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[ Abstract | Epimedii Folium is a type of traditional Chinese medicine with effects of nourishing liver and
kidney, strengthening the bones and muscles and expelling wind-damp. It is the main component of formulation that
could nourish the kidney, strengthen yang and treat impotency, and mainly used for treatment of kidney yang
deficiency, rheumatism, osteoporosis and paralysis. Recent studies have shown that icariin is the most abundant
flavonoid component in Epimedii and exerts extensive bioactivities of anti-inflammation, anti-oxidant stress, anti-
depression and anti-tumor. The molecular pharmacology studies showed that icariin could be used to treat nervous

system diseases, osteoporosis, cardiovascular diseases, immune disease and reproductive system diseases by
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regulating multiple targets and signaling pathways. The protective mechanisms of icariin on skeletal system were
extensively studied, involving estrogen receptorace ( ERa) -Wnt/beta-catenin, nuclear transcription factor-xB
(NF-kB), cyclic adenosine monophosphate (¢cAMP) dependent protein kinase (PKA) /cAMP/cAMP response
element-binding protein ( CREB ), extraeellular-signalregulatedki-nase ( ERK), p38 mitogen-activated protein
kinase ( MAPK ), RhoA-TAZ, phosphatidylinositol-3-kinases ( PI3K ) /protein kinase B ( Akt) /glycogen
synthase kinase 38 ( GSK3B) /B-catenin, PI3K/Akt/endothelial nitric oxide synthase (eNOS) /NO/Cyclic
guanosinc monophosphate ( ¢cGMP ) /cGMP protein kinase G ( PKG) and other signaling pathways. The
significant osteogenesis effects made it a preferred compound in treatment of osteoporosis. However, there was only
a few summaries on icariin’s mechanisms in regulating the nervous system, protecting the cardiovascular system,
regulating the immune system, improving the reproductive function and resisting tumor. In order to accelerate the
exploration, discover other molecular mechanisms of icariin, and expand its application prospects, this study
reviewed the progress of pharmacological studies on icariin in recent years, and elaborated the effect targets and

pertinent pathways, so as to provide the reference for the rational clinical medication and drug research and

development.
[ Key words ]

molecular mechanisms
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Table 1 Protective mechanism of icariin on skeletal system
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fiff ( mitogen activated protein kinases, MAPK ) i@ I {i¢
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synthase , eNOS ) /— % fk. & ( nitric oxide, NO )/ 1
M G (protein kinase-G, PKG ) i #% i BE #R 12 78
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mRNA FIE H A 5K T 4 i Ak W i 4 1
BE W) %005 Z 4K y (PPARy) Fl CCAAT/ 6 58 1
455 M B(Cebpb) mRNA [y £ 3L ; 1 H &
P47 2 (OPG) /32 (R 00 7 4% X F kB AL 4k
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icariin(0. 1, 1, - ¥ m OPG, Zk H 4ok 40 o s 5t
10 wmol -1~ 1) (ALP), TGF-8,, RUNX2, RANKL mRNA

3235 ; 387> RANK, NF-xB mRNA (1) 33k
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(0.1 pmol'lfl)

A 380 41 M B, o AL RN Ak 3 Col T,
ALP, RUNX2 #I OCN mRNA FI%& (1 £ ik ;

Wnt/B-catenin j #% [21]

4/ B-catenin mRNA 1Y % 1k
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Col T mRNA FIZE 4 ) 3k ; b 25 38 9 e 1k
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100 pmol-L~") ARG (PKA) Fl3R 8 B 20 e85 A | A
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SR F 5(DIx5) mRNA ¥ £ 3K ;15 5 TAZ
W 4% e i
icariin (0. 01 , IC1 182780 4 ERa, RUNX2, DLX5, OCN, Col I ERa 3% 1k A0
0.1, I pmol-L.7")  DKKI mRNA f¢) 35 ; |8 B-catenin, Lefl, TCF7,  Wnt/B-catenin
c-Jun, c-Myc AU B 1 D (ceyclin D) 5 g (>
mRNA [ %3k ; 3 Il B-catenin 2 1 1) %K ik,
e 9k - B-catenin (2337
icariin ( 20, ERKI1/2 #1413 ( PD98059 ) {23 ERK 1 p38 & 4 (Y 5 W2 1k, 48 75 i ERK #1 p38
40, 80, 160, P38 #iiil i (SB203580) R R H/ B H Rk Bl 178 MAPK  MAPK 3 % 30!
320 pg-L7h) JNK 411 il 57 ( SP600125 ) T U sk R F Elkl #1 c-Mye mRNA [ %35
icariin (0. 01 , NOS #1413 ( L-NAME) A2 38 200 ISR 44, B ALP {5 5 PI3K/Akt/eNOS/
0.1, 1, 10, sGC Iz (0ODQ) 8 INOS il eNOS mRNA fy%E 5, #% NO 5 NO/cGMP/PKG
100 wmol <L ") cGMP 15 From O T A M S HE R R LG (sGC) s
PI3K 417151 % mRNA {13835 2 3#F p-Akt 76 [T 3k
(LY294002)
icariin DKKI1 AR 3 240 0 BB £ I 410 1 B g 7 434k Z o Wnt
(1 pmol L") L BLE R RUNX2, ALP il Col I mRNA i g 135!
135 ;T AR A OCHE ] PPAR, Fabp4 Fl
adipsin mRNA f) 323k ; fi¢ #f GSK-38 B 1Y
B2 1L , 3 in Non-phospho (Active) B-catenin
EASTNE g
icariin Wnt/B-catenin 1) i ) ( ICG- B ALP {35 k5 3% 75 RUNX2, Osterix Wnt/g-catenin
(0.000 1, 0.01 001) Al OCN mRNA [y 3 ik ; 34 il B-catenin F1 55 i 132!
pmol-L 1) AXIN2 mRNA ik, 40 1 &k WK % S (0 8-
catenin & [ [ i
g 15 -+ 4m i icariin RhoA #i i 51 (€3) A2 HE 40 0 38 G RS 434K 5 39 RUNX2,  RhoA-TAZ i f# %)
(rASCs) (0.01,0.1, ALP #l Colla mRNA {#§ % % ; 3 Il RhoA |, p-
1 pmol-L™") MYPT1, RUNX2, OPN il TAZ & A £ ik,
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Icariin 3 EAE i iP N R

SaoS-2 4 iy icariin

(0.01, 0.1,
1 p,mu]'L_l)

(1.Y294002)
GR 5417 (RU-486)

B (NP) 4l

icariin

(20 pmol-L~')  (MLY294002)

OP sh i £l icariin F12Em 2R

(200 mg-kg™ ")

icariin ( 125,
250, 500

Fosamax

mg-kg ™)

icariin -
(150 mg-kg™")

icariin A icariin )k R 45 B K U8
(25 mg-kg ™"

icariin icariin 454 ADSCs

(250 mg-kg ")

DKK1, PI3K/ Akt 3 # 411 1 5

PBBK/Akt & 2 4 #H #

PI3K/Akt/
GSK3B/B-catenin
i g >

R £ B 3 5 A A R A 3G ALP 3
FI4E 3 |98 RUNX2 F1 DECI /& (9 19 %
K53 PIK3CA 2 P i1 2 35 R HC T il 48 R
Akt 5 GSK3g M Bz fb

B 4y i ik PIBK/
Akt 3 g 40

Ul 0 TL-18 1755 B 400 L O T, 92 4 M )
ROS fy R BL MR Lok (R ) RE ; B34 Bel-2
AT 9 Bax, Caspase-3 #H H By K ik ; b4 p-
Akt FF R p53 2 H 1R KK

SR E B NGB A % £
PERE ; BN 0 E, R OCN 4 7K F 5 [ 1%
L # FSH, LH FI TRAP #y Kk F; I A
OCN, BMP-2, OPG fl COL1 mRNA fy#ik;
F 4 TRAP 1 RANKL mRNA [9 3k

n] fg ¥ M Notch
i

4R B B % B (BMD) |, B0 H /N A
H ;i PPARy, CCAAT/IESR T4 5 HE A
a( C/EBPa) FIfig Il FR 45 & % 11 4 (FABP4)
mRNA 1) 2535 ; B i1 Notch2 mRNA 1) 23k ;
] NTICD Fl Jagged! 35 F B3R5

B B BMD R #E RS G A s e
SN U5 B KM T b BGLAP, ALP A
TRAP (7K F

B R D RE A ) AR AR e [
B S5 k5 394 0 5 #8559 K

PRI B BMD R AR 2 R
PERE s AR L7 ALP, TRAP H1 BGP {4k
LM OPG 7K ¥ 5 B35 T HIE A0 B AE 7 3
fEF5 %L

3 MOoMmMERFEHMRPEA

TR AR T RS A AAGkE B0 A ) PR30 JIL 4R i
LA PR (5 . ZHOU 457 ey iy 5 S 3k 3K I
(angiotensin II , Ang 11 ) % 5 ¢ .0 UL 40 i 182 B4 | &%
ETANIREE =¥ =8 < 2R 11 P06 2 o 17 & e &
(heat shock protein 20, HSP20) , fH ¥ c-Jun & 3£ K
i 3% B ( c-Jun NH,-terminalprotein Kinase, JNK) 70
p38 11 85 2 1L )ik 7> (reactive oxygen species, ROS) 7=
Ao BEWIR SF A E L 0 ROS 4RO 9 INK F
p38 ALK ARI HIc2 UL . MeAh, 7E H,0, 5
H9 2 .0 L4 B 3 [5) 507 & 40 44 & oy, 1) ERK A0 2
) U1026 AT LAGH 36 72 32591 9 R4 VR L #2785 ERK
T (AL R R A OR 0 JUL A M HC BT A A N A £
HOBLIR 2 — o QIAN 457 7E i A T A ) 2 il -
ERARREZS SF g =18y 4 R (A= (1A SN = 1A S B R

214 -

JULEAR P T e A 0 3 AR RO
FEAEAET R TR LA Co LA O T3 R S A
IR A IR K R0 0 R G, HU & %
PRI A AT AR AR e o) S AR R s R
I (ox-LDL) %% 9 human umbilical vein endothelial
cells, HUVECs ) U157, 11 8 12 4016 1 K5 6 o 4
T[] KL B 43 (intercellular cell adhesion molecule-1
ICAM-1) , Ifil. % 40 Mg 4G M} 2+ ( vascular cell adhesion
molecule-1, VCAM-1) Fl E-¥£ £ 5 mRNA F1E 1%
KAKF . XIAO %81 78 HUVECSs 41 jfi v % B - 78
TF BE I 3 17 32 3 19 eNOS/NO i 42 i 3 3 bk 6 K
AL ; I8 2> ApoE BE DA @ Bk /) B i 2 rf NO, il
=g A1 BB [E EE (total cholesterol, TC) ¥k BF . & it
Z A, R H o o D 3h Bk RE B e
(chemokine CX3C-motif ligand 1,CX3CL1) Fl H 32 &
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(CX3C chemokine receptor 1,CX3CR1) & H 7K F 2k
3 ApoE it Bk /N BUrh g 40 R S . Ut
B, SR 7R T AR A% DA A S Ak B R s b AL T T
SEZ AT THARPT S RO AR RE AL o 78 i I 2K SRR Y
R EAE Y B AR LT TC A ox-LDL /K, 240 3% 1fiL
ST R I IS W A R -1 2 SR T R I DU
11| R bl 1 O 7 N o T 8 1O RN PR D e O o S
SEAE VA AR B A S B S A
YE % 15 B 32 1K ( peroxisome proliferator activated
receptors, PPAR) 32 2 2 5 JiT Iig Jij £ 181 A1 A U7 4 A
O S R | ) 2R VI WL S R SO SR AV i
PPARq (9 H, LU %5 3 40 /)y LU PPARa Al
Jig 5 AR 5 DR 4 75V SR AT 2 PPARQ IS ), 8
T JEF R v 4 i T A3 6 PR R 3k, 93 s AR g
4 MNERRENEATIER

KRG UESE TR 41 A I 1 5 R e
AOTE TR o 78 B B G % VeI F B8 R 0 S, 45 T
AL T TOURE 0 7 9 0 L U L 5 A0 i A P R 2
BAAZ AN B9 Th A1 Th17 40 695502, 3 & &b T
4 ff 4 8 A Th, Th7 Zif 5™ o B AT AL
RE A% I35 11 BF G0 058 2005 30 W] A% il 027 g o 7 BV 2R
I Covalbumin, OVA) 75 S 4 /I B 9 Wi 468 2 oy, 2
PR A% S A8 5 IR ) B (airway hyperresponsiveness,
AHR) |, 3O A BB S8 R 21, A 1R 400 i 185 A DR
PR IR AR S BRI Y Th7/ Treg Wi N7, [ AIK
ils 26 2L 1M 3 P T 81 B ZR D, ( prostaglandin D,
PGD,) fil PGD, 3 {& 2 (CRTH2) f§ mRNA ik 7K
ST SO S e 5t B I 4 A T /N
SRR AL, 25 98 PR R AT W MR /N BT 52
50 v O T Bl IR [R) 3906 2 AT v s S g, I R
R YR WE B BRSO o A, A AT A 2 2 4
TR 55 GR T A2 HAL 9E K 5T 2 [ s 7 A 20 i
PR 7 25 B TR FE ML A o
5 WEBERSZHFNE

VR SRR T Sl A A g AR B 24, B AR 2
ST ST A B B VR A Y 2 PDES 4 40
B A T I RE RO VR . AR RS R
i T EE i P 22 T ALY 2R KT Bl 52 R
NO ¥ i e i B 22 N eNOS, PI3K FI w2 1k Akt /Y
Fiko ULWIR AT R b -2 - R Bl A
PI3K/Akt/eNOS/NO {5 5 i % 4 5 M v /N B v 2
e . M IR PR A A AR 3 ERK1/2 (55
3 B L K BRLSR AL AR M R A CHEN 45 g B
MR R FET T LEER ALK

( peripheral type benzodiazepine receptor, PBR) Fl13%
BEEE A 2 R ( steroidogenic acute
regulatory protein, StAR) /¢ #F S2 R r= 4= . 55— )5,
TR T 52 R SR AR b v R I R 2 Ak
(follicle stimulating hormone receptor, FSHR ) Fll ¥ %%
B -1 mRNA B9 3R 3K, Il 5 480 A 0 38046 1 Bl
HEVE A I RE .
6 Hft
6.1 HIRAEM  7EIL-18 Y55/ SWI1353 B N
20 e, AR T T A ) MAPK 3 e 45 1 6
# A B ( matrix metalloproteinase 1, MMP-1) , MMP3
Fik UL K& p38, ERK FI INK # /R 1k & # 5t & 1F
U R AR NS T A O S AT e M
FEHT A0 (OA-FLS) WA 5C 73+ IL-18, MMP14 Al
#2455 ¥ 57 1 78 (glucose regulated protein 78,
GRP78) i 435 WU S AE i o LI 45 4R i 78
T O MR 25175 5 AR P FIAR R 58 RE S Y 5
i B, 2 BT 2 DR AP /0N BUBE D) B, 980D A AE 4
Jitl, TNF-o, IL-8 11 MMP-9 f 7%/ fE MR AhS2 88 v,
PRI NF-«B p65 3 FH Y B B2 1k A1 EH Wi
IkB-a 8 A A%, 3255 GR mRNA FIZE ({1 3 1k K
- ULHTEEEFE T AT GR Z 4K, I NF-«B 1% {k
LT 5 R 7 A ARG AE T o BRIBLZH i 40 LA
LAY ARG R (TNBS) / S B 5 09 K BR 435 W 2 I 45
P SR I FE RS G N7 B 28R S R I O R B -5 R
BEROERIR R 45 20 BR800 1 R 2 1 A RN (]
DA 3 AR O Bl 235 1 266 T 450 0 45 80, 38 AT L e i O
7k L L i S R N P S 1
RE S o RURE AT BF 9 K B A L OB A
B A7 K F 6 (silent information regulator 6, SIRT6 )
H R NF-«B JEAE 15 538 #% T Ui 00 #8 E [A
TNF-a, ICAM-1,1L-2 1 TL-6 & 3k I 4 00 i 2 2 7 0ot
SIRT6 FI NF-xB (1) 15 2 [ 77 A6 FE AP AR SC1E
6.2 HUMIEAER  AEURSMTUMOR TG PSR P
2 H BB A8 IR AR N IS £ 788 A0 T A U 184 AR R
T 8 4 Bt H K ( glutathione, GSH ), Caspase-9 #l
NADPH % AL ilf 7K ~F-, AR P BT 9 57 38 A 56 20
(p-PERK,GRP78 , ATF4 , p-elF2a Fl CHOP) , ¥ T-fiii
1K & H (P53 up-regulated modulator of apoptosis,
PUMA) 1 Bel-2 263k ") o 5 5L 3¢ M 72 5 4 15 78
oyl I i) PI3K/ Akt FIAE 5 e 5 FEL S 005 + 3
('signal transducer and activator of transcription 3,
STAT3) i 42 I A1 £0 45 4 240 M0 3% 1 Fn i &, LI
1O 7 B9 LA A2780 I v R BLIE A HE RE A5
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/b microRNA-21 &3k /K, 38 Ji e Jg 410 i 3% 5] PTEN
A RECK £ F 2 3 5 10 ) Ji 200 M 4% 5, in 32 240 JHEd 4
Too TERAZIE B16 40 ML A1/ BB AY 2 S 78
SRR A o S o I e D O G N IR I - = N
CDK2,p21, A4 H B, , Caspase-3, Caspase-9 , PARP
il Bel-2 23k 4B Ve 7

FFAETTER T A S HA BT YA E vT LLER
[F) A B i 25 ) EAT IR T . DRI, R
REIE M) NF-B 35 A6 I T ) H AR B 7 ) 1 3R 3k
PR W) R AR IR, TEAR N B AR Ah S g v 2
S B T 0 R S KT A 40 G B B T
1E ALP 41 g i AF 5€ v & 3, 2 S 2 R AL T
Janus J i 2 (Januskinase 2 ,JAK2) /{5 5 56 5 fl 5k 55
Wis 1 3/5 (STAT3/5 ) {5 538 % ok 410 i JL o 2 1 380
B PIMI 1 2 1A 38 g7 /1 ROS 8988 = %1k — i i 71
PR G LT, WANG 57T B 5T 3 B 2R A T
il PBK/Akt T ANKTHABEEZ RILAE
(doxorubicin, DOX) -3 Pr 40 it &2 MG-63/DOX 1
Z Pt A 1 ((multidrug resistance 1, MDR1) 3
K LA SR DOX (Bt i o % Pk
6.3  XPEMERYRIAE R T AR RS R I A
S0 R R I, B = A 0RO T B
HUANG %™ i it 57 5/6 5 H) B 75 3 1 K UM
B R R IR SRR T AT DL B R SRR S
FZIIBE , 3500 B B T/ AL 40 B K i A 55 5 B A G
HEFFIE . AN R BE A ] L T
S (HCT) 35 5 1 B B S A E b 98 R B Iff 2%
R T4 SRR, R SR FRT B R R AN K BT R
( proopiomelanocortin, POMC) mRNA {15, T I
AN B b ofE BB OB R BT R OB R
( corticotropin releasing hormone, CRH) mRNA {3
KK HE R PR R AR T T R E o HPA BN g3
W ARG RYT HCL 755 19 K BUE B 2 HIE
6.4 eI TAM e B RGO IEFL
PR i % Ay A0 4 A BBK Y 45 R R R, SRR R 1 2
(Junctophilin 2,JP2) £ F J& ¥ 4% 35 55 4 A1 LR ™)
Ko MR B, BFETRRY LIH K
WERG T 48 9 ( embryonic stem cells, ESCs) 1 JP2 #§
F1, a-actinin FPLES T 57K, 350 808 14 A 6
SR IR A T AR A% E a3 JP2 &
B Ca™ ThAEAL HF ES 5 4 1k B0 UL 40 .
ZHOU %™ % Bt Ik 9% R 10k 101 B 3-8 iy 3% 58
( phosphatidylinositol 3-kinase enhancer, PIKE ) J
J5 AT LAV 5 PIKE A1 PI3K 22 i Jf BH W v °F 78 1
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T ES O L AE . Rk, PIKE W] BB J& 7% £ 72
TS ES b n0 L4 i i) w2 AL 2 — o
7 INESRE

BRI P B, B
737 ) 2 BRAE FH RN AR 0 T, A 2 DR R R K
Wnt, PI3K/Akt, MEK/ERK, BDNF/TrkB/Akt F#l
NF-« B4 #% ; B PR 37 4E H ¥ ) ERa-Wnt/B-catenin,
ERK/p38 MAPK, PI3K-Akt-eNOS-NO-PKG, RhoA-
TAZ, NF-«B, c¢AMP/PKA/CREB #l PI3K/Akt/
GSK3B/B-catenin 55 i #; .0 1L 4 08 37 1E ¥ &
ERK/JNK,p38 i1 eNOS/NO %5 3 % ; o 3% A= 5 2 45
e &% ERK1/2 1 PI3K/Akt/eNOS/NO %5 3 % ;
BRI A % % PI3K/Akt, STAT3 1 JAK2/STAT3/
5 G B . RS R R IR R A 04 LA A
AT AL HAE I (erosstalk) o EHIESE Y 52 F
FEH A 54 ERa Al PDEs, {HJ2 2 /8 A H
b S5 AN B o o) AN RS T A £l B P AR T
(38 BAE R T3 R ARG o

TE 2 P 2R S R R BT 2 A R R Ak Ab
WESE BT J2 B ) 2 B AR AE — i 22 e b, X
Se gk BIR L BR T INSL I F 5% 1R 2 T Y S R AL
il b 38 R £ FE Y ADME 3o ## PR 5 5% R
F s AR R R S5 AS TR 9 2 10, R 3 St 412 R
FIE0 2 B AR A 22 S5 B H R AT IR AR &R, 207
7 B R 245 W) 3 F 2 B 2 A AL, e 25 9 oF 5%

PR,
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