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ABSTRCT

The traditicnal Korean medical book already recorded various biological activities of the
Korean mistletoes, The objective of this sludy was exmine antifungal activities of MeOH
extract from the Korean mistletoe through column chromatography on three fungi, such as
Tyvromyces palustris, Endothia nitschkei and Trichophyton rubrum. No mistletoes had
anti-Tfungal activity against T palustris. Extracts of V. album var. coloratum showed the
highest hyphal growth-inhibitory activity against £ mfschkei, and leaf extract of this species
had higher activity than twig extracl. Further [ractionation of most active fraction and
following anufungal assay showed that its anti-fungal activity mighl be caused by synergism
al its components. It was suggested that Viscum album var. coloratum shows significantly
antifungal activities agamnst . mtschie! and 7. rubrum. Further examination is needed to find

out more exact active compounds.
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INTRODUCTION

The term mistletoe is a general name for
a parasitic plant that occurs on branches or
trunk of a woody host plant, and is a
common name for several families in the
Sandalwood, Order Santalales™, Many people
in the Brtish Isles, France and Germany
have used mistletoe medicinailly for
convulsions, delirium, hysteria, neuralgia, and
2 An Buropean mistleloe.
Viscum album L., 1s widely distributing
throughout the Europe, and it was firsl used
{or the treatment of epilepsy dermatitis in

Furope. Later, 1t was believed to have

heart conditions

biological activities such as hypotensive,
vasodilator, cardiac depressive, sedative,
antispasmodic and anticancer’™. Mistletoe

extracts are sold under several trade names
such as Iscador, Hebxor, Eurixor, Isorel, and
so on, and most of them are available in
Furope”. Mistletoe alse occurs in America
and Korea, but only the European species
has heen used for treatment'”.
Mistletoe preparations are used to stimulate
the immune system and to kill cancer cells.
They reduce tumor size and improve the
quality of life and survival of some cancer

cancer

patients”r‘).

Leaves and twigs of the Korean nustletoes
dned in shade have been used to treat pain
by  paralysis, lumbago, uneasiness of
guickemnng, heart attack, hypertension, con-
valescence after child birth, and agalactiaﬂ
Eurcpean mainly have used purified extract
of fermented mistletoe. Additionally, they
have used mistletoes extracts as vasodilator,
sedative, spasmolyvtic, and anti-

. o
cancer agents since thousands vears aga™.

cardiac,

Ishidoya'® reported that Viscum coloratum
remedy for lumbago,
rheumatism, and weak muscles in Korea.

" reported that Loranthus yado-

was used as a

Monachino

riki Sgp and Zuce. had the bark being
effective in freatment of hypertension, and
grows I China. Japan, and Korea. Chungm
reported that leaves and twigs of Viscum
album were used as a tomic to treat Lhe
common cold m Korea. Ohta and Yagishitaz-”
studied Japanese mislletoe, Viscurm album
Linnarus var. eoloratum Ohwwr In Viscaceoe,
which grows wild in Saghalien, Kurles,
Honshu, Shikoku, Kyushu, Formosa, Korea
and China. They  identified
constituents in the leaves of Viscum album

Navonoid

Linarus var. coloratum O (Viscaceae)
epiphyting to Pvrus communis Lpnarus, and
three kinds of flavonoids narmed
flavoyaderinin- A, [lavoyadorinin-B, and
homo-flavoyadorinin-B  from the leaves of
1.2 suggested that

stemns and leaves of Viscum coloratum Nagar

this plant. Smolenski et @

var, lufescens Mvape in Korea contain no
alkaloids.
the Korean mistletoe Viscum album  var.

However, Choi” appoinled that

coloratum had several alkaloids, {laveneids,
triterpenes, and esters. Khwaja et al! also
reported the existence of alkaloids in the
Korean mistletce. In their previous work™,
the acetic acid extract of the Korean
mistletoe  showed activity against L1210
leukemia In vilro and against P388 leukemia
m mice. They suggested that hiologically
activity of the preparation include cytotoxic
proteins and glycosidic alkaloids. Khwaja et
al"™ ascrihed that semi-purified extracts of
album,  the mistletoe,
anticancer against a

Viscum Korean
exhibited
variety of experimental tumors in vitro and
in vive. With similar results, Kim™ also

suggested that the alkaloids in Pseudixus

activity

Japonicus might have anticancer activities.
Many researchers have tried to find ocut new
hiological activities of alcohol extracts [rom
mistletoes and to use them as a novel
medicine sources. Dichloromethane, MeOH
and waler extracts from Viscurmn sapense of
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the Loranthaceae family. were tested for

antimicrobial  activities against Stophyvio—
coceus aureus, Pseudomonas aeruginosa and
Candida albicans™. MeOH extract was also
tested for activily against seizures in albino
mice. MeOH extracl of V. capense inhibited
the growth of S. aureus and protected the
mice against tonic seizure. The data indicate
that the

antibacterial activity against S aureus and

extract of V. cpense has
anticonvulsant activily.

Although mistletoe has been used preva-
lently for cancer treatment, a large number
of researches have tried to find out new
biological effects of misiletoes in the world.
The traditional Keorean medical book already
recorded various biological activities of the
Korean mistletoes, Therefore, new hinlogical
activities should be found in the Korean
mistletoe extracts. The ohjective of this
study was to examine antifungal activities of
MeOH extract from the Korean mistletoe
against three fungi.

MATERIALS AND METHODS
2.1 Materials

Mistletoe species and parts used in this
experiment are represented in Table 1. This
variable

experiment  did not consider

characteristics of the rmistletoe sample
depending on sampling season and host
species. Presh tissue was stored in frozen
state, and dried in shade to air-dried ussue.

Leaves and (wigs were collected separately

from each species, but whole part of F.
Japonicus was used as a sample.

2.2 Extraction and fractionation

Mixture of plant sample and 80% MeOH
solution was homogenized for 30 minutes' .
MeOH extracts dissolved in small volume
of 10% MeOH solution were partitioned
between aqueous and organic solvent layer
in a separatory funnel. Organmic solvents
were CHCL(C), EtOAc{E), n-BuOH(B) and
waler{W) lavers o higher solvent polarity.
Each layer was concentrated to a syrupy or
sticky residue at less than 407, Filterate
cake was re-extracted with 2% AcOH
solution to get crude alkaline extracts'’,
Homogenized muxture of AcOH and residual
solid was stored for 24 hours at room
temperature. Supernatant was neulral— ized
and concenlrated to 1/5 of iaitial volume.
Turbid basified solution was centrifugated
and precipitate gave hrown powder. UV
spectra ol  brown  powders  showed
maximum absorbent peaks at 250—303 nm
in 0.1 M H250i Further fractionation of
n-BuO¥ partition gave 1ihree fractions of
X1, X2 and X3 on chromatography by
elution with water, MeOH-water{1:1} and
MeOH on Amberlite XAD-7". Elate was
separately
freeze-dried and weighed. However LTB,
the n-BuOH fraction of L. vadoriki twig,

charged in a reflrigerator,

could not be eluted out from Amberlite
XAD-7.

Table 1. Characienstics of the Korean mustletoe samples

Mistletoe Sampling Host
Saoientific Name' Part Scienbfic Name Symbol | Tissue
Pseuditis japonicus Havara Leaf & Twig July ‘95 Camefia japonica Linnasus KJ Fresh
Viscum album var. coloratum Leaf October ‘95 Quercus acubissima Vi Fresh
O Twig Carruthers VT Air-dned
Leaf \ o . Ll Air-dried
Loranthus yadorki Sien. Twig October '84 | Camellia japonica Linnacus LT Air-dried

" named according to Lee™.
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2.3 Antifungal activity

Three kinds
Trichophyton
human pathogenic fungus,

of fungi screened were
rubrum ATCC 44766, an
which causes
Tinea spp. diseases in  foot or hand,
Endothia nitschkei of plant
fungus, and Tyromyvees palustris, a wocd

Antifungal

pathogenic

decaying, brown rot fungus.

activities were measured against E. nitschkel
and T palustris by agar dilution method'™.
Al of the strains were maintained on
PDA(Bacto® Potato Dextrose Agar Medium)
slants at 5. Appropriate amounts of test
substances were mixed with PDA at 40—~50
T, and agar plates were prepared in Petri
dishes containing 20 mé media. Then Smm
ciameter agar disks of the pre-incubated
fungi were inoculated as on the opposite
edges of the plate with (sampie) or without
(control) samples. Inoculated dishes were
incubated at 25£17C. The radial growths of
the fungal colonies were measured daily for
1-8 days after innoculation. The antifungal
activity ~ (AFA)  was
evaluating the linear regression slope from
plotting Gt with Ge, where Ge and Gt are
radii of the hyphal or mycelial growth on

deterrmned hy

the control media and on the media
containing the test substances, respectively.
The Gc and Gt were calculated from the
average values of three replicates. To
investigate the antifungal activity against T.
rubrum, an  automated turbidometer, Bio-
screen (Labsystems Oy), was used according
to the method of Laine et al.*. because T
rubrum has spore reproduction character.
Sixty micro liters of the sample sclution and
30 ¢ of the indicator organism in saline
were dispensed to microtitre plate wells (96
wells) with 210p¢ of the growth medium,
PDA. In the control wells the sample
solutions were replaced by an equa! volume

of sample-dissolving solvent. The indicator

was prepared by collecting spores with

sterile swabs immersed in saline and
adiusting 107 spores mL” with a light
microscope. The microtitre plates prepared
were incubated at 25T for 60 hours with
gentle shaking. The turbidity was measured
in wide rtange of wavelengths 420-580mm.
The concentrations of sample solutions were

o0, 500 and 5000 ppm.

2.4 Apparatus and chemical analysis

Column packing materials for separating
systems were Sephadex® LH-20 (Lot No.
297621, Pharmacia Biotech, Sweden) and
Amberlite XAD-7 (Nonionic  polymeric
adsorbent, Lot 45H1153, Sigma Co.,, USA)
Instruments are follows homogenizer
(ULTRA-TURRAX T50, JANKE &
KUNKEL, IKA®-LABORTECHNIK, Ger-
many), rotary evaporator (N-N  Series,
EYELA, Japan), centrifuge (UNION 5KR,
HANIL., Korea), freeze dryer (BONDIRO
FD8512, ILSHIN, Korea), incubator (CAN &
AM  Deluxe, Great Britain), UV-VIS
spectrophotometer (UV-1601PC, Shidmazu,
Japan) and automated Bicreactor (Bioscreen;

Labsystems Oy).

RESULTS AND DISCUSSION

3.1 Effect of mistletoe extracts on the growth
of Tyromyces palustris

T palustris 15 a brown-rot fungus of

Tyromycees,

subdivision

beloning to  family

Aphyllophorales,
an

gemis
Polyporaceae,
and division Basidiomycotina™ . This fungus
reduces degree of polymerization of hemi-
celluose and cellulose in the early period of
degradation of wood and cause [(ollowing
decrease of wood strength®™ .
the inhibition of this fungus would give
mamntenance of wood strength, especially

Therefore

bending strength and important wood pre-
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272 Diameter of hyphal growth of

T. palustris in the medium was measured
daily for 5 days, after inoculated Petri dishes
were in incubator at 25C for two days.

servation

Concentration of samples applied to 20 mé
PDA medium a Petri dish was 500 ppm.
Numerated diameter values, a distance
from inoculation center to hyphal growth
edge of T palustris grown in testing medi-
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Fig. 1. Effect of n-butanol X2 fractions of MeOH

extracts from mistletoe on mycellal growth of

Tyromyces palustris.

80

80 4

70 4

60 4

50 4

40

—&— Control vs VLE
—0— Control wsVIE
—v— Control vsLLE
—— Controt v LTE
—=— Control vs Centm]

30

20 4

Mycelial grawih of 7. pedusiis 1 testing media (mm)

D IIEI 2IEI Eh 4‘0 5]3 E‘EI 7‘D BIIJ GID 100
Mycella) growih of T. pelusiris in eottro] med bam {omm)

Fig. 2. Effect of ethyl acstate paritions of MeOH

axtracts from misfletoe on mycelial growth of

Tyromyces palusins.

urmn, were plotted with those of control
medium. There was vellow pigmentation
around inoculation center in the medium,
Only VTBXZ2 significant. AFA
{antifungal activity) against 7T palustris

showed

{Fig. 1). There was not other sample being
significantly active in inhibition, and rather
LTE promoted the growth of T palustris
(Fig. 2). Judging from the result that t-test
and slope value of each curve., VIBXZ with
t-value of 5.05 (95 % confidence level) and
slope constant of 0.792003 (R®=0.997), in
rmistletce  samples, was the most active
against T. palustris. In addition, AFA of
VTBXZ2 was 21£3% at 500 ppm dose when
analogized from the slope in Fig. 1. However
MeOH extracts from the Korean mistletoes
antifungal  activity

showed mno apparent

against 7. palustris in this experiment.

3.2 Effect of mistietoe extracts on the growth
of Endothia nitschkei

E. nitschkei is a plant pathogen fungus

Endothin, phylum

withering of

belonging to
Ascomycata, which causes

genus

small branch or even main stem with 3 -
dem diameter of Quercus species and thus
inhibits the growth of living trees by
causing wood defects such as cave-in where
this cccurs’. The inhibition of the fungus
would give normal physiclogical growth of
trees, The growth-inhibitory response to E.
nifschkel was examined by the same method
in the case of 7. palustris. Diameter of
hyphal
measured daily after incubation for two days
at 25 .

VLE was most active in EtOQAc partitions.
VTE and LLE also had significant activities

growth iIn testing medium was

(Fig. 3). All n-BuOH X! fractions had no
significant activities and rather showed
promotion  activity, and did the other

n—BuDH X2 fractions except VLBX2 as
shown in Fig. 4. The most prominently ac-
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Table 2. Korean mistleioe extracts which are significantly active against Endothia nifschker

Sample Regression coefficient’ R square t-valug” P-value™ AFAL™
KBX3 07301 0.999 348 no3 +
VLE 04200 0.998 416 0 Rans
VLBXZ2 040000 0999 422 001 4+
VLBX3 071005 0993 335 0.03 +
VLW 04220 0998 254 0.05 ++
VTE 072200 0999 31 0.04 T
VTW 0752002 0.997 aNn 0.02 +
LLE 0e8+0.02 0.998 330 0.03 +

the coefiicient of hnear regression In ploting growth diameter of samples with that of contral

the t-value at the P=0.05 level

* the probabilty that estimation 1s incorrect In stating that the two means are diffareni.

" the value calkculated with equation, AFA = (1-a) X 100, +++

50 - 100 %, ++ @ 30-50%, + : 0-30%
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tive fraction was VLBX2, and VLBX3 and
VTBX3 showed significant activities al-
though they were lower than that of
VLBXZ. Two partitions, VTW and VLW,
had significant inhibition activity, and the
other water partitions had no inhibition
activity but rather promotion activity or no
change (Fig. 5). Generally extracts of V.
album  var. showed  higher
inhibition activity against E. nitschkei than
those of other species.

Active partitions or fractions against E.
nilschitei showed their linear imhibition to
incubation time significantly at the 5%
confidence level (Table 2). Simple statistic
valnes about the AFA of samples estimated

coloratum

to act positively, which means growtlh
nhibition against £, nitschker. ATTAs showed
{(+) at VTW, KBX3, VLBX3, and VTE, {++)
at LLE, and (+++} at VLW, VLBXZ2, and
VLE. The order of AFA was in VLBX2 >
VLW = VLE >> LLE > VILBX3 > VTE >
KBX3 > VTW,

Among the Korean mistletoes, V. album
var. colorafurn had the most highest hyphal
growth inhibitory activity to E. nifschkei,
and leaf part ¢kd higher activily than twig
part. All fractions showing (+++) AFA
occurred in leal extracts of V. album var.
coloratum, and especially VILBXZ2 showed
60% AFA at 500 ppm dose. In Fig. 6 which
shows dose on  AFA, all

fractions tested were statistically significant

dependency

in linear regression and dose-dependent.
MIC50 ol tested samples was around 400,
200, and 550 ppm for VLBX2, VLW and
VLE, respectively.

VLBXZ2 fraction was further fractionated
into VLBXZA, VLBXZB, VLBX2C and
VLBXZ2D on Sephadex LH-20 by elution
with water, MeQOH-water(50:50), MeOH-
water(70: 30} and MeOH, respectively. There
was no promotion in AFA by fractionating
VLBX?Z, and only VLBX2C showed steady

a1

Antlfungal Acllvity (%)

Incubation ime (day)

Fig. 7. Antifungal activities of VLBXZ2 subfractions
from Sephadex LH-20 column chrematography
aganst the mycelial growih of Endothia rniischker.

(+} AFA againsl E. nitschkei according to
incubation period and its AFA was lower
than that of VLBX2 (Fig. 7). Therefore,
AFA of VLBXZ aganst FE rnitschier 1is
thoght to be caused by synergism of its
chemical components.

Hull and Leonard"” suggested that i1f host
tree has allelopathic compounds against some
pathogen, parasitic plant will have same
compounds and it is easler to trap anti-
pathogenic compounds which can be pro-
duced by host plants, will be easily collecled
continuously by gathering parasitic plant.
Considering that the host was GQuercus
species (Table 1), there is also possibility to
apply this suggestion rto  collect anti-
pathogenic compounds against E. nitschkel
from V. album var. coloratum.

3.3 Effect of mistletoe extracts on the growth
of Trichophyton rubrum
Dermatophytes are a unique group of
fungi that can invade the hair, skin, and
nails of a living host. The etiologic agenis
of the dermatophytoses are classified In
imperfect)

three anamcrphic ({asexual or
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genera, Epidermophyton, Microsporum, and
Trichophyton“. Species capable of repro-
ducing sexually bhelong in the teleomorphic
genus, Arthroderma, of the Ascomycota. On
the basis of primary habitat association, they
may be grouped as geaphilic, zoophilic, and
Adaptation to  growth on
humans by most geophilic species resulied

anthropophilic.

in diminished loss of sporulation, sexuality,
and other soil-associated characteristics .

ahility to
invade keratinized tissue (skin, hair, and

The dermatophyvtes have the

nails} but are wusually restricted to the
nonliving comified laver of the epidermis
because of their mability to penetrate viable
tissue of an immunocompetent host. Acid
proteinases, elastase, keratinazes, and other
proteinases reportedly act as virulence
Especially T. rubrum is major

pathogenous fungus of Tinea barbae, Tinea

k)
factors™.

capitis, Tinea corporis, Tinea cruris, Tinea
pedis, Tinea unguium and T. manus, and it
causes dry squamous type dermatomycosis
which is diffuse scaled, relative lack of
inflammative, and extremely chronic™*

The control curve showed that spore
germination continued to 22 hours, mycelial
growth from 22 to 35 hours, and the
stagnation period began at around 35 hours.

VLE exhihited prominent inhibition against
both spore germination and mycelial growth
at 5,000 ppm dose (Fig. 8).
prominent activities in X2 {fractions. All

There was no

water partitions and most of X1 fractions
showed promotion activities or no inhibitory
activity. However LLBX1 showed significant
inhibitory activity against T. rubrum, where
it lengthens the spore germination period
and decreases the mycelial growth slightly
(Fig. 9). All alkaline fractions, except KA,
had conspicuous inhibitory activities against
the spore germination of T. rubrum, bul
they did not against mycelal growth (Fig.
10). Only LTA showed tiransitional growth

satu -
3
—— LLBXI
—— VLE
—= - LTA
—— VLBX3
+  Mentagol 50 ¥
. —¢ - Coniral nn"n
g "
£ o
pa ]
P

0 10 20 30 40 a0 60
Incubation tirne thaour)
Fig. 8. Effects of signficant paritons and

fractions of the Korean mistletoe exiracts cn the
growth of Trchophvion rubrum.

i} ] 20 30 40 20 80

Incubation bme thour)

Fig. 9. Effect of n-butanol X1 fractions of
mistlietoe  MeOH  extracts on  the growth of
Trichophvion rubrum.

ration period within testing incubalin period,
which means the inhibitory activity of L.TA
is dependent on incubation time. Conclusively
LTA and VLE showed significant inhibition
to spore germinalion dunng incubation period
of 35 hours at 5000 ppm. One can observe
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Turbidily

i} 10 20 30 40 50 80
Incubation me thour)
Fig. 10. Effect of 2% acetic acid paritions of
mistletoe extracts on the growih of Trchophvion
rubrum.
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Fig. 11. Dependence of antfungal actvities of
LTA and VLE on dose concenfration and iheir
companson with those of a reference compound,
Mentosoiw, against Trichaphyton rubrm.

dose concentration (Fig. 11). Two samples
applied with 5000 ppm dose concentration
showed more active against spore germi-
nation than Mentosol™ (based on chiorotri-
mazol concentration; solution containing 1.0g
chlorotrimazol, 0.1g dlcamphor, 3.0g salicylic

acid in 100 m¢ EtOH, Uhan Co. Korea) at 50

04— T T T T T
o] 20 40 60 BO 100 120 140

Incubation time (hour]

Fig. 12. Dependence of the growth ot Trchophyion
rubrum on Incubation time in PDB medium,
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Fig. 13. Comparatve eflects ¢f VLE_B fracton of
mistletce  MeQH extract on the growth of
Trichophyton rubram at 500 and 250 ppm doses.

ppm dose uniil about 35 hours. Inhibitory
activities of VLE against both germination
and mycelial growth were higher than those
of LTA, Although VLE at 5000 ppm dose

had lower activity than Mentosol™ of even
50 pom  dose, VLE had comparable
anti-spore germination activity with

reference compound contain =salicylic acid.
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Therefore the VLE was confirmed as
antifungal fraction that acts as anti-spore
germination active agent.

Each fractions of VLE was examined at
dose concentrations, 500, 250, 50, 10 and 2
ppm, and concentration was indicated at the
position following the last word of sample
name. The re—plotted to
incubation time and
turbidity. Therefore growth-inhibitory activ-
ity of VLE_B was further investigated. In
the lower inhibition activity than VLE _C and
VLE_D apparently showed dose—dependent,

results  were

reaction  solution

dose levels of more 50 ppm were applied
because 10 ppm and 2 ppm had no
significant inhibition in Fig. 13.

VLE_B had growth-inhibitory activities al
346 %, 241% and 126 % at 500, 250 and
50 ppm dose conceniralions, respectively(Fig.

13).

CONCLUSION

Generally, no nustletoes had anti-fungal
activity against T. palusiris. Extracts of V.
album var. coloratum showed the highest
hyphal growth-inhibitory activity against E.
nitschkei, and leaf part had higher aclivity
than twig part. Further fractionation of most
active fraction and following antifungal
assay showed that 1ts anli-fungal activity

synergism of its
showed  comparable
activity

equivaient to  a

caused hy
VLE
germination

might be
components,
anti-spore against
Trichophvton  rubrum,
reference compound. As a result it was
suggested that Viscum album var. coloratum
gspecies of the Korean mistletoes has
significantly antifungal activities against FE.

nitschkel and T. rubrum.
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