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Abstract: Objective To explore the mechanism of quercetin on alleviating hippocampal neuron damage in vascular dementia (VD)
rats based on PTEN-induced putative kinase 1 (PINK1)/Parkin signaling pathway. Methods VD rat model was established by
permanent ligation of bilateral common carotid arteries, and were divided into model group, quercetin low-, medium-and high-dose
(25, 50, 100 mg/kg) groups, and oxiracetam (14.8 g/kg) groups, and another 12 rats were selected as sham-operated group. After 21 d
of drug intervention, shuttle box experiment was used to evaluate the learning and memory ability of rats, step-through latency (STL)
and total time spent in the dark chamber (TDC) of rats in each group were compared; Nissl staining was used to detect neuronal damage

in hippocampus of rats; Transmission electron microscope was used to detect the ultrastructural observation of neurons in rat
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hippocampus; ELISA was used to detect acetylcholine (Ach) and 5-hydroxytryptamine (5-HT) levels in brain tissue, and interleukin-6
(IL-6), IL-17, and IL-1p levels in serum; Western blotting was used to detect expressions of autophagy-related proteins and
PINK1/Parkin signaling pathway related proteins in brain tissues of rats in each group. Results Compared with sham operation group,
neurons and ultrastructure of hippocampus in model group were seriously damaged, a small number of autophagosomes appear in
neurons; STL was significantly decreased (P < 0.05), and TDC was significantly increased (P < 0.05); Levels of Ach and 5-HT in brain
tissue were significantly decreased (P < 0.05), levels of IL-6, IL-17 and IL-1B in serum were significantly increased (P < 0.05);
Microtubule-associated protein 1 light 3 II (LC3II)/LC3I, Beclinl, PINK1 and Parkin protein expression levels in brain tissue were
significantly increased (P < 0.05). Compared with model group, neuronal damage and ultrastructural damage in hippocampus of rats
in quercetin group were alleviated, and autophagy of neurons was enhanced; STL was significantly increased (P < 0.05), and TDC was
significantly decreased (P < 0.05); Levels of Ach and 5-HT in brain tissue were significantly increased (P < 0.05), levels of IL-6, IL-
17 and IL-1p in serum were significantly decreased (P < 0.05); LC3II/LC3I, Beclinl, PINK1 and Parkin protein expression levels in
brain tissue were significantly increased (P < 0.05). Conclusion Quercetin can activate PINK1/Parkin signaling pathway, reduce
inflammatory cytokines levels in VD rats, alleviate the inflammatory damage of hippocampal neurons, improve the learning and
memory ability of rats, and improve the symptoms of dementia.

Key words: quercetin; vascular dementia; hippocampal neuron injury; autophagy; PTEN-induced putative kinase 1/Parkin signaling
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#=1 HEKXR STLFITDC (X+s,n=12)
Table 1 STL and TDC of rats in each group (X £ s, n=12)

ARl FIE/(mgkg™") STL/s TDC/s
BFER — 267.184+21.73  19.13£2.07
it — 140.324+8.25% 114.64+9.21%
MR 3 25 178.95+10.84" 82.5616.35"

50 220.34+13.12°  57.0245.10°
100 260.46+15.81"  23.041+4.24"
WK T 14 800 261.95+14.09° 22.38+5.02"

TR E: "P<0.05; SHEMAE: "P<0.05, &M
#P < 0.05 vs sham operation group; “P < 0.05 vs model group, same as
below tables

BFAR e il B 2 25 mg-kg!

ST ARG MDA 2T MRS A 4
3.3 MEEXT VD KRG DA T BRERIFN
B 2 i, AT ARAR R S XA 22 e i
SikgiEn, SR, AORASMELEE, BREK
FRIRBUHAIR I, A TE b To 5, R LWL B AR
PR B S XA O M S M 245, R et
RIS 2, LRRLRE 4 HECR >, A7 /08 E
e, HILEMEILR . SRUA R, SAHH

- Mz 3= 0 mg-kg™!

FE (P<0.05), TDC #&%# FFK (P<0.05), H
SR,
3.2 WEREREX VD XRESHE TGRS h
WE 1 AR, BRFEAREKRESHE g e
RAMEEE RS, PR, etk Hihs), Bifd
HK RIS e I MBS E K2, HE
FIZAEL, Guaik, M. SR L,
FHAH K RIS MHE MRS A I, IR
AMEECERE N, BAEAAHIHE, MR S 2
Wi 7 2H K BRI L 48 O A B 0 K SR P A i

Hit B2 25 100 mg-kg™!
B 1 Nissl 2ENEZAKRREIHILTIRGER (X400)

Fig. 1 Damage of hippocampal neurons of rats in each group observed by Nissl staining (x 400)

K BRI X P22 U B T S F S ke, A Yt
REWD, BRREEMBEAARRERE, H
MRk 2, BRI, HEEE R RN
B, IR, M 2 s R A AROR T K
R X A 22 TG B S 4l MK S e E W D AH 24
34 WEHREX VD KEMLALE Ach £1 5-HT 7K FAY
Al

R 2 s, SEFRHA

bL, BRI
BN e Rl i

PN

BFAR b 70 Wit % 25 mg-kg™! ﬁ 50 mg-kg™! ‘ W—Iﬁ? 100 mg-kg:1 Rk T
i Sk AR H WA

arrow indicates autophagosomes

2 TEM NEZEKRREDXMETBHLE (X5000)
Fig. 2 Ultrastructure of hippocampal neurons of rats in each group observed by TEM (x 5000)

#2 REXFEMEL Ach F 5-HT KFE (X£s,n=12)
Table 2 Ach and 5-HT levels in brain tissue of rats in each
group (Xt s,n=12)

Ml FE/(mgkg") Ach/(pmol-L™)

5-HT/(ng'L™")

RFEAR — 402.76+29.03  597.86+30.12
ot — 265.641+10.59%  301.72+11.38%
i} 7 2% 25 306.47+13.91"  397.431+14.06"
50 349.86+15.14"  498.59+17.45"

100 493.78+24.50"  590.05+20.83"

Mk T 14 800 49585+21.62° 593.17+19.39"

HIRH Ach Al 5-HT KT RERMK (P<0.05); 5
R LR, SA 23 RKRMA L Ach AT 5-HT
KB EZETE (P<0.05), HEFEMEM,
35 #EERX VD KRMEXRIEREF IL-6. IL-17
N IL-1p & EHFM

Wk 3 Fw, SEFPARALE, HAHKR M
o OIL-6. IL-17 A1 IL-1p K PFHEZET S (P<
0.05); SERALLE, #4524 KRIMIEH IL-6.
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£3 KREAARMED IL-6. IL-17 F IL-1p KF (X+s,n=12)
Table 3 IL-6, IL-17 and IL-1p levels in serum of rats in each group (X £ s, n=12)

HA #l&E/(mg-kg ™) IL-6/(pgrmL™") IL-17/(pg-mL ™) IL-1B/(pg-mL ™)
BFEAR — 21.47+3.36 47.96+5.12 212.87+40.32
Rt — 98.62+10.13* 187.32+12.43% 908.16 +58.73*
Wiz 2% 25 71.56+6.74* 142.18 +8.56" 681.64+49.15*

50 52.724+5.92" 98.75+6.72" 458.21437.62
100 24.01£5.01" 50.02+4.85" 234.05+27.86"
WK 7 14 800 23.124+4.85" 49.0343.63" 230.19426.78"

IL-17 1 IL-1B /KPR E FRK (P<0.05), H &
AR
3.6 WRHREXT VD KFRME LN B X E R RIER
Egur]
WK 3 fior, SERFARAIE, BZH KR
ZH 2R [ WA 9 8K A Beclinl 1 LC3II/LC3I #iA/K
PHEETE (P<0.05); SHRALLE, %42
HR R ZH Beclinl AT LC3II/LC3I 3Rk /K -Fidt
—BRETE (P<0.05), HEFIEMEME.
3 7 WEZEXT VD KEANZEZE PINK1/Parkin {55
BERERFENFM
WK 4 Fiw, SEFERALE, ALK R

s - o
1.8X10*
1.5X10*

GAPDH S S S S S i 5 G < (0

LC3I
LC3II

BFEAR BAE RBokT 25 50 100
Hi % &/ (mg-kg ™)
H5BFARALE: *P<0.05;

A2 PINKI1 Al Parkin 25 R IAKF35 535 T+
(P<<0.05); SHAYL LA, BB 254 K RANH A F
PINK1 A Parkin 4 [F3RiE/KFIyit—2 B E T 5
(P<0.05), HEFIEAMKM
4 g
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Fhimr, AOKEISS T AW TAE KA EEERE ),
BV HNEITIER R, BREERITENH, BN
AR 5 AR R IR R BT AR ) il 4151, ACHTE 5 DA
éﬁ'f'ZJJHﬂ(ﬂ(KTi EHLVEE S VD KRR, mIEH R
T i A 48 PR ¥ TL-64 TL-17 AT IL-1P 7J<¥, 7

RIFBORABE AT, AR R AL 2 e
- [ FA o i 7 2 25 kg™
= fﬁ%A MR 50 $§-k§—l
Rk = i 7 K 100 mg-kg ™!
25
5 20 : ¥
®1s . I T
= 1.0 . B 4
{a 0.5 #
0

LC3II/LC3I

Beclinl/GAPDH

SREMAE: *P<0.05, K4

#P < 0.05 vs sham operation group; “P < 0.05 vs model group, same as Fig. 4

&3

HERRMARAHEREBAXERRIEE

R (Xts,n=12)

Fig.3 Autophagy related protein expressions in brain tissue of rats in each group (X £ s, n=12)

PINCI S ——— -

Parkin 5.2X104

BFEAR B BoRT 25 50 100
Hit K 2/(mg kg ™)

- TR o i i 2 25 mg kg !
= fi i it B % 50 mg-kg™!
ROk T w2 3100 mg-kg !
2.57
iz o
) 2.0
154
'
Z 1.01
I
we 0.54
0 J

PINK1/GAPDH

Parkin/GAPDH

B4 FHEKBMLELF PINKI F1 Parkin EEFRIEER (Xts,n=12)
Fig. 4 PINKI1 and Parkin protein expressions in brain tissue of rats in each group (X xs,n=12)
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TR 0268, RIEMERSER.
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AT 2RE, 38 W0 PINK1/Parkin 55,
PRt E W, — 20 Y sE A A T 514 I R
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