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Abstract: Uncaria rhynchophylla is one of the frequently used herbs in China, it is mainly used for heat-
clearance, suppression of hyperactive liver, caming endogenous wind and arresting convulsion in traditional
Chinese medicine (TCM). Alkaloids are the main active materials in Uncaria rhynchophylla, pharmacological
studies have shown that Uncaria rhynchophylla and its alkaloids have comprehensive biological effects on the
nervous system. Rhynchophylline is one of the most abundant alkaloids in Uncaria rhynchophylla. The
recent studies demonstrate that rhynchophylline and its isomers (isorhynchophylline, corynoxine, corynoxine B)
may be good drug candidates for treatment of Alzheimer's disease, Parkinson's disease, epilepsy, etc. Although
the structures of the 4 alkaloids are very similar, they have different effects on nervous system. For example,
corynoxine and corynoxine B exhibit better sedative effects than isorhynchophylline. Rhynchophylline and
isorhynchophylline have been extensively studied. For development and utilization of rhynchophylline for
nervous system disease, more studies are needed to unveil the structure-function relationship and the underlying
mechanisms. Here, we summarizes the progresses the effects of rhynchophylline and its isomers on the nervous
system.
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i E R} (Rubiaceae) #JJ#E (Uncaria) J& ' SR A
YA 40 A3 Fh, HAH P (Uncaria rhynchophylla).
KH-#9fE (Uncaria macrophylla). E## (Uncaria
hirsuta). ¥ (Uncaria sinensis) 175K J 5 i
(Uncaria sessilifructus) >3k [ 24 #0150k (10 25 F R4,
DU R ) 22 N2, BATE RGP B RGE S DK
W] PO A P Bk A S e T B B VE M R, RS
B B B8 (rhynchophylline) . 5 44 B %  (isorhyncho-
phylline). ZE 4w (corynoxeine). St 2<5 8 il ik
(isocorynoxeing) . i 2 H8 (corynoxing) . i 3 Tk
B (corynoxine B). EAAFEHL (hirsutine). 2 & Bk
B, (hirsuteine) AI5%&¥F W% Ik (geissoschizine methyl
ether, GM) % (K& 1). H A mems. Feamil. ik
3 g AN S N R oy A AR . B9 (Uncaria
rhynchophylla) &4 filé Bl A1 S 5 i el & e s, 20 )
A 28.9% A1 14.7% . H AT, Py xt
R TR0 S5 ) R L P E R A 22, L 0 X B T e P TR )
RIBELZ o A 3 B R B L R o0 e i A (S
TR ] o S R R U8 S B) X A4 R G AR FH AN
WLHIHEAT SRR, o e 000 e TR A8 10 48 2R e s
IR AN — B R AN AT R 5%

Rhynchophylline (R;=H. R,=Et)
Corynoxeine (R;=H, R;=CH=CH,)
Corynoxine B (R|=Et, R,=H)

Isorhynchophylline (R,=H, Ry=Et)
Isocorynoxeine (Ry=H, R,=CH=CH,)
Corynoxine (R=Et, Ry=H)
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N
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H
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MeO-Zcoome

Hirsutine (R=Et)
Hirsuteine (R=CH=CH-)

Geissoschizine methyl ether

Figurel Themainindolealkaloidsin Uncaria rhynchophylla
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b A 2 W Ak AR 2 B m R, B R K g B
(Alzheimer's disease, AD) H & N 65 ZE N &L
i FRAN AR VE i B ) R BRI 2 — . AD ERN— N2
RE RPN, JRIRILE T B Ak BT, g UERmFEER
1 (amyloid-beta, AB) KL BEVIAR . tau B AL JE
BERRAL . IHTRAE RFDIRERRAC. Mot vERIf . R AIEHR
PR NSNS AD AR EVIR R . Hik

L SCEEYI R AD /R A KA RoE, 8
Xt AD [1E FHBF 72 O SCRRERiR P . AR Sr 3 B4
IR A SR TR A L [ 43 S R Ak AD (RIAE R 9

Y R LR S5 B R R T 5 2 B AD AH SR AR A )
W 5 2102 RE I R0 28 53 fid T S8 R 45 47 MR B R
GLRE AR E S5 AD 2 3101788 S 4 i 35 B R
Kz —, 350 I GR 2 45 Th et 2 B A i AR A A ) bt
AD 25 B BN 2 — o I S PR A S
fid (10 A1 20 mg-kg™) 4] B 23 Z BEAR AR M
ZARIEHA A BB (scopolamine, 3 mg-kg?, ip)
FrEL i ddY /MRS (BkG) B, i (20
mo-kg ) AT ZBEARGE N7 32 A 4 5 36 in
(mecamylamine, 15 mg-kg %, ip) FrEUI2E 19012 (Bk
) B Ag TIBHANZE AD K% 5 IR
HN R —, M= Ap & H K AD A2 —,
HELEVEE T A (20~40 mg-kg ) 21 K, X
AL AR = 3 55 BT K B 2 ) A2 R A AT B T
AR, JERERRAC AB FTELN tau B (I BERR LK -F
THet, ghah, 78 D-2FURE BT RN N R A |-
VEE YT A (20~40 mg-kgt) 8 JE, thET B
ot D-2 FLBE B M 45 1A 2 S0 Az bER S, g fh AT
IPER NN R SR AP & A B, KRR
#4558 (long-term potentiation, LTP) /& 2 fisl a] %81k (1)
FEGEER . —, HEES TR (50 mgkg
4 ) ATH R APPIPSL BIEP/NRL (5 )
I LTP (BRI, 56 R i S R R 3% S i B X 27
SCAZ e A 4 T gk T 9 1 ) 5 0 149 A DL R0

FEYH LK Y- b, e R S R B L AT B AB
7SI A0 M B S B, BRI M ws PR B MRl 2 0
(lipopolysaccharide, LPS) i 5 1t £ %¢ 14 J B 25 A
o SHIBEM 10 umol-L 7] B B ok 38 A Fr i)
PC12 41 3% P4 P44, 110 %4 1B B 75 Z24F 100 pmol -L ™4
AR MSCEER, R R AP Ag FIEMIEH
TR TR R Y, RV SRR S B DA
SRR SR E R AR BT B R 2 FE
15 B BRI 1 P R SR TS 5 10 A 1k 3
A5 7 T, S TR O P 1 D b L R R, S R L
0.1 mmol - L™ Bl AT B &5 343 5 UL 5 T 0 LA 3% 3 4
2 TCIE MEPRAR, TR BRI 7 EAE 1 mmol-L7t A B
A5 G /R T s A Sz a6 R W, AT (1Cs =
432 ymol-L ™) 53 BER (1Cso=48.3 umol-L ™Y
A N-HFERZE# (N-methylaspartate, NMDA) 2
PRIEHOAE A . e ab, e RN S5 4 TR B3 A 410 o
LPS 75 5 19/ B S5 4 it 6 1k e J8z 118191
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MR R ICAR > . H AT RO S B R B o i o
B AN 2208 B X AD fO1E i 75 R GRS A,
DA R N AR LA AL 1) A B8 4 1) T R A H
2 R

WUH (epilepsy) 1BFK “2EMMN” BL “EmIR7
F KA 28 70 9 R PE S E I, 5 ORI K T
RERTRT 10— Fh I8 Mo . 4% (P EZG 8 (2015 iR))
frak, W ARA BXGER . BRI Zohi. HTF
AN B TR RV R BE et N L
TR R TR AT S PR RL 2 o P DA, 70t BRI 2 8 7k 11
I SR AR R R, AR R
PIBR S o B A BB AE T, H DO 4 7 B R
RARERR OB RN .

H RGN, AP E R SR N4 1 5 3 5 2
S SO R 00 E BRI 2 — o N R R A R G
F BN EM AR, B Z R AN 5 W 5
R R BRSBTS BB (0.25 mg-kg™) 3
K, SRR (52 RS2 AR WAL N R 52 74k 1)
Bsh ) M v 5 75 S 1 oK BT B A B S A
VER, %65 45 700 2 40 fidi 4 4 F S8 A 20K« INK T
AL B NF-xB 3 HL A W i 1 0,y B fipss
TN W G 2H 25 e 0 1L -18 0 T e Bk U 8 SR I T
(brain-derived neurotrophic factor, BDNF) ] 7KF17,
FEYH ML AT IO R B, SRR (1 pmol-L7Y) Al
BYRERR (0.1~1 pmol-L™Y) AT B A G R T £
JELAR B 55 o 220 37 1 ARG M L ey Tl D S5 0 TR RO 0
R VE (/R AT g 5 JL A 4 B A0 NMDA 324k
FEHUE AR,

3 R

HWF R, F 100 mg-kg * (i) FET, F4
TR 0 5 2 BRI ] 5 S B B 38 T R KR 2N 5
¥ | CR /I~ Bl RS ARF 1], 177 0 R0 DU 5 57 MR S e 44 2,
Fa %5 S B AT R % 22 Bl B #E 30 mg-kg ™ B AT B S 4
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BENAH EREREY, HEEERTRES R 2 E
it 2954 ¢, SR (60 mg-kg ). K% 6 (30,
60 mg-kg Y) AR EH B (30. 60 mg-kg ) A
A 2 R RO 5 R R R T i (metham-
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7B 815 HE - (apomorphine) % S 13 Sh 1 1 b,
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Yo ol R v ) A O Tl R TR S R TR, Al
TR A BRI R AT R TR 5 L T Y,
TR RN T T, KR G W A B 0.5 g-kg ™ B AT
WA SR AME TS Eh, SRR 2 kg A B
B8 (1 Y, T 6 T ML e B B A 2 g-kg X D
WA B
4 HMERFHHMIER

Ay Tk e T DA AR R i R TR 5 5 1) 2% R BB
% (conditioned place preference, CPP), JfnJ 41 H
FRWIHE SN LIS XL (BER. 268
fe. EH'E ERETmE, -2 TR CHHEM. K
I fpk A6 ARG ) 12200 0 A1 P 352 D e 25 5 1) e i e e )2
AT CAL X ) GIUN2B %5 (T &2 29, fE5E o £
FR) S AR B T SRR 25 L, B R T gk b R
IR VA IG5 (R B 1 £ A7 B i AT AT FRAIK GIUNZ2B (1)
%%ii[zs, 26]o

FE IOk DR T fls I ASE R g AR S ST BRI s
S BB (10 mg-kg ™) T BA K4 A A B 4 ) i K
ik T i 2L 20 4R A S KT A i AR v A R
(permanent middle cerebral artery occlusion, pMCAOQO)
rh, B AR T DA CS R AR A B 1 i 2E 2K b A B
AR, 0% PIBK/AKY/mTOR G # Al TLRs/
NF-kappaB i@ #, PI3K i3] (wortmannin) w] FH
Yo R ) AR 47 41 28, R O g R ik 3 i B0 L T i
ALY Akt/mTOR 38 #5528 .

B TR SR I T LA /D BT e i S 6-32 22 T i
(6-OHDA)  ER il SR A 3 5 A5 Y Jiie e 32 ) AR o 38 45
YL % & o i)k, JE5 6-OHDA 5%
(K1 PCL12 2 it 0 T2 R 4R 7 e vy LA e 3 1 P 2,
L BRI A U SRR SE TR B X 2 Bk 22 4
% (N2a. SH-SY5Y # PC12) HlJFEALEF=H4 0 H
AW B AR, JErEdt a-RfmZE (a-synuclein)
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(1375 5412033 3o L 1 4 AR T g B T AE IR
STIER -

S8 R BROE B B E P ACIE, B ST
FEETL (10~40 mg-kgh) 7 K, W AEEh A1 58 i
TRORIT Ak JRE S5m0 AR Bl i i) B gk /0 391

Y Tl T T R A e AN B 2 1 B A HRL AT
P FL B w0 BE I 1 T, i B e U 3 A A S Y
T LA PR A e A B o 22 BELE 4 P 11
YR FE Ak AN B A
5 {ER#S

g TR Tk R S ) TR R Xt 22 B B Tl B B
HIVE o Z9METS (ECso=43.2 pumol-L™Y) F15 £ B bl
(ECso = 48.3 pmol-L ™) #] LUK EER#iTE (1~ 100
umol-L™) BEME NMDA =4k S, X o-2 3
¥ H BT R (a-amino-3-hydroxy-5-methyl-4-
isoxazole propionic acid, AMPA) ZARFREI B A&
fR2z4k 1 15 (mGlu 15) NSHHEBEEEMN, 5
MK801 %5 B 13 3 FF st BEL W7 75 AS A (0 %, i e o7
PP TR R S T R ) AR IR R B R R, R
LA J2 B 7 J0 38 T 50 FEL BB 771 6 T R S ) e et

maximal response) 5 B W ADHIAE A, (H X R
(ICsq) &AW, $RHARB AR ZA R
B RAEPLAITE 1O3 L E gt LR R R A R
P TR T BE L AR K T NMDA 344, 1T 4|
BEMBAMHER S NMDA 21k 45 & 90 8 H 5 Bt
NMDA Ak f4E ], B ARAE F AL 2 75 2 — A it
Flo WbAL, B Tk BB AN 4 7 Bl mT LA 5 4 PE O -
¥ (5-hydroxytryptamine, 5-HT) 2 432 {4k (5-HT,)
AN ZWERHGE M 324 A T 0 e 35 37, o A 2h R
e b {7 ZiE R B 7 TR SE T L A Oy A TR E DY,

Eph (erythropoietin producing human hepatocel lular)
T 2RI R IR (RTKS) ZR A A i)
KIERE, H A4 A (EphAd) fEMIG R B IMER
figh TT 28 A EE A Y. EphA4 AT I 5 2 T
Y] AMPA 52 0418 5 9 fish ] 58 14140 APPIPSL /) Bk 41
Zirf EphA4 RIEH BT, #0] EphA4 1] B 2 i35
APPIPSL /) B [ LTP . Fu 21O 5o 437 % 2 R 401
BRI R B, R T LY EphA4 R 1454 (—9.0
kcal-mol ™), L4543 8E W AR T3 O Fe 2 4 B
#] Cpd1 (—6.5 kcal-mol™); Pulldown SZ 54 i 71 £4) i il

NMDA FIHZE K NMDA HRHR KN (the

A5 EphA4 [ a4k BURE B M 45 4

7 APP/PS1 /NE]

Tablel Summary of the effects and targets of rhynchophylline, isorhynchophylline, corynoxine and corynoxine B on nervous system

Alkaloid

Effect

Target

Rhynchophylline

Isorhynchophylline

Corynoxine

Corynoxine B

@ Improving scopolamine and mecamylamine induced cognitive impairment !
@ Improving long-term potentiation in APP/PSL mice!®
®) Protective effects against g-amyloid!’ !

@ Protective effects against glutamate induced excitability
®) Protective effects against lipopolysaccharide induced inflammatory reaction in
microglial*®***!

® Protective effects against kainic acid induced epilepsy [*°

(@ Reducing anphetamine induced conditioned place preferenc
Protecting brain injury in subarachnoid hemorrhage [*” and ischemic!® animal
model

@ Improving scopolamine induced cognitive impairment %

@ Improving g-amyloid and D-galactose!™ induced cognitive impairment

®) Protective effects against g-amyloid!’ !

@ Protective effects against glutamate induced excitability
®) Protective effects against lipopolysaccharide induced inflammatory reaction in
microglial*®%

® Prolonging the time of thiopental-induced hypnosis * and inhibiting locomo-
tion™ in ICR mice

(@) Enhancing autophagy in neuron!*2

Reducing the immobility time in both forced swimming and tail suspension
tests'™

@ Prolonging the time of thiopental-induced hypnosis ?” and inhibiting locomo-
tion™ in ICR mice

@ Enhancing autophagy in neuron®?

11

o [22.26]

11

@ Prolonging the time of thiopental-induced hypnosis ?” and inhibiting locomo-

tion’™ in ICR mice
@ Enhancing autophagy in neuron®4

@ Inhibiting the current of NMDA receptor 12
(@ Reducing muscarinic receptor- and 5-HT »
receptor-mediated current responses in a com-
petitive manner

® Functionally turns delayed rectifiersinto
A-type K* channels™

@ Blockade of EphA4 signaling®

® Competitive binding with a;» adrenergic
receptorsin a manner similar to tamsulosin 4

@ Inhibiting the current of NM DA receptor '3
@ Reducing muscarinic receptor- and 5-HT ,
receptor-mediated current responses in a com-
petitive manner %7

(3 Competitive binding with a; adrenergic
receptorsin amanner similar to tamsulosin 4

@ Blocking SNCA-HMGB1 interaction!®¥
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F, BRERR AT DL R EphA4 AHSC(S 53 B AN B
38 LTP, $2/n 2 EphA4 (145 = 30 71 o

SNCA #%#t5 a-synuclein fii3E K, H 5 HMGB1
(high mobility group box 1) 454 J& i HMGB1 1£ fig
WEERT, F0%H] HMGB1 5 BECN1 ()45 & 3] 5
W, G ILUTIE (co-IP) LG R W, M -Fhd B A FE
ik SNCA 5 HMGB1 145 &, FfxF BB DhRe R A B @
(R 1R Y, SRR FT i 200 B feilid #if SNCA
5 HMGB1 (145 &1k 2 SNCA % 5 i) F 1 Th REFE K

UEAk, BRI R R R T S IR R g B B
% (aa) ZARBHWIRIHZR D 3 (tamsulosin) 5% 5+ 1%
LG EIRE ai AR, X aga SZARTHAE MR M
gk — DA
6 %iE

gi b, B S [ 43 S R ARt A 2 R St
HAETZMABER (£ L1). oHEPRSRIER, &
TR 2 L () 7 S M 0k AD RO S A X B R 48, B
BT RANE, PUBIN . BEER 7 M EF E
WIRA, X HoAth b 22 28 G20 1) /R AT FEAR O B2 A
X G B R AR, [ 4 e A A S A R L
R ) A S R A U S B B LS D BRIk, A
W5 LB R GEUR N AT T B TR B S G R 4 S ) A ) A
FA L, FFR A ROE R AT R AT, XIFRF
FH ) ok B FL AR P2 o B E T
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