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Inhibitory Effect of an Ethanol Extract of Inulae Flos on Nitric Oxide Production,
Oxidative Stress and Human Colorectal Cancer Cell Lines

Jong Hyun Nho', Da Eun Jung', Ho Kyung Jung, Mu Jin Lee, Ji Hun Jang,
Mi Ok Sim, Ja Kyun Jung and Hyun Woo Cho’

National Development Institute of Korean Medicine, Janghung 59338, Korea.

ABSTRACT

Background: /nula japonica Thunb. is a plant belonging to the family compositae. Inulae flos (flower of 1. britannica var. chinensis
Regal.) is the dried flower of /. japonica Thunb. and contains various flavonoids (patulitrin, nepitrin and kaempferol), which have
been utilized in traditional oriental medicine to treat nausea, phlegm, and coughs. However, ethanol extract of /. britannica (1JE) has
not been previously studied for its use in cancer treatment, and its effects on oxidative stress, or inflammation. Thus, the present
study investigated the anti-oxidant, anti-inflammatory, and anti-colorectal cancer effects of IJE using RAW264.7 and HCT-
116 cells, which are human colorectal cancer cell line.

Methods and Results: IJE contained flavonoids (80.95 + 5.3 mg/g) and polyphenols (310.53 + 10.6 mg/g). Moreover, it reduced
lipopolysaccharide (LPS)-induced nitric oxide (NO) production and H,O,-induced oxidative stress by decreasing reactive oxygen
species (ROS) levels. Additionally, the 500 1g/ml IJE treatment increased caspase-3 activity and apoptotic cell death in HCT-116
cells.

Conclusions: These results demonstrate that the anti-cancer effect of IJE against human colorectal cancer cells involves caspase-3
activation and apoptotic cell death. IJE also inhibited LPS-induced NO production, and H,O,-induced oxidative stress in RAW264.7
cells. However, further studies are required to explore how IJE treatment regulates signal transduction in NO and ROS production.
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M A nepitrin, kaempferols} 7+e ZglH=o|=S FH3IL Y=
o7 I#A YL (Kim e al, 2002), A, ZsH, A9,
82 (Inula japonica Thunb.ye= =3} (Compositae)l] B9 a3y} Qo] dZRE okoz AMLHAUT} (Song, 2003).

-4

&3= AERE YEHOZE Asian meadow-alant =3 Asian A7 AFE HlE FER AXx dEE, oHE FEE
yellow-starwort2} 22 g&A ATk 2y}, &2, F=to| Bol & oy PNEE IA| F= Ao TEA YL W o}
Exalde oz dA Tt (Lee, 2003). (Cha et al., 2006), X153} oEolMHo|E & A=F F

83} (Imula britannica var. chinensis Regal., Inulae 2 (Propionibacterium acnes)yS A BAL (Kim et al,
flos)e TEX ZEHE AXAZ Ao, patulitring,  2009), ZXEZ A (Shan er dl., 2006), FEMA &L
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7HAZL tk (Han et al., 2013).

ROS (reactive oxygen species, &34taT e XSS
538 A= BFEE, superoxide, radical, hydrogen 5]
oo &3hH, DNA &7, AW Aksh, Alxet &3 22 o
2 #gol| 2H&3} (Lee er al, 2005). ROSS F71= <lg
s~ EZ 2 (oxidative stressy= o8] 3| FoJsl= Ao
2 A s Rk oh, B 2] EA3E st
AZHkeS ZIT)E Ao R d#A rt (Kirkham, 2007).
webs kst 8% e frEldE aARYE TR 22 S
o] g3 AW Astd E4E AAE e 2HHQ
AN =S

2b7) §J8l At s 8 = gl
74 (colorectal cancer)e 23] JefjollA WEgd 7]A

[
I A 8Qlo] 2 A glow, T AT e atg
o] #dste] Tt o] HRE ZYehs o]FA Atolrt
(Ogino et al., 2011). RF ofue} AAH o g2 & ¢ & 3}
ol feuEre 23 ofAjo} w7teA] WhEEo] F4:38t

A Z718k2 Ak (Kim, 2013).

E AFoe AEsle] thajAxe] thek Hiksl g3 2
NO Al g3} AUAELE AT = A=A Lolr
7] 93l RAW264.7 A EF0 H,0,2 X g|5te] At Ed A

2 fasty, 9 ot AlEFC HCT-116 A|EFo] AE
3} dEE FEES AR Al dAE I a3E El

skt

[s]=}]
oy

M=

b=

1. & M=

B Ao AVg-3st AE3l (Inula britannica var. chinensis
Regal.y= 2015 8¢9 18¥ol & A5 (F1=3547°97“N, 7
T 126.8879“E)ellA AF R0, tigl= ok (KPyS &
AR sto] Exoiga seRkdstat A3 wads st
o AESE JdFY wede] AES 548 AR A9

o ALgEE A9 FFEE (TKM-2102)2 et 3
Bl R e A i =
MEsle] RS durRE A o F, 50C 27102 4

FAX7N0NAN LFA7E Az
sl dlebES AR AR FA9 10 vlE 3R 9
S B3l 70C 271004 3 A7 3 3] wiEsie] 3=
sttt =9 A|S& filter paper (Thermo Fisher Scientific
Inc., Waltham, MA, USA)E ©o|-&3te] oJztetar, 7S 5
A 7AZxsle] A|EE PBS (phosphate buffered saline)oll =91

5 AHgSISIT,

Az ANF3E 2712

g

2. Mo
RAW264.7 Z18]3 HCT-116 A EZFE s+A| X323
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(KCLB, Seoul, Korea)ol|4] E&Fo}l AR5} T Dulbecco’s
modified Eagle’s medium (DMEM, Thermo Fisher
Scientific Inc., Waltham, MA, USA)°| 10% fetal bovine
serum (FBS, Thermo Fisher Scientific Inc., Waltham, MA,
USA), 1% penicilin/streptomycine % 7Fsto] AR89 L. 37C,
5% CO, Z71oA] v Fatal FA] skt

3. MIEZZHEZ ZM

MEAYEEL CellTiter 96° aqueous one solution cell
proliferation assay (Promega, Madison, WI, USA)E ©]&3}
I AZALIA #F-3E protocololl Wl AE-S WPttt

HCT-116 A|EE 96 well plate] 5x 10%cellyml F=7}
HE=E EF313, RAW264.7 AIZE 96 well plateol] 2 x
10°cells/m =7 HEE 255 ¥ 37C, 5% wd7]elA
24 AZF HiFSE - A FEE2 47 313, 625, 125, 250
T3 500 pgml FER 24 AZE ERE ARSI er, MTS
AleF 20405 2 A7k &<t vj%Fs & microplate reader
infinite® 200 PRO (TECAN, Mannedorf, Switzerland)E ©]
&3to] 490 m oA FEEE SAUTE A ZAAEES Z

g9y

o1-=

thzstoll e AEe= FAISINAL oo e} 2559 o

M= Apdaael MEAESS =5t
4. NO (nitric oxide) S= =3

LPSZ 45l RAW264.7 Al ZoA 7} FEE2] NO A
A AAEHE FFISE FEES oY =R AAS
F 500 ng/mé LPS (X ATHE, lipopolysaccharide)s 24 A
73t A28ttt

RAW264.7 AIXFZE 96 well plated] 2 x 10°cellsymd =
= 233 5 37C, 5% wlg7IelA 24 A7 et
52 ZFZF 125, 250 283 500 g/l FEZ 24 A
b st Mt Al it griess reagent (Promega,
Madison, WI, USA)E 1:1 BI&EE Egste] €3 10 & &
o} WkE-A]Z] Th3 microplate reader Infinite® 200 PRO
(TECAN, Mannedorf, Switzerland)E ©]-&3}e] 540 nm ol A

S = = =]
s sl

N
)
i

i o
o

off

5. Caspase-3 &%= FH

Caspase-3 e caspase-3
detection kit (Enzo, Farmingdale, NY, USA)E
= gt

HCT-116 Al¥Z& PBSZ A1H3 = Pierce™ protease and
phosphatase inhibitor mini tablets (Thermo Fisher Scientific
Inc., Waltham, MA, USA)7} ¥3FE RIPA cell lysis buffer
2 (Enzo Life Sciences Inc., Farmingdale, NY, USA)= 1
AlZE Bt gafEtdth Al E g e AR VIZ 4T,

g4 colorimetric

o1g8l 4



H=sle| terErA & CHERE MZ o=zt

13,000 x g 71004 10 £7F d4lie] ko, @z
Bradford assayE ©]-&-3t] S48t

Z 20 g o] TAS ARES| AZAPL AlEe ZREF
et AFES xSt

6. FACS (fluorescence activated cell sorter) &1

FACSE ©]&3 o= annexin V-FITC apoptosis
detection kit (Enzo Life Sciences Inc., Farthingale, NY,
USA)2} DCFDA cellular ROS detection assay kit (Abcam,
Cambridge, England)& AF&-3153Th.

Az ke AF F f= apoptosis®] H]&S T3}7]
S8l A=Al AF38E protocolol] Wl annexin V-FITCS}
PI A|9fo= @Al om, mR7 A2 Hy0, A2l e &4
Aol A ERlsl] $18l DCFDA (2’7 -dichlorofluorescin
diacetate, H2DCFDA) AJeko g At dAE AEE
CytoFLEX (Beckman Clulter Inc., Brea, CA, USAYE °]&
& skt

L
.

7. DPPH radical 2 HEMSE A

7t N g8 AR sS Blois (1958) WHdl 23k 1,1-
diphenyl-2-picrylhydrazyl (DPPH)?] free radical x4l u}
B =

AE 100 1 0.2mM DPPH £ 100 S H7}ste] 4
24 30 7+ WHSAIZ] F microplate reader Infinite®
200 PRO (TECAN, Mannedorf, Switzerland)E A}-& 3}

517 oA 318 SAsA 105 3hE Taiich

8. ABTS radical 2 HET A

Pellegrini 5 (1999)¢] WHS I HIIA|A ARS-3IHR O,
7mM ABTS®} 245mM potassium persulfates 2o =]
ABTS 2}HZg J4A1717] 918l 1:1 H&= 42 5 el

12 A7F =<t Basl9ith ABTS 98 golo] E31:7} 0.7
-0.80] F=E 843 F A ARSIATE A TR Al
F 5009 ABTS £ 10045 AH7bste] 20 £ %9
734 nm 9|4 microplate reader Infinite® 200 PRO (TECAN,
Mannedorf, Switzerlandy& AFE-3t] SHEE S43H 1Cs
e Fakslnh
9. SOD AT
SOD FAIEA = SOD assay kit-WST (Dojindo
Molecular Technologies Inc., Rockville, MD, USA)E ©]&
Cl ek A=

7 A=

= [e]
=g

FZE2ES 2049 WST working solution 200 /£
< 42 % Al enzyme solution 20 4 E Ho T3S &

37C incubatorell A1 20 7+ WHS-A]7] AL microplate reader
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Infinite® 200 PRO (TECAN, Mannedorf, Switzerland)S ©]
&ste] 450 nm oM FFEE S5k 1Cs, b= Tkt

A=

10. Z2u= o 24
% ¥' T2 Folin-Ciocalteu’s phenol reagent (Sigma-

Aldrich Co., St. Louis, MO, USA)E ©]§3}o] Folin 3
Denis (1912)°] "3 47 HFAIA A4

FFEHL] A S 918l gallic acid (Sigma-Aldrich

Co., St. Louis, MO, USA)E ARSIl om, 747} FE8E0|
Folin-Ciocalteu’s phenol reagentS 2tz 160 4 & 7181,

3 B7F Adx wke A7 FH 10% Na,CO; 4L 160 140

Z Hrbsle] 1 A7 Bk vk AT o A20A
10,000rpm, 10 ¥ &<t GAEE e F5dS

microplate reader Infinite® 200 PRO (TECAN, Mannedorf,
Switzerland)Z ©]-&3}] 750 nm oA FREE AT

1. ZB0|E g2t M

Moreno 5 (2000)2] WS ARSI o, 2tz FEE9)
ZgHo|= e 96 well plated] Al 10 5 10%
aluminum nitrate (Sigma-Aldrich Co., St. Louis, MO, USA)
9} 1M potassium acetate (Sigma-Aldrich Co., St. Louis,
MO, USA)S ztZ} 4440, methanol 82 LS H713FAT} 40
E7F &4 WS- 3k F microplate reader Infinite® 200 PRO
(TECAN, Mannedorf, SwitzerlandyS ©]&3 415molx &
FEE SHsKIT

g2x=de] AEgd A4S A8 rutin hydrate (Sigma-
Aldrich Co., St. Louis, MO, USA)S ©|-&3s}3it}.

ul
S,

12. SAHXY
EAAE Bt + F58A (Means + SD)E VR, 1
5 7+ Fo9S HAs7] 918 SPSS (Statistical Package for
Social Science Inc., Chicago, IL, USA) 4] ZZ1318 9]
&3ttt
UAHYEA] (One-way ANOVAYS A EF00H, §2)4
A= AF p<0.05 14, Duncan's Multiple Range

Test (DMRT)E AA]&}31T

o]

Z @ o
1. M5} OISl FE20| Zelulis Y Z2IP-0IC B

ZElEd FepReolE SMES AE| &3] 23
= A=, A& diE Bl A" By ot ddF,
T, st F e o2 BIE VK= AoE dEA
T} (Pandey and Rizvi, 2009). o]ol wa} AE-3} (lnula
britannica var. chinensis Regal) 9l€+-& FEEo] gHrw o)



=5 - MO - F3d - 0IRT - FRIE - Ails - AR - BT
= ZEve 2 SelE ol 98 7217t rutind gallic acid SOD (superoxide dismutase)= &4} &4 5 sz, A
g ITEZE 3l S54% @-Jr AEsle] & Zvsel & strEg 2o UA free radical2 hydrogen peroxide <}
W 31053 10.60ngy, & SRR TS 8093+ 0.2 APAIIE 715 7] WEG] SODE AsE A
530 mg/ge] S YERNITH (Table 1). Ei éﬁl o] g% Ut} (Kim et al., 2014). AE3} ofehs

FEZX (Inula britannicays A 25E Fhtol Ad, s,
A Fo B3t vkl £3] LA e, 2 d7d
HIZ nitric oxide synthase®} cyclooxygenase-2E A &S
5ol QT EAE UEpd B opjel we Fapls 2
gt xo|E ko) 7]2lsle] FgA= 9 Faksl g9E e
W 582 AT = FEEAA ZYds Tl
318.10£20.60 mg/g, ZEtH o= RS 33587+ 6.02 mg/g
o2 ety B3 FET Ut} (Lee et al., 2005). ¥ AT
oM Au3 ek FEEe| Seivs @ Fehiwol= g
gato] vlastel ¥ Az, ARl ek FEo| o)

gteko u]_o].x,]. ZgR ol ?ﬂ-?ﬂ:o] 2EZ AR B

UEhb, A Este] ofgt
o7k yeht=Alol vigk
SHTh

O

=2

I\‘lEQI, ()."
QI'/\1C
AEs) oeks FEEC] AR 24 9 SOD AR
AZE eIl $18] DPPHS} ABTS iz £48 33}
%tk DPPHS}F ABTS 2HZe] 50% AlE-S Uehll+= 5%
=2 Z%ﬂ A3} 247} 57.51 +3.12 pg/ml 3} 406.39 + 6.65 1g/ml
T2 YeESITE (Table. 1).

=29| AIRaC|2 & 2 SOD KA

=
TE=

ABTSE cation radical (%ol gft|z)e] etslEda} vt
St 27EE dElE ol&ske WHOE, DPPHe 9 &
sl S SA% = &35 AE " (Fellegrini er dl.,
1999). 2E5x A4 & FFE°] DPPHS ABTS 2Ht]Z9
0% AASS JeplE w57 22 25 mgml 40 pg/md 2

UePdtE B3 (Lee er al, 2009)2} Blasle] 183} ot
£ F%Z°| DPPH ¥ ABTS &z &7%0] thi UA
Lrebsttt.

Table 1. Polyphenol, flavonoid contents and free radical
scavenging activity of ethanol extract of Inula flos.

Flavonoid ICs0 (12g/mk)
(mg/g) DPPH ABTS SOD
JE 310.53+10.60 80.93%5.30 57.51=3.12 406.39+6.65 91.99+4.65

DIJE; ethanol extract of Inulae flos (flower of Inula britannica var.
chinesis Regal). Means values £ SD from triplicate separated
experiments are shown.

Polyphenol
(mg/g)

22

£ 91.99+4.65 pg/ml ©] FEoA 50%2] SOD FAKE

a [

s UrEMMLEﬂ (Table. 1) o]&ig A= o] Aol
wlz]9] SOD FARMIE ) 2 mgmle] EZolx 17.67%, 748

o] 23%, S8Vt 13.42%, WHF7}  47.87%% YERNSITH=
ES’_ (Lim et al., 2004)¢} v]ele] & wf] A5s] oeke
Eo] oAl AFst okg-AHE HlE] SOD fARo] F=
T:HH] =0 Aow oy}
SR 53} olebg FEEC] Az A3 A EHUS o
ikl o Z85l= Tl SOD, CAT (catalase),

GST (glutathion s-trasferase) 52 T¥A L= {2
goll oug FFE PAEA EA S| " ol5g F

7H ez sleljof & o= AR

C)

3. M=3) oERZ2 FES22| kst U NO MM ARGy
AE3} gk FEE0] RAW264.7 Al X t3t A=A
< THIEA, e H0X 80l &g AP g M2r

FaHE gRlE] el MTS assays 3519t

RAW264.7 Al3Eo] AE3} ek FHES of &
(31.3, 62.5, 125, 250, 500 pg/mi)= 24 A7+ <t xqao}gi
< o MESAEE e A U (Fig. 1A). B3 A 53}
oeke FEE2 125, 250, 500 pg/ml @] FEE 30 & B9
A AL 500 M H,0,5 24 A7+ B2t X2]3S wl, H,0,
A Azl sl AlEAEEC] 64.00+6.08%
2 Yolxl Wi H,0, Ag]skal A3} ok Al
AP & T EHoT AXAPES FEo
A1 88.00+3.61%)°] 3]EE|ATt (Fig. 1B).

2% DCF-DA 94<& Sall H,0, Aol ¢§ ROS
(reactive oxygen species) JAES SRISIAS o, 500 uM
H,0, T 2] Aozl Hlsl] 99.97%7F 571 AA
9 H,0,2 A3t AE3E} oekg FEES 500 ugml 5
o2 AHEg 75 ROS Aol 19.97% 7HA] ZHastsich

==X

gl E TE=
(500 pg/ml

(Flg lC) BH \:ﬂ— O]—‘I/] ﬂ' 200 I’IM LPSE‘_ 11 E] :} 73% NO
(nitric oxide)?] AYAJo] 13.8+ 0 3 uME —ﬂﬂ e st
ZA0AM AE3] ofehe FEES 500 wgml o R A

7% NO A4] 270+ 0.60 HM?L PAAA (Fig. 2)
ROSSH NO= X = Asgolr gt I3 A4
Zef e Bk o} ASzRIAbE A8 ¢ °“er—’— H

=3l Ao} (Hsieh et al., 2014). &t &3} ofgke 3

Fo] Y} B JIZ AAZA 48T 5 U 7PsAol

JOE /@7_]—5];(]1::]- _%%Eo] NO= /@H o}__ NOS
A NOBES a7

[si3
=

I

AN T

]

L
R

(nitric oxide synthase)®] A<



H=sle| terErA & CHERE MZ o=zt

A B

120% 120%

100% |
80% 80%
60%

40% [

N - =
2L 2 =
£ & 3

20% [

Cell viability (% of control)
Cell viability (% of control)

0% 0%
UE (ug/ml) - 313 625 125 250 500 1JE (pg/ml) - - 125 250 500

H;0;(500 M) - + + + +

H,0, (500 uM) + H,0, (500 pM) + H,0, (500 uM) +
Control H,0, (500 pM) LJE (62.5 pg/ml) LJE (125 pg/ml) LJE (250 pg/ml)
2

%

Cou
00 200 300
8
2
0 8 160 240 30 48
85
[=
20 4
0 60 120 180 240 2%
Cos
100 200

o o
10%3 LUASS L VA 103 0 108 w0 102 0 w0 0™ 10%3 08 1% w0 0% LA LS A

Fig. 1. IJE prevents H,O,-induced cell death and ROS productio RAW264.7 cells. (A)
RAW?264.7 cells were treated with 1JE for various concentration. (B and C) After
pretreatment with IJE for various concentration, RAW264.7 cells were treated with
500 pM H,O, for 24 h. Cell viability was measured by MTS assay. ROS production
was measured by flowcytometry. Means values = SD from triplicate separated
experiments are shown. *Different letters are significantly different at p < 0.05 by
Duncan’s Multiple Range Test (DMRT).

16 3. M53l oIEE FE=2| HHEYMEZ e
14 b e HCT-116 gt Az tigh AEs) dee FE25E9] Al
= Z APEERE ] flste] MTS assays 3kt
E 12 HCT-116 A X0 &3} oghe 229 o8] §% (313,
g 10 | 62.5, 125, 250, 500 pg/mb)Z 24 A|7F FF ISl AR
E HEES 2T AT B oEe FHEL 500 pg/nl o]
s B z 2oz MG A HCT116 et AETe] MTAES
g 6| : © 30,57 + 250%2] FOF 73T (Fig. 3A).
) AEsSE odets FEE0] Ao wWE AHE A B-
oA ’ caspase-3 THe] W WIS AR A HB3} ke
2 . FEES 500 ngml o] 02 A28k A3} caspase-3 T
o Aol ddo] tzTol H|ske] 12323 +£2.86%%F S7HEATH
UE (ugml) - i 125 ase e (Fig. 3B). §FH HEs} dghs F5E58 125 gl 5% 55
LPS (200 M) - + + + + o= ;_{%ﬂisl' %9’] caspase-3 %@EZE] E“—l’%% EH»Z—?’Oﬂ H]é‘]—O:]
Fig. 2. IJE reduces LPS-induced NO production in 117.68+2.14%, 250 pg/mt §%= FEO= AH2|9] caspase-
RAW264.7 cells. After pretreatment with IJE for 3 oA e 118,18 +£2.86%= UERN o] Hrol=Ae] 2}
various concentration, RAW264.7 cells were
treated with 200 nM LPS for 24 h. *Different °l& WERA ookt
letters are significantly different at p < 0.05 by o]g3t Ax= HCT-116 thadt Ao tjat A3} oeks

Duncan’s Multiple Range Test (DMRT). - _ - }
ple Rang 2220 QML AP &7} WEA] caspase-3 TIHO] &

dste]] 71918k= Zlo] obd Al Apdo| #Es=E MST-I
=4, 844 FAsHACl SOD, peroxidase, CAT 2 GSTS}H (mammalian sterile 20-like kinase), P53, PARP (poly ADP-

ke Tz o] AL =T =X] = HER A, C, E, A ribose polymerase)e} 72 & T2 Q40| thild dkeo) o
U 722 v] 324 ksiA|e) 7ho] ZgeleA] s e v F Jdue AL A 5 ok
27120] A7} Fa)E|ojol & Aoz AMzlET) Apoptosis (M ZAFEAN) FE= necrosis (MZIAHE Lo
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Fig. 3 1JE induced caspase-3 activation and apoptotic cell death in HCT-116 cells. (A, B
and C) HCT-116 cells were treated with IJE for various concentration. Cell viability
was measured by MTS assay, caspase-3 activation was measured by caspase-3
activity assay, apoptotic cell death was measured by annexin V and PI staining.
Means values = SD from triplicate separated experiments are shown *Different
letters are significantly different at p < 0.05 by Duncan’s Multiple Range Test
(DMRT). Representative images were taken from at least three independent

experiments.
=X golrr] 95, HCT-116 A3 AE3) dere F=
55 okl F% (125, 250, and 500 zg/ml)= 24 A)7F &
¢t A2stal annexin V ¢} propidium iodide (PI) ¥4 %
FAIE 2247]E o]83te] apoptosis®] H&-S SRISHATE Al

3} dehE FEES 500 g/ml o FEoE A2ld A
apoptotic cell death (apoptosis, Q2-4+ cell death, Q2-2) H]
&S 3532% 7HA] S7H71E Ae RIS (Fig. 30)
olggt Ade /MER ek FEE0] 100 pg/ml FE=ol|A]
HTC-116 gt Aol el g2 oF 40%0] 5=
AAghE A3 (Kim et al., 2015)] H]EPA w|n|gk $=520]
Att.

A53} oflekE FEES 125 ugmle] FE2 AT 5HS o
early apoptosis’t 21.06%, late apoptosis”} 3.60%, 250 zg/mé
9] F=2 A3 A= early apoptosis7t 24.84%, late
apoptosis”} 4.49%E UERNCH 500 pg/ml F== 225151
S u early apoptosis”’t 33.37%, late apoptosis7} 1.95%ZF

24

Z7telath A58} oleke FEES ATE (125, 250 g/ml)
2 Ag|sl= 4% late apoptosis®] H]-&©] =olA|= Whd L
FE (500 gmb)=2 A 2]sk= 79 late apoptosis®] H]&o] 7+
313 early apoptosis®] Hl-&o] Z71EE EA4S YER
Fro AEg) dekE FEES early apoptosiss Z7]9]
Fxleke 5A4E 7 AR AlgHr
oFe] AHE FHH MHS} ek FEES AEE
A oG MAEFL] apoptosisE E3l AFEEAE LjERd ¥
ofvg} kst B NO AN AAIE B3l kst &
I} vepd 7FsAel s Ao R AztE

A=

R P

ZAel =2

B ATE HARAR A BEAN ATl
o] o] o3l o] Folzl Az ofo] ARG,



p=msle] plskasala 3 CHERt ME HST
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