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[ Abstract] In recent years, with the change of people’s living standards and the increasingly serious aging
phenomenon, the incidence of degenerative diseases of the central nervous system is increasing. Due to the unknown
etiology, such diseases seriously affect the quality of life of patients and increase the economic burden of the society
and patients’ families. Therefore, finding a new drug to treat this kind of disease has become a research hotspot.
Procyanidins ( PCs) have antioxidant, anti-apoptotic, anti-inflammatory, anticancer and neuroprotective effects,
suggesting that PCs have multi-target pharmacological effects. Because of this, PCs have attracted extensive attention
as natural antioxidants and have been applied in the treatment of animal models of nervous system diseases. Based
on the current status of research on the pharmacological effects of PCs by domestic and foreign scholars, this paper
reviews the research progress in the role and mechanism of PCs in the prevention and treatment of degenerative
diseases of central nervous system and puts forward the view that PCs may be related to the inhibition of iron death
in the treatment of degenerative diseases of central nervous system.
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2 RGBT RSN , LAICAZ J1 T B A 0 B B A R
ik, Hogs BRRE I 3% B 40 B A1 B-TE By A 2 1 (amy-
loid-B protein, AR ) [ {0 A AN 4H g PN it JBE 5 R AL tau
R G M 28 5 2F 4 90 45, 5 BUIK N Bl 2800
DI REAG A2 Bk AD A B I R
TR (H A AT 5T 7 WY 440 7 3 L R JE 4k 14 ) i
B L A A R A RN Y

FUHT AD BIF5E 22 58 FH I 3 P4 1 59 6 iR A/ 7 3% (in-
tracerebroventricular injections of streptozotocin, ICV-
STZ) 7 WU HUA PR B AD BRL, DL PCs 1 58 47T %6
AN G HEATIRTT o WA SCHRRIE , GSPs fE
RO B0 4% R AR 1 % ( streptozotocin, STZ) i T 19 AR
PRI tau B R AL . 7EK N GSPs RE % Il 2 WA 1
AD /N BRI i Y A 81 D) T R R 2Ok 1A S A 1 IR
TEARAL GSPs 34 8 B 9 /b 28 STZ T4k BEAY /N B
FRp 28 00 ) 2 9 A 38 SR R D) R RS b,
A WFFE Y] GSPs n] i i 41 il K UG ZH 21 NOD #:52
TREE H 3 (NLRP3) 58 /A 38 % 3 ik, 9 20 g o
B AR T F A 3R (IL) -1B Al IL-6 [ 7 42, Jh
TR AR, o V5 B JOAE SR T A0 ARy 0 15 511
AD KR A2 B . Sun %510 % B GSPs 1
T BN IEULEE 3 R (PI3K) /4 H S B (Akt)/
Hit I IS B AR 38 (GSK-3B) £ HL 5 9 o (Y Wi £k
KV 38 A 3 5 B R AL 1 GSK-3B 5 i e % R
B AR ZE A T STZ 375 5 1 £ b 4 3 385 1
3L 18 ( mitochondrial permeability transition pore,
mPTP) i 5k, SO At AD R BURE R Hh ) 1 28 5T
SEARA 3 AN RO B B o e T F 5T 45 2R R BT, GSPs ¥R
JY S ICV-STZ i 5 B Bl Ve AD AR B
T RE AN T 53 fih T 98 M ) 48 55 & A, BF ST & B GSPs
JE:38 i FEAR Y % ( malondialdehyde, MDA) 7K 3, #2
5B S AL ) 7 A B (superoxide dismutase, SOD) F14
JoE H K ( glutathione, GSH ) 7K ~F- 3 T 4 44 41 % 1k 15
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PE LR 5 Ak FZR i SME 5 9819 8 (ERK) 95 12
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FRIG WG, " S e AR B H T AD &
T BILT 52 2% , ELORAIL TN v oA B BT, 802 il PR b X
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AR5, AT B R s AD R BRI R I B R AT LA B I
PR B, DRI I B 306 A 280 R A I PR BT 5 B X
HK
1.2 PCsxf PD @9{ER  PD J& XAl 28 R 48— Fh
LAY P EAT PR B B B AT PR, 42 Bk 65 X It
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14 3= i B AR BRI S R BUR BB 22 L e RE 22 0T
SRR FRAT AN ZE 0 M T A S /N R Y B R SR A
PO 2 R B 3B AT AR PR e 2 A T
R, PD 1Y 2 G RE Al 22 40 B ST T 90 SRR I &
R TINE =R A AT GANY i 1 R TR A | 5 3 2 AN N ]
IR TR

WEEAATE A il B 258U PCs IR W, B T
PCs fI6 R W 1) 3R & A2 B8 R0 3% # MR Tm), H B A AN ()
A PR AL . A BUPAEE PCs (R R Pyl it TR p38 A
22 73 250 H O (p38MAPK) /P53/Bax {5 5
I {8, DT 9 2 4 A 7 98 4 s K Dy e I 4 R A 22 9T
TR A S S P X 1-H 4 -1, 2,364 &
MEIE (MPTP) Jz Hs 5 1- 1 k-4 Lt kg (MPP + )
SR AR R B B P AR PCs (3R
Wy 3ok O A0 L MM 5 T O 1 A 2 (the dephos-
phorylation of extracellular, signal-regulated kinase 1
and 2, ERK1/2) B 1k, & & Bel-2/Bax F£iK HH,
T A0 6] > JDE K A %0 BR 2 1 -3 (caspase-3) 1 1k
KRAEXS MPP + 75 1Y PD 20 A5 B0\ 4 22 1) 41 g
TIANNL (SH-SYSY 41 il ) 2 o 1 #h e 4 1R T
FHIBEGE R B, PCs (60 mg-kg ™) A7 SAMPS /)y i
AT SRR AR 1 8 AE B ™ R R A K T i O
FUEIZEhRE T . WAL EL PCs B BH 1k SOR A Fn s ek
ALK G Y T B HIVE T, IR 08 B s I T
S MPTP (14 K Bl W BR A 2R 5T A 1% 28 R L A6 il ( tyro-
sine hydroxylase, TH) iy £ x>, ® & H &£ M
PCs [RAE ) $2 30 T LI Je 15 5 0k A 2 B Ok 980 4%
PD JFPR 20 O 8% SR T g bl 2 S o LA, PCs
i A P38, INK Al ERK {7553 [ s 4% o0 7 1 1%
S 1) SH-SYSY 2 it 15 14 %8 ( reactive oxygen species,

@7‘ 1434
PEFAA

752023 TF 35 32 %5 14 5

ROS) 7 A JF AT AN I 1= Zhang 57 5
&I PCs 38 3 0% PI3K/ Akt {5453 I, {47 DA #f
20 % 6-7% 3 £ 1 (6-hydroxydopamine, 6-OH-
DA ) 755 1 48 Ak Rz 04 1 R 2R Ak ) g e 1, o ¢
HAEZE PD A HERR . Bt A ST 45 R R, PCs AT i
TR E2 A OG- 2 (Nef2) /4t 484k 2 B I 7
(ARE) i@ i, b b 25 20 R -1 e 22 W2 32 4 i i Ak 0
B (GCLC) | 4 & MR-F Mt & W i B2 i oW 7 W7 3%
(GCLM) it S8 ALk It g 1 (NQOT ) F&(fiR 1 (HQ-1) /Y
Fik Mg 5 MPTP/MPP + 5 5 1) PC12 4f i it & 1k )i
WCRE 7, TS PD AR 20 VE T
1.3 PCs3xt MSHJ{ER MS ZE2—FH B HEN T
14 R R A 28 ZR GR AR AT Pk R, A 46 e TG i R A 5%
T T R AL, M Y 3 IR Sy oA R b 2 5% G R
R Ry kPR IR R A SO T 2R A, B A 2 i
B w W AR Bk IR Z — T e A S 3K
B AR BRI OB A RAE TR A R R BRI T AR R
N P35 & FG4E W H 20 ~30 %)
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P& ) B AR 43 OPCs il % T C57BL/6 /N ER,
(T 2 L %) 00 ./ P R S R ) ) R AT Ok,
AT LR BT 5 R A v A M A Y R A
H1 04 + /058 e i 41 M 1) 2235, 30 8> T B 4H A T
0 0 ) R, D DT IR IR AR P A /0N T T 4 e, 1 R
KE 7 1 43 W8 AT 36 B0 OPCs i 4 it 71 75 5
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T8 R 2 205 S v i i /0 2 J5C 5 440 PRWE 2 11 4 S
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FEAJE DL S RE PCs B Bl 76 MS 19 BN A, 1T 24
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IR YT I vk S A i DRV A LA IR TR
ML, 48 T 3ok — iod 2 3 23 3 0 /R 50 A
/R R AEHUE 40 2% s i ™ b
T BRSBTS R R B A R
B H AT A S 2TE A .

PCs J& RAR M HT AL , fE U8 A B i Bk A
A&, $2 7 SOD i P, B Ik MDA Al — % AL A (nitric
oxide, NO) & i, Wil il 5 g /R AL 4105
GSPs REAT 008 4% /Iy BT L/R 458 405 45 Y 4 1 22 1) o
WA, i /INRE B A R el 2 i 7 e | 2 2 TR 45 £
QML T AR R B A A T A T R VR Y
PCs X i IfiL 4 22 0 BA A LA OR3P/, R 2R3
TE I SE A IS R 1 I /R 503 S Y SR S L
B A 2 TR RSO o Yang 1 B
PCs fig BH S 310 i A i v 35 ik 44 2E ( middle cerebral ar-
tery occlusion-reperfusion, MCAO/R) KX B & ;N 4b
TLR4/p38/NF-kB/NLRP3 {5 518 A 3% 7% &2 MCAO/
R A1 & 3 25/ ¥ &2 & (oxygen-glucose depriva-
tion/reoxygenation, OGD/R) HEEW IL-1 2R R
PEZE A DR 5 B 7 AR T K e 2 R AP AR . T GSPs
A A i 366 & A L 8 2o 0 ERK/Nief2/HO-1 il
#%, b p-ERK1/2, 4% Nef2 F1 HO-1 £ H 3R ik,
2 S A IO R, DA TIT K % % il /R 58495 R 1 A
PR . Fu % BRSO R B GSPs LU K 0y
4 OGD/R #4355 B 4R ML i 77 , o, GSPs if fiE
Weg AL P JBE I 7 504 O PR 3 50 - 25 5 2R 1 TR R R
(CHOP) #2455 %5 45 14 78 (GRP78) fll caspase-12
(1) mRNA JKF- 1 52 2R 1R JI AL Ao A ATP (19 )% 4
B e N URPE T SR AR T M BR AR ROS K P, BT £ 47
N2a 20 i S 52 Sk M PE S 05 . GSPs Gl i 14 Bel-2 01
T VA Bax DA U /0 40 0 T 5 OIS A e TR G R AL
Y ( glutathione peroxidation, GSH-Px) Z§¥E N iYL
S AL BRI P IR0 B H R Y 7 AR T R A AL
5 AR 5 002 1 48 A= i, 300 4 58 R 7 4R, DT
BRI /R 1057, PCs It BR Y 24 A K
T /R B0 )5 09 ik P30 4, R 22 4R v A D55
T A 9 AE Sz I 2 4 S A L A 1 A5 el e AT A
PCs Xf i /R 43 43 19 isi Of 47 8 ] B A 3 200 PR 32
SCo B /R 4505 04 95 B A= FRAIL A A2 2%, PR R
ABHNBIT Y B R EE
2.2 PCs X EHIERFESS ( major depressive disor-
der ,MDD) ffE MDD J2& — F 5 B2 Wi 47 19 K
WA, R T A Bk F Rz~ A
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9K MDD 54 28 1R A7 P 2 9 52 B A [m) A R AE 5L
T2 MDD WM &AW e S AD, PD A HD ()
P22 R AT 1 72 22 T) A0 AR Bl Z A, sk 26 958 9 o
BA N R A% 3 AR I -3 MR- B IR (hypothalamic-
pituitary-adrenal , HPA ) fili ZX L | S0 H0 R 28 58 iE 4 1
IR 8 3% SR 2 B WO 0t 5 B 2 s = A A
BET-HYJE A, MDD 2 AD,PD il HD % W30 ™
ARG B LA RORS #i R 26 B B & AD, PD 1 HD 45
P22 R AT V0 i PR 2R B A — 8 43, T MDD i i
e PLALHE 1 20 I V& X PR 31 19 2% R AR
WA PR L R Rk T Y R AR AE &
o AL ) A S O 2 T S TR /0N I T 0 M L % e 2 A A
5 5-F% e #E v, HPA 875 28 0, i 5 o R [m] rh
TR STVE L 3 uala SHUT) G R

PCs [ 3 104 B £ A4 SCRR AR 8 1, Jiang 255 fY
W5 Kk B PCs T 8 35 300 5% IR 2 875 5 /s BRUI AR A
1128, AT AR AE FH AT B8 7 43 J2 38 i 0 ] NF-«B {5
30 B 2 R IE 40 M PR (TL-1B A TL-6 i 9/
WHCH 7-a) 5 5 B — S AL A B B FBE 46 1L -2
TE T S HAR A A% T R KA MR AR . B
WFIE R, 45 7 GSPs 1] LLX Hit 4 4 22 W) 1 8 1%
KB 2250 2 R MAMARAT o e sh, GSPs b m] LU
0 2 Py f: ROS #1977 42l NLRP3-caspase-1 ffy
O, DA BEL BT B %) ¥ DR 28 SRRE , O AR RE
70015 o RALAIE , PCs i T LI 2 57 B, 26 300
£ L B T o % 0 0 ey 2 AR I R B IR
UIMAR 245 ] BE 2341 R VF 28 R L, A0 2R B %
O Gk OB B 15 2 B R A NG PCs BK
A FHZ5 ] B 23 U 3 R RS,y R AR ok TG
MR .
2.3 PCs3t SCIH{ER  SCI J& —Fh ™ & (i 4 &
RGP , vl B LA A IERE Az 3 2 g
FZAAUL S H T2 T RE RS T A R 22 4
L UR T G5 SCT Y T BRI, He 255 gy 57 %
B ,GSPs W] i@ i PI3K/ Akt {5 518 B8 37 PC12 44 ig
3z H,0, S AR, DAL S A B2 32 IRy &
PCs A4 2H %) ( procyanidins-rich fraction, PRF) 7~ {X fig
g AR v AR Y A M Y s s S T R g O 3
W T H,0, B R 5 T 0 4 M B8 T A AR IR 5
0T AR 2 A0 R b v B AR A SR IR
BT PRF R YT 7T % 4 6 400 0 A A% 20 R BE % iy B¢
P, BAEER IR IT T L PCs 1 — FhA 2R
R TG R R AR AT e e A ) 45 0 AL
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I TP I R AT TR A E S BE B 45 B &, 3R] 58 i
) oS A R S P 4 A R 38R 8 S T 0 ) £ i
SR E T PCs B T BB B R & T Y
FE35 R 2Z A0 6 T 405 Ja 2 T8 6 J5i 4 A i) 3 A A
G ARAE T, JLUGE o 2 /0N e I 4 i M 7Y ) M2 A
HAbdiayr sc1,
3 BHEE5RE

A B Z A, AD PD . MS fii I/R $ii
77 MDD 45 X i 48 22 GE AR A7 M 0 1Y 4 BR B R
TEAETRGH K R S AR [R5 I
P AN TR] 8 2R DX 38R, I 2R 1 1 R 36 3, (HL A X
SO A A 2 R R e 1 e 6 A ) A ML
FUEREES WREHAE (A R R 2%
B PR GBI RE B 5 A AR N LR 2 R E
SCRERIA 2 AT SR R AL, R A S B & A AT
D5t B & B 14 3R 9T 245 0 R T 35 DR IR YT AD (PD
MS i I/R 45 MDD Xif 44 = £ 3 00 A= 76 o i 2 %
HELMAFSE PCs X Bij 1A 12 25 9 19 1 T B AL il o
BAEXEKR,

[ N Ah 23 EEAE X PCs 3T A AT P Fi 4
PO T 25 1 AL o S8 X By 9 o A 28 R 4
IR AT MR I A 5, (3T Ak BIF 58 N B3 X 4R FE T X
— 0 L 4 R AE TR A g A, L B R AE
e BRI 14 B 0T 3 A Ak R GPX4 IR 5 BORR T
ROS i J& B2, CA W5 R, PCs 1E b —F A 4%
(R B B R R Sk R S A Jo ) 4 405 3 A6
TR v 11 4 P8 T2 Ok A1 0 A B A0 405 I 08 42, T 4k E
T AR Rl I/R 5405 19 & AE HL 2 — , BBt A Ak s
PEY PCs J2 A5 AT 38 2oF 410 1] 2R 58 T2 R vl il 1/ R 43t
HET K FESALL 0 R 4 P o R A B 9T R T, AR AE
T AT 58 PCs BYPTEALAE FHAL I X B 6 =
WX w2 R AT M S T S K
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