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Effect of Orostachys japonicus on Apoptosis and Autophagy in Human
monocytic leukemia Cell line THP-1 via Inhibition of NF- B and
Phosphorylation of p38 MAPK

Seonghee Joo, Eungyeong Jang, Youngchul Kim

Department of Internal Medicine, College of Korean Medicine, Kyung Hee University

Objectives: Orostachys japonicas (O. japonicus) has been known for its anti-tumor effect. In the present study, it
was investigated whether O. japonicus EtOH extracts could induce apoptosis and autophagy which are part of the
main mechanism related to anti-tumor effect in THP-1 cells.

Methods: Cells were treated with various concentrations of O. japonicus EtOH extracts (0-300 2 g/ml) for 24, 48, and
72h. Cell viability was evaluated by MTS/PMS assay and apoptosis rate was examined by flow cytometry and ELISA
assay. The mRNA expression of apoptosis-related genes (Bcl-2, Mcl-1, Survivin, Bax) and autophagy-related gene
(mTOR) was evaluated using real-time PCR. The protein expression of Caspase-3, Akt, LC31I, Beclin-1, Atg5, NF-
B, p38, ERK was evaluated using western blot analysis.

Results: O. japonicus EtOH extracts inhibited cell proliferation and apoptosis rate was increased in both flow
cytometry and ELISA assay. Bcl-2, Mcl-1, Survivin (anti-apoptosis factors) mRNA expressions were decreased and
Bax (pro-apoptosis factor) mRNA level was increased. mTOR mRNA expressions was decreased and LC31I protein
expressions was increased. Activation of NF-#x B was decreased and phosphorylation of p38 was increased.
Conclusion: O. japonicus is regarded to inhibit cell proliferation, to induce apoptosis and to regulate autophagy-related
genes in THP-1 cells via NF- £ B and p38 MAPK signaling pathway. This suggests O. japonicus could be an effective
herb in treating acute myeloid leukemia.
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AJ9F: Orostachysdis
Herba)2 219 719 A5 52 w2 Ao HA|gt
BHOlOIA Aehit thig AlB2 9t 5% 5o
Bx5itt, EUETH(Crassulaceae)?] o] Ao &9]
Hr|<&(Orostachys japonica A. Berger)i} B& A&
o Azx= o453} 7k AFlotH oHd> M, &,
1 9, AT, AL, 4%, 49 B80] Y B2
ojt}’. o] olbat AT AP AFES AnE
5189 43 AP B2 ohid 44 2k
]

}.
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Bl QiR SOl WY AE(THP-1)o] 9k
oete 328 Afsel QA HEo] A7
w43 BT AAEL AnRl.
PV ERETE
1. Xz
1) oty

E AYoA A3 ko] okso fjsiekA Q] 3t
oFFAZ M| ZAse] As|st H& T Joﬂ
SELLEREEE S

HPLC (high-performance liquid chromatography)
£ 59} 42 248 Sigon] HPLC 24 422
oF otk FEE2 0mgmld] sz HE2
L3f5te] %221t XT(sonication) §F &, 0.454m
PVDF membrane filter2 oJI}AIZTE  Standard2
Epicatechin gallate (ECG), Quercetin?} Kaempferol
(Sigma-Aldrich, St. Louis, U.S.A)S ARE-5IAT}
(Figure 1A).

HPLC EA2 Alliance 2690 7]7]& ©o]-&35}90
H AZ7|= Waters 996 Photodiode Array Detector
£ ARESIH T Columne C18 column (Spm, 4.6mmx
250mm 1.D.; Macherey-Nagel, Dueren, Germany)<
ARSI o522 0.05M NHHCO, (A)%}
S ol8sieon 0RlAL 10%z BEUE
St} 4080]AE 90%7t HEE KA &
W3S = gradient mode® AP 42 |1
ml/minZ St AE T2 280 nmo| it}

Epicatechin gallate (ECG), Quercetin®} Kaempferol

< Standard® AR8sto] At Al ok oS

ZZU ]

Epicatechin gallate©] 1.2%, Quercetin©]
1.3%, Kaempferolo] 0.2% $H3% o] UAth(Figure

1B).

2) ZAHO| ZH|
Q& 100 g 80% O[ERE 1000 mlof] 217 24]7F
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Fig. 1. HPLC chromatograms of the representative standards (epicatechin gallate (ECG), quercetin and kaempferol)(A)

and the O. japonicus EtOH extracts(B)

A 23] AFFETN T F2HE Whatmann Papers:
3l ATAR & AAEE7IE AREEIA 5

o teow lﬂw%ﬂé EZA7Z7|(EYELA, Tokyo,
Japan)& 0130}04 AZANFHOH & 6.5¢9 AxFE
2 AUtHTE 65%). Aol FEES RPMI
-1640 HiZ]0] 10mg/ml9] HEZ =olA 100T oA
1A17F EQF el ThS 14,000g014] 3057 Y5
T A NGS 0.24m2] syringe filter® o3} Hi-5}od]
Ao AMgstgith

L
QU AT A AL (THP-1)S

=
LS.34(Cancer Research Institute,

S AZ
Seoul National
University, Seoul, Korea)Q 2HE XHoRS HkQIT}

A E 8RS 93t AlZ= DMEM (Dulbecco's Modified

Eagle Medium, High glucose)= LZ(Welgene,
Daegu, Korea)olA] 5l THP-1 Al X+ 10%
9] FBS (Hyclone, Logan, USA)2} 1%9] antibiotics
(Gibco-BRL, NY, USA)7} A7}=l RPMI-1640 [
ooz WYsisict. o oehg 23 ol
Z10] 100nM2] PMA (Phorbol-12-Myristate-13-Acetate)
(Sigma-Aldrich, MO, USA)S A7t 12A|17F &
Qb vfiFoto] THA]-3-ARA| E(macrophage-like cell)Z
EIAFT AZ B ¥ 5%9] CO,, 37C 279 H
F71°0A g3

2) MZ HZEE 24

NE AZE(cell viability)S £45}7] A A=t
Ao HhHo] wel CellTiter 96 AQueous One
solution Cell Proliferation assay (MTS/PMS assay)
(Promega, WI, USAYS A|9¥5}4iT}. THP-1 NEZE
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96-well cell culture plates (2x10* cells/well)o]] E3=
SEL 100nM PMAS 371ste] 72417 59 #3514
7 o AZEjFAS AT T 200419] Mz B
FAHORZ 33] AHSHUTE o= 100419 2

ofEte Z2ZE(0~500pg/ml)S Y1 24, 48, 1|7
T2A7F B9F HiFsE & 20419] MTS/PMS &<
7K1 4A)7F E9F HHSA]71 3 ELISA reader
£ ol&sto] 490nmolN FB=E S5ttt

TESF THP-1 A|Z(2x10* cells/well)o] pan-caspase
AA A Z-VAD-FMK E+= caspase-3 £0] AA|A|
9l Z-DEVD-FMK (R&D Systems, MN, USA)Z %

TH(25, 50, 100xM)E 3t 5, 247F 30] 300
pg/mle] oF& oghE FEES Folslia 7247t
S0 20p19] MTS/PMS A 37I5t] 4A17F &
oF Hk2-A]71 & ELISA readerS ©|-85}o] 490nmo|
A FB=E S

3) RSME 24
THP-1 A|ZZ 60mm cell culture dish (1x10°
cells)o] 55111 100nMe] PMAE 75l 724
759k R TS AL AT F 200
(o A ME0E  ARse thges
Ok& ofekE F=ZE(0, 100, 200, 300xg/ml)yS
Sto] 24, 48, 193l 72 A|ZF F17E Higsteith H}‘G‘
o] &4 3Zof Trypsin-EDTA (Gibco-BRL, NY,
USA)E o|&st] AZE K2 thd PBSE 33| A
st T A2 JAHE] 100¢19] binding &4 &
7¥sto]  AEFAIFT ThFCE 5419 Annexin
V-FITC (10mg/ml)2} 5419] Propidium iodide (PI)
(50mg/rnl) (BD Biosciences, CA, USA)YE Z3}5}o]
B 91 Agddt AR A0 §RSAIF.
40013 g B54E A4 S5, B4E
N2& FACS Calibur (Becton
Immunocytometry System, CA, USA)E ©|-&5}0]
/H"‘}Oﬂr%
FITCORH /gt

Dickinson

29 ol AEE 27] A=A
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E& YEH L FITCE} PIof 5% FARHSZ Kol
AEE 37 AEADS dehizg o £ A
gol shgsh A B89 Foz AEAY A
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4) §AMA 2M
Cell death detection ELISA kit (Roche Molecular
Biochemicals, Mannheim, Germany)S ©]-85}o] A
IAE AR ¥ STt THP-1 A|ZE
96-well cell culture plate (2x10°cells)o] E5=5}1L
100nMe] PMAS A7lstel 7247+ EoF A7l
o AZEFAZ AAT F 20019 M2 viYF
Ho= 33] AHsI: thFOE 100419 &5 o
B 2ZE(), 100, 200, 300ug/ml)S H2|5ta] 24,
48, T213 7247 B3 epSIGIch. A Wiopole
AAT F 2009 SHIZAL H7bslel 308 7
A5l 200xgoll A 102 7H AAEE g F, 2041
o) 4z0lg 9o 5| A2 el tet ELISA
ol-gsto] 405nm PO FFEE 34

5) RNA 22|2} real-time PCR

Total RNA= A2 Hj|o] &Y & Trizol £
(Invitrogen, CA, USA)YS o]-&a}o] AZHALS] HIHo|
ot EE5irk 1pg Total RNASF 0.5.g9)
Random hexamersE ©]-8-5}0] Reverse-transcription
system (Promega, WI, USA)C2.Z ¢cDNAE 3451
t}. A%o] A% Primer £529} Sequence: Table
13} Zt} Real-time PCR StepOnePlus real-time
PCR System (Applied Biosystems, CA, USA)Z At
8ot APstAal 1019 2x SYBR green PCR
Master Mix (Applied Biosystems, CA, USA), 1pl
9] ¢DNA, Z}ZF 1419] primer (sense and antisense)
(Bioneer, Daejeon, Korea), 7419] Z75455 335
of AA| &2 202 2Hsto] PSStk PCR
W2 Z7]0l= 95ColA 102 7F 27] MAS Al

0 . -
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Table 1. Primer Sequences for Real-Time PCR

S AZAFET A7EEA] v|Ale IF  (213)

Gene Primer sequence Size (bp)
Bel2 5’ GAT TGA TGG GAT CGT TGC CTT A 3° 200
5’ CCT TGG CAT GAG ATG CAG GA 3’
Bax 5’ GGA TGC GTC CAC CAAGAAG3’ 216
5’ GCC TTG AGC ACCAGT TTGC 3’
Mel-1 5’ CTC ATT TCT TTT GGT GCC TTT 3’ 17
5’ CCA GTC CCG TTT TGT CCT TAC 3';
Survivin 5’ GGC CCAGTGTITCTITCTGCIT 3° 91
5’ GCA ACC GGA CGAATGCITT3
mTOR 5’ CCT GCC ACT GAGAGATGACA 3 168
5’ TCC GGC TGC TGT AGC TTATT 3’
. 5’ GCG AGA AGA TGA CCC AGATC3
B -actin 77

5’ GGA TAG CAC AGC CTG GAT AG 3’

7 %, 95COIA 15% 7L, 60TOIA 182 7h, 4037
2 ATt 2 S440) mRNA W Ak
-actin mRNA level 7|28 dto] Azl gho
2 yepigltt

6) TR 24

THP-1 AZZ 100mm cell culture dish (1x10°

cells)]l BZF3}1 100nMe] PMAE H7H5te] 724]
b &<t FRAR o Ml Zeffdle AARE £ 200
ple] A2 wjgoR 33 Aol el

Q% ofEhE FZE(0, 100, 200, 300ug/ml)S T

sto] 24, 48, 12|11 7247t B9t vttt vk
H A2 A5 AAsIL A7k PBSE 33] A|
Aot TR0 2 400419 La1g=N(Cell Signaling
Technology, MA, USA)S 7I5to] MEZE &afA|7]
TR Cell Scrapers ARESto] A|ZE Fojd &
1.5ml tubeo]] EATE. E&o 1087t & Th 13,000
xgolA 108 &2t A4 225t 5de 42 H
A ZEEIA Bl HFEAS A5 Pierce
BCA Protein Assay KitE ©]-8-5}tt. 10pg2] Tl
A& sample buffer (100mM DTT, 30% glycerol,
0.3% bromophenol blue, 187mM Tris-HCL pH
6.8)] 3145] 95TOlA sE7F AAT T 10~15%
SDS-polyacrylamide gelo|4] A7]%55%c}. 2o

A TS nitrocellulose membrane® 2 O] EA]7|
I IANZE B9 ARLOlA 5% nonfat dry milkE
blocking S}tt. Caspase-3, Akt, LC31I, Beclin-1,
Atg5, NF-¢B, p38, ERK, f-actin®] YAFAE 5%
nonfat dry milk®] 1:1,000°0.2 3]A45}o] Y1l 4T
A overnight Sto] WREAIZTh HRgo] Edt Fof
TBS-T (Sigma-Aldrich, MO, USA)Z 1587t 33]
MA@t oS 1: 250002 3]A%  horseradish
peroxidase”} A% 22 FAE A20A 147 &
Qt BHSAIZHE thZC & TBS-TZ 1587t 33] A|A
sFgich ol 2EdS Amersham ECL (Enhanced
Chemiluminescence) Prime reagent (GE Healthcare
Life Sciences, UK)E ARE5to] AEsI9 A
95 9] HEAof|= Amersham 600 (GE Healthcare
Life Sciences, UK)2 ©|-835}ct. T3 band9
intensity= ImaJ program (NIH, USA)& AR&3}o]
gslaie)

3. 84 24

Excel¥} Prism program®] Student’s t-testg ©]-&
3 tixy A9t Adghe Bkt A4
SOL PgE (+p<0.05, **p<0.01)E 7|20 B}
stk
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24 J'I_I.

1. A& OES =22 ME 3A K|

THP-1 AZo] 9% e FEEZ 5k
(0-500pg/ml)E A E)5l0] 24, 48, 12|11 72 A|7H
oF ujoFslgitt. MTS/PMS assayS o AE A
&2 Wby 1 An, 9% o FEE
THP-1 A|2£9] F415 AAsH3{CHFigure 2).

300ug/ml 0149 FLolA AL PEEO| &=
ZolE Ho|A] Ug7| whizeo] o] AFofA
gt 559 1 Fol 5k 300pg/mlOE
FolAT s Al BEEY Zo|7} vl d F7
FE 100, 200, 300pug/mlE A3 sz A€so]
AdS AYsich

e

flo N ot

pet)
&

mx opr

2. 94 Oler2 £E20| 5|9t 37| MEXI
QE (RSHZ 24

THP1 AES] 9% ofehg 25BE =0,
100, 200, 300xg/ml)& 2|3t 24, 48, 1E]T 72
Az St Wtk AEAE JEE B 9
3 Amexin V-FITCS} PI 42 018310} 454
E 24S Agst 49 2% 27 AzaEs

%7) AlEAEo] B P AZF JRH 0 71519
th(Figure 3).

3. o OE2 £E29 MEXE &
CEL R )

THP-1 M) k& ofghe 2B HEU(,
100, 200, 300pxg/ml)E xj2|5to] 24, 48, 181 72
AR B9k deFstoict. A=A Ao kg Felst
7] 9o} mame) R4 ASig 1 A, o
oehe B AeG THP-1 MEAA AJEAE
Az o FE= % Al SEAoR fofa
S7Felsitk Figure 4).

4, 245 OEtE FESO| MEAIHI} st
STA mRNA 2 £H-

THP-1 A|xZof| o}% eE FEE2 sTH(0,
100, 200, 300xg/mh)E A 2|5to] 24, 48, 1|1l 72
AIZE &9t et AEAED H# mRNA
TR A s B7sE7] 919 real time PCRE
Alojalict. 71 AT} anti-apoptotic S-AZQ1 Bel-2,
Mcl-1, Survivin®] mRNA ©dL 74ASE uhd
pro-apoptotic A0l Bax2] mRNA ¥HS =7}
I THFigure 5).

150 +
3
;-.:- 100 —o 0 pg/ml
2 —A— 25 pugiml
% -& 50 pgiml
© —— 100 pg/mi
> -6~ 200 pg/ml
z 07T -8 300 pgimi
(&) —— 400 pgimi
—— 500 pg/ml
0 + + !
0 24 48 72

Incubation times(h)

Fig. 2. Effects of O. japonicus EtOH extracts on the cell viability in THP-1 cells

Cells were treated with various concentrations of O. japonicus EtOH extracts (0-500ug/ml) for 24, 48, and 72 h. Cell viability was evaluated
using MTS/PMS assay. The control group was assigned a value of 100%. The data are the mean+SD of triplicate samples.
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5. k& Oetg £E=9| Caspase—-32 Akt
CHHE 95 XH
THP-1 A2 % gt FEES 5T,

100, 200, 300xg/ml)E Hej5te] 24, 48, 1T 72
A7 =9t HieFskyitl. Western blot HHHO R
Caspase-39F Akto] T WdS EAMstt. 1

Uzt WiEHy A|EZ THP-101A NF-4B B4 A9} p38 B4

A3, %’oﬁ il L% —ir%%.%

Ed) NEAMED AFEAe] njxs o

F (15

A 2|3k THP-1 A Lof| A
HHe Z716tAl Akt QAESH

HYoY & 9 AR e

0 pg/ml-24 h

100 pgiml-24 h

10?2 1w0® 04
10f 1w0d 4

Pl
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1.57%

100 1ot

2.66%
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102 1% 104
i
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.91%
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3.15%
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00 1!

300 pgiml-24 h

3.81%

1w w0
FITC
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10!

00 ' 0f 0?
FITC

10t

BT LA A 10°
FITC

w g e f
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100 pg/ml-48 h

0?10 10t

i
w0f 1% 1d

59%

Pl
Fl,

a° 10!

3.14%

0% 1!

200 pg/ml-48 h

{
100 1! w02 1d et

[ AT E 100 w0 G 16
FITC FITC

0 pg/iml-72 h 100 pgiml-72 h

10!

Frt

(I R
FITC

10° 10! 102 w03 g0t
a” 0! 10?103 14

Fig. 3. The early and late apoptosis of O. japonicus EtOH

s 1.47%

3.47% 2.68%

(1 T A R ] w" [T A
FITC FITC

200 pg/ml-72 h

10° 10! 102 0¥ g0t
{
10? s0! 102 0¥ ged

!
100

Tl
=4
3
Eh

extracts in THP-1 cells

Cells were treated with various concentration O. japonicus EtOH extracts (0, 100, 200, 300ug/ml) for 24, 48, and 72h. The apoptosis rate
was analyzed using flow cytometry with Annexin V-FITC and PI staining.

. 3001 ** [J 0pg/ml
° % I 100 pg/ml
€ 200 pg/mi
8 2001 iy = 300 ug/ I
,\° *k "k pg/m
~ *% *%
@ *
8 100-A|:|_|:|,I_I H
k3
§ H

0- ;

24 48

Incubation times (h)

Fig. 4. Apoptosis rate of O. japonicus EtOH extracts in THP-1 cells

Cells were treated with various concentration O. jgponicus EtOH extracts (0, 100, 200, 300ug/ml) for 24, 48, and 72h. Apoptotic cells were
measured using a cell death detection ELISA. The control group was assigned a value of 100%. The data are the mean=SD of triplicate

samples. (*£0.05 and **(0.01 compared to the control.)
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6. Caspase 2HH| 2| & A& OES FES = A AIZ LS A= IFS ZRlsk] s
B0 Al MZ BA Q& pan-caspase  2A|A|(Z-VAD-FMK) EX caspase-3
Caspase JAA 27| & o} A&t 5= F9 AAA(Z-DEVD-FMK)E %% (25, 50, 100xM)E

2.0 2.0
O opgml O opgml
g s 0 roopgm < w I 100 pgimi
g B 200pgm & * * % o [ 200 pg/ml
£ Bl 300pg/ml 300 pg/ml
g £ 1.0
? ?
< a
iy % 0.5
2 o
0.0-
24 48 72
Incubation times (h) Incubation times (h)
2.0 2.0
O opgml < O] opgml
! 15 3 100pgm 2 15 1 100 pg/ml
"E‘ : [ 200pgml  E B 200 pg/ml
c
£ " . El 300 pg/ml £ N * El 300 pg/ml
g 10- *k K 'F
! *k «Qa
53 z
f - >
g 0.5 2
a
0.0-
24 48 72 24 48 72
Incubation times (h) Incubation times (h)

Fig. 5. Expression of apoptosis-related genes in O. japonicus extract treated THP-1 cells

Cells were treated with various concentration O. japonicus EtOH extracts (0, 100, 200, 300ug/ml) for 24, 48, and 72h. The mRNA levels
were measured by real-time PCR. The crossing point of Bcl-2, Bax, Mcl-1, Survivin with S-actin was applied to the formula, 2-(target gene-5
-actin), and relative amounts were quantified. The data are the mean+SD of triplicate samples. (*X0.05 and **X0.01 compared to the
control.)

24 h 48 h 72h
A — — _ = = — = = -
E 2 : 8 T 2 : B T 3 3 §
£ g 5 8 £ g g g8 & 8 g s
o - o~ (2] = - ™~ 1] = - o~ 0
CaSpase-3 < SN G G A S S G S —
Akt — . W W —— N — — — — —
pAkt ————— — D N — N N —
B-actin
B 15, 157
& O Opgim O Opgim
o - o s O 100pgim £ 2 100 pg/mi
ko3 53 g &
5 101 = - B 20pgi & 4p, . - 0= 20 gim
® [ T E 300 pgim
¢ 051 £ 051 -
g
b o
é
0.0 0.0
24 48 72 24 48 72
Incubation times (h) Incubation times (h)

Fig. 6. Expression of Caspase—3 and Akt in O. japonicus extract treated THP-1 cells

Cells were treated with various concentration O. japonicus EtOH extracts (0, 100, 200, 300ug/ml) for 24, 48, and 72h. The protein levels
were measured by western blot analysis. Cells were lysed and 10ug of soluble protein was separated by electrophoresis on a 10 %
SDS-PAGE gel. Densitometry analyses are presented as the relative ratios of caspase-3 and Akt to B-actin. The data are the mean+SD
of triplicate samples. (*{0.05 and **X0.01 compared to the control.)
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0

A 3, 200 Fol ok oS BE 3000

S Eof3lqith 72A)7F o] MTS/PMS assayS
59 A HELS AT AT, %5 oS
gt Rojgh 23 WTAAL 1 caspase SAAE

H
A2t ZolM HZ F4jo] F7FsI K Figure 7).

= ‘r‘E

—

7. A& OIS FESO| AVHEA ZHEHE
RUA mRNA 3 TR 95 X F
THP-1 AlZo] k& ofeE FE52 =4O,
100, 200, 300pxg/m)Z A 2|5}o] 24, 48, 18|11 72
AIZE &9 ST AZEEA R BEgH FAAEE
mRNA & AT E H7l6l7] 99) real time PCRE
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Fig. 7. Cell viability in the presence of caspase inhibitors in O. japonicus EtOH extracts treated THP-1 cells

Cells were treated with pan—caspase inhibitor (Z-VAD-FMK) (25-100uM) or caspase=3 inhibitor (Z-DEVD-FMK) (25-100uM) 2h before O.
Japonicus EtOH extracts treatment (300ug/ml). Cells were incubated for 72h and cell viability was measured by MTS/PMS assay. The data

are the mean+SD of triplicate samples.
inhibitor-treated cells with O. japonicus EtOH extracts.)

(*0.05 and *(0.01 compared to O. japonicus EtOH extracts-treated cells vs. caspase
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Fig. 8. Expression of autophagy-related genes in O. japonicus EtOH extracts treated THP-1 cells

Cells were treated with various concentration O. japonicus EtOH extracts (0, 100, 200, 300ug/ml) for 24, 48, and 72h. The mRNA levels
were measured by real-time PCR. The crossing point of mTOR with S-actin was applied to the formula, 2-(target gene—B-actin), and relative
amounts were quantified. The protein levels were measured by western blot analysis. Cells were lysed and 10ug of soluble protein was
separated by electrophoresis on a 10% SDS-PAGE gel. Densitometry analyses are presented as the relative ratios of LC3 Il, Beclin-1 and

Atgb to B-actin. The data are the mean+SD of triplicate samples. (*£{0.05 and **X0.01 compared to the control.)
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Fig. 9. Expression of NF-xB and MAPK signaling pathway in O. japonicus EtOH extracts treated THP-1 cells

Cells were treated with various concentration O. japonicus EtOH extracts (0, 100, 200, 300ug/ml) for 24, 48, and 72h. The protein levels
were measured by western blot analysis. Cells were lysed and 10ug of soluble protein was separated by electrophoresis on a 10% SDS-PAGE
gel. Densitometry analyses are presented as the relative ratios of NF-B, p38 and ERK1/2 to -actin. The data are shown as means+SD
of three independent samples. (*(0.05 and **£0.01 compared to the control.)
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