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Antitumor Activities of Ketol Forms of Unsaturated Fatty
Acids from a Water Extract of Corn Grain
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Ketol forms of unsaturated fatty acids, which were derived from linoleic acid, were obtained
from a water extract of corn grair and their antitumor activities was evaluated. These ketols,
especially 13-hydroxy-10-oxo-trans-1i-octadecenoic acid (gamma-ketol), had more effect on various
cancer cells in culture than linoleic acid. In an in vive study, mice were implanted with
mammary carcinoma MM 46 cells intraperitoneally. Gamma-ketol given intraperitoneally cured
the cancer. Other mice were implanted with solid Sarcoma 180 cells and gamma-ketol or linoleic
acid was given by mouth. Gamma-ketol inhibited the cancer, but linoleic acid did not. Gamma-
ketol was evaluated for mutagenicity with Selmonella typhimurium by the reverse mutation
(Ames) test and the chromosomal aberration test with human lymphocytes. Mutagenicity was
not detected. These results suggested that oral administration of ketol forms of unsaturated
fatty acids may be an useful treatment for cancer.
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w3, L L, TOADEREECRIH LTOARED
h2b0THY, TLHYEHRTE, ROBL~OEE
BEPMEES CHD LRESR TV

&, ZEHIY 2 —ABEEO Y P — A BTRENE
J5EEDS in vitro IR WT, Y 7 —rEBRESAEREE
HELLEWEWIMRLE, XHK invive WK A

HRVARL LS, BORSETEHTHS LOBERY

B, Fie, WEAOTIREMELED BRYCERFER
EAd4T\, Bk DEELYBLOTCELETRETS.

£ B 5 X

1. #3858 72VHEFV=2—v (Zeamays
L. var, indentata STURT.) %# » 2 —3I 22T 0.3
mmopAZY —YEHETEE TR LE-L 0RFEH
& L. ) o

2, HEEEEPROBHEER Figl cFRz
F L. Thbb, - viE4y 50kg % 250/ OKT
Tl Lol E@C pHS REE L. BRI Vit
R 860 g 2184, ZoRBHRER=F o THhiil,

Bl = BT L b DM RIERET 5 - LIk DE

EHY g ’55'{%7‘:. 7

Ground Corn Grain{50¥g)

|~ axtracted with water{2501)
extract solution

- adjusted to pH3 by adding HCI
cantrifuged .

—
sup. ppt{8608)
l— extractad with AcOEt

AcOEt extract{44g)

= silica.gel column chromatogr.
eluted with hexane:AcDE1=T7:3

Fr.1 Fr.2 . Frn3 Fr.4
(1€5,=85) (1C50=34) - (1C;9=20) (1Cs0>200)

recrystallized from recrystallized from

hexane:AcDE1=5:1 hexane:AcDE1=T:3

at -20% at -20%

colorless crystal (264mg) calorless crystal (116mg)
{a-ketal} (1C50=10.0) (y-ketol) (1C<5=2.9)

Fig.1. Procedure for Isolation of Ketol-Formed
: Unsaturated Fatty Acids. ICs, The

concentration (pg/ml) which caused 50

% growth inhibition against P 388 mu-

rine leukemia.
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CDEENSEEY~F Yy v Ef=FA=T:3 O
BA B CFEEL Lz Wakogel C-300 900 mi (30 X127
mm) ToE, BEECChTLs < bETW, 27
AFEY 2 —AD 2.5~4.5 FREOBHHEEEES &L
TEMR L, BERELR (0.78). ZOBEREDE~TY
v fEE = =T 3 OBRABHEREN L —20°C TR
B35 Lick VERMFHT 20 TERLERIEMRL,
RAEoRfFTOEER Ly hiEbhicffd (116 mg)
A1l & L. ¥, WakogelC-300 &% % 74
se<  EOHFAFY 2 —a 10~25 ZEOESD
Bty 3.58 H bk, R~y v El=F
r=5:1 ORAEEY AL RHEOBRETHER (264
mg) %12, LAm2 & L.

fb&t 1, 2 %% h FREERSH LcER H W
Gardner @4 = & % 13-hydroxy-10-oxo-frans-11-
octadecenoic acid (y-% b — ) & 9-hydroxy-10-
oxo-cis-12-octadecenoic acid (a-# b —n) A7 b
w—FH LoD C, Th¥Eh%® ;-5 b—a, a4 b—
nE LTUTFoERfE L.

3. in vitro HEEFEENEE <7 AHOFEA
Ja P388 L S5ffioe MEM KB (v b SUETE L.
MEN-28 (e » §#), NUGC3 (e b+ § D, MDA-
MB-231 (v F 2%, BT-474 (v + 7)), D67
oy v C FEEEEE & WE Lic. jobk, KB &
MKN-28 13 [ EE A eiREME L 0 #i5% Zidi
AR A L.

BREL LT EETBECLIBELRL aF b,
= b—n, HWBELTY/ -V (FHFAITAZ,
HiEE 99%), 5-FU (RIEKER) RAwi.

P388 {3 5x10%, b hIBEGHIFEL 2.5% 10° cells/well
i s X 5T, 96 well-microplate ifffil, P388 &
2 BEE, e » BN 24 RSB L.
204, 5% CO, F 37°C ¢8 AMNIZEL, HIERT 4
EERIffic MTT[3-(4, S-dimethyithiazol-2-y1)-2, 5-di-
phenyl-2 H-tetrazolium bromide] #¥FINL7A. KT
$EEw R R 150 plfwell ¢ DMSO %4 well 2
%, ERUET 2 4= F vOREEYR 540 nm 2 THE
L, #prEwiEIESR 50% B 1C, RRdic.

4., HIRTRRE - Salmonela typhinurium TA
98 #, TA100 i HLiBRETRRE (Ames Test)
% Bruce N.Ames bOFEMCH»TToT. WEE
LTHgEAl 5-FU (RUEsE), Fev o ¥ vIERE
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(Sigma) ZRWIC. =

5. REHEFRRER  ~) VISREmZ Y ¥4
SEEER (d=1.077, 7774 7A7) CERL, &
St ) v AREIERE G% FY i)ty
RPMI-1640) =hiz 2x10%cells/ml i’ X 5 F@SL
fo. TDY v ARFERRE, Y Vo ROGELCERB
b Phytohemagglutinin-P® (DIFCO) #%.20 pg/ml @
S5 ORI LI 37°C T 48 BifSRERGEREM
X, EhiELHY 24 B EERERT LEE
oy (R L. % h % h ORIAT SERIC 0.2
pgiml © = Ak § FREM Uk, ZRERE TRE4E
HoL hERELL.

WR L LCHEA K3y vy VIERHE (Slgma) b
4 b=A v C (BHMEELIR ZRVI. ;

6, EimEE (1) =REMP:ICR =y = (4
B4 R), X C3H/He vo & (43884 A) (B
= A=y —BRER) B AN REE SRR
L7 )

(2) REMEE: <9 AW S180, HXVvy AL
& MM 46 ¥ hth~ v ABEN TERBEL A
FEi

(3) BOHESEREOREE 4% =—-rBRT MY
» 5 (Sigma) KERCHEBEHELZMNZ, 60°C MESF
Toig LARES TRE L. BRPEE LT
= h—n ERBELTY —AEE(FHTFATAZ,
HWipgs 99%) ® W

(4) BEENRSRRERANE:20) =57 —r%

&L VERRABRRERCSTY b — B REIRIIR TR

DT RE L.

(5) BokBESCN3 BEMAEE - CaH/He <

v ADIEEEPIIE MM 46 % 1x10° cells/mouse HHA L,

ZoBE»LEAY1H1E, 5 HEEEEERTES

Lis BEIe B Lk BLUBOEE B S LHIESES
Baumdse e L, B5R () LERSH (O
DR B DEAR : ILS=(T/C—1)x100 25
H L.

(6) lﬁxﬁi%l‘.ﬂﬂ'%ﬁlﬂu%ﬁ ICR =% % (5
Hpp A 2) OKEBHME TR S180 % 5x10°cells/

mouse Bil L, EHBME 7, 9 11 EER, RiexY -

VR TENEE Lie. B5HUBRERESEH TR
EL, HEAR EEXERXETFD k», Con-
trol B (Vehidle #5%) wHT 25 ZEHE Stu-

o KR L DB Rk b — A ERETRER O KEEE 1413

dent’s ftest) TEEAHIE L1
= -8 & B

1. & LB RR#IEIERD in vitro ([CHT B
FEEE

)/—»@@ﬁ%ﬁ%fﬁ&#b-»@?ﬁﬁk%ﬁ
L, V7 —AERE LU 5FU & ofifuiEmERiR Ok
% A MBI T i vitro WU L. Table I
RS L35 b o b — o BIEISTAL O KBTI a-p b
— M = b — A DR S BEEAEN E, Y
b — i 6 EEOMBITR L ICs, fEAY 3.9~18.6 pgfml
THD, V7 —AERICHAT 5~10 BOEEER L.

B BRSO 5FU L ok#TR, 5FU &
P 388 = MKN-28 joxf LIEE i\ a2 R 3245, BT-
474 Wiz & ElR RE T, MR REYN BB O X
L, 7—7 b — 2l 6 OB T Cisis — R
A~ L.

2. ERERHR

Salmonella typhimurium TA 98 #, TAI00E%H
WABIRERRB T, SIMix FET, FEFEET LD
1= 0. 25~5 mg/plate DR RS LR, i
PR X BBRER 7 v = — O th&#o
7= (Table 1D). —7J5, 5-FU (5 pgfplate LL1) ¥ %
Ay R (L 4pg/plate BLE) 13 S9 Mix aFﬁTEE
Tf%ﬁ%ﬁ%vn*—ﬂmﬁﬁLﬁMLt

3. FREHRERR _

v RIS Y v EkA RV RAaRERBR T, -
b b — 1.25~20 pg/ml OFIFECHUE LR, 5 pel
ml T euiatREraned, BEEREALT
Xipinote. Eio, 5pg/ml L ECIIHIREELA DR

Fhrsl, BEOBLYEER (Fe2revy
Table 1. Antitumor Activities of y-Ketol, a-

Ketol, Linoleic Acid and 5-FU against
Various Cell Lines

1
Cell lines . C;o(f:g/ml)

r-ketol a-ketol LA = 5-FU
P38s 3.9 10.0 42,5 0. 072
KB 15.2 44,6 75,4 0.8
MKN-28 4, 4 19,1 34.8 0.27
NUGC-3 11.0 NT 74,4 1.2
MDA-MB-231 6.9 NT 70.7 4.7
BT-474 18.6 NT 120 - >50

LA, linoleic acid ; NT, not tested.
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Table II. Induction of Mutations by y-Ketol
in Salmonella typhimurium
Revertants
Concentrations S9 per plate Judge-
({mgfplate) Mix —————. ment
‘ TA98 TA1L00
Vehicle — 27 122
7-ketol 0.25 — 21 124  Negative
0.5 - 23 119 Negative
1.0 - 21 102 Negative
2.5 - 2 %¢)
5.0 - 0 *
Positive control® — 143 612 Positive
Vehiele + 36 140
r-ketol 0.25 + 30 141 Negative
0.5 + 25 128 Negative
1.0 + 25 116 Negative
Positive control® - 24 980 Positive

8 4NQO 0,025zg/plate; ® B[a] P 2,5 pg/plate;
o * Growth inhibition of Salmonella typhimu-
rium.

wEE, <A bv4 ¥ C) HREaFERFEOEEEMN
HEd bd- (Table D). '

A 7k F—RLO in vive CHEBHESER

In vitro BB THEEOE, - ¥ 2 "‘zﬁﬁb g
in vivo aﬁ%ﬁén -

BAKREES (MM 46) B~ v ARRETHRELHN
JiE B 25 mgfkg/day B 5T 247% L EOEGEE
5L, 50mg/kg/dey 5B CRIEATE 336% HET,
WsR i § Ti 4 ECEE © 52fkE hic (Table
V).
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Table IV. Intraperitoneal Therapeutic Effect of y-

Ketol on the Survival Time in C3H/

He Mice Implanted Ascites Formed

Mammary Carcinoma (MM 46)

melel  Lif t (days) MSD ILS
(n&g)glf ife spant (days) SD+SD (%
0 13, 13, 14, 15, 21 15.2%£3.3 —

12.5 -13, 16, 16, 17, 18 16.0x1.9 5.3
25.0 14, 55,>70,>70,>70 752.8 >247
50.0 . 51,570, >70, »70, >70 >66.2 836

t Life span after implantation ; 70, 70days sur-
vivors.

¥7:, S180 OEMEH R3S - b A ORAR
ETORER Y/ —AREE LRl Ui, BREBEE 7, 9
1 AR ;-7 b=/ — A% 800 mefkg/day 5
SEE USSR, )/ - BREEET Y bR B
RSB Licat, -7 P r BERIAEEY
4 > CIESOMELIE L. ¥, A E LTHY
-2 —nf Na LIESOBRACESTRIESEH -
(Fig. 2). :

foks, peu b - OEMEBEC 2 W TRIEERES
PEA LDy=125mg/ke, FEIHEOHAE LDs>2400
mgikg TH -7 : -

£ 2

M.E.Bégin birERAmdles+5 C18 BB
DHEEENTLHH, T OBRIENTEOMREES,
—EEAOK, B, SMSNRCERE TS LHERL

Table III. . Effect of y-Ketol and Other Anticancer Compounds on the Chromosomes
. of Human Peripheral Blood Lymphocytes
Concentrations ‘
Compounds (pg/ml) Gap Break Exchange Others . Affected cells
7-ketol 1.25 2 2 1 0 3 '
2 2.5 2 1 0 0 1
5.0 0 1 1 0 2
. _ 10. 0® “Toxic ~ Toxie Toxic Toxic Toxic
Doxorubicin- - 0,01 19 37 4 0 31
hydrochloride 0.02 17 69 12 0 51
’ 0. 04 ' ' " 88
‘ ) Mitomycin C ° 0.025 0 8 2 0 8
0.05 2 24 4 0 24
B 0.1 8 54 6 0 44
_Vehicle 7 1 0. 0 1

) Toxic effect was observed ; P

Impossible to count because many aberrant cells are recognized.
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400 QO Re Tréatment(n-ﬂ) B
A Control (Vehicle) (n-9)
V 1Tnoleic acld(n 9)
- "0 y-ketol{n=8)
"E 300~.
E
2 -
w200
o
= % = o
2 & 1t " A
L 1 I -
100 : treatment{p.o.)
* p<0.05
e R pgd, 001
04 W versus contrel group
] | 5 e I
e 7 8 g 10 l'l -12 13
;i . Days aﬁer Tumor lmplantatlon
Fig. 2. Comparison of Inhibitory. Effect between

- 7-Ketol and Linoleic - Acid on in vive
Growth of Sarcoma 180

rxb,&%lﬁfd@%ﬁt<z 6EOLDIY 3,
4; '5"'@03%@@&575 PRI EWE, i frans X

b cis BiEEDES ﬁﬂ;'fb%iﬂia“é% ELTW-3%, BEHL
b MRS OB A BRIt 13 & .15 00, T
MRBROBE 03 A0 L OB GBS EERE T
BEREVLTE Y, IS AEGOR TEESES
2hs o L-rbrréifh'tb 5. .

C SEO in vitreo RBROEE, V7 —-AVBIEETR
a&gm -7 b=k, V2 —a @k:thr{ﬁﬁgﬁ{@
M E~10 fictr - T D, AEFA7 FABENWT &
REEREZI NI, -4 b— a2 iR 5FU roklEc
3, BETE LT -7 P =g U ik E R
LOERET LTS (Table D). %7, HifpERcs
WCh Y 7 —BINESDTE>1EARET, 1~ b—
MEEEER L, LU V7A@t cs Bo—E
EENR2DT 06 FHITHEORML, T y-7 b —
WL trans BO-EBHEEMN 1O C 6T RIICHB T &»
B, Vo—nERLD p=¥ b — 2D BFEEEE -
LW TCILRES, —EEG0R, LB, LT
RUADERZ LI 23 0EELLRS.

~A FeFvBiERicowie—Y 2 E¥Y —OHE
BiEtE DAL L LT G.F.Townsend ¥z 1 b, #
— VERERRER L W TR Y 7 Y X r DB
iz Hela Hifaos@psfHEHE L | C H. Kawagishi

= — VKBTI VBRI P A BREMBERoNESEE 1415

AANAANANCOOH

Linolgic aeid

—— Lipoxyganase

'\/\/\:&/\/\/\/\/COOH

9-hydroperoxy- rrans-10, crs-12~ar;tadﬂcad|eno|c acid |
N e Hydroperoxide Dehydrase .
NMAASARRAANL 00 H
0

9, 10-epoxy ~rraas-10, ¢/s-12-ontadecadlanaie acid:

{Spontaneous) .
OH

L AAAAAAANLCOOH
0

13-hydruxv-10;oxo~ .rr.m.-.rﬂ%uadaéanoic aeid (y-ketol)

| OH |
AMANSAAAANA COOH
0

9-hydroxy-10-oxa-¢/5-12-octadacanoic acid (s-ketol)

Fig.3. Reactions Catalyzed by Corn Lipoxyge-

nase and Hydroperoxide Dehydrase

B X PMEShTWA. i, HREEREIhEHE
iR, ZORRECHERBEEGTRT A~ FrxvF
PMIEIEAER T 5 & v HER WL B D, KEE
27 P vEOMFER, - r-—»a;iﬁ?ﬁmcﬁs- LT
WAAREELEL OIS,
- EBOBERBER OB D b LRSS TH B
o, BEL G EFHESA, HERRSEELIEDOR
TULBUH =5 b — BT L EREES R E N
5 LHEEB bR (Table 1L, IID). RBFEHACHE
BEHAWE T E OFBHNE, DNA wiffRTakns
BoRERRCOERFEERBD bR, -7 b~
RIIED DR D¢, ZOVERSR DNA tidl
W EAREE R -V 2 v vEBORERIEEREO
YER#{Ewco\~C F. Fujiwara Bk, y-V / v vERHE
AT DA E ek, AREEOIREZ e X bk
BREEESNET D LHEIO LTS, -7 b~
MBI A b oBEY 5L EEFER2RE LW
BUHEMEIRE L bR, FRBFR S L TRSBRIbRE
HTHUERDD.

Zhboyr b~ VERERIEBEL, = — iy
EEEx 2 - LB IRtk 0
ZEib, a-YREETh3EEDY / — N, M.
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Hamberg OIHRESCHB X 5K,
FI—dBBITAA Feit-FdF5M FFe FF D
kb Fig.3 TRTRELZET, KubPrERLEL
2 oh5b. EHELSORBHEEDEOF KT
W, BE A 2 AR EOREBREESEKIE IS 0N
LV, FOZERZhEFTI—VEEDY F—AEFR
ﬁﬁh%ﬁ@ﬁ@ﬁﬁ&hﬂhfﬁﬁ&#k%of —B
tEZLRA. 2 VDY) EroyF—RY s —AEB
O YLORFEYBBATHH, RERTA7 747 7D
Y v o — Eik 18 Lo RELBELT 21D
%h&mﬁi%mbhﬁﬂor%_w@Tﬁﬁh%
mﬁﬁaha Ewitn. ik, ThOOEETY /-
)b@u,ﬂr’ 1, cis-l, cis-d-_ v xFho= /Jﬁ'&ﬁ HEo
SPEEIT L CREMHE Ceanabh T30
G, y-Y 2 v VB X 5 BRI 0o Th B
%ﬁ%%b&ghfham%m%ﬁﬁ&ﬁﬂuiéau
EEOMWLAHEBOhIMEELSHY, TOIEK
ouf$$bmﬁﬁﬁaﬁ¥ﬁ%6.

= £

o — v OREESTEN B LR 7 b — A BTREE
W O EEEEOFHmEA TV T OEREHE L.

(1) In vitro RBROEE r-r b—aid) 7 — 1B
A 5~10 EOEEAYR L, HEEASZ P AW
= ERED bR

2) r&b—»ﬂﬂ%%ﬁhtﬁﬁﬁ%ﬁ%m%b
CERERYERET, ¥, v FREMY voFRCH
LThLIEEREYFERE LW SRS
- (3) Invive &is\wT MM 46 DBKBIEHEG~
Y AT S -7 b —r 0 BENRS CEED ELHE
ENB BT, Eic S180 BREREE~ v A0&ER
ﬁ%ﬂtrvbewwﬁﬁﬁﬁmﬂﬁﬁéﬁLt.
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