Puiume L Opening sile of o waste pipe from g riccoon oo o g
shaltow drain in the mueaquedbear ares. The inser! phu:n“mp! at the
upper right corner shows the opening of the waste pipe in the racconn
. Directions of water flow are indicated by arrows,

madacin with herorrhages and gli-
pproxhmately
. Histdogical
TS

tologieal analyses found mulufoest

asis i the cerebrum and 2 encapsulated ascarid larvae o
S pm mmsimom width iy the corebrum axd the by
sections and paraffin blocks of the cerebrom (n = 23 and mh ¥ 1
in = 43 of previous cases were pf'muicl by other laboratorics, The
.m;mwm cuses wlso showed multifoeal malucin in the cerebram ol 2
animids, bul oo parastres were detected in any tissues.

Afrer 1m,tm)g|ml detection of arid Jarvae in macaques showing
newrological disesses. parasiiological surveys wore performed on ruc-
coons and bears. Raceoons and bears were treated regularly (ot least
anmuadiyy with anthelmindic drugs, We found no evidence of
pons with B procyessis at fecal examinanon, and curstakers of
s had mever noticed expulsion of adult ascarids from any indi-
3 after anthelmintic grestments in the past. Intensive exanination
of the soil from 13 poings in the raceoon cote and the sewase dr
coukd not detect any parasite sentinel animals for detecting
ascarnd ege comtamination of the cote, 2 young rabbils (0 cunicuds)
Were umw, there for 1.5 mo from June 2001 1o July 2001 These raivbitg
did not develop clinfes! sympioms, and no Jarvae were rccx‘marmi from
them by ey, and

(&

ain

artifictal tissue digestion of the whole muscles, v
brains. On the contrary, all bears were constmily infected with i); e
Juga, and 3 anatire adults were recovered afier every annual an-
helminic yeaiment. Soil examination of the macaguesbedr enclosure
from 8 sites, however, yielded few asearid egps (e, 2 Buvlisascaris
3 fromx 150 g of soil from only | e} Then, formalin-preserved
tissue swnples were re-gxamined mucroscopiently. Three white miliary
aodules were found on the serpsal surface of ithe fungs and posterior
Heum ol 1 adfected macaque {Fip, Two encapsulated larvae were
collected from the lungs (Fig, 33 However oo larvae were found in a
mitiury nodule on the serosul sarface x;éi the ileum, and the center of
this nodule was caleified. An isolated larva showed morphology typical
of Baviisasearty kirvae und messured 1,38 mum Jong and 62 pm wide,
with & 0.2 1-mm-long esophagus, As desertbed previonsly (Sato el al..

20043, the tarvae of B, procyords and B, transfuga resemble each other,
and it is bard to distinguish the species based on marphalogical ex-
amination of the isol .ued partasite. The pathogenicity of 8. procvonis
and B eransfuga as LM was distinet for both nrice and jirds (Saw et
al. 2003 The LM caused by o Hmited number of B procvenis larvae
was fatal for both laboratory bosts because of neoral lavasion of the
site, but induction of fatal Bl sransfuga 1M oceurred only after oral
Hoculation of the hests with a substantial number of eggs (Papini and
Casarosa, 1994; Papini et al., 1996; Sato et al., 2004, Based on fisdings
such as ¢ histological lesions in the cerebrum (mulidoea) malacia
with hr:nmnhaf‘rcq and ghiosis) and few encapsulated huvae in the vis-

2ues

)
,
»

pid

cera of the Ilfi:“ik,ﬁ macigues, #oseems more likely thae the causazive
ascaried of fatal LM in this macaque colony was B, procyonis vather thas
B, transfuga.

’\Inluplc polymerase chain reaction (PUR-based technologies have

at surface of the ge-

Fratre 2.0 Miiary nodules found on the sero
vy tobe of the lungs (A) and the ileum (B} from a macaque with
asearid fervio migrans, Bar v .

rotozuan At st hele
m im“l ing

been applicd saccesstully for the id sention of
minthic species of medical and velerinary importance
nds (Anderson et al. 1993: Nadler and Hudspeth, 1998
et al, 2000 Zhe e all 20000 Boeth the PCR ampli fthe
seguenving of pantienlar regions of ribosomal RZ\,\ wene A or
mitochondrial DNA (mtDNAY are of great advantuge © phylogenet-
rxonomists, and other rescarchers in identifving the oreanisms,
ramphiication from minate or hghly degraded DNA sam-
¥ s a result of the malticopy nature of the genes
feManus and Bowles, 19961 The speoies-iden-
tification strategy described above was adapied 1o our macague cases
that had sewral and visceral LM caused by Bavlisasooris sp. with a
fimited number of larvae in the tissues, ns seen on histologicnst slides
or in fonmalin-preserved maderial
We atiempted to amplify 288 DNA mni extochrome ¢ oxidase sub-
uatit 1 (OO and subonit 3T ¢COTN msl sequences of 2 Jarvae col-
lected from formalin-fixed & § x‘:)é an affecied macague. Before this
'vhnut lhc»;c segments (‘f' mrimx\‘

IS,
becuuse thel
s refatively ¢
;}\n(hm et al, 198

atlempl, wes
asearid spe
park where

in r.mhtx in ”U(IH
(Sa10 ¢ 2 .f's'cm( Amcx wcan !)quk hears kept in the
mhu"iv ere, an Asiatic black bear (U daberanis)
shot i Aomert Prefecture (Japan), and 1 polar bear (U, marsinus) rept
tgsin @

Ficure 3.
ated layva (B) from an affected macaque. The
festures of Buviisascaris, bt vhe species identifi

1O pram,

A pressed tmage of a pulmonary nodule (A) and m iso-
rva has morpholog
cation is difficult. Bar

i
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TasLE 1. Oligonucleotide primers used to amplify the 285 rDNA and cytochrome ¢ oxidase subunit I (COI) and II (COII) mtDNA segments. The
size of the polymerase chain reaction (PCR) product and the number of base differences between Baylisascaris procyonis and B. transfuga are

indicated as well.

Number of base differences

Size of including in the PCR
Primer name Sequence PCR product (base pairs) product*
28S rDNA
Bp28S-F1 5'-GGGGCTATAGTCCARAGAAGGTGCTA-3' 610 [F1-R1] 14
Bp28S-F2 5'-GCTGCATTCATCCGATCGG-3" 363 [F2-R1] 12
Bp28S-R1 5'-TCGGATAGGTGGTCAACGTTCACA-3’
COI mtDNA
BpCoxJ-F1 5'-TTTGGTCATCCTGAGGTTTATATT -3’ Unknown Unknown
BpCoxI-R1 5'-ATGAAAATGTCTAACTACATAATAAGTATC-3’ Probably 423+
COII mtDNA
BpCoxII-F1 5'-ATTGTAGGCTTTTGTTTGGTGT-3' 528 [F1-R1] 33
BpCoxII-F2 5'-AGTCTTTGGATCAGTTGGAGTTGG-3' 302 [F2-R1] 12
BpCoxII-R1 5'-CACAAATCTCAGAACACTGACCATA-3'

*Based on reported sequences of 285 rDNA (U94753 and U94754) and COI mtDNA (AF179908 and AF179909) of B. procyonis and B. transfuga, respectively.
T Based on reported sequences of Ascaris suum (X54253), Toxocara canis (AF182297), and T. cati (AF181882).

local abattoir; Toxascaris leonina from cats Kept in a veterinary school;
Toxocara canis and T. cati from dogs and cats at a veterinary clinic;
and 7. tanuki from a raccoon dog shot in Aomori Prefecture. Larvae of
B. procyonis, B. transfuga (polar bear origin), and 7. canis were col-
lected from Mongolian jirds (Meriones unguiculatus) inoculated orally
with embryonated eggs as described previously (Sato et al., 2004).

Formalin-fixed adult ascarids were washed in running tap water over-
night. Pieces of viscera and musculature were removed and minced on
clean aluminum foil vusing a clean scalpel, put into 15-ml tubes, and
washed several times with pure water. Frozen ascarids were cut into
pieces with a clean scalpel. All parasite samples were collected in 1.5-
ml Eppendorf tubes, and DNA was extracted with GenomicPrep® Cells
and Tissue DNA TIsolation Kit (Amersham Pharmacia Biotech, Pisca-
taway, New Jersey) according to the instructions provided by the man-
ufacturer. For formalin-fixed eggs and larvae, inchiding 2 larvae col-
lected from an affected macaque, intermittent ultrasonication at 60 C
for 20 min was used to break their hard covers, cuticles, or egg shells
according to the method described by Loreille et al. (2001). Because
the parasite samples remained intact under a stereoscopic microscope
even after 2 sonications, an additional sonication was performed after
adding glass beads of 0.105~0.125 mm in diameter into the Eppendorf
tubes containing the parasite samples. Amplification was performed in
50 pl of a solution containing 10 mM Tris-HCI (pH 8.3), 50 mM KCl,
1.5 mM MgCl,, each dNTP at 0.2 mM, each primer at 0.5 pM (Table
I), parasite DNA, and 1.25 U of AmpliTag Gold® polymerase (PE Ap-
plied Biosystems, Foster City, California). Each cycle of PCR consisted
of denaturation for 45 sec at 94 C, hybridization for 1 min at 52 C
(COD or 55 C (COII and 28S rDNA), and extension for 45 sec at 72
C. This cycle was repeated 40 times, and another 40 cycles of the
reaction were performed for larval materials. Amplified PCR products
were analyzed by electrophoresis using 1.3% agarose gels and ultravi-
olet visualization after ethidium bromide staining. Amplicons of interest
were semipurified with Montage® PCR Centrifugal Filter Devices (Mil-
lipore, Bedford, Massachusetts) and sequenced in both directions using
the aforementioned primers on ABI PRISM® 377 (PE Applied Biosys-
tems) by a commercial service (FASMAC, Atugi, Kanagawa, Japan).
The DNA sequences were aligned using the CLUSTAL W multiple-
alignment program (Thompson et al., 1994).

The pair of primers shown in Table I successfully amplified 610- and
363-base pair (bp) segments of 28S rDNA, a 423- or 420-bp segment
of COI mtDNA, and 528- and 234-bp segments of COII mtDNA from
all adult ascarids examined here by a single round (40 cycles) of PCR.
A single round of PCR did not amplify a 610-bp segment of 28S rDNA
and a 528-bp segment of COII for any larvae or eggs, but some am-
plification of a 363-bp segment of 285 tDNA, a 423- or 420-bp segment

of COI, and a 234-bp segment of COI for parts of these parasite ma-
terials was seen. Subsequent PCRs were conducted using 4 pl of the
primary PCR products, and successful amplifications of the latter 3
DNA segments were obtained. Partial COI nucleotide sequences ob-
tained here are available in the DDBJI/EMBL/GenBank databases
(AB125694 through AB125700). As for the laboratory-prepared, for-
malin-fixed larvae, double sets of PCR were conducted to amplify the
DNA of 2 larvae detected from formalin-preserved tissues of a macaque
with ascarid LM (Fig. 3), and only a 420-bp segment of COI mtDNA
was amplified successfully. However, the nucleotide sequence of the
amplified COI segments of these 2 larvae were amplicons distinct from
those of any ascarid parasites.

Initial attempts to amplify 5 sizes (234-610 bp) of segments of 285
IDNA or of COI and COII mtDNA by a single round (40 cycles) of
PCR using adult ascarids~were absolutely successful, whereas only
smaller sizes (234-423 bp) of segments were amplified by 2 rounds
(40 cycles in each round) of PCR involving formalin-preserved ascarid
larvae or viable eggs. A major cause of this difference could be the
original amount of DNA template in each reaction tube for ascarid
adults or nonadults. Different processing of ascarid adults and larvae or
eggs might elucidate the difference between them regarding segment
sizes of amplicons; to extract the DNA from the hardy, cuticle-surround-
ed larvae and shell-protected eggs, these materials were ultrasonicated
3 times at 60 C (three rounds of ultrasonication for 20 min each). Lor-
eille et al. (2001) demonstrated that this method alone could success- .
fully break the hard shell of ancient eggs of Ascaris sp. We could not
break the coat of larvae and eggs by ultrasonication only, and we finally
destroyed them by performing an additional ultrasonication with fine-
glass beads added to the tube. Repeated and extended ultrasonication
of the material might cause fragmentation of DNA. This extraction step
should be modified to minimize DNA destruction; use of a high-speed
mechanical shaker, which may assist the actions of glass beads to de-
stroy the hard nematode cover, may be better than ultrasonication for
this purpose.

In conclusion, the present study reports a second outbreak of Bayli-
sascaris LM in animals in Japan following an outbreak of the disease
in rabbits kept by a small wildlife park (Sato et al., 2000; Furuoka et
al., 2003; Sato, Kamiya, and Furuoka, 2003). This outbreak was char-
acterized by sporadic occurrences of macaques showing clinical and
fatal neurological disorders in the colony kept by a safari-style zoo. The
area potentially contaminated with B. procyonis eggs might have been
very limited (i.e., around the opening of a sewage pipe from the raccoon
cote and a shallow drain), Furthermore, visitors are forbidden to walk
in this area, and they must pass the area by car. The approximately 30
animal caretakers and veterinarians working in this zoo were tested
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hematologicatly and serologiCully with an enzyme-linked immunosor-
hent assay using the excretoryfsecretory antigens of B, procyernis larvae.
which was prepared following the method deseribed by Boyee et al,
{1988, None of the workers exhibited positive serotogical reactions ©
B. procyonis or T. cands antigens.,

We are grateful to Yoshihiko Saito, Savoeri Morakami, Kazuaki K-
ide. Yukiko Koide, Nornko Kawai, and Naoko Nakamurs for their co-
operation and for pnwsdi ascarid adults. The present work was sup-
ported in part by Grants-in-Ald (13460137 and 13390134 from the
Japan Society for the Promotion of Science.
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abstract

The goal of this study was to search for new treatments for Tuxocara cans using both in vitro and in vive experiments. We
specificalty looked for o treatment for 7. capis farva migrans. and examined f-carboline alkaloids {17 compounds) with various
structaral medifications, both in in vitro and in vivo experiments. In the in vitro experiments, screening for nematocidal netivity
on the 70 carsls second stage larvae, cytotoxic activity, and immune activity in the host were undertaken, Compound 17 was selected,
as it exhibited nematovidal activity for 77 canis larvae and did not huve any cytotoxic or immunosyppressive activity in the host. The
effectiveness of compound 17 was then examined using 7. canis farvae fnfected mice in in vive experiments. 'To evaluate the anthel-
mintic effect, the relative mobility value for the larvae was exirmnined in addition to the number of larvae in the brain. skeletal muscle,
and hiver. Compound 17 was also examined in both free and liposome-entrapped (LE} forms. Polvethviene glveol {PEG-LE com-
; sond 17 showed un anthelmintic effect in which the number of farvae in the brain was decreased compared Free albendazole. PEG-

LE compmmc 17 also effectively suppressed the mobility of the tarva in brain and skeletal muscle. The experimentat procedure
employed assisted in the discovery of this potential vandidate and is @ promdsing approuch for finding alwrnative therapeutic
reginens for 1) camiy larva migrans.

& 2005 Elsevier Inc, Al rights reserved,

-
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Repwords: $-Carboline; Toxveura cands: Liposome, Chemotherapy

1. Intredaction 2003). we isolated and synthesized 17 different B-carbo-

line alkaloids from Picrasma guassioides and Ailanthus

An effective drug that can be used to treat the human efrissima (Simaroobaceae),

infections caused by Toxocary canis is still needed. The In this study, we examined B-carboline alkaloids both
atm of our previous rescarch was to search for new in in vitro (nematocidal, cvtotoxic, and immune activi-
drugs in vitro that could be used for treatment of 70 co- - ties) and in vive experiments. The in vitro cvaluation
nis larva migrans infection {Satou et al., 2002, 2003}, of potential efficacy considered the effects on both the
Using the method developed by one of us (Koike, purasite and the host while the in vivo experiment was

based on the concept that effects on both the parasite
and host need to be considered. In the in vivo experi-

" Corresponding author. Fux: +81 47 472 1404, ment, {o increase the absorption of potentially poorly
Evneail address: satouipharioho-wacip (T, Satouj. bioavailable compounds, liposome-entrapped  (LE)

D 3-489478 - gee front matter & 2005 Clsevier Ine, AT rights reserved.
doi 016 exppara 2003.02.006
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forms were prepared and thelr effects were compared
with those of the free drug. Liposomes are recognized
as foreign bodies and are broken down after incorpora-
tion into the mononuclear phagoeytic system (MPS] by
macrophages.

Although the absorption of albendazole by the tis-
sues hus been shown to increase after administration
in liposomes {Wen ot al., 1996}, To bypass the MPS
uptake, we added polyethylene glycol {PEG) to the
liposome (Hrckova and Velebny, 20015 Velebny
et al., 2000}

The mobility of the T, canis lurvae was evaluated by
using the scoring method developed by Kiuchi et al
{1987). For the in vive experiment, we modified this
method o obtain an improved score.

1
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2. Materials and methods
2.1, Test componnds

The compounds shown in Fig. | were isolated from P.
queassivides and A. eltissima (Simaroubacese) and synthe-
sized as described by Koike {2003}, These compounds
were mostly side-chain substitited B-carboline alkaloids,
with compound 7 being a dimer, and compound 14 and
compound 15 having halogenated substituents,

2.2, Preparation of T. canis larvae

Toxocara canis adult worms were collected from
naturally infected puppies by using an anthelmintic

R1 R2 R3
CH, CH, CH,CH,
CH,CH, CH, CH,
CH, CH, CH,CH,CH,
CH, CH,CH,CH, CH,
CH, s CH,
H CH,CH, CH,CH,
LN
NN
H N:N?
8
R1 R2
CHO H
CH,CH,CoHs H
H COOCH,CH,CH,
H COOCH{CH,)CH,
CH, COOCH,CH,CH,
R
14 8r
15 Cf
{ H N
Ny ﬁ’ NH
CH,CH,CH,OH
17

Fig. 1. The siructures of 17 kinds of Boarboline atkaloids isolated from P, quassioides or A altisstna or synthesized,
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{milbemyein A, Sankyvo). Bges removed from the uterus

were developed into the larva-containing eggs afier eul-
turing for | month at 28 °C. By using a 50% sedium
hypochiorite selution {untiformin, Wako}. the protein
vover of the eges was dissolved {Oshima, 1861}, and
the hatched 70 cards larvae were collected, These second
stage larvae can be kept alive for about 2 vears when
maintained at 37 *C in an Eagle MEMI1 medium {Nis-
sutj at pH 7.0 (Kiuchi et al.. 19871,

2.3 Nematocidal activity 1est

A microplate was used to initially culture the 7)) canis
second stage farvae for 2h (50 larvae/welll in Bagle
MEMI mediam, The larvae were then mziintxineé at
37°C Jfor 72h with .01 or 0.f mg/ml of the test
substances.

Larval mobility after exposure to the test compound
was evaluated b\ a scoring system originally developed
by Kiuchi et al. {1987},

The activity was evaluated in vitro, and the scoring
methodology is shown in Table 1

2.4, Cytoioxic activity rests

The mouse macrophage cell line J774.1 and human
acute myeloid leukemia cell line HEL-60 culture cells were
used {Riken Bloresource Center, Cell Bank, Japan). Cells
were cultured in RPMII640 medium {Gibeo) supple-
mented with 10% fetal bovine serum ¢FBS, Sarkou Jun-
vakuy, 100 Li/ml crystal potassium penicillin G {Meiji).
and 100 ug/mi streptomycin sulfate (Meiji). The test com-
pounds (Fig. 1} were administered at 8.01 or 0.} mg/ml.
The cultured J774.1 cell line {1 x 10° cells/mi) was used
to measure the survival rate after 48 h (preincubation
for 2hy The cultured cell line HL-60 {3 x 107 cells/mD)
was used to measure the proliferation ratio after 72 h
{preipcubation for about 24 h). The measurement of the
cytotoxic activity was carried out using a modified
3-{4,5-dimethylthiazol-2-y1}-2,5-diphenyl-tetrazolium bro-
mide { MTT, Sigma) reduction assay {Sargent and Taylor,

1989}, Briefly, after termination of the cell culture, 18 plof
Smg/ml MTT in PBS was added to each well and the plate
was incubated in 5% COy/air for 4 h a1 37 °C, The plate

Tabie |
Criteria Tor evaluating the effect of drugs on karvac

State of larvu Score {1

Moving using the whole bouy 3

Moving with ondy a part of the 2
bady during the observation

Immobile but not dead i

Pread &

Mobility index (M) = Lo ¥nfENn, where Moo nomber of Jarvac with
the score of .
Relative mobility (RM1 = Mignpe Ml % 100,
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was read on a microplate reader at 5330 nm. Cytotoxicity
was determined by averaging results from three assayvs.
These activitios were evaluated against control {culture
without test substances) survival rates.

2.5, bupwne acuivity test

Compound eflects on the Immune system was evalu-
ated by analyzing the nitric oxide (NO) generation rate
i J774.0 eells. The NO generation rale was estimated
by measuring NOJ generation, which almost increases
in parallel. NOJ generation was measured using a method
previously described (Cunha et al.. 1993}, Briefly, J774.1
cells were washed and resuspended in the cultured med-
inm (200 pl at 1x 10° cells/ml), and placed in cach well
of a 96-well flat-bottomed plate. They were incubated in
COyfair for 2 h at 37 °C. After incubation, the med-
ium was replaced by & medium containing 10 ag/ml lipo-
pelysaccharide (LPS. Sigma, Japan) and recombinant
murine interferon-gamma {{FN-y, Funakoshi). Samples
were then added to the wells, Absorbance at 530 nm was
muhund after 48 hincubation using isovol ume Griess re-
agent [1% sulfanilamide (Sigma) and 0.1% v»{l -naph-
thyl) ethylenediamine dihydrochloride (Sigma) in 2.5%
phosphoric aad (Wakojl, and compared o that of the
control {culture without test substances). The average
absorbance from three assays was used to determine the
NO; gencration rate.

2.6, Toxveara canis infected mice

For the experiments, we used 3S-week-obd male
BALB/¢ mice (Nippon Bio-Supp. Ceater) that weighed
2022 g. All mice were given a standard commeraial diet
with free access to water and maintained on a cycle of
14 b light to 10 h dark at a room temperature of 23 °C,

Mice were anesthetized with diethyl ether {Wako
Chemical, Japan} and orally infected with 300 contain-
ing invasive larva using a glass probe conted with sili-
con. Four mice were used in each experimental group.
The laboratory animals were handled according to the
animal Ethics regulations of Tokyo Medical and Dental
University.

Based on the papet by Hrckova and Velebny (2001},
the drug was administered during the 28th through the
36th day of infection, and autopsies were performed
on the 50th day.

2.7. Preparation of somples for fntraperitoneat dosing

Free compounds and PEG-LE compounds were
administered mto the peritoneal cavity of the mice.

The reagents used for liposomepreparation were
3-sn-phosphatidylcholine [from hydrogenated egg volk,
Jecithin {Wako Chemical, Japan)} polyethylene glycol-
cholesterol IMW: 3000, PEG-Chol, (NOF, Japan}]. And
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albendazole {Sigma, Jupan) was used as positive control.
Each compound was prepared using the following pro-
porticns by weight, lecithin:PEG-Cholisample = [0:13.6:
25. After using organic solvent to dissolve these mixtures.
a thin film was formed by evaporation of the solvent,
Phosphate-buffered saline (PBS) was added to the thin
film. followed by sonication using an ulfrasonic cleaner.
Prepared PEG-LE compounds were given two times/
day intraperitoneally (30 mg/kg/day).

2.8, Design of necropsy studies

The brains of the mice were taken out, and interposed
between two slides to count the larvae. The larvae in the
Hver and skeletal muscle were coilected by using arufi-
cial digestive juicc treatment {2.5 g pepsin (Wako Chem-

ical, Japan), 3.5 mi hvdrochloric acid {Wako Chemical,
Eapm}_‘ dnd SOG ml water] and by centrifugation

{2500 rpm, 5 min).

The examination for larvae was done immediately
after the nceropsy, since there was the possibility as
the mobility of the larvae might decrease and/or the lar-
vae rmight dic after some time.

2.9, Evaluation method for Jarva mobility in the in vive
experiment

Larval mobility after compound administration was
evaluated by a scoring system developed by Kiuchi
et al. {1987} and is generally used in in vitro experiments.
We were able to modify and improve this scoring meth-
od so that it could also be used 1o evaluate the mobility
of larvae in in vivo experiments as shown in Table 2.

210, Calewlation of the proportion of eosinophilic
leukocyies

The Hinkelman method was used to stain eosinophils
{Hino, 1963). Ten microliters of blood was obtained
from the tip of the mouse tail for evaluation of eosin-
ophils and suspended in 100 i of Hinkelman solution
{eosin yellow {Merck) 0.05 g, phenol {Wako} 0.5 ml, for-
malin {Wake) 0.5 ml, and punhed water 100 ml}. The
blood sample (1 =4} was staiped for 30 min. Using a

Table 2
Evaluation method for larva mobility in the in vivo experiment

State of farva Scare (1)

Moving using the whole body

Moving with only a pan of the body during
the observation. or imynobile but not dead

Dlead 3

Mobility index (MU = LnAn/SA%, where Mn number of larvae with
the score of n.
Relative mobility {MIy =

ot T

k]

Ml saenpie !\11} oot % HOL
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phase contrast microscope (CK-2, Olympus), the pro-
portion of leukocytes (over 200} that were eosinophils
was calculated by using a counting chamber.

3. Results
3.F In vitro experiment

For the in vitro experiment, if a compound exhibited
nematocidal activity and did not show cytotoxic or
HImunosuppressive activities, it was considered to be
acceptable for further testing and development {Satou
et al., 2002, 20031

Albendazole {AZ), thinbendazole {TZ), and B-carbo-
line alkaloids 1-17 were examined in nematocidal
activity tests against 70 conis sccond stage larvae. As
shown in Fig. 2, there was nematocidal activity with
relative mobility (RM) values under %’O for both AZ and

TZ and for compounds | (1 O = 1.3, 2 {19003, 3
{2553 £ 6.8}, 4 (21.7 = 2009, (’44x2 51 6 (346 *
1.8), 9 (4.54-39), 10 (6&9:3.0 11 t28~—39) 12

(25.0 = 7.6), 16134 £ 1.6}, and 17(13.3
nematocidal activity was seen for compounds 1,
and 11

Those compounds that had exhibited high nemato-
cidal activity were chosen for further study, in a cyto-
toxic activity test performed in vitro,

The compounds 1-6, 9-12, 16, and 17
tions of 0.1 mg/mi, were examined for the cyiotoxic
activity in the cultured cell J774.1 after activation by
LPS and IFN-y. As shown in Fig. 3, only compound
17 {83.8:£240) did not exhibit cytotoxicity at the
0.1 mg/ml concentration.

As the cytotoxicity for compound 17 was low
(83,8 £ 24.0) at concentrations where anti-nematode
activity for T, canis second stage larvae was high, an
additional series of experiments designed were per-

4 1.0). Highest
2, 9,

at concentra-

120

1172 13 14 16 18 17

456789‘40

AZTZ 1 23

Fig, 2, Aunti-nematode activity against 7. cands second stage farvae for
each compound was examined at concentrations of 0.1 mg/ml (ihe
average of the relative mobility (RM) value £ SD from four assays),
The value of the control {the medium} was sef at 100. AZ, athendazole;
TZ, thiabendazole.
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Fig. 3. The cytotoxic activity for cultured cell I7740 for each
compound at a concentration of 0.1 my/ml (the average of the suryival
rite = S from three assays). The value of the control (the medium;
was set at [0,

Tahle 3

frmune activity for the cells for cultured cells 377401 at a 0.1 mgfml
concentration of compound 17 (mean value = 8D of NOJ production
rated and evtotoxie activity for culiured celfs HL-60 {mean value = 8D
of the cell profliferation rate)

The mean value &= 8 of NOI  The meun value = 3D
production rate (%) of the cell proliferution rute
{culture cells J774.1) {m=4) (%%} (eulture cells HL-6D = 4)

17 837%12 44.9 2.3

formed to further examine the properties of this
compound.

First the effect of compound 17 in the culured cel]
37741 was examined for activation of NO production.
We then leoked at compound 17’s cytotoxic activity in
HL-60 cell. As seen in Table 3, the NO production rate
by the cultured J774.1 cell line was 83.7 < 1.2%, indicat-
ing that it was not effective, The cell profiferation rate in
the cultured cell HL-60 was observed to remain at
44.9 4 2.3%,

3.2, In vive experiment using infected mice

Toxocara canis eggs with encapsuluted larvae were
administered orally to BALB/c niice and the eflective-
ness of compound 17 after an intraperitoneal adminis-
tration was examined, A high anthelmintic effect in 7,
canis larva infected mice has been reported when using
a PEG-LE formulation of benzimidazole carbamates
{ulbendazole, ete.) (Dvoroznakova et al., 1997, Hrckova
and Velebny, 2001; Velebny et dl,, 1997, 2000). Since the
compounds work to the larvae more, the administration
of both free and PEG-LE {liposome-entrapped) com-
pound 17 were examined. In studies to confirm com-
pound 17 effectiveness in toxocariasis, we found that
it was eflective in the in vitro experiment. However,
the number of larvae seen in the brain and skeletal mus-
cle during the administration of free compound 17 was
not altered and was similar to control (Fig. 4). When

Hposomized 17

oty free albendwzole free 17

%lin the bratn I3 in the musche

Fig. 4. Average lurvac’s numbers £ 8§D for the 70 caniy sccond stage
Jarvae infected mouse in the brain (B} and the skeletal muscle (£3) after
an intracelial infection of 30 mg/kg/day For each of the compounds.
The verticad bars indicate the infectious larvae’s number (n == 4).

compound 17 was formulated in liposomes, number in
both the brain {243 =30} and the skeletal muscle
{23.3 £ 8.4 decreased as compared to control.

A mobility score was used fo evaluate the mobility of
the larva in the brain and skeletal muscle, after measure-
ment of the number of tissue larvae,

As seen in Fig. 5, brain mobility values for the free
compound 17 (77.0 £ 12.4) and lposomal compound
17 {72.2 2 5.7) were equivalent to that scen for free
altbendazole (72.2 + 3.7). In addition. liposomal com-
pound 17 was equally effective in both the skeletal mus-
cle {78.3 £ 25.9) and the brain.

The time-dependent change in the proportion of cic-
culating eosinophil was measured, This is an important
index of parasitic infection, as there Is no rise in the va-
lug with noninfection. From the start of the infection
there was an increase of about 40% in the cosinophil
number in all lsukocyte counts, which lasted until
around the l4th day, after which there was a decrease
that was related to the administration of the drug. The
proportion of cosinophils to total leukocytes on the
42nd day afler the infection is shown in Fig. 6. Therce

fiposomized 17

control free albendazole free 17

Bin the briin G the muscle|

Fig. 3. Mean RM value of the larvae = 8D for the 70 caniy second
stage larvae infected mice isolated from the brain (B and the skeletal
misscle {£3) ufter an intraperitoneal infection of 50 mg/kg/day of each
compotnd. The vertical bars show the avernge RM value of the larvae
(n=4},
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coptyn] free albendazole free 17

liposomized 17

Fig. 6. The proportion of the ecosinophils 1o the total leukocyte
number in the infected mouse in the 42nd day from the infection afier
intracelial administration of 30 mg/kg/day of each chemical compound
in the 7. condy second stage larvae infecied mouse. The vertical bar
indicates the cosinophil propoertion = 5D (r= 4,

was a decrease of the proportion of the number of eosin-
ophils with both the {ree compound 17 (7.8 £ 4.4) and
the liposomized compound 17 (8.1 % 29) administra-
tipns. This was correlated with the decrease in the larvae
number.

4. Conclusions

The data suggest that of all of the B-carboline alka-
loid compounds tested, compound 17 s the one with
the greatest potential as a drug for the treatment of tox-
ocariasis. However, compound 17 was not particularly
effective in the in vive experiment for tarval numbers
and mobility.

Based on consistent results ranging from the in vitro
experiment (nematocidal activity test with 7. canis sec-
ond stage larvae, cytotoxic aclivity test with cultured
J774.1 and HL-60, immune activity test with activated
J774.13 to the in vivo experiment {antiparasitic experi-
ment in the T, canis infected mouse), the data show there
is a correlation between the in vitre and in vivo
gxperiments.
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CLINICAL INVESTIGATION

Following the Migration of a Toxocara Larva in the
Retina by Optical Coherence Tomography and
Fluorescein Angiography

Takashi Suzuki', Takeshi Joko', Nobuaki Akao’, and Yuichi Ohashi'
‘Department of Ophthalmology, Ehime University Schoal of Medicine. Ehime, Japan:
*Section of Environmental Parasitology, Graduate School of Tokyo Medical and Dental

Unrversity, Tokvo, Japan

Abstract

Buackground: The Toxocara larva is known to migrate across the retina, but the laver in which it migrates
and its effect on the reting has been unknown,

Case: An ocular Toxecora infection was diagnosed by an immunological test on a vitreous sample from
a patient with a retinal lesion that had migrated, Optical coherence tomography (OCT) and fluorescein
angiography {FA) were used in this investigation,

Observations: Many small lesions were first detected in the peripheral retina. and vitrectomy was per-
formed because of vitreous haze. Two peripapillary lesions were found during the vitrectomy. OCT of
one lkesion demonstrated a highly reflective mass located in the nerve fiber laver, and FA showed dye
leakage from the lesion as well as hyperfluorescence of the disc. Three weeks later, another lesion was
found in the macular arca, and OCT and FA findings were the same as for the first lesions. Fluorescein
leakage was also observed along the presumed path of the migrating larva.

Conclusions: The movement of the lesion from the purt{)dpl”dt”& area to the macular area sugs:un,d that

a Toxocara larva had migrated across the retina. OCT images indicated that the larva moved in the nerve

fiber layer, und FA showed that it caused severe inflammation along its pathway, Jpn J Ophthalmol
2005:49:159-161 © Japanese Ophthalmological Society 2005

Key Words: fluorescein angiography. migration, ocular toxocsriasis, optical coherence tomoeraphy,

Toxocara larva

Infroduction

The Toxocara larva commonly migrates across the retina,'?
but in which retinal layer the larva migrates has not been
clearly determined. We report a case of antibody-confirmed
toxocariasis in which the migration was followed by optical
coherence tomography (OCT) and fluorescein angiography
(FA).

Received: July 20, 2004 / Avcepted: October 27, 2004
Correspondence and reprint reguests tor Takashl SuzukiDepart-
ment of Ophthalmology, Ihime University School of Medicine, Shit-
sukawa, Shigenobu-cho, Onsen-gun, Zhime 791-0295, Japan
e-mail: s-t-ishizuchi®orion.ocn. nejp

Case Report

A Sl-vear-old man complained of blurred vision in the left
eve. Ophthalmoscopy demonstrated lesions in the periph-
eral retina of the left eye, and the best-corrected visual
acuity was 20/20 OS. Many white masses were present in the
superior peripheral retina, with cells in the vitreous. Ocular
toxocariasis with peripheral granuloma was suspected,
and the patient was treated with oral prednisone (30mg
daily, tapered over 2 months) and dicthylearbamazine
(100mg/day for 3 days, 300mg/day for 3 days, followed by
300mg/week for 8 weeks).

The vitreal turbulence increased, and endophthalmitis
developed. Vitrectomy was recommended, and informed
consent was obtained, Pars plana vitrectomy was performed
with cryocoagulation of the peripheral lesions. Intraopera-
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Figure 1A-E. Fundus pho-
tographs, Hunrescein
angiograms. and optical coher-
ence  lomography  (QCT)
images belore and efter the
migratica of & Toxocara larva.
A Fundus photograph before
urigration showing two vellow-
ishowhite lesions (errowhcads)
with shight papiilary  hyper-
emia. The arrosw points to the
location  and  indicates  the
direction of the OCT sean. B
Late-phase fluorescein
angiogram  showing  dve
leakage at the lesion, opte
dise, and maculs, The optic dise
is hyperfluorescent {amows). €
OCT image of the nasal
A hyperreflective mass can be
seen protruding into the vifre-
s {arrewheads ) the retina i
thickened. D Fundus photo-
graph | week after the migra-
don the nusal lesion has
coalesced with the temporad
lesion. E Fundus photograph 2
weeks after the migration: the
fesion is now one dise diameter
away from the optic dise.

Figare 2A-E, Fundus  pho-
tographs, fluorescein
angiograms, and OCT images
after the migration. A Fundug
photograph  taken 3 weeks
after the migration showing a
yellowish white Iesion in the
upper  foveal area of the
macula. The direction of the
OCT scan is shown by the
arrow. B Late-phase Auores-
cefn angiogram 3 weeks after
the migration, There & dye
leakage from the lesion. the
muacula {arrow) and along the
track  of migration  (white
arrowheads), Window defects
are seen at the site of the pho-
tocoagubition  (green  arrow-
fiead). C Three weeks after the
migration, OCT shows a highly
reflective  protrusion on the
retinal surface {arvewheads).
with thickened retinae. D
Fundus  photograph  at 6
months  after the migration.
The scars of healed lesions can
be seen at the fovea in the
macular region. The direction
of the OCT scan is shown by
the arrow. E OCT image 6
months sfter the migration. A
highly reflective mass {grrow-
Jieadsy s xeen in the reting,
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FOLLOWING RETINAL MIGRATION OF TOXQUARA

tively, two vellowish white lesions were detected near the
optic disc with shght papillary hyperemia (Fia. 1A,

Vitreous samples were collected. and an enzyme-linked
mmmunosorbent assay showed a strong positive reaction to
the larval antigen of Toxocara conis.

Postoperatively, the vitreous cleared, and OCT of one of
the peripapillary lesions showed u highly reflective mass
protruchng from the thickened reting into the vitreous (Fig.
1) TA demonstrated dve leakage from the mass and the
macula, with a hyperfluorescent optic disc (Fig. 1B). This

result indicated that the inlammation extended from the

The peripapillary lesions coalesced in o week and began
spreading toward the macula (Fig. 1D). In 2 weeks, the
lesion was one disc diameter from the optic dise (Fig. 1E).
It was photocoagulated with an argon laser (Argon Green
with 200mW of power: spot size, 30um: and duration, .35},
bul, the lesion continued to migrate to the superior foveal
area. It stopped moving at 3 weeks (Fig. 2A), The patient's
visual acaity was 207100, and OCT showed that the migrat-
ing larva remained in the same intraretinal laver (Fie. 2C).
FA showed dye leakage from the lesion and along the trail
of migration (Fig. 2B).

With tume, the size of the lesion decreased, and the
inflammation subsided at the optic disc. There was still dve
leakage along the trail of the migration. Without further
management, the lesion healed 6 months later (Fig. 2D), and
the patient’s visual acuity improved to 20050, OCT showed
hyperreflection at the site of the lesion with the disappear-
ance of the protrusion, but the retina was still thickened
{Fig. 2E).

Comments

Migration of the Toxocara larva has been reporied but
without details on the Intraretinal pathway.'? In our patient,
the OCT images obtamed before and alter the migration
showed that the protruding lesions were highly reflective on
the retinal surface, more specifically from the nerve fiber
layer 1o the internal limiting membrane. FA showed dye
leakage along the track of the migration and from the
macular area, with a hyperfluorecent optic disc. Ophthal-

161

moscopy demonstrated that the lesions were probably in
the nerve {iber laver. These findings indicate that the Tovo-
cara larva most hkely migrated in the nerve fiber laver and
caused the inflammation to the optic dise and macula.

In a case of posterior pole Toxcare granuloma, Higashide
et al’ demonstrated by OCT that the granuloma was
located in the subretinal space and resembled choroidal
neovascularization. In our patient, the OCT image did not
show any granuloma. perhaps because the larva was migrat-
ing. Takayanagi et al” found that in an experimental model.
migrating Toxecara farvae did not cause any granuloma to
form.* Perhaps the pathology of a lesion migrating in the
retinal surface s quite different from that of a subretinal
lesion: thus, the experimental model might correspond to
our case.

The peripapillary lesion appeared concurrently with the
development of apparent endophthalmitis.  However,
because of the vitreous haze, we were not able to observe
the fundus in detail when the lesion migrated to the peri-
papillary area, and thus we could not determine whether the
larva had migrated from the peripheral reting or from else-
where. The endophthalmitis apparently developed while the
larva migrated in the retina. This finding indicates that the
migration of the Toxocara larva caused the inflammation of
the retina.

In conclusion, our case showed that @ Tovocara larva in
the nerve fiber layver can migrate and cause severe inflam-
matory reactions In the optic dise and macula. The
anthelmintic drug and steroids were meffective in stopping
the migration or in reducing the retinal and papillary
inflammation.
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[FC&IC creeping eruption TOFEB L UHKIZ DWW T
B, BEORMAOREEREEFOYHRICL 3 EELIOTWRET 5.

creeping eruption DIWENE { & 51, KEFH BEE

MRS VA ADEBW Lo THREL TV S, iE Bl

SH, bhbhid&Esc ThEEBRHELT, IE B OHEITTR X
EiFmsht Type-X 12 & 3 creeping eruption & = IR ETEROEEZMED FIREHR
2 U7z 1BIR B L, RREEAL, RcIVvA1h % BREFE | 1954 SRIC FHEYIRR, 1980 WX T8
BRTHHRE L TOHMB & MEREFERR-, SHE A @ IMAETT), * OBREHRRHGE,

* Creeping eruption caused by a larva of the nematode suborder Spirurina Type-X

*1 Masaaki KAWASE © EIRNTKEUREREREEER (E(E  JIJE IEF) Department of Dermatology, National Okura
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*2 Nobuaki AKAO | ERERERAEAEREERESF S NREST (FF | BHEE—RFEHE)  Section of Envi-
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ity, Tokyo, Japan (Director : Prof K FUJITA)

*8 Yukifumi NAWA  BIFERIKZEERFHE (FF L5 TX8®) Department of Parasitology, Miy-
azaki Medical College, Miyazaki, Japan(Director : Prof Y NAWA)

*¢ Noboru KAGEl: ESEREMEFTFLEEDIT (ZMF . EF ERREK) Department of Parasitology,
National Institute of Infectious Diseases, Tokyo, Japan(Chief : Dr T ENDO)

*s Naohiro WATANABE : REEESERAFATFESBE (FF | X ER#HH) Department of Tropical
Medicine, The Jikei University School of Medicine, Tokyo, Japan(Director : Prof N WATANABE)

* Michihito NIMURA : RREESERKE FERISREE (EF | FiFy BEAZE) Department of Dermatol-
ogy, The Jikei University School of Medicine, Tokyo, Japan(Director : Prof M NIIMURA)
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MERHFERLERIZLSD Creeping Disease
—HRRFI VA AMRTOERIZEDEL 1 A—

P T

Ty EEHE

wH R

mA RO ORRE BT

2

#

51 5%, B, BEEOR I AMA DOMETZHRBICOA>TEEL, 208
2588, ATHESESHEL, ¥6123 B, AHEFICRBCFERDE
[EHATEE % fv, REBISNAEZ ) BRICGTESHEL 7=, £RICTRTE
ST E DL ESI 1om BAEORKETICHEME2HERL, RERRDH
FATXERBELR, Tk, REERSY A 7XGROBEY) & A7 BEREA
FEIC XD, PRFETED LR 2R L 7o, IR B BAEIZ I creeping dis-
ease 5| TR THBIRTEE L IBEHERD D 22°, BEAIIEIE ORET X
CRLTVE, BIEFEERMLTEY, REELZ3 RNV, ADEEZERED

EIERRERT 5 MNENDH B,

F=—"J— K ! creeping disease, IREMRBHRTA 7K, xINVA A

I. [ZL®IC

creeping disease 13 FF LRV FHPLK T 2 ilEE
TH-OBRBITELEL 2ERTH D, KER
HGHAEIE, 1980 EREEL D ZNE TS ok
FOHRMEMANOF L WEERE & U THREVHEX
&, 1992 FIzZ DFERPKRINA A DEEICL D
ZEHHBEL 72, SHEBELE, RNV ADOHE
T2BERICHEIE L ZRERBRIHBRIZ X 5 creep-
ing disease B L =D TWET 5,

I. & 6

=
52 200345 H26H
i AHESORBEE

B & &

iR - RBER BRI REI ik,

WKE 5 B 21 H, G TERENHEAL, EE
#XL LT, 24 BHE D GRIETRICEAD S 16
BEEBHEL, 26 H, RKWHMIFERRES LIER
CT TR TORERZ BRI N, ZEREWEK
ERANBN SN, IR, HEIEERICEREE LB
BEMHE-o7: 10X8cm ROBRDOZBEEHFLH 2 R
B, ZOFLEIZIE 1em KOBREZHAL 7,
HFMFER T 4 L%F, creeping disease DA% &%
ROLERBEZE L LA, 27 HE DA RICEH
o ERAEDP o THRET 5BREPHEL
7co 28 B, MREOEmIA 2 IR L 7, M2 &
D TEFREEED 2 BEEHC, FiROEEWIET
BALLEDFI LA DICTARED MY,
(&, ADA, BhEZBIHAALE D) 21

* Atsuko ASHIDA, Shigeo KAWACHI & Toshiaki SAIDA, {SM A%, HERIZEEE (B FHEHEER)
** Masaya TAKAMOTO, W, B¥MEMNSHEARBYYES (T ER—B#)
*** Nobuaki AKAO, HREERERAZ, EEREFEH¥ST (EF  BEE—RRET)
BIRIEERSE FHETF  EMNXFEFDEEE (T390-8621 AATHE 3-1-1)
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M1 FEPRER  HHIED & EERIC 2240 T DA % B S SRR
T2 (REDSERE)

2 EATE S O mEA RS
a! REETICHEOWEESRD 515,

b REEE 2 A 2 B 5 REOEEHAZ F
I, SFERRR, V) v oSERD S s B RIERIIESTIE B
e N

REWES GRIEKR) ; AR OREICEEI % <,
EAFERNTGOMRISHE cBEL TRHET 5,

(¢}
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D, BHICOZ>TREIEEL Tz, ¥z,
BiHIE=70, AVFOREE2 RT3 99%
KEUTEBEL Ty,

EBIFRE ARERD STz » T, B
10cm O H EHRICIET T 2 L EBORREE %
R B ARE OB 2 mm T ¢ BE % i,
-2 ORBICFERRCETT 3ERBRL, B
B 1208 2~3 cm DREHAIEZ o T3 (K
1) FeimiECld, AR CHATEAMELI LIS
IZ 1 cm BRIA £ CREOBEERE* #E L 72,

MERBBREME BIMIRE 10600/ mm?®, FEg
Bk 27.3%, CRP 2.18 mg/dl & ERZRD 7=, fhic
GEFELL,

RIBEBSRIAMR  creeping disease & & Z, 1
REBDEEZMN 2 LRETZFOLICRE 45
cm DOFEHICETETURL, KBERLD
RRDE I T B REE T I RAREITE S
FHonil (K2-a), REABALEED»SETIE
BAf ¥ CoOME RBRICFEEER, Vv ABkhek 3
RIEMREEE T 5, BEERE LN 2 KT
IFEERR % S BOR U 7= A% 2 SERIGIRE DR ©
B3, FFICHEOBBHMN & B s FALIIZEF
BIROEEIERHTH 5 (X 2-b), HEDER
99 um T, BEOREICEEIR L, EAIENH
DERBEMEICELTEHLTWE R EDFR
X0, REBRRGRS A 7XEREL 7 (K 2-¢),

REMBEZNFME 74 7X$YR0EITR %
TR & L BEYSRE I & 3 P iERE T,
BEIME (6 B 4 HRED 200 &R % ThHET
HoT,

B OB SRS, A7ud FEEBONEI
ko ERCEEIRERL 72,

m £ =F

ERBRGE B EEECB T 25ERENED
REBEEINTELT, KEEXLFHATH B A
B DIREBIZ T creeping disease (L FNRITER]) &
FREAZER23H 2, AR IFHEEWICZ 13 By
FEINTWBED, ¥4 7XBRSBE~NDRAL
DEL, LR 2 BHEORR L 2B 2 Ea%n, ¥
A4 7XhHIZEE 0.5~1 cm, 418 80~100 um T,
ININY, TS, Ry, RINAH, ANAAL

Vol. 47. No. 5.

AREDBEIETELTEY, PFTHREEELD
HEBWTERBINZIFZINA DDBERER B

E93% e, AFEOFREREIE R & L4 2 R
FFHHOD 3~8 HIZEEHFLTW3, biaAIZHK YL
A AR T Y FADOEEFEE IR TR,

CNFETHEBICEIT BARLBEIC X D creeping
disease DFEIZFTRILF-BH 51 MHH, RO X
) BRESRE I N, © BRIIZEE~2 8H
A% TH 5, @ FHREMIZESET, FTbERD
RIFRIMLTH 2, @ BRERITERELZ 4D 3
DHIBED, RIBRREEVHIRT 5, BEED
FREDPHR ThEBHI INEs Tt b, &
SNVA HOBREFERTIUIHEEI NS, L2 L,
BEEAHOADEER, NNKEEZFERT 20D
DEIRBBSHE & H Tl WIS A LT EI W 038 L
{, BRERR, BREE, HEER L L ORI
DSEEE L 2 3V, HRAITRUBE, <& =wE
IR BRI IS AL T, @ &SR
2k BTEIR, BHEOHREP< VY IR X
BIETEICHA, 1) BREHC, SVEHRR
H5, 2) BBICAKEERT S LHEV,
3) BEISEY, R EOREIH B, InidHGE
DEIEN I1mm UT EHNZ &9, REPERL
B EEOERBHMORTES Wit tEIoN
TWw3, 7, BEEEIZ1H 2~7cm, FITIE
2 BEREC 22 mm BEIL 2l b H 29, LizdioT,
BT TR L D b RDOEMICBE L T
W3R IZEWBHEVLOT, YRTAE/IIIORE
+oERT HLELVH L, HEEITE, BT
Sl AR 2 PSR M2 T 5 2 L TRIFDOFEEL
Rz HEET 5 2 LT R, FREMRMBERI B
B D RIE RS BAFE O BREAL D £ T Hh R
Ethotz, INOHREOBEEEOES 2 HEA
UAFRLEZ N,

A TOBITREBICOWTIIREBHI N TY
s, BOBWMINHRIIBELESED,
DS EBIcBATE EEZONTVS,
FHb o BEBICHEE, Bk oM {LBERE
MY DB EHIBERIR—BETHE, Ih
XL, BEAZERICI3 bED & R SUEREE &
LTHRET 2, L LBECEALTBEIZAE
eRE Y HmE, EBLTKBIZEET Y
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W1 MREMIDWEHIZ & 3 creeping disease
20 B (1997~2003 &) DE LD

. HEBFEREHA 5/20 B (45%)
2. 9%l EDERRLIE 9/13 % (69%)
(740 BB E L)

It

3. BKFHA 12/20 B4 (60%)
4, Mtk EFEESEA
RN 14
R 4
BHPE 3¢
BEEFE~ET 3B
e L 14

5. RO INKERR 11/20 1 (559%)

HAMA UEE» )Ry ThEWY, THE
CIBHEBEO P TCERNEREHE > TnwADX ]
BloaTH B9,

HE % &9 1997 ELBICERE S N7 BRI
FEH 20 Gl DV TRIFL T L 2 5, 9 61 (45%)
DIEAGBUEIR % o T T, 9% L DFERRR E
BEBOEDIZEMOD o7 13 Pidh 9 B (69%)
Thotk, £/, TOIFDIE 7T PTG
BHED LN TWSE (R1). KERITET TRE
Rk EEARE EBEO 2 L% ™), BHE
AT R D i FRARO LR T B iaSH
3. 6k 10 AOBHENCEWT, 27T
IFERERHS 8% L L TH D, T OFHUZ 20% 5L L2
FRLEERELTWSY, HER IR AIMER, T
BLb EEL, EEEROORDEMOL, B
RIETHEA T b BRI EA X B MY S
DR E BT VD LFAHND,

A DBWIL K Y LA b OLERE, BRIRITTE,
kIRl X ik anzy, REMNEHIN
HWBERY A 7XhROBIIY R 2HFE E L
B RAGEYIEATH BT,

K R DI, ThE TOME TRY]
RREEE RS TH B, RIS 125 5 EHE R
¢ 3~dom OYBRDEE LWL LTWwAY, &
ISR L 60% W 5720t (R 1), RMADERWA
% BET 5 Eic 3OV EVI MRS B,
HIEER b BEHRR D LELSND. BBREA
I YA L F D IR REBORH X D b
5o e, HEHE 3 TR AT > 2o 2R E Y
gL, WITLTEED LAEAGHEEI T

— 752~

3% T DS BEFEALILE  Bifl% fah
LOBRND LY, ERAEEKEEIC T2 I h
Bz tNERLBLNA. 7, ETHEBICH
ENHEETAILLH 2370, kMiAEZzKEL
HTEERE CUKT 5 EMUETH S, KE
EHABGRIZSD E S ABEEL Z S, EH
e CTH RFRBOEMTIERT 2 X9 ThH 5.

IERARHGhER L+ BN RETHERT 5
EOERINTE Y, BRAKSHDRF VA
AZBALEBROND, CRETHIINAAD
B REAREL ko HExBBRAMNIC 1 H
b53P, AHREINELORBII Lok, TN
XNTWVERRITRTATHHELELTH B,

1994 BICER Y VA HOaEMdtexa T
K4 BICED B 5T 6 IHET BB HERL
. B0, KYNM HOERTH BEIURE T
DICEERERAESELTHEINDL L) Kk
D, FEOHE R—FRA L 7R UTEHEN
RILTWa, BlHELT, KFLA L OREKHE
WV AAEIR RSB L, REBOET PV
4 HDEBIBICHAl-TWBE Z E, E/RIX
BRI ICIE CRAIG LT R T kA Y Hi#H
Aehd,

1997 4 & 2000 I MR QELH L, ARAT
INA A REFEELEL2OEE, KGEREON
BlhTaE% I_VERT D &5, BEFERR
et LE@B L%, Lal, BERCHRRESh
ToRWVED, TDOLIARRORVEHISH
Higic T3, SELTRICE2ERE
BIEBRENDIEROWENHEND,

ERYOERIEHK2SE 153 BRFMMAECEVT

SERL7,
(2004 % 9 F 24 A2E)

X W
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