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Effect of Icariin on Damaged Neurons Based on Endoplasmic Reticulum Stress
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[ Abstract | Objective: To observe the effect of icariin on damaged neurons from the perspective of
endoplasmic reticulum stress, in order to explore some mechanisms for repairing damaged neurons. Method: PC12
cells were induced by nerve growth factor (NGF) to differentiate into neurons, and the positive rate of microtubule
associated protein-2 (MAP2) and neuron-specific enolase ( NSE) expressions was determined by flow cytometry.
The experiment was divided into 4 groups, blank control group: PC12 induced differentiation into neuronal cells,
solvent control group: PC12 induced differentiation into neurons + 0. 1% dimethyl sulfoxide (DMSO) , thapsigargin
group; PC12 induced differentiation into nerves Yuan +2 pum()l-Lfl thapsigargin, and icariin group: PC12 induced
differentiation into neurons +2 pmol+L ™" thapsigargin + 0. 1 pwmol+L " icariin. The proliferation of the cells was

detected by using cell counting kit-8 ( CCK-8) method, the apoptosis of the cells was detected by flow cytometry,
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the protein expressions of CCAAT/enhace-binding protein homologous protein ( CHOP) and glucoseregulated
protein 78 ( Grp78) were detected by Western blot, and the mRNA expressions of CHOP and Grp78 were detected
by real-time quantitative PCR ( Real-time PCR ). Result; Compared with the solvent control group, the
thapsigargin group inhibited the proliferation of neuron-like PC12 cells induced by NGF, promoted apoptosis, and
up-regulated the expressions of CHOP and Grp78 (P <0.05, P <0.01). Compared with the thapsigargin group,
the icariin group can alleviate the inhibition of neurotrophic activity by thapsigargin, reduce neuronal apoptosis,
and down-regulate the expressions of CHOP and Grp78 (P <0.05, P <0.01). Conclusion: Icariin can inhibit

endoplasmic reticulum stress by down-regulating the expressions of CHOP and Grp78 and promote the repair of

damaged neurons.
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A" . Bk, CHOP il Grp78 & ERS 1 H i 5
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A, it 5 pyg0056 ) ; fit 4 il i ( FBS, 3% [ Life
Technology 24w, #t'5 10099141) ; & [fil i , — HY JE TV
M (DMSO) (b R E R A R A, #5505 8
$9050-200,d8372) ; F & R/ BE = ( LR LAY
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2 E] S s20054-250 mg) 5 f 2R A T (G ST
WAREYEARA WA F LS bs-0073p) 5 #2850 4
SR RE AL B (NSE) |, U ARG 1 2 (MAP2) $i 44k
(% B Abcam 24 ®], #it 5 4 Gl K ab53025,
ab134124) ;Grp78 $ii{A ( £ [ Santa Cruz 2\ & , 5
s¢-376768) ; CHOP , H i i -3 - 2 i &L fif ( GAPDH)
Piik (5L Cell Signaling Technology 2% ] , 4t 73 5
Sh 2895,2679 ) ; — Ht ( £ Bio-Rad 7 #], it &
12004162) ; #:#H % b & ( g M2 (LR R A
BRI 5 1135258 ) 5 3 F 28 1 (LR B 2% L A= 4
FHEABRA E] L, #5 Y-004-180228 ) ; 4 fitd 1 78 5
ol 2857 -8 ( CCK-8) i 7 & (&2 B Biosharp 4= %)
LA A H], #t5 bs350b) ; Annexin V-FITC J{ T~
KA & (LA REYHERAGRAA, #5
¢1062s) ; PrimeScript' " RT Master Mix J % s 5 £,
TB Green™ Premix Ex Tag™ Il PCR X #| & ( H A&
TaKaRa 2\ &), #it 543 %% RRO36A , RR820A) ,

1.3 Y% ACB-4A1 B3 Ff & TAES G
¥ Esco 2 #]) ; HERAcell 1501 %1 — 4 1k B 35 3% 46
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% ([ Leica /A ) ) ; CA94545 T 41 ity 43 BT AL ( 26 =
Millipore 2\ #] ) ; ELX800 %! Perkin Elmer [ f5 % ( 28
[ Bio-Tek /3 ) ; FC500MPL #1320 40 g A% ( % =
Beckman /3 #] ) ; Applied Biosystems 7500 %Y 5 [} %¢
e i R A Wl 4 X R N (Real-time PCR) H 31k 43
Pri (S€[E ABI 2% W) ;221 BR 46894 U4 1~ + 4%
BBz L Pk X ( 28 [ Bio-Bad 23 H] ) ;613126843 7l
AL AR B8 0 L B 45 i P2 B8 W #% (1% [E Eppendorf 23
Al

2 FiE

2.1 Jp#H SE¥esrh 4 4, = HA PCL2 54 ik
(P 25 0 40 B 5 A U 28 PCI12 35 3 43 Ak 14 Bl 28 90 20
ffl +0. 1% DMSO; ¥ 5 2 b R 41 PC12 i 540 1L 1Y
MZI0 +2 wmol - L™ # 9 8 N K (FEW L b H Tk
S ERS") IR 4L PCI2 B AL & 0T +
2 }Lmol-L_l%EE% FZ&E +0.1 pmol-L_]?‘};i‘ﬁgﬁ
(23 W0 52 96 Je SCHR A B, $2 7% 0.1 mol - L™ i
EFETF AT HGGR PCI2 ARG 1) .

2.2 PCI2 ZHMafy3E5% o PCL2 20 B DOV AU p
B BT 37 CoKim e Rl Ak o B R A D Al i
B R 1S mL B OE P IMA SRR R T mL,
1 000 r-min " '"Bg.0> 5 min, WFH FIHBEINASH
10% GIM7E +5%FBS + 1% FHE/5 5 Z MW F-12K
R4k 5 mL, B & PC12 40, W HL & W 5 Yy T A
YA 20 WL, IR AT A TSR, R H 240 A i
BALHEAT S, B 1 x 10* A/mL 470 % 25 em® 8
FRILA, INA & B 10% L7 +5% FBS + 1% %5 7
E/HETEEM F-12K 35353 10 mL, ik A 37 C 5%
CO, HiFAE R g2 M1 ~2 d 40, 18] & W B Be 1
N2 200 Jif 1) T A5 R AE R AE R 00, 440 ik 4 095 80 % 1%
I T I AL AR

2.3 PCI2 4 ik 5% w BEHEAERKRLY
(9 PC12 4, W8 %< 4t o 578 6 5% 97 IS 80% T AR, Wi
FRFRIEIMA S 50 pe- L™ NGF fy F-12K 53¢
P ERMM., U1 512 R EL0 em
FEFMLp, 5 A& 50 wg- L' NGF fy F-12K ¥
FHEZFE 10 mL, & F 37 C 5% CO, ¥ 541155,
B 1 ~2 d 43, R s 2 U000 22 40 i T S AR AiE . ik 4
K R PCI2 40, B i % 056 100 mg- L'
L-Z R AMRE P 6 fLikh, & F 37 C 5% CO,
R HERERE IR S5 do fF PCI2 4 < i 58
BIE,WsE BIE, H0.25% 1Y g 8 11 i -EDTA 78 1k
1 ~2 min, & T W8 % 40 i WSO fik £, 28 B, % 10%
MY 58 A 55 2 L2k Ak . AT PC12 41 fifd,

1 000 r-min "B 6 min, FJ 1 mL ¥R £ 22 vh ik
(PBS) WX 4T 4 i U0 0€ 2 A4 W, DU 40 Ffd ¥k B2, ¥% &
1.5 mLIYES O 2 x 10° ~ 10 x 107 4> 40 i1 4y 2 2
4 43,1000 remin ' BLL 6 ming, WF I,
—41fin A PBS # B 1) NSE Hifk 200 pL, —41/m A
MAP2 i {K200 pL, %2k FT1R 4,4 CHEH 1 h,
1 000 r-min "' B> 6 min, W 3 F i, & 40 A%
PBS BI.LUEYE 2 Y. 0K A BT PBS 500 L,
AT 5], e 78 2 i A M A b, 4 °C ke IR A7l 1.
2 b =X A SR AR A U

2.4 CCK-8 pEkign s sk s WAEK R R
T, % FE FIE, FH0.25% 1 B 85 1 i -EDTA 14
6 1 ~2 min, 55 T 0 %< 4 M SR fil A2 B, &
10% I35 1Y 56 2 3 Ff A& R H k. AT M &oT,
1 000 r-min ™" B.0» 6 min, JLEM ., MATH 10%
LI + 5% FBS + 1% % %5 2 /8 % 2 11 F-12K £
FRHEE S5 mL, A M & T, AT A R AWk E
1 x 10" 4~/mL, 5L 200 pL #EFh T 3 He 96 L1 3
M, [R5 SC 00 AT R T A0 M S AL,
6 fL,F IR E T 37 C 5% CO, i F4a N 5
12 ~24 h, PHEITTERE IS W57 B 5% 97 56, A 4% 41
TP A2 R L B 96 LR E T 37 C 5% CO,
KSR Aoy ) 85 97 24,48 ,72 ho WS 5 AR O
BOIAE & 10% S 1fiiE +5% FBS + 1% %5 75 5 /55 75
F M F-12K 55 33 5, [/ B & L in A CCK-8 ¥ W
10 wWL(Ef ™= A4S0 ) , B T 37 C 5% CO, Ki ¢
T 4 h, 2 D) GRS AR AL E 450 nm gb 1
JHE AL

2.5 AR ARG DU 20 A 0R T AL O R R
A 200, L 1 x 10° A~/mL 50 2 6 fLH, £ 37 C
5% CO, H5FEE G35 . FR A0 MG BE IS | W 7 Jt 15 5%
e R PRSI S H 4 25T 148 hy WesE BE, M
0.25% W R 1 i -EDTA JH 4k 1 ~2 min, B F W%
21 M AR fioh Ay, AR R, I 10% I T R 58 4 % 9R 3
KWk, WA F AL I, 1 000 r- min ' B L
6 min, fill A ¥ PBS & &, 1 000 r-min ' &[>
6 min, R 1 R, IHEMM. A LSS 52 vp il B
YA 195 WL, A MAP2 5 WL iRA), REOGKE E I F
1 h, A Annexin V-FITC 5 pL, % i #OC &
10 min, 1 000 r-min "' B> 6 min, F L&, N AL
B MR E R 3 W, AL G G v E
BANHEL 190 pLo A 20 mg- L™" PL(Z R Bk
1 mg- L") 10 WL iRAT, b3 = 40 M 30k B 4G ),
53,
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2.6 [ R  ( Western blot) £ Il CHOP,
Grp78 BRI M KL BUEKRIFMMLIT, L1 x
10° A~/mL #:F0 2 6 fLH, 7E 37 C 5% CO, ¥5 346
TR IR . AN RE S IR R AR e AR S
SN2 T 48 ho W FE R R 6 LR T AL N
A RIPA (% 1% PMSF) 24 f# 7 150 wL, Z4f% 1 ~
2 minf5 , ARG 40028 R 5B & 1.5 mL &
LB Tk 2% 10 min, 12 000 r-min ' B0
10 min, B B¥WEE 5 — 1.5 mL B.08 4, i ] BCA
ERMAABEAN SR, BOHEE G R SR,
B A — KB, A 1/3 (RBU 4 £% loading buffer,
K% 10 min J5 (R AT -20 CHFll, 100 V H &
B9k 90 min, 100 V,400 mA % & 60 min, 5% Iif%
ik = IR E AT 2 h, 35 P, TBST ISk 2 (1 454 3
W, AR 10 min, TRl 5% BSA %W, # 1:1 000
i el CHOP, Grp78 & GAPDH Hi{k,4 C i % IiF
Ho WH,MA TBST ¥ 3 K, 4K 10 min,
5% BSA #i B 40, R WEE 2 ho Wi — 4, TBST
Ve 3 WK, BER S ming TN ECL S5 W, BRI A 1%
R0, FIH Image ] BG4 7 R Ge 50 M 58,1t
B4 K EAE S GAPDH 4 [ 4%l JK BE | 19 LU AA
FRE F X R

2.7 Real-time PCR #{] CHOP,Grp78 ) mRNA 3
B BUEK R4 Ie, 1 x10° A~/mL 5/ &
6 fLHk , 7E 37 °C 5% CO, ¥EFRFE 1598 . FF 4 L
BEJS, W 57 R G R 56, e DR S i L4 25 F 1
48 h, W3 I3, 0.25% Wy 5 M EE-EDTA 75 1k
1 ~2 min, 45 T 082 200 M Jic e ok A, A2 [T, % 10%
M35 1 56 a8 R FL 2 1k T Ak o FH RS W48 58 2 AT,
1 000 r-min " B0y 6 min, WA 0L, ffi A trizol 3
FEHC RNA JE U 52 45 41 RNA ¥k B 1 s i 5 iR
& HE A7 I 5 sk, 7E Genbank I+ #F 4% CHOP,
Grp78 -3l & 1 (B-actin) JF 51, B it JF fhi £ T 2R
Y TR () e A BR A B 64T 51 90 & B, CHOP,
7 5'-AAATAACAGCCGGAACCTGA-3' il F i 5'-
CTTTTCCTGGGGATGAGATA-3", 7= ) £ FF 83 bp;
Grp78, I3 5'-CCCCAACTGGTGAAGAGGAT-3" fiI F
Ji# 5'-CCCCAAGACATGTGAGCAAC-3", 7= ¥ K i 95
bp;B-actin, I 5'-TACAACTCCTTGCAGCTCC-3' FlI
Tt 5'-ATCTTCATGAGGTAGTCAGTC-3", 7= ¥ K- fif
157 bp, Lk B-actin 2y 4 2, Fl F] PCR ik & i#f 17
CHOP, Grp78 i 47 #H X} % & 43 1. f# F} Real-time
PCR £ %, % & Real-time PCR ¥ 3% &5 {4 # 17 PCR
SIS SR FH 2 4 gk 0 B A7 M X A #
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2.8 GEil2Eardr A BOE S T B GE T3 SPSS
19.0 ¢ B, i A5 K 0 B0 24 2Rk & £ s, R LA
R 2 WM SNK-q K255, LA P <0.05 J 2= %A%
e X,

3 #R

3.1 NGFiESMMAITE: PC12 A% & fli
3 B 0 OB M 4 NGF 8538 7 d J5 iy PC12 4fi i,
BT AT UL PC12 41 i i) 28 e A iy B B AR K, 40 i B
BRETAE, HEMEEFE AR ULHE S5 1 PC12
ME BA Ao R, WK 1, A A0
M 5E MAP2 Fl1 NSE 33k FH MR | 25 5 i 7R MAP2 -
BIFAPEAR N (62.54 £1.00) % , NSE - 25 fH ¥ 5 4
(93.32 £2.87) % , 3B 2 NGF 1% 5 J5 19 PC12 40l
O HA M ek VE T, T IS S S0 56 (o

A. PC12 4l ; B. NGF i 5% PC12 41
E1 PCI2 AL (FE EME, x100)

Fig. 1 Morphological changes of PC12 cells ( inverted

microscope,, X 100)

3.2 XEZMMAITTHEAE W 55 UL R
I A JCHA & 2 5, % B DMSO X 41 Jiig JC 1 8 5%
M SR A LR, S N RA A E R
(P<0.01) ,FRWIFEWI S 210 ) 20 0 184 58 05 15 5
T PRI EFETH A BREFE (P <
0.01) , RUIFEFETHRKEFHY PR MHAE
JCHGFE G I . W 1,
3.3 XEZMMAITTH TR SRR, B
ZICA RS N E T WU ,48 h 4198 T2 K i 1
Z(P<0.01); 5% PR LR, FHREETT
W2 P EEME MM ZI0,48 h 4P T- R B
FWAL (P <0.01) . W#&2,
3.4 XEZ#M LT CHOP, Grp78 [ 3k 1Y 52 i
HERAE R, % 4 CHOP, Grp78 14
FikTHE (P <0.01) ; 582 M RA LK, EFE
4l CHOP, Grp78 (26 1B FEAE (P <0.01) . L
Kl2,%3,
3.5 X ZHIMLIE CHOP, Grp78 mRNA 3 ik ) 5%
W 4575 F14L B, %9 41 CHOP, Grp78 mRNA
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*1 EXFEENZREETHEAEAMNZM(r£5,n=6)
Table 1 Effect of icariin on proliferation in damaged neurons(x +s,n=6)
, e JiE i s [
Al /pmol- L~ 24 h 48 h 72 h
= H - 1.018 £0. 176 1.366 £0. 173 2. 141 +£0. 146
I - 0.826 +0. 082 1.295 £0. 101 2.293 +0. 196
EAZE S 2 0. 425 +0.031% 0.573 0. 127" 1.367 +0. 125%
TR RE 0.1 0.494 +0.236 0.927 +0. 167% 1.774 £0. 107

S ALY P <0.05; 54 HEY P <0.05,7 P<0.01; 58§ % M ZHLLEYP<0.05,7P<0.01(£2~4F),

R2 EFEEMNBRGHETATHEM (3 £5,n=3)

Table 2 Effect of icariin on apoptosis in damaged neurons(x = s,

n=3)
4 51 e )% /pmol - L~ NI TR/ %
= H - 4.103 0. 174
gl - 4.793 +0. 573
GRS 2 19.04 +1.786%
BARET 0.1 13.03 =2.765%

A BRI CO RS DR D B ETH
B2 #&ME#HLZT CHOP,Grp78 EBRRIEFRE
Fig.2 Electrophoresis of protein expression of CHOP and Grp78 in

neurons of each group

x3 EXFEFXNZFHRMET CHOP,Grp78 EAMFM (& =5,
n=3)
Table 3 Effect of icariin on CHOP and Grp78 protein in damaged

neurons(x +s,n=3)

245 W BE/wmol-1.="  CHOP/GAPDH  Grp78/GAPDH
EgE| - 0.088 +0. 003 0.264 +0. 005
el - 0.067 £0. 003 0.531 £0.014
A MR 2 0.479 +0.009>  1.069 +0.021%
EEEH 0.1 0.198 £0.004>  0.715 +0.012%

FIRUIRREAR(P <0.05) s 5 4 LA, B & b
24 CHOP,Grp78 mRNA XA B = (P <0.01);
5 M RA R, EFEE 4 CHOP, Grp78 1y
mRNA LA FEAR(P <0.05), W&k 4,

*4 EFEHEWZTRMEZIT CHOP,Grp78 mRNA I RiZEH
M (x+s,n=3)
Table 4 Effect of icariin on CHOP and Grp78 mRNA in damaged

neurons(x =s,n=3)

4531 e/ mol - L1 CHOP Grp78
7 - 0.741 +0.258"  0.926 +0.217"
B MR 2 14.011 £6.231%  37.258 £3.767%
B 0.1 6.997 £3.361%  25.690 = 6. 855"

TE A 24 mRNA FXFRIE R 1,

4 itig

ER H. A VA7 5 J5 8 7 R0 41 B DN 85 R L A R
oA 0 0 UL DL S R A BT S Shag L (L
PRAE B BRI AP 3 S T 25 B ERS RN, %
W ER BEHNEARTSMATEEARNY R
20 ERS J2 SCI B2 g EE LA =2 —' ]
] 3 R CHOP [ gn i & A v . 4R, 40 i
PRy L B 6 75 BE-1 (IRE-1), K AL 5% 2 I 7 6
(ATF6) , & 11 W B R A PN T X 3% i ( PERK) 3 A~
ERS f£ 825 7T 25 fi ERS'™ 3 B Al iR 47 & w R 37
BEE, OF A M B R AT 7R OE W 40
OB 1 Grp78 454 ER K 11 PERK JfFH 1R
Higifb, YA &&EAA ERS T R 6T,
Grp78 5 PERK & A= fift & , T L& Ak, 1 1m0 ) 2
HIE A, 4% ER N RIS &AM
U FH mRNA b A L P B A AR
R, —28 mRNA (U1 ATF4) [ BRE R g0, ATF4
H R38N 2 5 8 H T & T A i i L R 3k
B R ERS R IZL, ATF4 433 i CHOP
2k, AT B A g T

SCI B 57 {3 5 45 19 ke A8 T 5 B 1 R G5 R 37
B ERS B9 P s A w22 40 i i 0 T
TEHER A P R R L R,
HARNEH Rk KO SR Tk, R O
RGBS AW EN, T 5 IR AR
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BRI T B D-2F 20 U = 2 /N Uy A 2T il
fCRE N IR AR AT AR W OE RN S,
S AL ) A Tl O 1 RIS B R B 4R BB K
il A 2H 20055 PR A 0, OF fE 9E CST R Bz s I ey
PRAZ 5 e ) A 2 A A R R A T a4k
LA 8 T 33 AR A A 58 TR, 4804k 7 VR it 5 20
JAT, AR CSLUR IS WAL VR S AR T
Ml CST 5 R AE R B S AL F0 40 i 08 o, i
BEZH LU 2 1 407, LA T S A 2 R A
Rt F TR 2 W&o Z AT g8 5 ERS
Ko

AHIE ST 3 AR T U A& T, e R
FREH I ERS A8 & 2 B0 28 00 10 A ROrE B o
Pl . CCK-8, 3t =X 20 A AG: 0 ) 552 36 25 R 44 s
RS N RAEH ERS R AWM A ERKN FiFT
M2 oCRE PCL2 40 M & AR P T, HLUR T3R8 5 %
PRI 25 W) T w8 R B LM ERS,
Wb 2T T, Western blot ) Real-time PCR %t
RWoR, B E M RN ESR WS, g8 M
CHOP, Grp78 Ry K ik, KW H M & MK T Ll
CHOP,Grp78 (¥ ik 1% ERS, #E 11 i 5 # 4 o0 I
T SRS PRAMLIL, SEFETH TG T
CHOP, Grp78 3R ik, K B VE £ 22 4 v il i3 F
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