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Abstract: Ginsenoside Rgl is one of the most important saponins in ginseng. It has a wide range of pharmaco-
logical activities. It is considered to be a powerful neuroprotective agent. It has neuroprotective effects such as anti-
neuroinflammation, anti-oxidative stress, anti-neuronal apoptosis, and enhancing memory. Rgl shows a good appli-
cation prospect in the prevention and treatment of neurodegenerative diseases such as Alzheimer's disease, Parkin-
son's disease, stroke, and mental diseases such as depression. This paper reviews the research on the neuroprotec-
tive mechanism of Rgl at home and abroad in recent years, in order to provide new research ideas for the clinical
treatment of nervous system diseases.
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FEIFANBRAR, TP 22 22 G0 190 0 CE R R BR 7 3k 1) R 9 7K
S, BOm AR IHZEIZAE 3G 0, PRt 48 S SE w47 1Y
BT A ERE. Rel KM R IEH A HE
BEIEIGIR BRSO TT #2 RGP0 I R 2 R A7 71
1 Rgl WA RIFERARIRK

Rgl 72 — 28 =i 52 5 R (S AR 1, DL 2 280/E B8 AR
R, T EH TP 0G0 i L P M 42 R G
AR . KR A SLIRIE 52, Rgl 75 # & fR 37 S A
JE BRI FURT R, Rl BERSAE S 2 AR 42 Jg, #0 44
Lo T, B SN L R, B oRIE DR ek AR, 1
SR A RE T, R IR A P 2 T . Rel 1
PR BEPEAR /N, A2 KB SCER A HRE b, 0K Rgl oy —
T 75 (1) 4 22 OR A 791, (LG i o g 5 325 1o 2 A1, K
PR T Rl fEIGIR LRI . 159845 7 Rel 1F
TBIT PHE ZR GO IR I SR 56 22401
2 Rgl BOMERIPIERNLE
2.1 RglATTHEZRITHER
2.1.1 P/RFGEAE B /R K ERIE (Alzheimer's
disease, AD) X 44 & P AE, B i WL R AR Z
SEN, H M AR AR A7 g, Y E A s s I
RE T 2k S FC At o 0 K PR AE o AD IR AR AL I A 22 ol
B, an p-UE K FE VBT B ctau B 0 R BE IR 1L W &
JR AT o 9 25 551, SE ML) 296 97 AD FE I R _EIE AR
HUA5 E B 0 O R o Shi &1V B R 1 AT LA R 1 =%
& U A (proteinknase A, PKA)/cAMP Jx N o445 &
% [ (cAMP-response element binding pretein, CREB)
(P35 T ] AD, A CREB A& —Fdh 2 50 i W 4
W, BN S KBICIZA K. p-iE B ALK (AB) 7E K
i o PR AR 8RR tau B ) O R B IR 4K 2 AD B S 35 1
bR, AB AR R 2Rt tau BB AL, 170 tau (93 B
A AT LA HE AB TR . TR FERT IR B 1 (APP) A
FL.% % -1 (presenilin-1, PS-1) J& i i f- 1€ #) 7 5 (A B
PRt BH 3R, Li S8 APP/PS1 WL JE [H /N B AD
B, JF HK % T Rel 1097, 1 10 mg-kg' 45 2577 &
™ AD /NRRACAZ IR I B 7745 B8 2 0, A s

25 ## KT (brain derived neurotrophic factor, BDNF)
1L 32 R i U R £ (5% B (tyrosine protein kinase B,
TrkB) 7€ Rgl N J5 18 2] L, 5 HAKE 7 5K
TR 5% E ] (long-term potentiation, LTP). Rgl & BA
T o 4 ) ek A P g A 1S B ) 2 44y (peroxisome pro-
liferators-activated receptors y, PPARy) [ 3% 1 i3k 1 1 4%
Ji 5% 2 B R B (insulin-degrading enzyme, Ide) 1 B-3E
A RE R R RIE 1 (Bacel) 7EMN N RIE, XA EH
V1257 AR UGS FEY, X e qff Fi 45 R Rel A
B 0 ) B-VE A AE ER 1 BE MY BOR tau B O R R
kA AD (KB AL . [FI, Rgl AT LLEE A5 Wt 5
5 IE PR AN E AD R AR, T H & Rgl 697 )5, Hid T
K& H Bk E 40 M -2 (B-cell lymphoma-2, Bel2)
5 Bel2 S8 Bt X %5 A (Bcl2 assaciated X protein, Bax)
EE 4548 0, 472 28 R F9 41 %18 (interleukin 18, IL-18).
14> % -1p (interleukin-1 beta, IL-18) %5 T~ i, mi# &1L
) i 4k [ (superoxide dismutase, SOD). i % 1k & i
(catalase, CAT). 2+ Mt H Ik i % b ¥ 1§ (glutathione
peroxidase, GPX) 53 S AL 7% P 3G i1, 3 BH Rgl 38 7]
308 I A 200 B T AR SORE SR L B A R A R AT
AD [RAN, imseiEsk, pE W BN AS 5T
AD IR A TS FE . AD A I TR], W18 & AR 1R Fl 28 A4
B, S B IE B A 2 AL, 2R nE AD
JAE, T Rgl AT LA R i T8 B A v — 6 4 A 1T Y e
THAE, 3X AT BEAE 710 B AR 2 R B S BN R, R —
EFEE B 2T o ADERY . RSk, Rgl 7] BA
I 2 AN B AD JRIE .

2.1.2 BNEFRA A AR, S e AR K
PRZEIRAT RN, 1Bl A ™ E 0, 752 N A
Y SR S S S &S O 2 S = )7 N 1)
A RORYT 77 XGEEAIR YT, (HIR YT N 8] 5 A 3~4.5 h,
HLv e 5 TS A PR 40 0 H I 5 A 1R 7 AR By,
I T R B 5 v 2 HARAS R SRR TT 25 . kA6
B R AR A T A R 0 2 T O T L R 9 AL
T 0 L7 5 A0 L e B A 4 i R

Table 1 Experimental examples of Rgl in the treatment of various neurological disorders

Type of In vivo/ Administration  Dose . .
. o r Mechanisms of action Reference
disease in vitro method /mg-kg
Alzheimer's In vivo ip./i.g. 10 Inhibits Af plaque formation and tau protein hyperphosphorylation; enhances [3-5]
disease hippocampal neurogenesis; anti-apoptotic, antioxidant, anti-inflammatory
Stroke In vivo ig. 40 Repair of blood-brain barrier damage and vascular breakdown; inhibition of [6-8]
neuroinflammation and cellular scorching; anti-stress damage and anti-apoptosis
Parkinson's In vivo ig. 10,20,  Maintains iron ion homeostatic environment; reduces a-synuclein-mediated [9-12]
disease 40 neuroinflammation; promotes dopamine synthesis and protects against neuronal
damage
Depression In vivo ig. 40 Increase total connexin Cx43 expression to increase gap junctions; inhibit [13-16]

microglia activation and mitochondrial dysfunction; anti-apoptosis
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ANSHE S A TR 7 I 4, Rl 72 - i 3]
HEAEH . BRI Rgl AT AR AR ¢ ML B 52 74 PAR1
(BN N H A oA R & B BOs k12 5K ik
I/ REES G JE e e 4, TR R R R i 8 B
fiff-2 (matrix metalloproteinase 2, MMP-2). %t ii 4 J& &
H -9 (matrix metalloproteinase 9, MMP-9) [t & i& L
P/ AL i R I B B e PR A TR B, Rel
A] DLIE I P 2 1 A e L -3 B (phosphatidylinositol
3-kinase, PI3K)/ZE [ ¥4 & B (protein kinase B, PKB)/
W 7L 5h ) 8 1A 5 = 0 2E (4 (mammalian target of rapa-
mycin, mTOR) i 12 & M & P &7 A2 K Bl 7 (vascular
endothelial growth factor, VEGF) [ 5%, 2 1 {2 it
)5 I A AR B, HLIX — T e 8 A2 L) i 4 4 )
FEEC B0 20 LR P IO F . b 28 J8ORE 78 i 26 b 1) kB
HhOE B OB E L, WIAG B B AP 42 R 31 R MEAE H,
1M B8 & 28 E 3k — 20 K J, /NI 48 Jf gl 2 1m) M1 Y
(2 1 9 RE A A I 2X0) Ak, 3k T 5 K 8 )™ B ) i 437
7. NOD Ff 32 I 8 1 25 #4381 5¢ 8 1 3 (NOD-like
receptor thermal protein domain associated protein 3,
NLRP3) /2 H i 7t fx 2 1 RAE DK, H 2R 8 H
NLRP3. #f 7= #1 5% 3 £i Ff 55 1 (apoptosis-associated
speck-like protein containing a CARD, ASC) J% caspase
Z ) B & B A B -1 (cysteinyl aspartate specific
proteinase-1, caspase-1) 2 i . NLRP3 RJE/NMEZ 5
TR 2 SORE OB, R AR AR A i LR /N IR T 48 B
KKK, H o JUNLRP3 % 5E /Mg B 3R TE] T k1
caspase-1 7] LUK ¥H B2 & D (gasdermin-D, GSDMD) 1]
#| j) N-GSDMD Al C-GSDMD, ifij N-GSDMD 7] L 5
21 i IR 45 5 T 1% 10~20 nm /ML, [F B caspase-1 &
1 57K pro-IL-18 . pro-IL-18 V1 #| A i 2 A F /N 43
T HE E IL-18.IL-18, FF A /NFLVAL H, AT 5] 62 40 £
T Rgl AT LA 25 05038 10 2 v S5 0 28RE R, # ] /)N
B2 J5E 4 L ) MR A A, B AR TL-63 TL-18 K% Jil 88 SR 4
“F-a (tumour necrosis factor-a, TNF-a) %5 {2 %8 [A T
& &, M) Toll £ %2 1K 4 (Toll-like receptor 4, TLR4)/
NLRP3 A T-iEEE, N iIFFE T IS8 A caspase-3 HIFRIX,
H CHERIRE 3% B caspase-3 1 7] Ll T Y] %] GSDME 5]
ROAH MR T (R L T AT 29 iR 9T 1 R B 4
%1‘:)[22’23]0

RS I e i 2 5 R B A5 1) O — AN
L AL, AR B ORI A S AT AT L 5 4 B 6 R
N7, BRI ¢ B e B, B9 A 2 el MIAE TS . Rgl 7]
DL i 48 1 PPARy ik K R 45 4% R 7 E2 M55 A 7 2
(nuclear factor erythroid 2-related factor 2, Nrf2) 5 Hi 4
1 B Jef4 (antioxidant responsive element, ARE) P J&

P BT 4 AL I8 B I 75 7 4 (reactive oxygen species,
ROS) S idiPE% (reactive nitrogen species, RNS) & &, M
TR/ o 2 v s B R 2. Rg 1 e 1 o 47 4
AT & 78 (glucose regulated protein 78, GRP78) Jiih
B FRE R FE N 5T YRR [protein kinase R (PKR)-like
ER kinase, PERK]-PERK ¥ % # 1% 2 45 K T~ 2 o (the
PERK-eukaryotic translation initiation factor 2 a, elF2a)-
Pih i TR F 4 (activating transcription factor 4, ATF4)
5 B SR OR3P A 4 0 52 N I X .3 (endoplasmic
reticulum stress, ERs), A 7 25035 i &R 1L AE IR

2 T 90 45 R BH, R 6 i ifn/ 75 FE 3 42 4% 5 1
P22 O T A AR B I A0 ROR, Rl ¥R 9T i /7
VE R BUE, TUNEL PR 0 28 70 58 25 ot/ R WL
Rk /b A JH T, A Rgl FEAIK T Janus B85 1 (Janus
kinase 1, JAK1) A5 55 5 5 8 S B0E F 1 1 (signal
transducer and activator of transcription 1, STAT1) ) fiff
g1 ik, X F 7~ Rgl nl @ ik #41) JAK1/STATL 15 5
R R PR T AE RS, oAb, 2R B T fix AR
rh ey e B A €, A i I A ) R R R
2 U0 20 M T, T L PR ), T R B
Wi S T 2 {1 3k R T 0 R, R 1 ml o ot 4100 1) P 98 v 4 4
SR 2k A R R R A R EH
2.1.3 MHEFHRF WA AW (Parkinson's disease, PD)
S —MIE ) Yy Re 2 BRI A RGBT R, BAAK
A SCHRIRTE PD 22 52 N 75 i, (H 2 26F AT H
g B KIS, PD fi 88 ) b 5wt S BB AR
% ¥ (substantia nigra pars compacta, SNpc) H % [ i%
REPP 22 TT I HEAT VR 2R, M40 SO0E LRI R T2 4%
LS8 2 O kaem a2 i, AT BT
I N B TR A R TR T B4 2 G e R 42 e,
Rgl B 1 A7 98 K B0 A0 SR T b, 38 AT L o 1
/b TN T 40 L, I e 2 e SR BT A i Bk R
T 1) R I R el B B AR R ) R A SR AE KRR R R T B
FIFRAS, Wi fRY 2 LR 2 0. a-RAMZE
)RR 82 PD (1 BE SR 1iE 2 —, 7F Heng 11
5L, Rl AT DUSE ) e 5 o- 5% Al B 1 16 S 5 38
[ 1N 93k 2> TNF-a IL-18 55 i 28 14 248 i DX 1 R RE T, 112
A5 /N e 5T 200 B E ML TR ) M2 B (e 8 ) 6 %; T Liu
ZMH Rl ¥ T R £ M (lipopolysaccharide, LPS) % S
T 2PEPD AR 7F 10.20.40 mg-kg ' 42578, 28
1) R R RS 1 410 1) o 22 e 4 A i 48 E TR R AR,
KW Rgl W] AR a- T fili A% 25 A7 3 A 48 AOE AN T
RIEGIPDAER . Song 25"l H 516 R B Wy FE AR kAT
T 5 PDAE IR 25 TR FE I H |, 25 3 R Rgl B T
TR NPT A BUEA P TR R AR 0 PD b, b
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Al L ok 4 o % & B ¥4 16 B (tyrosine hydroxylase,
TH) IR IERAR 1 2 L& BN T & 45 5T PDAEH] .
2.14 HMBWEFRITHRR A CIRIRERgl ILREXT
G At — 1 Ao 22 3R AT 1 50 4 F LE B (Huntington's
disease, HD) ¥/ 1, HALHI T At 5 Rgl AT H 2
I3 B4 JEIE AL B S (mitogen-activated protein kinase,
MAPK) #1 NF-xB i % £ 52,
2.2 RglATTHEMISRR

FIARE A2 4 11 5 6 DL 1) — SR A, SR AL o
T A WA H o TE A R T B, FAERRE Y o A
HEIZ T A2 A, BRI A AR RE A A M DA 3, I AR R
ST VR T MERE, v R B AR E B TR EAE B A )
R IT A BRI IR, (A2 B R Ftlm, HATE & A R
0% 58 A U R AARIE I 259 . Rel BIHTAIARIE R &
SRR SE, SR B AR RIALE] B BT R R 2 P K
B FUROHE 3R B Rl mlod b i ) B 0% 2 B 1 43
(recombinant connexin 43, Cx43) 1A K & IEPTALAE
o Cx43 A LI i 4 B2 JZ% (prefrontal cortex, PFC)
553 Ty B TR JoT 240 i - TR) £ TR BRI B2, A 5 AR
YiE B AH G, FIAICRE (9 R A 23 £ B Cx43 1 in 38 % A,
Rg 1 I8 #1fi| Cx43 )72 3 - H B AR A B 0 % B 14
PRSI AR, RIRT RS Cx43 A& BORT Cx43 1 B iR
AR, AT _E R Cx43 IRIA SR R FEHTHIAR R,

P JERE AL N A 5 MARRE 1) R A BB R,
PN VAN AT F50 ) 42 FE LA AT AR B (chronic unpre-
dictable mild stress, CUMS) A7, A DL I 242 %8 K 7
IL-6IL-18. TNF-a IL-18 &5 & & 34 i, B B2 L. 11 c-Jun
S FE K i ¥ B (p-c-Jun N-terminal kinase, p-JNK) 1/2
Hl p-p38 MAPK 1A 14 I, 1 12 14 1 48 B 41 1 745 25 B
W B (p-extracellular regulated protein kinases, p-ERK)
1/2 3K /0, 10 Rgl 897 5 AT LAIS e X S AR A0 % %
PUAMARAE Y. Fan 5 P"HF 50 K B Rgl Y697 5 #AR /)N
SR Bel2 2 38 i, 1 PRC [X 35 P 11 % 1) caspase-3 -
caspase-9 K 1A [AIK, R IH Rgl i A] DLd i 5 8 12 1& 42
RAEFCAPAREF o L S5 I o) A A AR e 1 JE ] S
(growth arrest-specific 5, GASS) M7 it ik H b Ab B,
5 Hi Rgl 7] DL # GASS X Nrf2 A [H 75 5 #%
F1##1 K17 3 (suppressor of cytokine signaling 3, SOCS3)
(RO R4 L, DT 00 1) /0 JR2 J5 48 e P 9% 40 S5 505 AR
FEANRR IR RLAR D RERRSG . 53 A WFFCIE B Rgl mf LA |
T TrKB J PKA/CREB {5 5 38 % ({1 %35, J4% il BDNF
RIE RSB ARAT R, B 2, Rgl TERIT HARE
AR R A T

Rgl 1] LA 24 Fi B A6 97 RS i B i, 0t 614 Ji5
WS (post-traumatic stress disorder, PTSD) FlZh g A

FIBES A P RCR . Rgl VAT PTSD R FEMLHI W] e
5K TR (corticosterone, CORT) Al R e 2 Jii
W BB 2 (corticotropin releasing hormone, CRH)
KA 9K, JF HAT A OGS 06 32 W) Rg 1 38 i 2k 5% fih 2
I, 6/ ¥ B e i 4 i P P8 I 2 Kird. 1 AT
TNF-o 235 & B 5 16 AF FP. Rgl Al LXK 2 i 5 ]
T EC A R B AS A B 1 ROR, HAL 5 5 Ik 22 o ar
TR A 22 SORE A A RS R i S A 2 D)
RE R RS AT G,

2.3 Rgl{RIPHE TG

Rg1 % A0 N 0F 3 s & oot i A IR GF s 2
{3 VEH . Rgl 7] L@ i NF-xB. AKT/ERK1/2 Nrf2
LR R IR ROS A AE (H,0,) %4 o i 4 41
BT DL 3E IR 4% NF-xB/AS,, ., 38 18 Ik 20 3% o S0 1) %
125, T 8] 80P L 8575 R I o 22 T R 12075 4 Rgd
X R ML S B AR 22 T 41 i (neural stem cell, NSC) 2
A LRI E L, Rl R DAY Sk 07 Sk 1 48000 IR I S
[Fi] o B AR 52 453 NSC i (1) p38/INK [ B X 4 ik, AT
TR Z A0 P 2 O A

Rl 38 A DUE 52 0450 ) b 22 0 4 728, (Rt iig o
FRZE PR, o & A 22 R G2 AR VR 3 BUR A 48 TT
¥ E A B EAER . Rgl 7 AR5 D-2 FLBE (D-
galactose, D-gal) 75 3 ) 3% 22 K BB Y v g B A4 1) o
2R, IX AT Re 5 Rl 2 3 #4841 B /AH 48 e (NSC/
NPC) 14 58 73 A%, 42 i g 5 5% fik w] 228 DA & 38
BDNF ik 4 K,

2.4 Rgl A RIP1ER

SCHRP R, Rel i oo i 28 i 1 BR Vs A4 2 1 IOl
(AMP-activated protein kinase, AMPK) 5 mTOR 4\ &
PR I TR 3 A DR SE 2 A 0 3 22, 3 AT DAFE IE AR PR3
R LM R R A, B CREB 3Kk, TR 4%
i SERIL L 1 DR .

SR, Rgl V6T & K ph 4 52 G A2 M g o A
BRI R AR O e EZS N (1 41 0% S W& e 2
RIESEMER, R A 5 B RS R RIEME R
FAER (B 1) BURGEZE o4, Rgl AT DLIE i P 2
SRVET =R ANA O TR G-IV I b2 e VA AT
PUEL A FT T /05 J 5 248 J0 400 1) 8 SR s 2 M40 Jf A T
It H Rgl iB 447 12 52 B 45 i 1f 557 L DR3P 42 70 55 DAL,
X LT XA A BT 4 1 26 ) B Ak . IR BT Reld
A 2 R RURTT X — R, I EFE AR Z M AR 251
ol AT A o
3 FiEERE

M2 RGPS IR R T BRI 57, Jed
— B 2SR AT PRI 7E K o [ 2K EL A RSB BT A
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Figure 1 Neuroprotective mechanism of Rgl

Rgl HAFLL HUEAL PR T SR iC 2 M i 3 2 2%
PR 2BV, DA 0T 0 AIE B A S OK I i 22 OR A 1
1, HF B BRERDN, TE169T PHE RGBT 77 TH e I
R B S TR, Re 1 AT DAY SR O R 4 R A
FIGE fuh AT ¥, 39 i BDNF.CREB %3, £ 3 £ Fhi
R FHEIINFN D Re RS, JCHZAE ADHY, 10 mg kg
25 2 70 Bk T LA SCGE IR, Rl (R 22 O
B FHTE B SR 8 22 1) S 56 h 4 AN T 42 418 1 5k, Rg1 T BA
AR 3t i A R A 05 R I A, ORI 5 B e A
HOHIFRLE ICAETS; Rl T DA HE 22 B Jke & B, #0481 460 4E
LR 2 T i B 4 28 0 40 i Rg 1 a3 1o 38 i Cx43
FIRAIG A BT, RIEDUIIARVE &6 . B 2,
JUE Rl 165 Fh s A AL e S 7 n] DUl i 22 200
A AN & PP R GBI, AR AE IR PR b 03 DL
£ R P ROR, FU LR R E T R 1 o I i % 5% 3 ik %
WA, A LLIE B JUR YT M A R G R . [,
FEAN N Rg 1 40 28 7 1 F ) BE il it B 24 W 8k i
16 B 503 A B AR 3 R ¢ I fii o 5 ik 3
BUH B TR Rl R AR EH TRIT#H 4 R G500
M2, X 7 B FHAT L — IR A

YEE STk e R MG AR SO T 58 s PR X
R  BH b B A 7 9 35 I RN i 7 B 2 300 A 5% STk R0 47
B R R B SR R TS R AR SO S BT AR R AR
MR .

FIZEASE: Fr A VE&E B A AEAE R 2 v R
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