSk,
LR 2 S A Tt e iy R A, P B R B I Lo v Y
By Ul B B e 5 2R, O 98 s R ML R U E TR 9 7
AAHEEE L, HET, PMDD BIGYF TBoA B 224t
A BB RS AL, WS ORI YT R U S
o N e e T i o e A B P2 0 N R i o )
KR SEI XSG, MR T T % PMDD JFFSARIER)
TR B AERLH], Az iR P it T 37%
3.1 PMDD FFSERIEXRRE K

A S AR O BRI I S+ T 5
RGBT REIE SRS AR s R, Fas & Bt
AT %5 T PMDD JFFABIE R USRS , AT
FERI W3 5255 R0 ek SE R Y 2K B SR T
NR R IR AT A0, 25 R R AR B AR
FEATATENR I H B, 76 R I 2% 455 PMDD JHUARIIE
URARFNA T AR 0 AR R, RIIIE RN ), & T
i) , PMDD JFURIEAL A R BRUAE NR 9 () B 77 AN sl g
) 5 3 4, FR R TRAT AR o W T, RIS
PMDD AR UEARE ALK B AR AE R A0 2 [H] 1012 BE
BRERtA W A A Bl A
32 PMDD FSHIEMEZFEIG 5EIMETHRG
E=PS

5% s , PMDD 4 & AE ARG & 28 D) RE S Sk
DOIRAAR | FEHEERINHE D A A% A N X 45
Fa ek AR S g RE R e, PMDD A 1 5 7 o
5 E ] 3G VR 55 R o W] AR, AR
FEHRME T PMDD kA SIS RN E . AR5
G ML 2B 2E RN PR A L B, T AT REVE T
BDNF, TrkB . PSD95 , Syn %5 #1 11, M 1fij 28 fi# PMDD Jif
AR o AT MR SE R R, NR ] PMDD PSR IE R A
KT PIABEER , H 2 RS2 RE B E # K B 2
V55 i — A 0 AR G (5 25 R R, PMDD AR IE
AR R B 1A T 21 2 28 T 58 b 25 Ak 2 , A 2 e
BOEH KRB ERIL. 255 T TG, LiRERE L
Tt o i RIS AR BR LR 8 bR o B i s
3.3 AT H#ET VI BDNF/TrkB {5 S1@ B EMiE D
Zuhs

BDNF/TrkB {55 38 [ e I M 2 oe i 1 S FE
2ot AER D RS il D) ae5E . H9E4E i, BDNF Al 38
15 TrkB 455 106 T 7 PISK/Akt , Ras/fie /3 2456 Ak
1) R A 530 B, DT il b e oo i i i 0 1 L fiE
PR AR 2 i A K, BDNF 5 TrkB ik F )5,
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K2 B2 [ BB, W S ZH 2L CAL L CA3 XA 5
TEAAE B S FERRAIR™ . Syn 528 kTR .24~ id
1 RE ST BT | Mok H g A L TR 2 B > e AL g
R ARG MR T oM™, BESEHE Y, 4 BDNF/
TrkB {5 538 & 1% 1% 1Y PISK/Akt . Ras 15 53 % 7 {12
Syn mRNA [ %35 , BDNF/TrkB {55 53 [ i R 4 3 fif 22
TR RS MR S i, SR B T Syn SRS G
YEFF S Ml IE H DA™, A A R B, T Al Hm
NR i PMDD AT AR IEAL A K Bl i - BDNF K5 1
IR 7 5 2H 21 v BDNF  TrkB . Syn 25 1 92635, (HLL
FEARTE R IETCH] A5k

Wk 5% 45 i , BDNF 5 PMDD 1) % 4 % U M 3¢ .
BDNF R % I 2 5- 35 €0 Jiie (1 & B L R 5 P48 I
PMDD /&3 1IAR FEIESF I 2R 5 5- 5 Gl K1 i
FHE I EBFSE B n , PMDD H % i iR 1 00 1 v
BDNF 7K B G B AIR™, ACRIF G 45 AR Al S RF i — A
R PMDD JFFSARIEA A B NR 91119 1l 7% BDNF /K458
TEH R B RS, 1% T A] {1 7 BDNF KP4 &
TEH 5 AR, KRR 8 174 BDNF KP4 B S . BF
F¥46 1, BDNF RE(E i 28 Al g, 3o pfr e m] SR, AC
5T 2554 i , PMDD JHCAB UF A ) K BN g S5 2 44
L5 TCI SR R R U S R, I s &t kA
0 5 TG T ] AR 5 R B, % i 2 B A
AU T RAE R R & 45 0T fig 5 7E NR B 30% BDNF/
TrkB {5538 i ek Syn 2 1854 .

PSD95 AT 4 il 5 fish i) % 366 FIAT $4%: , JLZR A Jinw]
SRR HIMARREIR™ . 5% & I, BDNF/TrkB {55 538 %
A3 S PO T R S T B R AR 1 R N RS A
FISRAR#E PSDI5 (133K ; 1238 A R 3 PSDI5 Fl N-H
BE-D-R AR Z A BAE R, DI AR 1F 2 fish ] 9844
BB, (HARSESS R BoR, 25 T X% PSD95 & Y
FARTCHI A, DEFTAE Y, T REAARIE H A O DX sk
PSDI5 il Syn 7K F-$4 B i B A1, 254 W] 38 43 33 7% BDNF/
TrkB {5 38 B 1 1R 8 A R, 8 gk,
AT Y, DU B RSS20 K BRI M 5 1 IR K o 38
KBV T 41 40 PSDO5 Y A HE I S TR T AL
PSDY95 [ KA H IR SFPI I RE N E . EHES
BAMFFTEEFAEN, 2T 0T fE i1 G BDNF/TrkB {55
i 45 52 R Syn 1fij 31 PSDO5 K [ AU FR 1k, MM & 45 il 35
PMDD FFSARIE A AE

25 B TR, BT R G2 PMDD JTAUHRIERE 2 LAY
TR , 850 2 [ O RE 7, DD 2o, Lk
Y FH AT B8 51% 8043 180% BDNF/TrkB {5 538 % . 4 Syn
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