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This study analyzed the physiological quality of Mesembryanthemum crystallinum (ice plant) extract. M.
crystallinum is a succulent plant found in Africa, southern Europe, North America, South America, and
Australia. It has known antidiabetic, antioxidant, and activation of lipid metabolism effects. Extracts
from M. crystallinum were prepared with methanol (MCM), ethanol (MCE), hot water (MCHW), and
methanol after hot water (MCHM) extractions. The yields of MCM, MCE, MCHW, and MCHM were
0.37, 0.33, 0.50, and 0.07%, respectively. To determine the biological activities of the extracts, mush-
room tyrosinase, pancreatic lipase, 1,1-diphenyl-2-picryl hydrazyl (DPPH) radical scavenging, nitric ox-
ide (NO) production, and a-glucosidase assays were conducted. The DPPH radical scavenging activity
of the MCHW extract was 62.9% at a concentration of 400 pg/ml, which was the highest of all the
extracts. The MCM extract showed the highest inhibition activity of a-glucosidase and NO production
(56.6 and 57.2%, respectively). The pancreatic lipase inhibition of the MCE extract was similar to that
of the MCM extract, with significant inhibition of 90%. The mushroom tyrosinase inhibition of all the
extracts was very low (approximately 30%). These results suggest that extracts from M. crystallinum
have antioxidant, anti-inflammatory, antiobesity, and antidiabetic activities. Thus, it may have poten-
tial as a functional food product and therapeutic potential as an antidiabetic or antiobesity agent.
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Ice plant (Mesembryanthemum crystallinum)= 159 &
LFTOI A A& Ae AHgetant. 24 &2 @A o84
718 = () SK A" Z (Seoul, Korea)oll A 48k A&}
%o}, 1,1-Diphenyl-2-picryl hydrazyl (DPPH), a-glucosidase,
p-nitrophenyl a-D-glucopyranoside (pNPG), pancreatic li-
pase (porcrine pancrease), p-nitrophenyl palmitate (pNPP),
mushroom tyrosinase, acarbose, ascorbic acid, orlistat, kojic
acid 52 Sigma-Aldrich Co. (St. Louis, USA)ell Al ]38t %
o

Ice plant FE=2| MZE
A% ice plant 1 g& 7+ §7]°l ¥ 11, methanol ethanol &
2424 100 ml3 ol A d2A 87 Tk FE8kaL of ot
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Qo] Ao A 3F FU¢ FE39 €4 FF T methanol

de|gy £
DPPH free radical &7 4
FZE9| 43l &4 DPPH free radical 27 & o] &
st 243915, 21]. 1,1-Diphenyl-2-picryl hydrazyl
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control £ orlistatE At&-3t 3.
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Tyrosinase &/32 Hearing?®| WH[12]& WE3}o] L-ty-
rosine®] tyrosinase®l ¢]3l 3,4 dihydroxy-L-phehylalanine
(L-DOPA) quinone®. & #A#HE A ZH8AT 1 mM
L-tyrosineZ 50 mM sodium phosphate buffer (pH 6.5)%} %
FTE 664(v/v/v)e] HEE YL tyrosine buffer 160 ul, Al
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acid)E TFOE 412 A°FE 100 ul ¥, 1027 A2 A
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Table 1. Extraction of Mesembryanthemum crystallinum (Ice

Plant)
Samples Extraction
P yield (mg)
Methanol extract (MCM) 37
Ethanol extract (MCE) 33
Hot water extract (MCHW) 5.0
Methanol extract after hot water 0.7

extraction (MCHM)

Each sample was extracted with 1 g of dried ice plant. MCM
: M. crystallinum extracted with methanol, MCE : M. crystal-
linum extracted with ethanol, MCHW : M. crystallinum ex-
tracted with hot water, MCHW: M. crystallinum extracted
with methanol after how water extraction.

L 05%, MCHM2 0.07% %2 UEoH 44 FEE59)
F80] /M4 A4 YEY1, €5 % I methanolE
MCHMY] A% FEE9 F&0] 713 okt
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a-glucosidase A3 &4 & 2AeH7] f8te 72t 2 ES 05,
1,2 mg/ml9] FEoA AP A A(Fig. 2), MCHM FZE=0|
A M EE a-glucosidase A3 &4 o] YEFST 2 mg/mle]
FEo A positive controlZ AHE-¥  acarbose} -ﬂ-*]—a
56.6% e 2AdS BTk &9 2 mg/mle] MCM, MCE 5
' AR 395%, 13.6%S ANZAHES BAh WA ice
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T A3 71dE A

Nitric oxide (NO) A4 A& &A

Macrophage= |54 T8 985 s, lip-
opolysaccharide (LPS)ell &% #A=& bk |45 vif &2
< frEste, NO 8434 o2 olojAA H7] vz NO
AR AdAs 4SS Adsted 28 ARt 2
[24, 29, 31]. Ice plant F+E =< 9% A &4 & FA 8
#]3+ mouse macrophage cell line$l Raw 264.7 cellell LPS
1 pg/mhE HF ¥, ice plant FZE(MCM, MCE,
MCHW, MCHM)% 100, 200, 400 g/ml 2 A2 3ke] 429
nitrite (NO, )] ¥& 543 th(Fig 3). Raw 264.7 cellol
LPSE A o2 FAg ol vls] NOo Ado] < 5u
Z71et9 . LPSE A2l & ¥ ice plant & & 400 pg/ml
TEE 474 AYYPE W, MCM FEE, MCE F2E2 NO
RS 57.2%, 549%% AAISHAL, MCHM FE=dM=
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Fig. 1. DPPH free radical scavenging activity of Mesembryanthemum crystallinum extracts. MCM : M. crystallinum extracted
with methanol, MCE : M. crystallinum extracted with ethanol, MCHW : M. crystallinum extracted with how water,
MCHW: M. crystallinum extracted with methanol after hot water extraction. Ascorbic acid was used as a positive

control. Data represent the mean *
with control.

100

80

Inhibition activity on a—glucosidase (%)

_

Acarbose MCM
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Fig. 2. Inhibitory activity of Mesembryanthemum crystallinum extracts on a-glucosidase. MCM : M. crystallinum extracted with
methanol, MCE : M. crystallinum extracted with ethanol, MCHW : M. crystallinum extracted with how water, MCHW:
M. crystallinum extracted with methanol after hot water extraction. Acarbose was used as a positive control. Data

represent the mean +
control. N.S =

non-significantly.
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SD (n=3 in each group) from three separate experiments. *p<0.01, ***p<0.001 compared with

Mushroom tyrosinase #] 3l &4

Fehd A A A tyrosinased] 93¢ L-tyrosine®] 7}
97 AEeg 5’3}04 34 dihydroxy— -phehylalanine
(L-DOPA)Z %E3, L-DOPA quinones THETH20]. Ice
plant %%%(MCM, MCE, MCHW, MCHM)< 250, 500, 1,000
ng/ml2. 2 34 mushroom tyrosinase 43| &4 & Z43HH
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Fig. 3. Inhibitory activity of Mesembryanthemum crystallinum extracts on NO production in Raw 264.7 cell line. (A) NO activity

in Raw 264.7 cell line (B) Cell viability in Raw 264.7 cell line. Data represent the mean = SD (n=3 in each group)
from three separate experiments. ***p<0.001 compared with control. N.S = non-significantly.

th(Fig. 4). 2 A3, MCHW %%%3 A ¢g MCM, MCE, ATHFig. 5). 1 27, MCM F%E, MCE $2E94 &
MCHM FZ&2 9 30%°] %2 tyrosinase A3 Z4& B3 gzH o g 73 A 84S BHYya, MCHW %5, MCHM
th. @ekAl, ice plante A3 #A42 WA T melanin $4 & FEEAME lipase A} &4 0] UEFA &okA lipase A 3
Asfate] wHgo] a7t 9l AR AR st AEol Eo B & ZloE ot wabA ice

plant % &2 pancreatic lipaseo] i3] A& 2o &

Pancreatic lipase *] 3|24 w237 709

Pancreatic lipaset= A 7FFEe] E4E triglyceride®]
ester 23S 7HF &3] AIA glycerolt fatty acid & 2 &3 3}

) I
= 98¢ S Lipased| <3 monoglyceride9} fatty acid=

-E,—éﬂ A AN 2T ZAA triglyceride A 34 o B AT E ice plantd] A& A3 7|58 EAE
=8 Y &of Soj7} 2o R AW F49 F8F Mol 7Hs A& 2ASEAL 3191 T Methanol, ethanol, €<,
9 ot hpase«] AN E Fotol Aol Aol 23, d4 F% $F methanol2 F% 349 DPPH, pancreatic lipase,
T5E Al & F AtH6]. Pancreatic lipase A3 &35 &3l mushroom tyrosinase, a-glucosidase, NO A4 A 2l &4 3
3}7] 913, ice plant F%&(MCM, MCE, MCHW, MCHM)< 7o oy 7R AYEAH L =4 st4rct 2 %Oﬂ/\i«] ghAks)

250, 500, 1,000 pg/mle] T== Helsto] A 24 & 43} g2 72 EgErols, s, Od, ey HEA F
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Fig. 4. Inhibitory activity of Mesembryanthemum crystallinum extracts on mushroom tyrosinase activity. MCM : M. crystallinum
extracted with methanol, MCE : M. crystallinum extracted with ethanol, MCHW : M. crystallinum extracted with how
water, MCHW: M. crystallinum extracted with methanol after hot water extraction. Kojic acid was used as a positive

control. Data represent the mean + SD (n=3 in each group) from three separate experiments. **p<0.001 compared
with control.

120 7 w— 125 ng/m]

100
B 500 ug/nl
EEEE 1,000 ug/nl

80 o
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40 -

Inhibition activity on Lipase (%)

Orlistat MCM MCE MCHW MCHM

Fig. 5. Inhibitory activity of Mesembryanthemum crystallinum extracts on pancreatic lipase activity. MCM : M. crystallinum
extracted with methanol, MCE : M. crystallinum extracted with ethanol, MCHW : M. crystallinum extracted with how
water, MCHW: M. crystallinum extracted with methanol after hot water extraction. Orlistat was used as a positive
control. Data represent the mean + SD (n=3 in each group) from three separate experiments. *p<0.01 and ***p<0.001
compared with control. N.S = non-significantly.

3 2 HeEy AR s YERUH[7, 32, 34], HEY A& FEAF Yo Aol a3 Tt Z7tE AL

o gujd F& F&2 A5t gE2A YEUAT, A EA Z A7t 239 ice plant?] E&] ¥y ZelH ot g
o dXgE @ 4%, 2839 s R0 fFEPFer e gkl g AFE FIIE JPT o Aotk NO A4
o &Ao] Frrdthn B EHJT10]. Wt MCHW F2& A A 5o A= MCM, MCE, MCHM$} 2] §7]&ujol o3t
BN M = Fatst F48 B AL, ice plante] E FEEAA TE EHOE A EH S B HF A &4
FEE = GAYRE Aot 243} FeiA AfdEol AW o] d’dHth. NO& A4 Al FeldA Azxeg 2 e gof
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g Fole T AT 9L AT 453 AL 45
FEAA 289 &4, f474 o] 5& ¥oit22, 33].
2 NO B4 9 Adje d5utse] 24 AsARA Y 7hes
o] 913, ice plant?] methanol® ethanol FE &2 ¥%& 9

EA 02 INOS B3 & Adsto] NO ihs a2 o
o] 4t} Pancreatic lipase A3 &4 A%
MCHM FEEIAA 55 2o A &4

IF, positive controlQl orlistate]l Hl3] @A W& A&
E%E} SHARE, A HE FEEC =
H ZAo] wolAls ¥l Holmg &4 g9 F& Y
22 O £44Q lipase A3l 5E 71 AL 2 BRI,
uebA 719 Wik A mA Y FAES A & ¢ e A
gt B 71 EH A a-Glucosidase A &4 & ZAFS
A3 MCHM F2EdA 723 84S B9 o1, acarbosed
H 8 B2 g-glucosidase A 31 &4 & R Ice plantol A &
D-pinitol#} inositol®] F#¢ AS2 ¢# A3, HPLCE A%
3t4] ice plant % &9 D-pinitolo] £FH 2& & & 5
1% th(data not shown). 2|t} D-pinitolo] 1& ¥ H&<
st @S W Ed B Foa €8 A[26, 27] a-gluco-
sidase®] A @A o] ZIHH ALY A @A o] AetA= &
*th. Ice plant9] a-glucosidase #138] €A 3} D-pinitol®] EA
2 3y sy qd 2347 L 7154 A5 7HeA
o] 7Ith¥ At

AEHOE ice plante pancreatic lipase, a-glucosidase,
NO 47 5& #3131, DPPH free radical &7 %©] -3}
of, &ist 2dEA Y Tk, 45 ABE 7T HFLE

Aol e nel o|E 9F 371 AFE WA ol B,
ZAe 2
o =& AT A5 A S&A T W) o3t
A7 H AT
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