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Advances in the study of cognitive impairment and hippocampal changes in Parkinson’s disease
FENG Xia',LI Ye',ZHENG Yu-jie' ,PU Min' ,LUO Na',JIANg Qi-lan' ,WU Li-na’
uate , Chengdu Medical College,Chengdu Sichuan 610500, China;2. Department of Human Anatomy and Histoembryology, Chengdu Medical
College , Chengdu Sichuan 610500, China)

(1.2016 Clinical Medicine Undergrad-

Abstract: Parkinson’s disease is a neurodegenerative disease in the central nervous system with high incidence in middle and old age.
Cognitive impairment is one of the common non-motor symptoms, and its severity gradually increases with the progress of neurodegenerative
process. Cognitive impairment in Parkinson’s disease, which is characterized by impaired working memory and abnormal executive function,
places a heavy burden on families and society. This paper reviews the relationship between cognitive decline in Parkinson’s disease and chan-

ges in hippocampal structure and function and the related mechanisms, so as to further understand the cognitive impairment in Parkinson’s

disease and to provide new ideas for its treatment.

Keywords: Parkinson’s disease; cognitive impairment ; hippocampus; central nervous system; degenerative disease

A4 59K ( parkinson’s disease , PD) J&— 7 L) A fig
TR IT 22 L RE P 28 0728 PR R R 2 Ay i AR AGE 174 rp A A
S RGPV B T WA e R 2 Ah At R £
AR SE R Horp AR RERE A5 02 PD 5l DL
FEIB FREAR Z — AR AR ™ E R 3 A W < AR B A
SN REFE S (mild cognitive impairment in PD, PD-MCI)
FIAH 4 FRi 5 2% ( dementia in PD,PD-D) P25, PD 1A
RERGR T BT G042 OB F S R A T )
RESE 2 U D RE S, 28 B A 238 kL 2 3t JG it
HOH, SO AT H 5 k2 ], BRfE 2
SRR AR I B TE NS ) ML b R R AR AR
FI2T S ERI A AR 250 8 2 A Ui o 454 o el 2p
S R G PR PRI RE R A B IR

[BETE] #EEBA SO EEATH AN IZRG H (201613705012) 5
NS BT A A RRE 42 (17280138 )
[BE1EE ] HANYK, E-mail : 191748606 @ qq. com

JEHIE I S ZEF M RESZ 45 i HE T2 PD R B
SRR R A LA KD AL J1 20T o AR SOHE M 4
WA A AR R R AR By RN IR T BOT T
Z 1 A U Sl Ae 5 PD A B bk 4 F 78 FR R A A
Bk, LIRS PD AR AG 3RS IR A RTIAI .

1 PDIAMIERSEDGHRALE

MR AT LR PD AN T RE B 5 42 (i A
T35 LA PR, R R MRT 5948 D 420 2 (AR B 2
5% PD 85 i S AR FUAE L 19 % B F Bt . Mihaescu
4081 gt PD-MCI I PD-D % Wi 4514 457 7] % B
DEMEMG, AR LM, REEF PD-D B
iR KA I RIAEAE T S 22 4, (R L 2R 4 R 1 ) S A1
FHiR KGN PD-D B3, B &4 )5 PD-D B4
W T IRFR B o W B A BESE N AR AR I
ZARIY PD B RV AS P B A R AR A7 4R B AR AE
SSe sk 1B B S RE TS, BN PRAT SO BE ICIZ TN RE



338 B FRAFRE

J REG ANAT OPER SURG  2020,29(4)

http : //www. jjssxzz. cn

W23 [ B 1 i 1 S pad " . Kandiah 2510 54
& PD S R MRI i 25 AR P4l & B0, 1 SR
BUEHAE M T 2 48 )5 38 &2l PD-MCI A1 PD-D ) i %2
I PR, AR R O 5 4 A 7R B O R
Gonzdlez-Redondo Z5*) 7£ PD-MCI F1 PD-D & i
S22 it 5 AR DXt ) 22 4 DT B UL e
TR MR BR TR MRI 4, — L850 R TR
1A% 09 2 5% K & (fluid attenuated inversion recovery,
FLAIR) J %) 49 4 P 8 i€ 113 TU A S A5 ( fast
spin echo T1 weighted imaging, FSE T1WI) K JtiE B jig
MBI T2 AU A% (fast spin echo T2 weighted imaging,
FSE T2WTI) 58494l B4R 55 B B WL B 1 oA iy
S I A5 R AR A DI, 45 Y PD U S A 2R AT
PEPEI AN B 5 8 5 1) v B (AR 84 o B 25 4, HLAR
KLU 5525 00 2% £ 5 45 . Wang 457
SR HT MRI 270 6 00 1 &4 I A F00RG A 2 25 19 A [m] Pk
X, R X 5 T2 IACRT FLAIR 54 @ {55, 31
FHEZESE, P, 8 MR % o [X 45 4 725 4k 1k
TR Z PP PD B R Rt 2 A R e Y DG B

2 PDINMERSBEIRAENEN

¥ Th 5 i ] SEPERIN Ry S v T ARAS Y 27 2T AL Y
FEA T T 1 2 fid T 28 P A A G I RR B 0 A I AR
il e IR R S ik A I ARG R A o R IR Y 2 fik
AP T RHC A e B SR T, R R Y
b i IV PR B ICC T R R EEAE . A
i PD AL /N B B, i 5 5 figh w] B3 AN J2 AT
FEOCICHRIE R VI 4 AR XSS R T RE
Wi ) P T R A P B R SR P PR L
AWEdE L, 45T PD ALK UEE A R B R S
SN RERG 5 28 ik A I RE G 5, T AR R B A
() DA R 5 ik mT 8 2 v I IR 22 R R AT
(brain-derived neurotrophic factor, BDNF) Fl1 58 fih 25 H
AR AR R G il ] SR e BRIE 2t ] DA A
SR T2 fith 254 I ARG i

3 PDINMERSEIHEERNET
3.1 %emi%
H R I A PD IAHI S 5 1 S 8000 2 B ey

WA R FHK, 45T 2 BT PD 254 AL n] L
& PD HH 1z sl BE s, o n] LA Hol ol ge.

SRIMIE AR AW h, Z BB 25 nl e hn &
PD B NI TR At , FLIZALH] 516 Lok A 2% D)
51 . Gyorfi 2120 4 H RV £ PD 9 311 B B
ThE Ly R Z5 R R DI RE LA 1T BB & A2 028 , e S A DA HT 40
P ml A AR B B, 2 B 2R 25 W B A 03512 3
A T R 388 3 A0 ARV T 22 B g 1 K S B A 48 ) 4% T %o
INHIZNBE AN RS2, D4 5 DX A7 Y 22 I e
T [, S TV S 5 K I I 5 U AR T RE L nzs [a)ad
12,0 Thurm 251 Fi] F R 40023 18] SAUAT 55, 4658 X254
F/ R sE T PD SR E =S Alid S i) 2 B RE R A
il Bonato 25 BF 5% PD K RUBE RUIN AR 6 7 4% BE, it
R B B AT 3 2o 955 6-F2 3 22 I (6-OHDA ) X K [ i
Ly 28 A AR T R A AR AP VR, X T RE S
PUMERE A o X SElfoE A £ B 2541 PD
Xy — SCRIRTHBE IR T 34 T4 & .

3.2 5-#&m(5-HT) 2%

AN 2 S50 B 4 UE SE R S 55 A ik
(5-hydroxytryptamine ,5-HT) &2 4 7] L1 25 PD 1\ &
B . Han 267 I 5 K BUMAREE 52 07 & B0, 0%
o BT 2 o 5-HT7 3% 1A ] DL B0 i I 23 2 R 1 42
TGP, DE TR B35 in 121 % A0 31 2R G i X ) £
ELE AN 5-HT 7KF . Liu %24 % B 5-HT6 32 {&7E PD
AHICHPER A A4 AT RE Hi A [) B i 22 Ak 22 L A =
I AR5 5 X B A T B . Lee 2517 45 11
6-OHDA #5145 K FL H1 T 2 ELHERE 2 40 i i 30 ] 3 80t
Ly 5-HT yi/b , NI AE AR R . Ik, i 5 v 5-HT
RGNS T REAE PD DA KB A5 A o8 Y rh R P
TEH.

4 PDIAMERSEENEESBRER

4.1 o-RiEES

ou-Z il A% B8 1 2 P A% B 11 SR R G i ) — o 5 fih i
MZICEE, 5 PD MYUIM G, GRS, a- R filii%
HE T DURR R S5 IR B e & 40 R A6 AH B AR AT fE S5 3
PD HFH LERR T . IS oS il AR 1R R ]
REIA I B FLIRGE A B P 2 T R, iX o S 308
SR, WAV ER, o- R il E AT Pl
M RSSO S DA S B A
AT B I 0 AR a2 2 fi /Ny R s Rk, B R A B 1
RS BB IR AN S fish /N IEL R AR 98 , i — 2D A i g S pf 22
TCIF IR 2 AL M S M TR PRI A o %5 b, oS il A%



BB F K% 24E ]REG ANAT OPER SURG  2020,29(4)

http : //www. jjssxzz. cn 339

HERX R d ] fe 2 Hhi s PD 35 1 B
20 M o i, e PD IARNBE ARG A A 1 G BED 3R
4.2 FETRMRE L2

B R AR E L I 2 (leucine-rich repeat kinase 2,
LRRK2) 2748 &35t &1 PD 5 DL JE A, 8 5 % o)
PO HIA ¢, K240 LRRK2 R Rl i e AR AR
S¢ 1 LRRK2 Al g8 A= 4, 7008 19 58 il By e iz vh
JAFAEF™ o LRRK2 (55— 1 I 1 1 5 6t
Fu] Dhad s R LS RS R e SR AR I,
LRRK2 w55 24 1) I QT 15 i 28 70 {2 7 1 5 1) 58 2
3320 Sweet 20 i 1 X /N B PD BERLEE T CAL
DX fish 1) P A= B4 & B, LRRK2 (19 5 J82 ¢ 308 3 ok %€
fil JE AL 4 i 1 RIS SR Ak R TR, ELiE S
Z: 5 PD ARz ShAERIE BUE B LRRK2 fir /-1
4.3 PTEN % %38 1

PTEN 755 1 (PTEN induced putative kinase 1,
PINK 1) 55 pY 45 Bl A 5 %8 5 &M PD A7 56,
AWEFE I HL AR BRAE D7 BRIE R, PINK 1 D RE 22k S 50
N B R RIRAT T 0 52 fil <1 22 38 A0, (A 52 e
KRR o A B 7 o R BRSO AR UE
Bl Tk = PINK 1 0] B0 D 2% Ay VA% 3 F i 2208 o1
BN X nl R S8 PD R E A DB R Y
JR A

5 PDIANFERETHMR

PD-MCI 7 PD LRI AT B0, B R B R A1 T 2R %
A 5% ST, - 205 FE 0 BE FNAE 2 SR T TR B £ L
1 LA T B 14 7 PD AL, 7T LLGE 28 %
J& )9 PD-D [, Mt PD IS
5.1 &L bR ZERETFRE

Wang 2 5@ 43 % 97 i) PD #8351 102 4 e FE X}
HEZ& 1Y L7 BDNF i J5ME 4 24278 5% [ F ( brain-derived
neurotrophic factor, BDNF) )46 1 R 5 42 4 4ot 24500 RN
R I, PD HBEAELE V2 (A H R TS A1 BDNF 32,
5 th BDNF [ 3 2> 5 PD A 1 B 5 A 5 19 45 18
LedreuxZ5 " $5 Y, 470 PD 259 V0 75 22 M H 2 At g
Y2 | e T DL o £ 55 PD oK BB RS 5 ) BD-
NF 7KV RAF S 2 A9V AT, HLREAS 8k R oy Thd
(AT BRG] B, BT, PD S i B 5 X
BATAE I A BT Lei 20T BB A CQ
JRYT PD 425 1T BDNF /K, [RImH42 1 k2545,

REEATR T M N B i, AR AR TN A 05 H . Paillard
S SR A AT R RS M 28 7R R P R
[F]EF 75 5 — L2 PR 77 A X i 2 i AR AP A (i ak
A8 A B, TR S 28 K A R 5 i A B, A A2
INFIIIBE
5.2 Fwmpeigsy

FAWFFEEE IR IR 2 T 2 B sl R R A
PEPETAnff et PD AR B B 5 fph 79 , OBt 1y
3% PD DA BERS A R T-BE ™ . Schwerk 25 3 5
Xf PD B AT 18] 72 5 T 4 RS A, 30 1) 78 5
TARRL ] fRA 2 WK, BRSNS Al 5, 3
I B AE T XM E kA g sRiC I YIRE
5.3 BEARSR ALK

Jioi 35 H, i) 384 ( deep brain stimulation, DBS) f&—
T2 i A L DK e B H AR AT T IR 2 PR
3, HATCBCIRYT PD iz 8 B fg (1 22 NIk, SR
F DBS 57 PD FENFNFNG 25 55 AHSC ) v & 35 i 1
MM TCE R . ILR—EEHFFE R, X T PD TS,
DBS {4} DBS A5 2 A A ) & A A — e 1E T,
X IR R OR SR R B 1) A A AR B AT
{BHE—BOA Ky DBS ) 5 233 iR & T 5 A
Bpg ', DBS X PD R I 67 5 S e %
( subthalamic nucleus,STN) , Aybek 2&'*) % 3 STN-DBS
ARIGHALH PD-D BB EARFMC 2 I 1 AR
4 PD-D (4 [ 35 5 O WA T 2R 4,y o 4fE
STN-DBSJi5 #it i) & Ji 5 50 B B i #EFEAH G, T
STN-DBS Jik. #:Z2=A I i DBS A M| 1T
I DA M ICER AU #i T HGE B shAER ik Al L
W PD-D (KA, AT UL, DBS fEATRGAYT PD
B A A R RS T R T BUR E R R PRk FE
SRR (HA 2 S 20 PD-D 25 ™ H AR 6T,
It AT BRI ik 45 0] v B i 28 o ) DR B4R P i 0
PD-D %A= o

6 RE

FUAT, PD DA B ey 80K 85 AT A FE AL, I
IREEAALE S ] PD 8 #1283 D RERR %, 38 2%
EHARE Sy RE R i i K A, SRR PD R 1Y
INHBERFAEIR , YO A R R g BRI e, IR R4 7R
BT, DL PD RS 1A 6 T, SR PSR
Y PD DA RRE R (8 I Eh 2 R L i EY R SR A M



340 B FRAFRE

J REG ANAT OPER SURG

2020,29(4)

http : //www. jjssxzz. cn

ZHEY AR (B AL ) LN © T IR A AR A BF ST

Lo A % LR PD DR R B AR 5 HAE PD A

WA i A R v ) BRI AT B R S R R

“PD NHIBERFIG YT A OF AT AL T B B BE, (H %

T R E SRR C 2B T —E i,

B KT SE HR , W P DA B A BT 4818

TSI T 10 FIE S K A

[ &% 30k ]

[ 1] Berdugo-Vega G, Arias-Gil G, Lopez-Ferndndez A, et al. Increasing neu-
rogenesis refines hippocampal activity rejuvenating navigational learning
strategies and contextual memory throughout life [ J ]. Nat Commun,
2020,11(1) :135. doi:10. 1038/s41467 —019 - 14026 - z.

[2

[

Valdés Hernandez MC, Clark R, Wang SH, et al. The striatum, the hip-
pocampus, and short-term memory binding: volumetric analysis of the
subcortical grey matter’s role in mild cognitive impairment[ J]. Neuroim-
age Clin,2020,25.102158. doi:10. 1016/]. nicl. 2019. 102158.

[3

[

Hashimoto M, Araki Y, Takashima Y, et al. Hippocampal atrophy and
memory dysfunction associated with physical inactivity in community-
dwelling elderly subjects: the Sefuri study [ J]. Brain Behav, 2016,
7(2) :€00620. doi:10. 1002/brb3. 620.

[4

[I

Saghafi S, Ferguson L,Hogue O, et al. Histopathologic subtype of hipp-
ocampal sclerosis and episodic memory performance before and after
temporal lobectomy for epilepsy [ J ]. Epilepsia, 2018,59 (4) ;825 -
833. doi:10. 1111/epi. 14036.

[5

[

Tezer ¥, Xasiyev I, Soylemezoglu F, et al. Clinical and electrophysiologi-
cal findings in mesial temporal lobe epilepsy with hippocampal sclero-
sis,based on the recent histopathological classifications [ J ]. Epilepsy
Res,2016,127 .50 —54. doi:10. 1016/]. eplepsyres. 2016.08.012.

[6] Diederich K, Bastl A, Wersching H, et al. Effects of different exercise

[

strategies and intensities on memory performance and neurogenesis| J].
Front Behav Neurosci,2017,11:47. doi:10.3389/fnbeh. 2017. 00047.
[7

[

Gyorfi O, Nagy H, Bokor M, et al. Insights into the structure and function
of the hippocampal formation ; relevance to Parkinson’s disease[ J]. Ide-
gayogy Sz,2018,71(1 -2) :15 -24. doi:10. 18071/1sz. 71. 0015.

[8

[

Mihaescu AS, Masellis M, Graff-Guerrero A et al. Brain degeneration in
Parkinson’s disease patients with cognitive decline: acoordinate-based
meta-analysis[ J ]. Brain Imaging Behav,2019, 13,1021 - 1034. doi:
10.1007/s11682 — 018 —9922 -0.

[97] Hall M, Lewis SJG. Neural correlates of cognitive impairment in Parkinson’s
disease:a review of structural MRI findings [ J]. Int Rev Neurobiol,
2019,144 .1 —28. doi:10. 1016/bs. irn. 2018. 09. 009.

[10] Hashimoto M, Araki Y, Takashima Y, et al. Hippocampal atrophy and
memory dysfunction associated with physical inactivity in community-
dwelling elderly subjects: the Sefuri study [ J]. Brain Behav, 2016,
7(2) :e00620. doi;10. 1002/brh3. 620.

[11] Mak E,Su L, Williams GB, et al. Differential atrophy of hippocampal

subfields :a comparative study of dementia with lewy bodies and Alzhe-

[12]

[13]

[14]

[15

fa—

[16]

[17]

[18]

[19]

[20]

[21]

[22

(R

[23]

imer disease[ J]. Am J Geriatr Psychiatry,2016,24 (2) :136 - 143.
doi;10. 1016/j. jagp. 2015. 06. 006.

Kandiah N, Zainal NH, Narasimhalu K, et al. Hippocampal volume and
white matter disease in the prediction of dementia in Parkinson’s dis-
ease [ J]. Parkinsonism Relat Disord,2014,20 (11) ;1203 - 1208.
doi:10. 1016/]. parkreldis. 2014. 08. 024.

Gonzalez-Redondo R, Garcia-Garcia D, Clavero P, et al. Grey matter
hypometabolism and atrophy in Parkinson’s disease with cognitive im-
pairment:a two-step process [ J]. Brain,2014,137 (Pt 8) :2356 -
2367. doi:10. 1093/brain/awul59.

Keller SS, O’'Muircheartaigh J, Traynor C, et al. Thalamotemporal im-
pairment in temporal lobe epilepsy:a combined MRI analysis of struc-
ture, integrity, and connectivity [ J ]. Epilepsia, 2014,55 (2) ;306 —
315. doi:10. 1111/epi. 12520.

Papma JM,Smits M, de Groot M, et al. The effect of hippocampal func-
tion, volume and connectivity on posterior cingulate cortex functioning
during episodic memory fMRI in mild cognitive impairment [ J]. Eur
Radiol ,2017,27 (9) : 3716 - 3724. doi: 10. 1007/s00330 - 017 -
4768 - 1.

Vanli Yavuz EN,Bilgi¢ B, Matur Z, et al. Comparison of cognitive pa-
rameters between bilateral and unilateral hippocampal sclerosis[ J].
Noro Psikiyatr Ars,2016,53(3) :199 —204. doi:10. 5152/npa. 2016.
14862.

Wang X, Yang Y, Wang X, et al. MRI findings and early diagnosis of
general paresis of the insane[ J]. Neurol Res,2014,36(2):137 -
142. doi:10. 1179/1743132813Y. 0000000273.

Rial D, Castro AA, Machado N, et al. Behavioral phenotyping of Par-
kin-deficient mice:looking for early preclinical features of Parkinson’s
disease[ J]. PLoS One,2014,9(12) : e114216. doi: 10. 1371/journal.
pone. 0114216.

Shang Y, Wang X, Shang X, et al. Repetitive transcranial magnetic
stimulation effectively facilitates spatial cognition and synaptic plastici-
ty associated with increasing the levels of BDNF and synaptic proteins
in Wistar rats[ J]. Neurobiol Learn Mem,2016,134:369 — 378. doi:
10.1016/j. nlm. 2016. 08. 016.

Gyorfi O, Nagy H, Bokor M, et al. Behavioural aspects of a modified
crosstalk between basal ganglia and limbic system in Parkinson’s dis-
ease[ J | . Neuropsychopharmacol Hung,2016,18(2) :87 -92.

Thurm F,Schuck NW, Fauser M, et al. Dopamine modulation of spatial
navigation memory in Parkinson’s disease[ J]. Neurobiol Aging,2016,
38:93 —103. doi:10. 1016/j. neurobiolaging. 2015. 10. 019.

Bonato JM, Bassani TB,Milani H, et al. Pioglitazone reduces mortality,
prevents depressive-like behavior, and impacts hippocampal neurogene-
sis in the 6-OHDA model of Parkinson’s disease in rats [ J]. Exp Neu-
rol ,2018,300:188 —200. doi:10. 1016/]. expneurol. 2017. 11. 009.
Han LN, Zhang L, Sun YN, et al. Serotonin7 receptors in the lateral
habenular nucleus regulate depressive-like behaviors in the hemipar-
kinsonian rats [ J ]. Brain Research, 2016, 1644 .79 - 87. doi: 10.
1016/]. brainres. 2016.05.016.



BB F K% 24E ]REG ANAT OPER SURG  2020,29(4)

http : //www. jjssxzz. cn 341

[

[

[

[

[In

[24] Liu KC,Li JY,Tan HH,et al. Serotonin receptors in the dorsal hippo-

campus regulate depressive-like behaviors in unilateral 6-hydroxydo-
pamine-lesioned Parkinson’s rats[ J ]. Neuropharmacology, 2015, 95
290 -298. doi:10. 1016/j. neuropharm. 2015. 03. 031.

Lee M,Ryu YH, Cho WG, et al. Relationship between dopamine deficit
and the expression of depressive behavior resulted from alteration of se-
rotonin system[ J ]. Synapse,2015,69(9) :453 - 460. doi: 10. 1002/
syn. 21834.

Longhena F, Faustini G, Varanita T, et al. Synapsin III is a key compo-
nent of a-synuclein fibrils in Lewy bodies of PD brains [ J]. Brain
Pathol ,2018,28 (6 ) :875 —888. doi:10. 1111/bpa. 12587.

Pacheco CR,Morales CN, Ramirez AE et al. Extracellular a-synuclein
alters synaptic transmission in brain neurons byperforating the neuronal
plasma membrane[ J]. Neurochem,2015,132(6) :731 —741. doi: 10.
1111/jne. 13060.

Thaler A, Kliper E,Maidan I, et al. Cerebral imaging markers of GBA
and LRRK2 related Parkinson’s disease and their first-degree unaffect-
ed relatives[ J ]. Brain Topogr,2018,31(6) :1029 - 1036. doi: 10.
1007/510548 —018 - 0653 - 8.

Pan PY, Li X, Wang J et al. Parkinson’s disease-associated LRRK2 hy-
peractive kinase mutant disrupts synaptic vesicle trafficking in ventral
midbrain neurons [ J ]. Neurosci,2017,37 (47) : 11366 — 11376. doi:
10. 1523/JNEUROSCI. 0964 - 17.2017.

Sweet ES,Saunier-Rebori B, Yue Z, et al. The Parkinson’s disease-as-
sociated mutation LRRK2-G2019S impairs synaptic plasticity in mouse
hippocampus[ J]. J Neurosci,2015,35(32) ;11190 - 11195. doi: 10.
1523/JNEUROSCI. 0040 - 15.2015.

Crowley EK,Nolan YM, Sullivan AM. Neuroprotective effects of volun-
tary running on cognitive dysfunction in a-synuclein rat model of
Parkinson’s disease[ J]. Neurobiol Aging,2018,65.60 — 68. doi: 10.
1016/]j. neurobiolaging. 2018.01.011.

Feligioni M,Mango D, Piccinin S, et al. Subtle alterations of excitatory
transmission are linked to presynaptic changes in the hippocampus of
PINK1-deficient mice[ J]. Synapse,2016,70(6) :223 - 230. doi: 10.
1002/syn. 21894.

Wang Y, Liu H,Zhang BS, et al. Low BDNF is associated with cogni-
tive impairments in patients with Parkinson’s disease[ J]. Parkinsonism
Relat Disord, 2016,29:66 — 71. doi: 10. 1016/j. parkreldis. 2016.
05.023.

Ledreux A, Boger HA ,Hinson VK, et al. BDNF levels are increased by
aminoindan and rasagiline in a double lesion model of Parkinson’s dis-
ease[ J]. Brain Res,2016,1631:34 —45. doi: 10. 1016/j. brainres.
2015.11.028.

[

[

[

[35] Costa-Mallen P, Gatenby C,Friend S, et al. Brain iron concentrations in

regions of interest and relation with serum iron levels in Parkinson dis-
ease[ J].J Neurol Sci,2017,378:38 —44. doi:10. 1016/j. jns. 2017.
04.035.

Wang JY ,Zhuang QQ,Zhu LB, et al. Meta-analysis of brain iron levels
of Parkinson’s disease patients determined by postmortem and MRI
measurements[ J]. Sci Rep,2016,6:36669. doi:10. 1038/s1ep36669.
Lei P, Ayton S, Appukuttan AT, et al. Clioquinol rescues Parkinsonism
and dementia phenotypes of the tau knockout mouse [ J]. Neurobiol
Dis,2015,81:168 - 175. doi:10. 1016/]. nbd. 2015. 03. 015.

Paillard T, Rolland Y, de Souto Barreto P. Protective effects of physical
exercise in Alzheimer’s disease and Parkinson’s disease:a narrative re-
view[ J]. Clin Neurol,2015,11(3):212 - 219. doi: 10. 3988/jcn.
2015.11.3.212.

Li SH, Gao P,Wang LT, et al. Osthole stimulated neural stem cells dif-
ferentiation into neurons in an Alzheimer’s disease cell model via up-
regulation of microRNA-9 and rescued the functional impairment of
hippocampal neurons in APP/PS1 transgenic mice|[ J ]. Front Neuros-
¢i,2017,11:340. doi: 10. 3389/fnins. 2017. 00340.

Schwerk A, Altschiiler J, Roch M, et al. Adipose-derived human mes-
enchymal stem cells induce long-term neurogenic and anti-inflammato-
ry effects and improve cognitive but not motor performance in a rat
model of Parkinson's disease [ J]. Regen Med,2015,10(4) :431 -
446. doi:10.2217/rme. 15. 17.

Cernera S, Okun MS,Gunduz A. A review of cognitive outcomes across
movement disorder patients undergoing deep brain stimulation [ J].
Front Neurol ,2019,10:419. doi:10.3389/fneur. 2019. 00419.
Stypulkowski PH , Stanslaski SR, Giftakis JE et al. Modulation of hipp-
ocampal activity with fornix deep brain stimulation[ J]. Brain Stimula-
tion,2017,10(6) : 1125 —1132. doi:10. 1016/j. brs. 2017. 09. 002.
Zhang XQ,Li L,Huo JT,et al. Effects of repetitive transcranial magnet-
ic stimulation on cognitive function and cholinergic activity in the rat
hippocampus after vascular dementia[ J]. Neural Regen Res, 2018,
13(8) :1384 - 1389. doi:10.4103/1673 —5374.235251.

Aybek S, Lazeyras F, Gronchi-Perrin A. Hippocampal atrophy predicts
conversion to dementia after STN-DBS in Parkinson’s disease[ J]. Par-
kinsonism Relat Disord, 2009, 15 (7):521 - 534. doi: 10. 1016/j.
parkreldis. 2009. 01. 003.

Jakobs M,Lee DJ,Lozano AM. Modifying the progression of Alzheimer’s
and Parkinson’s disease with deep brain stimulation[ J]. Neuropharma-

cology,2019,23:107860. doi:10. 1016/j. neuropharm. 2019. 107860.

(920 I



