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Effects of Acanthopanax senticosus Water Extract on
Glucose-Regulating Mechanisms in HepG2 Cells
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Jae Bong Park4, and Myeon Choe'?
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“National Development Institute of Korean Medicine
*Department of Biochemistry, Hallym University College of Medicine

ABSTRACT This study aimed to investigate glucose uptake mechanisms and metabolic mechanisms for absorbed
glucose in HepG2 cells treated with Acanthopanax senticosus water extract (ASW). A colorimetric assay kit was used
to measure polyphenol content, glucokinase (GK) activity, glucose uptake, glucose consumption in cell culture medium,
and glycogen content. RT-PCR and western blotting were performed to examine changes in the expression levels
of glucose transporter 2 (GLUT2), hepatocyte nuclear factor 1o (HNF-1a), phosphatidylinositol 3-kinase (PI3k), protein
kinase B (Akt), phospho-AMP-activated protein kinase (AMPK), phosphoenolpyruvate carboxykinase, GK, and glycogen
synthase kinase 3B (GSK3p). Increased glucose uptake upon ASW treatment was confirmed to result from increased
expression of HNF-1a, which is one of the transcription factors acting on the GLUT2 promoter. From the measurements
of GK activity, we observed that ASW had an effect on glucose phosphorylation, and we also confirmed that increased
AMPK phosphorylation promoted glycolysis and suppressed gluconeogenesis. We confirmed that the increase in glyco-
gen upon ASW treatment was induced by activation of Akt by PI3k, followed by phosphorylation of GSK3p. This
study demonstrates that ASW activates glucose metabolic mechanisms in liver cells and is therefore a potential candidate

to alleviate diabetes.
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dione, acarbose”} 1o} 7|7k oFE Hg o7 Qlgl Rzt
o] YEAL ATH6). wEkA H 2ol F-2H8& FolaL
AE JAES o] &3 A7 &3] 8y
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HepG2 A%+ Human hepatoma cell lineo. & 542
o] w231 hepatocyted] 7]5S ¥ 7HA2L A= A
2t 715 3d A AFAE oS- A EskE Aot 2
HepG2 A3zl vt AAES AHgste] tAd S5kl
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A= A 7F BalE Al Ivh(24-26).
oo E AFNME 7ML AT B FEEASW)S o] &
sto] HepG2 M EeA X 4% 3 S5 s 7]H
2 7)Ao

183 glycogen AR 714 A7E E3) g}
a2 = ASWO] A8ksS o =3l
TS A A EIAF STt
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M2 =&

A o] &H 7M. 7= (F7)F U B(Gyeongsan,
Korea)el Al F+ujate] AR-8-3kqith. xAxH A 5(30 9= &
A 3 B7](FM-681C, Hanil Electric., Seoul, Korea)®
gbAds] #AE F 10.799] FRHTE H7Me o 60°C
shaking incubator(KMC 8480SF, VISION, Daejeon,
Korea)oll A 24117t &3 & AR dto] =R
3G oh A=dE syringe filter 0.45 pm= o343k & =4
71%71(BD8512, Iishin Lab. Co., Ltd., Yangju, Korea)=
Azxste] dolzl 1P FLS ALt g FeE Ax

3te] Ao o] g3t om ASW=E HE T,
EEoms g2 =3
ZZg¥E 32 Folin-Ciocalteu’s phenol(Sigma-—

Aldrich Co., St. Louis, MO, USA) A ¢FS o]-8-3}o] SA 35}
ATk ASW 0.2 mLell SF5 4.8 mLE ¥ ¥ 50% Folin-

Ciocalteu’s phenol 0.5 mLE& ¥ol51 £33k t}2 3&7F
A e & 1 mL9 10% NaxCOs(Sigma-Aldrich Co.)& %
7hett)h, £ S 1AIZE B2F AR g oh5 UV/vis spec-
trophotometer(Optizen 2120UV plus, Mecasys Co., Ltd.,
Daejeon, Korea)E AF&3le] 700 nmoll A &%
At} FEZYUE =S caffeic acid(Sigma-Aldrich Co.)
5 ol &3t AFA(R=0.995)2 243 &
equivalents(CAE)® YEF ST},

¢

TE zx% o].

caffeic acid

Cell culture

HepG2 Al E(hepatocellular carcinoma)t 3h=A| 5
23 (Korean Cell Line Bank, Seoul, Korea)ol| A <yt
of Ab&-3F3Ath. HepG2 Al 2=
(FBS, Welgene, Daegu, Korea)®} 1% penicillin-strep—
tomycin(PEST, Welgene)o] A7}l 25 mM HEPES, 25
mM NaHCOs, 90% minimum essential medium(MEM,
Life Technologies, Carlsbad, CA, USA) 8]=]o| A 37°C,
5% COz 71| A v s}t

10% fetal bovine serum

Cell cytotoxicity assay

MEZSAL 3-[4,5-dimethylthiazol-2-y1]-2,5-di-
phenyl-tetrazolium bromide(MTT, Sigma-Aldrich Co.)
3k S o838kl SA3ITh HepG2 AlXE 96-well
platesol] 1x10" cells/mLZ 100 LA 5313 2427t =

St wi et 5 FBSSE &AAE WA &2 wiAol ASWE
T R AT ok Al A2lske] 2443 Fet
gttt 2443 F A& AASE MTT A2k 100

ulL(5 mg/mL) 231, 37°Coll A 4217t &2t vl ket & 5o
S AASSE T ZF welloll A E formazan©l dimethyl sul—-
foxide 100 pLE 718t § shakerE ©]&3t4 *o]aL, 30
& & UV/vis spectrophotometer(Optizen 2120UV plus,
Mecasys Co., Ltd)E& °]&3}4] 570 nmollA FF=E =
Qe eh 2 (ControD) ] FH% gy} wlastel AEsE
dE BT

Glucose uptake X

ASW7} HepG2 M Eol| A glucose uptake®l B X o33k
2 glucose uptake colorimetric assay Kkit(Biovision,
Milpitas, CA, USA)& AH&-3te] A3 stith. & HepG2 Al
EZ 96-well platesell 1x10° cells/mL=E 253 thg 24
Az E2t ke 3 FBS7F §le wiA &2 uAlste] 24 41%F
o stk mdE AEE 2% BSA+KRPH(Krebs
ringer phosphate HEPES)Z A &}91t}. 408 3 1 uM9)
insulin(Gibco, Grand Island, NY, USA)¥ ASW(1.0 mg/
mL)E Agste] 2083 St o #ge oS 10 mM 2-de-
oxyglucosed 2043t 2|3} th. M Lol assay buffer 8
A3k 3 37°Col A 1A1%F

71 )L extraction bufferE ©]-&3l A¥E F&

pLet enzyme mix A 2 uL=
FoF HESA
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=L 3ot 85°Col A 40w3F 71 & vlE WA
7] 3 neutralization buffer® %7}t t}. 500 rpmelA] 10

N

23 9AET sta ASAS st kit £&E gluta-
thione reductase 20 uL, 5,5 —dithiobis(2-nitrobenzoic
acid)(DTNB) 16 uL, recycling mix 2 uLS Z+z+e] welldll
H7ksle] 408 &<9F WHS-AlZ1 ¥ microplate reader(EL
808, BioTek, Winooski, VT, USA)E AF&-3to] 405 nmeoll
A FFEE S8
Glucokinase(GK) activity assay

GK 42 hexokinase colorimetric assay kit(Abcam,
Cambridge, MA, USA)& AH&-ate] A@dstsivh. GK 24
o ¢)a WAE glucose-6-phosphate(G6P)7} G6P de-
hydrogenase(G6PDH)$} ¥+-5-3 w nicotinamide adenine
dinucleotide phosphate(NADP")7} NADPHZ 3¢5 +=
A& o]&3te GK A EE 5433t ASW(1.0 mg/mL)
E te AHEE wjget & 35E Aol vAE s
F=3hal 40 pg/50 uLe] @ dS FFegih AA Y
7t welld assay buffer 34 uL, enzyme mix 2 uL, devel-
oper 2 pl, coenzyme 2 plL, hexokinase 10 uL.E =] 2|3+
t}2 microplate reader(EL808, BioTek)E A&3}o] 450

nmell A 3& tHo % FFLTE A3

Total RNA £& 3 cDNA &

6-well platesell HepG2 MEZ 1x10° cells/mL=E &5
Sk §- 24A17F St wFEtal ASWE 1.0 mg/mL A2 g
Tha 24A12F ikttt 2 welloll ASW7EF g wi =&
A A& ZF phosphate buffer saline(PBS) §d o2 23]
washing 33l QIAzol lysis reagent(Qiagen, Hilden,
Germany)E 1 mL2 &3} MEE lysis 39Tk Al tube
2 %7 lysatet chloroform 200 pLE #F3lo] 15%3+
E3}etsith 1§ 12,000} gl A 163 LAl st A
Z 915 isopropanol 500 L7} 9] g+ HHo &4 A%
o} thA] 12,000%X g 1083 LA+
AAZ T 100% o E-S3 0.1% diethyl pyrocarbonate
waterg 75:25% o] TE 75% A2 7 FHo| 1 mL
A g5t 12,000< gl A 5E7F AR
AAsEL A2 AZAIF T Nuclease free waterE 40
LA k] 91 F total RNA & A=Fslodth First
strand cDNAE 3438}7] ¢85+ AmfiRiert Platinum
cDNA synthesis Master Mix(GenDEPOT, Barker, TX,
USA)E ©]&3F3th. =53 RNAQ2 ng)®t RNase free
water® 9 pLE @331 70°Coll A 587F vbEA]71 & 2%
cDNA synthesis €+%&9 10 uL, cDNA synthesis en—
zyme mix 1 pL& 4] Z} PCR tubedl 3t v 25°CollA
5%, 42°Col A 60+, 70°CellA] 163t WH-g-A1 7 cDNAS

G4l

m e r

SSAaL, 1 gl

5 & =0l o
e T

R

12K IR ]
RT-PCR
GLUT2¢ mRNA &S PCRE gHelalgich A& o] A}
S 2% O

43 GLUT29 W52 442 B-actin®] primer se-
quencet™ GAT GAA CTG CCC ACA ATC TC(forward),
CTG ATG AAA AGT GCC AAG TGl(reverse), ACA GGA
AGT CCC TTG CCA TC(forward), AGG GAG ACC AAA
AGC CTT CA(reverse)©|t}. PCR tube®l Go Tag Green
Master(Promega, Madison, WI, USA) 10 pL, forward
primer(15 pM)¢} reverse primer(15 pM)E Z+2} 0.5 L,
nuclease free water 8 uL, 34 3t first-stand ¢cDNA 1
uLE #H7tste] & 412 § PCRS Adsiglom, GLUT2
PCR 2748 94°Col| A 54%(1 cycle), 94°CellA 30%, 59°C
ol A 30% 12]3L 72°Coll A 30%(26 cycle), 72°CellA 5
(1 cycle)o]2th. 18S PCR Z7-& 94°Coll A 58(1 cy-
cle), 94°Coll Al 30, 55°Cell A 30% 18]l 72°CollA] 30
%(18 cycle), 72°CAl A 5&(1 cycle)o] ). PCR AHES
0.002% ethidium bromide”} 7}k 1.2% agarose geloll
A 3083 A79E F UVEo R Blsgity, =] A%
+ image J(National Institutes of Health, Bethesda, MD,
USA) A ESJolE o] &3alo] A AZagint.

Western blot analysis

HepG2 AEE 1x10° cells/mLE 6-well platesel] &5
3ol 24A)17F FoF viFE & ASW 1.0 mg/mLE A gt
24Xt &t ] weFst o lysis buffer(10 mM Tris-
HCI, pH 7.4, 0.1 M EDTA, 10 mM NacCl, 0.5% Triton
X-100, protease inhibitor cocktail)E o]-&3&}o] 4°Col| A
23| A1 AT Cell extract® 94 +2](14,000 rpm, 10 min,
4°C) sfe] d& T Agr2 Bradford assayH o2 A &3}
At Y o] I A (30 ug)@ B-mercaptoethanolS ¥
3+l sample bufferE 1:1& £33 3 100°Col A 387+
7kgstlct. FulE @9d 4552 Bio-Rad minigel
system< ©]-83}¢] SDS-polyacrylamide gelol 4] #7]<]
% & polyvinylidene fluoride membrane(0.45 pm, PVDF
transfer membrane, Thermo, Rockford, IL, USA)o.= &
w2 o] Al AT Membrane 0.1% Tween 203} 5%
skim milkE &3t tris-buffered saline(TBS)ell 1A%}k
&<t blocking st 2§ HNF-1a(5,000:1), GLUTZ2
(5,000:1), pAMPK(1,000:1), PEPCK(1,000:1), GK(1,000
:1), GAPDH(5,000:1)(Santa Cruz Biotechnology, Santa
Cruz, CA, USA), pPI3K(1,000:1), PI3K(1,000:1), pAkt
(1,000:1), Akt(1,000:1), pGSK-3B(1,000:1)(Cell Sig-
naling Technology, Danvers, MA, USA) 12} antibody”7}
A7FE bufferol Al 1A1ZF &<t ¥h&-3F & TBS-T(TBS
containing 0.1% Tween-20)& 5%} 3x-dol A A&
3t tl. A28 membraned 23 anti-rabbit IgG con-—
jugates horseradish peroxidase antibody(Santa Cruz
Biotechnology)”} A 7FH buffero] Wil AF2o A 1A]7F
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el 2 3atelloll AA AlH s}
o]-g3o]

T image J &3

FoF w53 ¥ TBS-TE 58
t}. Enhanced chemiluminescence method=
5o 7FAZ & 1] Ax
sl A Aeksgit

X-r

ol o1

Glycogen contents &3

HepG2 AlEol 1 mg/mL ¥E2 ASWE A ]}l 244
H F3FQlTE. 24412 - w g dS A At PBSE Al
U 200 uL BHFHTE ©o]-&3te] A2 #27]
Aoz AELE 723tk 100°Col A 1083 7FE s}
AE U a4ES AE8A7] FH 4°C, 18,000% g0l A 10%
HArEe st dF s Al A8kt Bradford
assay WHS E3 W A-S A%S5EaL glycogen assay kit
(Abcam, Cambridge, UK)S ©]&3}e] ¥ W glycogen
shekS- 4359t} Glycogen standard$} Al & 50
uLE 96-wellol|l ¥53}aL hydrolysis buffer 50 pL, hy—
drolysis enzyme 2 pL& Y3} t}. A0 3087t Wk

A7l % reaction mix(development buffer 46 pl, devel—-

ri 2 >1E L)

opment enzyme mix 2 pl, oxiRed probe 2 pl) 50 uL&
< wellol] £53t1 WS Agsta Ao 4 301 vhg
] t}& microplate reader(EL808, BioTek)E Ag-3}o]
570 nmollAd F3F=E A3
SHEAM
BE A A= 33 o wkESle] Hd (mean)t BT
A 2}(standard deviation, SD)Z YEFNRATE S A2
o8k Fo]A4(/X0.05) S5 SPSS(Statistical Package
for Social Sciences) program®| one-way ANOVA test
2 e v shal 5y AP P 7oL ttestE
g3 At

= &= o8 A S22= 2
ASWel = % 78 % FEds FF2 Table 13

aokom, ASW+= 33] WhE &35l 42 HFdo] oF
6.87+0.23% %t &2 = @%‘C% °F 88.62+1.94 CAE
mg/gol At #d FAFol th=F
thocyanins, tannins, catechins, isoflavones, lignans,
resveratrols & FAste] ZEds sFEolH
27), oA W &3}, a7, ok = vhekslk g Ao

st#-¥ flavonoids, an-

Ha5 5L 9rk28,29). EeleliEe] Fae] o kst
o] FTH= ARIAQRDE viFo R ASW E3 43 Fatst

140 ¢

N
N
o

T

)
}H

80

60 r

40

Cell cytotoxicity (%)

Control 0.1 0.2 0.5 1.0 mg/mL

Fig. 1. Concentration-dependent effects of Acanthopanax senti-
cosus water extract (ASW) on HepG2 cell growth. Cell viability
was analyzed using MTT assay. Data were expressed as mean
valueststandard deviation, derived from three independent ex-
periments. The different letters denote significant differences be-
tween groups at P<0.05 by one-way ANOVA supplemented
with SPSS.

449 vepd Aow o ZH,

o

MEEM

MTT assay WS o]&3to HepG2 A4 ASW
0.1, 0.2, 0.5, 1.0 mg/mLe] AE=EAS =43 231+ Fig.
13} 7o) ASW Hal sz o223 v ndt 23 Wals)
DAY e e, A3 FEQ 1.0 mg/mLoAl A= #<
3 A ZFAPE S BHER] ol N EEA 0] glvka ks
t} o]k AT uEr o ® HepG2 AEE o] &3 A3
A ASW A s A AEE 9FS 74 &2 1.0
mg/mLE ZAA3stg ).

£

ASW7Z} glucose uptakeOf 0O|X|= &gk
Glucose uptake 42 glucosed TEZHOo 2 FA}3H
2-deoxyglucose(2-DGQ)9] AE U FAHHS SAHs= o
g2 A¢ A= Fig. 29F 2t} HepG2 Ao ASW 1.0
mg/mLE 2413t At 4% A3 g2 vk
—% u) oF 1.25% 2] 9l glucose uptake 7S H AR
NEdS AHEeh w(oF 3.260)HE = W glucose up—
take—a‘ etk AE W glucose uptake 7} A=
ASW A =7} glucose®] A3 Ul ol Freleh 37t e
As 53 F Ay
HepG2 M= L ==& R 23 mRNAL} protein &l
17k 7+e] 8 glucose transporter(GLUT) family -
AR} Z 0 v)go] oF 67.4%% 7P ¥ Ao GLUT2

Table 1. Extraction efficiency of Acanthopanax senticosus water extract (ASW) and total polyphenol content

Extraction efficiency

Total polyphenol

Sample

Sample weight (g) Moisture content (%)

Extract weight (g)

Yield (%) (CAE mg/g)

ASW 30.0 9.91+0.19

2.06+0.07 6.87+0.23 88.62+1.94
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25 r

20 r

2-Deoxyglucose (pmol)

0.0

Control Insulin ASW

Fig. 2. HepG2 cells were incubated for 20 min in a KRPH buffer
containing insulin (1 pM) and ASW (1 mg/mL). The 2-deoxy-
glucose assay was performed 20 min later, as detailed in “Methods”.
Data were expressed as mean values+standard deviation, derived
from three independent experiments. The different letters denote
significant differences between groups at P<0.05 by one-way
ANOVA supplemented with SPSS.

FES A a2l o3 GLUT29] &
g BuE s QTH30). wekd ASW7F GLUT2

= 1 138 HepG2 A3 A
GLUT22] mRNAS®} protein ¥Hd 2 o] & z2H3 vty 4

A &
< v

I
Q )
% 25 | B-actin ok
© [
§ 20 t
]
(2]
o
o 15
X
[0}
s
Z 10
E
& o5
2
-
0]

0.0

Control ASW
c Sl
(o s

D Hkk
S 30 [ GAPDH | s
)
S 25
o
2
© 20
Q.
3
2 15 ¢
o
S L T
g 10
=]
L 05 f
P4
I

0.0

Control ASW

A hepatocyte nuclear factors(HNF-1a)(31)¢] protein
e S Folsk et ASW 1.0 mg/mLE 24A13F A 2] s &
GLUT2 mRNA(Fig. 3A)%} protein(Fig. 3B) W& z}z}
S 49, FA 3 ¥ mRNA 2#3d-2 ¢F 2.24), pro-
tein - oF 1.638 = FoJshAl wde] Frkeksith. GLUTZ
9] transcription factor® <& 72 HNF-1a9] protein 2&
< 1%t A3}, Fig. 3CeF 2ol T tiv] <F 2.44)
frolshAl wd o] Frlekgltt ol& Fal ASW A7} HepG2
Az A GLUT2 mRNA 28-S 57123 5718 mRNA
7h Ao m wild o) JIFE FAFS ST
ol A&y HleE Al AFatel A ASWZF GLUT2¢l| <] g
vl el A Wl glucose®] HepG2 A2 29 Y& =T
T USS ousy. GLUT29 #do] ASW Ao 23
oGA 2HdH=A W] &15H7] Y3 GLUTZ29] tran-
scription factor®l HNF-1a, CCAAT/enhancer binding
protein beta(C/EBPR)¢} GLUTZ2 promotor?] binding as—
say B C/EBPB®| & ®istel tfgh 71 A7 18 = o
oF 3tA| %k Kang 5(26)0] Ragh Augg= o FEE0]
HepG2 Aol 4] HNF-la Hd =5 &3¢ GLUT29] &
7} glucose uptake7} S7FsFGITHE A A3 9 GLUT2
transcription factore] W& ZA7] A tfgt tp49] oA+
A¥32,33)5 F3 HNF-1a9] ¢3¢ GLUT2 mRNAS] &

vy}
%
%

16 r

14 r
12 ¢

1.0 L

08
06
04

02

GLUT2 protein expression / GAPDH

0.0

Control ASW

Fig. 3. Measurement of GLUT2 mRNA and GLUT2, HNF-1a pro-
tein expression. HepG2 cells were incubated with Acanthopanax
senticosus water extract (ASW, 1.0 mg/mL) for 24 h. (A) Effect
of ASW on GLUT2 mRNA expression in HepG2 cells. (B) Effect
of ASW treatmnt on GLUT2 protein expression in HepG2 cells.
(C) Effect of ASW treatment on HNF-la protein expression in
HepG2 cells. Data were expressed as mean values+standard devia-
tion, derived from three independent experiments and comparisons
of data were carried out using t-test (n=3), as appropriate. =~ P<
0.001 compared control.
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Glucokinase activity (fold induction)

0.0
Oh 2h 6h 12h 24h

Fig. 4. Measurement of glucokinase activity of Acanthopanax
senticosus water extract (ASW, 1.0 mg/mL) in HepG2 cell.
HepG2 cells were incubated with ASW (1.0 mg/mL) for 24 h.
Data were expressed as mean values+standard deviation, derived
from three independent experiments. The different letters denote
significant differences between groups at P<0.05 by one-way
ANOVA supplemented with SPSS.

b A% bed Aoz wuad,

ASW7} glucokinase(GK) &Aof| O|x|= &
HepG2 M) ASW 1 mg/mLE O, 2, 6, 12, 2477}
A3 T GKY FAHLS =A% A3 Fig, 494 B bt}
AN
A QQ&Q VGJ‘A

4o . PAMPK o (Thri72) [ -

I
fa) GAPDH
2 m— cm—
6 sxk
= T
S 20
‘®
[72]
o
Q.
x
o
£
© 10 t =
<]
[e%
X
o
=
<

0.0

Control ASW
o
C &@ ~$
e

12 GAPDH
I
o
L 10 =
a
S 08 ¢
2 -
2 T
s 06
X
o
£
o 04
o
o
S o2t
o
oy

0.0

Control ASW

2ol Azt ejEH o7 o] ZrsgIT ASW AE] F 12,
24A AR FAE Al o 130, L5 ol e
2 Bl ST Gz Al ¥ bl A
HAZ Fodsts )9 223 28 A2 AE UE 59
f EERe] of§ $EE F/YE akw dud Ut
(34). 28 "y skAto] 7F XA oA W o] &Fo] 7FH4E =
AL GK 2431 Aabio] B o Riso] Jrk3s).
G GKO #4 AuAd g ATE A FEE
(22), vl o & FF2(26)7} polydatin(36) 5 o}
4 Barg gstolth ASW E3F GK 4 fE2 53 g
AR sl ZltEE AA2A R Behch

ASWZ} ZEM|ZE L AMPKO]| 28t S 01& CHAIM| O|X|=
ot

AMP-activated protein kinase(AMPK)+= A3 2] thA}
7 F ATP9 ADPE oA o= A3t AMP BA&
Ee YA A FAO Fad TS gt g
2tH37,38). AMPKE serine/threonine kinase©]il ¥ 1%&
T 2 AAgALe] 24 AR G} H|nke] Fa8% x4
28-S shrpa deA] 91em(39-41), 172 threonine(Thr
172)9] 1itels 3 dsiEE Aoz Hixo it
(42). HepG2 Ao ASW(1 mg/mL)E 24413+ A 2|3 &

B &‘\O\ =5
< v

1 GK s w—

z CAPDH crmarmemsy :

o 12 t S

o

<

(O] 1.0 F T

c

o

‘®» 0.8 f

[%2]

[

< 06 |

(0]

<

S 04

[

o

¥ 02 |

o
0.0

Control ASW

Fig. 5. Measurement of glycolysis related enzymes protein expres-
sion. HepG2 cells were incubated with Acanthopanax senticosus
water extract (ASW, 1.0 mg/mL) for 24 h. (A) Effect of ASW on
pAMPK protein expression in HepG2 cells. (B) Effect of ASW
on GK protein expression in HepG2 cells. (C) Effect of ASW on
PEPCK protein expression in HepG2 cells. Data were expressed
as mean valueststandard deviation, derived from three independent
experiments and comparisons of data were carried out using t-test
(n=3), as appropriate. 'P<0.05, " P<0.001 compared control.
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