$529% 17 hEMREFZSE Vol. 29 No.17
201949 A China Journal of Modern Medicine Sept. 2019

DOLI: 10.3969/j.issn.1005-8982.2019.17.001

XEHS: 1005-8982 (2019) 17-0001-05
EuifzR - iv&

PKA FiiiZFxEH ST IHRERESREE
B 25 88 2 Xt h iR 4042 CREB FRix #8200 *

A, KRR, ZER, Retd, TN, R8T
(I ARARKRFEMBES —ER WENFR, )& 7 M 510080)

HE . HY AREZEFER (ICA) %77 £BE A & Za B A £ (EAE) STIRBRAF 20 T 45 6%
& (CREB) #9%ra, JHET ICA G /7 094 AALhl, ik H4) C57BL/6 R EAE B, SH¥ 5% 34, B4
6 R, BRI . TARERImI/dEEF ;ICAL . TYAICA 300 mg/ (kg+d) #EF ; ICA+HS9 4 . T wh
ICA300mg/ (kg - d) #EFFTAEGEE A (PKA) 457 MB A H89 5me/ (kg - d) MAES ; HB6 XK
AR F H)05 C5TBL/6 D AR F 4 TR A B F 2184, FAMRLK3ml/d# T, EAE I JAE LAk S
BTG, 1R /d, EEEAH 54, BHAITAERE RS, EAHLRERE, SHERE RBBATHESR
TN B R R, LB REAR I KI5 BEAT Western blotting #4), #4) CREB #9&ik, 48R ICA 4R
APZRERINA LA, HETITREFALTFENL (P<0.05), W ICA+HS9 280> K AR s B 40/ R AT
ZREFPHLBKE, BHNEIREF AL FEL (P >0.05), A RBASMMLR T CREB 8 &A%
B ST RAEAR (P <0.05), ICA 28777 )6 CREB #9 &k SEA af L0 LEL, £/ A 415 &L (P <0.05),
ICA 48 CREB ¥ k27 &, 2R 4T ICA 5 H89 &4 450 RF Rk Z 442022 7 CREB # &%, Bt
RER £ F ARG FEL (P >0.05), 418 ICA ThEA BT PKA #2423 PN Z R4 T CREB 6944,
M K ARSI EAE 6938 5745 .

K FIM A G LRI AR K/ AR K SRR R R R SRR AN SSRGS
H O E A

FESES : R74451 XHRFRIRES ¢ A

Therapeutic effect of Icariin on experimental autoimmune
encephalomyelitis in mice*
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Abstract: Objective To study the expression of cAMP-response element binding protein (CREB) in
the treatment of experimental autoimmune encephalomyelitis (EAE) by Icariin (ICA), and explore the possible
therapeutic mechanisms of ICA. Methods EAE was established successfully on C57BL/6 EAE mice. Mice were
divided randomly into three groups (n = 6): model control group (saline 3 ml/d gavage), ICA group (ICA 300 mg/
(kged) gavage), and ICA plus H89 group [ICA: 300 mg/(kged) gavage, H89: 5 mg/(kged), intraperitoneal injection].

HS89 is a specific blocker of protein kinase A (PKA). Six normal mice were set up as normal control group and

Wk H - 2019-03-09

* G - AR DEA N ERHASE (No : 20171157) ; J REAHEIT G TR BHABH (No : 2016KTSCX063 ) ; |~
RABBITRHERITE (No : 2017200198 ) ; | HRARITRHL & BE Y4 (No : 2017A020215165 )

[EfEMEE | 475, E-mail : hmf9001@163.com



T EBREE 2 Ak

29 &

received saline 3 ml/d gavage. Treatment was started when EAE mice was presented with severe clinical

symptoms. Meanwhile, the neurological signs were evaluated on daily basis. Mice were treated once a day for five

days and were sacrificed at the sixth day after treatment. The cervical enlargement of the spinal cords was separated

and used to investigate the expressions of CREB by western blotting. Results The mean clinical scores were

significantly reduced by the treatment of ICA (P < 0.05) when compared with model control group, which was
abolished by H89 treatment (P < 0.05). Western blotting results revealed that the expression of CREB in the central

nervous system decreased in model control group compared with normal control group (P < 0.05). Treatment with

ICA promoted the expressions of CREB when compared with model control group (P < 0.05), which was reversed

by H89 (P < 0.05). Conclusions Icariin ameliorates neurological symptoms of EAE potentially due to promotion

of CREB expressions in the central nervous system through PKA pathway.

Keywords: experimental autoimmune encephalomyelitis/ encephalomyelitis; multiple sclerosis; Icariin;

cAMP-response element binding protein; protein kinase A

£ Krdil ( multiple sclerosis, MS ) He—Fh Pl
MR8 R G0 1 BT R AEME BB S 20 B ALY A &
PPEPES . ET, BERNZRAT B = A R B0IG Y771,
X T AR N ERNETT, B AR LR
FIELHE 2 B ( Glucocorticoid, GC) #hiiifyy £ Vs
SR, RFIE GC Al FECLL ™ EAYEIER, WiHfk
B R B BEAASE . P, PR AR
TR FEEH W BATIRS I IR o T2y, DsRsib
GC A Z=E GO,

AR B, BA R IMERCR TG TR
i FARIREFETE (leariing ICA ) X MS (13 44554 512
Sk H B A SR ( experimental autoimmune
encephalomyelitis, EAE ) BIRITVEH . ICA F i
WE R 2R B R HEMERER KON, DI ERE EAE J i
ICA 38 RI I 2L 9415 HPA h . Pranig i -5k 5 1
W e eIk BIPMRNAYT EAE BIFEI ™, KRBT ICA BA
D GCAI IR AT 1, OF B RIEFRYIRYT MS YT S
SR, T1CA R EAAEHBLENI A0 TE 4 . S IEARSC
TERTIIWE AR b, DUE S @ sy 20k 5 580
AR RN TS5 & 8 (cAMP-response element
binding protein, CREB ) YERTIAS, #—H WAL
ICA AOFEFIAL], DSRS0 0E ICA XX — G H 4
SMEER BALH, TP RSBIRTT MS 2595250
(S

1 MRS

11 KB SHA

CS7BL/6 /NER.,  JC4EE R JEAK (specific pathogen
free, SPF ) 2, Wik, 6 ~ 8 Jalilk, AT 15 ~ 20g, WA
AR B SRE Y L (VFRTIES « SCXK 18 2013~
0002 )s MOG, (2568 )t H 3£ [E Tocris Bioscience 23 ),

ICA (11286) J H89 (B1427) W H 3 [H Sigma-Aldrich
JAT, BCA 2 VK A R AP BFRLA £ (NCI3225CH )
I H 2€ [ Thermo /A7, GAPDH /N —4T ( AF0006 ),
PRARRRICEHIN L 1gG (A0216) Wy 4 138 2 K
HEH AR IRA R, CREB $—4t (91978) g [ [
CST A7, B EFRIC 5% TG (ab6721 ) W £ 351

Abcam A F) o

1.2 SLBWTTE

12.1  EAE #2745 4 2%t RH] C57BLI6 /N
il EAE ##1 F 0.01 mol/L #PRERZE W ( phosphate
buffer saline, PBS ) ¥ MOG,._.s # B il 300 W g/ml, IR
Ja BB S SR 1 5 2R KA (complete Freund's
adjuvant, CFA ) ( ZERGFT R AR Ny 4 mg/ml ) RA,
FHBCESTE S a8 04T 2 KRS, il %5 15 5 EAE
BTN FLARIS BT S T/ NS AR BE (3
4 w5, BERAL 50 wl), SIS T d fnsRAesE 1k (4F
FHE MOG/CFA ), TESBE IR 55 0 S 48 /NI R JEs P9 1
5t 500 ng T HWZRER o et n B HOUEE/ NS
e, R, 1T, JHKYE Becher ORI XF
MZPERINHITITIr 053« IEH BT B
FEIR ;0.5 73 RELLSGTE /) 5 1 43 RESE2TE 1515 73
RREIEIIIFIRTE T 52 4 - B S R o3 s 5 2.5 45
XU I FBCER A3RESE 5 3 4+ XU IR 5 A e 5 3.5 45 -
XU B8 A eI — DU i JRORESRR 5 4 70« DUJBORERE 5
541 WRSET2IREBIET . Por= 1 AR AN
122 JA#EFE  EAE KNIE, BEPLI 3 HUNEE
TTIRANE — HEL (HE ) B, HAEH Y (50 IERR 2
BRF A ERRE . /N DL 4% 22 BRSO AEVE 1 )
WCERESU RS HATR D], 14T HE (0 )2 97
FEIRZEWE (luxol fast blue, LFB) B YL, S62f Wik
B M ERHLUE S



%17

FEERE, 45« PKA THURFATHAYT LI A B e tER S BE 40 h AR 22 CREB ISR

123 SIhaywAs?  EAE &0/ BEEPEAH Y
JENBEALI 18 R AL, 434, HaH e H, Al
XA . TAEMI K3 m/dFEE  ICA 4 . T ICA
300 mg/( kg+d ) H ;ICA+HS89 £l : F ICA 300 mg/ kg+d )
HEBIFTHEIEG A (protein kinase A, PKA ) F¢5PERH
Wil H89 5me/ (kg + d) MRS 5 J3HL 6 HARZHIA
S CSTBL6 /MR A5 25 AF T iRl Ry 1E 1 0] R
THIEK 3 md #EE . NREIRE, 493 ~ Sd AR
KR IT IR 252G, 1R A, L4255 d. 4 H T
MM ESr, BHAEHRERH . HAEERIGIKH
AT F VTG A FE/INR, 7 B RAEFF BESIU K
#84314T Western blotting A&l .
1.2.4  Western blotting # | A #1 ¥ CREB #J & ik
BN BRI R, # T ZUIN A RIPA 2%
IR AT, B 80 CHAR AT . SR BCA
PR B A A R R T S A R BT R AT
RN BER BT, HIKS G, PVDF R
PN EFET 1 h, finA CREB X GAPDH —¥i, 4°Cid
o YCH TBST ZEmi eI S, FEIN AR i A )
BEARIC 0, FIMFEE 1 h, TBST ZrgvelE, KRG
DL ECL #17 W2 Ot iR, B e i i =
THEHLN, RH Qantity One B EIG T RGN HH
S5 I B AT A3 M, LA CREB/GAPDH K 2 {# 43 11 3¢
7~ CREB HJZRikK-o
1.3 FitZEFHIE

BRI BT R ] SPSS 19.0 St 4k, B ex B
ORI 7 2550 R R, THRE ORISR + b
W (xxs) Fon, IR/ BRI E TR H
Wilcoxon FEAIKGE LG, Z241[0] CREB/GAPDH JKBE{H Hbis
KRR 2 T 2500, PP LR LSD— K, P <
0.05 HZEFAGIEE L.

2 #R

21 EAE/NRERFER

RIEE SR, /NRTE 13 14 KA &, %
PN R E AT R RESK IR , 4k BE I,
IR SN G VU TE T« BRI KAMER AR 253 ~
5d kWA FEE, EAE NREBEAZ HE Qe ft, a2
WA T UL NMAS FE L, R RERGIE PR A0
IR, I R R e AE A M, DA EL 4 =
FEAE /NI ] PRI B 20 (g s S e kA4S ( ULIET 1A ),
LFB BE#E YL, St WA T ol WLBERE S 5 (0, EAE

/N R 2] DLAESS A AR EE RS (LB 1B ).
2.2 EAE/NRIBITAIEHARETSHILER

ICA 4I/NRM e E R IA I ks, SiR7a0
A2 AL 5 L (P <0.05), i ICA+H89 41/)
RSB RIX FRAL/NRR, Mg E PR ocE, JR97
HiJE e 2= R Iege 242 (P >0.05 ), L3R 1 F1E 2,
2.3 ICA i&fr¥t CREB RiZHIZ M

Western blotting /K B {H45HR AR ARZH( 1.000 +
0.151), IEHXIEZH (1,703 +£0.182), ICA £H (2204 +
0.247), ICA+H89 2 (1.243+0.194), 4 4 IL#, 25
Bt X (F=45212, P=0.000 ), HAIXHHEZH A
BELHZUH CREB HYZRIBHEE 5 4 IR FRAIK (P <0.05 ),
IBITIE ICA 41 S5HRINTHRAH L ES, CREB O IATHE

;*— 38 el .-__._'_1'.".'I:_'}

A B
A: HE Jen, Sk Brds A & 5 BB it 4L ; B: LFB
Betny, ik Bras A BERE R R

B 1 EAE #HEA/NREETHALEER  (x100)

&1 EAE/MRAHHIEHERE TSR

(n=6, x+s)

BT LR A 6K

ZH 5 Do Z P
il Gert)  Gepm) 20 PR
BIRISTIRA]  1.832£0.407 1.752+0.419  -1.577 0.115
ICA 41 2.083+0.576 1423+0.583  -2.201 0.028
ICA+H89 41  1.932+0.417 1.903+0.556  -0.105 0.917
301 —e— MEAIXT AL
—e— JEH T RRAH
251 = ICA4
—— [CA+H89 4
2.0 :
R
B L5
o
= 1.0
4
505
0

11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26
Asffa] /d
B2 HFHNMNRAHIEHEZIRETSHTLBEDE

(n=6, x+s)



T EBREE 2 Ak

29 &

(P <0.05), {H ICA+H89 4/ L& #64H 21 CREB 1
PR SAEAIG R LR, IR T (P >0.05 ), UL 3,

AR IRZ] IERXTREH ICAZH  ICA+HS89 4

CREB s s s s S0 W =~ &= 43LkD

CAPDH . cn oy G G @ anp e 0 1D

3.0

25
20 )
15 @

—

1.0

CREB/GAPDH
—

0.5

0

TN RELE TEH % IE4E ICA 41 ICA+H89 41

OSBRI A HEL, P<0.05; @5 ICA A%, P<0.05,
3 ICAi&¥rXt CREB FRiZRI= M

3 i

PR A E S MR A R 2y, 2
MS HEEBHIEIRTT i R P 25 22— i ICA VRO
FARMTE VR, R H IR MR RS MR E Y.
AR, 1CA B2 BRAE I C RN 222 RS T G T Y
S AR, 1CA BAMARYEN . BEk.0
RIS RETINRE . LA . HEORAIE . PN IN ISR
T AW R B ICA X EAE B IRYFAEA,
SR, 1ICA X} EAE 3097 1Y EABLE M AW, 1CA 2
WA 5 EAE M0, S 59005 iR %
YERT, st — LA

LA, SRR T CREB 76 #1 4 R 4B Hh
AR E DB BRBOCE . DIERIT, HAES S50
ZRAP . SRPEVRTT | BUR ATy T R AR
CREB J&—Fh EAZ LY A A% N R, TEME R
b iE EAE AV 2 Sl AL S S0, B G
A P 2 R BT 9 c AMP/PKA B . FL TR AR
A B 1 ( voltage—sensitive calcium channel, VSCC )
SO A B T /8 B T4 G A OB 2 1
( calcium/calmodulin—dependent protein kinase, CaMK )
. AT/ SRR RS (Ras/Erk/RSK2 ) i
B DR AEAHOC R AR PN Tl , dn22 2 A
H# ( mitogen—activated protein kinase, MAPK ), PI3K/

AKT %5 ", BN AME 5437 T 3l 2 A [R] g B A FH 1
CREB, MIMHIEAEAF S 70+ M R 5. I
PP RS T ML R CREB — 22 5
PTG GE . A0 RIS R . M oTiE ok
S S) 0 IR R ARG B, CREB 1] LA S g on
RPN ZE TR TSGR IR 2B TR g
KT BB R 2205 IR R A5 0 RNE, DA 9
PR A MBS R o kT R SE TR " TR,
CREB FJHE7E MS X EAE R 24 . 18K %345 I
RARE M

ARG E L SR N SLE, Bk ICA B4
EAE /NEUE 864121 h CREB £ 091EH, H CREB
TR TR 5 EAE /N R 240 3175 19 2l 2% V1A
%, $#&7/8 CREB 25 ICA %I EAE fIBYFid #2, X —
TRITVE AT 8% PKA R3S M BH W55 HR9 FrFHKr, FRHA
ICA THERE L PKA a8 ix sh 2 2454 CREB
ek, I & EAE BIGIFIERT . T4k, A
BT Z B, 1CA w3l d G fk cAMP/ PKA/CREB
IR A A A= B ", I ICA X PKA/CREB i%
—(E S E A, RIERIEM AR A S
BT TE M EZALH 22— AR5 025 B 1CA Xt
SR ZAE 5380 A CREB, X — SR 5 194
M, SIaidfatet— W oF)2 1 . RSN 55
55UE CREB 7E 1ICA JGY7 i R rh i & A 24, iR
ICA MIFERIBLET, FRBETFRBIIRIT MS 259 $ kst
AR

& £ X #:

[1] KAMM C P, UITDEHAAG B M, POLMAN C H. Multiple
sclerosis: current knowledge and future outlook[J]. European
Neurology, 2014, 72(3/4): 132-141.

[2] WEI Z, WANG M, HONG M, et al. Icariin exerts estrogen-like
activity in ameliorating EAE via mediating estrogen receptor
beta, modulating HPA function and glucocorticoid receptor
expression[J]. American Journal of Translational Research, 2016,
8(4): 1910-1918.

[3] WEI Z, DENG X, HONG M, et al. Icariin has synergistic effects
with methylprednisolone to ameliorate EAE via modulating
HPA function, promoting anti-inflammatory and anti-apoptotic
effects[J]. International Journal of Clinical and Experimental
Medicine, 2015, 8(11): 20188-20197.

[4] BECHER B, DURELL B G, NOELLE R J. Experimental
autoimmune encephalitis and inflammation in the absence of
interleukin-12[J]. The Journal of Clinical Investigation, 2002,
110(4): 493-497.



5617 3] SERRE, 55« PKA THURFA IS0 0 S e VEIRAE BER X PR M 42 CREB RIA 21

[S] SCHLUESENER J K, SCHLUESENER H. Plant polyphenols in

the treatment of age-associated diseases: revealing the pleiotropic
effects of icariin by network analysis[J]. Molecular Nutrition &
Food Research, 2014, 58(1): 49-60.

[6] KONG L, LIANG X, LIU A, et al. Icariin inhibits inflammation

via immunomodulation of the cutaneous hypothalamus-pituitary-
adrenal axis in vitro[J]. Clinical and Experimental Dermatology,
2018, Doi: 10.1111/ced.13735.

[7] L1 C, CHEN T, ZHOU H, et al. BHDPC Is a novel neuroprotectant

that provides anti-neuroinflammatory and neuroprotective Effects
by Inactivating NF-kappa B and activating PKA/CREB[J].
Frontiers in Pharmacology, 2018, 9: 614.

[8] AZIZ M, HOLODICK N E, ROTHSTEIN T L, et al. B-1a cells

protect mice from sepsis: critical role of CREB[J]. Journal of

Immunology (Baltimore, Md: 1950), 2017, 199(2): 750-760.

[9] NAQIB F, SOSSIN W S, FARAH C A. Molecular determinants of

[10]

(1]

[12]

the spacing effect[J]. Neural Plasticity, 2012, 2012: 581291.

LEE D. Global and local missions of cAMP signaling in neural
plasticity, learning, and memory[J]. Frontiers in Pharmacology,
2015, 6: 161.

MOOSAVI F, HOSSEINI R, SASO L, et al. Modulation of
neurotrophic signaling pathways by polyphenols[J]. Drug Design,
Development and Therapy, 2016, 10: 23-42.

SHI W, GAO Y, WANG Y, et al. The flavonol glycoside icariin
promotes bone formation in growing rats by activating the cAMP
signaling pathway in primary cilia of osteoblasts[J]. The Journal
of Biological Chemistry, 2017, 292(51): 20883-20896.

(SRR i)



