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Antimutagenic and Anticarcinogenic Effect of Sorghum

Young-Mi Kweon and Kun-Young Park

Department of Food Science and Nutrition and Pusan Cancer Research Center,
Pusan National University, Pusan 609-735, Korea

Antimutagenic effects of some cereals, legumes and oil seeds were studied using Ames
test on Salmonella typhimurium TA100. The methanol extracts of brown rice, sorghum,
black seasame, white seasame, and perilla seeds effectively inhibited the mutagenicity
induced by aflatoxin B; (AFB,). To separate and identify the antimutagenic and anti-
carcinogenic compounds from sorghum, the methanol extract was fractionated by using
various solvents such as dichloromethane, ethylacetate and butanol. Among the solvent
fractions from the methanol extract of sorghum, the dichloromethane fraction significantly
reduced the mutagenicity induced by AFB, in Salmonella typhimurium TA100. Using
eukaryotic cells of C3H/10T1/2 cells, the anticarcinogenic effect of the methanol extract
and the dichloromethane fraction of sorghum was evaluated. It revealed that they inhibited
the cytotoxicity of the MCA and reduced transformed foci induced by MCA.

Key Words: Sorghum, Antimutagenic, Anticarcinogenic, C3H/10T1/2 cells

4ol B Rabgo] vmd Hora Y4
N B AV AHE ASH HAE Gehiel, Auelate
Glolg 2 HFY Heolk 2ot
2T S AARe DU Y ATH 24l A Gl A% JEATN dgHom
of glom, o2 %k FRIA AR Y & 5 4 ol AFsAo] & AL AR Akl T2

.l

Aw o) whye] FAs) Frulsla ek B3], & dlA Sof Q= retinoid,” carotenoids,™” phytoche-
of 13 Aol wd Frbsta®? gl7lell gtel]  micals” B 7E—°c AFTol Tt dggt o)
Wartel Ay Fdwle] oAl ek, Ast  FULEE dwA Aok zEln AEY ) §5q
3 =3 qAEd 52 HE FAHAAE HAAstE o] g@i—‘—_— porphyrin, fatty acids, polyphenols,
QA7 Bibs] AAMHZ Qlek oleldt Melsl%s sulthydryl 3HAE, AalE, Ao AL So] A
o] 9= Aoz oA g 9_13467)_-_1::11-,] =02
A7 A, @ 609-735, A FATF AAE 30 AFW EastE xAY 2w uepm 0 g
Pt 4 Eotat A SN Edulo] B o] Helz v

O
o

ru

N
o
ror

r
O

W




A Oiu]

Al O

SA 3 gleh.
o)XY HAMF, LA, WEF, o} F, AR
& FHoz gEaiue] 3 gzt
7} el o] FolA L g W BE, %

ol
2
=
ot
rO
44
flr
o
2
)
A
st

o

AC
=
L
lo
wo ox

oX o J & Ho ¢ o Hu 2 oft

AAgds AT o2& R FRN I
o gEde] 49 f¥e o 4% AR
He AL e dvigls delzt A =
© AL o] wobd #Ud AHAFAH
2l 24 BAEo] deksiA bdF AL 7bE
= HAAE, Fe AN Wl AAde
ol B ALK HHste AFol7] wiFel
I AAAL 2L T 5 S Aelga A
ZHeleh. shARE AA| Fipell Wit FAHY AT
T BA A, 4 #n)Pe ghEainio] B4
gk e, o] shEAelddl mE gEcide] &
A" 25 8l £57o) ol B4 A
A Jem FH gf el B s
wol A4 oAAEat 240 Fo| A7} et

T (sorghum)¥= o] Sorghum bicolor (L.)
Moench& 4] ZEobEHCERARN Sl ddA
z8oleh” e 4, U, S5, Bl dgez
Akero] Be 8252 A" 744 100 g7
WA 109 g, AW 32 g, SshE 73 g, 2404
T 23 g ¥ 16 g, ZF 2.7 mg, 4 43 mg, E
obu] 0.3 mg, YolAl 2.8 mg, 2] 224 0.138 mg
Tk gich Yk o g grame) chalA jhek
4, Be), W, Shsug 2 Hoth!? w4
At 24 ST A9 AR, linoleic
acid (49%), oleic acid (31%), palmitic acid (14%)o]
al, o}&loll% linolenic acid (2.7%), stearic acid
(2.1%), arachidonic acid (0.2%)7} #-8-5o] 9t

Fp= F9 FFHE FollA] tannin (polymeric
polyphenols)& fste U3 AEoltt. &
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stagiAak, 2k Fxjubo] condensed tannin
7}Act. 42 F3  flavonoidst flavanso]
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cyanidin 2§41} flavonoid compounds$} 723}l 2]
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1) TE: 2 (Oryza stiva L., Rice), ZH 2](Hor-
deum vulgare L., Barley), £ (Triticum aestivum
L., Wheat), 5=5=(Sorghum bicolor L. Moench, Sorg-
hum), X}Z(Setaria italica, Glutenous millet), %
(Vigna angularis L., Small red bean), Zl7l(Sesamum
indicum L., White seasame), 71 7ll(Sesamum indi-
cum L., Black seasame), S 7 (Perilla frutescens var.
japonica Hara, Perilla seeds)& &8 H&F 39l
ZoflA AR F2] SFAEEA FHANA Yt
o] Al g8 Agsl9low, #n)(Oryza stiva L., Brown
rice), &F-(Coix lacryma-jobi L. var. Mayuen, Job’s
tears), ‘=¥+Z(Glycine max L., Yellow soybean), 7
A Z(Phaseolus vulgaris L., Black soybean)-2 A<l
A7 AFAEAA] FUHAF LADdlA F715H
o2 Mg AL FYste] A-gskict

@ ARQ HEE FEE: A5 & FAG
¥, 52 Zzsla 43 ok, A=AE F
20:09] wigh-ES Hrbsla 1242 anbg 23] ub
Hato] ogbE FEES Aot o)A A4
A L5782 538 3 dimethyl sulfoxide (DMSO)
o] Fo3A Aglel] AEstch

0 49 BHE ME S4E +Ase 57
Azsta B3 £ n-hexane o & 33 FFelo]
G2 A 71 %, 2b4he] 200 ] MREE R 33] Sanb 3
Zslqich ol AL A4 AFEHIE o] &3]
At FET 3, A gFZ 2", odolA
olE, Xet-g g F2 F33lo] FFHA|7A, DMSO
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(1) Ames Q10| FRAH®

O SHHOIR/WAY; Aflatoxin B, (AFB)-&
ZHEdolhe R wF SigmaAtella F4]slo]
dimethyl sulfoxide (DMSO)ol] =of A} A}8-3}93ic}).

@ S9 mixture EH|: ZHdEAH) NS B3}
A1717] 913te] Maronz}t Ames™2] uhwoll wle} 7b
2] microsomal enzyme mixture?l S9 mixtureZ =
Atk oF 200 go] -4 Sprague-Dawley#] 2
9 EE FEE Y3led Aroclor 12542 com oil
1 mlg 200 mge] =7} =A g 4eto] 13] &7
FAFSFIL(500 mgkg) 59 Foll & A&edct
£C 2F Fefeld MEY 7+ 015 M KCI £
o2 53 Axsln zF FA 3wzl 015 M
KCl £°8& 7}sto] homogenizer (Potter-Elvehiem
apparatus, U.S.A)2 FA3Lstglr). o] AL 9,000 x
goll Al 1027F 914 B-2lslo] A5l S9 fraction
£ At o] S9 fraction 1 ml, MgClL-KCl salts
0.2 ml, IM glucose-6-phoshate 0.05 ml, 1M NADP
0.4 ml, 0.2M phosphate buffer (pH 7.4) 5 ml 3 &
T F7T 005 mE 27 Jro g ETghslod 9
mixtureE Z A|&}9d c}

® ssoitio] AEY®

7t A 29| SM A E(dose response test): A] 2.9
Tl e 54 §75 AR A Aas
Aol A-g217] Mol SHUDG Pehol S4o)
e ok deldeld Ao HAlsEs 7
A3ksich w2 HFH cap test tubeol] top agarE
2 mlA B3 X FF 100 w9 4= A2 100
ulS Arbslol 7B A vortexdt &, nutrient agar
plateol] 55, SLZFAIAH A 37°Coll 4] 2427k ok
2 e 3 S4 §55 Bt

Lb. SE0iHH0| HE: gEAHe] UYL sal
monella typhimurium TA1007FE o] &3}o pre-
incubation test’™®E s}%ict}t. 0.5 mle] S9 mixol] &}
Zab uioket F3(1~2X 10°cells/ml) 0.1 ml, 3]4]
AlF 50 w9k Eoiwo] HUEA 50 ulg ice
bathol] 71 cap tubedl] 7}sled 71 A vortexs}
3, 37°Col A 2087 o8] el eksldct. 45°C) top
agar 2 ml¥-& ollu] wiokat 7} tubeol] ¥31 327}

vortexs}o] minimal glucose agar plateol] Ehs} 3
37°Coll A 48A|7F wljokal & revertant SRS Al
skich g, dyol Ag% A8t Sdue] &
e FEE o)A (dose response test I
AT B3k AA S

o] A g3t A X (inhibition rate)= o}

e Aol oo AlsroATh
Inhibition rate(%) = 100 X [(a-b)/(a-c)]

3714, a Fdwlolfell 2 FEH 2E
Aol be AIRE Xl E W) S
Holo] oln, ez Felo)Yat A8} 9l A
F-2 2kl EFEdel Fojct.

(2) C3H/10T1/2 cellOf| M 2t3}iH| AlH

D C3H/10T1/2 cell ¥ HYH, A3dol] A}£3)
mouse embryo cell®] C3H/10T1/2 HE= A%
FoWAeUtE gdithez e AFuwgl
o} A|EE= 100 unit/mle) penicillin-streptomycin}
10% fetal calf serum (FCS)7} 8% basal medium
cagle (BME)S Ab-g3}o] 37°C, 5% CO, incubator
ol A wieFaidct wieF Q) C3H/ 10TI2 AEE
YFYol] 2~39 refeedingslil 7~8Y wjoksl =
PBSE A% 5 0.05% trypsin-0.02% EDTAE
2| AltjeiedsluiAl Aglell A-gebgict.

@ ME SMAS; Cytotoxicity testS] A& ulw
£ C3H/10T1/2 AZEEZ 2,000 cells/5 mle] %52
60 mm disholl scedingslir, 24X 7F Eob ujjokal
= kN8 Wl free serum mediumoll 3-me-
thylchlolanthrene(MCA, 5 ugiml)g} A 8& A7}t
% 5 ml¥ 60 mm dishol] feedings}i el 3+, o
Z7-ol+ MCA% DMSOE A 7lsto] 244
st APTI H2T-E 10% FCS7} 3%
A8t WA & refeedingsld A YF U mijok &
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e 2 oldoz 38 o]F cell colonyE Al
slod olell FAloll whz} C3H/ 10T1/2 A Eol| thst
cytotoxicity AL E 27819}

Number of surviving colonies
on treated dishes

Cytotoxicity =
Number of surviving colenies
on control dishes
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gt F 24417 F3F mFslch wiokel g welm
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3L 48417 Fb wieksla diz ol MCAS)
DMSOE #H71sloich. AlZE A& refeedingdt
L 79 7HH o2 AlE refeedingsld A 637} 37°C,
5%CO; incubatoroll 4] efokslict 1 & ojel-g- 7
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I, I & FF3ted AlFeiict

@) S BY: dzsH 4 AsEEYY o
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AFB 8] Fadwie] 8418 714 ZA Al
TTB6%)% Hu(60%)AL, FAF FollA
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| 75 et A8 E FoldE F
A 2 gEdde] EHE Y & &
t}.
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Table 1. Effects of methanol extracts (2.5 mg/plate) of
various cereals, legumes, and oil seeds on the mutagenicity
of aflatoxin B, (AFBi, 1.5 upg/plate) in Salmonella typhi-
murium TA100

Samples Re;ﬁf:;‘“s/ Inhibition(%)
Spontaneous 106+ 1'
Control 1162+91*
Brown rice 534+ 38¢ 60
Rice 935+ 46° 21
Barley 1076+ 24" 8
Cereals Wheat 796 +18° 35
Sorghum 255+12 86
Glutenous millet 866+ 1° 28
Job’s tears 760+ 2° 38
Yellow soybean 760+30° 36
L Black soybean 870+29° 28
CEUMSS  Small red bean  1022+83° 13
Peanuts 644 +41° 49
White seasame 957+ 16° 19
Oil seeds Black seasame 464+11" 66

Perilla seeds 502+40" 63

lV_aluf:s are meant SD

““'Means with the different letters beside data are
signigicantly different at the 0.001 level of significance as
determined by Duncan’s multiple range test using SAS
system.

Table 2. Effect of methano! extracts of sorghum on the
mutagenicity induced by aflatoxin B, (AFB,, 0.15 ugf
plate) in Salmonella typhimurium TA100

Samol Final conc. Revertants/ Inhibition
amp'e (mg/plate) Plate rate(%)
Spontaneous 102+14'
Control 798 +27
AFB; + Sorghum 0.63 320+56 67
methanol ext. 1.25 242 +39 80
2.50 153+ 4 93
'Values are mean=+SD
o) F4M 232 sl 67le] BT Ak

250 dEdule] #4E gotry] fst
o} Ames A% ¥ A%, PYEES AF 5=
0.5, 1.25 mg/plate H7}A] I:]Z-Eiu“}z}. ;g B
30%)°] 87%%k 95%, oll&lotAlelo] (& 3.6%)
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Table 3. Effects of the fractionated samples from methanol
extract of defatted sorghum (0.5, 1.25 mg/plate) on the
mutagenicity of aflatoxin B, (AFB,, 0.5 ng/plate) in Salmo-
nella typhimurium TA100

Revertants/Plate
Samples
0.5 mg/plate 1.25 mg/plate
Spontaneous 116+ 4 106+ 1
Control 1095 +24° 1162+91°
Hexane fr. 672+65° (43)' 41528 (69)
MeOH soluble fr. f
+15° +16%
(MSF) 37715 (74) 181+16° (93)

Dichloromethane fr. 239+26 87) 163+ 1% 95)

Ethyl acetate fr. 226+22%(89) 1474 6 (97)
BuOH fr. 912+99" (18)  782+18° (32)
Agueous fr. 1011+10° 27)  831+46° (27)

"Inhibition rate(%)

““®Means with the different letters beside data are
significantly different at the 0.001 level of significance as
determined by Duncan’s multiple range test using SAS
system.

A4S o= AX A=A E FA 8 cHTable
g dlebs 2258 25 pglassay HIMA] 23%
IEN}E vebY o} 50 pgassayoll A& 49%
5 el 2e2ln gER 2
B3P E-S 25 uglassay, 50 ug assay H7}AJol| Zhzt
49%, 83% 9] B3 EHE vlehHolA] olE FEF
o] MCA®Q] C3H/10T1/2 cellol] )&t cytotoxicity &
AW Vg AART UeE ehigich
35 C3HIOT12 cellS o] &5}o] ubokel MCA
o UE o) WBe 22T qFede
B3 8o uiehd AAINE FA 3 Ao Table
59} 7k
Hiokel Eo] A¥ YAE transformed focis
Type I, Type 1, Type I FE-3}A = =dl, Type
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3 gz adw JES AR s A AR
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Table 4. Cytotoxic effect of C3H/10T1/2 cells treated with 3-methylcholanthrene (MCA, 10 xg/ml) plus different levels
of dicholoromethane (CH,Cly) fraction and methanol extract from sorghum

Sample Final conc. ( ug/mil) Cell colony Cytotoxicity2
Control (MCA) 443425 1.00
MCA + Methanol ext. 25 54.3+2.1 1.23

50 66.01+2.6 1.49
MCA +CH.Cl, fr. 25 66.0+2.6 1.49
50 80.7%5.7 1.83

1
Value are mean=+SD

Number of surviving colonies of treated dishes

szlotoxicity =

Number of surviving colonies of control dishes
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Table 5. Inhibitory effects of the dichloromethane (CH:Cl,) and methanol extract from sorghum on the transformation
of C3H/10T1/2 cells treated with 3-methylcholanthrene (MCA, 10 £g/ml)

Total number of foci

Carcinogen+sample

Type 1 foci Type II foci Type I foci Type 11+ Type III

MCA (control) 47+151 7.7+£0.6 93+21 17.0

MCA +Methanol ext. (50 pg/ml) 3.0x0 4.7+0.6 7.0+1.0 11.7

MCA +CH.Cl; fr. (50 xg/ml) 43+2.1 50x1.0 63+1.5 11.3
'Values are mean+ SD
G Aol tigk ATt wel WaElx 23 9 3 skgleh 3 ZEPL SOS chromotestE o] &
Ak, ol2id AT RES &R AR, olol 4 TR TH FF 0% dlgE =
NZFTW oA g2t ) sAFEoR o f 2B Weld BHEL AR A duls w)
A AP Le2® a72eY 22 H02 e BYo] WA Egow, 4AZH T o
olFolA gteh AT Fevtel AAde] Ak A ZAo] A JetgAT, 5, =, dFE
A7 e A b £ w), FH02 o) Wvuck: B4o] Yoivhn Rael

$5E 43 olglelE FHoZ U§ EE B
¢ F ok UE FRED FF, olgelE 32

T AT w = T
Agold WS 4 8E A, SS9 AT
1‘01-:5]—/(‘3_‘,]— 1—_8_

o ¥ FEodwie] FAJont,
A2lH 715l dd dFE obF mlEd AA

N

S, FF Y FARARES gl 13
£ A9 A, A 240l W ARSS FF
FoAE $59 Wulga, FAF FolAE AR

ek Sk

21592 Aol 9sbm, SOS chromotestE o]
Firel el AE AN A
FEdule] ZAe] Egvkx 33

T ZR% A% AA, 2, 27, 23
SpAFsIE A o] vhebskebm B st

9 ael3 AEDE weEls Q) dge 22
=9 dEduiold s AW E A} Trp-P-1, Trp-
P-2, sodium azide (SA), 2-nitrofluorene (2 NF), MMC,
AFB; 3 4-NQO°|| 2jal] fribsl Edwlo]o sl
AAEAAE eble, 53] P Sl hel o
3 A AAgA e USE Hastger, 45"
< Hu] #2-F& Chinese hamster lung (CHL) cell
d MMCg}F A 54”1 FEE FoIsks

} Ho g MMCo| 9|3t
FAA o] MIEE FLATE A2 Uekydt

223 Y2z 282
Fudass AR $ste] C3HI0TI2 AE
£ o] 83}o] cytotoxicity test®} transformation test
2 Putgleh. AgE C3HIOTY2 AE: C3H
mouse embryo AMFEZA ZAMAE] w7 AL
Asted del AR T AlZelH, o]Z & o] &
3 ode] Fuelel Zodwlo|Yol uidt odgke AY

g F JdE EAL AY 9o} Cytotoxicity A3
oA g wgE FE2EI dI g £3E
< AfFer WGEAE % NEFHANE
kst AE JebQel el C3HI0T12

celloll 4] MCAof ]3t
ol vlaliA] ¢ wgE FEES A2l Type I
9} Type HI focie] ATE 31% ZEAAIL, UF
22dg ZEE AHelAdle 34%E 72447
= Aoz ey

o] X & Hfol geio] U el Y AT A=
ol FAHo ALE AgEA weba o
Aol vha Zelzt il A8 E FE3 =70
AL Apel7t YARE diH o2 gelhaat
7 e Aeq FHHY B AFA s &

HlolAy 8.

o Alste] 2

FEAH o] FAE UehiPR s e 5
BE ZA tanning 3§t SUY ZHo|:
E3] 2] 4 free phenolic acids®] gHaFo] 4
g3 =& Aoz I#A Yok o9 7L tannin
7} phenolic acids®] &FEeiwio] gl A4S} 2L,
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