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IMMUNOGENICITY OF SLOWLY SEDIMENTING
ANTIGEN OF JAPANESE ENCEPHALITIS
VIRUS ENVELOPE GLYCOPROTEIN ISOLATED
FROM INFECTED CULTURE FLUIDS
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Abstract: Slowly sedimenting antigen (SE) and the rapidly sedimenting antigen
(RE), associated with envelope glycoprotein E were prepared from the concentrated
infected culture fluids of Japanese encephalitis (JE) virus. Mice were immunized by each
antigen before and after inactivation of virus infectivity by ultraviolet (UV) irradiation.
The immunogenicity of the antigens determined by the plaque reduction neutralization
test (PRNT), indirect ELISA and hemagglutination-inhibition (HI) test, indicated that
SE was almost equally immunogenic as RE, and that the PRNT epitopes on both antigens
were more immunogenic before UV-inactivation than after the inactivation.

INTRODUCTION

JE is an acute viral encephalitis and is a serious public health problem in many Asian
countries (Umenai et al., 1985). The etiologic agent, JE virus, belongs to the Flaviviridae
family (Westaway et al., 1985) comprising about 70 viruses (Calisher et al., 1989), of which
many are pathogens for humans and domestic animals (Monath, 1986). Current JE vaccine
has been developed as formalin-inactivated and highly purified virion from infected mouse
brains and has successfully been used for JE control in Japan, Republic of Korea, and some
other countries (Hammon et al, 1971; Huang, 1982; Oya, 1988; Igarashi, 1988). Besides
rapidly sedimenting virus antigens associated with complete virion, slowly sedimenting
hemagglutinin or soluble complement-fixing antigen (SCF) of flaviviruses have been de-
scribed in the infected mouse brain homogenates or in culture fluids by sucrose gradient
sedimentation (Igarashi et al, 1963; Kitaoka and Nishimura, 1965; Smith et al., 1970;
Shameem et al., 1989). However the immunogenicity of SE has not well been documented.
In order to clarify the immunogenicity of SE and RE, we examined anti-JE titer of the sera
from mice immunized with SE or RE before and after UV-inactivation. '

MATERIALS AND METHODS

Cells and virus
Aedes albopictus, clone C6/36, cells (Igarashi, 1978) were grown at 28°C and BHK21 cells
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at 37°C in Roux bottles with 750 cm® volume. The cell growth medium was Eagle’s minimum
essential medium supplemented with 0.2 mmol// each of 7 nonessential amino acids (Eagle,
1959) and 10% heat-inactivated fetal calf serum (FCS). The origin of a wild strain JE virus,
JaOArS982, was described by Hori et al. (1986), and seed virus was prepared in C6/36 cells
at 28°C.

Preparation of slowly sedimenting and rapidly sedimenting antigens of JE virus

The SE and RE were isolated by sucrose gradient sedimentation of concentrated infected
culture fluids as described in our previous communication (Shameem et al, 1989). In this
experiment specimens were harvested 36 hr after infection for both cell lines, but incubated
at 28°C for C6/36 and 37°C for BHK21 cells, respectively.

Inactivation of the infective virus by UV-irradiation

Immunogens (2.5 m/) were spread on a petri dish (60 mm) and exposed to 2 UV bulbs
(20 W) at a distance of 42 cm for 5 minutes. After the exposure, infectivity of the virus was
undetectable (Sachiko Matsuo, personal communication).

Immunization of mice ‘ ,

BALB /¢ mice were immunized by 4 intraperitoneal injections at 1 week interval
(0.1 m//mouse/dose), using either UV irradiated or unirradiated SE and/or RE fractions,
which were mixed with an equal volume of Freund’s complete adjuvant for the first injection
or incomplete adjuvant for the subsequent injections. One week after the last injection, mice
were individually bled and serum was separated for further test.

Plaque reduction neutralization test (PRNT or N)

This procedure was carried out as described by Hashimoto et al. (1971) with some
modification. Serial two fold serum dilutions beginning from 1:10 were made using the
diluent of 5% FCS in Eagle’s medium and mixed with an equal volume of the seed virus
diluted to yield 100-200 PFU/0.1 m/. For virus control the working dilution of the virus was
mixed with an equal volume of the diluent. The mixtures were incubated for 90 min at
37°C in humidified atmosphere containing 5% CO,. At the end of the incubation, the mixture
was inoculated to the monolayer of BHK21 cells (0.1 m//well) grown on 24-well polystyrene
tissue culture plate. Adsorption was carried out at 37°C for 2 hr and the cells were covered
with 1.259% methyl cellulose in the maintenance medium (cell growth medium from which
serum concentration was reduced to 2%). Plates were incubated for 5 days in the same
condition as above and cells were fixed with cold methanol, stained with 0.1% trypan blue in
0.9% NaCl at room temperature for 1 hr to reveal the plaques. The N was scored as positive
when more than 50% plaque reduction was observed compared with the negative control of
virus-diluent mixture. Reciprocal of the highest dilution of the test serum with positive
plaque reduction was considered as N titer.

Sandwich ELISA '
The modified procedure of Voller et al. (1976) was described in our previous communica-
tion (Shameem et al., 1989). '
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Indirect micro ELISA

This was carried out according to Voller et al. (1976) using purified JE antigen (100 ug/
m/). ELISA titer of test specimens was calculated by comparing the OD with those by
serially diluted standard positive serum as described before (Igarashi et al., 1981; Morita et
al., 1982). Standard anti-JE mouse serum was prepared by repeated intraperitoneal inocula-
tion of purified JE virus (Srivastava et al., 1987).

Hemagglutination-inhibition (HI) test
The procedure was carried out according to Clarke and Casals (1985) using goose red
blood celis in virus adjusting diluent (VAD) at pH 6.6.

Statistical analysis
Student’s t test was performed according to the standard procedure.

RESULTS

Mouse immunogenicity of SE and RE before UV-inactivation

In the initial experiment, mice were immunized with SE or RE fractions of both C6/36
and BHK21 cells without UV-inactivation. The antibody titer of individual serum from
immunized mice was shown in Table 1. When antibody titers raised by SE and RE were
compared, SE immunogen from C6/36 cells produced less N and HI titers than RE from the
same cells, and these differences were statistically significant (Table 3). While, both SE and

Table 1 Immunogenicity of SE and RE before UV-irradiation, as shown by
titers in log for N, ELISA and HI

Serum N ELISA HI
Immunogen

No. Titer Mean Titer Mean Titer Mean
1-1 C6/36 SE 1.30 1.68+0.29 3.85 4.28%0.40 1.90 2.05%£0.31
1-2 1.60 (GMT 48) 4.79 (GMT 19,054) 1.90 (GMT 112)
1-3 1.90 4.04 1.90

1-4 1.90 4.49 2.51

2-1 C6/36 RE 2.20 2.20%0.25 4.16 4.29+0.24 2.56 2.66+0.30
2-9 2.51 (GMT 158) 4.65 (GMT 19,498) 2.51 (GMT 457)
2-3 1.90 4.22 2.51

2-4 2.20 4.14 3.n

3-1 BHK21 SE 1.90 2.05+0.21 4.49 4.49+0.01 2.20 2.36+0.22
3-9 2.90 (GMT 112) 4.48 (GMT 30,902) 2.51 (GMT 229)
4-1 BHK21 RE 2.20 2.08%0.16 4.06 4.22+0.38 2.81 2.69+0.27
4-9 2.90 (GMT 120) 4.48 (GMT 16,595) 2.51 (GMT 490)
4-3 2.20 4.72 2.51

4-4 1.90 3.89 3.11

4-5 2.20 3.96 2.51

Note: GMT =Geometric mean titer
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Table 2 Immunogenicity of SE and RE before UV-irradiation, as shown by
titer ratio of ELISA/N and ELISA/HI

Serum ELISA/N ELISA/HI
Immunogen

No. "~ Titer Mean GMT Titer Mean GMT
1-1 C6/36 SE 2.55 2.60%0.40 398 1.95 2.22+0.41 166
1-2 3.12 2.82

1-3 2.14 2.14

1-4 2.59 1.98

2-1 C6/36 RE 1.96 2.09%+0.17 123 1.65 1.38+0.35 24
2-2 2.14 1.14

2-3 2.32 1.71

2-4 1.94 1.03

3-1 BHK?21 SE 2.59 2.44%0.22 272 2.29 2.13%0.23 134
3-2 2.28 1.97

4-1 BHK21 RE 1.86 2.07+0.31 119 1.25 1.53%+0.57 34
4-2 2.26 1.97

4-3 2.52 2.21

4-4 1.99 0.78

4-5 1.76 1.45

Table 3 Statistical analysis on N, ELISA and HI titer
and titer ratio differences raised by SE and
RE before UV-irradiation

log titer and

Immunogens titer ratio P value
SE and RE of C6/36 N 0.02< P <0.05
ELISA >0.10
HI 0.02< P <0.05
ELISA/N >0.10
ELISA/HI 0.02<P<0.05
SE and RE of N >0.10
BHK21 ELISA 0.02< P <0.05
HI >0.10
ELISA/N >0.10
ELISA/HI >0.10

RE from C6/36 cells produced similar ELISA titers. In the case of immunogen from BHK21
cells, both SE and RE produced similar N and HI titers, while ELISA titer produced by RE
was less than the titer by SE and the difference was statistically significant (Table 3). The
antibody titers produced by immunogens from C6/36 and BHK?21 cells were almost the same
except that N titer by SE antigen from C6/36 cells was lower than the titer by other antigens
(Table 1). Since 'immunogens of SE and RE from C6/36 cells and SE from BHK?21 cells
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possessed comparable ELISA titers as shown in Table 4, the results may indicate low
immunogenicity of SE from C6/36 cells to induce N antibodies. Lower ELISA titer by RE
from BHK21 cells may be explained by its slightly less ELISA titer (Table 4). The antibody
titers were compared by their ratios (ELISA/N and ELISA/HI), and the results were shown
in Table 2. The SE from C6/36 cells showed higher ELISA/HI ratio than RE from the same
cells with statistically significant difference, while other ratios did not show significant
difference between SE and RE. In this series of experiment a high mortality rate of mice
around 40% was observed probably due to encephalitis caused by residual infective virus in
the immunogens (data not shown). Therefore, it was conceivable that the antibody titers and
their ratios in Tables 1 and 2 might reflect the effect of viral antigens produced in mice after
virus replication, besides immunogenicity of inoculated specimens. Therefore, subsequent
experiments were performed by immunogens which had been inactivated by UV-irradiation.

Mouse immunogenicity of SE and RE after UV-irradiation

Each immunogens of SE and RE from C6/36 and BHK21 cells were irradiated by UV as
described in the Materials and Methods, and ELISA titers of these immunogens were shown
in Table 4. The ELISA titer of SE from both C6/36 and BHK21 cells was reduced around
78%, while the titer reduction of RE was less (around 42-43%).

The antibody titers of individual mouse serum raised by UV-inactivated immunogens
were shown in Table 5. Only the HI titer produced by RE from BHK21 cells was higher than
the titer by SE from the same cell, and the difference was statistically significant (Table 7).

The titer ratio (ELISA/N and ELISA/HI) of the individual mouse serum was shown in
Table 6. In this case, only the ELISA/HI produced by SE from C6/36 cells was higher than
the titer by RE from the same cells, and the difference was statistically significant.

Comparison of the immunogenicity before and after UV-irradiation

The effect of UV-irradiation on the immunogen was evaluated by comparing the
antibody titers (N, ELISA, HI) as well as their ratios (ELISA/N, ELISA/HI) raised by each
immunogen before and after UV-irradiation. The statistically significant difference was
observed only for the reduction in HI titer produced by RE from C6/36 cells and the increase
in ELISA/N ratio produced by RE from BHK21 cells (Table 8). Other immunogenicities
were apparently not affected by UV-irradiation.

Table 4 ELISA titer of immunogens before and after UV -

irradiation
ELISA titer of immunogen % Reduction
Immunogen . .
before UV after UV in ELISA titer
C6/36 SE 232 50 78.45
C6/36 RE 206 116 43.69
BHK21 SE 229 50 78.15

BHK21 RE 186 107 42.48
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Table 5 Immunogenicity of SE and RE after UV irradiation, as shown by
titers in log for N, ELISA and HI

Serum N ELISA HI
Immunogen

No. Titer Mean Titer Mean Titer Mean
1-1 C6/36 SE 2.20 1.54+0.54 4.58 4.42+0.20 1.90 1.96+0.13
1-92 1.00 (GMT 35) 4.58 (GMT 26,302) 1.90 (GMT 91)
1-3 1.00 4.11 1.90

1-4 1.90 4.48 2.20

1-5 1.60 4.35 1.90

2-1 C6/36 RE 2.20 1.98+0.29 4.29 4.40+0.17 2.51 2.28+0.29
9-9 9.90 (GMT 95) 4.93 (GMT 25,118) 1.90 (GMT 191)
2-3 1.90 4.51 2.20

2-4 1.60 4.58 2.51

3-1 BHK21 SE 2.20 1.844+0.39 4.64 4.43£0.23 2.51 2.20+0.22
3.2 1.60 (GMT 69) 4.51 (GMT 26,915) 1.90 (GMT 158)
3-3 1.30 4.61 $2.20

3-4 2.20 4.35 2.20

3-5 1.90 4.08 2.20

4-1 BHK21 RE 1.90 1.9010.24 4.35 4.50+0.12 2.51 2.66+0.39
4-2 1.90 (GMT 79) 4.58 (GMT 31,622) 3.11 (GMT 457)
4-3 2.20 4.44 2.20

4-4 1.60 4.61 2.81

DiscussioN

From the results of our immunological studies it appears that the SE of JE virus is
immunogenic in mice to induce N, ELISA and HI antibodies, and the immunogenicity of both
antigens, SE and RE, were almost comparable. Although UV-irradiation totally inactivated
infectivity and partially destroyed ELISA antigenicities in both SE and RE, they still retained
their immunogenicities. The different UV-susceptibility of ELISA antigenicity between SE
and RE from both C6/36 and BHK21 cells may be explained by different target size of the
particle. The RE is the complete virion and possesses larger size and greater number of
repetitive epitope units than SE, which is smaller size with less number of repetitive units. It
is reasonable to imagine that RE with larger number of repetitive ELISA antigenic epitopes
is more resistant to UV-irradiation than SE. Kimura-Kuroda and Yasui (1983) reported that
at least five topographically distinct antigenic determinants including N, HI, and ELISA
epitopes, were present on E protein and the epitopes of HI and N were separated from each
other by monoclonal antibodies.

Recently, Mason ef al. (1991) reported that the JE vaccinia virus recombinants possess-
ing JE virus ¢cDNA inserts produced particulate form of antigen containing M (membrane)
and E proteins of JE virus. The antigen migrated in sucrose gradients slower than the
complete virion, similar to the SE, and induce high level of anti-JE N antibodies and
conferred protection against lethal JE virus infection.



Table 6 Immunogenicity of SE and RE after UV-irradiation, as shown by
titer ratio of ELISA/N and ELISA/HI
Serum ELISA/N ELISA/HI
Immunogen

No. Titer Mean GMT Titer Mean GMT
1-1 C6/36 SE 2.38 2.88+0.47 758 2.68 2.46+0.21 288
1-2 3.58 2.68

1-3 3.11 2.21

1-4 2.58 2.28

1-5 2.75 2.45

2-1 C6/36 RE 2.09 2.45%0.46 281 1.78 2.12%0.25 131
2-2 2.03 2.33

2-3 2.61 2.31

2-4 2.98 2.07

3-1 BHK21 SE 2.44 2.60+0.50 398 2.13 2.23£0.28 170
3-2 2.91 2.61

3-3 3.31 2.41

3-4 2.15 2.15

3-5 2.18 1.88

4-1 BHK21 RE 2.45 2.59+0.32 389 1.84 1.84+0.31 69
4-2 2.68 1.47

4-3 2.24 2.24

4-4 3.01 1.80

Table 7 Statistical analysis on N, ELISA and HI

titer and titer ratio differences raised

by SE and RE after UV-irradiation

log titer and

Immunogens titer ratio P value

SE and RE of C6/36 N >0.10
ELISA >0.10
HI >0.10
ELISA/N >0.10
ELISA/HI 0.02<P<0.05

SE and RE of BHK?21 N >0.10
ELISA >0.10
HI 0.02<P<0.05
ELISA/N >0.10
ELISA/HI >0.05

327
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Table 8 Statistical analysis on the difference in antibody titers and titer
ratios obtained by immunogens before and after UV-irradiation

P value
Immunogens
N ELISA HI ELISA/N ELISA/HI
SE of C6/36 >0.10 >0.10 >0.10 >0.10 >0.10
RE of C6/36 >0.10 >0.10 <0.001 >0.10 >0.10
SE of BHK?21 >0.10 >0.10 >0.10 >0.10 >0.10

RE of BHK?21 >0.10 >0.10 >0.10 0.02<P<0.05 >0.10

At present, inactivated JE vaccine has been manufactured from infected mouse brain
homogenates, by purifying formaline-inactivated complete virion using primarily
ultracentrifugation (Takaku et al., 1968). Till now, little or no attention has been paid for
the recovery of SE during JE vaccine preparation, and most of the SE would have been lost
in the supernatant of ultracentrifugation. It would be worthwhile to consider the im-
munogenicity of SE in the crude vaccine preparation before ultracentrifugation in order to
recover more immunogens. '

Some flaviviruses have been shown to produce slowly sedimenting antigen along with
rapidly sedimenting antigen or complete virion in the mouse brain homogenates or in tissue
culture system (Igarashi et al, 1963; Smith et al, 1970; Shameem ef al, 1989). This
information has permitted us to predict that some form of ‘incomplete virion’ is synthesized
in the early period of replication of JE virus. In the case of dengue type 2 virus, another
important member of flavivirus, Cardiff e# a/. (1971) argued that most of the incomplete virus
or top component was associated with several unrelated phenomena, viz. defective interfering
particles, adsorbing interfering particles, pleomorphic aggregates of coat structures, ma-
cromolecular capsid precursors and some naturally occurring particles which morphological-
ly resemble infectious form except that they did not contain no core structure. Alternatively,
SE may represent a protein synthesized during the course of viral replication which might be
released into the medium, besides complete virion, sharing several biological properties
possessed by envelope glycoprotein E.
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BASIC STUDIES ON THE MONGOLIAN GERBIL AS
A SUSCEPTIBLE HOST TO FILARIAL INFECTION;
COMPARATIVE STUDIES ON HEMATOLOGICAL
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GERBIL AND THE COAT COLOR MUTANTS
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Abstract: Hematological baseline parameters of the Mongolian gerbils were inves-
tigated to be compared between the wild-colored gerbil (agouti type) and the other coat
color mutants such as white spotted-agouti, albino, black and white spotted-black type.
Erythrocyte counts of the agouti type were higher than those of the coat color mutants.
But, there was no significant difference. A frequent occurrence of polychromasia and
basophilic stippling in circulating erythrocytes was known to be a particular feature of the
Mongolian gerbil among laboratory animals. The polychromasia and the basophilic
stippling were proved to be present in the coat color mutants in the same degree as the
agouti type. As to sex dimorphism in erythrocytic values, it was only hemoglobin
concentration that was observed significant sex-related difference in all coat color gerbils.
In leukocytic values, quantitative sex-related difference was not seen in this experiment.
A presence of basophils in peripheral blood was observed on all blood films of all coat
color gerbils. These results confirmed that the coat color mutants of gerbils had the same
unique hematological characteristics as an agouti type.

INTRODUCTION

331

The Mongolian gerbil (Meriones unguiculatus) has been recognized an useful rodent

having considerable potential for laboratory studies, especially in the field of parasitology, as
a susceptible host to filarial infection. The gerbil, ordinary used in laboratories has a wild
coat color called an agouti type. We obtained some new coat color mutants from the gerbil
and reported a comparative study on biological aspects among these mutants (Shimizu ef al,,
1990). Some hematological data of agouti gerbils have been reported and it was ascertained
that the blood of this species manifested some interesting characteristics not generally
observed in other rodents (Mays, 1969; Dillon and Glomski, 1975a; Smith et al., 1976; Termer
and Glomski, 1978). But, according to the coat color mutant, only a limited data has been
available that the white spotted-agouti type of mutants is with a slight anemia (Waring et

1 Department of Laboratory Animal Science, Nippon Medical School, 1-1-5 Sendagi, Bunkyo-

ku, Tokyo 113, Japan

2 Department of Medical Zoology, Faculty of Medicine, Tokyo Medical and Dental University,

1-5-45 Yushima, Bunkyo-ku, Tokyo 113, Japan
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al., 1978). Hematological baseline parameters of the coat color mutants of gerbils were
studied basically in order to analyze the susceptibility of gerbils to filarial infection. A
comparative study on the blood picture among coat color mutants was carried out in the
present work and showed some interesting hematological features of the coat color mutants
of the gerbils as well as an agouti type.

MATERIALS AND METHODS

The animals were bred under a conventional condition and housed 5 adults of the same
sex in one cage. The room temperature and the humidity were maintained at 24+2°C and
60+5%, respectively. Ten of 3 to 5-month-old gerbils, such as agouti, white spotted-agouti,
albino, black and white spotted-black, of both sexes were used in this experiment. Samples
of blood were prepared from the retro-orbital venous plexus of the ether-anesthetized gerbils
by means of hepalinized capillary pipettes. All samples were collected between 0900 and 1100
hours at 1-month intervals from the animals. Total erythrocyte and leukocyte counts were
performed using hemocytometer under a light microscope. Hematocrit determinations were
made by means of microcentrifugation and hemoglobin concentrations were determined
spectrophotometrically by the cyanmethohemoglobin technique. Dry film blood smears were
stained with May-Grunwald and Giemsa stain and differential counts were identified at least
100 leukocytes per an animal. Blood smears for reticulocyte counts were prepared by using
Brecher’s new methylene blue stain. One thousand of erythrocytes were examined and the
number of cells containing a reticulum were recorded. The numbers of basophilic stippled
erythrocytes, polychromatophilic cells and cells with Howell-Jolly bodies were also counted
while examining 1,000 erythrocytes in the smears stained with May-Grunwald and Giemsa
stain.

Table 1 Total erythrocyte counts and related values in each coat color mutant of Mongolian

gerbils
. Erythrocytes Hemoglobin Hematocrit Mean corpuscular Mean corpuscularMean corpuscular
Coat color Sex volume hemoglobin hemoglobin
(X105/pl) (g/dl) (%) Gl . (pg) concentration (%)
Agouti Male 8.8+0.5 16.4+0.4F 48.6+1.0% 52.0+4.6 18.6+1.0 33.7+1.0
Female 8.6+0.8 14.9£0.8 46.6%x1.2 54.6x5.0 17.5+1.6 32.2+2.0
White spotted- Male 8.6+1.0* 15.7+0.61 47.9+1.7% 56.3+5.7 18.5+1.8 32.9+0.7
agouti Female 7.7£0.6 14.9+£0.6 45.7%0.8 59.5+3.9 19.5+1.5 32.7%1.2
Albino Male 8.6+0.9  15.7+£0.6* 47.9+2.0% 56.1+5.8 18.5+1.9 32.9%1.6
Female 8.0+0.5 14.940.7 44.7£1.5 56.21+2.4 18.9+1.8 33.5+2.2
Black Male 8.2+0.7 15.1+£0.4* 45.2+1.1 55.7+5.3 18.6+1.6 33.8+1.6
Female 8.0+0.9 14.6+0.5 45.8+2.3 57.9+9.0 . 18.4%+2.4 32.0£1.6
White spotted- Male 8.2+0.7 15.6+1.1* 45.1+1.4 55.445.0 19.1+1.8 34.6+1.6
black Female 7.9+0.4 14.6+0.8 45.1+1.8 57.1+£3.3 18.6+1.2 32.5+0.9
difference between male and female n =10, mean+standard deviation

* t test, p<0.05
t  ttest, p<0.01
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Table 2 Incidence of erythrocytes with reticulum, basophilic stippling, polychromasia
and Howell-Jolly body in each coat color mutant of Mongolian gerbils

Reticulocytes Basophilic stippled cells Polychromatophilic cells Cells with Howell-Jolly

Coat color — Sex (/1,000 RBC) (/1,000 RBC) (/1,000 RBC) bodies (/1,000 RBC)
Agouti Male 27.4%11.9 8.61+0.4 ’ 6.5+0.3 1.5+0.7
Female 28.1% 6.3 12.8+2.9 6.5+2.2 1.0+1.0
White spotted- Male 37.9£10.2 6.1+1.8 3.6£0.6 0.6+0.5
agouti Female 31.2+13.0 9.0£3.7 5.9+2.0 0.6+0.5
Albino Male 37.4+ 7.8 14.0+4.6 6.8+1.8 1.1+1.0
Female 34.6x+13.1 11:0+3.1 5.3x2.7 1.5%1.2
Black Male 38.0+ 9.0 14.4%1.7 9.0+1.9 1.3+1.2
Female 30.2+ 5.4 12.5+4.0 6.7+2.6 0.7£0.7
White spotted~ Male 34.5+ 7.7 13.3£4.5 6.9+2.8 1.3+£0.9
black Female 36.0+ 8.3 14.3+4.2 6.5+2.6 1.1£0.7

n=10, meanz*standard deviation

RESULT

The mean values and standard deviations for total erythrocyte counts as well as related
data in the peripheral blood of each color mutant of Mongolian gerbils are presented in Table
1. The average erythrocyte counts for male gerbils were always higher than those for
females in all color gerbils; the average counts for males were (8.2-8.8) X 10%/u/ as compared
to (7.7-8.6) X10%/ul for females. However, the significant difference between sexes was
proved only in the white-spotted agouti type of gerbil among all coat color gerbils. The
agouti type of male was observed to have the highest value of total erythrocyte counts, but
there is no significant difference among all coat color gerbils. No coat color-related
significant difference in the hemoglobin content was observed, but sex-related difference was
also evident in all coat color gerbils. The same tendency was seen in the hematocrit values
of three coat color gerbils. .

Table 2 shows the incidence of erythrocytes with cytologic features in each coat color
mutant of gerbils. The average reticulocyte counts were (27.4-38.0)/1,000 erythrocytes
(RBC) for males and (28.1-36.0) /1,000 RBC for females and sex-related difference was not
seen in this case. That value of reticulocyte was lowest in the agouti type conversely to total
erythrocyte counts. Polychromatophilic and stippled red blood cells were demonstrated
frequently in all blood films in all coat color gerbils (Photos. 1, 2). The average counts of
‘basophilic stippled cells were (6.1-14.4) /1,000 RBC for both males and females and those of
polychromatophilic cells were (3.6-9.0) /1,000 RBC. It was observed in all blood films that one
red blood cell had both polychromasia and stippling (Photo. 1). The erythrocytes with
Howell-Jolly bodies were also observed (0.5-1.5) /1,000 RBC in all color gerbils (Photos. 2,
3). :
Total numbers of circulating leukocytes and differentials in each coat color mutant of
Mongolian gerbils are shown in Table 3. Total circulating leukocytes were (12.4-15.6) X103/
w! for males and (14.2-16.6) X103/l for females. In the circulating leukocyte counts, both
sex-related and coat color-related differences were not seen in this study. The lymphocyte
was observed most prevalent in all coat color gerbils of both sexes. Although the number of
basophils and eosinophils accounted for only small propotion in the peripheral blood, it was
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Photo. 1 Polychromatophilic and basophilic stippled erythrocytes near a lymphocyte
on a blood film of a Mongolian gerbil. May-Grunwald and Giemsa stain.

Photo. 2 An erythrocyte with polychromasia and with a Howell-Jolly body on a
blood film of a Mongolian gerbil. May-Grunwald and Giemsa stain.
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Photo. 3 A Howell-Jolly body in an erythrocyte on a blood film of a Mongolian

gerbil. May-Grunwald and Giemsa stain.

Table 3 Total leukocyte counts and differentials in each coat color mutant of Mongolian gerbils

Total leukocytes  Basophils Eosinophils ~ Neutrophils ~Lymphocytes Monocytes
1 S

ke (X10/u) (%) (%) (%) (%) (%)
Agouti Male 13:83.6 0:3:£0:5 0.8+0.6 25.0+6.5 70.6+7.0 3.3£1.4
Female 14.8+3.8 0.2+0.4 0.3+0.5 23.8+£6.9 72,670 3.1+1.6
White spotted- Male 15.6+4.9 0.3+0.5 1.2+0.8 23:7£9.9 70.9+9.2 3.9+1.2
agouti Female 15.9+5.8 0.1+0.3 0.8+0.6 23:61+5.3 73.615.6 1.9£0.9
Albino Male 15.5+3.6 0.4£0.5 13407 20:313.6 75:513.8 25116
Female 14.8+4.8 0.240.6 1.5E1.5 21.8+4.0 74.5+4.2 2.0£1.4
Black Male 12.4£2.6 0.2+0.4 0.4£0.5 30.0+9.3 67.9+8.8 15507
Female 16.61+5.6 0.1£0.3 0.4%0.7 26.0+8.6 T1.148.7 2.4%1.3
White spotted- Male 15.6%+2.9 0.1£0.3 0.1+£0.3 30.7+6.9 66.8+6.7 2.3%£0.8
black Female 14.2+4.4 0.1£0.3 0.2+0.4 32.5+9.6 64.8+9.2 2.44+1.4

n=10, mean*standard deviation

confirmed that these cells were present in the all blood films in all color mutants of gerbils.

DiscussioN

In this paper, we investigated hematological profiles in 4 kinds of the coat color mutants
of gerbils and compared them to the agouti type.
hamatological characteristics in a coat color mutant of a gerbil (Waring et al., 1978). They
noted that total erythrocyte counts of spotted gerbils were significantly lower than those of

There was only one past report on a
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an agouti type indicating the presence of a slight anemia. From their description about the
location of white spots and about breeding data of the mutant, it seemed that their spotted
gerbil was the same mutant as our white spotted-agouti type. But, their result of erythrocyte
counts was different from ours. The total erythrocyte counts of agouti type were observed
also higher than the other coat color gerbils in our experiment, however, there was no
significant difference and an anemia of white spotted-agouti gerbils was not observed. The
total erythrocyte counts of agouti type in our experiment were comparable to those of the
other investigators (Ruhren, 1965; Mays, 1969; Dillon and Glomski, 1975a; Termer and
Glomski, 1978), but, those of Waring et al. (1978) were about a half level of them.

As their own particular feature of the blood of the Mongolian gerbil, it was known the
frequent occurrence of polychromasia and basophilic stippling in circulating erythrocytes
throughout the life span of agouti gerbils (Ruhren, 1965; Dillon and Glomski, 1975a; Smith et
al., 1976; Termer and Glomski, 1978). In this study, it was proved that those cells were also
present in the blood of the coat color mutants of gerbils as the agouti type. Those cytologic
features were considered a property of immaturity of erythrocytes (Smith et al., 1976). High
incidence of those cells reflected that immature red cells emerged to the peripheral blood
because of a brief life span of an erythrocyte (Dillon and Glomski, 1975b). Although gerbils
have been known to have very wide sensitivity to various parasites compared with the other
laboratory rodents, the cause of a high sensitivity was not investigated. Since a marked
difference of the gerbil from the other rodents was the continuous presence of stippled and
polychromatophilic cells in the adult gerbils as far as a hematological measurement, the brief
span of blood cells may participate in a wide sensitivity of this animal.

Certain numbers of reticulocytes were also observed. Although there was no statistical
difference, it was lowest in the agouti gerbil conversely to total erythrocyte counts.

As to sex dimorphism in total erythrocyte counts and related values, there have been
some discussions. Male predominance of hemoglobin concentration, hematocrit, mean
corpuscular volume or mean corpuscular hemoglobin was reported by some investigators
(Mays, 1969; Dillon and Glomski, 1975a; Termer and Glomski, 1978). In this experiment, only
hemoglobin concentration showed statistical sex-related difference in all coat color gerbils.

The possible existence of quantitative sex-related difference in the leukocytes has been
a feature described for this rodent (Mays, 1969; Dillon and Glomski, 1975a). But, in this
experiment, sex-related difference was not observed in total leukocyte counts in all coat
color gerbils. This finding supported the result of the study by Termer and Glomski (1978).
The predominant cells in the circulating leukocytes of the gerbils were lymphocytes, a
characteristic common to other laboratory rodents (Wolford, 1986). On the other hand, a
presence of basophils in peripheral blood was a specific characteristics of the gerbil and it was
not observed in mice or rats. At the point of existence of both basophils in peripheral blood
and mast cells in connective tissues or mucosal tunics of the gerbil (data not shown), this
animal can be said more resemble to human being than mice or rats. The gerbil may be useful
for analysis of the infection kinetics to various parasites, because the animal has both mast
cells in connective tissues and a comparatively larger amount of basophils in peripheral
blood.

Finally, this study confirmed that the coat color mutants had the same unique
hematological characteristics as the wild-colored gerbil. Further detail hematological and
other physiological experiment concerning this animal will help us to know why the gerbil is
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very sensitive to various parasite infections.

6)

7)

8)

9)
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Abstract: A study was conducted of 225 patients in Okinawa Prefecture, Japan, to
evaluate mebendazole (MBZ) therapy for Strongyloides stercoralis. Various schedules
were used with the following results: 1) The eradication rates at 12 months after a single
course of MBZ therapy (100 mg of a powder twice a day orally for 28 days) and a
combination therapy (thiabendazole 500 mg powder form three times daily for 5 days
followed by 100 mg of MBZ in powder form twice a day for 9 days, repeated once) were
85.0% (17 of 20 patients) and 100% (17 of 17 patients), respectively. 2) The eradication
rates at 3-9 months after using MBZ alone in varying dosages were as follows: (a) 100
mg in powder form twice a day for 5 days, repeated at 1, 3 and 4 weeks following: 80.0%
(24/30); (b) 100 mg in powder form twice daily for 5 days repeated at 1 and 3 weeks
following: 83.3% (5/6); (c) 100 mg in powder form twice a day for 4 days repeated at 1,
3 and 4 weeks following: 96.0% (24/25); (d) a 100 mg tablet twice a day for 4 days
repeated at 1, 3 and 4 weeks following: 90.6% (29/32). 3) The eradication rate at 24 days
after a 2-course treatment (a 100 mg tablet twice daily for 4 days repeated 1 week later)
was 93.8% (15/16). Although the 2-course treatment was effective, further study seems
necessary as the follow-up time was too short and the number of patients was too few.

INTRODUCTION

The infection rate of Strongyloides stercoralis (S. stercoralis) in Okinawa Prefecture,
Japan, was found to be less than 2% of the population when determined by the traditional
methods of direct smear, filter paper culture and formalin-ether concentration. However,
when stool samples were tested by a new technique, the agar plate method, the infection rate
was found to be 8.1% (Arakaki ef al., 1988, 1990; Asato et al, 1989). We attempted to
evaluate the efficacy of treatment when using mebendazole (MBZ) alone and in combination
with thiabendazole. However, liver disfunction developed when MBZ was used alone for a
28 day period and side effects also occurred in the combination therapy (Shikiya et al.,
1990a). We therefore reduced the period of administration of MBZ and repeated the dosage
after intervals, but abnormal liver function was still noted (Shikiya et al, 1990b, c). We
finally reduced the dosage to a 4-day period that was repeated 1 week later. We are now

1 First Department of Internal Medicine, Faculty of Medicine, University of the Ryukyus, 207
Uehara, Nishihara, Okinawa 903-01, Japan

2 Okinawa Prefectural Nago Hospital, 1617-1 Nago, Nago, Okinawa 905, Japan

3 Okinawa Prefectural Institute of Public Health, 2085 Ozato, Ozato, Okinawa 901-12, Japan
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reporting the results of the therapy with
these various schedules.

MATERIALS AND METHODS

Patients

A total of 225 Okinawan patients, 146
males and 79 females, with strongyloidiasis
diagnosed by using the agar-plate culture
method were included in this study.

Administration Schedules (Figure 1)
~ (Table 1)

The patients were divided into 7
groups and different schedules of MBZ or a
combination of MBZ and thiabendazole
were administered as follows:

Group 1: 100 mg of MBZ in powder
form was given twice a day orally for 28
days.

Group 2: thiabendazole powder (500
mg) was given three times daily for 5 days
and for the following 9 days 100 mg of MBZ

t : Clinical examination

Figure 1 Administration schedules.

: Mebendazole (100 mg x2/day)

Thiabendazole (500 mg X 3/day)

powder

powder

powder

powder

powder

tablet

tablet

powder was given twice a day. This combination therapy was administered twice in

succession.

Group 3: MBZ powder was given twice a day for 5 days and was then repeated 1, 3 and

4 weeks later.

Group 4: MBZ powder was administered twice daily for 5 days and repeated 1 and 3

weeks later.

Group 5: MBZ powder was given twice a day for 4 days and repeated 1, 3 and 4 weeks

later.

Group 6: MBZ in tablet form was given twice a day for 4 days and repeated 1, 3 and 4

weeks later. :

Table 1 Sex and age distribution

Group 1 2 3 4 5 6 7 Total
Male 22 (66.7) 14 (53.8) 35 (74.5 12 (92.3) 28 (62.2) 24 (53.3) 11 (68.8) 146 (64.9)
Sex  Female 11 (33.3) 12 (46.2) 12 (25.5 1 (1.7 17 37.8) 21 (46.7) 5 (3..2) 79 (35.1)
Total  33(100.0) 26(100.0) 47(100.0) 13(100.0) 45(100.0) 45(100.0) 16(100.0) 225(100.0)
049 6(18.2 3115 5106 0 0.0 3 6.7 2 4.4 1 63 2 (8.9
A 505 2 (6.1) 8(30.8) 1013 2154 4@GLD 10 (222 285 48 (L3
(g‘; 60-69 13 (39.4) 11 (42.3) 11 (23.4) 7 (13.4) 17 (37.8) 12 (26.7) 7 (43.8) 78 (34.7)
W 9 @3y 2 0 1B@LD 1 (D) 10 22.2) 17 (32.8) 5 (3L.3) 59 (12.9)
808 1 30 2 (I.D 80700 3(.D 1 (2.2 4 8.9 1 (63 20 (8.9

No. of patients, (%)
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- Group 7: MBZ in tablet form was given twice a day for 4 days and repeated 1 week
later.

FParasitological Examination

Fresh fecal samples were examined by using the agar-plate culture method. The first
post-treatment fecal examination was done between 2 to 24 days after the last day of
treatment in all groups. A second post-treatment fecal examination was done between 3 to
9 months after the last day of treatment in groups 1-6. In groups 1 and 2 a third post-
treatment fecal examination was done 12 months after the last day of treatment.

Clinical Examination

Clinical examinations were done before, during and after treatment. The examinations
included a clinical history, a complete blood count, serum-chemistry studies, serological
studies and urinalysis. Serum-chemistry studies included liver function tests as follows: total
bilirubin, gultamic oxaloacetic transaminase (GOT), gultamic pyruvic transaminase (GPT)
and alkaline phosphatase (ALP).

RESULTS

Antiparasitic Effect (Table 2)

Patients who did not complete the course of treatment or who failed to submit post-
treatment fecal samples were excluded.

The parasitological eradication rates at 12 months after treatment were 85.0% in group
1 and 100% in group 2. The parasitological eradication rates in groups 3 to 6 at 3-9 months
after treatment were from 80.0 to 96.0%. The eradication rate in group 7 at 24 days after
treatment was 93.8%.

Side Effects (Table 3)

Patients who did not complete the course of treatment were excluded.

Thirteen patients (54.29%) in the thiabendazole-MBZ group complained of side effects
and therapy was discontinued for two patients because of severe nausea and dizziness which

Table 2 Eradication rates of S. stercoralis according to administration sched-
ules
. after treatment
Group  during treatment 2-24 days 3-9 months 12 months
1 90.3 (28/31) 81.8 (18/22) 77.3 (17/22) 85.0 (17/20)
2 96.0 (24/25) 100.0 (22/22) 100.0 (22/22) 100.0 (17/17)
3 89.1 (41/46) 100.0 (46/46) 80.0 (24/30) —_—
4 84.6 (11/13) 92.3 (12/13) 83.3 (5/6)
5 97.8 (44/45) 100.0 (45/45) 96.0 (24/25) —
6 93.0 (40/43) 97.7 (42/43) 90.6 (29/32) —
7 — 93.8 (15/16) — —

%, (No. of negative/No. of subjects)
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Table 3 Incidence of side effects

Group 1 2 3 4 5 6 7
(No. of subjects) 27 (24) 47 (13) (45) (45) (16)
Heartburn — — - - — 4.4 (2) -
Nausea — 20.8 (5) — - — 2.2 (1) —
Vomiting - 4.2 (1) — — — — —
Abdominal pain, Botborygmus =~ 7.4 (2) 4.2 (1) 6.4 (3) — — 4.4 (2) —
Diarrhea 3.7 () - 10.6 (5) - 2.2 (1) 4.4 (2 6.3Q)
Constipation 11.1 (3) 4.2 (1) - - 6.7 (3) 4.4 (2) —
Anorexia 3.7 (1) 12.5 (3) 4.3 (2) - 2.2 (1) — -
Headache 11.1 (3) 16.7 (40 2.1 (D) - - - 6.3 (1)
Dizziness or vertigo — 8.3 (2 2.1 — 6.7 (3) 4.4 (2) -
Numbness of extremities 3.7 (1) 4.2 (1) 6.4 (3) - 2.2 (1) 4.4(2 -
Blurring of vision — — 2.1 (1) — — — -
Fever 3.7 () 4.2 Q1) - — 2.2 (1) 2.2() -
General fatigue 7.4 (2) 83(2) 2.1Q1) - 4.4 (20 2.2 (1 -
Itching — 83(2 2101  — 4.4 (2 6.6 3 —
Exanthema — 12.5 (3) — — 4.4 (2) 4.4 (2) -
Arthralgia, Lumbago 3.7 (1) 8.3 (2) 8.5 (4) — 4.4 (2) — —
Urinary frequency 7.4 (2) — 2.1 (D — 4.4 (2) — —
Others 7.4 (2) 8.3 (2) - — - — -
Total 40.7(11) 54.2(13) 34.0016) 0.0 (0) 31.1(14) 31.1(14) 12.5 (2)

%, (No. of patients)

Table 4 Incidence of liver disfunction

Group 1 2 3 4 5 6 7
(No. of subjects) (28) (22) (47) (13) (45) (45) (16)
GOT 1 - — 4.3 (2) — — 4.4 (2) 6.3 (1)
GPT1 7.1 (2) 9.1 (2) - 7.7 (1) — 6.7 (3) 6.3 (1)
ALP? — — 2.1 (D — — — —
T.bil 1 10.7 (3) 4.5 (1) 2.1 (1) — — 2.2 (1) -
GOT, GPT1* 28.6 (8) 27.3 (6) 29.8(14) 23.1 (3) 48.9(22) 51.1(23) 12.5 (2)
GOT, T.hil 1 — — — — 2.2 (1) - —
GOT, GPT, ALP? — — 6.4 (3) — 2.2 () 2.2 -
GOT, GPT, T.hil 1 17.9 (5) 4.5 (1) — — 2.2 () 2.2 —
GOT, GPT, Thil, ALPt 7.1 (20 4.5 (1) 6.4 (3) — 2.2 (1) — —
Total 71.4(20) 50.0(11) 51.1(24) 30.8 (4) 57.8(26) 68.9(31) 25.0 (4)

%, (No. of patients)

developed 2 weeks after treatment was begun.

Side effects were observed in 40.7% of group 1, 34.0% of group 3 and 0% of group 4.
Incidence of side effects was not significantly different between group 5 (powder) and group
6 (tablet). Side effects were observed in 12.5% of group 7. No special treatment was given
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Liver Disfunction

Patients who did not complete the course of treatment were excluded.

Table 4 shows the incidence of abnormal liver function (elevation of serum total bilirubin
and/or GOT and/or GPT and/or ALP) which occurred during treatment and from 2 to 24
days after treatment.

Liver disfunction was observed in 71.4% of group 1 and in 50% of group 2 but only one
patient had malaise and jaundice.

In group 1, one patient had a total bilirubin of 6.9 mg/d! (normal: 0.3-0.8 mg/d/),a GOT
of 898 IU/L (normal: 10-32 IU/L) and a GPT of 1,215 IU/L (normal: 7-26 IU/L) at 1 week
after the last dosage; her only symptom was itching. Of the 20 patients in this group who
experienced liver disfunction, 13 patients received a lymphocyte stimulation test and were
negative for MBZ. None of the patients with liver disfunction had allergic reactions such as
skin rash, fever and eosinophilia.

In group 2, one patient had a GOT of 77 IU/L and a GPT of 174 IU/L at 1 week after
the last treatment but had no symptoms. '

The abnormal liver function of all patients in both groups 1 and 2 showed a return to
normal in subsequent tests.

Since these liver disfunctions seemed to be dose-dependent, we reduced the length of
periods of administration of MBZ and repeated it after intervals. But because 51.1% of the
patients in group 3 displayed a liver disfunction, therapy for the 13 patients in group 4 was
interrupted before the 4th course.

Incidence of liver disfunction was not significantly different between group 5 (powder)
and group 6 (tablet). Although the GOT after the second course in group 5 (30.3+32.2 IU/
L) was significantly higher than that in group 6 (22.9+12.7 IU/L), (p<0.05) according to the
Wilcoxan 2-sample test, there were no significant differences in the GOT of the two groups
after the fourth course (118.0+146.2 vs. 84.1+94.4) and in the GPT after either the second
(28.0+63.8 vs. 19.1+16.6) or fourth course (137.0+162.2 vs. 119.0+161.1). The GOT and GPT
after the second course (GOT: 30.3+32.2, 229+12.7; GPT: 28.0+63.8, 19.1+16.6) were
significantly lower than after the fourth course (GOT: 118.0+146.2, 84.1+94.4; GPT: 137.0*
162.2, 119.0+161.1) in both groups (p<0.05). The incidence of liver disfunction in group 7
was lower than in the other groups.

DiScUSSION

We decided to use MBZ for a 28 day period for strongyloidiasis because MBZ is effective
against the parasite (Mraval et al., 1983; Wilson et al., 1983), because the drug’s side effects
are mild and of low frequency (Bekhti et al., 1977; Keystone et al., 1979; Wilson et al., 1978),
and because S. stercoralis has a 17 to 27-days larval development period in the intestinal
tissue (Grove, 1989; Mraval et al., 1983). However, a high incidence of liver disfunction had
developed in our previous study and because the liver disfunction seemed to be dose-depen-
dent (Shikiya et al., 1990a), we reduced the administration period of MBZ and repeated it
after intervals. Although the incidence of liver disfunction tended to decrease, liver disfunc-
tion was still observed in groups 3 and 4 (Shikiya et al., 1990b). Since S. stercoralis is located
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mainly in the small intestine, we used powdered MBZ in order to more effectively reach the
parasites. Although we considered that a powder would be easily absorbed and therefore
liver disfunction would occur in high incidence, the incidence of liver disfunction and other
side effects, as well as the eradication rate of the parasite were similar for both the powder
and tablet forms of the drug. Since a significant difference was observed in liver disfunction
when examined between the second course and the fourth course in groups 5 and 6 (Shikiya
et al., 1990c), we finally reduced the period of administration to 4 days (a 100 mg tablet twice
a day) and repeated it only once a week later. ' '

. As high doses of MBZ produces liver disfunction (Berhti et al., 1987; Davis et al., 1986),
many investigators have tried low-dose MBZ treatment. Abadi (1985) reported that a single
500 mg dose of MBZ was not effective for a strongyloidiasis patient. Goldsmid (1974) using
100 mg of MBZ twice a day for 3 days, reported a cure rate at 7-10 days after treatment of
88% (7 of 8 patients). Musgrave et al., (1979) tried 100 mg of MBZ twice a day for 4 days
and described a cure rate at 10-20 days after therapy of 67% (14 of 21 patients).

Although our study showed that one 100 mg MBZ tablet twice a day for 4 days with a
second course of treatment one week later resulted in a 93.8% eradication rate (15 of 16
patients) and in a 25% incidence of liver disfunction (4 of 16 patients), further study seems
to be necessary as, in most studies to date, the follow-up time has been too short and the
number of patients too few.
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Mebendazole iZ & % ESRRAEEFICE T 2 BROPZE

EEEZM . b M. N E.E e

Mebendazole (MBZ) % R \» T225BI D ERBIEEBRE 2B L, TZOBEE 287, &8, MBZ
(100 mg) X 1E15E%2 1B 2EEOREL, [ ] WRABEESHEEEST T,
1. MBZ (%) 28HRIBRE DL 1 FHEOBEHRE: 85.0% (20841761), [71.4%]
2. Thiabendazole (#X) # 1@ 1%, 18 3E® 5 BS54, MBZ (%K) » 9 HRE#&E
L, #h#2a3—-X@VRTHEDKEE 1 EROBEHE: 100% (17/17), [50%]
3. TEROREHEIZX33-9» AROBERRIUTOLBY THoT,
1) MBZ () 5HE®D 4 2—x#&5: 80.0% (24/30), [51.5%]
2) MBZ (%K) 5HBM®D 3 a—x#%5: 83.3% (5/6), [30.8%]
3) MBZ (%K) 4 BRED 4 a—A#%5: 96.0% (24/25), [57.8%]
4) MBZ (§&#l) 4 HMD 4 2—28%5: 90.6% (29/32), [68.9%]
4, MBZ ($2#]) 4 BHM®D 2 2 —AH524B&OFEHRE: 93.8% (15/16), [25%]
BPED X5z, MBZ 4 HEiD 2 2 —ARETCRITEEOHBSHEEMEL B0, BHEFKIF L
ERAERD 2L, BEHESECOTE S RISV ETHS LtEbh 3,

1 BRERRZFEZFHME AR (T903-01 @I HEEAERTE RAT LH207)
2 WRIRIZAERE (T905 &Z#M4H1617-1)
3 MRRAEEAENEMNR (T901-12 MEREFREAENKER#FE2085)
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Abstract: Ten non-AlIDS patients with Preumocystis carinii pneumonia were studied.
While the 2 patients with adult T cell leukemia had longer prodromes, the other 8 patients
had acute onset. At presentation a chest radiograph revealed an abnormal bilateral
diffuse shadow in all cases. In 8 patients, diagnostic material was obtained by transbron-
chial lung biopsy and/or bronchoalvéolar lavage, and in 2 patients at postmortem. At the
time of diagnosis the serum lactate dehydrogenase value was much higher than prior to
the acute illness, and the AaDQ, gradient was highly increased: These appear to be useful
as markers for an initial diagnosis. Other opportunistic organisms were isolated in 5
patients. The concomitant use of pentamidine and cotrimoxazole was relatively well
tolerated, but with a high incidence of treatment failure. Corticosteroids appeared to be
effective as an adjunctive therapy.

INTRODUCTION

Pneumocystis carinii pneumonia (PCP) is the most common opportunistic infection which
occurs and is a significant cause of death among patients with acquired immunodeficiency
syndrome (AIDS). In Japan, the prevalence of AIDS is still low, and PCP is an opportunistic
infection seen most frequently in association with certain malignancies or immunosuppres-
sive therapy (Macfarlane and Finch, 1985; Engelberg et al., 1984).

Diagnosis of PCP usually requires invasive methods, such as fiber optic bronchoscopy,
although various noninvasive tests, such as chest radiographs and gallium scans, have been
used to diagnose this infection (Oka et al., 1985; Cordonnier ef al., 1984). Recent studies have
shown that the serum LDH value and P(A-a)O, gradient might be useful as markers for
diagnosis and prognosis of PCP in cases with AIDS (Zaman and White, 1988; Garay and
Greene, 1989).

Several studies have demonstrated that pentamidine has a greater incidence of significant
adverse reactions, and is no more effective in the treatment of PCP, than cotrimoxazole.
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Table 1 Details of patients with pneumocystis pneumonia

Duration of

Age Underlying Clinical

Patient Sex (years) disease ;ﬁg?:;; suppressive prodrome and duration

1 M 63 malignant 3 months cough, fever 3 days
lymphoma

2 M 78 malignant 2.5 months cough, 3 days
lymphoma

3 M 69 adult T cell 1 week cough, fever, 2 weeks
leukemia dyspnea

4 M 47 adult T cell 2 weeks cough, fever, 3 weeks
leukemia dyspnea

5 F 73  lung cancer 4 months dyspnea 2 days

6 M 32 renal 10 months cough, dyspnea 3days
transplantation

7 F 53 nephrotic 2 months asymptomatic —
syndrome

8 M 75 sarcoidosis 2 months asymptomatic —

9 M 51 dermatomyositis 7 months dyspnea 2 days

10 F 44  systemic lupus 18 months asymptomatic —
erythematodes

Average 58.5 4.9 6.9
+14.6 +5.2 months +7.0days

Pentamidine has therefore been used in patients with PCP who have failed to respond to
cotrimoxazole or who have sustained adverse reactions to this drug combination. PCP cases
from conventionally caused immune suppression are reported to be more fulminant, less
likely to relapse, with fewer adverse effects and a greater incidence of treatment failure than
those from AIDS (Drake et al., 1985; Salamone and Cunha, 1988; Pearson and Hewlett, 1985;
Kluge et al., 1978; Kovacs et al., 1984; Sattler et al., 1988). Therefore in the non-AIDS
population, the concomitant use of pentamidine and cotrimoxazole has yet to be examined.

We present our experience in fulminant cases of PCP from conventionally caused
immunosuppression admitted to Nagasaki University Hospital during the period 1976-1989.

PATIENTS AND METHODS

The hospital charts of patients with confirmed PCP between 1976 to 1989 were reviewed.
Only those patients with microbiologically documented disease were included. The following
data was recorded in all cases: age, sex, underlying disease, use of immunosuppressive drugs,
nature and duration of the problem leading to diagnosis, arterial blood gas with calculation
of the P(A-a)0, gradient, lactate dehydrogenase (LDH) value, chest radiograph findings,
treatment, and outcome. Diagnostic procedures included fiber optic bronchoscopy with
bronchoalveolar lavage (BAL), transbronchial lung biopsy (TBLB), and postmortem exami-
nation. Fiber optic bronchoscopy was performed under local anaesthesia with parenteral
sedation. The bronchoscope was wedged into the subsegmental bronchus in the main region
of radiographic abnormality. Bronchoalveolar lavage was performed using at least two
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Pa0,

LDH((IU/L) P(A-a)0, Definitive
Patient - (torr) (torr) Initial chest diagnosis
atient  1-2 months prior At Increase at at radiograph 1agnos
to diagnosis diagnosis diagnosis diagnosis by
1 478 896 418 38.5(RA) 72.0  bilateral TBLB
reticular
2 587 1,132 545 44.5(RA) 63.5 bilateral BAL
reticular and
infiltrates
3 472 663 191 58.2 122 bilateral BAL
(0,31/min) reticular and
infiltrates
4 — 1,170 — 54.4(RA) 57.0 bilateral BAL
reticular and TBLB
infiltrates
5 400 734 334 32.6(RA) 75.6 bilateral BAL
reticular TBLB
6 322 790 468 59.7(RA) 49.0 bilateral BAL
reticular
7 346 1,455 1,109 31.9(RA) 70.1 diffuse BAL
" ground
glass
8 309 1,723 1,414 32.6(RA) 82.5 bilateral BAL
reticular
9 400 1,173 773 40.0(RA) 74.6 bilateral post
reticular and  mortem
infiltrates
10 353 589 236 115 26.3 bilateral post
(0,11/min) reticular mortem
Average 407 1,030 610 69.3
+85.1 +347 +391 +23.4

* RA: room air

20 m/ aliquots of sterile normal saline. Transbronchial lung biopsy was performed under the
guidance of fluoroscopy. The fluid obtained by lavage was centrifuged at 1,500 rpm for 5 min.
The deposit was spread onto several glass microscope slides and stained to reveal Preumocys-
tis carinii cysts using Gomori’s methenamine silver stain. All specimens were also stained by
Gram’s method. Routine aerobic and anaerobic bacterial cultures were performed on all
samples, as were cultures for mycobacteria and fungi. All patients, except for one patient
diagnosed as PCP at postmortem examination, were treated with a high dosage (8-16 g/day)
of cotrimoxazole given orally together with 4 mg/kg/day of pentamidine isethionate given
either intravenously or intramuscularly. Two of the patients were treated with 600 mg/day
of pentamidine isethionate by inhalation and intravenous corticosteroid adjunctively.

REsSULTS

Ten patients met the criteria for inclusion in this study. There were 7 males and. 3
females, with ages ranging from 32 to 78. Four patients had an underlying hematological
disorder, 2 had renal disease, 2 had collagen disease, 1 had lung cancer, and 1 had sarcoidosis.
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Table 3 Therapy and outcome

Intravenous

Patient Other oppqrtumstlc Therapy Advef'se Corticosteroid Mec}.lam.cal Outcome
organism reaction ventilation  of PCP
therapy
1 (=) Cotrimoxazole (po) (—) (=) (-) poor
Pentamidine (im) '
2 (=) Cotrimoxazole (po) (—) (-) (=) poor
Pentamidine (im)
3 (=) Cotrimoxazole (po)  hypoglycemia () (=) poor
Pentamidine (im) hypotension
4 (=) Cotrimoxazole (po) (—) (-) (=) well
Pentamidine (im)
5 Haemophilus Cotrimoxazole (po) (-) (=) (=) poor
influenzae Pentamidine (im)
6 Candida Cotrimoxazole (po) thrombopenia (+) (+) well
albicans Pentamidine (iv, aer) liver dysfunction
7 Candida Cotrimoxazole (po) {-) (+) (+) well
albicans Pentamidine (iv, aer)
8 (-) Cotrimoxazole (po) (-) (-) (+) poor
Pentamidine (iv)
9 Aspergillus spp. Cotrimoxazole (po) (-) (=) (=) poor
Cytomegalovirus
10 Candida (-) (=) (-) (=) poor
albicans

Cytomegalovirus

* aer: aerolized, im: intramusculaly, iv: intravenously, po: per oral

All patients had received immunosuppressive therapy, such as corticosteroids. Eight patients,
all but the two with adult T cell leukemia, had received the therapy for more than 2 months
(Table 1). Three cases were asymptomatic when chest radiography revealed an abnormal
shadow, and 5 patients had a rapid progression of cough, dyspnea, and fever, over 2-3 days.
The patients with adult T cell leukemia had longer prodromes (Table 1).

The mean P(A-a)0, gradient at presentation was 69.3+23.4 torr, and the mean LDH
value at presentation was 1,030+347 IU/L. To assess whether the elevated LDH values were
a result of the infection or reflected other aspects of the status of the patients, we reviewed
measurements prior to the acute illness. Previous values, determined 1-2 months before the
diagnosis of PCP, were available in 9 patients, Comparison of these values with those at the
time of diagnosis of PCP showed that all 9 patients had an increased in LDH values of more
than 190 IU/L, with a median increase of 610+391 IU/L (Table 2). At the time of presenta-
tion, chest radiography revealed a bilateral reticular shadow in 5 patients, a bilateral
reticular shadow and infiltrates in 4, and an S-like diffuse ground glass shadow in 1
(Table 2). Two patients had Preumocystis carinii cysts demonstrated at postmortem exami-
nation, but in all other patients diagnostic material was obtained while alive by TBLB and/
or BAL (Table 2).

Coexisting pulmonary infections were diagnosed in 5 patients. Candida albicans was
recognized in 3 patients, Cytomegalovirus in 2, Haemophilus influenzae in 1, and Aspergillus
spp. in 1 (Table 3). Nine patients received treatment with a high dosage of cotrimoxazole
and pentamidine isethionate. In 3 patients, mechanical ventilation was also used, and in 2 of
these, intravenous corticosteroid and aerozolized pentamidine were prescribed adjunctively.
Six patients died of progressive pneumonia. Although the other 3 patients recovered from
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PCP, they died subsequently due to underlying hematological malignancy, heart failure, and
multi organ failure (Table 3).

DiscussioN

PCP associated with AIDS often presents in an indolent fashion, with symptoms manifest
for several weeks prior to presentation. Non-AIDS PCP has a more acute onset, with
pulmonary symptoms progressing rapidly to respiratory failure within 1 week (Macfarlane
and Finch, 1985; Engelberg et al., 1984). In the present study, all patients were PCP cases
from conventionally caused immunosuppression, and 8 patients had a rapid progression of
symptoms for less than 2-3 days, with the patients with adult T cell leukemia having longer
prodromes. In one study, patients with hematological disorders had variable prodromes
ranging from 2 days to 4 weeks, which is in accordance with our results (Carter et al., 1988).

Recent studies have suggested that the serum LDH value and P(A-a)0O, gradient have
diagnostic and prognostic implications in patients with PCP associated with AIDS (Garay
and Greene, 1989). The serum LDH value is elevated in most AIDS patients when PCP is
present, and usually increases with the development of the infection and decreases again with
recovery, although the mechanism for this change is unknown. An association between the
LDH value and survial from PCP was also noted, with survivors having significantly lower
mean serum levels than those who died (El-sadr and Simberkoff, 1988). Higher values of
LDH appeared to reflect more extensive interstitial inflamation. A reduction in the diffusing
capacity for carbon monoxide is one of the characteristic abnormalities of pulmonary
function in patients with PCP, which causes alveolar-capillary block. This abnormality is
attributable to thickening of the alveolar-capillary membrane by attachment of this parasite
to the epithelial surface (Sankary et al., 1988). The mechanism of the increased P(A-a)0Q,
gradient has not been fully mentioned. In our study, the LDH value and P(A-a)0, gradient
at presentation were significantly elevated, and there was an increase in the LDH value at
presentation over the previous values. Therefore the elevated LDH values appeared to be a
result of PCP. When the patients with good outcome of PCP were compared with those with
failure, the mean LDH value was 969+287 vs. 1,000+392 IU/L, and the mean P(A-a)0,
gradient was 62.01+9.48 vs. 74.1+28.2 Torr. However there was no significant difference
between the two groups. The extremly high degree of the elevation in the LDH value and the
increase in P(A-a)0, gradient appeared to reflect the severity of the disease, which might
account for the poor outcome in our study group. In the present study, we conclude that these
values might be useful as markers for diagnosis of PCP in non-AIDS patients also.

PCP usually presents on chest radiograph as a diffuse bilateral, progressively coalescing
pneumonia that in its earliest stages often spares the peripheral lung fields. PCP presenting
as a pulmonary nodule or a cavity is rare, and mediastinal lymphadenopathy and pleural
effusion are not believed to occur with this infection (Barrio ef a/., 1986). In our study, chest
radiography revealed a typical diffuse bilateral, progressively- coalescing pneumonia, and in
5 patients bilateral diffuse infiltrates were already visible at presentation. This might suggest
an acute onset of the disease in our population and the difficulty in making an early diagnosis.

It is necessary for the adequate management of PCP to obtain a definitive diagnosis at
an early stage. Non-invasive methods, such as sputum induction with the use of nebulised
hypertonic saline, are safe, but the sensitivity is relatively low (Yoshida ef al., 1978; Pitchenik
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et al., 1986). In most studies, transthoracic needle biopsy has not been recommended because
of its high incidence of complications. Open lung biopsy has been shown to be more reliable,
but is highly invasive, and this method is currently of limited value and has not been used
widely for the diagnosis of PCP in Japan (Pass et al., 1986; Shorter et al., 1988). Several
studies have demonstrated that fiber optic bronchoscopy with BAL and TBLB is a safe and
sensitive method for the initial diagnosis of PCP as well as other opportunistic infections
(Oka et al., 1985; Cordonnier ef al., 1985). In the present study, 7 BALs and 3 TBLBs were
performed in 8 patients who were diagnosed as having PCP, with no complication. We
suggest that fiber optic bronchoscopy, especially with BAL, is the most safe, sensitive, and
rapid method for the initial diagnosis of PCP.

In half of the patients, coexisting pulmonary infections were recognized. In patients 6
and 7, Candida albicans was recognized for the first time in BAL, which was performed after
recovering from PCP. In these cases, fluconazole was given for the treatment of the fungi,
but it was supposed that prophylactic therapy might have prevented this infection. In PCP
cases in the immunocompromised host, great care must also be given to coexisting infections.

Pentamidine isethionate was the first drug demonstrated to have efficacy in the treatment
of PCP. Experience in immunocompromised patients demonstrated about 70% efficacy, but
with substantial toxicity. Adverse reactions include renal failure, liver dysfunction, hypog-
lycemia, hyperglycemia, pain and swelling at the injection site, hematologic disturbances,
hypotension, and pancreatitis (Salamone and Cunha, 1988; Pearson and Hewlett, 1985; Kluge
et al., 1978; Zuger et al., 1986; Helmick and Green, 1985; Belehu and Naafs, 1982; Stahl-
Bayliss et al., 1986; Stoner, 1988; Montgomery et al., 1989). Cotrimoxazole became the
preferred therapy, with pentamidine an alternative, in cases of failure and for those with
severe adverse reactions (Kovacs and Masur, 1988; Furio et al., 1988). It has been suggested
that a combination of cotrimoxazole and pentamidine is no more effective and may be
harmful in the treatment of PCP. PCP in the non-AIDS population, however, is reported to
be more fulminant, with greater incidence of treatment failure and fewer adverse reactions
than those from AIDS (Drake et al., 1985; Salamone and Cunha, 1988; Pearson and Hewlett,
1985; Kluge et al., 1978; Kovacs et al., 1984; Sattler et al., 1988). It therefore seems to be
useful to examine the efficacy and the incidence of adverse reactions in the concomitant use.
of pentamidine and cotrimoxazole in the non-AIDS population. PCP cases with acute onset
tend to progress to hypoxemic respiratory failure requiring mechanical ventilation. The
mortality rate for these patients is significantly high, despite optimal medical management.
Several studies have demonstrated a possible role of intravenous corticosteroids in adjunctive
therapy in cases with acute life-threatening respiratory failure secondary to PCP. It was also
speculated in some studies that adjunctive corticosteroid therapy might obviate the use of
mechanical ventilation (Gallacher et al., 1989). The outcome of patients with corticosteroid
therapy and the role of mechanical ventilation have yet to be examined. In the present study,
~ pentamidine together with cotrimoxazole was prescribed for 9 patients. Although one patient
showed thrombocytopenia and liver dysfunction and one other showed hypotension and
hypoglycemia, seven patients sustained mild adverse reactions from the therapy and tolerated
it well. Three of the 9 patients given this treatment recovered from PCP, which is a relatively
poor outcome. This might be due to the severity of the underlying diseases and failure in
making an ealier diagnosis. The concomitant use of pentamidine and cotrimoxazole in our
study seemed no more harmful, but no more effective, than therapy with cotrimoxazole
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followed by pentamidine. Two patients treated with intravenous corticosteroids and mechan-
ical ventilation have recovered from PCP, and we suggest the possible efficacy of this regime.
However, we acknowledge the low reliability of this conclusion due to the small population
size and the need for evaluation in a larger patient population.
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Abstract: Two new blackfly species, Simulium (Simulium) sigiti sp. nov. and S. (S.)
Javaense sp. nov. are described based on the female, male, pupal and larval specimens
collected from Java. Simulium (S.) sigiti is characterized by the presence of a pit-like
cuticular organ at the base of pupal gill, as well as shortened pupal filaments. This is the
first species of the fuberosum group from Java. The variety of S. (S.) iridescens De
Meijere, 1913 is here elevated to the species status and is given a new specific name S. (S.)
Jjavaense sp. nov. This new species is easily distinguished from S. (S.) iridescens by the
inflated gill filaments, the absence of tubercles on the cephalic and thoracic integuments
of the pupa, and the russet body coloration of the larva.

INTRODUCTION

The simuliid fauna of the Sunda Islands has not been studied since Edwards (1934)
described 11 new species from Sumatra, Java and Bali, making a total of 19 taxa (including
two subspecies) for this archipelago. =~

Recently, we made a preliminary survey on the blackflies in East and West Java and
collected a total of 16 species of Simulium Latreille s. 1. including several new species. This
paper treats two new species belonging to the subgenus Simulium Latreille s. str.

The classification follows that of Crosskey (1969). Collecting and rearing methods, as
well as dissection of anatomical parts for description, were mentioned in Takaoka (1983).

The holotype, allotype and some paratype specimens will be deposited at the Department
of Parasitology and Pathology, Faculty of Veterinary Medicine, Bogor Agricultural Univer-
sity, and some other paratypes at the Department of Entomology, Bogor Museum of Zoology,
Bogor, Indonesia.

DESCRIPTION

Simulium (Simulium) sigiti sp. nov.

Female. Body length 2.1 mm. Head. Narrower than width of thorax. Frons black, shiny,

1 Division of Medical Zoology, Medical College of Qita, Hazama, Oita 879-55, Japan
2 Entomology Laboratory, Department of Parasitology and Pathology, Faculty of Veterinary
Medicine, Bogor Agricultural University, Taman Kencana 3, Bogor 16151, Indonesia
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and with several dark stout hairs along lateral margins; frontal ratio (width at top of eyes
and that just above antenna to length) 1.3:1:1.3; frons-head ratio (width of frons at top of eyes
to maximal width of head) 1:4.1. Clypeus black, shiny, probably greyish pruinose and with
scattered dark stout hairs. Antenna composed of 2+9 segments, dark brown except scape,
pedicel and base of 1st flagellar segment pale. Maxillary palp brownish black, composed of
5 segments with proportional length of 3rd, 4th and 5th segments 1:1:1.7; 3rd segment (Fig. 1)
of moderate size; sensory vesicle medium in size, elliptical, with rugged surface, 0.34 X length
of 3rd segment, and with small round opening a little distad to the center. Maxillary lacinia
with 17 inner and 17 outer teeth. Mandible with ca.30 inner and 12 outer teeth. Cibarium
(Fig. 3) with numerous minute tubercles. Thorax. Scutum black, shiny, not patterned and
covered moderately with recumbent, dark brown pubescence, interspersed with long, upstand-
ing dark hairs on prescutellar area. Scutellum black, with long dark hairs. Postscutellum
black, shiny, silvery iridescent when viewed in certain angle of lights, and without hairs.
Pleural membrane bare. Katepisternum longer than depth, and bare. Legs. Foreleg (Fig. 4):
coxa pale yellow; trochanter dark yellow; femur dark yellow basally, gradually becoming
dark medially and black on distal 1/2 or 1/3; tibia black with outer median portion largely
pale white and in lights sheeny; basitarsus entirely black, dilated (W:1.=1:4.8), and with short
dorsal hair crest; rest tarsal segments black. Midleg (Fig. 5): blackish except basal 1/2 of
trochanter, base of tibia, basal 2/3 or more of basitarsus and basal 1/2 of 2nd tarsomere
whitish yellow; tibia largely sheeny on posterior surface in lights. Hind leg (Fig. 6): blackish
with trochanter and base of femur dark yellow, and basal 1/3 of posterior surface of tibia,
basal 3/5 of basitarsus and basal 1/2 of 2nd tarsomere whitish yellow; tibia largely sheeny on
posterior surface in lights, and slightly narrower than femur; basitarsus W:L =1:5, calcipala
short, width to that of basitarsal tip is 1:1.9, W:L ratio 1:1; pedisulcus distinct. All tarsal claws
simple, without subbasal or basal tooth. Femora and tibiae of all legs covered with simple
hairs only. Wing. Length 2.0 mm; costa with spinules and hairs; subcosta haired; basal
section of vein R bare; hairs at base of stem vein dark brown; basal cell absent. Abddomen.
Basal scale black with fringe of dark hairs; 2nd segment dark brown with large, dorsolateral
whitish iridescent spots broadly connected to each other in the middle; tergites 3, 4 and 5
small, dark brown and shining, tergites 6-9 large, dark brown, shining and with dark hairs.
Genitalia (Figs. 8-10). Ventral surface of abdominal segment 7 with large, weakly developed
sternite medially (Fig. 8a) and moderately haired. Sternite 8 (Fig. 8d) well sclerotized, bare
medially but with ca.13 short and long stout hairs laterally on each side; anterior gonapo-
physes (Fig. 8¢) triangular in shape, membraneous, covered with ca.12 minute setae as well
as numerous microsetae except narrow portion along posterior margin bare; inner borders
slightly curved, narrowly sclerotized, and folded dorsally as shown in Fig. 9. Genital fork
(Fig. 8c) of inverted-Y form, with well sclerotized stem; arms slender, each with strongly
sclerotized distal ridge and distinct projection directed anterodorsally. Paraproct (Fig. 10)
slightly shorter than wide, with ventral margin concave medially, and covered with ca.15
short stout hairs in lateral view; paraproct in inside view somewhat broadly sclerotized along
ventral margin and covered sparsely with microsetae. Cercus (Fig. 10) rounded posteriorly,
ca.0.5Xx as long as wide, and covered with numerous short hairs. Spermatheca (Fig. 8b)
nearly globular in shape, well sclerotized with weakly defined reticulate pattern, and with
minute internal setae; tube and small adjacent area of spermatheca unsclerotized.



359

17

Figures 1-18 Adults of Simulium (Simulium) sigiti sp. nov. 1, third segment of female maxillary
palp; 2, third segment of male maxillary palp; 3, cibarium; 4, foreleg of female; 5, midleg of female;
6, hind leg of female; 7, hind leg of male; 8, ventral view of female genitalia a, 7th sternite; b,
spermatheca; c, genital fork; d, 8th sternite, e, anterior gonapophysis; f, paraproct; g, cercus; 9,
anterior gonapophyses showing dorsally folded inner margin; 10, paraproct and cercus in side view;
11, male scutum in dorsal view; 12, male scutum in side view; 13, scale-like hairs on outer surface
of male hind femur (scale, 0.02 mm); 14, male genitalia in ventral view (coxite and style on right
side, median sclerite and parameres omitted)—h, coxite; i, style; j, ventral plate; 15, ventral plate
in lateral view; 16, ventral plate in end view; 17, style viewed ventromedially showing basal
protuberance with numerous spines; 18, median sclerite.
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Male. Body length 2.4 mm. Head. Width slightly wider than thorax. Upper eye consisting
of large facets in 20 horizontal and vertical rows. Clypeus black, whitish grey pruinose,
strongly silvery iridescent when illuminated, and covered sparsely with dark brown hairs.
Antenna composed of 2+9 segments, dark brown except scape and pedicel dark yellow and
base of 1st flagellar segment pale yellow; 1st flagellomere somewhat elongated (W:L=1:2.1).
Magxillary palp composed of 5 segments with proportional length of 3rd, 4th and 5th segments
1:1.1:2.3; 3rd segment (Fig. 2) of normal size with small, globose sensory vesicle which is
0.2 X length of 3rd segment; small rounded opening situated medially. Thorax. Scutum black,
with white pruinose pattern composed of an anterior pair of triangular spots with rounded
apex on shoulders extending posteriorly along lateral margins up to base of wing and a large
transverse spot entirely covering prescutellar area which is not contiguous to anterior spots
(Figs. 11 and 12), —these pruinose areas with silvery iridescence when illuminated: scutum
uniformly covered with dark brown recumbent pubescences (in lights these pubescences
appear bright coppery), interspersed with long upright hairs on prescutellar area. Scutellum
black, shiny, white pruinose and with several upright dark hairs. Postscutellum black, shiny,
white pruinose and without hairs. Pleural membrane and katepisternum as in female. Legs.
Coloration as in female except hind tibia black with base pale whitish yellow, and hind
basitarsus with less pale portion (basal 1/2 or a little more); in addition to simple hairs, scale-
like hairs (Fig. 13) are seen densely on outer surface of femora and on both sides of tibiae
of hind leg; fore basitarsus somewhat dilated (W:L ratio 1:4.4); hind basitarsus (Fig. 7) much
enlarged (W:L=1:4.5), widening toward basal 1/2, then nearly parallel sided, and its greatest
width equal to those of hind femur and tibia. Calcipala small (W:L ratio=1:1) and ca. 0.22 X
as wide as basitarsal width. Pedisulcus well marked on 2nd tarsomere. Wing. Length 1.9 mm;
other features as in female except subcosta bare. Abdomen. Basal scale blackish with long
dark hairs. Terga black, with dark hairs; segments 2, 6 and 7 each with a pair of silvery
iridescent areas dorsolaterally, those on segment 2 connected broadly to each other in the
middle. Genitalia (Figs. 14-18). Coxite in ventral view (Fig. 14h) as long as wide and ca.
0.6 X length of style; style (Fig. 14i) length ca.3 X greatest width at basal 1/4, spatulate,
curved inwards, slightly tapering apically and with a subterminal spine; style (Fig. 17) with
basal protuberance produced dorsomedially, bearing numerous spines on its surface. Ventral
plate (Fig. 14j) with base nearly quadrate in shape, having ventrally produced hairy process
with weakly toothed posterolateral margins on proximal 2/3; posterior margin when viewed
ventrally slightly concave; basal arms slightly diverging from each other. Median sclerite
(Fig. 18) well sclerotized at base, plate-like and nearly parallel sided. Parameres each with
numerous small hooks.

Pupa. Body length (excluding gill filaments) 2.5 mm. Head. Integument dark golden yellow,
sparsely covered with large, disc-like tubercles of various sizes (Fig. 20), larger ones
appearing to have more distinct depression in the center than smaller ones; most tubercles
fringed with several microtubercles; head with 1 facial and 2 frontal pairs of slender, simple
trichomes. Thorax (Fig. 21). Anterior 1/2 of thoracic integument dark golden yellow,
sparsely covered with large disc-like tubercles (Fig. 21b) similar to those on the head, though
the larger groups of tubercles much smaller, and central depression of tubercles less distinct,
while posterior 1/2 of thorax pale greyish brown and covered moderately with small, conical
processes (Fig. 21c); thorax with 2 dorsal and 2 lateral pairs of simple trichomes on anterior
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1/2 as well as 1 lateral pair of trichomes on posterior 1/2 (Fig. 21); at base of gill, there is
a large, pit-like cuticular organ (Fig. 21a). Gill (Fig. 22) with 6 very short, slender and dark
brown filaments in pairs, almost sessile, and slightly tapering apically; all filaments subequal
to each other in length (ca. 0.8-1.0 mm) and thickness, and generally extending close together
forwards, downwards, and then inwards just in front of head (in some specimens 1 or 2
filaments, specially of upper and lower pairs, curved upwards or downwards and directed
backwards); cuticle of filaments with well-defined annular furrows, and covered uniformly
with minute tubercles (Fig. 22d). Abdomen. Tergum 2 on each side with 1 long and 5 short
simple setae, 4 of which are stout and spinous. Terga 3 and 4 each with 4 hooked spines along
posterior margin on each side. Terga 6, 7, 8 and 9 each with a cross row of spine-combs on
each side, though spine-combs on segment 6 weakly developed (in some pupae, tergum 6
without spine-combs). Tergum 9 lacking terminal hooks. Sternum 4 with a bifid hook and
a minute simple seta close together submedially on each side. Sternum 5 with a pair of bifid
hooks submedially on each side. Sterna 6 and 7 each with a pair of bifid inner and simple
outer hooks widely spaced on each side. Grapnel-like hooklets absent. Cocoon (Fig. 19).
Simple, slipper-shaped, thickly woven, with a thick anterior rim; there is a connecting band
across the front floor but not forming a definite front wall.

Mature larva. Body length 5.0-5.2 mm. Body color dark brown (though annular interspaces
of abdominal segments 1-5 narrowly discolored in the alcoholic specimens). Cephalic
apotome (Fig. 23) pale widely on anterior 1/2, and light brown on posterior 1/2, with
darkened areas medially, laterally and posteriorly; head spots more or less positive. Antenna
composed of 3 segments and apical sensillum, longer than stem of cephalic fan; length ratio
of segments (from base to tip) 1.5:1.6:1. Cephalic fan with ca. 42 main rays. Mandible (Fig.
26) with a large and a medium mandibular serration but without supernumerary serration.
Hypostomal teeth 9 in number, small with median and corner teeth longer than others; 6
hypostomal bristles lying subparallel to lateral border on each side (Fig. 25). Postgenal cleft
(Fig. 24) nearly parallel-sided near base, then converging apically, and ca. 2X length of
postgenal bridge. Thoracic cuticle bare. Abdominal cuticle bare except dorsolateral areas
on last segment moderately covered with short, discolored setae. Rectal gill of 3 lobes each
with 2-3 small secondary lobules ventrally. Anal sclerite X-shaped, with broadened anterior
arms which are 0.54 X length of posterior ones. Posterior circlet with ca. 78 rows of hooklets
with up to 14 hooklets per row. Ventral papillae absent.

Type specimens. Holotype %, slide mounted, reared from pupa collected from Puncak, West
Java, 10.1.1991, H. Takaoka and U.K. Hadi. Allotype &, slide mounted, reared from pupa,
same data as holotype. Paratypes, 1 ¢,1 & reared from pupae, 4 pupal skins and associated
cocoons, and 2 mature larvae, all slide mounted and same data as holotype.

Distribution. West Java.

Ecological notes. The pupae and larvae were found on slender roots of trees trailing in the
water of a small shaded stream (less than 0.5 m wide; 1,250 m in altitude) running down
through the sloped natural forést near the upper border of open field cultivated for tea
plantation. This species was collected together with S. (S.) iridescens and two Gomphostilbia



362

26

Figures 19-26 Pupa and larva of Simulium (Simulium) sigiti sp. nov. 19, pupa and cocoon attached
to the slender plant root; 20, enlargement of disc-like tubercles on pupal head (scale, 0.02 mm); 21.
lateral view of pupal thorax——a, pit-like organ; b, enlargement of disc-like tubercles on anterior
half (same scale as in Fig. 20); c, enlargement of conical processes on posterior half (same scale
as in Fig. 20); 22, pupal gill filaments—d, enlargement of filament showing annular furrows
(scale, 0.02 mm); 23, larval cephalic apotome; 24, ventral view of head capsule showing postgenal
cleft; 25, larval hypostomium; 26, apical tip of larval mandible.

species.

Remarks. This specific name was given in honor of Dr. Singgih H. Sigit, Professor and Dean,
Faculty of Veterinary Medicine, Bogor Agricultural University for his contributions to
medical entomology.

This new species can be assigned to the tuberosum group of Simulium (Simulium)
defined by Rubtsov (1959-1964) by having the spinous basal protuberance of the style,
quadrate ventral plate with ventral projection and toothed posterolateral borders, pruinose
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scutal pattern in the male, simple claws and unpatterned scutum in the female, and pupal gill
with six filaments. ‘

Although the female, male and larva of this species are very similar to those of most
other known species of the fuberosum group, the pupa of S. (S.) sigiti sp. nov. is very distinct
in possessing a pit-like organ at the base of gill (Fig. 21a), as well as the short, slender gill
filaments which are subequal to each other in length and thickness. The similar pit-like
cuticular structure near the base of pupal gill has been reported in the clathrinum group of
Simulium (Morops) from Australasian region (Smart and Clifford, 1965; Crosskey, 1967).
However, none of the other known species of the fuberosum group has such an interesting
cuticular structure except S. (S.) nigrifacies Datta, 1974 described from the male and pupal
specimens collected from Darjeeling, West Bengal, India, which seems to have the similar pit-
like organ at the base of pupal gill judging from the illustration made by Datta (1974). The
pupal gill filaments of the latter species are also shortened (1.2 mm long) like this species but
the relative thickness of filaments are different, decreasing from above downwards with the
outer filament of upper pair being the thickest of all, as in most other species of this group.
In addition, the pupa of S. (S). nigrifacies has spine-combs on the abdominal segments 8 and
9 only.

Stmulium (S.) puliense Takaoka, 1979 from Taiwan seems to be close to this new species
by having the somewhat shortened pupal gill filaments (ca. 1.5 mm long) as well as the
similar arrangement of spine-combs on the pupal abdomen. However, unlike this new
species, pupal filaments of the Taiwanese species are different in relative thickness, i.e., outer
filament of upper pair is a little thicker than other five filaments which are subequal in
thickness to each other.

The pupa of S. (S.) aeneifacies which was described from Sabah (Edwards, 1933) and
later assigned to the same species group by Takaoka (1983) is yet unknown. The comparison
of female genitalia (Takaoka, 1983) shows that there are differences in the number of hairs
on the eighth sternite and anterior gonapophyses, and in the shape of paraproct.

Simulium (Simulium) javaense sp. nov.

Simulium iridescens De Meijere 1913 var. ?: Edwards, 1934, Arch. Hydrobiol., Suppl., 13, 114
(male, pupa and larva).

Female. Body length 2.4 mm. Head. Narrower than width of thorax. Frons black, shiny,
thinly greyish pruinose and with several dark stout hairs along lateral margins; frontal ratio
1.2:1:1.1; frons-head ratio 1:3.8. Clypeus black, shiny, greyish pruinose and with scattered
dark stout hairs; silvery iridescent when illuminated. Antenna composed .of 2+9 segments,
dark brown except scape, pedicel and base of 1st flagellar segment pale. Maxillary palp
brownish black, composed of 5 segments with proportional length of 3rd, 4th and 5th seg-
ments 1:1.1:1.8; 3rd segment (Fig. 27) not enlarged; sensory vesicle small, elliptical, with
rugged surface, 0.22X length of 3rd segment, and with small round opening. Maxillary
lacinia with 14 inner and 14 outer teeth. Mandible with ca. 26 inner and 13 outer teeth.
Cibarium (Fig. 29) with numerous minute tubercle. Thorax. Scutum black, shiny, thinly grey
pruinose, not patterned and covered moderately with recumbent, dark brown pubescence,
interspersed with long, upstanding dark hairs on prescutellar area. Scutellum black, with
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long dark hairs. Postscutellum black, shiny, silvery iridescent when viewed in lights, and
without hairs. Pleural membrane bare. Katepisternum longer than depth, and bare. Legs.
Foreleg (Fig. 30): coxa pale yellow; trochanter dark yellow with distal 1/3 brown; femur
brown basally, and much darkened distally; tibia black with outer median portion largely
pale white and in lights sheeny; basitarsus entirely black, dilated (W:L=1:3.7), and with thick
dorsal hair crest; rest tarsal segments black. Midleg: blackish except basal 4/5 or more of
basitarsus and basal 1/2 of 2nd tarsomere whitish yellow; tibia largely sheeny on posterior
surface in lights. Hind leg (Fig. 31): blackish with trochanter and base of femur dark yellow,
and base of tibia, basal 2/3 of basitarsus and basal 1/2 of 2nd tarsomere whitish yellow; tibia
largely sheeny on posterior surface in lights, and slightly narrower than femur; basitarsus
W:L=1:5.2, calcipala short, width to that of basitarsal tip is 1:2, W:L ratio 1:0.7; pedisulcus
distinct. All tarsal claws each with small, subbasal tooth (Fig. 33). Femora and tibiae of all
legs covered densely or moderately with scale-like hairs (Fig. 32) as well as simple hairs on
outer surface. Wing. Length 2.0 mm; costa with spinules and hairs; subcosta bare; basal
section of vein R bare; hairs at base of stem vein dark brown; basal cell absent. Abdomen.
Basal scale black with fringe of dark hairs; 2nd segment dark brown with large, dorsolateral
whitish iridescent spots broadly connected to each other in the middle; tergites 3 and 4 small,
dark brown and shining, tergites 5-9 large, dark brown, shining and with dark hairs.
Genitalia (Figs. 34-37). Ventral surface of abdominal segment 7 widely expanded posterior-
ly, covering sternite 8 almost entirely, and moderately haired on anterior 1/2 but bare on
posterior 1/2; plate-like sternite undeveloped. Sternite 8 well sclerotized, bare medially and
laterally but with 14 or 15 long stout hairs submedially on each side; anterior gonapophyses
triangular in shape, rounded on posterointernal tip, membraneous, covered with a few minute
setae as well as numerous microsetae except narrow portion along posterior margin bare;
inner borders nearly straight and narrowly sclerotized. Genital fork of inverted-Y form, with
well sclerotized stem; arms slender, each with strongly sclerotized distal ridge and distinct
projection directed anterodorsally (well discernible when viewd laterally—Fig. 35). Para-
proct narrowed ventroposteriorly in lateral view (Fig. 37), covered uniformly with numerous
short hairs on outer and ventral surfaces and also narrowly on inner surface (Fig. 36); when
viewed from inside, paraproct (Fig. 36) widely transparent with several minute setae
medially and not forming wide, darkly sclerotized plate, although narrowly sclerotized along
ventral margin near base. Cercus (Fig. 37) rounded posteriorly, ca. 0.5X as long as wide, and
covered with numerous short hairs. Spermatheca nearly globular in shape, well sclerotized
with weakly defined reticulate pattern, and with minute internal setae; tube and small
adjacent area of spermatheca unsclerotized.

Male. Body length 2.5 mm. Head. Width as wide as thorax. Upper eye consisting of large
facets in ca. 18 horizontal and vertical rows. Clypeus black, whitish grey pruinose, strongly
iridescent when illuminated, ‘and covered sparsely with dark brown hairs. Antenna composed
of 249 segments, entirely dark brown with base of 1st flagellar segment pale; 1st flagellomere
somewhat elongated (W:L=1:1.7). Maxillary palp composed of 5 segments with propor-
tional length of 3rd, 4th and 5th segments 1:1.1:2.1; 3rd segment (Fig. 28) of normal size with
small, elliptical sensory vesicle which is 0.3 X length of 3rd segment. Thorax. Scutum black,
with white pruinose pattern composed of an anterior pair of triangular spots, a large trans-
verse spot on prescutellar area which is contiguous to anterior spots by a narrow band along
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32 38 42

Figures 27-42 Adults of Simulium (Simulium) javaense sp. nov. 27, third segment of female
maxillary palp; 28, third segment of male maxillary palp; 29, cibarium; 30, female foreleg; 31,
female hind leg; 32, scale-like hairs on outer surface of hind femur (scale, 0.02 mm); 33, tarsal claw
of female hind leg; 34, ventral view of female genitalia; 35, genital fork in lateral view; 36,
paraproct in inside view; 37, paraproct and cercus in outside view; 38, male scutum in dorsal view;
39, ventral view of male genitalia i situ (coxite, style and paramere on right side omitted) —a,
paramere; b, median sclerite; 40, style viewed ventrolaterally; 41, ventral plate in lateral view; 42,

ventral plate in end view.
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lateral margins (Fig. 38)—these pruinose areas with silvery iridescence when illuminated;
scutum uniformly covered with dark brown recumbent pubescences (in lights these pubescen-
ces appear bright coppery), interspersed with long upright hairs on prescutellar area.
Scutellum, postscutellum, pleural membrane and katepisternum as in female. Legs. Only
following observations were possible due to incomplete condition of legs in dissected speci-
mens: coloration probably as in female; scale-like hairs on outer surface of femora and tibiae
also as in female; fore basitarsus somewhat dilated (W:L ratio 1:4.5); hind basitarsus enlar-
ged, probably as wide as or wider than hind tibia, with distinct calcipala; pedisulcus well
marked on 2nd tarsomere. Wing. Length not measured; other features as in female.
Abdomen. Basal scale blackish with long dark hairs. Terga black, with dark hairs; segments
2, 4,5, 6, 7 each with a pair of silvery iridescent areas dorsolaterally, those on segment 2
connected broadly to each other in the middle. Genifalia (Figs. 39-42). Coxite in ventral view
1.5X as long as wide and ca. 0.77 X length of style; style (Fig. 40) length 2.2 X greatest width
at basal 1/4, spatulate, curved inwards, tapering apically and with a subterminal spine.
Ventral plate: in ventral view nearly quadrate in shape with short basal arms diverging from
each other; in lateral view sharply increasing its thickness from anterior to posterior margins
thus appearing triangular and with thumb-like projection directed ventrally in the center
which is setose on anterior surface but bare on its apex (Fig. 41); in end view trapezoid,
slightly narrowed apically, with apical margin concave and irregularly dentate medially and
almost smooth and bare (a few scattered minute setae in one specimen) on posterior surface
(Fig. 42). Median sclerite (Fig. 39b) of shoehorn shape, thin, and slightly narrowed apically.
Parameres (Fig. 39a) each with numerous small hooks.

Pupa. Body length (excluding gill filaments) 2.2-2.5 mm. Head and thorax. Integument dark
yellow, almost bare except posterior 1/2 of thoracic integument covered moderately with
small tubercles; head with 1 facial and 2 frontal pairs of simple trichomes, and thorax (Fig.
43) with 5 pairs of simple trichomes dorsally, all subequal in length. Gill (Figs. 43 and 44)
with 6 greyish, short, inflated filaments in pairs, shortly stalked, and tapering apically; all
filaments subequal to each other in length and thickness; 1 of 2 filaments of upper and middle
pairs directed inwardly and downwardly just in front of head, and 1 of upper paired-filaments
directed upwardly and abruptly bent forwardly; cuticle of filaments becoming somewhat
rugged towards apex and with rough annulations but not forming well-defined reticulate
patterns, and covered uniformly with minute tubercles. Abdomen. Tergum 2 on each side
with 1 long and 5 short simple setae, 3 of the latter stouter than other 2 setae. Terga 3 and
4 each with 4 hooked spines along posterior margin on each side. Terga 7 and 8 each with
a cross row of 3-5 spine-combs on each side. Tergum 9 with comb-like groups of minute
spines but devoid of spine-combs like those on segments 7 and 8, and also lacking terminal
hooks. Sternum 5 with a pair of bifid hooks close together submedially on each side. Sterna
6 and 7 each with a pair of bifid or simple hooks widely spaced on each side. Grapnel-like
hooklets absent. Cocoon (Figs. 45 and 46). Simple, slipper-shaped, thickly woven, with a
thick anterior rim; there is a connecting band across the front but not forming a definite front
wall.

Mature larva. Body length 4.5-5.2 mm. Body color greyish with broad russet band dorsally
on each abdominal segment, those bands often discolored medially to varying extents.
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Figures 43-51 Pupa and larva of Simulium (Simulium) javaense sp. nov. 43, dorsal view of head and
anterior half of thorax of the pupa showing inflated gill filaments and thoracic trichomes; 44, pupal
gill filaments in lateral view; 45, cocoon in dorsal view; 46, cocoon in lateral view; 47, larval .
cephalic apotome; 48, ventral view of larval head-capsule showing postgenal cleft; 49, larval

hypostomium; 50, apical tip of larval mandible; 51, ventral view of larval rectal gill showing small
finger-like secondary lobules.

Cephalic apotome(Fig. 47) pale yellowish on anterior 1/2, also pale or light brown on
posterior 1/2, and much darkened on peripheral areas except near anterior border; head spots
more or less positive except submedial cross spots near posterior border turned to negative.
Antenna composed of 3 segments and apical sensillum, longer than stem of cephalic fan;
length ratio of segments (from base to tip) 1.9:2.1:1. Cephalic fan with ca. 40 main rays.
Mandible (Fig. 50) with a large and a medium mandibular serration but without supernumer-
ary serration. Hypostomal teeth 9 in number, small with median and corner teeth longer than
others; 7 or 8 hypostomal bristles diverging posteriorly from lateral border on each side (Fig.
49). DPostgenal cleft (Fig. 48) deltoid in shape, widening posteriorly, ca. 2.5X length of
postgenal bridge. Thoracic cuticle bare. Abdominal cuticle bare except dorsolateral areas
on last segment moderately covered with short, discolored setae. Rectal gill (Fig. 51) of 3
lobes each with 1-3 small secondary lobules ventrally. Anal sclerite X-shaped, with
broadened anterior arms which are 0.52 X length of posterior ones. Posterior circlet with ca.
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90 rows of hooklets with up to 16 hooklets per row. Ventral papillae absent.

Type specimens. Holotype ¢, slide mounted, reared from pupa collected near Pujon, East
Java, 19. XI. 1990, H. Takaoka. Allotype &, slide mounted, dissected from pupa, same data
as holotype. Paratypes, 2 $ % reared from pupa, 1 & dissected from pupa, 3 pupal skins and
associated cocoons, and 5 mature larvae; all slide mounted except 1 ¢ and 3 mature larvae
in alcohol, same data as holotype.

Ecological notes. The pupae and larvae were found attached to slender plant roots and sticks
in a small fast-flowing stream (width ca. 0.3 m) covered densely with shrubs on the hilly slope
just above the mountainous road climbing from Kediri to Batu. The stream crosses this road
before joining the main river which runs parallel to the road. This species was collected
together with S. (S.) iridescens and S. (Gomphostilbia) spp.

Distribution. East Java.

Remarks. Edwards (1934) reported this species as a variety of Simulium (Simulium)
iridescens de Meijere, 1913 based on the male, pupal and larval specimens taken from East
Java. The male of this species is very similar to that of S. (S.) i7idescens in many features
including the genitalia, as pointed out by Edwards (1934). There seems to be a slight
difference in the size of the triangular pruinose scutal spots on the shoulders which are in S.
(S.) iridescens much larger, leaving smaller median and submedian areas black. In the
female, it is also very difficult to separate this from the latter, although the eighth sternite of
S. (S.) iridescens seems to bear a little fewer stout hairs.

On the other hand, this new species is readily distinguished from S. (S.) é#idescens by the
inflated gills on the pupal stage. Further, there is a difference in the cephalic integument
which is smooth in this species but is covered moderately with small tubercles in the latter
species. The larva of this species is also very similar to that of S. (S.) iridescens but differs
from the latter by the presence of dorsal russet bands on abdomen.

The male of S. (S.) javaense shows similarities to S. (S.) nebulicola Edwards, 1934
described from a male taken at Tosari, East Java, but differs from the latter in the shape of
the genitalia, as well as coloration of legs. The pupa of the latter species recently collected
by us has the six slender gill filaments similar to that of S. (S.) iridescens.

This new species appears to be closely related to the species of the melanopus group,
reported from the Philippines, North Borneo and North Sulawesi (Takaoka, 1983; Takaoka
and Roberts, 1988) in having the similar male scutal pattern, the unpatterned female scutum,
the female claws with a subbasal tooth, six-filamented pupal gills and the larval postgenal
cleft deep but not reaching the posterior border of hypostomium. However, the shape of the
ventral plate easily separates the male of this species from those of the melanopus group, and
the female lacks a ventrointernal sclerotized plate on the paraproct which is found in all the
member species of this group. The slipper-shaped cocoon also separates this species from the
melanopus group, the cocoons of which are all shoe-shaped.
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Table 1 The effects of pentavalent antimony and of metronidazole on the movement
and multiplication of promastigotes in initial-day cultures*

mgt 0 1 3 5 7 9
Drug none Pi Ml M P M P M P M
No. § 1 2 3 4 5 6 7 8 9 10 1 120 131 141 15F 16
Day 0 1 . . .
1 . . . . . .
2 4+ + ++ + + + - - -+ - - - - -
3 ++ 4+ 4+t 4+ - -+ - - - - - -
s L
5 ++ + +  HHH+ ++ -+ - - - - - - -
6 + + + +++ + - + - + - - - - -
7 . . . .
8 . . . . .
9 ++ 4+ + + 4+ + - - - - - - - - -
0 + + + + 4+ 4+ - o+ - - - - - - -
11 . . . .
2 + + + 4+ + + - - = = - - - - -
13 . . . .

14+ + + o+ o+ 4+ -

* Promastigotes were cultured with a drug from the initial day.

t The dose was added to each test tube.

I Pentavalent antimony (Pentostam ®) is abbreviated as P and metronidazole (Flagyl ®) as M.

§ The assigned number of the test tube, as referred to in the text.

| Each group was examined in duplicates, but the results were the same in each case.

1l Observations were made in 5 visual fields under a microscope, at a magnification of 400, and the

movement and multiplication of promastigotes were recorded as follows:

*, not tested; —, moving

promastigotes were not observed; +, maximum number of moving promastigotes per field was 9 or
less; + +, the number of moving promastigotes was between 10 to 99; + + +, the number was greater

than 100.



B30, FFBRECHEEEAR0.1 e, P
A& /721IMAl% 1mg, 3mg, 5mg, TmgBLU9
mg®ZhZFN0.9 DERIAEL - EEERS
BBz, RHEOESME & BEREREE* 145 RHE
gL, £1%8587

1mgDEF AL 7B (LT 1 mgh¥ LBEEET)
Tk, RIOFREBESIBLV 4 QUTHES3 -
4 LEEEET)DOPEELRAES -6 OMBFTHES
3 k21, FHRIEFNERGARIMOE £ TER
L, SHED 0 mgl¥ GFE1-2) Lo=i3, A
shzrolz, 3mght GRET7-10) TH, PHI%
BALRE 7 123, EHEE R REAR R
Hanghot-p, MEIERALL-HAEITY,
EEMERIE 3 HECEE AN :DAT, 723
F10THEHRE I HELB I ESER RIS
e, PHLOFLVLERRP-/Z, 5mg, 7Tmg
ZLTImBETH, PEE FE&EL, 138 L U15),
MEE (BA&12, UB X6 r i, EFMEE
i, B2 2 HELIERRD ooz,
Tizbb, PREIBLUMAIL b2, 1mgBETI3,

373

RO BFR 7 EE M IRRLE T % v as, EEhik
PEEIAHBE £ TicfRIE s 5k 3mghl b, &5
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Table 2 The effects of pentavalent antimony and of metronidazole on the movement
and multiplication of promastigotes in the 4th-day cultures*

mg t 0 1 3 5 7 9
Drug none Pt Mt P M P M p M P M
No. 1 1 2 3 4 5 6 7 8 9 1011 12 13 M4 15 16 17 18 19 20 21 2
Day 04 ++1 ++ ++ + ++ ++ ++ +++++ + 4 4+ H+ A A A A
5 ++ + + + + 4+ + + + ++- - + +++ - + + - - + 4
2(6) . . .
M+ + + + + tt- -+ - -+ - - -+ 4+ = -+ 4+
4(8) . .
500 + ++- - - 4+ - - 4+ + - - - - - - - 4+ - - - 4
610) . . o e . .
LA T T T S
81) + +++ + + ++- -+ + - -+ - - - - - = - = -
909 +  t++ - At HEF -+ - - = - - - - - = = = -
0 + + + - 4+ Ht++ - - - - - - - - - - - = = = -
my + A+t A+ A+t - - - = - - - - - - - - - - -
2 + o+ + +F 4+ A+ - - - - - - - - - - = = - = -
131 . . . :
uw o+ o+ o+ 4+ 4+ A+ - - - - - - - - - - - - = = -

* Promastigotes were cultured without drugs for the first 3 days and a drug was added on the 4th day.
1 Refer to the explanations of Table 1, T The day in parentheses indicates the total number of days including preincubation for 3 days.
Observations on day 0 were carried out just before addition of drugs.
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FleMA %, RIETHET 2 DRERNTIZRY

DT, PHEID600 mgrHEHEIZL, 1E2LKILT 2

&, MEIOBEOFEHETHS 1 H750 mg (15

250 mg% 3%%) 131.258, 1,500 mg (658 i32.50

E, Z172,250 mg (988) I133.75&8W1X% %, in

vitro DETIWVEERTY, PHIO 1E%0.5 mg, 1

mg, 1.5mgZ LT 2mg: LK, FhZFhoPHl

DEBITHYTAMAID 18, 1.258, 2.508%

LT3 5EMAL, YIHRERE L 4 HEREEE

T, REOES: & IERERE R HE LT,

a) PA 0.5 mg%1.00E & L7-BE
P#(D0.5 mg%1.00&+ L, M&|I%EED0.5

mg, 1.25800.625 mg, 2.508D1.25 mg% L T

3.752M1.875 mgSR L - EKER %, RBER

Nz THEEL, £3 %8,

PIHESEERE (R3-a) OPAID0.5 mg EE

3-4) T, BHIZ4EBAEEL 2. MADL. 008

FAES5-6), 1.25E EHET7-8) BLU2.50

FHEI-100TH, PHIAR FRHZIBMERE
L7z UL, MFID3.758D1.875 mitn A%
11T, 3HEXYUEHBEET, SoICHEEL
7228HE 2T, EEMEFRRIIRH & o7z,

4 HEEHEERE (R3-b) TYH, FIEREHLFA
BRI PRID1. 00& (3% 15-16), MFID1.008 G
%17-18), 1.252 (F%19-20), 2.508 (R&E21-
22) TiF, FEHRIZ4EMEEEL, L, MA
D3.7580D1.875 mgBEDRE23 T, 11HE (1
=R (LITHEE LR Y) 15HE) Rk, #HEB
24TIZI0BE (BFEU4HB) gk, BEEL
7221HE (EE25HHE) T, EEMEERE,
wHanzzotz,

Tibb, PHIDO.5S mgxl.00&E: LIBEK
X, PHID1.00EH L UMHAIDL.008, 1.2588
FU2.50ETIE, FIHBREETD 4 HELIRET
b, FEROEFRHIETE R, 753, 3.758D
1.875 mgTld, WA TEEMER RO HIR B
WZBRLE LS,

b) PHI1 mg%l.008 % L7354

PHID1. 008 %A1EE (R3) OFEED 1 mgk
L, MEIZPHILFAED 1 mg 1.25ED1.25
mg, 2.5ED2.5 mg% L C3.7587D3.75 mgfEA L
T, [AROEBEEIT VR4 215872

VIBEEERE (R4-a) TiE, P (1.008) @
HE3IT, FRIFEEELU-28HEZ CAEEL
LL, MEIDL1.2580RE S8 Ti3, 5SHEM
%, 2.50BE0HEL 9 T 2 HELIE, AEI0TIE
4 HELD#, &5123.7580FE118 L U12TI@
FE1IHBXY, ZOUZNEEEL28HEET,
EFMERERIIRH S h oz,

4 BEEERE ER4-b) TH, PE (1.002)
DFE15-16TIE, 14HE £ TRAEIZEFL 22,
MZA|D1. 252 (3% 19-20) &, 2.50E (3A%E21-22)
Ti3, 1488 & TICESMESHEE L, 25T
b, HE22TIX, FEEELL21HE GEE5HB)
T, ESERESBEI R » o7, £LT,
3. 5EDFE24TIE, FHEL28HE (%32
HE) 2T, EFMEEEIFEInn o7z,

THbb, PEIDL.O0ESR 1 mgk LIZBA, 1
HESEETH 4 HEESEETY, LT LLERD



Table 3 The effects on the movement and multiplication of promastigotes of 1, 1.25,
2.50 and 3.75 units of metronidazole when pentavalent antimony at 0.5 mg
is regarded as 1 unit

(a) Initial-day cultures*

Drug none Px* M * ]
mg* 0 0.5 0.5 0.625 1.25 1.875
Ratio 0 1.00 1.00 1.25 2.50 3.75
No, * 1 2 3 4 5 6 7 8 9 10 11 12
Day 0 . % . . . . . . . . . . .
1 ++ + + + + + + + ++ ++ + -
2 + ++ + + + + + + + + + +
3 ++ ++ ++ + + ++ + + ++ + — —
4 . . . . . . . - . . . .
5 ++ + ++ ++ ++ ++ ++ ++ + + - -
6 3 . . . . . . . . 3 3 .
7 ++ + ++ ++ ++ ++ ++ ++ ++ ++ - +
8§ ++ ++ + ++ ++ ++ + + + + - +
9 ++ ++ ++ ++ + + ++ +4+ +4+ + - +
0 ++ ++ + + +4+ ++ ++ ++ ++ ++ - +
11 . . . . . . . . . . . .
12 ++ +4+ + + + ++ ++ ++ + ++ - ++
13 ++ + + + + ++ + + + ++ - ++
4 ++ + + + ++ ++ ++ ++ + ++ - +
21 . . . . . . . . . . — .
28 . . . . . . . . . . — .
(b) 4th-day cultures t
Drug none P
mg 0 0.5 0.5 0.625 1.25 1.875
Ratio 0 1.00 1.00 1.25 2.50 3.75
No. 13 14 15 16 17 18 19 20 21 22 23 24
Day 04) ¥t ++ ++ +++ ++ ++ ++ ++ ++ ++ ++ ++ ++
1(55) - . . . . . . . . . . .
26) ++ ++ + ++ ++ ++ + ++ + + + +
3( ++ ++ + + ++ + + + + + + +
48 ++ ++ + + ++ ++ ++ ++ + ++ + +
509 ++ + + + + ++ + ++ + + - +
600 + ++ + + + ++ ++ ++ + ++ -  +
7(11) . . . . . . . . . . . .
8(12) . . . . . L] . . L L] . Ll
9 ++ ++ + + + + + + + + + 4+
014 ++ ++ + ++ + ++ + ++ + -  + =
s+ 4+ ++ ++ + + ++ ++ + - -
1206 + ++ + + + + ++ + + + - -
13(17) . . . . . . . . . . . .
1409 ++ ++ + + + ++ ++ + + + - -
21(25) . . . . . . . . . . — _
28(32) . . . . . . . . . . + + +

* Refer to the explanations in Table 1.
t Refer to the explanations in Table 2.
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Table 4 The effects on the.movement and multiplication of promastigotes of 1, 1.25,
2.50 and 3.75 units of metronidazole when pentavalent antimony at 1 mg
regarded as 1 unit

(@) Initial day cultures*

Drug none P* M *
mg 0 1.0 1.0 1.25 2.5 3.75
Ratio 0 1.00 1.00 1.25 2.50 3.75
No, * 1 2 3 4 5 6 7 8 9 10 11 12
Day 0 o % . . . . . . . . . . .
1 + + 4+ + + - + 4+ + + = =
2 ++ + + - + + + + - 4+ - -
3 . . . . . . . . . . . .
4 +H+ + - - ++ + + + - - = =
5 ++ ++ + 0+ +4+ ++ ++ - - - - =
6 ++ ++ + - ++ ++ ++ - - - -  ~
7T ++ ++ + -+t ++ + - = = = =
8 ++ + + = ++ A+ - - = - =
9 . . . . . . . . . . . .
10 . . . . . . . . . . . .
n ++ ++ + - + ++ ++ - - - - =
2 ++ + + 4+ ++ ++ ++ - - - - =
B ++ ++ + - ++ A+ - - = = =
u ++ ++ + - ++ + + - - - - =
21 . . + — . . . - — — — —
28 . . + + — . . . — — —_— — —_
(b) 4th-day cultures t
Drug none P M
mg 0 1.0 1.0 1.25 2.5 3.75
Ratio 0 1.00 1.00 1.25 2.50 3.75
No 13 14 15 16 17 18 19 20 21 22 23 24
Day 014) ++ + ++ + + + + + 44+ ++ ++ +
16 ++ + ++ ++ + + +  ++ ++ +  ++ +
26 + ++ + + + ++ ++ + ++ + + +
3(0 . . . . . . . . . . .
4@® + + + + ++ + + + 44+ ++ + 4
509 ++ ++ 4+ + + + + + 4+ + + 4+
6 (10 - . . . . . . . . . . .
T+ + + + + + + + - + - -
8w + + + + + + + + + + + 4+
°om®m + + + + - 4+ + + - + - -
e + + + + + + + + - - - =
mey + + + + + ++ - + - + - -
12 16 - . . . . . . . . . . .

130D « o s e e e e e e e e e
uw + + + + ++ + - - - = = =

21 @) - ., . . . . +4+ ++ ++ - - —
28(32) hd . . . . . + 4+ + +H+ ++H + _

"% Refer to the explanations in Table 1.
T Refer to the explanation in Table 2.




EEMEIIEIE T E2was, MAID2.508 % 7213
3.7587Tid, ¥IRHRIEETE, BREIRIb 4
HE»SEE#EL228HE 2T, 4 HEREET
X, BERUBEE TR, RROESM 2=
SE¥R/’. '

c) PHI1.5 mgx1.008 L L7235

PHID1.008%, £4DFEERL YD X5120.5 mg
WEL, 1.5mge L, MEI%PAILEEDL.5 mg,
1.25801.875 mg, 2.50ED3.75 mg, 3.758D
5.625 mglEM L, FIFZERE2IT, £5 %258
726

VIBHEER (£5-2) T3, PHIDL.00E%#
ELU-HB3T, E6HAH2SI5HEET, %
1A E 4 TIX5HE»S 8 HE, BXUHEHEET,
ESMEERSBE A N, MAID2.508 (GRE
9-10) ¥LU3.758 (FHE11-12) Tk, HE9
O8EE 2 HEIZ, EFMERHEIBEEI NI DA T,
ZOHBEREEL Y, EHMFREIBEE s AL
hotz,

4 BEBER(ERS5-b) Ty, PHIDL.00EG
%&15-16) Ci¥, 14AEx CESMERIBRERIN
38, MAITIE, 1.258 (F&19-20) TI13HE
14HEB X, EEERHIBEE SR kD, &
5122.508 (GRE\E21-22) BLU3. 758 (R&HE23-
24) Ti, BEIHE F&E29) LV1I0HEHE
21) Lk, BBl T, EEMEESIRH
INghotz,

Thbb, PIBERERTY, 4BBREEHNTY,
P#ID1.008 (1.5 mg) Ti3, FHROESE%E
1 TER VL, MAID2.508 (3.75 mg) B XU
3.75& (5.625 mg) Ti, FHOESM:IZ, 140
HEClziddkL, FREELTY, EFEERIE
gL o7,

d) P#I2 mgk1.00E X L7254

PEIDL.00E%, %5 DEERLD, X 5120.5 mg
BEL2 mgt L, AEEERETY, £6 %25
720

VIBEERE (F6-a) T, PHID1.008 (2
ng) DRF 3 -4 T, BERIBEID, BEEL
7:28HE £ T, EEMEFRRIZFRD Sk oz,
LaL, MAITY, 1.00BDRE 6 iz 7 HEL
%, 1.25B0RB 7 TS5 HEMEL Y, BiE
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Ll:ZzhZh28B BT, EBMERIFEsN
Bhpolz, 8512, 2.508 G&E9-10), 3.75%
FF11-12) T3, 1HEz- 3 2BBUEL
D, EREL-2888Z T, EEMHERREES
nighotz, .

4 HEBEFEREGEERG6-D)TYH, PAIDL.00EGE
%E15-16) Tid, BE1HBE XV EEL-28HE
2T, EEMFERIRE S WL, UL,

MAITH1.00& GRA&E17-18) £ »3.75% GA&E23-

24) £T, Dl bEEIIHBEU® L D, BigE
L7:28HE 2 T, EEMERREEEI A o7z,
Tibb, 1.00B% 2 mge L7-8BE, PHO
1.0029Tix, MHREEET1 HERE, EHHE
HIFBZ S0, MAIT L PIEREERED2.50
EB L US.758, 4 ABEERDL.008, 1.25
£, 2.50EB8 X UB.75BTTI3, FEEELTHE
BMERRREER Lo T,

£ B

KEY)—Yavw=T7EDEERICIE, —Bi
pentavalent antimony (P#|) 23R X413 23,
metronidazole (MF)) & DiBRL-EZ S
N2EFEREDH 5, Peter (1973) 1%, 7S+~ T
Bl 7224 DA AN BT, MAI% 1 H750 mgs
3T, 10BME3EEE, 108MOKREHRZE T
17—nkl, 227—0NTHEERL:EHI%, James
and Stephen (1975) 1, 774 =R ¥ > TR
LIz EDAANFE M, BAET3 7—V&E5L,
SBLIBIEHRE L TWwb, £z, ¥ 75E
7 TREL, RFTEEEEE 2 BTl S5k

‘PHI%ZGET5,700 mg, 10BfRIch:> THREL

28, BRL 205 751%0 BARAABMIZ, MAZ
RIAET3 7 — V5 LIBR L - BEE (K,

1991) R EDDH B, LI A, MFI2MRhE -1
DTLLEEREDSNE VLV IWELH 2,
#1121, Griffiths and Sodeify (1976) 1%, #§1
> DIz, BRSPS B0 T
H5DS, 2EERETMANC X 2HEET, il
BODRRHBTD SNz DX 6 FIDAT, 10fliZ
5h, 6 FlISRBEL o 72D TRERIZTEE, 2
Blix124 B X 0217 BOBICRE LR, ERK
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Table 5 The effects on the movement and multiplication of promastigotes of 1.00,
1.50, 2.50 and 3.75 unit of metronidazole when pentavalent antimony of 1.5
mg is regarded as 1 unit

() Initial-day cultures*

Drug none P* M *

mg* 0 1.5 1.5 1.875 3.75 5.625

Ratio 0 1.00 1.00 1.25 2.50 3.75

No, * 1 2 3 4 5 6 7 8 9 10 11 12

Day 0 ek . . . . . . . . . . .
1 . . . . . . . . . . . .
2 ++ + - - + 4+ - - 4+ - - -
3 . . . . . . . . . . . .
4 + ++ - - + 4+ - + - = = -
5 ++ + - 4+ + + - + - - - -
6 ++ + 4+ ++ + 4+ ++ - - = = =
7 ++ + + + 4+ -+ = = = =
8 ++ ++ + + + 4+ - + - - - -
9 . . . . . . . . . . . .
0+ + + - + + + ++ - - - =
11 . . . . . . . . . . . .
2 + + + - 4+ 4+ 4+ + - = = =
B+ + + - 4+ + + + - - - -
14 . . . . . . . . . . . .
5 + + + - 4+ + + 4+ - - - =

(b) 4th-day cultures t

Drug none P M

mg 0 1.5 1.5 1.875 3.75 5.625

Ratio 0 1.00 1.00 1.25 2.50 3.75

No. 13 14 15 16 17 18 19 20 21 22 23 24

Day 0 Wt ++ ++ ++ ++ +++ ++ + ++ ++ ++ ++ ++

16) + ++ ++ +4+ ++ + +  ++ +  +H+ +  ++
2 (6) - . . . . . . . . . . .
3 M + ++ + + + + + + ++ + + -
4 (8) . . . . . . . . . .
59 ++ + + + + + + + - - + -
60 + + + - ++ + + + + + + -
T+ + + + - + + + + + + -
8w + + - + + + + + + - - -
°o®w + + + + + + + + + - - -
wmw + + + + + + + + - - - -
1143 - . . . . . . . . . . .
12 (16) . . . . . . . . . . . .
Bwm + + + + + - - - - - - =
uew + +, + + + 4+ - - = = = =
15 19 - . . . . . . . . . . .
210 ++ + . . . . ++ ++ - - = -
28 + 4+ . . . . + ++ - - - =

* Refer to the explanations in Table 1. t Refer to the explanation in Table 2.



Table 6 The effects on the movement and multiplication of promastigotes of 1.00,
1.25, 2.50 and 3.75 units of metronidazole when pentavalent antimony of 2
mg is regarded as 1 unit

(2) Initial-day cultures*

Drug none P* M %
mg* 0 2.0 2.0 2.5 5.0 7.5
Ratio 0 1.00 1.00 1.25 2.50 3.75
No. * 1 2 3 4 5 6 7 8 9 10 1 12
Day 0 ek e . . . . . . . . . .
1 + + - - 4+ + - 4+ 4+ + + =
2 + + - - + 4+ 4+ + - - - =
3 + + - - - + + 4+ - - = -
4 . . . . . . ) . . . . .
5 4+ ++ - - - 4+ - - - - - =
6 . . . . . . . . . . . .
[ e e e S
8 + ++ - - - - - - - - - -
9 ++ 4+ - - - - - - - - - -
0+ ++ - - + - - - - - = -
11 . . . . . . . . . . . .
2 ++ ++ - - - - - - - - - -
B ++ ++ - - + - - - - - - -
4 ++ ++ - - + - - - - - - -
21 - - -+ = = 4+ - - = =
28 - e e o
(b) 4th-day culturest
Drug none P M
mg 0 2.0 2.0 2.5 5.0 7.5
Ratio 0 1.00 1.00 1.25 2.50 3.75
No. 13 14 15 16 17 18 19 20 21 22 23 24
Day 04t ++ + ++ + 4+ +4+ +4+ ++ ++ ++ H+ ++
15 + ++ - - + 4+ ++ + +  ++ + o+
2(6) o . . . . . . . . . . .
3+ + - - 4+ + 4+ + + + + 4+
4(8) . . . . . . . . . . . .
500 ++ ++ - - + + + 4+ + + + -
60) + ++ - - + + - 4+ - + + 4+
m o o++ ++ - -+ + -+ + + = =
8@ ++ ++ - - 4+ + - 4+ - 4+ = =
901 ++ + - - - 4+ - 4+ - - -
1014 . . . . . . . . . . . .

my ++ ++ - - - - - - - = = -
12(16) . . . . . . . . . . . .
Bm + + - - - = - - - - - -
140 ++ ++ - - - - - - - = = -

AL . - - - - - = - = = =
28(32) . . - - - - — — - - - —

% Refer to the explanations in Table 1.
T Refer to the explanation in Table 2.
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FEOTREMED b5 EMEL T3, Walton ef al.
(1974) 13, 7% < Hu TR L 72145 0> 5 52 D
6 Bic, MEIDEEG 23RAIH, 654 5 HlidiE
THol: L HEL, BMTH-o1216I2iF, 1
H1,500 mgx 4> 3 T, 10ERTEE, 108K
L, BUR0BREL, 20k, MAE
ELRBLTLLEREETEDONRVEVLSIHR
E08h 5, EFEL VL, BEHEL—ELTY
R ki, RECIZERNERBHV/EDT, &
KBl > MEIDBRMED BRI R 5 O3
Lw, #2°C, FEH (KN #, promastigote ).
AT %R %, PRIEMAIZEWT, in vitro
T, EEhtk L SRR I ER L . T
PHI L MK »RIRMER L - y]AHER (R1) T
12, BRI 2HEIDPRCELVEZRIFEDON
s, 4 BERKESEEE (R2) Tk, MAIDFS
PHIL Y, EROESMAELET20CHEEE
L7z, BlZiE, 5mgd PR (R 2 DEELL-12) T
i3, EEHSAK1BE LY, EROESE S HE
ani iz of-p3, MEOHREIITIY, EHMH
HHBWEE LD I HELMERTH >, TmgTh,
PEORAEIS-161CLbE T 5 L, MBEDRAELT-18
T, JVRVHEEHOBEPHESH, Ing
T, @AFTH-o7, Uz bz, X6-bDP
B0 2mgDHAE15-16T1, BERH L V28HE Z
TEBMEIIEIEL 7285, MEOREFLT-18TRE, &
FEIHBE IX11HBLME, EdMEr=Eik L,
IOk o1z, MEDAMRPEIL D, FEOESM
PELTI2OCHEEZEL TS, —#kiz, PHl
DERIIT 2 EEERIZ, SHZE L BFIKIG
FT2H2ZLWCLBEEZOSNTWS (American
Society of Hospital Pharmacists, 1990), L
L, V=¥ a<=7REINT AEREFI, 78
THB (T ke, ¥FL<, 1988), BEEL L
O SHERZHET 2 LHEEINLHEEL <,
¥ - EBERRRERIER D, B OBl LY
ERENEZEbRnEEISNTVLS, BE
THHEMNCYH, SHEZROBRL LIIFET
225, PHIHE b LD FERICERSEESE 2 5H
HeLT, FyR=y, Frer (1975 i%, &
D> RATREREEEL T3, (DPHIDSE D

MR X 0 EHIZ, X DHESHIBET S, QFER

235D SHEDFDS, £ b SHEL D PHIOIE
AEZIRTV, 3t b & D ERORBIHERED S
DB DT, SH E0EE S22, (AHERO—
MHPEE S NTEE L, ERSERCRIZTREE
1, FEHROFIE, 4t bOABEBL D EH
EENE DT, PHIZEPHIMOESYE
WEZBLRETHD, £, 2O TLWIE
HEFR, HiEED A< ML EEOMAIOER
BEOSEY, S TIRR L, MENIZ, ALY
7% pH Tk A 4 b¥ 3, BE IR M
MICE DA R, BEANCIZ DNA OAERERK
ZAEL, FEEACHEE2E T2 520
T3 (American Society of Hospital Phar-
macists, 1990), P#i»s, M& & b BHUCEROE
Bt RELRT 2013, PEIDERD SH ZEE2HE
T3 EeEZNL, BBOSHKEHEET I LEZS
NAEMAEIL Y, ZORBITHEDPHICFHKIRT % L
EE&Nd, 7, FIHEFEEL 4 HERERECL
2E%, REOMAITHE TS &, fziE, £1
OYIBRER FFI, 10, 12, UBIVI6) &,
F20 4 BEEEEH GEI, 10, 13, 14, 17,
18, 218 L U22) Tid, 4 BEBEEROADS, K
HoESMEREIET 201, LYEKEEZELTY
3, ZOBRY, 4 HEREHETE, FHOSH
W, TRbLIEEBROEH, VIHRERLY D
LEEETL TS, MABRASNEZDT, ¥
KIOVER 2320 2R SBIET 2 RO EL, %
7z, EHREHEMLTHE0T, 1FERIHNTS
EE Dy, EEEEELETSE T, H
BARET2LHEL TV, EROBERIZ, #4,
KEBLUVE6D, ThFhDaRDAES5-12
£, bEORBIT24VEEEINS,
EYIOMREZLIET B DIIX, BOFE 2
T50%HFEE (LDsofE) %, HHE T2 FWIE
EEWIOLECRIA S 550%E%E (median
effective dose: EDs,fH) % oS o L%, BE
DETESNIFERD 513, SERERORR%,
100%4EFs ¥ 2 REOHE M IIREE L DT, LDso
B 2ERRO LS CEEL, LELEZDT
72e TbbH, BEIAEE (27:315HE) %72
IEEEET, RBAk 28BERI, kb IEFN
FHATES o NS RBEOREE L EFERGHKE,



FL-EEELUC8HE R TI, 23BERICL
EEMERSEE S  WEE DO REE £ 50
REFEEL L, GEERSXEE+TRREEE) -
25K, LiELL7, 7, PHIOVIARER
OLER*EHT 2 &, EFEREERRIRF-a DR
#3-401.5mgT, FERFEFKEIZ, K6-aD
HE3-402 mgThH?, #2°T, LIEIFQA.5+
2)+2=1.75 mgiz’x 5 (LKXSBW), FEkic, P
AID 4 BEREEROEFREEREIL, K5 -bDHRA
%15-1601.5 mg T, FEIRBEEZIZ, K6-bD
AE15-160 2 mg, L7=»8->7T, LIEIZVIHEE
BEFEUL.75 mge 2 0, BERRIC X 2 2R e h -
2o BRI, MAIOHIHEREOEEREER,
£5-aDFHBT7-81D1.875 mgT, FEEHEEES
L#

S & 7

%t W

g B K B e prxg LM
p I H B ERH 1.5 2.0 1.75
AEBEEE 15 2.0 1.75
M H®RER 1.88 2.5 2.19
4 P iesEnt 2.5 2.0 2.25

i3, £4-aDHEEI-1002.5mg, L7257,
LiEiZ (1.875+2.5)+ 2 =2.19 mgi2 % %, [/l
i, PHIOFIBEEHEDO LMEDL. 5 mgk D, §
0.44 mgBHMETH 3, FIBRIC, MAID 4 ORISR
DEBREREIL, £4-bDRE21-2202.5 ng
T, FEWRIEERZIZE6-b DFAFLT-18D 2 mg
T, SEREEEDHY, TTRHEXE LD EE
CHI3HBHL IR, @B HET 5 L (2.5+
2)+2=2.25mgT, PHEID 4 HELEHEEEDL.75
mgk VEMETH2, 2hoDZ emnsd, MFIOL
B, PRIOLMELVEMET, $4hbb, PHlE
BURRE24ET 21213, PHIL D ZBOBESNL
BLrEEEND, _
FRRIFERLIERE L, E FOBEERHEL
THbE, 1HBRETHRALPHIE 72 2MED
T, 0.5mg (F3) X omg (E1BLU2)
Thbd, FEI, KoY FMRPERL LI
BEENT, FLEMRES 2L, BFICHES
MLz eRES 2 &, FRIOREBREL, FFlos
JRRAER0. 1 e & FAIER0. 9 mDAFH 1 meicD
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ADMLIGET, RIEBEX IntDEREL.3
m D NNN 5D E5512.3 miZ¥Zic oL 7-
BETH2, FRHREIES B MEIDRKEE
%, LRIOKRDZ L, 4 HEBEERERHT, PHIE
BL2mgTH 5, % 2T, 2mgd 5D &E2.3 ml
WKHFZOMLIEE, T48bb 2mg/2.3 =
0.87 mg/me23, [FHIESEH S 152 MAIDRIEE
Bz 3, EMEIR, bR, B2 IEMADS in
vitro T, Giardia lamblia DE X A ¥ DFEIIRTL
T, FE#HIET 2ED0.0008—0.032 mg/me
X0, Entamoeba histolytica ° Trichomonas
vaginalis 00.003 mg/mLL T (American Soci-
ety of Hospital Pharmacists,1990) (ZHt#$ %
L, RBETHL, BMS (197D wdiud, &
BRA 5Bz, M&I250 mg%, 1EREO®RS LR
RFOIMARAE IR, 2 FHRHESSBK T, L& T0.02
ng/mtTH5, ERTHRON, RLEBETHS
0.87 mg/meid, FR&DE + THE >Nz MPiE
DFIAMZITIR YD, in vitro T Giardia lamblia D
HFERHILT 2E6EEOR2TETH S, Mat-
tock and Peters (1975) iZ, in vitro T, cellline
D L. mexicana @ amastigote RIS, 7>
F % »H|D sodium stibogluconate 1= & © &4
PETHI21E, 5-10 mg/ml &S BEESNET
HDEeHEL, FERTHEA LM & ERORES|
DEDEREEL T3, Beveridge (1963)

iF, EFPNLRI—DY =¥ a2 TREICHL
TEE S5MD 7 >~ F % >#DHS, promastigote
BFEHIZIIBhZ 2 <, in vitro TREER LY
BIRENLETH 2 LHREL TS, ZLT, K
RIS liD7 > F & FlpsEiT 280, EFAN
T, @R Ey 32 0E SR &
BLTWwW3, ZOX35IZ, in vitro &£ in vivo,

FR3EERRFICLY, BBEICENET SR
Wi, FRH O8O ZE R amastigote B &
promastigote BlDZE, RELHZLBROER, &
HATIE, FFBRBE S 0ftomE LD,
HOWE L OMBEERLELH D, BICMAL,

7RI LT7 2 a— VR EZLRADONDI LI
pH IZHFEL, BROERTINA AT FE
V7 4 DIETF (Ogata ef al., 1985) 35320
T, BORGICL BB L OEMBLETHY,
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AN TIRC L 2B b0k ED, %
{DEBEDEZIDLDTHSS LEBLTWS,
5D 7 > F € FID, —BENIZNEEICE
FheZEZ 5NTHWBEDIT, FEEICIEEL VLR
DD 5N T 38HE (Convit and Kerdel-
Vegas, 1965; Rahim and Tartar, 1966; +-H 5,
1989 ; &£, 1991) »3H5DiE, 7 FEVFID
ENTOFEOECH, FRBEZ LEZ SIS,
507 > F € EIL, AR LD ESRE
KHHT DT, KEICHEFET 5, Flzid L
tropica X 0, FFECEBBCHFET 5 L.
donovani DF - RBE TIERAL, HRIVICHNE
RGN s B ETREM D D B, —H, MAlIZ2S
HEHISFIC AR L, HBNORBER, £
BEMmEERICTHS (Ralph,1983), L7:48-
T, PRIEMAIZEERKRESL TY, AR
HBRECHMTAPRIOKEOBE LD, HA
Bz ME L, BRIEMA b H % M#I(Ralph,1983)
DEEOREDIZI BEL &Y, MAIIEKMEY —
VavZTEI, XVBMBROTHED LHEEL
T3,
AERIIFAFR R DT, BEHOZREZ 1EDA
TEREITo1:H, MAIDIREREVRT L,
oMb LHBEADORE IXEE T 5, Ralph
(1983) iz +uE, MAI500 mg% 1 EREOHRS
72 I3EHE L 12REO MR AL, #90.01 mg/me
THH55 500 mgk 8 FEEICERET 5 &, M
EE130.015-0.025 mg/mic 2 %, HERE (K&,
1991) TiF, MAEEIZHEIEL TRV, ERRE
ROSERERA L ELONIFHEBBONT, T
bbb, MA% 1H750 mg, 43 TLOERHREE,
108K 17— LT, 37—
ET5E, 17—-VBTREIRENVERIZRD S
highprolehs, 227—NVETIE, IRERES HE
X0 18 1-3EDOTHFIHEHEE D, OFICSBED
BRREE U, 3 27—NVETR, THRIDKED
LIRERAR A HE B 20, 0%y 1H2-3E
YL, RERTRLHSEL, OFOSERD
R D, REBHBEADLBRLZICTER
otz —H, PEICIERER IR, B25
DOHRIHIE R T, R 6 LN, #5
L7:80% LA EDSFRAUCHERT % (v Fvy, ¥

<, 1988), @H, PHIIEA 18 1[E600mg
(721310 mg/kg) %, 6 HEH»S10BEFHEL,
10B K S 3 (Peters and Killick-Kendrick,
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DREZ LY EHI, #2131 H850 mgk, s
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3, L»L, PHIOBWERWIZ, RIS, 55,

i5RE, PAEE, BHEEIBL VB, AR, 1R
ik, WO, > =y 7ERE EVHISATHLS
DT, FEY —Yav=TEDL I, BYERar
DEEIRREL, £MEELSBZWLERBOBEL,
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BDBRHEZ I, —FH, MEIZ T v 7 VEEHRE
MY a®FAELEOERECE, 1HT50 mg®
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ZedHb (American Society of Hospital
Pharmacists,1990), Z® X 512, M#AliZ, P#l
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% L L (Bradley et al.,1977), FRHRIIXT
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DrEZHNB,

]
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187z,
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DOYIBEEEED2.508, 3.758, BLUPAIDL.5
mg%1.008 X L72EED, MAIOYIABEERE LU
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TREATMENT FOR CUTANEOUS LEISHMANIASIS
—A COMPARISON BETWEEN THE EFFECTS OF METRONIDAZOLE
AND PENTAVALENT ANTIMONY ON THE MOVEMENT
AND MULTIPLICATION-OF. LEISHMANIA PROMASTIGOTES—

AYAKO YAGO
Received August 7 1991/Accepted October 1 1991

The effects of metronidazole and of pentavalent antimony (P) on the movement and
multiplication of Leishmania promastigotes were compared. Leishmania was isolated from
the skin of a Japanese man who had spent time in Saudi Arabia. The promastigotes were
cultured at 25°C in test tubes that contained 1.3 m/ of NNN medium and 1.0 m/ of 0.85w/v%
NaCl. Metronidazole or P was added to cultures by one of two protocols. Either promas-
tigotes were cultured with the drug of choice from the initial day and these cultures were
called initial-day cultures. Alternatively, promastigotes were cultured for 3 days initially
without drugs and then a drug was included from the 4th day. These cultures were called 4th-
day cultures. The movement and multiplication of promastigotes were observed for at least
14 days after initial exposure to either drug.

(1) Promastigotes were alive in the tubes that contained 1 mg of metronidazole or P until
the 14th day of exposure to either drug in both initial-day cultures and 4th-day cultures, but
their movements were not observed in the tubes that contained 5 mg, 7 mg or 9 mg of
metronidazole or P after a 14-day exposure to either drug in both cultures.

(2) In a clinical setting, P is injected as 600 mg (defind here as 1 arbitrary unit) per adult
per day and metronidazole is given at a dose of 750 mg (1.25 units), 1,500 mg (2.50 units) or
22,500 mg (3.75 units). P at 0.5 mg, 1 mg, 1.5 mg and 2 mg was regarded in separate tests as
equivalent to 1 unit and metronidazole at 1.00, 1.25, 2.50 and 3.75 times each dose of P was
added to promastigotes. As shown in tube No. 3 in Table 4 and tube No. 3 and No. 4 in Table
5, the parasites survived in the presence of 1 mg or 1.5 mg (1 unit) of P, but their movements
were not observed in the presence of 2.5 mg or 3.75 mg (2.5 units) and 3.75 or 5.625 mg (3.
75 units) of metronidazole in initial-day cultures. In 4th-day cultures, as shown in Table 5,
the parasites also survived with 1.5 mg (1 unit) of P, but their movements were not observed
with 3.75 mg (2.5 units) and 5.625 mg (3.75 units) of metronidazole. In these conditions, the
effects of metronidazole were superior to the effects of pentavalent antimony.

Department of Parasitology, Tokyo Women’s Medical College, 8-1 Kawada-cho, Shinjuku-ku,
Tokyo 162, Japan :
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