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In Vivo Toxicity and Anti-Tumor Activity of Korean Mistletoe Extracts
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Abstract — Antitumor activity of Korean mistletoe extract (KM-110) and European commercial mistletoe preparation (Helixor)
was investigated. KM-110 showed the cytotoxic effect that it is high for various tumor cell lines and normal splenocytes in com-
parison with Helixor. Administration of two mistletoe extracts (100 ng) to mice did not show any significant changes on the
level of glutamic-oxaloacetic transaminase (GOT), glutamic-pyruvate transaminase (GTP), blood creatinine (CRE) and blood
urea nitrogen (BUN) in sera. The culture supernatant of macrophages stimulated with KM-110 inhibited effectively tumor
growth whereas Helixor had little effect. Administration of KM-110 or Helixor resulted in a effective inhibition of lung metasta-
sis after the i.v. inoculation of colon 26-M3.1 lung carcinoma, B16-BL6 melanoma and L5178Y-ML25 lymphomas. In all
cases, the mice treated with KM-110 showed more effective anti-tumor metastatic activity than the mice of Helixor. These
results suggest that Korean mistletoe extracts, KM-110 might be used as an alternative methods having antitumor activity like

European mistletoe preparation, Helixor.
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e Qa0 7 PR Z Jectins, polysaccharids 2
alkaloids5-0] &4 k™"
SHH, Skt at Aol (Viscum album var. Coloratum)2)
FF 24 At ol Blske Hlaea A A&l =2l
L, H2 At Aol FEEY 29 9 g A
Q1 lectin®] 2]} AE 7140l ik A7} XY A
Jeok BdeA el o] Ay ok
A AsAde] FEEENE E]E lectin A37(KML-C)
A lectinML-1)p} Hlawske] G50 de] zpo|7t Q)ar
oe] FEAZ st o =2 AESAY 440 A
Hustgek) o] 5 At A$-abol] lectin RS AHE
54 2ol A3 AQA=2YS 7RG /o] A &
AAME 9 NK-cells @ASIAFI O R Fde] Hol& 9]
&7 JAlele @4o] Lol RuHEY FE2EEAM
gt Aol A5 9 W= Qo d3
WA 2] 542 Ao R FUdo] Aol wa®
o thgt Fola WAF7eAdol 71Q1== adjuvant 4=
RS2

2 A AEEA Y B8 THRIE FElA
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HARAH0| FEE2| M=E - £ A7l AME =4 A
Aol (Viscum album Coloratum)y= 739 % FEA G ol|A] A
Aok TS STE slo] ARse ATl 1Y
o AF . Aole] FEL 7120 wyow 3=
A7z SISTh o=k, 100 go] A4l o @ =
715 AP &, 108 volumn®] SHFE B YA7|Z £
A F 4°CoAlA 16417F wutslkith 2 & PAE(10m
000 rpm/30 min, 4°C)E &8t A& Fsds $471x st
Aot AZH FAAZEES PBSol| £3]A1A stock solution
(10 mg/ml)S A Z3FF 3L KM-1102.2 A3} 2 e
2 ARESE A Ao (Viscum album Loranthaceae) 5
ZE9] HelixorAHPF fel)= 59 HelixorA A -4
slod ARGkt

HESE - & AP AE &2 AF 6857 9]
BALB/c % C57BL/6 "F--2v ()5 G4 & 5 E(Seoul,
Korea)= 78 +J8t3len, dhathsta Aofstd+ta AE
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FEAANA AT vhaE ARG s-10m]Y 8
o] g5 € B3 APTES dPAREPIEFIhE

AleF — E Ao AR2-3F RPMI-16403} Eagle's minimal
essentia(MEM) ¥l A], fetal bovine serum(FBS), vitamin
solution, non-essential amino acid, L-glutamic acid,
thioglycollate 52  Gibco(USA)AAl A1, cell counting
kit(EZ-Cytox)= Daeil Lab(Seoul, Korea)*lol|4 =3It}

M=ZE 9 MEZdj - 2 A3 A8 T AlxF2
colon26-M3.1 carcinoma, B16-BL6 melanoma, L5178Y-
ML25 lymphoma= Y& H3le thgh HAstAF 42T
E] 715 wo} AL&-3199t). Colon26-M3.1 carcinoma®} B16-
BL6 melanoma= 7.5% FBS, vitamin solution, sodium
pyruvate, non-essential amino acid, L-glutamine©] &%
MEM HJA| 2 v] %3192, L1578Y-ML25 lymphoma, W}
22 5E 9] lymphocytesE 7.5% FBS7} &% RPMI-
164001 A = vl F3F3ATE.

In Vitro SMAME - KM-1102] FUA| ol it M x5
A aE 2AR) S8kl 7 FUAEE 1x107100 piel
ME F%Z=F 96 well plate(Costar, Cambridge, MA)<2] Z}
welloll plating 3FATh 2 § KM-110 #3125 % 100 pg/ml
HE| su) SaMoF 84j510] ZWES} platingd 2 well
o A7k F, 37°C, 5% CO, 2 95% o1 FL5 #4
sk w7l A 3LZE v Fstaint B BIAE gk
KM-1108] &35 248}7] ¢18t 6-8F3 2] BALB/c v}
QoA EHA O = HH(spleen)S 3581 5x10°/100 pl
o] F=F =4 & 96 well culture plate®] Z} wellll plating
STk 2 F oJelsEe] KM-110 2 B 2 THIES] &=
£ (mitogen)ZE €217 lipopolysaccharide(LPS) % conca-
navallin A(ConA)E #E-5=7F 2+t 5 pg/mlo] H =5 7}
wellell 7} 5 72A17F v eFstinh. MiFsE 2417 A
cell counting kit®] 848 A|ZAle] 2|3 e]| uje} 2§35
Sk

In Vivo SEAE — Aol FE2E9 vkl vX=
FEFS A 918ke] KM-1103} Helixors 89 FALE
747} 5 mgkgd T 5, 1, 3, 5dAol FH oz RE HY
< Fgto] AW AxIALel] HAofsh= F 7191 ZH(liver) 2
A7 (kidney)oll PI1X= @3S AV 7789 7152
327} 3l glutamic-oxaloacetic transaminase(GOT)
9} glutamic-pyruvate transaminase(GPT)2] & &4, 217
9] 7152 blood creatinine(CRE)9} blood urea nitrogen
(BUN)®| E55EE ZAlSt S35t 7} 84 3%
2 Fugi Dry Chem System(Fugi Photo Film Co. Ltd, Japan)
7171& o]t SA AT

Gel Filtration - KM-110 2 Helixor2] ¥4 A2 ¢
gel filtration-> Sephadex LH-20 gel(Pharmicia Ltd. Sweden)
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S Az X3l wE} swelling 2F 5 beadE 1.5x110 cm
9] column®] PBSE- ©]-&3t] 3 dFTh L §, 50 mg/
mle] z} Aol FEE 2 mlE column®l] applydt $- PBS
£ o] &3l 1 m/mine] =2 §&F39oH 7 Fg2
280 nmeollA SF=E STk

Macrophage HHZASoHO| oSt ZSAMZES| SAIAXN|
23} — A5l 23+ macrophage®] A& 71E2] WS o]
21T, okeabA, C57BL/6 MR-l 3% thioglycollate
£ 1 ml EFFAEIAL 39 Fof] AFEIHOE nheLE
BIBAIFL -, B3l RPMI-1640 ¥iA] 10 miE F4 8] &
7¢ W] M| X (peritoneal exudative cells; PEC)E <3 3}31th.
483 PECZ 24 well culture plated]l 1.5x10%ml®] FE=
FAt] 58t 2 - AIEEA 100 pug/mle] KM-110
7 700 pg/mle] FEE 2 E Helixors F7Fkal 24417+
33t} Macrophage 5 o] FUAME F2] A
A2 ZH37] 9151 96 well plate®] 2k wellll 5%10° cells
/50 ulE %% ¥ B16-BL6 melanoma®l] z} A5 2 A%
macrophages Wl /5 50 ule- A 7Fskal 247 v &,
cell counting kitS o]-&38}a] A|=ARe] A Z]ol wle} FUA
Xo| F2A A aHE FAFSIAT

Colon26-M3.1 Lung Carcinoma®| ZF0| 2dl — A
9] 5% 839+ colon26-M3.1 lung carcinomas ©]-&
e APFE TYHo] md ol gt APFER
BALB/c WF-225 AMESIAom, T49] HE-E 2.5¢10"
colon26-M3.1 lung carcinoma A 2Z2& W FAKiv.) 3T}
14 5o mpe-2E SN AL F4e] 24 71¢1 HE 4
Z=3to] Bouin's &YX HolH TS BN & FF
o] 3 5 St A5l 23t A5 Mol a=
THT JET 2 v o 2 AT

SAXME| — 2FE 719 BAA o) student's two-
tail 7 test= A7G 3T}

22t %

HPA0|2] BUME A MAMZ0 Cist ME=SMHSH
—KM-1103%} Helixor S%AIE 2 F23A 2ol tiet 234
ol Ax=A a3 in vitroo| X ZAVSITE Ao AR
H ZUAEE 192 Fef ] L5187Y-ML25 lymphoma,
B16-BL6 melanoma$} colon26-M3.1 lung carcinoma®] 37,
A’ AIE= BALB/c PR-2=0] HIAZE ARS-3IAATE. Fig.
1= KM-1109] vh-2> f21¢] FF 2531 colon26-M3.1
carcinoma, B16-BL6 melanoma 2 L5178Y ML25 lymphoma
of thgt M254d BHE vERA Aol 7} MESAE 83
£ thxroll vlste] 50%2] A AAE Hole AR &
=91 EDs, 3k 2H2F 31.6, 20.6 2 3.5 ug/mle = Ve
WHA Helixore= EDg, 32 EE AlZF] tiste] 100 pg/ml
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Fig. 1. Cytotoxic effect of mistletoe preparations on variety of
murine tumor cell lines. Tumor cells (1x10*well) were plated
into 96 well plate. Serial diluted KM-110 or Helixor added
into the plate and the cells were incubated for 72 hr. The
viability of the cells was measured by colorimetric assay as
described in Materials and Methods.

oIl AFE HAo2A Aol ALt FTUAEFE
iste] fFolgh MEsAd a3E vepliA] 2kt A, Fig.
298] Aol A G v} 7o] A ol thEk KM-1109]
EDs, 3k 14-20 pg/mle UERE O™, Helixore] 7%=
100 pg/ml WIREE] Fiol| X = /A el tiate] 23491
AX E4ax7t gle 298 Bty A8402 Uy
frEfe] st Aol FEEQ! KM-1102] 79 S
2 AN FO e in viro MESA 2HE =A% A3
EDy, 2 3.5-31.6 pg/miQl A3E B o} Al -2
o] FYAF Aol FEEQ Helixore] 74-$-E 100 ug/ml
9] FETHAE fFelgh Al a3t fle A3E Bk
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Fig. 2. Cytotoxic effect of mistletoe preparations on normal
cells. Spleen cells (1x10%well) from BALB/c were plated into
96 well plates. Serial diluted KM-110 or Helixor were added
into the plate and the cells were incubated for 72 hr. The
viability of the cells was measured by cell counting kit.

AN 7R A4 AEZZA Ag ArA e o5k
olE9] EA MEFAFEZL lectins® 2 HI1EIL 3
oh 'O U el o) dharak A9-Ato]ol 10 mge] lectin
FFeEe oF 500 ngdl AFE Helut QP AAo] F=
B9 in vitro NEZA ZI= lectindl] the A2 F31e
B B JQ9 v AR fele] At At
FZE2] Helixor?] 7% 100 pg/me] F=AE=A a7}
el A %= 7P 2 o= Helixorol|& lectin 3ol &
& Ao7 AFEHAU Yo7 =it Af-ao] FEE
&5 S8t SsF Ul IE lectin T B 2ol o3t
MESA &3 5ol A3 vl A7 Be s o= Azt
Hr}

KM-1102} Helixore| Gel Filtration — KM-1103} Helixor
£ Sephadex LH-20 gel filtration column®& F-2|3191S- uf
Fig. 33 72 chromatograme At} KM-1102] 73-%- 34
H, 40, 708 2 90 FAOE sh= a9 8zt +
g Kl, K2, K3, K4)° 2 J% Whd, Helixore] 7A-$+= 40
H 9 7THE FAHOR e vl EEEY HI ¥ H2)
THE 434S Bt o] 234=E KM-1109] K2 #33}
Helixor®] HI¥ #3232 Y43 #Ae /e 842 5
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Fig. 3. Chromatograms of gel -filtration of KM-110 and Helixor.
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2 ge Had 7 7R BAES TR e 240l &
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23t 945 BoF 90 8- RS EElehe AT
d Aow A7tE A LT A AL 66KDas
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gk FAdo] AAellA et FrRFEA FAHE-S YERIT
WAool AL ofHE FoE AEATE wEbA in
vivo A4 7P fFash g GAL 7 F=21 100 pg
9] Fodo]l o3k KM-1108] 54 83E ZAFIITh that
02 23 T HelixorS AFR3IH0H A8 Fof
e JuSAL il oM A o= kA ARE
2l GOT ¥ GPT9] T &A%} Ao g REl ] A
¢l CRE ¥ BUN¢| E55:2 AR 28 23}, KM-
110 ¥ Helixor®] 739 &5 ke 25 E 9] GOT ¥ GPT ¥
A7 o 2 HE]9] CRE % BUN 8FF% X7} f2l5H
A e Ae Hob F A7) AlXxdle 9 vAA
Zo g A7 tHFig. 5). TISo] SRt o R R
ol osle] HAA S EY BHE SAANIIH €S
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73 olgl= AR
2R Qokar, A|Fe] HAE HolA] ¢ttt welA] KM-
110°] Helixoroll B8k in vitro A& )X AAFA £ ths}
o =& NESAAS 7Y, 22 100 ugs @HFAIE A
e & FA3AE AF st ZASA] e 23S

HAh 719 AFHIONA lectin AJH-S A4 =
EoA d3Nks 5o SHEHE el TR &
22 U B oddlo) 283 100 ugel KM-1104H9) &
£ lectin®] FEE 5 ng AL E FHHAYRY, nfo-rs
o] &%t lectin®] thet S34E A3} LDy, #h 31~62.5 ngy/
kgdl Ao HuErt?, mep] B Al 283 100 pg
o] KM-110 Fo& vhe-2olld 7285 7ER]A] e ok
3k T2 AR EQCH

Macrophages Hir&tSHe| SUSA oHX| Sit - ¥
o tiste] 443l E macrophagese TNF-o 32 &4k
T WIS F=star, TS FEst T 4=
A sty Asll sk E42 7 A "k Fig 404
100 pg/ml2] KM-110 % 700 ug/mle] Helixorol] £]&}e] =}
=¥ macrophages ¥l 4’352 B16-BL6 melanoma®] &
A& A 8Tk Helixor?] Z-¢- KM-110¢] fr&5%=2]
100 pg/mle] A0 2= T S48 JASHA] Xslie
™, KM-1109] B]&}e] 78] =& F221 700 pg/mls ==
gk A= KM-1109] 2=l o) w5 T
T2 A &45.5%)° PIAA Z3FATH21.6%). Tk
macrophagesE Al=1sl= 7142 KM-1109] 7397} Helixor
o Hsl] ¢t AFE B KM-1102 macrophageE:
b8t TNF-a 5 o8 714 &5 S4E 7=
cytokinesS F=3I9 3, o] 5 W EH-e DA
ZE AFo 2R RS JAlste] oo HolE A
= @40l ggol By ni) ek web B Az
ol A KM-1109l] 2]%} macrophage®] vl %4t5o <] 3k
B16-BL6 Al Ee] 52 AT 7= ol F9 dhte
KM-110l] 2]} cytokines®] =5 Ao AprEw )
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Fig. 4. Growth inhibition of B16-BL6 cells by the culture
supernatant of murine macrophages treated with mistletoes.
B16-BL6 melanoma cells (3X]05) were plated into 96 well
plate and added macrophages cultured supernatant and
incubated for 72 hr. The viability of the cells was measured by
cell counting kit.
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Fig. 5. Level of GOT, GPT, CRE and BUN in sera of mice
injected with mistletoe preparations. BALB/c mice were injected

i.v. with mistletoes and bled on the days indicated. [, control;
M, injected with 100 ug of Helixor; M, injected with 100 pg
of KM-110

o] A= FHAH T thek KM-1109] AlxE5A a3} o
Eo] Table I ¥ 112] KM-110°] Helixoroll H]a}e] -3t
FT&o] Aol F=d ol F¢] shvE A7zt
KM-1102t Helixore| SXO0| M| Eafe| H|m - F<=
k2ol QlojA 100 pugel KM-110 2 Helixore] Fole A
Ao 2ol gle AoZ W7ol Y3 s F
oAoA F Ao FE2EL X 8H Fofol o5 F&A
o] AAFAL 2H M]3} T} Table 2 colon 26-M3.1
carcinoma 2 B16-BL6 melanoma®l] 2|3+ A& o] meo
Az AgAole] At ofg X 53A bo] A
Aol 3k Aot} Colon26-M3.1 carcinomacl] €3+ o)
Fdof A83 Ay kA, AFAKLY)E T A5, KM-
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Table I. Comparision on therapeutic effect of mistletoe extracts by i.v. administration on lung metastasis model

No. of lung metastasis (inhibition %) of

Treatment

Dose Colon 26-M3.1 B16-BL6
Range

Mean+SD range Mean+SD range
Control (Challenge only) 12749 116-139 79+13 63-102
KM-110 100 64+27%%(49.6) 37-85 46+13*(39.5) 32-59
Helixor 814+27%(36.2) 52-115 56+5%(26.3) 48-60
KM-110 10 75+18%(40.9) 55-96 69+19 51-94
Helixor 109+20 52-115 78+15 63-105

Groups of five BABL/c or C57BL/6 mice (7 weeks, female) were inoculated i.v. with colon26-M3.1 and B16-BL6 cells and
injected i.v. with Helixor or KM-110 one day after tumor challenge. Mice were killed 14 days after tumor challenge for
evaluation. The values in parenthesis represent % inhibition of compared with control group. *; p<0.05, **; p<0.01 by Student's

two-tailed ¢ test, compared with control group.

Table II. Comparision on therapeutic effect of mistletoe extracts by s.c. administration on lung metastasis model

No. of lung metastasis (inhibition %) of

Treatment Dose Colon 26-M3.1 B16-BL6
Range

Mean+SD range Mean+SD range
Control (Challenge only) 12749 116-139 79+13 63-102
KM-110 100 72+32%%*(43.3) 40-89 60£5*(24.1) 53-64
Helixor 10119 82-130 7618 51-92
KM-110 10 84+13 70-100 80+8 71-99
Helixor 13115 114-149 77+£15 61-110

Groups of five BABL/c or C57BL/6 mice (7 weeks, female) were inoculated i.v. with colon26-M3.1 and B16-BL6 cells and
injected iv. with Helixor or KM-110 one day after tumor challenge. Mice were killed 14 days after tumor challenge for
evaluation. The values in parenthesis represent % inhibition of compared with control group. *; p<0.05, **; p<0.01 by Student's

two-tailed ¢ test, compared with control group.

1102 100 2 10 ugoll A ZH2F 496  (p<0.01) 2 40.9%
(p<0.05)] FFHdo] A E4& HQl WA Helixore] 7
= 100 pgel] 7A-FolA T ot T Ho] A (36.2%;
p<0.05)% 231t} B16-BL6 melanomaS ©]-&3F o] meoj
2] A= KM-110°] Helixoroll HI8le] =& ko] ¢
A &35 BT} ¢k, 7t Afabe] FEES] I3AL
(sc) A3 KM-110 100 pg® ¥+ colon26-M3.1 %
B16-BL6 melanoma FE @ oA Z}ZF 43.3%(p<0.01) 2
21.7%(p<0.05)2] Fo] AAEHE Kl ¥HH, Helixor
o] A= o3t o]l axprt A=A Lyt 4
E£HO0F colon26-M3.1 carcinoma %! B16-BL6 melanoma
of o8t Fekdo] mdoA Helixores @AM <3 7
Sk g gAE Bel whH KM-1102] Z2-$- 98t 2 I
TAF B ol gk agddo] @48 HYo = KM-1100]
TAPEY 9 FAET FA glo] Helixoroll Hlake] =
2 YFS @4 L 7R ARE YERT ¢k, 72 A4
o] FEE9 o4 Fodol 9|t lymphoma M2Z2F=9] o]
A A= FARE A3 A3E YeRTh =, Table 11
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Table III. Effect of Mistletoes on liver and spleen metastasis produced by i.v. inoculation of L5178Y-ML25 lymphoma cells

Treatment weight+SD (Inhibition %))
On day Route Mistletoes Liver Spleen
Normal 1.07£0.02 0.09+0.02
Untreated (tumor control) 3.48+0.65 0.21£0.05
-2 iv HELIXOR 3.11£0.63 0.16+0.06
-2 iv KM-110 1.59+0.22%*(78.4) 0.14+0.02*(58.3)

Groups of five CDF1 mice (6 weeks, female) were inoculated i.v. with 4X 10" L5178Y-ML25 cells and injected I.v. with 100 xg
of mistletoes on the indicated days after tumor challenge. Mice were killed 14 days after tumor challenge for evaluation. The
value in parenthesis represent % inhibition of compared with control group. *; p<0.05, **; p<0.01 by Student's two-tailed 7 test,

compared with challenge only group.
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