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Antioxidant and growth inhibitory activities of Mesembryanthemum crystallinum L. in

HCT116 human colon cancer cells™*
Jin A Seo and Jihyeung Ju'
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ABSTRACT

Purpose: This study examined the antioxidant and cancer cell growth inhibitory activities of an ethanol extract and different
solvent fractions of Mesembryanthemum crystallinum L, (ice plant), Methods: The ice plant was freeze—dried, extracted with
99.9% ethanol, and then fractionated with hexane, ethyl acetate, butanol, and water, The total polyphenol content (TPC), total
carotenoid content (TCC), 2,2—diphenyl-1-picrylhydrazyl radical-scavenging activity (RSA), and ferric reducing antioxidant
power (FRAP) were measured. Assays using 2',7'—dichlorofluorescin—diacetate and 3—(4,5—dimethylthiazol—2—yl)—2,5—
diphenyltetrazolium bromide were performed to measure the intracellular reactive oxygen species (ROS) and cell growth,
respectively. Annexin V/propidium iodide staining and cell cycle analysis were performed for the detection of apoptosis and
cell cycle arrest, Results: TPC, TCC, RSA, and FRAP of the ethanol extract (EE) were 3.7 mg gallic acid equivalent/g, 13,2
ug/g, 21.0% (at a concentration of 5 mg/mL), and 21,0% (at a concentration of 5 mg/mL), respectively, Among the different
solvent fractions, the butanol fraction (BF) showed the highest TPC (5.4 mg gallic acid equivalent/g), TCC (86.6 ug/g), RSA
(34.9% at 5 mg/mL), and FRAP (80.8% at 5 mg/mL). Treatment of HCT116 human colon cancer cells with EE and BF at
concentrations of 250 and 500 ug/mL reduced the levels of intracellular ROS, Concomitantly, EE and BF resulted in the
dose—dependent inhibition of cell growth (at the concentrations of 125, 250, and 500 ug/mL for 24 ~ 48 h) and the induction
of apoptosis (at the concentrations of 250 and 500 ug/mL for 48 h) in HCT116 cells, An increased G2/M cell population was
also found in the BF—treated cells, Conclusion: These results suggest that ice plant possesses antioxidant and growth

inhibitory activities in colon cancer cells,
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Ice plant (Mesembryanthemum crystallinum L.)+= H3§z
I} (Aizoaceae)?] 1'dAY ZIolrh gopze|7pe] yul=
Aol q s Aom geiA glom @A ofzelzt
iS4 5 LAE Ao EAR, obE|7he]
A& AZRA S SolA F= A= e [1]. 23k E71
#Ho= HiEs HiEste E2IEAIE (bladder cel)7}F 2
l, Fite] Wl mofol ASAPAY Btk 5tod ice
plante}3L 2T} [1]. obseltol i AEHOR 45 U
s HEsto] &5 Astr] st A= %L,

$3 QoA WG AT B FAlo] L 9]
£ 314 AR ZRel $4 W AR ek &
A0 Agwo} g} [1]. Aol FoIAE B, 4
Ak 5 Aom AHEAY B3, & 5ol 2418 22T
o FArlEls 5, 7 An|gko] Z7pslal Qlck
’E*g‘/‘\_é\_ (reactlve oxygen species, ROS)2> A2 o] 2

3t b ogf w2 WhAS FE3E Ak R
-Erz?i, ZLAfol= ghr]Zt (superoxide anion radical,
‘0y), sto]=54 gtt]Zt (hydroxyl radical, -OH), ZHiksh

424> (hydrogen peroxide, HO,), U544 (singlet oxygen,
'0) 5o it} [2]. BAJARAFE A HAFE QL Al

Received: January 11, 2019/ Revised: March 20, 2019 / Accepted: April 3, 2019
* This work was supported by grants from National Research Foundation of Korea (NRF-2015R1ID1A1A01059139).

¥ To whom correspondence should be addressed.
tel: +82-43-261-2681, e-mail: jujih@chungbuk.ac.kr

©2019 The Korean Nutrition Society

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creative-
commons. org/licenses/by-nc/3.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided

the original work is properly cited.



158 / ofo] ~ZHEL] FAbat gl chahhAlE A ef A 24

<ol WAsk=t, WAks, A=, Hol#A SO ks
HAY =, gl oFE 2EHA 5o oAl adlof ¢
sto] AH7|E it [2]. olFA AAE Bt
A kst AAll ofsf A HsHA AAEA] o Ake}
LEHL7F FEE] YA 5e A7 =3k 4
Skl 9F 5 ofe] T Hjlo] He o= o
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83 24 gl ofsf == [3],
A B2 A AR o] Ay A
9
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o E Jo

oF 90%7HA] A Zhssirkal HaEict [6].
2ol Q= Al 9 AR wet AF = -
ehaks] o] folAaL it [7].

Ice plant®] o == FAS}E & T
27 A [8,10-12], a-glucosidase #|3f|
a-amylase A3l A [8], nitric oxide A3} A [11],
angiotensin converting enzyme A3} &4 [13], o+ &1}
[12], &g 9 7|99 7 249 [14] 5o] Hare v} Qlok
Ice plant®] £ A|3E+= D-pinitol, ononitol, myo-inositol
59 polyolF& FHote] Aksl &4 [1.8]& Hehdrhar
Hug "p glem, o]F D-pinitol®] 79 G
[11,15], 7191= 74 [14] 59 &4 ®=3F Hars v ik
oo A= ice plant2] ethanol F&E3} B3 ES A
bol kst 4% B 9 BAS - BAS, 1
o] & HIBS Auslel ALE U] BALE &
QFA|3E AJAFO1A), apoptosis &=, cell cycle 917 52
/d& HCT116 QIZF A MEZFE o838t in vitro

ZezzolA 2AVITA Sk

)
2

o
»n=
FU oo O & 2 [ o@ O Hu

lo ot o

2F [8,9], radical
27 [8,10,11],

ol

Fodd oo BN e
d

o1
Ng HE # =8 53

2 A3 AME-El ice planti= %145 (Pohang, Korea)
oA ARt A FAstATh Al FAlste] =715 Al
gt & Eaf (MR4050 CA, Braun Espanola, Spain)d}il
S ZA7AZx (PHI1316, llshinBioBase, Yangju, Korea)3}1t}.
Z=F ojd] 508) &2] 99.9% ethanol (Sigma-Aldrich Co.,
St. Louis, MO, USA) 71511 Al2o| 4 64]7F EoF 11

Yt (SHO-1D, Daihan Scientific Co., Seoul, Korea)s} %t}
olo] 3,000 rpmoflA 1527 Y4lE8 (MF550, Hanil
Science Industry, Seoul, Korea) 2 o{3} (F/093, Sigma-
Aldrich Co)dt & ZFel:%7] (NB-503CIR, N-Biotek,
Bucheon, Korea)2 £1j& 3|€5}o] ethanol FEHES A
Ak o7 S vl s00u} 8ol 32 TR
hexane (Junsei Chemical Co., Tokyo, Japan)S #7}5}o]
Al2of A 2A17F =<t nHF (VORTEX-GENIE2, Scientific
Industries, Inc., Oradell, NJ, USA)s}¥1 1L, o]& 5= AX
5] hexane &S 559tk 5YUgH WHO R ethyl
acetate (Samchun Pure Chemicals Co., Pyeongtaek, Korea),
butanol (Junsei Chemical Co.)2 ©]&3to] A& B3
2 AAJ5H] ethyl acetate H-2l&, butanol B3 &2 IE
atolc}. uputom e %o =A% (PHI316, lishin
BioBase)3}o] water H3ES dQitt &5 9 23 E
AlFE+= -70°C deep freezer (DF8514, IlshinBioBase)ol] &
ohHA 35 Aol ARSI A AR FA tiH
BiE 25| A & =0 FAR a2 4AHETE
A7}, ethanol FEE2] &2 8.4 +0.7%, water, butanol,
ethyl acetate, hexane H3E9] $8& 7HF 53+0.5%,
10.2£0.6%, 11.8+£0.6%, 4.8 +0.8%°]i T}

% Z29E FTFS Folin-Ciocalteu2] ¥WH [16]S A7
HEF st S48 Iee plant &= 9 #38= A= (S
mg/mL) 120 pLof Folin Ciocalteu's phenol reagent (Sigma-
Aldrich Co.) 60 uL, 7.5% Na,CO; 400 pL, 5-57<= 200 uL
£ st A2oflA] 3027t wukskeith o] & 1,200 rpm
o4 287 ARk 4FS Atk olo] plate
reader (Imark, Bio-Rad Laboratories, Hercules, CA, USA)
S olgstel 750 nmelX FHES 245tk Gallic
acid (Sigma-Aldrich Co.)& FFER R dto] =55 #&
A ol gste] AlRel 5 Bellis W (mg gallic
acid equivalent (GAE)/g extract or fraction)2 AF=Z3|ITh

oh

O
i

7I2E|0|E &2k =H
T 7tRE o= TS Wellburn ] WP [17] A7
HEslo] 24319tk Dimethyl sulfoxide (DMSO; Biosesang
Inc., Seongnam, Korea)S FU]2 3t ice plant &= %
RoE AR (5 mgnD)e FHES EAPEA (UV-
1601-PC, Shimadzu Co., Kyoto, Japan)& ©]|-83}o] 470
nm, 647 nm, 663 nmojx] =435}t EF FlREko|E
FHEL [(1,000 x A470) + (333.4837 x A663) - (1,343.057 x
A647)] % 0.909 A& o]-§sto] AFESHITH
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loe plant 325 @ $91%0] rjz AR S48
7] $J3}to] 2,2-diphenyl-1-picrylhydrazyl (DPPH)H [18]2
ol g3ty Aaolx FH|ZE 1 mM DPPH (Sigma-
Aldrich Co.)%} ice plant &5 4 3 & A& (5 mg/mL)
2 11 @R ST 3087 ShaolA WA T
plate reader (Bio-Rad Laboratories)S ©]-8-3}0] 540 nm2]
oA FFEE 5745I3ItE. DPPH radical 2~A2H
0L (2T FHE- AR FUE) / 2 FHE *
100 212 o]-gsto] A=sqich

=R 1

Ice plant ==& 9 #2529 A eSS Hrlstr] ¢
5to] Benzie®} Strain®] R [19]2 AF HIP st S48t
Atk HA 300 mM acetate buffer (pH 3.6), 40 mM HClo||
L3 A1Z1 10 mM 2,4,6-tripyridyls-triazine, 53] 83}
AlZ1 20 mM FeCl-6H,0& ARE ZAo] 10:1:1 (viviv)Y]
Hl&2 S5s3It o] o|F A A= &3 300 pLo
ice plant &= ¥ #£8& A& (5 mgmL) 200 uLE 4
a1 37°Col| A 1087t WHg-A]7] % plate reader (Bio-Rad
Laboratories)E ©]-83}4] 595 nm2] I}AoA THF=E =
Aokt 2 AR A &Y (%) (M&' F8=/ g=x
T BT x 100 AL o] §5te] AZBIUTL, ofu) tjRTe
Al g7} 2+ 31 9] ascorbic acid (Samchun Pure Chemicals
Co)Z olgsteich

CHEAMIZE HHSE

HCT116 <I7F thA¢t Al (Korean Cell Line Bank,
Seoul, Korea)~= 10% fetal bovine serum (FBS) (Thermo
Fisher Scientific Inc., Waltham, MA, USA) ¥ 1% penicillin-
streptomycin  (Welgene Inc., Daegu, Korea)E 3$H3-t
McCoy's 5A HJA] (Gibco, Rockville, MD, USA)E o]|-&3}
o] HjSF (37°C, 95% S, 5% CO,)3kith

At AlZE 0 EAAAZE £FL 2 7'-dichlorofluo-
rescin-diacetate (DCFH-DA)E 0]83}+= W [20]0.2 =
A5l Tt A3 w8 96-well black plate (Corning Inc.,
Corning, NY, USA)oll HCT116 A2 (3 x 10* cell/well) S
HF35}a1, 24AX)7F & ethanol &5 T butanol &
2 333 serum-complete B X2 wA|5to] 48417 F2F
28}tk Alg= A3 ZA DMSO (Biosesang Inc.)o]
o] 1%L (500 mg/mL)E A|X3F T vjA] S o]g-slo]
Aol APt FE= A5 HFH o= Az A

<t

2] &&= DMSO (Biosesang Inc.) 5=+ A3E AL HEof
JgFo] §li= 0.4% (viv) ol5t= 259tk o] AEdHs
A|AstaL PBSof| 3591 20 uM DCFH-DA (Sigma-Aldrich
Co.)E welle]] YL 37°C, 5% CO)|A] 3047} incubation
3t & PBSE 2% A|Z35}%ch. DCFH-DAS} A3 f 24
Hreste] FE=Ed
(DCRHZ A%k A& g+47] (FLx800, Biotek, Seoul,
Korea) 5 ©]-8-5}0] excitation 485 nm, emission 528 nm2]

shapol 4] st

At o] 2'7'-dichloro-fluorescin

HE ME £

gAer AlES] WE ARl 3-(4,5-dimethylthiazol-2-yl)
-2,5-diphenyltetrazolium bromide (MTT)E ©|-&5}= ®H
2112 =A3}Th Al uljoFg 96-well plate (Corning
Inc.)o] HCT116 A (1 x 10* cell/well)S EZ5}11, 244]
7t & ethanol 55 T+ butanol E3E-2 125, 250, 500
pgmlL FE2 $h3-3F serum-free B A S H7}sto] 24A17F

= 48A)7F E9F BjoFsteith o] 0.5 mg/mLo] MTT
(Sigma-Aldrich Co.)2 3F-98} Wiz & WASIL 2A17F &
OF 37°CoJ|A] incubation 3}th Y% formazan dye=
HjZ|E A|AF 3 DMSO (Biosesang Inc.)S 7}5lo] &
A F ) ©]o] plate reader (Bio-Rad Laboratories)E ©]-&
3o 540 nmol| A B E =45l ice plant ethanol 3=
&5 E+= butanol B Eo] A A2 AE A==

djz2tel AL Aol divfste] %= etk

Apoptosis &M

Apoptosis+= annexin V. GAIHY [22]10.2 =A3}3 ) Al
32 H]j9F-8- 6-well plate (Corning Inc.)o]] HCT116 thA2tA|
E (1%10° cells/well) S E328}31 2447 & ethanol %
& T+ butanol EEE-S 250, 500 pg/mL == -5
serum-complete B A& ©]-8-3}o] 48A|17F F3t A |53k
olo] NZE welloA #2]A7]aL PBSE 13] AJA +
fluorescein isothiocyanate (FITC)-annexin V apoptosis
detection kit (BD Biosciences, San Jose, CA, USA)ol| A A|
Z3k= 1X binding buffere] #eslct o]e] 1x 10’
cells/100 uLof propidium iodide (PI) (BD Biosciences) 5
puL 2} FITC-annexin V (BD Biosciences) 5 uLg il A2
oA W& ApekstaA] ®EEAIX1 F flow cytometer (BD
FACSCalibur, BD Biosciences)o]|4] CellQuest Pro. (BD
Biosciences)E ©]-85t0] A Al F annexin V7| 43

CERET RUELRES DR
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M=zx7| 24
AN|3EF7]+= Trons 5 [23]0] Bl =

of EAskIE WA A2 vjkE 6-well plate (Corning
Inc.)o] HCT116 EHXPOHﬂ (3 05 cells/well) S H-33}
AL 2447 FoF AlEE R 3 Al25T] FUsE
fI5ke] serum-free HHZIE WFSFAL 244171 59k ThA] Hf
oFst3tt ool 500 pg/mL 5E9] ethanol F&HE F=
butanol 2&ES 3§35t serum-complete B XS 48A|7F
& AEsiaL, wello| A ZA[Z] A5 PBS= 13] A

- 70% oehES o]-§ske] 4°CollA 1 s}3iT) PBS
2 13 A & 50 yg/mL 5=9] propidium iodide (PI)
(Sigma-Aldrich Co.)2} 10 pg/mL “5%=2] RNase (Sigma-
Aldrich Co.)E #H7}8lal 3087t incubationdt 3 flow
cytometer (FACSCalibur, BD Biosciences)l|A] CellQuest
Pro. (BD Biosciences) & ©|-&3}o] A|EZF7|E A5

SHEA

Loty |

EZA AL SPSS  Statistics (ver. 12.0, SPSS Inc.,
Chicago, IL, USA)E o|-&sto] #astlar, = A} gF
2 33] oA} HAI5}to] mean+ SEMZ UERYIch Al
o|A+o] A= v} A= one-way ANOVAE o]
g5t BEA%E &, p<0.05¢ o AR B4 S =2 Duncan's
multiple range testE& AA|5le] F9ALS ASSHET F+
o 79 AFE H|wst] A= two-tailed Student’s
LiestE ol g3fe] BT F, p<005Y uf £ Fol
7} ekal #wastach Ice plant 55 W 23 59| At
3} 4Ra G S AR, AE ) LT
AT} AA AA G o] A leAlE
B71el7] A Pearson’s correlation analysisE A A5
AL, p<0.05d o oA Q1 AT lekar wekst
St Ice plant &5 4 H359] o] A Fkof 9
A=AE B7Fsl7] fleiA Ay 2 34 3]9&E
AE AL, p<0.05Y o] Fo14¢] F= oEA &

yz

{0 m[

LA 0]

go] dckal skt
Z o
g Zdlhz ¥ & 7I2E[X0|E
Z9ES WA A F 27 ool M7=
23 JLRE 7= &) g]. A2 Al2o] 15k ZRgo)|

o 27} thAbsRolch [24],

Ice plant ethanol —%%% 1 B350 = Za|us 3eFe
gallic acid-& EFEZ R dlo] HFETA1S 184 ARSI

om 1 A3= Fig. 13} 2t} Ethanol 2552 & Z2|4|

= AFS 3.7 mg GAE/go|Ql=d, o]l H|s}o] butanol &
S &, water 2859 skF (22 54 mg GAE/g, 5.3 mg
2 =931, ethyl acetate £3&E2] 3 (3.4 mg
GAE/g)2 H|=319 21, hexane E&&E9] 3 (2.7 mg
GAE/g)-& 24T} (p <0.05).

7ERE 0| s FAEA Y EaE A, T4,
RS e 2184 MAE isoprene [t27} 2
slehEoltt [24]. Ice plant ethanol &= H #9=9 &
Zt=RE]eo|= SHFS Fig. 29} Zt} Ethanol 55

Hio

Total polyphenols (mg GAE/g extract or fraction)
w
L

Ethanol Water Butanol Ethyl acetate Hexane

Extract Fractions

Fig. 1. Total polyphenol levels of ethanol extract and different
solvent fraction prepared from Mesembryanthemum crystallinum
L. GAE: gallic acid equivalent. All values are presented as mean
+ SEM of > 3 determinations. Different letters (a-c) mean significant
difference among different samples by Duncan's multiple range
test (p < 0.05).
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Fig. 2. Total carotenoid levels of ethanol extract and different
solvent fraction prepared from Mesembryanthemum crystallinum
L. All values are presented as mean + SEM of > 3 determinations.
Different lefters (a-c) mean significant difference among different
samples by Duncan's multiple range test (p < 0.05).
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7R Eo]=0] S 132 ug/eolglal, olo] ulsjo]
sk (242 86.6 pg/git
24.1 pg/g)2 =k o E3| butanol £ E2| g5Fo] HA]
SHA| =4t} (p<0.05). Hexane EE]E0|L} ethyl acetate

SlEo] F slREwo|E e (72 208 pgg, 183
ug/g)t ethanol E-8&9] Tt oA o= th2] ok

e

butanol &, water 23 &E

o

Bhriz A

DPPH At eft]z-e ghitsl 242 R A2 a5
Alsrrol A HAl Hepdoa gt oz Wsh=t|,
olgfgt YT E o]gsto] B e BAHE SA =
HOHC” [18]0] E&] o]&%|1l Qlt}. Ice plant ethanol &= 4!
£359] DPPH &) 2AE42 Fig. 33+ 2t} Ethanol
== (5 mgmL)2] DPPH 2|z 242/ 21.0%31
o] oFA |22l ascorbic acid (5 mg/mL)2] &4 (94. 6%)

o Hlg|AE Fe =Fo]Qlth Ethanol F+&EY HI&
k] DPPH ttjd ~A8< H]ﬂ?—?} S uj, ethanol 3=
59| 2Ao] v] water EE|E, butanol E3|E, ethyl

A (Z+2 3 80%, 34.9%, 33.8%)2 =9F
o] B4 (165%) Bl%atit (p<
8= DPPH 2|z &A%
AR = 2 Zads =k &

o

0.705, p<0.01)Z LFERYIT).

acetate H3E-0] &

B3
0. 05) Ice plant &=
e oAl 23 s

_]
ofAQl o A R=

, hexane

= X1

ﬂx&m

Oll

8 sial

Ao oJsto] Fe'z FE =], ice

100 -
80 4
60
b

40 A b b

C
20 ﬂ ¢
0

Ethanol Water

DPPH radical scavenging activity (%)

Butanol Ethyl acetate Hexane Ascorbic acid

Extract Fractions

Fig. 3. DPPH radical scavenging activity of ethanol extract and
different solvent fraction prepared from Mesembryanthemum
crystallinum L. All values are presented as % of the control in the
mean = SEM of 3 determinations. Different lefters (a-c) mean
significant  difference  among different samples by Duncan's

multiple range test (o < 0.05).

plant ethanol &4 9 £2E9] dekdeS B7tst7] <
5}o] Benzie?} Strain®] HH [19] S 5
St} Ice plant ethanol &% 9 E3
Fig. 4} Zt}. Ice plant ethanol F+&&
22 21.0%°] %=1 ]

hexane E-3l5, water 232

m]o
e
4z
rE
ottt
ol
£
v
o2
ol

5 mg/mL)9] A
olo] H|3}o] butanol HIE,
& ethyl acetate -2 &E2] & 3
A (22 80.8%, 52.7%, 46.3%, 44.7%)0] =qtil, E3
butanol E-2129] A F2lo] A =9kth (p<0.05).

100 +
< a
< 80
CIJ
2
o
Q.
€
© 60
e b
xel
IE < c
©
2 40
o
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o
L d
£ 20 A
&

0

Ethanol Water Butanol  Ethyl acetate  Hexane

Extract Fractions

Fig. 4. Ferric reducing antioxidant power of ethanol extract and
different solvent fraction prepared from Mesembryanthemum
crystallinum L. All values are presented as % of the control in the
mean = SEM of 3 determinations. Different lefters (a-d) mean
significant  difference among different samples by Duncan's
multiple range fest (p < 0.05).

120

a a

100—+ + a
b
80 -| T b

40 4

Intracellular ROS level (% of control)
I
o
L
o

20 A

0
(Hg/mL) 0 125 250 500 0 125 250 500

Ethanol extract Butanol fraction

Fig. 5. Infracellular ROS scavenging activity of ethanol extract and
butanol fraction prepared from Mesembryanthemum crystallinum
L. in HCT116 colon cancer cells. HCT116 cells were treated with
ethanol extract and butanol fraction at the concentrations of 125,
250, and 500 pg/mL for 48 h. All values are presented as mean
+ SEM of > 3 determinations. Different letters (a-c) mean significant
difference among different concentrations by Duncan's mulfiple
range test (p < 0.05). Asterisks mean statistical difference between
two different sample at a respective concentration by two-tailed
student t-test (" p < 0.001).
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DCFH-DA+= A|2zufs Bt
FH LS

- A2 ol EAisk=
of oJgte] P4 DCFE Aete|=d], o]zt
HeE o] &dto] Az Y atad o2 S5 W
wH [20]0] E] o]-g% 3l It} Ice plant?] ethanol F+&&
I ZEeEo] Uehd Al 0] AR At A4 4
ol Al2E WollA ke A E=A] o7& HCT116 o<t
A5 olgsto] AR £EE Follie & &2
Z 7tRE o= o, S AR, d 2
o] BF =3k butanol E3ES Atk HCT116
I’HXPOWL—.EO]] ethanol =5 %= butanol B3 E-2 125,
250, 500 pg/mL =2 4847 Eob H23t & }\ﬂ:‘& U
PHS 58 QLT G2 il % Hehd

-

!

A= Fig. SQ} 7H‘+ Ethanol ==&2] 74 ELo
A ) AT Aeg FAHoR BEARSt

(R du] 13~ 18%) (p<0.01), FEoEQ] T4
el 9F3kTh Butanol 22E9] 79 250 pg/mLt
500 pg/mL FEolA A2 f BT FEE F24
OF ZAANRAL (PR HH] 28 ~49%) (p <0.001), A
@, 2234, A4 I]RAS AR A3 A2 FEot
A U ZAAARE g A= Zho] o3t A (R
>0.9, p<0.001)7} Ve 5EoEA &do] ]
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Vable cells (% of control)
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Ethanol extract Butanol fraction

?1tl. Ethanol =51} butanol E3E59] A|3E U] /A
2 TS H|WEFES 1], 500 pg/mL “E=of|A] butanol
B3I Eo] T4 (2T tH] 49%)9] ethanol +=E2] T4
(== oH] 13%)Eot o2z o) (p<0.001).
UMz YEAN &Y

FHALFL ALY FAHE F/A Yalge 5
Wbl 7]ofahs AR A 9L [25], BAA
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Fig. 7. Correlation between infracellular ROS scavenging activity
and growth inhibitory activities of the butanol fraction prepared
from Mesembryanthemum crystallinum L. in HCT116 colon cancer
cells. Pearson’s correlation analysis was performed.
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Fig. 6. Growth inhibitory activities of ethanol extract and butanol fraction prepared from Mesembryanthemum crystallinum L. in HCT116
colon cancer cells. HCT116 cells were freated with ethanol extract and butanaol fraction af the concentrations of 125, 250, and 500 pg/mL
for 24 h (A) and 48 h (B). All values are presented as mean + SEM of > 3 determinations. Different letters (a-c) mean significant difference
among different concentrations by Duncan's multiple range test (p < 0.05). Asterisks mean statistical difference between two different

sample at a respective concentration by two-failed student t-test [**

"p < 0.001).
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Fig. 8. Apoptosis-inducing activity of ethanol extract and butanol fraction prepared from Mesembryanthemum crystallinum L. in HCT116
colon cancer cells. HCT116 cells were treated with ethanol extract and butanol fraction at the concentrations of 250 and 500 pg/mL
for 48 h. Representative histogram (A) and bar chart (B) of annexin/Pl double staining assay. All values are presented as mean + SEM
of >3 determinations. Different letters (a-c) mean significant difference among different concentrations at a respective sample by
Duncan's multiple range test (p < 0.05). Asterisks mean statistical difference between two different samples at a respective concentration

by two-tailed student t-test (*** p < 0.001).
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Fig. 9. Representative cell cycle of HCT116 colon cancer cells after the treatments of ethanol extract and butanol fraction prepared from
Mesembryanthemum crystallinum L. HCT116 cells (3 x 10° cells/well) were treated with ethanol extract or butanol fraction at the
concentrations of 500 ug/mL for 48h. M1: GO/G1 phase; M2: G2/M phase; M3: S phase; M4: sub-G1 phase.

Table 1. Cell cycle distribution of HCT116 colon cancer cells affer the freatment of ethanol extract and butanol fraction prepared from
Mesembryanthemum crystallinum L.

% of cell
Treatment
Sub G1 GO/G1 S G2/M
Control 1.7 =0.1°Y 77.4 = 0.9° 8.2+0.7° 127 £1.0°
Ethanol extract 2.3+0.1° 70.2 = 1.2° 12.1 +0.9° 15.7 = 1.0®
Butanol fraction 2.4+0.1° 72.0 = 1.2° 8.8+ 1.0° 17.2 +0.7°

1) Data are presented as mean + SEM of 4 determinations. Different letters (a, b) mean significant difference among different samples
at a respective cell cycle by Duncan's multiple range test (p < 0.05).

Pl el ERE ol A A duistel 2 005 buanol $8E5) spoptosis $= 2 (haF o
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s wEeled Bol ekt R-07-09, p<  WhET ESte} (<005

0.001). Ethanol S=&E3} butanol £3E-2] thAtA|E A

g TS WSS T, 500 pgmL SR 2447 NE X7 Ha

2] A2} 250 pg/mL, 500 ug/mL s== 48A|7F A 7] A Ice plant ethanol %53} butanol £2&0] HCT116 Al
of butanol F2=9] A3z 7 AA| /0] ethanol &= L9 F7]of| n|A= FFS TAH] f18te] HCT116
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Apoptosis S &4 FoHor w2 S YA (p<0.05, Table 1,

LA Lo A= apoptosisBtal Eul= AP Z2 73 Fig. 9). E3) butanol B3 Eo] A g]E AL G2/M7| H]
o] AAA R AF A ghof Zr APEEA] okl wAAA & (17%) t2T- Al222] G2/M7] BlE (12%)9] 1.4Hj=
07 =2 ZAEL JHAL) [27]. ¥A 71&SE ice plant FoFoR =& &S YEMSITH (p<0.05, Table 1,
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w850 g AHEZoA annexin V2 4 M=ol v BAS Bl BASHL Al Wf E4kaE A8
apoptosis7} Lotthal FE H]E2 15~33%= 27 A3 ARFA A, apoptosis = EHA, cell cycled]|
RIZESA] apoptosis7} Lol H1& (129%) 5 %A (p< ¥ A3 5& HCTI6 U7k ool HEFE ofga)
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