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AE BRY: WA % % (Berberine, BBR)* R & T AB 5 4% & (B Amyloid, AB) W 69 /)N IR R 4 ML 7% 64 &5 v@r , S 4 4w AL ) -1
LB & @ 1(Silencing of Cytokine Signaling Factor 1, SOCS1);2 & 45 7 BBR 3 R 28 S E 6 Rvm . T3k o N9 ANIRJR 28 6,
EETA S UM AR A3k P AED T R 3% 5 % Jk (Alzheimer's, AD) ¥ 64 /) R fm ik iE . FJS ¥ am i 5 41, 4% 4 Control
4.5 pM #9 AR #4540 (AB).BBR+AB 41, SOCSI-siRNA F#£21 (SOCS1-siRNA+ BBR+AB) #=#L /5 siRNA 4t 22 41 (SC-siRNA+
BBR+AR), fm ftL 4k 22 24 h j& , K Western blot 44 2m ftL % -3 A — &4k R4 B (Inducible Nitric Oxide Synthase, iNOS),SOCS1 &
& #4 k ik |, BEEE %, 9% R M % (Enzyme Linked Immunosorbent Assay, ELISA) il 4\ i3 R L 9 K B F o9 KPR . 5 EF iy
Control Za483k,5 uM & AR 3 9E 24 h 7T 2 3% hm 4 g, INOS & & & ik K T F= I 7% 37 58 B F «(Tumor Necrosis Factor o, TNF-at)
& @ feA-4% 1B(Interleukin 18, IL-1B)A= IL-6 ##5%(P<0.05),12f & 2 SOCS1 % & % ik = 4 2 &% 4 (P>0.05),5 uM 4 BBR T
B E AR INOS KA Fo ik 3 A2 £ B T 69854(P<0.05), 7 i SOCS1 & & %1k, fs SOCS1-siRNA T B % i# # BBR 3} iNOS#=
SOCSI & & £ A % 3 #F F o B F 83009 %@ (P<0.05), 4518 :BBR T4kidid SOCSI M4z AR AR & xR 40 S0 i 7% .
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Berberine Attenuate 3 Amyloid-Induced Microglial Activation via SOCS1*

BAO He', WANG Chen”*, HANG Jian-feng’, WANG Zhi-gang’, LI Nan', GUO QrP
(1 Department of Pharmacology; the Second Affiliated Hospital, Medical College, Xi'an Jiaotong University, Xi'an, Shaanxi, 710004, China;
2 Department of Pharmacy, The Second Affiliated Hospital of Air Force Medical University, Xi'an, Shaanxi, 710003, China;
3 Department of Laboratory, Guangzhou General Hospital of the PLA, Guangzhou, Guangdong, 510010, China; 4 Department of
Nephrology, the First Affiliated Hospital, Medical College, Xi'an Jiaotong University, Xi'an, Shaanxi, 710061, China; 5 Department of
Pharmacology, the Affiliated Guangren Hospital, Xi'an Jiaotong University, Xi'an, Shaanxi, 710003, China)

ABSTRACT Objective: To investigate berberine (BBR)-induced effects on microglial activation induced by 8 amyloid (AB), and
explore the role of Silencing of Cytokine Signaling Factor 1 (SOCS1) in BBR-induced effects on microglial activation. Methods: N9 mi-
croglial cells were exposed to 5 wuM A to mimic microglial activation in Alzheimer's disease (AD). The microglial cells were divided into
five groups, including normal cultured Control, AR: cells were exposed to 5 uM AR, BBR+AR: cells were exposed to 5 uM BBR plus 5
pM AR, SOCS1-siRNA+BBR+AR: cells were treated with SOCS1-siRNA and then exposed to BBR plus AB; SC-siRNA+BBR+AR:
cells were treated with scrambled (SC)-siRNA and then exposed to BBR plus A; after 24-h treatment, western blot and enzyme linked
immunosorbent assay (ELISA) kits were taken to assess inducible nitric oxide synthase (iNOS) and SOCS1 protein expressions and
pro-inflammatory cytokines in the medium. Results: Compared with the Control, 5 uM AR exposure increased the iNOS expression and
the inflammatory cytokine secretions, including tumor necrosis factor a (TNF-a), interleukin 13 (IL-18) and IL-6 (P<0.05), but showed
no significant effect on the SOCS1 expression(P>0.05), and 5 uM BBR reduced the AB-induced iNOS expression and the cytokine relea-
ses, and increased the SOCSI expression(P<0.05), however, SOCS1-siRNA treatment, but not the scrambled (SC)-siRNA (P>0.05), re-
versed the BBR-induced effects above (P<0.05). Conclusion: Our findings indicated that BBR decreased A 3-induced microglial activa-
tion via SOCSI protein.
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BR] SR P A% K955 (Alzheimer's disease , AD)J&—Fh i WA 2 4F
PR MR , LUE T 2 2] A HTRHEAZ B RS F2 221 R
F, T T R NI, 45 R E AL SR TR O S
AD TR A HLR v A 56 4 1 B, B AT 21 K AL
JERN A B AR TERY AR EE (B Amyloid , AB)AY I E TT AR AT 5 | S
ZIGEEE AR HEA T IR 7 R IE 2 DI RE S, eAb, A THe 0t
M~ AD BHINN AR B & WA e . B, 0] AR X
Z MR TEEROA T 2B G AD BA BCT-B,

AT BRI AR 1A IR et IORR T 38 o 3805 /)N s I 400 i
PRI PP GE SEAE PR, 4T 5 /)N S5 240 i S L ) 420
M EE R PR T, B % 3R (Berberine , BBR)JZ: H 24 B % 1 42
B —Fr A= ois e 5, SR 0858 s BBR BBk i
ik AT 4 Ak R VR A S ALV, i KT AD @£ A 1 R I
Wi, ARG, AR AR BUE /N B4, #7%34 BBR
Xof /NS B A A AL S, Ik — 2D o B T A R TR AR
1(Silencing of Cytokine Signaling Factor 1,SOCS1) &2 %&Z 5 T
BBR XiF /)M 57 4t I A A R4 A

L bR i

1.1 #48

AHIFSE B 4 /0N B NO /NI T 40 2R 3 8 T 2% 22 72 [
K (FEBVUZE R K) HERREE 2% e, ABL-42 SE MR 1
IMDM #% 55 3 BBR .iNOS .SOCS1 — 4.1 DAPI 41 fifd 1% Yt ¥
W H 3£ H Sigma-Aldrich A7), A4 1% W4 H 3% [ Hyclone 23
), TNF-o IL-1B F1 IL-6 #0305 £ 11 v [ pig s el i A= 4 T
5T T, GAPDH F1B-actin —Hily AL 2 BN A Al $i
iNOS FHL SIRT1 —Hi il [ JE[E Abcam /A &, R HIEGE 5 th
EdL R RETEAF.
1.2 ZHRaEESE

BN AN 5 5 Yol MIE A 1 %irdE B R IR A
i) IMDM K553k 3% BE AR A 37 C IR 100 %, &F
R 2-3 d BRI FR I — Ik, AN AN B A 3 55 35 0 i AR
1 90 %k} , AT
1.3 Western blot &l

1 NO /NI B AN R T 6 FLATMIRE AR , 2% B 2% 10°
Al WEE 24 h 5 AR B2, 403 24 h )5, 555
SRR SR, B FEFLANA 500 WL A2 , 2% 5 min
Jei , JHA AR A 4R, B B RO 4 C s IR B
5 R AV, ARYE Bradford 30F 78R (€ /&, BEJE T TG, 2R
AR RN VKT R BRI IR L . 5 %/Bilg
WkyEti 4 CHRE 12h J5 o IASb/NR—H(1:500 Fike, i
iNOS FiHit SOCS1),37 CHEE 4 h, FANA WL FEHT R —PLOHAR
AL PEERIC Y 18G, 1:1000 ke, Jeaiihefleo)4 C s
12h )5, fbR e B, R HEER 5 R 55 (3 [F Bio-Rad 24
AT G AL . W GAPDH #01 8- Lzh %K [ (B-actin)
fERNZ
1.4 AR EFHn

SR FH ELISA VG I 20 M 35 552 3L ) S0 B, F 2R 45

F 24 FLANMRG TR, AN HUAL 357 B8 5, WA B SR A P9 AL
5 100 WL, 76 4 °C 2.0 10 min J5 , {57 FFAH R 240 B4
A (R S AU TARRESE AT, ), 4 IR0 G U B 1
AT
1.5 siRNA F#t

B NO /N AR T 6 FLANMIBE SRR, 5% 1004/ £L,
MG 24 h, 45T SOCS1-siRNA % 6 h, SC-siRNA FIitiEE
6h, WELHIE, R Western blot #6i] SOCS1 % 4k /K
L TN THRRCR
1.6 REMELELE

H 20 D T L SR A W O R G SR, B 1% 104>/
fL AP AR 24 b )5 A0SR, 20 i A 58 5E s, O =
B AL 0 PR £h 22 nh L (PBS), Wi WEAN S 3 ¥k, Smin/ 1K, B
JE 1R 4 Y%t 22 5 B I ] 5 410 i 30 min, BiJ5 , {8 PBS 15 Uk
A 3 Yk, CEHARER 200 wL . 1:50 R iNOS fadi/ il —3t
TNABEFEILN,AE 4°C S F , FS (5H PBS 3E Uk, ZE &AL
JIA 200 nL (9 Cy3 FRic i) 1L 00 e —Hi (20 68), & IR G
F 30 min J5 , BSLIA DAPI 4435 100 pL A FHric 40 s
), HIREEE 5 min J5, TR PBS 31k 3 WK, LR
& U W% (Olympus, H A%,
L7 GitZEH

AT 45 52K B SPSS20.0(SPSS, 24 [F) #4754 4347 , BT
AR BIE bR 22 (MeanSD)R IR , 4H 1] 22 5 1 LU BRI 2R
[ 2 7 2% 43 BT (One-way ANOVA) J Tukey #:3% , LA P<0.05 3
RNAHREAS R

2 R

2.1 EEZRBBR)AIHIF AR F FHI/NE LA INOS BIRIE.
B> TNF-o BRI FF_Eif SOCS1 Fik

S-S BBR WREE  FAT TR /N B ok 5 AL, 4300
S 1EH 5 35 B % BB 2H (Control) .5 uM [ AR G 4H(ARYFI &
WREAM 500 0.1 pM 1 pM 15 uM BBR A1 5 pM ) AB #Y 3
“/~ BBR T4 . 0% & 24 h J5 , western blot 255 i/ : 55 Control
ZHAR EE, AR ZH /NS BT 21 L BTG AR 12 4 INOS Rk /K - W3 I
FF(P<0.05) . SOCS1 F&3k Tt it 2 254k, (P>0.05), 1ij 1 WM 1 5 uM
i) BBR 1] [ FFAAIL INOS K3k, Jf L SOCS1 & [ %3k (P<0.
05); ELISA %55 5% : AR ZH 400 5 5% 3 N TNF-a /K5 Con-
trol ZHAHEL B3 L FF, 1 1 M A5 uM ) BBR A {2 3 A B
FEHN TNF-a 7KF (P<0.05), Hrp 5 uM i) BBR ZUR T ]
o B, FRATHERE 5 M 9 BBR S T/R 2350, WA 1,
2.2 BBR AR > AR i SR/ R 4B B4R 48 fE B F IL-18 #n
IL-6 BIRE AL

Rt — 40T BBR X AR 1755 B /NI BT 40 A 42 48 E A 7
BEIBOKT-tszm, AT 4005y 4 2, 43514 Control 4.5
M [ AB $154H(AB) .5 uM 1) BBR 5 5 uM ) BBR J:[F] 4k
PHZH (BBR+AB)FI 5 uM [y BBR Hph 4k ¥i2H (BBR),, 41 iy b 3t
24 h J5, AR A BEFE S IL-1B Fl IL-6 /K4 Control 41 i 2 F}
15 (P<0.05), Tfif BBR W] i} 25 B85 77 3% 4 IL-18 1 IL-6 /K,
155 Control ZHAH L, BBR Bl Ab A X 20 Ml 15 72 3L P 138 WY
FRAIE A PR F 7K 7 A B 5 i (P>0.05) . TLIET 2,
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Fig.1 Effects of different doses of BBR on the microglial iNOS and SOCS1 expressions and release of TNF-a
Note: A: Effects of BBR on microglial iNOS expression, n=4; B: Effects of BBR on microglial TNF-q release, n=8; C: Effects of BBR on microglial

SOCSI expression, n=4; Data are expressed as means+ SD. *P<0.05; NS no significance.
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Control Ap BBR+AR  BER Control Ap BEBR+A3 BBR

2 BBR % A S 4/NR R 11-16 7 IL-6 BEHEIM
Fig.2 Effects of BBR on AB-induced release of microglial 11-1@3 and IL-6
Note: A: Effect of BBR on microglial Il-1@ release; B: Effect of BBR on microglial IL-6 release; Data are expressed as means+ SD, n=8. *P<0.05;

NS no significance.

2.3 SOCS1-siRNA ¥4t BBR 3/\i R 40 A INOS =35 F0 4 5
B F R A 9 22 i

S HRIT SOCS1 7 BBR #IHil AR 755 B /INK 5 40 g 4 9
HFFBFBERHCR R, FRAITR A SOCS1-siRNA il /Mg
FUAffl SOCS1 & H 3k M 4ufu 3 5 24, 535124 Control 41
5 uM 9 AR #1454l (AR).BBR+AR.SOCSI-siRNA T #f 21
(SOCS1-siRNA+ BBR+AR) FIfLJF siRNA 4b3 2H (SC-siRNA+
BBR+AR), ZAJfi4bFHE 24 h J5 , western blot Z5 5 @75 . 5 AR 4H
AH G, BBR @ 2 BEAIL T/ BT 40 INOS 2 1128 14 7K 7 (P<0.

= @gﬁ' '@F"“ .ﬁ“ﬁ

Pl
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05), Tfii SOCS1-siRNA 1] i} 38 %% BBR %t iNOS 25 [ £ ik [5%
M (P<0.05), SC-siRNA # %t BBR il iNOS 2 ik (i 1E Ffir=4:
HH .50 (P>0.05),, k4, BBR 5 HIH] T 25T AR HA/IME
J5 2B MO S TNF-o IL-18 Al IL-6(P<0.05),SOCS1-siRNA i %
T BBR X} L& 3 Ffie 48 i B F Bk 19 5w (P<0.05), i
SC-siRNA B X BBR (#9411 ] 4 it B -0 1 FH 7™ A= fb 3 5%
M (P>0.05), LA L4545 BBR Al g B MK AR X/INR B4 i
WG, SOCST 43 FHI REA-F: T BBR (1 R AEH, LA 3,

3 SOCSI-siRNA %% BBR X/ R4HAE iINOS RIXFNE R AE B F 1R 5 A 22 M
Fig.3 SOCS1-siRNA reversed BBR-induced effects on microglial iNOS expression and cytokine releases
Note: A: SOCS1-siRNA reversed BBR-induced effects on microglial iNOS expression, n=4; B-D: SOCS1-siRNA reversed BBR-induced effects on

microglial TNF-q, IL-1@ and IL-6 releases, n=8; Data are expressed as means* SD. *P<0.05; NS no significance.
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2.4 SOCSI1-siRNA ¥4 T BBR 3t/ R4BAEF 7 F0 INOS &
SOCS1 FRikHIFMm

Syt — 2P WIEE BBR X2 6% T AR /N5 40 L0 11
S0 S SOCST e Ve T, AT /N S Am A 3y 5 4,
2H Fn 4b ¥ R BT, HP Control AR .BBR+AR.SOCS1-siRNA+
BBR+AB)FI SC-siRNA+ BBR+APR 41, 4bFll 24 h J5 , f 92 2 il
bR BN 5 WM (Y AR A 35 LR 4N I INOS £k (41
), I MM A2 K, SR A AL T B0E R A, i BBR 1] i,
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FEREAL INOS F& [ F3A MM 4R, SOCS1-siRNA 1] fi} 3 i
BBR X%} iNOS FI4Nff A AL 41 ik 4E FH , SC-siRNA £ %} BBR 7
A YRR PR AR B SR . Western blot 253 /R . AR %45
FXT/INBE B A SOCST 235 7= A= 52 I (P>0.05) , 1fif BBR 7] i,
21 SOCS1 & 4 % & (P<0.05),SOCS1-siRNA & ik T
SOCS!1 7 [47214(P<0.05), 1] SC-siRNA K%t SOCS1 /K- 4k
& (P>0.05), WL 4,

SC-4RNA+BERAR 20 pm

4 BEMEBLFERERER SOCSI-siRNA A]i#%E BBR X3/\ik Bi4HAE iNOS #1 SOCS1 Ri&

IR

Fig.4 Immunocytochemistry showed SOCS1-siRNA reversed BBR-induced effects on microglial iNOS and SOCS1 expression
Note: A: SOCS1-siRNA reversed BBR-induced effects on microglial iNOS staining; B: SOCS1-siRNA reversed BBR-induced effect on microglial SOCS1

expression, n=4; Data are expressed as meansz SD. * P<0.05; NS no significance; Bar=20 pm.
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TERT X ot ZR L7 A TR P, 20K TS5 M A /M 24 L, I
AT PRI 27T, B T BOM A IR Z 4™, T AB 5129
7N R AT B S , T 38 3 AR e PR, ki B L 2 o

AR AT, R T e R] 51 CNS D REZ ™,
L, A AR 51 A4 /INBE 5 2R LGS DA A 2 B iR AD R HEE
FBL

FAT BN A 2% T 5 wM AB 24 h ol 2.2 11440
fd INOS 2 133k, IFREHEAE JRAE R 7Rk, R A B 5E 7 i
FHE AR 77 B2 #2 I ] AT B S8 306 /B 40 ifd - BBR 22—
M PR FH 25 , T A Fh 24 B0 | BR R = rh g U B, H
A RFRPORAGCAR A, TR W Eh B R D Eh /N BER
EEA TSR E S miEgs, hTRERD G, 8
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BRIGYT H A0 P S AE A, BBR B R L HAT HU A AL

PUIIEE AL B P S DA Uem, WF5¢ 260 BBR AT i iR 1 AR IR

U S (AMPK)REAIR ATP JH A, Xb s finC L™ A R 4

FHUS, A WFFE W] BBR A SE i A i BUIK PR A A A 7

AR AEAE TN, 1 BERY 4 A i JE(Reactive Oxygen Species,

ROS) 27 A S M 35 3 i = AL, 1M BBR ] 3 i i £ 200

iR A B AL i (SOD) ek , 4k i i B i 1 id 2 19 ROS, 7

AR REEAR DR o EAh B A WFE 7R BBR AIGE i Al i

SRR AR & A B WA T, 7 A B R E T
AN 31 {5 5 F 1 (Suppressor of Cytokine Signaling,

SOCS)J&: #3k T AN F Ml A —Fh RS ML 52 1A, 1% 532 PR B 2l

IR T S SE AR A0 3 WA S AE PR o BRAT IR A P

FEAE 8 PR L TR T SOCS Kk, 3% SOCS1-7 & 1

P UASAIMIN TS SH-2 &1 (JFEZ A CIS),SOCS2 Al

CIS 45452 R L, SOCS1 I SOCS3 #ifbl, SOCS4 Fil SOCSS

AHAEL, SOCS6 Fl SOCST AH{BL, FE/INBE BT 240 Mg A L W 40 g v

SOCS1 &% Fih rI A /B BT AR A BEG o PRt , AR FFE k4

T SOCS1 77 #EATHLEE, AT % B BBR A] W FFEAR AR /1y

JBE T 200 L S L T T RERS T4 SOCST K3k HY siRNA J ,

R 250 %% BBR 7 AE T 9 INOS Rk AL 5 AE 1R

R, LA ES5RFEW] SOCS1 73 T il iES 540§ T BBR X

AB SR BN B A0S0 o BBR T BEE y— R/ )N 5 4 i 38k

AR, ThELE SOCS1 4> Fisids AD B i AR X} CNS

MR PER T, BTG AD S T — R AE Ry T B SR 10, A

WFERA —LEAN R o 5, FRATE T A2/ N SR & JFAR R

HIEFR AL ARSI, K, FeA TR S5 1838 5 ik — 2bid i

TEMSEIRIIE; HIR, SOCS KK HAL /T2 725 T BBR

PR AE Y, W5 ZE 0 i i — 20 S AT
gi bk, AWFTERY] BBR AR AR X/NEE T A 1Y

O, HAEHIRT Rl SCOS1 73 ¥4 %o
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