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Fig. 2. Results of oral drug administration in 7. canis infected mice
(100 mg/kg/day). The vertical line shows the average number of
larvae & S.D. (%) and average RM value & S.D. in the brain with
the control value set at 100 (# = 3). The values within the columns in
the graph are the measured values.

mouse was examined by administration of both free
albendazole and PEG-LE albendazole. During this
procedure we measured not only the number of larvae
in the brain, but also the number found in the skeletal
muscle and liver.

Though free albendazole did not decrease the
larvae number in the brain, PEG-LE albendazole was
found to decrease the number of larvae (21 larva/
mouse) in the brain (Fig. 3). PEG-LE albendazole was
significantly different from the control I (PBS) group
(30 larva/mouse) at the 5% level for larval retention
rate. It is thought that the decrease of the larvae
number with PEG-LE albendazole and control II
(liposome) originates from the formulation of the
liposome. Thus, in the next step we compared the
larval mobility with the number of larvae recovered
from the skeletal muscle of the infected mice.

As seen in Fig. 4, free albendazole was found to
decrease the number of larvae (9 larva/mouse) in the
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Fig. 3. Anthelmintic effect in the infected mouse after administra-
tion of the drug into the peritoneal cavity (50 mg/kg/day). The
vertical line shows the average number of larvae (%) + S.D. and
average RM value + S.D. in the brain for which the control I (PBS)
value was set at 100 (n=35); "p < 0.05. The values within the
columns in the graph are the measured values.
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Fig. 4. The anthelmintic effect for intracelial drug administration in
the T. canis infected mice (50 mg/kg/day). Average number of the
larvae (%) & S.D. and average RM value £ S.D. in the skeletal
muscle for which the control I (PBS) value was set at 100
(n=15);"p < 0.05. The values within the columns in the graph are
the measured values.

skeletal muscle. Free albendazole was significantly
different from control I (40 larva/mouse) at the 5%
level for the larvae number. However, PEG-LE
albendazole did not exhibit any effect in the skeletal
muscle of the infected mice. The RM value for each of
the groups was determined to be approximately 100.
However, since in order to count the larvae in the
skeletal muscle we had to treat the tissue with an
artificial digestive juice, this may have removed the
dead larva, thus skewing the actual results.

As shown in Fig. 5, the anthelmintic effect in the
liver tended to be almost equal to the anthelmintic
effect in the brain. However, PEG-LE albendazole (28
larva/mouse) exhibited a greater anthelmintic effect
proportion in the liver as compared to that seen in
the brain with regard to larval counting. PEG-LE
albendazole was significantly different from the
control I (81 larva/mouse) at the 1% level for larvae
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Fig. 5. Anthelmintic effect after intraperitoneal drug administration
in the T canis larva infected mouse (50 mg/kg/day). Average
number of larvae (%) + S.D. in the liver for which the control I
(PBS) value was set at 100 (n = 3); ~"p < 0.01. The values within the
columns in the graph are the measured values.
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number. In the liver, it was not possible to calculate the
RM value since there were mobility problems due to
the enzyme reaction of the organ.

In present result, it was not possible that the dead
larva was discovered, as only to observe the decrease
in the larvae number is. The search of the drug seems
to develop more and more, if that point can be
improved. The index of the mobility of the larva will
be very effective in order to evaluate the condition of
the larva in the host tissue.

Opverall, these results indicate that there is a greater
effectiveness of PEG-LE albendazole in the brain
and liver than in the skeletal muscle, and confirm as
well the findings of Hrckova and Velebny (2001) on
the effectiveness of the drug delivery system in the
brain. For the ocular toxocariasis, which we regard as
one of targets of the drug, the use of PEG-LE
albendazole seems to be effective. The use of free
albendazole revealed the activity only in the skeletal
muscle. Our results suggest that the decrease of larval
number is directly related to the ability of the PEG~
LE albendazole formulation to reach the mouse brain
and liver. A rise in the accuracy of the liposome seems
to be a necessity for its effectiveness. However, in
contrast to this, PEG-LE albendazole did not affect
the larva in the skeletal muscle. Therefore, when
administering the drug it is necessary to take into
consideration the migrating stage of the larvae, i.e., at
what point do the larvae shift to the skeletal muscle
and the brain. Additionally, the migration timing
through the liver also needs to be considered. Thus,
by identifying the larval stage and subsequently
changing the path of administration, it makes it
possible to tailor the effects of PEG-LE chemical
compounds.

The present results highlight the necessity of
carefully taking into consideration the location of
the larval parasitic sites when undertaking any
search for new drugs for use in the treatment of
toxocariasis.
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ABSTRACT: A colony of Japanese macaques (Macaca fuscata fuscata)
kept by a safari-style zoo in Japan experienced 9 sporadic cases of fatal
neurological diseases, such as epilepsy and posterior paralysis, during
the 12 yr from 1989 to 2001. This macaque colony consisted of ap-
proximately - 30 animals, on average, during this period, and the ma-
caques shared their living space with 11 American black bears (Ursus
americanus) harboring zoonotic roundworms (Baylisascaris transfuga).
Close to this enclosure, a cote for 2-3 raccoons (Procyon lotor) was
placed, and raw sewage from this cote ran into a shallow drain in the
area for macaques and bears. However, fecal examinations in recent
years did not detect the infection of raccoons with zoonotic roundworms
(Baylisascaris procyonis). Postmortem histological examination of the
latest 2 ill macaques detected multifocal malacia in the brain; 2 ascarid
larvae of 60 pm maximum width were encapsulated in the cerebrum
and lungs of 1 of the animals. To determine the causative ascarid species
of the fatal larva migrans, we analyzed 2 additional encapsulated Bay-
lisascaris larvae collected from formalin-fixed lungs by morphological
and molecular approaches. This sporadic outbreak is the second record
of Baylisascaris larva migrans in animals in Japan.

Larva migrans (LM) caused by the raccoon roundworm (Baylisas-
caris procyonis) has been a major public health concern during the last
2 decades in North America, where common raccoons (Procyon lotor)
are endemic. This ascarid species is reported to cause serious LM in
more than 90 species of domestic and wild mammals and birds as well
as in humans (Kazacos, 1997, 2001). To date, 12 confirmed human
cases of B. procyonis LM with severe or fatal neurological symptoms
have been documented exclusively from this continent, and the victims
were mainly infants of less than 2 yr of age (reviewed by Kazacos,
1997, 2001; Rowley et al., 2000; Gavin et al., 2002; Kazacos et al.,
2002). In addition, B. procyonis LM caused visual disorders related to
diffuse unilateral subacute neuroretinitis (DUSN) in adults (Kazacos et
al., 1985; Goldberg et al., 1993; Mets et al., 2003). Raccoons infected
with B. procyonis have been exported to other continents and become
feral. An example is Germany, where a human case of DUSN and
serologically suspected human cases of asymptomatic LM caused by B.
procyonis have been reported (Kiichle et al.,, 1993; Conraths et al.,
1996). More than 20,000 raccoons were exported to Japan as personal
pets during the 3 decades before the year 2000, and several thousand
raccoons currently are naturalized in that country (Kawanaka et al.,
2001). Fortunately, for unknown reasons, no ascarid infection except

for Toxocara tanuki, the roundworm of raccoon dogs (Nyctereutes pro-
cyonoides), has been documented in feral raccoons in Japan (Miyashita,
1993; Asakawa et al.,, 1999). However, although a survey carried out
in 1992 (Miyashita, 1993) found B. procyonis infection in 8% of pet
raccoons, and a proportion of them had to be released and settled in
the field. Miyashita (1993) also found a high rate of B. procyonis in-
fection (40%) in zoo-kept raccoons, and special attention was paid to
eradicating the ascarid from raccoons by zoo veterinarians.

Recently, we identified fatal B. procyonis LM in rabbits (Oryctolagus
cuniculus) kept at a small wildlife park where visitors, including infants
and children, commonly accessed an egg-contaminated rabbitry and en-
joyed close contact with infected rabbits (Sato et al., 2002; Furuoka et
al., 2003; Sato, Kamiya, and Furuoka, 2003). Following our report, we
were consulted by several groups to identify the species of encapsulated
larvae found in histological sections. One example was encapsulated
larvae with prominent bilateral alae and 47 pm maximum width in the
ileal wall of a 7-mo-old white-fronted marmoset (Callithrix geoffroyi).
In this case, we isolated several larvae from formalin-fixed tissues, and
by morphological examination of the larvae and an epidemiological
survey on the faculty, we identified the causative species—that is, ac-
cidental encapsulation of the third-stage larvae of Pterygodermatites
nycticebi (Sato, Matsuo et al., 2003). However, not all cases are as easy
to identify. Sometimes, only a few larvae are available for morpholog-
ical examination, and the epidemiological analyses suggest several pos-
sibilities as the causative species.

In a colony of Japanese macaques (Macaca fuscata fuscata) kept by
a safari-style zoo in Japan, neurological disorders, such as epilepsy and
posterior paralysis, were observed sporadically during the 12 yr from
1989 to 2001. The colony consisted of approximately 30 macaques, on
average, during this period, and at least 9 macaques developed the dis-
ease and died within 1 day to 12 mo of developing signs: 2 macaques
in each of the years 1989 and 1991, and 1 macaque in each of the years
1993, 1997, 1998, 2000, and 2001. This macaque colony and 11 Amer-
ican black bears (Ursus americanus; 15-27 yr old) were kept freely in
the same enclosure (~1 ha), which was bordered by a 4-m-high, strong
metal fence. Close to the fence, a cote for 2-3 raccoons was placed,
and raw sewage from this cote ran into a soil waste pipe that connected
to a shallow drain in the area for macaques and bears (Fig. 1). Use of
this cote began in 1980, and cumulatively, 15 raccoons were kept until
the year 2001. The latest 2 cases (a 3.7-yr-old male and a 2.9-yr-old
male macaque) were submitted for postmortem examination, and his-
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FIGUrRe 1. Opening site of a waste pipe from a raccoon cote to a
shallow drain in the macaque/bear area. The insert photograph at the
upper right corner shows the opening of the waste pipe in the raccoon
cote. Directions of water flow are indicated by arrows.

tological analyses found multifocal malacia with hemorrhages and gli-
0sis in the cerebrum and 2 encapsulated ascarid larvae of approximately
60 pm maximum width in the cerebrum and the lung. Histological
sections and paraffin blocks of the cerebrum (n = 2) and other tissues
(n = 4) of previous cases were provided by other laboratories. The
additional cases also showed multifocal malacia in the cerebrum of 2
animals, but no parasites were detected in any tissues.

After histological detection of ascarid larvae in macaques showing
neurological diseases, parasitological surveys were performed on rac-
coons and bears. Raccoons and bears were treated regularly (at least
annually) with anthelmintic drugs. We found no evidence of infection
in raccoons with B. procyonis at fecal examination, and caretakers of
raccoons had never noticed expulsion of adult ascarids from any indi-
viduals after anthelmintic treatments in the past. Intensive examination
of the soil from 13 points in the raccoon cote and the sewage drain
could not detect any parasite eggs. As sentinel animals for detecting
ascarid egg contamination of the cote, 2 young rabbits (O. cuniculus)
were placed there for 1.5 mo from June 2001 to July 2001. These rabbits
did not develop clinical symptoms, and no larvae were recovered from
them by artificial tissue digestion of the whole muscles, viscera, and
brains. On the contrary, all bears were constantly infected with B. trans-
fuga, and several mature adults were recovered after every annual an-
thelmintic treatment. Soil examination of the macaque/bear enclosure
from 8 sites, however, yielded few ascarid eggs (i.e., 2 Baylisascaris
eggs from 150 g of soil from only 1 site). Then, formalin-preserved
tissue samples were re-examined macroscopically. Three white miliary
nodules were found on the serosal surface of the lungs and posterior
ileum of 1 affected macaque (Fig. 2). Two encapsulated larvae were
collected from the lungs (Fig. 3). However, no larvae were found in a
miliary nodule on the serosal surface of the ileum, and the center of
this nodule was calcified. An isolated larva showed morphology typical
of Baylisascaris larvae and measured 1.38 mm long and 64 pm wide,
with a 0.21-mm-long esophagus. As described previously (Sato etal.,
2004), the larvae of B. procyonis and B. transfuga resemble each other,
and it is hard to distinguish the species based on morphological ex-
amination of the isolated parasite. The pathogenicity of B. procyonis
and B. transfuga as LM was distinct for both mice and jirds (Sato et
al., 2004). The LM caused by a limited number of B. procyonis larvae
was fatal for both laboratory hosts because of neural invasion of the
parasite, but induction of fatal B. transfuga LM occurred only after oral
inoculation of the hosts with a substantial number of eggs (Papini and
Casarosa, 1994; Papini et al., 1996; Sato et al., 2004). Based on findings
such as severe histological lesions in the cerebrum (multifocal malacia
with hemorrhages and gliosis) and few encapsulated larvae in the vis-
cera of the affected macaques, it seems more likely that the causative
ascarid of fatal LM in this macaque colony was B. procyonis rather than
B. transfuga.

Multiple polymerase chain reaction (PCR)-based technologies have
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Figure 2. Miliary nodules found on the serosal surface of the ac-
cessory lobe of the lungs (A) and the ileum (B) from a macaque with
ascarid larva migrans. Bar = 6 mm.

been applied successfully for the identification of protozoan and hel-
minthic species of medical and veterinary importance, including asca-
rids (Anderson et al., 1995; Nadler and Hudspeth, 1998, 2000; Loreille
et al., 2001; Zhu et al., 2001). Both the PCR amplification and the
sequencing of particular regions of ribosomal RNA gene GDNA) or
mitochondrial DNA (mtDNA) are of great advantage to phylogeneti-
cists, taxonomists, and other researchers in identifying the organisms,
because their amplification from minute or highly degraded DNA sam-
ples is relatively easy as a result of the multicopy nature of the genes
(Kocher et al., 1989; McManus and Bowles, 1996). The species-iden-
tification strategy described above was adapted to our macaque cases
that had neural and visceral LM caused by Baylisascaris sp. with a
limited number of larvae in the tissues, as seen on histological slides
or in formalin-preserved materials.

We attempted to amplify 28S rDNA and cytochrome ¢ oxidase sub-
unit I (COI) and subunit II (COII) mtDNA sequences of 2 larvae col-
lected from formalin-fixed tissues of an affected macaque. Before this
attempt, we collected basic information about these segments of various
ascarid species as follows: B. procyonis from raccoons kept in a wildlife
park where LM caused by this ascarid was found in rabbits in 2000
(Sato et al., 2002); B. transfuga from American black bears kept in the
safari-style zoo described here, an Asiatic black bear (U. thibetanus)
shot in Aomori Prefecture (Japan), and a polar bear (U. martimus) kept
in a zoological garden (Sato et al., 2004); Ascaris suum from pigs in a

FIGURE 3.
lated larva (B) from an affected macaque. The larva has morphological
features of Baylisascaris, but the species identification is difficult. Bar
= 100 pm.

A pressed image of a pulmonary nodule (A) and an iso-
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TasLE L. Oligonucleotide primers used to amplify the 28S 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/ -GGGGCTATAGTCCAAAGAAGGTGCTA-3' 610 [F1-R1] 14
Bp28S-F2 5'-GCTGCATTCATCCGATCGG-3' 363 {F2-R1] 12
Bp28S-R1 5'-TCGGATAGGTGGTCAACGTTCACA~3'
COI mtDNA
BpCoxI-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.
1 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. ranuki 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 using 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-
m! Eppendorf tubes, and DNA was extracted with GenomicPrep®™ Cells
and Tissue DNA Isolation Kit (Amersham Pharmacia Biotech, Pisca-
taway, New Jersey) according to the instructions provided by the man-
ufacturer. For formalin-fixed eggs and larvae, including 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
1), 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 (COI 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 285 rDNA, a 423- or 420-bp segment
of COI mtDNA, and 528- and 234-bp segments of COIl 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 285 rDNA
and a 528-bp segment of COII for any larvae or eggs, but some am-
plification of a 363-bp segment of 28S rDNA, a 423- or 420-bp segment
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of COI, and a 234-bp segment of COII 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 DDBIJ/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 S sizes (234—610 bp) of segments of 285
rDNA 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 nenrological 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



hematologically and serologically with an enzyme-linked immunosor-
bent assay using the excretory/secretory antigens of B. procyonis larvae,
which was prepared following the method described by Boyce et al.
(1988). None of the workers exhibited positive serological reactions to
B. procyonis or T. canis antigens.

We are grateful to Yoshihiko Saito, Sayuri Murakami, Kazuaki Ko-
ide, Yukiko Koide, Noriko Kawai, and Naoko Nakamura for their co-
operation and for providing ascarid adults. The present work was sup-
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Abstract

The goal of this study was to search for new treatments for Toxocara canis using both in vitro and in vivo experiments. We
specifically looked for a treatment for 7. canis larva migrans, and examined B-carboline alkaloids (17 compounds) with various
structural modifications, both in in vitro and in vivo experiments. In the in vitro experiments, screening for nematocidal activity
on the T canis second stage larvae, cytotoxic activity, and immune activity in the host were undertaken. Compound 17 was selected,
as it exhibited nematocidal activity for 7. canis larvae and did not have any cytotoxic or immunosuppressive activity in the host. The
effectiveness of compound 17 was then examined using 7. canis larvae infected mice in in vivo experiments. To evaluate the anthel-
mintic effect, the relative mobility value for the larvae was examined in addition to the number of larvae in the brain, skeletal muscle,
and liver. Compound 17 was also examined in both free and liposome-entrapped (LE) forms. Polyethylene glycol (PEG)-LE com-
pound 17 showed an anthelmintic effect in which the number of larvae in the brain was decreased compared free albendazole. PEG-
LE compound 17 also effectively suppressed the mobility of the larva in brain and skeletal muscle. The experimental procedure
employed assisted in the discovery of this potential candidate and is a promising approach for finding alternative therapeutic
regimens for 7. canis larva migrans.
© 2005 Elsevier Inc. All rights reserved.

Keywords: B-Carboline; Toxocara canis; Liposome; Chemotherapy

1. Introduction 2003), we isolated and synthesized 17 different B-carbo-
line alkaloids from Picrasma quassioides and Ailanthus

An effective drug that can be used to treat the human altissima (Simaroubaceae).

infections caused by Toxocara canis is still needed. The
aim of our previous research was to search for new
drugs in vitro that could be used for treatment of 7. ca-
nis larva migrans infection (Satou et al., 2002, 2003).
Using the method developed by one of us (Koike,

" Corresponding author. Fax: +81 47 472 1404,
E-mail address: satou@phar.toho-u.ac.jp (T. Satou).

0014-4894/$ - see front matter © 2005 Elsevier Inc. All rights reserved.
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In this study, we examined B-carboline alkaloids both
in in vitro (nematocidal, cytotoxic, and immune activi-
ties) and in vivo experiments. The in vitro evaluation
of potential efficacy considered the effecis on both the
parasite 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-
ment, to increase the absorption of potentially poorly
bioavailable compounds, liposome-entrapped (LE)
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forms were prepared and their 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 phagocytic system (MPS) by
macrophages. '

Although the absorption of albendazole by the tis-
sues has been shown to increase after administration
in liposomes (Wen et al., 1996). To bypass the MPS
uptake, we added polyethylene glycol (PEG) to the
liposome (Hrckova and Velebny, 2001; Velebny
et al., 2000).

The mobility of the 7. canis larvae was evaluated by
using the scoring method developed by Kiuchi et al.
(1987). For the in vivo experiment, we modified this
method to obtain an improved score.

GO DWN
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2. Materials and methods
2.1. Test compounds

The compounds shown in Fig. 1 were isolated from P.
quassioides and A. altissima (Simaroubaceae) and synthe-
sized as described by Koike (2003). These compounds
were mostly side-chain substituted 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
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Fig. 1. The structures of 17 kinds of f-carboline alkaloids isolated from P. guassioides or A. altissima or synthesized.
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(milbemycin A, Sankyo). Eggs removed from the uterus
were developed into the larva-containing eggs after cul-
turing for 1 month at 28 °C. By using a 50% sodium
hypochlorite solution (antiformin, Wako), the protein
cover of the eggs was dissolved (Oshima, 1961), and
the hatched T. canis larvae were collected. These second
stage larvae can be kept alive for about 2 years when
maintained at 37 °C in an Eagle MEM1 medium (Nis-
sui) at pH 7.0 (Kiuchi et al., 1987).

2.3. Nematocidal activity test

A microplate was used to initially culture the 7. canis
second stage larvae for 2h (50 larvae/well) in Eagle
MEMI medium. The larvae were then maintained at
37°C for 72h with 0.01 or 0.1 mg/ml of the test
substances.

Larval mobility after exposure to the test compound
was evaluated by 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. Cytotoxic activity tests

The mouse macrophage cell line J774.1 and human
acute myeloid leukemia cell line HL-60 culture cells were
used (Riken Bioresource Center, Cell Bank, Japan). Cells
were culturéd in RPMI1640 medium (Gibco) supple-
mented with 10% fetal bovine serum (FBS, Sankou Jun-
yaku), 100 U/ml crystal potassium penicillin G (Meiji),
and 100 pg/ml streptomycin sulfate (Meiji). The test com-
pounds (Fig. 1) were administered at 0.01 or 0.1 mg/ml.
The cultured J774.1 cell line (1 x 10° cells/ml) was used
to measure the survival rate after 48 h (preincubation
for 2 h). The cultured cell line HL-60 (3 x 10* cells/ml)
was used to measure the proliferation ratio after 72 h
(preincubation 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, 10 pl of
5 mg/ml MTT in PBS was added to each well and the plate
was incubated in 5% CO,/air for 4 h at 37 °C. The plate

Table 1
Criteria for evaluating the effect of drugs on larvae

State of larva Score (n)
Moving using the whole body 3
Moving with only a part of the 2

body during the observation
Immobile but not dead I
Dead 0

Mobility index (MI) = Zn Nn/ZNn, where Nn: number of larvae with
the score of n.
Relative mobility (RM) = MIgmple MIcontwor X 100

was read on a microplate reader at 550 nm. Cytotoxicity
was determined by averaging results from three assays.
These activities were evaluated against control (culture
without test substances) survival rates.

2.5. Immune activity test

Compound effects on the immune system was evalu-
ated by analyzing the nitric oxide (NO) generation rate
in J774.1 cells. The NO generation rate was estimated
by measuring NOJ generation, which almost increases
in parallel. NO; generation was measured using a method
previously described (Cunha et al., 1993). Briefly, J774.1
cells were washed and resuspended in the cultured med-
ium (200 pl at 1 x 10° cells/ml), and placed in each well
of a 96-well flat-bottomed plate. They were incubated in
5% COy/air for 2 h at 37 °C. After incubation, the med-
ium was replaced by a medium containing 10 ng/ml lipo-
polysaccharide (LPS, Sigma, Japan) and recombinant
murine interferon-gamma (IFN-y, Funakoshi). Samples
were then added to the wells. Absorbance at 550 nm was
measured after 48 hincubation using isovolume Griess re-
agent [1% sulfanilamide (Sigma) and 0.1% N-(1-naph-
thyl) ethylenediamine dihydrochloride (Sigma) in 2.5%
phosphoric acid (Wako)], and compared to that of the
control (culture without test substances). The average
absorbance from three assays was used to determine the
NO; generation rate.

2.6. Toxocara canis infected mice

For the experiments, we used S5-week-old male
BALB/c mice (Nippon Bio-Supp. Center) that weighed
20-22 g. All mice were given a standard commercial diet
with free access to water and maintained on a cycle of
14 h 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 coated 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 paper 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 samples for intraperitoneal dosing

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

The reagents used for liposomepreparation were
3-sn-phosphatidylcholine [from hydrogenated egg yolk,
lecithin (Wako Chemical, Japan)], polyethylene glycol-
cholesterol [MW: 5000, PEG-Chol, (NOF, Japan)]. And
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albendazole (Sigma, Japan) was used as positive control.
Each compound was prepared using the following pro-
portions by weight, lecithin:PEG-Chol:sample = 10:13.6:
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 ultrasonic cleaner.
Prepared PEG-LE compounds were given two times/
day intraperitoneally (50 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
liver and skeletal muscle were collected by using artifi-
cial digestive juice treatment [2.5 g pepsin (Wako Chem-
ical, Japan), 3.5 ml hydrochloric acid (Wako Chemniical,
Japan), and 500ml water] and by centrifugation
(2500 rpm, 5 min).

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

2.9. Evaluation method for larva mobility in the in vivo
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 arid improve this scoring meth-
od so that it could also be used to evaluate the mobility
of larvae in in vivo experiments as shown in Table 2.

2.10. Calculation of the proportion of eosinophilic
leukocytes

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 pl of Hinkelman solution
[eosin yellow (Merck) 0.05 g, phenol (Wako) 0.5 ml, for-
malin (Wako) 0.5ml, and purified water 100 ml]. The
blood sample (n=4) was stained for 30 min. Using a

Table 2
Evaluation method for larva mobility in the in vivo experiment
State of larva Score (n)
Moving using the whole body 3
Moving with only a part of the body during 1.5

the observation, or immobile but not dead
Dead 0

Mobility index (MI) = ZnNn/ZNn, where Nn number of larvae with
the score of n.
Relative mobility (MI) = MIsampie/MIcontral X 100.

phase contrast microscope (CK-2, Olympus), the pro-
portion of leukocytes (over 200) that were eosinophils
was calculated by using a counting chainber.

3. Results
3.1. In vitro experiment

For the in vitro experiment, if a compound exhibited
nematocidal activity and did not show cytotoxic or
immunosuppressive activities, it was considered to be
acceptable for further testing and development (Satou
et al., 2002, 2003).

Albendazole (AZ), thiabendazole (TZ), and B-carbo-
line alkaloids 1-17 were examined in nematocidal
activity tests against 7. canis second stage larvae. As
shown in Fig. 2, there was nematocidal activity with
relative mobility (RM) values under 80 for both AZ and
TZ and for compounds 1 (1.0 £1.3), 2 (1.9 +£0.0), 3
(25.5+6.8), 4 (21.7£20.0), 5 (24.4+2.5), 6 (34.6 +
1.8), 9 (4.5+£3.9), 10 (68.9+3.0), 11 (2.843.9), 12
(25.0 £ 7.6), 16 (13.4 £ 1.6), and 17 (13.3 + 1.0). Highest
nematocidal activity was seen for compounds 1, 2, 9,
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 at concentra-
tions of 0.1 mg/ml, were examined for the cytotoxic
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-

120
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80

60

40 ¥

20

AZ 12 1 23:45678910111221314151617

Fig. 2. Anti-nematode activity against 7. canis second stage larvae for
each compound was examined at concentrations of 0.1 mg/ml (the
average of the relative mobility (RM) value + SD from four assays).
The value of the control (the medium) was set at 100. AZ, albendazole;
TZ, thiabendazole.
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Fig. 3. The cytotoxic activity for cultured cell J774.1 for each
compound at a concentration of 0.1 mg/ml (the average of the survival

rate + SD from three assays). The value of the control (the medium)
was set at 100.

Table 3

Immune activity for the cells for cultured cells J774.1 4t a 0.1 mg/m!
concentration of compound 17 (mean value = SD of NO; production
rate) and cytotoxic activity for cultured cells HL-60 (mean value + SD
of the cell proliferation rate)

The mean value &= SD of NO;  The mean value + SD
production rate (%) of the cell proliferation rate
(culture cells J774.1) (n = 4) (%) (culture cells HL.-60) (n = 4)

17 837412 4494+23

formed to further examine the properties of this
compound.

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

3.2. In vivo experiment using infected mice

Toxocara canis eggs with encapsulated larvae were
administered orally to BALB/c miice and the effective-
ness of compound 17 after an intraperitoneal adminis-
tration was examined. A high anthelmintic effect in T.
canis larva infected mice has been reported when using
a PEG-LE formulation of benzimidazole carbamates
(albendazole, etc.) (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’s effectiveness in toxocariasis, we found that
it-was effective 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

70
60 T
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30 e F
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0 - L . - |

control free albendazole free 17

liposomized 17

]-in the brain O in the muscle,

Fig. 4. Average larvag’s numbers £+ SD for the T canis second stdge
larvae infected mouse in the brain (@) and the skeletal muscle () after
an intracelial injection of 50 mg/kg/day for each of the compounds.
The vertical bars indicate the infectious larvae’s mimber (1 = 4).

compound 17 was formulated in liposomes, number in
both the brain (24.3 £3.0) and the skeletal muscle
(23.3 £ 8.4) decreased as compared to control.

A mobility score was used to 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 liposomal compound
17 (72.2 £ 5.7) were equivalent to that seen for free
albendazole (72.2 +5.7). 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 cir-
culating epsinophil was measured. This is an important
index of parasitic infection, as there is no rise in the va-
lue with noninfection. From the start of the infection
there was an increase of about 40% in the eosindphil
fumber in all leukocyte counts, which lasted until
around the 14th day, after which there was a decrease
that was related to the administration of the drug. The
propottion of eosinophils to total leukocytes on the
42nd day after the infection is shown in Fig. 6. There

100

60 =

40 -

20 —

0 P 1 - 1 _ i
control free albendazole free 17

liposomized 17

@ in the brain DO in the muscle|

Fig. 5. Mean RM value of the larvae & SD for the T. canis second
stage larvae infected mice isolated from the brain (H) and the skeletal
muscle ([1) after an intraperitoneal injection of 50 mg/kg/day of each
compound. The vertical bars show the average RM value of the larvae
(n=4)
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Fig. 6. The proportion of the eosinophils to the total leukocyte
number in the infected mouse in the 42nd day from the infection after
intracelial administration of 50 mg/kg/day of each chemical compound
in the T. canis second stage larvae infected mouse. The vertical bar
indicates the eosinophil proportion + SD (n = 4).

was a decrease of the proportion of the number of eosin-
ophils with both the free compound 17 (7.8 £ 4.4) and
the liposomized compound 17 (8.1 &= 29) administra-
tions. 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 is 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 vivo experiment for larval numbers
and mobility.

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

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

Case: An ocular Toxocara 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 lesion demonstrated a highly reflective mass located in the nerve fiber layer, 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 area, 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 peripapillary area to the macular area suggested that
a Toxocara larva had migrated across the retina. OCT images indicated that the larva moved in the nerve
fiber layer, and 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 toxocariasis, optical coherence tomography,

Toxocara larva

Introduction

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).
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Case Report

A 51-year-old man complained of blurred vision in the left
eye. 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 diethylcarbamazine
(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. Intraopeta-
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Figure 1A-E. Fundus pho-
tographs, fluorescein
angiograms, and optical coher-
ence tomography (OCT)
images before and after the
migration of a Toxocara larva.
A Fundus photograph before
migration showing two yellow-
ish white lesions (arrowheads)
with slight papillary hyper-
emia. The arrow points to the
location and indicates the
direction of the OCT scan. B
Late-phase fluorescein
angiogram  showing  dye
leakage at the lesion, optic,
disc, and macula. The optic disc
is hyperfluorescent (arrows). C
OCT image of the nasal lesion.
A hyperreflective mass can be
seen protruding into the vitre-
ous (arrowheads); the retina is
thickened. D Fundus photo-
graph 1 week after the migra-
tion: the nasal lesion has
coalesced with the temporal
lesion. E Fundus photograph 2
weeks after the migration: the
lesion is now one disc diameter
away from the optic disc.

Figure 2A-E. Fundus pho-
tographs, fluorescein
angiograms, and OCT images
after the migration. A Fundus
photograph taken 3 weeks
after the migration showing a
yellowish white lesion in the
upper foveal area of the
macula. The direction of the
OCT scan is shown by the
arrow. B Late-phase fluores-
cein angiogram 3 weeks after
the migration. There is dye
leakage from the lesion, the
macula (arrow) and along the
track of migration (white
arrowheads). Window defects
are seen at the site of the pho-
tocoagulation (green arrow-
head). C Three weeks after the
migration, OCT shows a highly
reflective protrusion on the
retinal surface (arrowheads),
with thickened retina. 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 after the migration. A
highly reflective mass (arrow-
heads) is seen in the retina.
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tively, two yellowish white lesions were detected near the
optic disc with slight papillary hyperemia (Fig. 1A).

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

Postoperatively, the vitreous cleared, and OCT of one of
the peripapillary lesions showed a highly reflective mass
protruding from the thickened retina into the vitreous (Fig.
1C). FA demonstrated dye leakage from the mass and the
macula, with a hyperfluorescent optic disc (Fig. 1B). This
result indicated that the inflammation extended from the
mass to the macula and to the optic disc.

The peripapillary lesions coalesced in a week and began
spreading toward the macula (Fig. 1D). In 2 weeks, the
lesion was one disc diameter from the optic disc (Fig. 1E).
It was photocoagulated with an argon laser (Argon Green
with 200mW of power; spot size, 50pm; and duration, 0.35),
but, the lesion continued to migrate to the superior foveal
area. It stopped moving at 3 weeks (Fig. 2A). The patient’s
visual acuity was 20/100, and OCT showed that the migrat-
ing larva remained in the same intraretinal layer (Fig. 2C).
FA showed dye leakage from the lesion and along the trail
of migration (Fig. 2B).

With time, the size of the lesion decreased, and the
inflammation subsided at the optic disc. There was still dye
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 20/50. 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 reported but
without details on the intraretinal pathway.'? In our patient,
the OCT images obtained before and after the migration
showed that the protruding lesions were highly reflective on
the retinal surface, more specifically from the nerve fiber
layer to 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-
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moscopy demonstrated that the lesions were probably in
the nerve fiber layer. These findings indicate that the Toxo-
cara larva most likely migrated in the nerve fiber layer and
caused the inflammation to the optic disc and macula.

In a case of posterior pole Toxcara 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 Toxocara larvae did not cause any granuloma to
form.* Perhaps the pathology of a lesion migrating in the
retinal surface is 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 retina 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 a Toxocara larva in
the nerve fiber layer can migrate and cause severe inflam-
matory reactions in the optic disc and macula. The
anthelmintic drug and steroids were ineffective in stopping
the migration or in reducing the retinal and papillary
inflammation.
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