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The cytotoxic effects of lipid extracts from soybean products were studied using K562 human leukemia cell,
Yacl mouse leukemia cell and S180 mouse sarcoma cell. Total lipids from soybean powder, soybean curd residue
and doenjang were extracted with chloroform/methanol (2 : 1) and water saturated butanol, consecutively, and
fractionated into acetone supernatants (AS fraction) and acetone precipitates (AP fraction) by adding excess
acetone. AS fraction of doenjang lipids showed the strongest cytotoxic effects on K562, Yacl and S180 cancer
cells, whereas each lipid fraction of soybean curd residue also showed relatively weak cytotoxic effects on
cancer cells but soybean powder did not. AS and AP fractions of doenjang contained more free fatty acids than
those of soybean curd residue and soybean. And when lipid fractions were digested with 0.4 N KOH/methanol,
doenjang lipid fractions showed to contain some alkali—stable substances which showed positive reaction with

ninhydrin solution on silica TLC separation.

Key words: cytotoxic effect, alkali stable lipid, free sphingoid base

MB

FZ obAlo} A FeliA] Fe| o] fEe] o, HT Fol
2 7R E QAN AlE o g FRAEH A ZAe] WA
2|2 W55 oot el v 4y els o
F 2nbe] gaFo] 2zt 40% H 20% A = FfrEle] 9lel $-2]

FRl B Al sl r A 22 okl F21¢ ¥al o}
Yzt Fo] 24 ] dle] He ¥F Zel2dEAE
FaL TN AT, HEF 2 88 59 Ak
P, A o] g3t Ao} 3qhat4-g dohE Aol B
HHA F& G PR ol AR EA 2 A
FAAE JAH D Aek1,2). T2 F A s E8)
Al F peptideEo] el 2H & A3 &, abA, Skt
A S Foll ¥ ?I‘}‘:HS 4). A4 720
gtanrl gl Ao ryd X
Bowman-Birk E3 Al #} 8] 4], AL £, phytate, linoleic acid
ol A e(56) 25l gt gFsh7] 2ol tdtod = ofA]
g3t =l AR &

TR, ol = B3R 4

==

>4¥~

Lo w10 R

3 B-E 7124 genestine,

2l sphingolipid?} ©+& 4] &&9

YCorresponding author. E-mail: hskim@star kyungsung.ac.kr
Phone: 82-51-620-4713, Fax: 82-51-622-4986

vl sto] g o FfrEol ok ®as vl Qloh(lF 2410
pmole/kg, -5 160 umole/kg, #] == 1326 nmole/kg, &2 2250
=37, 5]:"«] 752 sphingolipidE%] +A
sphingoid base S o} 743k Y| &AM & 712 EREolx
A EAAZA ) glo] 28 <38 3l ceramide, sphin-
gosine, sphingosine 1-phosphate, sphingosine phosphoryl~-
choline % di-$} trimethylsphingosine -] ¢}7]o} &%tz
ube] 17 9lvh(8,9). Sphingolipid®] dxr4 el 72+
sine, N-acyl-sphingosine(ceramide) % sphingosine 1-
phosphate®} 22 21 A< (sphingoid) 9718 FXE 4 o),
ceramide &3¢ 1 w49 = ol glu~
cose, galactose, sialic acid %5 &<3&& 717 1 9l oH10).
1§} sphingolipide 3% lipoproteing} 741 ¥ 2 LDL| 7}
% a1 VLDL, HDL#] <#¢] = LDLe]“} VLDLe| &= sphin-
gomyelin®] e} HDLY|+= ceramided 8l 2 £x3tchn
sldth(11). o] 2] & sphingolipidE-& & A= A& Z+
ot} = $§ =& HElox AAE sphingomyelin®] 1,2-
dimethylhydrazine(DMH) 2.2 thAehs FakA7] 35 9
obaby o Zoke] obA 85 A dstlvhar 3k 2 sphin-

pmole/kg 5
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gomyelin®] 4#ell A ceramide® 3] = o] thRHA| Lo £
ale] 45w F5% ceramidert Al o] 228 A
& Aolete 71 A sphingolipid7h A £l ofl 4] 7%
A2l EA & 7A e A xATADA T8 g A
ojgtE 7| & w2 d-Ee| A3 1 9leh12-14). Dillehay
5(15) DMHE tiA9te =417 313 ol A glycosphin-
golipid®] ¥ £ 4l ganglioside Gwi©] sphingomyelin 2.t} 4~
8aff o]} kAl o] A& Asstel o milkell A FE7
glucosylceramide, lactosylceramide 2 ganglioside Gz &
< sphingomyelin®} ¥ 5=&F 848 7h=lcka gl £&,
Schmelz - ) 5ol A #2]l%} glycosylceramide”} AF&%]
7FA A A SHFAP; familial adenomatous polyposis) el A1
WAE 73 2§32 €2 24 Min miced] FUYFE
ZaAlA Tl o AE-E AAAF 2 milke] glycosyleer-
amidet} sphingomyelin®.t} &4 o] 7}s}od ot s 7).
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A, _T’--’F’E:L EE% ié 5."70} % vl ES o] &3te] MAAZ A
g AF U FREAEEe] g
ol %‘ N FRFA 7} 7R = AR
55 7Hlvhe B2 Bauge] ol
‘4(16*18) upeba] & °4'7'°ﬂ A dFel FRA 2 AR
vl2] g qb=are] A BbEAlEal glAke] A1 A g R0l AfeidA]
715& Alg k] /st 24 A Al& %3 o}-$ acetone &
B REEE 0 oy FF72] st 5 3t A 254 A
% 39l 2. silicic acid column chromatography, silica gel
TLC % densitometer & o] &3}e] x|z 8 29 2415 v
A8} sphingolipidoll thaF 78 913 7] 2438 & shgdc)

2
o]r
ok
i
2
)
, g
N
O,?(_',
01(‘ i _‘1“..

NERETIETS

2
T A T A ATF 2kes B S oh
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= FotA el A FHAEA] HAEQl AR E Ao B
Azslgw, AL FA AFF o2 AR oF2 o} 13
T EAAY ARE FRANRY F BUFSed RE AR
£ A2 & #2317 A autoclaveol A 158-7F E 3] li-

pase ¥+ protease 52 A4S E&8A13] A7 ohg Al o

Ah8-ssd o},
A‘IL*'EUH‘“ 2 MESMAIE
E579 obA £, = L] K562 leukemia cell, mouse?)

Yacl leukerma cell ¥ Sarcoma 180 cell-& 10% fetal bovine
serum % streptomycin, penicillin 5] -5 RPMI 1640
mediadl A weFslelch A EZE5AAHE 9)5ted migt A2
% -2 phosphate buffered saline(PBS) % 4} 3 & t}-& trypan
blue ol BE3le] Al 245 Al oh-g vjFH o2 34319

o} o F 2 PR EAEY A S o ELR EHT o}
AEAHE(AP #38) 9 oA EASZNAS £8)E 553
o} 4w} & A A g F A2k chloroform ¥ methanols ¢]-§
8lod o] 51 DMEM wHeFe o 2 3] X sle] 1 mg/mlL 55 &
A 88 243+ ch 96 well microplateell 4] 1 mg/mL 5 =.9]
A 25 wHA A 2n) A o2 3]A3la Al &7F 91+ micro-
plate well B k4 25 4000 cell = A ¥-& o8 724 5t
s ekatelch Al 25418 HA3l7] 9)8te] PBSel| 5 mg/mL
Al =9l MTT[3-(4,5-dimethylthizol-2-y1) 25-diphenyl
tetrazolium bromide] &9 20 pL# & A 78l o A] 447
E-9F 37°Col| A wlokat & 2z} well®d 10% SDS&-S 713l 3
W-g 2pigt Abel ol A shut Al oA WA % ohg R
+ microplate reader(model 550 microplate reader, Bio-Rad,
Richmond, USA)& 550 nmell 4 &3 =& 5 3 oH19).

Steamf’_i BAEL B A dF ulA d "HA
Az &g}~ = o W 31 chloroform/methanol
22 ii}/‘] 7] butanol® 39 1k
&3} ‘6}“4 %‘v"?g XV“E

+ silicic acid column chro-
o:loui 7]— H;_}‘: o x]x]z

=2 ALl

matography ‘”‘f’d o2 B3 }

¥3 3H4 TLCZ As)sled o 4G5S E5350e] A A
& galstelct 4AAE A E3l7] 95k = orcinol-ferric
chloride-34F A1¢F % o -naphtol Alek-g obo]e=x]2-8 1%
ninhydrin/acetone A 2k-&, opvl 2] 22 2o} 43 A4-4F-benzidin
AlekS el %] A -2 molybden trioxide ¥ molybdene] 3%
Dittmer A1 2F-S, sterol A3 & dubx]2le- 509 3415 R5-5)

] 100~120°Cell A 7hd gt b5 A2 255 Falstdrh2l.

EX|ze| otMERE

A Eol gt N EZEA Y-S #5hd acetone HHH L
2 29 2 28gAd 2 2889k &, Folch .2
2 AAE A& FF8e] 239 chloroform : methanol(2

S Dol =4l vhg- 20u) 83528 acetoned- 713 F 4°Coll A 164]

b5l FolFol L AAEE A Hslan w53t L9 E Al
A& th-g ol & v 718 E 3 (AP acetone precipitates) 2
o} A E 71283 (AS | acetone supernatants) 22 o] Al
ol Ab-g-3lsich

2} 2| A A 5oll thek £33l glycerolipidd 7+ 8}
32 N-acyl lipid?) sphingolipid& %17] ¢8}e] ofd7] g0
Z 7bpE st = Folch W22 A A1 acetone 2 &
Fe2lgt £ E(APR-E 2 AS #8)& 04 N KOH/methanol
= v)r8kshe] glycerol ¥ A2 S 7t %ﬂﬂ t}-$- alkali
A ZF52 A A ste] oF alkalioll et & 2| A& A} 7
AARHE AUtz FAr] et AR &
speed vac2. & A 323 o}-& 5%2] 5 methanolX HCIZ 80
°Coll A} 184 7152t 7hH-sl) 3} o),
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Silica gel TLC chromatography

e A A FEEF silica gel TLCo| A8l EFFE
= A st A7)4-9E chloroform : methanol : formic acid
* water(56 : 31 : 4 : 2), chloroform : methanol : 0.2 N NH,OH
(40:10: 1), chloroform : methanol : water(60 : 35 : 8), chlo-
roform : methanol : water(65: 12 : 2), chloroform : benzene :
acetone(80 : 20 : 10), chloroform : methanol : water(65: 25
4) 2 chloroform : methanol : acetic acid(90:2:8) 5-2.2 #
NEE ¥ A A ekg- B35} 3 densitometer(Model GS-670,
Bio-Rad, USA)Z. scanning¥}s] v] 3138} c}.
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Lipase, protease 55 E#8A1 8147 thF v]x] 2 Ao
ZHE FE28 A Ao Hafo] ol ES rlete] IR £
(AP #8)H v A 2H(AS £3)& 535 Zxstx &0 ¢
aheFtg o]-8-3te] 1 mg/ml FEE 2AE oh-S 96 well mi-
croplateol| 4] HA 3] A5} 71 Aleke] WE o)l A EFQ) K562
M, mouse] W AEFQ Yacl AE 2 moused] 78
A Z5Q) sarcoma 180 A Eeo th3 HEHEAS g A
3= Table 1, 2 % 33} Z2gbe). o) 59 x4 322 o} 4 EA
ZA(AS H8)7 ol N ERA B (AP 8#) 25F 1 mg/mL ¥
Eoll A Aol AHEg B E QA ZE st NEHAS
vebfi 2] ghgk e} #1219 3% 0.5 mg/mL sl A Alste]
Y mouse®} Wi 8 HA| EFo] FA1-& vieh gl 2

= mouse sar-

Table 1. Cytotoxic effects of soybean foods on human leuk-
emia cell line, K562 cells in MTT assay

ODsso
1 mg/mL 0.5 mg/mL 0.25 mg/mL
AS fr. 0.470%+0.003 0.494+0.008 0.519%0.003
AP fr 0472+0011 0.493+0.008 0.436+0.010
Soybean curd AS fr. 0.268+0.003 0.344-£0.002 0.464+0.017
residue AP fr. 0.299+10.070 0.406£0.003 0.472+0.017

AS fr. 02460010 0.216+0.002 0.213£0.003
AP fr. 020510.004 0.412+0.010 0.479+0.009

Control was 0.436+0.030.
Experiments were performed in triplicate.

Soybean

Doenjang

Table 2. Cytotoxic effects of soybean foods on mouse leuk-
emia cell line, Yacl cells in MTT assay
ODsso
1 mg/ml. 0.5 mg/mL 0.25 mg/mL

AS fr. 0662+0.013 06470015 06260012
AP fr 0666+0.017 0693+0.027 0.648+0.016

Soybean curd AS fr. 0.233+0.007 0.262+0.004 (0.64510.024
residue AP fr. 0.238*F0.008 0.330+£0.009 0.689+0.042

AS fr. 023720016 0212%+0.002 0.214%0.001
AP fr. 0.218+0.008 0.282+0.025 0.519%0.012

Soybean

Doenjang

Control was 0.632+0.043.
Experiments were performed in triplicate.

e

Table 3. Cytotoxic effects of soybean foods on mouse sar-
coma cell line, S180 cells in MTT assay

ODss0
1 mg/mL 05 mg/mL 0.25 mg/mL
AS fr. 0528+0.002 0.501%0.002 0529+0.017
AP fr 0544+0.014 0549%0.007 0.532£0.010

Soybean curd AS fr. 0.311£0.004 0534+0.012 0528+0.014
residue AP fr. 037720016 0532%0011 0536+0.015

AS fr. 02360002 0.211£0.003 0.285+0.062
AP fr. 0213+£0.007 0.505+0.016 0.563£0.010

Control was 0.542%0.020.
Experiments were performed in triplicate.

Soybean

Doenjang

coma Al Zef] 3t = | mg/mL =4 545 etdigl
o}, £174h9] A AS 3 E-3F AP 8% = F o5 2 u)xje] 24
off ulste] QEEA o] o} F 3tsl 2™ 0.5 mg/mL Fxe
A T 25 90% ol Al 27 AbEshs e B 5 s
o} fHAz 2] AS H 2 53] 025 mg/mL FEAE 7}
g A 2 EA S veh o) Park 5(22)8 ¥ wha A AAdE
f-2] 2|4l 3= linoleic acid?} Aspergillus sp. S°] HEo
= 549! aflatoxin B2} A& A staL Al Z o) it e
Auie] €A 2 A& Jehdcty FAs9 2, Cha 5
(23)2 A2 AR {74 FFHo] /\}ag} A E o]
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o] §-8-9 ethylacetate 8 3#(0.5 mg/mL 24 75~81
% 3 AA 83 fre] 2 HHAabEe] 353 hexane #5-(0.5 mg/
mL FEM 75~82% A 3A 3l)E i Aolzba dtg o
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Table 4. Relative proportions of AS and AP lipid fraction
from soybean, soybean curd residue and doenjang

Lipid components on TLC(%)
Origin"’ FS+DG FFA TG ES
AS fr. 55 89 68 718 70

Soybean AP fr. 621 804 42 234 19

Soybean curd AS fr. 175 138 94 585 08

residue AP fr. 543 8.2 72 296 0.7

. AS fr. 229 97 443 23 08
Doenjang

AP fr. 603 6.2 202 132 01

YOrigin: Substances on starting point, FS: free sterol, DG: dig-
lyceride, FFA: free fatty acids, TG: triglyceride, ES: esterified
sterol.

AP AS AP AS AP AS AP AS AP AS AP AS

SB bJ SCR SB DJ SCR

Fig. 1. Separation and visualization of lipid fractions from
soybean products on silica gel TLC.

The lipids were developed in chloroform : methanol : water (65 :
25: 4) solvent system. TLC plates were sprayed with (A) o« - na-
phtol-sulfuric acid for glycolipids, (B) Dittmer reagent for phos-
pholipids, (C) ninhydrin reagent for aminolipids and (D) sodium
hypochlorite-benzidine reagent for lipid with amide or secondary
amine.
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A= o} 539 A9 acylsterylglycoside ¥ sterylgly-
coside+= A2} 2] 949k glycosyleeramide 2o] 7} 48t
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ol ojste] HaE = A A BFA A Fo] 7t = o
Aupato 2 FaE A Qlak, FR, 2 So] A" A A S0l
A wjFog MzbEvt 9lo] AfellA] " A e APE
8 9 ASEE o] o} wlA ok fejx|uhate] we| grE
of glo] AR A EFAFEHE el A o8 A 5 Ut
v o] A FE Ll vA| 8 A - FEF el A 2} ]
S8 oF o] felAukate] HREO] Qe Ao RMAT G
eyt o} w2 o) wlEho] A EHAE o)A e AR
wol frelx 4t o] 818 N AN REE AT Bl

7248 5 ook w3 Aol A o AES
ARl A= TR e E7h hehA] dgrent Fo
B A5 A1 22 A 38k #1739 lipase W A v A EEo
Saho] Foluh ulx19] 2 alo] 7h4Raf=lo] fe) A utare] A
A Aol w2 A oA AP u s oFshan A E5A4 2
vhebd Aoz st 4 gled

eratztefof et lipide| &l

tf] Foll & sphingolipid2] glycosphingolipid7} ©}&F 2z 5}
o] &t A )7} 9l shed ok Sphingolipidis oFeze] ol 7}
FEE 2] oy ofekate]el <43} lipidE ¥ty
sphingolipid®} &1 & ¥ alsigdc) 7z 2828 04 N
KOH/methanol 2. 7}=#-8)8}] glycerolipid& A 73} 2 si-
licagel TLCZ #A13F A3+ Fig. 29 29tk Fig. 2A¢) A4
el vle} 2Fol fr. 1(chloroform : methanol=90 : 10)2] 7
§- 5% #4kg-H o] B34 d)Fol 4] monoglycosylceramide
2] Rfx] 9} o] 5= Rf=0.740 4} 31 &} spot—"— 2 5 gledeyt
H Aol A = glycosylceramide = g ub ceramide(Rf=
0.88)7F 571 A o2 »PEML}. A 573_ 22 AN TLC
°ll 122 ninhydring-}-& #5-3}51-& o 4= 2 8 2ol 4]
£ Rf=0.513} 049914 R} e} spot-g #&& 5 9l o
sphingosine ¥ sphinganine?| Rfx| ¢} v] 223819 3 o] Fof| 4]
= YebA] estoh(Fig. 2B).

A2 A F ofkdadel ol 9bA 8L ninhydrinel <k Q) R
A o] free sphingolipid?! sphingosine®]} sphinganine =+
phytosphingosine®} 22 E-#alz] etolw 7] ¢]5}o] free
sphingoid base& ¥ e]3}+ A 7§&v] <l chloroform : meth-
anol : 2 N NH:OH &§(40:10: D2 TLCE 33 )&
196 ninhydrin-§-} & ¥ %3191 & o Fig. 3¢ll4] 9} 7o) Rf|
7F 0.67 2 03714 B2} spote] vebytom 1M spot-d
phytosphingosines} ¥ 5:3}¢] 2u} 23 spot-2 glycosphin-
gosine?! psycosin® 2 ZX =gl w g} o] £ uix) 9 =}
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A)
Origin k
B)
R -
OFigin bt et e i
1 2 3 4 1 2 3 4 Cer SM Lac So Sa
DJ sB Standard

Fig. 2. Separation of alkali-stable lipid fractionated by silic-
ic acid column on silica gel TLC.

The lipids are visualized by spraying 5% H.SO. solution (A) or
19% ninhydrin solution (B). TLC was developed in chloroform :
methanol : formic acid : HoO (56 : 30 : 41 2) solvent system. Cer, SM,
Lac, Glu, So and Sa mean ceramide, sphingomyelin, lactosylcera-
mide, glucosylceramide, sphingosine and sphinganine.

E
Sa 4

Phyto

1

2 @ .

Origin i i A i i &
1 2 1 2 So Sa+Phyto
SB DJ Standard

Fig. 3. Difference of alkali-stable lipid fraction between soy-
bean and doenjang on TLC.

The lipids are visualized by spraying 1% ninhydrin solution. TLC
was developed in chloroform : methanol : 2 N NH4sOH (40:10: 1)
solvent system. So, Sa and Phyto mean sphingosine, sphinganine
and phytosphingosine.

o] )28 geetone 2 Z 25§ AP W ASE B8 oFetzte]
2 7Rl ate] TLCE vlsgt 4 on % Bx}eut AP 2

MEES

AS F- oA Fig. 4014 2} 7ke] 2709} spotEo] viepyt o
T A A= BolA wstr)
&5 27 9] ceramide, cerebroside %+ sphingomyelin®]
A1l W72 253 4 sphingoid base B 4] A WH4te)
AR oEe Je8de 2 o283 ) Fof 358 gly-
cosylceramide7} Aol ¥tg A 75l o) ceramide X
phytosphingosine®} - free sphingoid base® &g}
T AAE A Hsbe AR ggtazs J Fopal 4 gl
& FAY ok B AFolM = oy FF/e ”—‘?ﬁ"“ﬂ
ol & invitro A - ANAM Fo] A - EL 1 mg/ml &
ol 4] Al ZFA o] gle 7.2 vhebyk o vH(Table 1, 2, 3), Sc-
hmelz 59 mouses- ¢]-4-8} in vivo AP A= N2 glu-
cosylceramide”} -+-#2] sphingomyelin 2.t} th A2 o} A
35 A&t At oz e olv &% W WF
ol A elojits A Astas g ol AEe Ral 8o
2]& sphingolipid®] 7Hp#-3) Azets &+ glth $f o
HE 5 224 2]FE2] sphingolipid® F& sphingomyelin
o2 Zxst= ubd 5= glycosylceramide® &4 3p
E, 259 glycosylceramide®} sphingomyelin @ ceramide
o] A A4t 2 744 sphingoid base®] FAJ o] A £ v] 3]
AR gAde 2oy sl Sullards 5242 o 52
A1) glucoceramidase @ 2| 2] 843
o1& ceramide’} +2 sphingomyelin® 2 K-8 3& cer-
amide 2.t} ) AFekA) £ HT29 cell®) apoptosisE o 0.7+
dl o] A7} gledcta sl & Aol A fAke] A
ol A 7ol gHf=l o] 2l glycosylceramides= #8] ¥ o] &
gko] 2t A4stgd x)uk 22 Al A= ceramide ¥+ sphingosine,
sphinganine, phytosphingosine %-¢] A ¢ 244 el 4]
A4S /A7) w5 2 v A Bk invitro A g ol A
GA Eel] Al ZEAAE el Fx gl AR Yzhs

glycosylceramide &

Phyto #%
$ ¢
' 4
Origin 1 A, i il L i 1 1
AP AS AP AS AP AS So Sa+Phyto
DJ sB SBCR Standard

Fig. 4. Separation of alkali-stable lipid fraction on TLC.
The lipids are visualized by spraying 1% ninhydrin solution. TL.C
was developed in chloroform : methanol : 2N NH.OH (40:10:1)
solvent system. So, Sa and phvto mean sphingosine, sphinganine
and phytosphingosine.
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