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Inhibitive Effects of Meju Extracts Made with a Single Inoculum of the
Fungi Isolated from the Traditional Meju on the
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ABSTRACT:

In order to study the antitumoral effect of meju extracts, which was made with a single inoculum

of the microorganism, the cytotoxicity effects on several human leukemia cells such as promyelocytic leukemia
cell (HL60), histiocytic lymphoma cell (U937) and acute T-cell leukemia Jurkat cell, and lymphocyte were
analyzed by MTT assay. Twenty one microbes, mainly fungal genera, were isolated from Korean traditional
mejus of different regions. From those collected isolates, meju was manufactured and extracted with 80%
methanol, respectively. Meju methanol extracts exhibited low activites in cytotoxicity tests on HL60 cell, but high
antitumoral effects of meju methanol extracts were shown on U937 and Jurkat cells. Meju methanol extracts
made with a genera of Mucor, Absidia and Aspergillus showed prominant cytotoxic activities, especially. However
all these extracts had no inhibitory effects on the cell growth of lymphocyte under the same conditions.
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SeElvet ASAE T 234 7 59 AR I
o] Mg 71 718e] i WEAFolo). dulk 71
A WEAA = HFE AR FE T Tl =F
AA wtEZY 7122 Aspergillus, Penicillium, Mucor, Rhi-
zopus, & 5. 718|531 Al 5 thefg hEFEo] Aodslu(®:
£} o], 1972), E3] Mucor®} Rhizopus'= W5 E 7]
FE A3, o] A|7ld Fo3t Fo7 AHgdtiy &
A sdekel 5, 1997).

o] A A wF= o=l7iR] AdAte)e] Egtel o
3 HaEy] Wi AT A2 FFol AR A
A€ 4= )= mycotoxindl] 2]3+ F-3]4, £3] carcinogenic
effect Fo] ¢-HE o gict. ey HZE vlF7F HshE
Al aflatoxin B3} benzo(a)pyreneol] 213 Ed¥o]A)S
A A| 5} 57(Shin et al., 1989), Foj] EA)5H= trypsin inhibitor
of] 2J3t ket atr} gl ©wl(Messadi et al., 1986), A 2)A]
WA HFd g 55 AT viSSEde g4 UiA|
ol F5E Aol o 79 toxicant® ¥3HF A
BT Aoz HuEdchAe} A, 1991). =3 Aspergillus
flavus S0l 2]l WAE 4 9) &= aflatoxin A}A| = UdubA o
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2 vlad okgsivia A zpelAl, AY, o] 2 Als)
A, bisulfate ol 2]3] 7] skl ke FeiA7)E STt
@ =, 1977).

ole} Zo] AE wlF Foll= g ousls FAEA0]
ZAsl2 2 71R] Azl 23] aflatoxin 2pH 7} F2g 4
giebar sh, & o] FAshEql uhy & AFA o5 HE e
FedE £5Eeg starterE o] 43 BAR AT A2E F
3 mlEkdR|elE Fgo] Fofl o3t £4d¢] dojre= A&
kx| gE v} o] wlol tigh det XS AR} 34
o}, 3w el A3 ol EE-e] A7) olekgt HEFEol
#AE vF2 Ry AYPE o u 2 F5EEls startter s 0]
431 ool w3t det A& Abu] R R} s}

weha] B Aol WA Sepviet Al 3
A A HFREE o 2150 WFEE seReEd o,
ol 5 T-& o] 83ty Tue] vFE AF3). o] & vl
F2Re 47 dgg FE5E AXE o, ol FEF
Eo] B3] HAIAEF AA ol v FEL in vitro
assay & ZALSl] BETO| HF FEE50] vEhll= Al
2 AR A 335 A Egic
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Table 1. The fungi and bacteria isolated from the Korean tradi-
tinal mejus

Source Isolate strains
1 AE ZF53  Absidia gluaca
2 AN F%FF  Absidia spinosa
3 A AT Mucor sp.
4 G wAF  Penicillium citrium like fungi
5 AF= Mucor hiemalis (brown sporangia)
6 3¢ SALE Absidia glauca

(white colonies with long hair)
Penicillium citrium

(dark green blue colonies in center)
FedF  Rhizopus stolonifer (black spora)
Botrytis cineara (Yellow green colonies)
Cladosporium dadosporioides

(dark black colonies)

7 Bacteria sp. (white clue-like colonies)
Aspergillus niger (black colonies)
Aspergillus niger

(no blight yellow colonies)

10 & eake

11 5 2
12 %% 24
13 2% 23

14 FH AHF  Paecilomyces varioti (pale green)

15 35 YT Aspergillus oryzae (pale green colonies)
16 ZE AT Mucor hiemalis

17 &2 AT Mucor racemosus

18 3% 397
19 3% 397
0 F% A7
21 3% HFA

Rhizopus oryzae (dark spora)
Scopulariopsis brevicaulus (dark brown)
Penicillium thambii

Scopulariopsis brevicaulus

(but different from No. 2)
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AlE MixE

2159 el wiFe A7 EA71E ARl Bde
9HE 2, 10u)2] 80% methanol-2- & 7}s)ed 37°CollA4] 1,500
rpm2] shaking incubator(HK-S125, Korea)ell 4] 1047} 5-<F
33 WHE ZZslo] ARG mow, o] HE rotary
evaporator(YAMATO SCI. RE47A, Japan) 253 F
ARz W5 WEESEE-E Azt o =
WA RIS AE o ARkl

M= |=|H%t
AT A7t el A= ohE gk Al E histio-

cytic leukem1a(U937)J4—pr0myelocytlc leukemia(HL-60)= &F

A EFL o 2 Re| Hopitol AMSEIgw G4 T-cell
leukemia Jurkat-> 73 Holl &kl 71od 3. whal2 e Fofitol
AR2-slgle). o] & AN ¥E= ZHZF RPMI-1640u1%]¢] 10% FBS
(fetal bovine serum)®} 1% antibiotics(penicillin/streptomycin)
& A7}sle] 37°CS) 5% CO; incubator(Forma 315A, USA)
4] ekl A, 2~3900] bl Al ratsict.

MTT assay

o Fe] A ETel] H3E A EFA] oA R MTT
assay(Papaxisis ef al, 1997)2 FA}sl33c}. HOFQ cello]]
RPMI-1640 w22 A7}sl7 & E3bste] celld-S 1x10°
cells/m/z A& th&, 96-well microtiter plate°ﬂ a1
cellS 100 W HA7Vsla, 2t sxe] vF WeesEsS
10 ulA welle] "7k 3 37°C2] 5% CO, stollA] 4847
mieFatel omd, o] 22 A% HAl DMSOE &% &
7ste] B o2 wiofslgdv) wiekFE 5 mg/mie]
MTT [3-(4,5-dimethyl thiazol-2-yl)-2,5-diphenyltetrazolium-
bromide] A]¢F 10 WS 7+ wellel] 2713k & o}A] 447k ¢
mjekstsdct. wiekEE F 1,500 pmefA] 15E7F A41E
3le] A= formazanZ A2 DMSOZE 43§ A4 cell plate
reader(Bio-Rad Co. U.S.A)R 550 nmol| 4] FH =& =335}
Gt NEFA QA Ehe vhgat 2e] Akl

ete] FRE-AgAe e e

Cytotoxicity (%)= T =2 100

A ol 22|

20~25419] A7}st Aal FAE 56 heparin ] 2|3+ FA}
718 AlHgste] g A FHE F, 2,000 rpmel]A] 1027 1
Ali-elste] 2] A AE pasteur pipette &% 3] ohg,
sl el 20l AR gel B Kol BITA Fa
histopaque-1077 ol AAJ3] F£Z3lHct. 5% 2,000
pmellA 108-7F dA1E-2)s}e] histopage-media A= 9]
5} =4 pasteur pipette 2 3)<p3F v}, t}A] viR]E 4]
] 4,000 rpmoi|A] 13£7F Al F-ef3te I AEE 7iet
oA shoich o] HAE 33] Ax ubR3ted M F 1x
10° cells/m/o] =] =2 Job7- A Z45 A sto] AR5
the] &, 1996).
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W A 73] AAF dalol WiEk Al E ZA] A 3}
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78k ¥ Student's t testE- o] §-3}o] EA B4 31¢]c}.

zn

Kl
]

AW wlFell A F2]d 2152 ddTo AxF wF
WReRE e ot D) AuE ) Ao ¢
N3 B7hx] Pelok A LFE AHgslgon], ABAAY 5
Ae 2As) slekel Alste] USFE Eelsel MIT
assay & 4-305}9{ch. MTT assayss ZPALE 47 o]
A0S sla) wol AHSEl T Ql W e, Aokl AT
E v e sl gid s zhgel] &)ste] Yo 4
44el MTIT tetrazolium2 54 #HiE= w4849
MTT formazan©. 2 44|74 550 nme] #Alol|x FF 5
ZA] 8= 7 o]t}(Papazisis et al., 1997; Park et al., 1987).

A A Tl FelE 2150 ddFoE Az
v 'S FE S 230 YA AEFE ANt o
A AN EAE Ao ukch <12 fe8) promyelocytic
leukemia cellg] HL60o] 3t vl H¥tLFE252] AlE £
4 Aege vlad de APOE ehdon] 7 At
Table 29} 7t} HL60o] whal A& 0.5 mg/ml A4
Mucor  hiemalis(MIS)2}  Mucor racemosus(MI17)el) 4] 5t

58% A =2 A&EE Bl ot Aafgo] vehdA] 32 A
2% B Zle® vepdtlh A8 1 mg/mie] A Aol of
12%2] AlgelA 50% ol4e] AL BileH, 1 F
Cladosporium dadosporioidesMI10)2}  Aspergillus niger
MI12) F29] v|F olehe32Bo] 67-68%2] 7Fd H&
AalEe Bgon, Absidia glauca(MI1), Mucor sp.(MJ3)
Azl WF AEtE FF2EEAARE 60% o2 2 A3
& 1% 9ok

83 ¢l7b §-209] histiocytic lymphoma cell] U937+
Al E3lol] F modelZ Wol o]EF= AFE delA
it} o] U937¢] ¢ Table 35} o], AF 0.5 mg/miS
T8-S vl Mucor racemosus(MI17), Mucor hiemalis
(MJ16), Absidia glauca(MI6) Z8] wWFFZEdAwt
50% oliFe] wlaA w2 Ades BHRL, F-Ee] AR
3 Ade-g Byt 22y AR 1 mgmlE 7S
wf = o] Al gmellA] 60% ol 4Fe] vl E2 A3 E
7} 9 Ao g vehdth 1 3 Mucor sp.(MI3)LZ A=
g v F eSS4 76.5%2 FHY 22 AdeE
elfigl o], Mucor hiemalis(MJ5), Mucor racemosus(MJ17),
Absidia gluaca(MJ1, 6), Aspergillus oryzae(MJ15), Asper-
gillus niger(MJ13), Mucor hiemalis(MJ5) S22 A|Z23 v

Table 2. Inhibitory effect of meju methanol extracts (0.5 mg/m/ and 1 mg/ml) on the growth of human promyelocytic leukemia cell

(HL6O)
Meju methanol . 0.5 mg/m/ 1.0 mg/m!/
s Isolate strains —
extract 0.D Inhibition rate (%) 0.D Inhibition rate (%)
Control 0.247+0.015°
MI1 Absidia gluaca - - 0.098-0.001 60.3*
MI2 Absidia spinosa 0.22540.019 8.9 0.191+0.012 20.2
MI3 Mucor sp. 0.2441+0.017 1.2 0.162+0.009 58.7%
MJ4 Penicilium citrium like fungi - - 0.221+0.015 10.9
MI5 Mucor hiemalis 0.103+0.01 58.3* 0.099+0.075 59.9*
MIJ6 Absidia glauca 0.170+0.013 31.2 0.111+0.071 55.1*
MI7 Penicillium citrium 0.250+0.021 0 0.17140.091 31.2
MI8 Rhizopus stolonifer 0.24240.020 2.8 0.1114+0.008 55.5*%
MJ9 Botrytis cineara - - 0.1334+0.081 474
MIJ10 Cladosporium dadosporioides 0.203+£0.018 17.8 0.079£0.008 68.0*
MI11 Bacteria sp. - - 0.183+0.012 25.9
MIi12 Aspergillus niger 0.235+0.019 4.9 0.081+0.007 67.2*
MIJ13 Aspergillus niger - - 0.229+0.017 73
MJi4 Paecilomyces varioti - - 0.159+0.011 35.6
MIJ15 Aspergillus oryzae 0.251+£0.016 0 0.107+0.080 56.7*
MiI16 Mucor hiemalis 0.276+0.019 28.7 0.1184+0.071 52.2%
MI17 Mucor racemosus 0.101+£0.008 59.2% 0.104+0.071 57.9*
MI18 Rhizopus oryzae - - 0.161+0.010 34.8
MI19 Scopulariopsis brevicaulus 0.244+0.017 1.2 0.117+0.082 52.6*
MJ20 Penicillium thambii - - 0.152+0.012 385
Mi21 Scopulariopsis brevicaulus - - - -

(but different from No. 2)

*Meju methanol extracts made with a single inoculum of the fungi and bacteria isolated from the Korean traditional mejus.
*The values are means+ S.D.
*Significantly different from the control by student's t test: p<0.05.
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Table 3. Inhibitory effect of methanol extracts of meju on the
growth of human histiocytic lymphoma cell (U937)

Meju 0.5 mg/ml 1.0 mg/ml
methanol Inhibition Inhibition
extracts® rate (%) rate (%)
Control 0.3031+0.019°

M1 0.179+0.013 409
M2 0.2032-0.015 330
MI3 0.1844+0.012 394
MJ4 0.275+0.018 92
MI5 - -
M6 0.147+0.012 51.4*
MI7 0.2671+0.018 11.8
MI8 0.208+0.014 31.5
MI9 0.2091+0.011 31.2
MJ10 0.204+0.016 32.8
MI11 0.25+0.014 17.4
MJ12  0.2434+0.018 19.7
MJ13  0.298+0.020 1.7
MI14  0.243+0.019 19.7
MI15 0.245+0.021 19.0
Mi16 0.15+0.010 50.5%
MI17 0.14£0.013 53.9%
MJ18 0.277+0.018 8.7
M:19  0.2461+0.017 18.8
MJ20 0.215+0.014 29.2 0.114+0.012 62.4*
Mi21 - - 0.218+0.019  28.0

*Meju methanol extracts made with a single inoculum of the fungi

and bacteria isolated from the Korean traditional mejus.

"The values are means+ S.D.

*Significantly different from the control by student's t test: p<0.05.

0.088+0.009  70.9*
0.104+0.010  65.8%
0.071+0.009  76.5*
0.165+0.007 455
0.090+0.010  70.4*
0.085+0.012  72.0%
0.153+0.009  50.5*
0.1194+0.010  60.7*
0.17+0.009  61.4*
0.123+0.013  59.3*
0.174+-0.009  42.7
0.145+0.008  52.1*
0.116+0.007  61.7*
0.145+0.011  52.1*
0.097+0.010  70.1*
0.083+0.006  72.9%
0.08+0.007  73.5*
0.1174+0.011  61.4*
0.115+0.006  62.0*

RS FEEANA R 70% o) =& Aele-g HoFg)
t}. o]e} o] Mucord:(MI3, 5, 16, 17y} Absidia-(MI1, 6),
AspergillusZ-(MJ13) AL w5 web-&-3SE5o] U9370l
el vl o A dA Ao gle-S Hld = 9le
o} a8l3 wF WEEeSEEES U937 e E A&
FE7b SUHSE o 2 AR E A T 9EH
A Agg Bt

a7t fHe] 34 Tecell leukemia Jurkat cellolj A=
Table 49} 7o}, Al & 0.5 mg/mlS FoA3 7 382 A
FollA] <k 30~70% =] AL Bl o}, 1 mg/ml
S FARE w= RS AlFeA 2k 70% o] ko] na
A =2 AHEE HoAFsich 1 R % Aspergillus
nigerMJ12)2 A|2¥ o|F wleg32E2] | mg/m! o
Al 788%=% VA AslEdr) & Ao® dehtod,
Mucor hiemalis(MJ3), Mucor racemosus(MJ5), Rhizopus
stolonifer(MJ16), Botrytis cineara(MJ20) 0.2 A|=H o5
e FES BT 242} 73~75%2] Al A7}t =2 AL
2 e}, Jurkat cell®] A$% ofE b oA} w2t
7R A 85571 0.5 mg/mlolA] Bohs 1 mg/mldA] o

e ¥E TR AHBYL S T 5 sk 59

Table 4. Inhibitory effect of methanol extracts (0.5 mg/m/ and
1 mg/ml) of meju on the growth of human acute T-
cell leukemia Jurkat

Meju 0.5 mg/ml 1.0 mg/ml
methanol Inhibition Inhibition
extracts" rate (%) rate (%)
Control 0.378+0.018"

M 0.180+0.016 52.4*
MJ2  0.21140.021 442
MIJ3 0.193+0.012 48.9
MJ4  0.135+£0.011 64.3*
MI5 0.1234-0.009 67.5%
MJ6  0.130+0.011 65.6*
MJ7  0.1324-0.008 65.1*
Mi8 0.130+0.013 65.6*
MJ9  0.115+0.007 69.9*
MJ10 0.115+0.006 69.9*
MI11  0.137£0.007 36.8
MJ12  0.185%0.008 51.1*
MJ13  0.138+0.012 63.5*
MJ14  0.238+£0.010 37.0
MIJ15  0.233%0.009 384
MI16  0.216%0.014 66.7*
MJ17  0.104+4-0.008 72.5*%
MJ18 0.277+0.015 26.7
MJ19  0.213+0.016 43.7
MJ20  0.235+0.021 37.8 0.119+0.010  68.5*
MJ21  0.618+0.028 - 0.743+£0.026 -

“Meju methanol extracts made with a single inoculum of the fungi

and bacteria isolated from the Korean traditional mejus.

"The values are means+S.D.

*Significantly different from the control by student's t test: p<0.05.

0.098+-0.006  74.1*
0.1184+0.008  68.8*
0.086£0.005  77.2*
0.177+£0.009  53.2%
0.111+0.010  70.6*
0.111+0.009  70.6*
0.122+0.010  67.7*
0.098+0.006 74.1*
0.094+0.007 75.1*
0.113+0.006  70.1*
0.1294+0.011  65.9*
0.080+0.009  78.8*
0.134+0.016  64.6*
0.117+0.007  69.0*
0.113+0.004  70.1*
0.101+0.008  69.3*
0.0934+0.009  75.4*
0.124+0.012  67.2*
0.116+0.008  69.3*

Mucor% 2 & AxH wF WESFEE2 4¢ vk &
Aol H& FA A AE A Ao veideh

upeha A A el A Eed 2150 dlde® Alx
= wF wWehe2E222 HL60d B]3] U9377} Jurkat cell
o thelA] vl =& A E A As At odes g
A 4 s, 53] FHo] T Mucors:, Absidiass,
AspergillusE2 2 A Z2€ vF wWE2E552 9k A
ol gk T2 Al o) oo FEd 4 glsich 1)
I Mucor giemalis, Mucor racemosus, Aspergillus niger %
22 Azxd vF i FEEe] 357 A AEd
gk A EAde] & Ao R Hol o]E HE& o] &3 WF
A% ole)7} gk Azt

(1990 w2 wlehg 552 #ehE3e] MNNG
o} 4-NQOdA % dgadwe] &AE 71#|H, benzo(a)
pyrenc®] Wt HA] ZA| Mgk AH-E ity B
gk v} g} w3k Kurechi 5-(1981)efl 2]3bd o272
B 28 For WE AlFE F°o trypsin inhibitore pre-
carcinogen?] nitriteZ 332 3}37 N-nitrosamine JAJ-2 H}-3
St olER AR o TS AAA Frkw Bastw
A, o)7L Fo] WA AAE LREANE 2 T EA5)
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= Bl sEA B3l o3 3 5vE F
Z3rdrt. 53] w5 linoleic acide J2i7FA) shA| £
AL QA in vivodl A= A E] fElAAE 24
o dFe 714 AEHAY EFHE d2HA tumor A A
2 Az a3k U= v glok(sl, 1994; ¢, 1993). =
3} linoleic acid: EolAs)] 2ANAE AlStE U0
free radical®] A 5 AMIEA7 ] ot 7)1A 4 9o
v, W3] S ol AFHc) gAS AWt E AR F
1=l 3, 53] linoleic acidis Aol Sl & QHAEHA 1
S5 gt ZAE vebisichEl, 1997). 28| HF
EAFh= Aoldfra, ¥iEhl T s dude EAR
wuHs% skl 1997). J2lEe B Ade) ARe®
Td el o AxH wF F2EE] A% AL
59 A A8 EFHE A= AL o] 5 Aol 7|Ugt
T AAE) B3] T3] & Mucord:, Absidias;, Asper-
gillus%2 2 AZF wF T2 2 AgA 2 o
g =8 A3 FAo| FIXBE, o] & Fo| WF LR A4
A F83 HAFE 322t AlsslTt

FH 2/ A Ze i W FAI RS A EHL
EolA gl A42AE AA3] 3t B A

Table 5. Effect of meju methanol extracts on the growth of

lymphocyte
Meju 0.5 mg/ml 1.0 mg/ml
methanol Survival Survival
extracts® oD rate” (%) 0.D rate (%)
Control 0.141%0.009°

MJ1  0.14040.006 99.2
MJ2  0.1341+0.011 94.8
MI3  0.135x0.007 95.5
MJ4  0.133£0.009 94.5
MI5  0.140£0.010 99.5
MJ6  0.141+0.012 100.2
MJI7  0.14330.009 101.5
MJ8  0.142+0.013 101.0
MI9  0.134+0.009 95.1
MJ10 0.14240.015 1004
MJ11  0.133+0.011 94.6
MI12 - 0.13310.007 94.5
MJ13  0.139+0.016 98.7
MJi4  0.1394+0.013 98.3
MJ15 0.134+0.009 95.2
MI16  0.143%+0.008 101.8
MIJ17  0.134£0.002 95.1
MJ18  0.1354+0.009 95.6
MIJ19 0.140%0.012 99.2
MJ20 0.135+0.009 96.4
MJ21  0.14510.004 103.1

. 0O.D of treated cells
K al )= 100.
Survival rate(%) O.D of control cells x 100 .
*Meju methanol extracts made with a single inoculum of the fungi
and bacteria isolated from the Korean traditional mejus.

"The values are means+S.D.

0.137+0.011 97.4
0.134+-0.006 95.1
0.1354:0.010 95.8
0.1331+0.014 94.5
0.136+0.007 96.2
0.1394-0.006 98.7
0.138+0.008 98.1
0.139+0.012 98.9
0.138+-0.008 99.1
0.137+0.014 97.1
0.1344-0.009 95.1
0.132+-0.007 953
0.139+0.013 98.9
0.1401:0.010 99.5
0.13940.009 98.4
0.14240.014  100.7
0.135+0.005 95.8
0.139+0.007 98.7
0.140+0.014 99.6
0.140+-0.009 99.5
0.1441+0.006 102.3

A B2 Al o 282 AAsiale Table S
B wpsl o) B AR 90% ol4H) AEEE
@ 4 3i5leh. B3] PAE A AR 2 hedd
Mucor4:3} AbsidiaZy 9 A 90% o|AF2] AE&E Vehdle],
B A ARgE wFE ARE A AT AR
ol 79 G3e FA| BoHA HAPA EelRF FolH L
2 2hgshe 2Ad Zloz 5

olg} zo] AN HFolM E2)¥ 21F9] DUFOR
AzH o5 eSS 252 259 Y EF o
3 34 oA FAo] U2-S AT & Uit 53] vlF=
7E QA AR A o8 7 A% 71 AEE
o] Ak & W FE7 2 AU ok 2 ABEAE
Uehlle Aoz deiA gich by dezs dFe ot
AL grsidA 3ol A A8 oS A=
7154 A At olF TR WFE AXde A=
7¥sstelst A

8 2

Sevel 203 AF 89 AF HFEYE 22
e AE w5 AZ A adE s A3,
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