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ANALYSIS OF SCHISTOSOMA JAPONICUM
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EMPLOYING SERA OF INFECTED MICE
BY IMMUNOBLOTTING
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Abstract: Antigens suitable for serodiagnosis of schistosomiasis japonica were investigat-
ed using immunoblotting in the course of the infections with Schistosoma japonicum in
mice. Major antibodies to four adult worm antigens were found in the infected sera.
Molecular weights of those antigens were determined to be 32 kD, 70 kD, 76 kD and 95 kD,
respectively. Above all, antibody to the 32 kD antigen was first detected in mice sera 5
weeks after infection and was thereafter shown clearly in all of the infected mice sera
throughout the experiment. From the results obtained in this study the 32 kD component
was suggested to be the most useful antigen for the serodiagnosis of the disease.

INTRODUCTION

Although the most reliable diagnosis for schistosomiasis japonica is to detect eggs of the
parasite directly, it is not always possible to find them in the patients (Yogore et al., 1983).
Thus several diagnostic methods such as circumoval precipitin test, complement fixation test,
skin test and enzyme linked immunosorbent assay which detect specific antibodies of infected
sera to the parasite, have been developed (Yokogawa et al., 1967; Tanaka ef al., 1979; Sato
et al., 1970; Sawada et al., 1968). Not only crude antigen solutions or partially purified
antigen solutions from adult worms but also antigens from eggs of the parasite have been
prepared and contrived for serodiagnosis (Nagata, 1982; Ishii and Owhashi, 1982; Long et al.,
1982; Tracy et al., 1985). Further efforts have been made to identify individual parasite
antigens more suitable for serodiagnosis. In this study, as the first step to identify the most
suitable antigen of Schistosoma japonicum for serodiagnosis, we investigated specific antigens
recognized by antibodies raised in murine host during the course of the infection using
immunoblotting.
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2 Parasitology Unit, Noguchi Memorial Institute for Medical Research, University of Ghana,
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MATERIALS AND METHODS

Experimental Animals

Male BALB/c mice 5 weeks old were used throughout this study.
Antigen Preparation

S. japonicum (Yamanashi strain) which has been maintained in our laboratory for more
than 5 years was used throughout the experiment. Adult worms in pairing were obtained
from infected mice 11 weeks after infection. The worms were stored at —80°C. After
thawing, they were immersed in distilled water and sonicated at 4°C at 100 mA for 5 min.
They were then centrifuged at 3,500 X g for 5 min at 4°C . Protein content of the supernatant
was determined according to the method by Bradford (1976) and adjusted to 10 mg/m/. This
preparation was used as adult worm antigens and kept at —80°C until required.
Infected Mouse Seva

Each of twenty-five mice was infected with 20 cercariae percutaneously. They were
divided into five groups, I, II, I1I, IV, and V, each groups consisting of five infected mice. Mice
in group I were sacrificed at 3 weeks after infection. The whole serum was collected from
each mouse, half the volume being stored as test antiserum for determining the variation of
the antibody production in the mice. The rest was stored as pooled sera from each group. In
the same way, the infected mice in group II were bled at 5 weeks after infection, III at 7
weeks, IV at 9 weeks and V at 11 weeks. One mouse in group V died before serum collection.
The infected sera were stored at —80°C until use.
Immunization of mice

In order to obtain test antisera, three mice were each injected with 0.1 m/ of antigen
solution containing 1 mg protein of the adult worm antigens mixed with an equal volume of
Freund’s complete adjuvant (Difco Lab., U.S.A). All injections were made subcutaneously.
The mice were given a booster dose 3 weeks after the initial injection of 0.1 m/ of the antigen
solution alone. The mice were bled by heart puncture 7 days after the final injection.
SDS-PAGE

Antigen solution was mixed with same volume of the sample buffer (2.5% SDS, 25%
glycerol, 2.5% 2-mercaptoethanol in 0.125 M Tris-HCIl buffer pH 6.8) and kept in boiling
water for 2-3 min and then applied to 10% polyacrylamide gel (70 X85 mm). The gel was
prepared according to Laemmli (1970). Molecular weights of separated components were
estimated with a calibration kit from Pharmacia (Sweden).
Immunoblotting

Proteins separated by SDS-PAGE were transblotted to nitrocellulose membrane (0.45 g
pore size, Toyo Roshi, Japan) by Western blotting method (Towbin et al., 1979). After
blotting, a part of the membrane was cut and stained with Amido Black 10 B (Merck, West
Germany). The surface of the rest of the membrane was blocked by blocking butter (1%
casein, 0.15 M NaCl in 0.02 M Tris-HCl buffer pH 7.6). Then the membrane was immersed
in sera from infected or immunized mice diluted twenty times with the blocking buffer and
incubated at 37°C for 1 hour. After washing three times for 30 min, IgG antibodies which
attached to antigens on the membrane were detected by peroxidase conjugated anti-mouse
IgG (x1,000 diluted, Cappel Lab. Inc., U.S.A)).
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RESULTS

Changes of host antibody production against S. japonicum

Production of specific IgG antibodies against adult worm antigens was investigated in the
pooled sera of mice infected with S. japonicum (Fig. 1). No antibody to adult worm antigens
was detected in sera of group I. The antibodies were first detected in the sera of group II.
Thereafter, the antibody content of infected sera of groups III, IV and V increased and the
four main components could be distinguished from other minor components. Their molecular
weights were calculated to be 32 kD, 70 kD, 76 kD and 95 kD respectively.

Fig. 1 shows that antibody to 95 kD component was detected faintly in sera of groups II
and I1I, and then distinctly in groups IV and V. Similarly, antibodies to 70 kD and 76 kD
components which were faint in the sera of group II, but became clear in the sera of groups
IV and V, while antibody to 32 kD component was present in the sera of all the groups except
group L.

Individual variation of antibody production

- Antibody production against the adult worm antigens was studied in test antiserum
collected from individual mice in group II (Fig. 2), 5 mice in group III (Fig. 3) and 4 mice in
group V (Fig. 4). Antibody to the 32 kD component was clearly detected in every serum
examined. Antibody to the 95 kD component was also detected in every test serum, however,
each test serum was widely different from all the others in concentration of antibody.
Remarkable variation was shown in members of group V (Fig. 4).

Antibodies to the 70 kD and 76 kD components were detected in only one serum out of
five in group II, in four out of five in group III, and in all in group V.

Antibodies in seva of mice infected with male worms
Mice infected solely with male worms were studied for their antibody production against

kD
220
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P 3 5 7 9 1 C
Weeks

Figure 1 The immune reaction of blotted adult schistosome antigens with
sera obtained from groups of mice; 3 (group I), 5 (group II), 7
(group 11D, 9 (group IV) and 11 weeks (group V) after infection.
C, normal mouse sera; P, electrophoretic pattern of total protein
stained with Amido Black 10B.
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Figure 2 Individual variation of group II mice (1-5) in antibody
response to adult schistosome antigens detected by im-

munoblotting.
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Figure 3 Individual variation of group III mice (1-5) in antibody
response to adult schistosome antigens detected by im-

munoblotting.
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Figure 4 Individual variation of group V mice (1-4) ‘in antibody
response to adult schistosome antigens detected by im-
munoblotting. ‘
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adult worm antigens (Fig. 5). The infected mice were bled from the heart 11 weeks after the
infection. Antibody to the 32 kD component was detected clearly in infected sera, on the
other hand, antibodies to the other three components were shown to be very faint.
Antibodies in sera of mice immunized with adult worm antigens

In sera of mice immunized with whole adult worms, pattern of antibodies shown on the
blotted membrane differed from that in sera from infected mice of group V (Fig. 5).
Antibody to the 32 kD component was detected in infected mice sera but not in immunized
mice sera. On the other hand, antibodies to the 70 kD, 76 kD and 95kD components were
proved to be present in both infected and immunized mice sera. Further analysis in detail
indicated that antibodies to three components which were not detected in infected mice sera
were observed in immunized mice sera. Molecular weights of these components were
estimated 24 kD, 37 kD and about 200 kD respectively.

DiscussioN

Anti-S. japonicum antibodies produced in mice both infected with the living parasite or
immunized with whole worm antigens were analyzed by immunoblotting. In infected sera
sequential appearance of antibodies to four major antigen components shows that the
antigens became effective as immunogens at different stages in the course of the infection.
Comparing with the appearance of anti-32 kD antibodies detected in all the infected individ-
ual mice at an early stage of infection, that of antibodies to the 70 kD, 76 kD and 95 kD
components was delayed. The mice with male worm infection produced little antibodies to
these three components. These our observations suggest that they are specific for the late
infectious stages and probably relate to egg deposition.

Individual variation of antibody production in mice against the 70 kD, 76 kD and 95 kD

kD kD
220-
-98
e ~76
36~
-32
18.5-

P Im Mm*F M C
Figure 5 Reaction of blotted adult schistosome antigens with sera of mice:
Im, mice immunized with adult schistosome antigens; M+F, mice
infected with paired worms; M, mice infected with male worms;
C, control. Arrows indicate the components detected with im-
munized mice sera but not with infected mice sera.
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components observed in present study might be related to some difference in the worm
burden, since the actual number of infecting worms was not determined in this study.

The mice immunized with adult worm antigens did not produce antibody to the 32 kD
component. The reason might be that there is only a small amount of the component in the
worm so that the host immune system can not recognize it when mice were immunized with
it. In fact, the band of the component was very faint in protein staining of the trans-blotted
membrane although the 70 kD, 76 kD and 95 kD components showed clear bands. It is
speculated that in the infection the 32 kD component would be presented continuously and
effectively to the host in amounts sufficient to provoke the production of antibodies. As
antibody to the 32 kD component developed in mice infected with male worms, the antigen
was considered to be somatic in origin.

The components detected only with the test sera of immunized mice were thought to be
hidden in the inside of the parasite and not to be exposed to the host surveillant mechanisms.
Modulation of host immune system elicited by living parasites may take part in this.

Ruppel et al. (1985) reported that sera from patients infected with S. mansoni possessed
antibody to the distinct component (31 kD) of S. mansoni antigen, and the component was
gut associated. The 32 kD component of S. japonicum discussed here seems to correspond to
the 31 kD component of S. mansoni from several points described as follows. First, molecular
weights of them are similar. Second, antibodies to them are constantly detected in all of the
infected sera despite the appearance of antibodies to the other components of the worms
varies. Third, the component of S. japonicum was not detected by sera from immunized mice
as was observed with component of S. mansoni (Ruppel et al., 1987).

As the adult worms contain only small amount of the 32 kD component, it may be difficult
to obtain this component in amounts sufficient for diagnosis. However, the gene technology
which has progressed during recent years may solve this problem.

Although it is not convenient for workers to use this immunoblotting for a field survey
of the disease because of the equipments used, this method will be a powerful tool for a
laboratory diagnosis. It is also attractive that crude antigens can be used for the sero-
diagnosis with profound reliability.

In conclusion, the 32 kD component of S. japonicum is considered to be a candidate for
serodiagnosis of the disease because antibody to the component was detected in all individual
mice bled 5 weeks or more after infection with S. japonicum.
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Table 1 Summary of reported cases of diplogonoporiasis in Japan. All cases are re-numbered
according to the date of report (1984-1988, June)

Report Patient Worm found
Case -
No. Author Year Locality Date found Age Sex Length Width Scolex
(cm) (mm)
100 Sano 1984 Shizuoka Aug 1983 49 M 380.0 18.0 -
101 Miyahara and Maejima 1985 Fukuoka Feb 1984 42 M 80.0 6.5 -
102 Suzuki et al. 1985 Shizuoka ? ? 50 M 30.0 9.0 —
103 Kanazawa et al. 1985 Chiba Dec 1984 50 M 343.0 7.3 -
104 Kagei 1985 Kanagawa ? ? ?0? 500.0 17.0 -
105 Ueta et al. 1985 Kochi Jan 1985 39 M 67.0 4.5 -
106 Mochizuki ef al. 1986 Shizuoka  Aug 1983 4 F 200.0 10.0 -
107 Mochizuki et al. 1986 Shizuoka  Apr 1985 60 M 62.0 10.0 -
108 Mochizuki ef al. 1986 Shizuoka May 1985 81 M 280.0 10.0 .
109 Mochizuki et al. 1986 Shizuoka May 1985 50 M 50.0 5.0 -
110 Mochizuki et al. 1986 Shizuoka May 1985 43 F 180.0 7.7 -
111 Mochizuki ef al. 1986 Shizuoka May 1985 47 M 60.0 5.0 -
112 Mochizuki et al. 1986 Shizuoka  Jun 1985 42 F 180.0 3.0 -
113 Mochizuki et al. 1986 Shizuoka Jun 1985 43 M 63.0 3.0 -
114 Inutuka et al. 1986 Nagasaki Feb 1986 60 M 692.0 9.0 +
115 Okamura et al. 1986 Kochi Feb 1985 54 M 505.0 2.3 -
116 Okamura et al. 1986 Kochi Nov 1985 32 M 118.0 4.3 -
117 Yamane ef al. 1987 Shimane Feb 1984 60 M 300.0 5.8 -
118 Nishiyama et al. 1987 Osaka Sep 1986 5 M 273.0 13.0 +
119 Yamamoto ef al. 1987 Hyogo May 1987 64 F 200.0 20.0 +
120 Tanaka ef al 1987 Kanagawa May 1987 58 M 1,067.0 12.0 +
121 Okamura ef al. 1988 Kochi Oct 1986 54 F 342.5 10.0 -
122 Okamura et al. 1988 Kochi Mar 1987 48 M 306.4 9.0 -~
123 Okamura et al. 1988 Kochi Sep 1987 39 M 393.4 10.0 -
124 Okamura et al. 1988 Kochi Jan 1988 43 M 118.0 13.0 -
125 Okamura et al. 1988 Kochi Mar 1988 52 M 45.0 7.0 -
126 Kamo et al. Tottori Jun 1978 40 M 67.0 6.0 -
127 Kamo et al. Shimane Mar 1980 51 M 545.0 10.0 -
128 Kamo et al. unpublished  Tottori Jul 1984 82 M 64.0 5.5 -
129 Kamo et al. data Tottori Apr 1986 57 M 360.0 13.0 -
130 Kamo et al. Tottori Jun 1987 39 M 94.0 5.5 +
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Figure1 Prefectural incidence of diplogonoporiasis. Numbers of reported cases in
each prefecture are indicated on the map.
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ADDITIONAL EIGHT CASES OF
DIPLOGONOPORIASIS IN KOCHI PREFECTURE

Norij1 Suzuki, KYoko IMAMURA, HIDEO KUMAZAWA,
YOSHISUKE OKAMURA AND YOSHIKO NAKAGAWA

Received July 13 1988/Accepted August 30 1988

Thirteen human cases of Diplogonoporus grandis infection have already been reported
from Kochi Prefecture, and in this report, additional eight cases occurring between 1985 and
1988 are described.

Since the first report on the human infection with D. grandis was given by lijima and
Kurimoto (1984) the total 130 human cases were recorded in Japan until 1988.

The cases of human infection with this cestode were distributed widely in the coastal areas
along the Pacific Ocean and the Japan Sea in the central and the western parts of Japan. In
contrast to other regions, Kochi Prefecture exhibits apparently a marked increase in the
incidence of the cases in recent years.

Department of Parasitology, Kochi Medical School, Nankoku 781-51, Japan
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Taenia solium (arrowhead) revealed in the small intestine by contrast roentogenography

Total strobila of Taenia solium expelled by gastrografin treatment in Case 1. Lines are

spaced at 5 cm interval. Arrowhead indicates scolex.

Scolex. (x36)
Rostellum and rostellar hooks.
Egg. (x450)

Figure 3
Figure 4
Figure 5
Figure 6
Figure 7
Figure 8

phy in Case 2.
Figure 9

Figure 10 Scolex of Taenia saginata recovered in Case 2.
Figure 11 Gravid proglottid. India ink was injected to show uterine branches.
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TREATMENT OF TAENIA SOLIUM AND T. SAGINATA INFECTIONS
WITH GASTOGRAFIN

TAMIKI ARAKAKI*, HIDEO HASEGAWA?, AKIHIRO MORISHIMA!,
MINORU IKEMA!, SHIGEYOSHI TERUKINA!, ATSUSHI HIGASHIONNA!,
FukunoRr1 KINJYO!, ATSUSHI SAITO!, RYUJI ASATO® AND SHIYU TOMA*

Received July 19 1988/Accepted September 8 1988

Taenia solium was successfully expelled from a 39-year-old woman by intraduodenal
injection of gastrografin. This may be the first reported case of 7. solium infection cured by
gastrografin. On the other hand, gastrografin injection failed to expel Taenia saginata from a
38-year-old man, who had received gastrectomy 8 years ago. On this patient an endoscopic
observation revealed presence of the worm in the upper jejunum, and the scolex was removed
from the worm with biopsy forceps. The remaining part of the worm was expelled by the
subsequent administration of a laxative. This may be the first case on which the cestode was
observed by endoscopy and the scolex was removed with biopsy forceps.

1, 2 Department of Internal Medicine' and Department of Parasitology?, University of the
Ryukyus School of Medicine, 207 Uehara, Nishihara, Okinawa 903-01, Japan
3 Okinawa Prefectural Institute of Public Health, 2085 Ozato, Okinawa 901-012, Japan
4 Okinawa Nago Hospital, 1617 Nago, Okinawa 905, Japan
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HIE~ 7 Y 70 QINGHAOSU iz & % 1G5EH

NE EZ -

IER? - MiAM—ER « g3k <7

PEfI634E 7 H208 RA+ /FAM63FE11F10H 22

& L&z

HA A D ERE L ERG00T A 282 % X
I 2 o 7B, HRMR <) 7HITOEBEL
R Hx->T(WHO, 1984), HAEADEA
<7V 7T OEFIBEML TE T3 (KK,
1984), Friz, HEDKIEFHITHIR 2 5 DEME
DOYIEESEGIZ, L VEERYT Y TIREINR
$ < (WHO, 1986), X527 uu*x ik~
U7 RATHISR SR B L T EE
(Cook, 1988) 2 EBICAND &, ¥ T TIZFE
B AR NBE N 2 BRI 22N « 18
B, BB TEbhTLe 2 RELEZ 35,
EE, B3 Y 7OMARIT, B/ E -3
5 NOEEIC X D EYIEESENIES, Fh
DEFEET 2HITLTL BT R,

Briz, 77V ATRELI-LBbND, HE
B~ T ) 7T OEMABIRRERL -, ZOMEE
LT, BIREEST Y 7 OBRECENTZR
¥ F4E T % artemether » REFICEH L 770
Artemether I3, BHEICBWTEHRIEICH =S Y
TERAOHBFHE Y UTHER N, 1972F1%2D
BHMRABPHEEh TEER b RES N
(Bruce-Chwatt, 1981) ginghaosu (QHS,
artemisinin) DFEARTH 2, BRCBIT B EE
<5 U 70 QHS I & 2 R R HET 3,

fiE 14]]

BE 28, AARAREM, i,
BRI & ONCIEMEE : 198748 9 A15H, pKH

1 HEAFEFMFLERERE
2 EIERRBREAER
3 ENIERRRRER

¥, 125 8% T3 —u v/ 15 EEKT, 128
6H, ¥V7, 10H, aryr ¥y, 16H, —
VT MZADT, ZZEDA=F Y EDEEE T,
IY 7 NERNEBETEDD, 28H, 74 0
HOA), 298128 V=7 AE, ¥ v ¥F=7T
BEF%2 LY, ZOETBEL, 19881 A
8H, ¥rINNLE~BEL, 1HISHRIE =
TWA->72, 1H19E»5 2A12HE T, ¥
T, HEL o= I 0N (JEYTR
M=) ETHEIL, ZORUCHEIX - EEEs
»2, 2B12B» 5+ 4 vtz 3 BiEED, T8
B, RE, BEEEIEHS-, 2HUH, F
BICEE, HHCOAME, ZOY, FHE,

FHEHEE, N7 7Y MEBbLNAESRAL
72o BB, Z7uoFrFEoh~Z Y TEOTFHN
BRIEHRATH Th o7z, 2 H19H, JHACEE,

2 A208, EREOAERZ2L, fiEME RS
antz, Lol, 21H, 22HIZWz > THIEERD
wEBHONT, BURERZZL, ZI»617
1557, #AHERRGTREERNC < 7 Y 7 D&
TEIABEL R o7z,

ABEREBRAE 4%, K& L b PE, BEBr -~z
ETLTEYD, 55508, 1EOBELEZ
sz, IREFERCEMSHYD, & 512, REE
[P E O HEDERD Sz, BRI L,
HEL L, EERTIE, B2 Sehdan, RRidAtans
nigrol, LESEEIZVLERLTEY,
BE, IVEEHT, FARLIELIEH .

ABgiRE: R 1R T LD, REMTRE
MB35, AMBREUIHEINL TWwizss, M/IMR
BIIEL B L Ttz, MRELFRHRETIE,
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Table 1 Laboratory findings on admission
1. ESR 18 mm/hr 4, Serum protein
2. Hematology T.P. 4.1 g/di
RBC 270 % 10*/mm?® A/G 0.7
Hb 7.9 g/dl Alb 1.7 g/dl
Ht 23.0% 5. Immunoserological test
WBC 15,300/mm? CRP 12.3 mg/d!/
Neut 81.3% ASO 23 U/ml
Ly 5.7% RA 10 U/m!
Mono 6.0% IgG 1,830 mg/d!/
Eos 0.3% IgA 425 mg/d!
Baso 1.2% IgM 317 mg/dl
Plts 3.2X10*/mm? 6. Hemocoagulation
3. Blood chemistry PT 11.8 sec
T. Bil 4.5 mg/dl! APTT 43.6 sec
TTT 10.5 U Fibrinogen 300 mg/d!/
ZTT 11.2 U FDP 10-20 ug/m!
GOT 67 1U 7. Serological test for syphilis
GPT 16 1U TPHA (=)
LDH 2,117 1U VDRL (+)
ALP 165 1U
T. Chol 42 mg/dl
CRE 1.6 mg/d!
BUN 51.5 mg/d}
AMY 33 IU
Na 132 mEq/!
K 5.1 mEq/!
Cl 99 mEq/!
Date Feb. Mar.
22 23 24 25 26 27 28 29 1
Therapy Artemether(i.m.)  Chlorog.baselpo)
P »
L 200mg 100mgx8 800mg 300mg =3
Parasitemia
(%) 151
10 1
5 |
0 >~
B.T.(°c) 41 1
40 1
39 1
38 -
37 A
SO TN
Shakingchill
Twilight state
Abdominal
distension

Figure 1 Clinical course of the patient.
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Photo. 1

Asexual P. falciparum parasites were observed in the

Giemsa stained thin smear on the day of admission.
Seventeen % of the erythrocytes were infected. (10X100)

FHRERR S, BHREREE 208 T 2T R0SE
D SNz, BHEEMINE, EFEEE 2R
U7z, BEHE T 2 —Tld hepatosplenomegaly #3
HBHH, BKide <, FHED A GERD T,
ABiteri@ (1) ABRE 2725 RAImERE
BHIEA Glemsa Peth 256 U CHEMEE T 108
RLlcb i, BEIOX S EWH~<T Y 7R
HROERIA R SFRMERO 17X 123D 72, EEDEF
L, BHICIZATCIGEL 72, BEEEES H T
S, BRI oz, LvL, IREISENTR
iz, M~V 7D0EHNEZ RN,
Artemether (Kunming Pharmacentical Fac-
tory, Yunnan China) #5310 <, #)
E12200 mg, 12882100 mg $°08ML, &8
1,000mg % 5 ORI TV 37 & BAWNESS L 72,
7z, WHEFEBEINCESE > SR 2 %
Trager & (1976) 2 X % in vitro DEERICEL,
7 uu ¥ R ER % semi-micro technique
(Waki ef al., 1986) ZFHWTIToe25, 7
0w ¥ EE0.05 nmol/m/ 12 35 W T ArEEA
DFEEPL00%ITH S 1, Z OB~ Z Y 7FHE
Brund BEETHL DL, Lo
T, artemether I & 2 1658, [RROFERE IR

T 57912, 2 H28H chloroquine £ Reso-
chin™#600 mg 1G4, 6 g, 32H, 381
HIZ&300 mg HEEEML 72, 21D LS
W2, 2 H26H 23RO S 2 Rt E g
KTHERE, 4HERMAORE b7z, KB
L2OHICIFTFBNCIE Lz, B9 290888y, &24
EZ B, 25B I EREIH & 5 5 77,
JFHERE, BRERIISEER AR, MM 2
H2OH W IEREECKE 72, 3H 2 HX nEffR
DR o, BlEzokl MU bzl
BEDID oI, BEIRPTAY TS LT v
ERUREEIE5. 1mg/] L ™% R L 72, MR
HEIC L B =2 ) THIREE, 2 B23H I B E
R HPUR I L 25615, = H BVE B HTE I L 64
RL, ZOBB2ITRT LD WEEL Tz, M
HHNCH, BEE~ T ) PEBROBMBERTH S
L BR, 1985),

% =

Artemisia annua ¥%, PENCBIF 2SI 7O
I HEHERCIC 72 D L S T X 1S e
BETH 228, 19724075 -T, FOHES
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1024 ﬂ
285

IFAT titer

<k

OEEZEIFREIRDSNZVHOD, &
M, HEDIZD, BEREEFLEDONDD
T, EEY TV T EERDTONLELHTH
B LT, £, KEF (1984) &, <7
) PEFEHIOERE L LT, MVIMRES FUT
EHFT5EY, KflicswTid, 3H2F
WETETLTWS,

<) 7 2E&HtL 72354, artemether
K& 3 EE» S DEMEICIZB X Z 2085,
quinine Z{#A L725E1CIE, B & 25085
2ET 2 LOHEHNHY (Klayman,1985),
APOBCHMEREFEIHE BIC
artemether DFEXMESPFFE N L, AB
v artemether DIMFHEREIL 4 KHE T
Boh, HBEEFEHL 4BELrEwILT

«

TR K ¥ S &
/ éy/ DATE

Figure 2 Time courses of IFAT titers to P.
falciparum (O) and P. vivax (@),
Titers to Pf persisted at high level
whereas titers to P.v. lowered rapidly.

QHS 2SHiH S NEEIED o iz, SHIZBW
T200LA LD QHS FEENFONTWEH, £D
120 artemether i3, F iz 7V 7L L TOH
whtk, e, (EENEEER DRIV TE
nTw3 (Gu,1987), QHS FEKEII~Z Y 7
BRERGHLLEEST Y TIZBWT, FHIZD
BRI R FHET 2729 (Howell, 1986), &BFI~D
WA 2 RA T2

B~ o ) 7 ORIERTILEELR2HAIR & »
Hbh(Cook,1988), WA, FEHLYD, &FIZ
PUETIZBOWTRSBRLIZbDEEZ NS, 7
fED 5108 B O HEEIRFABRC, <7 V7
R HRMBRSERIZNTRIEL, BEXTVTD
EETHA5% (WHO,1986) %132 »ic kEl-
TWwiz, 51 WHO I, EEER 7Y T L ERL
BLAHEPEELKREELT, M~V 7, &
EAIN, HHE, BAQ2, 8#, 77 2BHEEDER
ARG, BKE, KIMFEE, > =3 v 7 RELE,
s, EH, NEZ O EVREREREERL TR
L T35, APHPREEREFOEH, 41°C
WRASE, &5 WHO DEDLEFESIY T

(Gu,1987), HikesE, AF, &, MKCES
R I L TOARFIDEE B R TH
2 L¥ME LT, PENC BT A artemether 38
B~ 5 ) 7 308FER D TR i R I
M3 66RF M, FrIfRBARFE I3 23R TH 5
(Gu,1987), AFITIL, RIFEH66HTH, BE
1245 e (K1), BRBIIRHIHARICEN D5,
INREE<S ) 7 TREZ DR TWLRIERE
(WHO,1986) %3 Z DEHHFFEL T FREMED
272 < TiR% S7003, AN BV TRHIZ 2 OFF
BRIZE S o Tz, Z DR artemether D5
BT 0, £81,000mg OS5 Liko7,
Artemether #5238, EKACBWT, #FE
200 mg, 12FE1B12100 mg % 4 [EIFRET %23, &
BizEBWwT, lemaNg &5,
artemether 600 mg £ 5-F T R B IMJE i3 [F18 1<
EoTBY, EEYT ) 7600, FE
R EETT TICHRNT Wi L @b, Gu
(1988, FME) IZ & D #ID 5415 DI, artemether
#1H160mg, F2H»S55HFT80mg 324
EFEOIBEAETHY, Zhic & D BERSIER
BENESON TV S, £z, 25813700 mg %
BRI TRELDI L THD, BMHEELT
13, artemether 1 Ef&512 L % LDgold v AT
296 mg/kg, 7 v FTH79mg/kg (Gu,1987) T
bHbHo NZBIFHELWEWERIX QHS 3R
5N THE T (Bruce-Chwatt, 1981), [ A,



B CCAHEDOH2HTHRETHELEZLS
TV B, in vitro BT A (Gu 5, 1986)
2, WFRIMERBUVEE (Gu,1987) 23, #5BFHE
DEWERE LTRID >3 E8nTWn»5, KFIT
12, 3A2HIVBORBED SN, BIIIRE
SN MERMERIZ 3 B 1 BO125% %X U L L
THEEEZRL, BIMICEET 2D EEZ 2065
T, ABID artemether BEHR51Z X 2BIWERIZ
By ThoT: L Bbh3,

QHS FEFEILERME R~ THH, WREBEOH
RERFNEERFENTWS, 1H1BBOERE
BERDT—FWEIEZH S5, artemether I7 &
23556.7% (Gu,1976) »510%, QHS feHl
DROFBE L Z2HEI80%BL ECET 3

(Klayman, 1985), 5 DHEENSEZ T,
QHS FERIC X 21685, Al 3MEHHOER, K
RIMEOEEE, X 5D~ THRICLS
ENIBEEERTT ) LESH 5, FFICBWTIE, K
Befric BB b & MY > SV EERD, T AR
in vitro I & % 7 uu ¥ UEEIREZM T R b E21T
W, FRIBRZBTHLI 2o UOERT
&7:DT, artemether #5%/:72bicr7oo*
N & BENMERICRATS 2 2 L3 TE T, o
T in vitro DEEE~ 7 ) 7 HHERRZME T
A MZ, QHS FEMI L 2B L TidH#
{ELTBLEBHZLEZ 5,

ruaF Uk 7Y 7 RATHIS O HER A2
B, SEFICB T 5 B < BARADEEIMC
v, HEADZ ouF ViitE~ 7V 7ICL 2 E
EFLHEINE LTS UMES, 1988),
Artemether I U® & 7% QHS FEAKIL, 7
oo VEEES I 7oALY, WEYIY
FIZHEMTHS (Bruce-Chwatt, 1981) DT,
HEiE~ T U 7128\ artemether % 58— REE
ETHIEDIEEENRREND,

fek, EiEYT Y TIHRICBIT 55 —EREIZ
F1iZ quinine TH-7z (Bruce-Chwatt, 1985),

X
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quinine DERNMTREE I BEFE TR/ S 1, FR
A 10KFH & QHS W2 EE X TR v (Bruce-
Chwatt, 1981), % 7z quinine IZ 1 cinchonism
ELT—RHANZENER, $2bbHEKRY, BR,
S, HIEELEMEINEL, X5, Ll
FRBERDOEESS, THREHEROEELH VB
% (Meredith et al., 1987), #D7zHABIOEE
2, FEHERRE - PRMEREE & & I EE R A BP0,
ERCEBLUGREZMES 2 eBTFEEINS, BB
BeEEEDBWIEEIE, ~Eu bt U RRRAE
FHLRT L, L2 quinine 3BZTHD L D
Bbis, it - TAHHZ, artemether DT EA
DIEFIEEZ Shiz,

PLEWRT & 512, artemether 1%, &I BT
ZEFEST Y TOBRBICBWT, SEREEENS
REFIXIVTHRIEEZ 6N D,

by (c

FrETRBOWTRHRL: £ 2 55 BHH
<7V 7T, KB, FSREEE, SREEE:
BHELUEERIEIEBR U T2, FOHREEL LT,
FEIC B TR AN QHS DFEFED 1 DT
%% artemether IZ & 2B 2HA R, HHH
HTCBRICWIz 572, Artemether 58K T4,
suukyEBNL TEREHIELT, AT
V7 OB bR B izoh, BEEYSY T, ra
X UMY Y TIEET AR LR R5 L
E25N5DT, BETT ) 7OH LLIEEEL
LT, 4% artemether OEREFIEMRETL T <
DENHS I,

| #

BESUERICH T, BB 9, B e
FIZBIS i tAni: Z L B2 HEET 4,

R

1) REF#Z(1984): =7V 7; 2 ORI MRE L BFHE~ Z ) 7B 3 M/IMRBIAEIZOWT, &

HEERK, 2, 1062-1067
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A CASE OF SEVERE MALARIA TREATED WITH QINGHAOSU

SHIGEYUKI KANO!, MASACHIKA TSUJI?,
JUNICHIRO HOSOYA® AND MAMORU SUZUKI

Received July 20 1988/Accepted November 10 1988

Chemotherapy by artemether, which was one of the ginghaosu (QHS, artemisinin) deriva-
tives, was attempted in a case of severe falciparum malaria.

A Japanese 28 years old male, after making round trip in Africa, started fever attack one
week before coming back to Tokyo. On the day of admission, he developed fever at 41°C, and
asexual forms of P. falciparum were observed in the peripheral blood of the patient at a density
of 17% of erythrocytes. His consciousness was turbid; cerebral malaria was suspected. Liver
was palpable by two finger breadth but spleen was not palpable. Slight jaundice was observed.
On the laboratory findings, anemia was remarked and a considerable degree of dysfunction of
liver and kidney was also noted. By ¢x vitro chloroquine susceptibility test, the isolate showed
no resistance to chloroquine.

Quinine has been used as the drug of first choice to treat severe malaria. However we
considered artemether is the antimalarial of higher priority than quinine especially in the
treatment of patients with dysfunctions of liver, kidney and CNS, because side effects by
quinine occasionally involve those organs. In addition, the half-life of quinine in the blood is
2.5 times as long as that of artemether, which again might endanger such patients. While
artemether is documented to be remarkably well tolerated in man and also appears to be safe
in the cases complicated by heart, liver, and renal disorders, because of the short half-life and
rapid action of the derivative.

Two hundred milligram of artemether was administered on first dose intramusculary
followed by 100 mg/dose at intervals of 12 hours to the amount totaling 1,000 mg. The asexual
stage parasites from blood films were eliminated in 66 hours after starting treatment, therefore,
the patient already recovered from severity when administered artemether amounted to 600 mg
which is the standard total dosage. When the clinical signs were away, the patient was
supplemented by chloroquine administration, because recrudescence rate of artemether within
one month is recorded higher than 10 per cent.

Most Japanese are non-immuners to malaria, hence tend to develop severe malaria if
treatments delay. Artemether seems to be a promising new antimalarial with high potentiality
to cure such patients.

1 Department of Parasitology, Gunma University School of Medicine
2 Department of Infectious Disease, Tokyo Metropolitan Ebara General Hospital
3 Department of Clinical Laboratory, Tokyo Metropolitan Ebara General Hospital
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<5V 7RE (Plasmodium berghei) BGe~< 7 A
FRIMERIEE 43 & 7 3 /=7 F 5 — ¥ Ofl gl

b I L BT EH Bt

fEfM63s 8 H11H  2Aff /IBM63F11H18H ZH

LI

<7 Y 7 RHESEERMERANTHEEL T Lk
T, ©7 ) 7EREISRMERADANE S 0 & i3t
27 /BEEUTHAT 2, toMmEVHS
(Sherman, 1979; M4, 1983), ZDiFE, FH
BANETO Y RFHET AR, 5N
RFFF—ETAETDEVHFOKY RTF R
HORESEETV, W ToHEEYCHL T
FVRTF I —EMEE, 7BV ETH
03T T ATHERBERCIRDAZN, 73/ BFEE
LCRI-NBGE L, ®XTF 5 —EDHEE
VR EEERRENICIRDIAATRET 2 L), 2
DOEENEZ ohb, 7 U THERERD TV F
NRFFF—-E L LT, BES 0T 7 —¥HE
EhTw3 (Levy and Chou 1973, 1974; Levy
et al., 1974; Chan and Lee, 1974; Cook et al.,
1961), L2 L, ZOBET0 77 —¥D~NES O
ENSHTE B RED A A = R LIZERRETIZ 220,
Bz iz, <7V T7IEE (Plasmodium bergher)
HRD XY RFFI—XD1BTHET I /R
7F ¥—¥ (EC-3411) %, FRHRIWCELEL 72
BALB/c =7 ARIMBRDED SHHL, 2D 2,
3 DY FHINE R TN OTHRE T %,

RERMEE LU HE

<2 ) 7RBCERL = AFRMMBREDH
8l <59 7EH (Plasmodium berghei, NK-65

1 WERKRFEFHE—E(FERE
2 [EFE RI EEER
3 FHAERFEREE

) WL JoRIMEk % BALB/c Rv v &, i,
8 ERIZ 15472 ) 5 X108 % EHEA~KS L
T ) TIRGEERT, 5 ) 7RBECBEL
7o, ~ v ARERE D ERIIL TRHFESR
ED, FLPRETRERIBO%LL 1T - 720
B (EENREES5H) T, T— T VR T
TO L D~ S) g (L0EAL/ml M) THE
MmU7z, MR, EEROLL TNy 74 —a—h
L IMARE S 2 BRE LTz, RBAET 5 AMERS X U
IMRIZ, SE-enva—RABZAZaR TS TT
FACBEL, w7 U 7RBICRRL 7Rk
o OEE SO FELZ, Fairbanks & O F i
(Fairbanks et al., 1971) ¥ U CHRRUL 7> G
t5, 1985),

<7V 7[RRI MERE > & BERORH 7R
MEREE 1 Z2d U C108ED50 mM NaCl-50 mM
Tris-HCl (pH7.4)— 6 mM MgClL %z T¥F
B LT, FISRIEBEDL.0% (v/v) 125 k>
iZ Triton X-100%/02 72, < DIESER % Ky
F—BIKESF AV —T2°C, 5HEKEYFA
AL, ROTHEZFELEE 2°CTLOV Y b+, 154
MY =774%=I1 (F5>V>) TfTotz, &
EYFA X% 2°C, 9,000X & TLO5RH L 720
WEIHER —SEW L2 T, EHMmHEREE 2
ERED R C EEEED:, FBER7Iav0dy
A779—=RX75 7 4 0F XM-50T, 54
77u—n 8 MC%2MHWwT0.1M NaCl-10
mM Tris-HCl (pH7.4) &L TGER L2,
HI10fZ 12 58 L 72,
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¥ 777w AG-100h 770w T
7 4—:0.1M NaCl-10mM Tris-HCl (pH
7.4) TYHEHLL X7 77 v 27 AG-10074 7 A

(3.5X98cm) IZDE, F—EERT 1KY
D20 ml DFHETH VIEEZITVY, 148472010
m/ FOSERIL 720 H T LD void volume 13
TN—FF AT 22,0008 TR, EH
BOEHREEL, 77V TDY Y I NIRAE
=% UV-1%ZBWT 0D amn DRNE %2 £ =
y—1UT, BRENIZ Ala-pNA 2 THN
feo BREBEEOBOHEREDTALY T TV T 4
LVF XM-50T5 mM V) »EiEEH (pHS.0,
5p8) izt L TENT L 7-4%, HII0FICBMmEL 2. &
SEOEAEBRE I BAMMEOEER1012 AN T
OD 280 nm ODE&ﬁ’éE%?ﬂﬂoto

BEREHREE. BR (T 2 /RIFV—¥) 1E
HOREBICIEEREE 2RV, ALEREER
I% L-Alanine-p-nitroanilide (Ala-pNA), L-
Leucine-p-nitroanilide (Leu-pNA) Z#iZs-
benzyl-L-Cystein-p-nitroanilide (Cys-pNA)
PRV, ZO%HEIZ, ATREED405 nm DR
Ewﬁbﬂéﬁ%‘ﬁ{%&é s0snm =9620 M & >
TEM®ER LT (Pfleiderer, 1970), AT DEER
DEEIZIZ, BiclbsWRED Ala-pNA %A
Wiz, BERNIGIE, 50mM ) S EBEERE, 1 mM
BRREE, ThEBRBEEMZ T2E%1.5ml
£ LTC3TCT309r & 72 13603RIRE S ¥ 72, FIE
D RIGHHEE, KISVEIRD405 nm OBSLE DZA L,
2HIo 7z, SHRIZBERERONRD D G
ZIebDERW, BEHEEEFMET VTS
v (U=, 792733V, BSA) »EEER
BE LT 47y FD Protein Assay % Fiw»
THEL 720

DEAE-t 7 7 Fy 7 AL A v &Haru~ k7
7 74— 5p8TC¥#IL L7 DEAE-2 7 77 v
I AA-254F A (1.5X 3cm) X811 m/ (B4
Ligk 0¥ 7, IEHIZ%T, DEAE &L
W E 4> &2 100ml DSp8TEE W72 L, IRW T
NaCl O EFRBEARE 2T TEHE 72, 7HE
B 1ARYE0H 1 mlFOSEL f2, FEIE30
m//hr TIEH I €/, BERER 2 80 TEEED
TAYT 7 40vF XM-50Thp8IZFEM L 72

%, BEL

FEAEKE WEHSVIZ LKB 7Y 7 &
54 >~ PAG plate (pH3.5—9.5) 2w/, &
BRIEEERENE 1M H,PO, %, BBz 1M
NaOH ZBv 7z, vkEhd LKB = v F 7 3+ —11Kk
FRIBRKEEEE AW T 2°CT600 volt, 6 BF
RI@EL T, pH¥—#%— (LKB, pl=—#—,
pl=4.7—10.6) OBENE R BHZICL T pH M
KEEBMBIZ L DV EES VD pH 2584 > 72,
E, ¥Vid5 mmigicyIv LT, Ala-pNA
PEBEICLTITC, 60HRIC S ¥ CRERIEE,
5 pl BRD 72 FRIFFR 2T L T2 0Eks
ZYIDHLT, BEELFERIC3TCTRIGE ¥,
RYTZ27INVT S FFNVESKE: KV T727) 0
7 2 R VEKUKENREIZ, Laemmli ©% (Laem-
mli, 1970) #»5 SDS ZEr\27210%7 7 Y V7
FBE CHKEIL 72, BREHORIEIX, FELE
SUKEIDIES & Rk L THI- 72,

i %
I3
10 b é
£ S
[=]
8 o &
b 2
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(1O ml  per tubs )

Figure 1 Gel filtration of Triton X-100

soluble fraction on Sephadex G-

100

O—O optical density of eluate
at 280 nm

+---+ enzyme activity
strate, Cys-pNA)

+—+ enzyme activity
strate, Ala-pNA)

Fractions 28-34 were pooled.
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(sub-
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B1id=7 ) 7RBICBHL 7o = 7 AFRIMERE
@ Triton X-100TAIB L L -7 E %2, £ 7 7
T2 AG-1004Z L2 a< b7 5 7DOD s500m
W2 & BEEHBERE R U Tz, 82280 nm O HHHE
242D =7 NI, ZDAHF 535X
98cm) @ void volume iz 7 V—FTF A T >~
2,000T, 21EH EL22&E (B1E—72) Tho
120 ZOBHBOBEREMIZ Ala-pNA 2EE1C
LTHIET A DL >ELIE—2 (1) &8
2v¥—27 (II) OBOH (28—34%) wiEk%:
Rz, 72, BERICOEE % Ala-pNA O»
DIz Cys-pNA AW TERREE2HET S
&, Ala-pNA C[FEUBREZEROBHHRE R L
720

iz, FLVRATRREEDORL Iz —2 855

(28-34) #7328 MCELEHEWT AT

20
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E
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+ ~
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(0.85 mi per tube )

Figure 2 DEAE-Sephadex A-25 chro-
matography of pooled fraction
(Fig. 1) with an elution gradient
0 to 2.0 M NaCl
O—O optical density of eluate

at 280 nm

+—+ aminopeptidase activity
Fractions 8-13 were pooled.
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Y7407 —XM50T5 mM Y vEEBEER

(pH8.0, 5p8) THEMTL /2%, %93 mi % TEE
L7zo COBERER*EE—7%, DEAE-v
777 v 27 AA-25(1.5X10cm) T NaCl EE %
EAEEAR (0—2.0M) THEHT2:, M20
BHHHRE S 1Tz,

BREEE2E0 8B N SI13BHE TE2ED TS
p8IZXTL THEMTL, AT IV 7 4 ¥ —XM50
THI1 ml FTREL /2o ABEREMN % 210571
&, UITOEBROERMEREER L L THV,

ABROXESHEE 2V TEREE AN
% & Ala-pNA #100% & U 72355, Leu-pNA
Tlx48% TH D, Cys-pNA Tl342%TH 72,
D OREREROHIEICIE, WibokwiRD, &
B & LTk Ala-pNA 28w 7z,

ABROSTFEOEHIZI Y777 v 7 AG-
1007 2 4 (1.5X90 cm) 2 & % 7 VGBS v
720 7 120.1M NaCl-10mM Tris-HCI, pH
TATYHEE U7 BEERBE L L TR—Y U —

521
50

48+

Log MW
»n
»
L]

a4l

42

a0}

0 L ! L
10 20 30

Fraction Number

Figure 3 Determination of molecular
weight of aminopeptidase by gel
filtration on Sephadex G-100.
Samples of 1 m/ were applied to
the column, and the flow rate
were maintained at 10 m//hr at
£C.
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> HEENR (pH 6.0—8.0), Z#1iz 3. Tris-HCI
1BER (DHS8.0—9.0) TH » 7. AR D ZEH pH
2 27.0TH o7z, MOEKEHE (Leu-pNA BL U
Cys-pNA) 2fw/:35E&d, AUEHE pH Th-
720 ABEED Km1fE (Michaelis %) XAla-
pNA 2 EHE D & & 13, Lineweaver-Burk 7

oy b»50.12mM TH o7z,
ABZD2MERBA AV DEE (KEBEN1
mM TORIGR) Z2WT, 2EFEERET, £
, DOHER R 1 1R LTz, BIERERE 2 e A
ol >, . . AV EMAZVE EE100% L LIHE R
oH LTER LT Mg?t, Zn?H i3 ARBERIEIICIZE
25z xbotz, Cu?t e Mn?ti3, AEREEY
T 2ERE R L7, ABEREELRAEL 720

5 & 3
T T Ll

Absorbonce of 405nm

o
i

Figure 4 Effect of pH on enzyme acticity.
The buffer (0.1 M) used were

sodium acetate, pH 3.4, 4.0, 5.0 i3 Hg** T, £ DEFRRHINGTH >72.Co** d
and 6.0, sodium phosphate, 6.0, H30%FEE L 7208, Ca2t TiZ10% (I DREE L 23
6.5, 7.0, 7.5 and 8.0, Tris-HCI, pH hSEholz,

8.0 and 9. YBE0. 1 mM ORIGRTA ¥ 0 7077 —+¥

DI FHARTNVR T —¥ (53FE158,000), 7 4~k EF—0D o-phenanthroline & EDTA,
VIMEFZ LTI (68,000, FEN) Y/ =45 FA—-ALTFOTT—EA rEESF—Dmonoiodo-
vA (25,0000 ¥ F b 27ua—A4C (12,5000 2#F  acetate & N-ethylmaleimide i3, ABERIEMEIC
Wiz, B 1AY%:D 5 ml TfTot, ZDM  BEER5Z koM, LbL, F4—17u7
B ABROSFEIRKI0,000TH-7 (I 7—¥4 >t EF—0DPCMB (p-chloromer-
3), curibenzoic acid) IIABERIEMEE50%HE L 720

KEEEND pHIR2N 4 1R L1, BER v F7u77—¥A4 >k ES—0 Bestatin i3,
ISHEIZ 13 3D pH SHEDEEIRE AV, £ 0OBULORIGEZBELZ, Y >, F4—17
how, 1. BRREER (pH3.4—6.0), 2. Y

Table2 Inhibition of aminopeptidase

Tablel Effects of divalent ion on the of P. berghei
activity of aminopeptidase Inhibitors 9% Inhibition

Divalent ion® %Activity® o-phenanthroline, 0.1 mM 10
Mg?** 1mM 100 EDTA, 0.1 mM 6
Co?* 1 mM 72 monoiodoacetic acid, 0.1 mM 4
Cu** 1mM 140 N-ethylmaleimide, 0.1 mM 0
Mn?* 1mM 120 p-chloromercuribenzoic acid, 0.1 mM 48
Zn?t 1mM 96 pepstatin, 0.1 mM 0
Hg** 1 mM 12 leupeptin, 0.1 mM 0
Ca®** 1mM 88 antipain, 0.1 mM 0
®  Treatment with reagent was generally chymostatin, 0.1 mM 50
for 10 min, after which the activity bestatin, 0.1 mM 90
determined. phosphoramidon, 0.1 mM 20

®  Activity assayed using 1 mM Ala-pNA, E64, 01 mM 95

50 mM sodium phosphate, pH 7.0.
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Figure 5 Effect of sodium dodecylsulfate
on enzyme activity of aminope-
ptidase.

077 —¥A >ty —D Chymostatin, ¥4 —
nrasr7—¥4 ey —-0DEN, A¥uso
F7—¥, Vi 7 —¥BLU0FL—NT
o757 —¥A4 >t E¥—0D Phosphoramidon {Z
DWTIEBDBD50%, 25%, 20% 3 DRIG%HHE
ELle LBL, INVRFYNRTSFT—EA >
t 4 —® Pepstatin A, £V, ¥4 —170o
T 7—¥ A4t ESF—O Leupeptin, % i F
F—nN7u77—¥4 e t¥—0 Antipain i,
ABREECR 2 HER 2RO R P o7 (R
2)

BRERRGICB I 2EE R T YAREST MY 7 A
BE B IBREEOBEC DL, 51
R U7z B SETRIR L 72, ABERIEMEIZ 3X
102 %, w/v D SDSEE TEREEE1/21
BA g3,

AEERDE—MIZ DOV TIE, SDS DFEEL R
Laemmli DR TL0% RV 727 U7 I F5FVE
S[EENEIT o720 ZOFER, ABRTIZE—ZN
YRTHot: (H6),

—5, ABROEESR LKB7 Y7474~
PAG DERKENETITo R, plix7.25T
Holze

% =

=2 Y 7RED S OBEROHICEIL T, 1980
£EIZ Charet 543 Plasmodium yoelii nigerien-
sis & P. chabaudi DT 3/ XTF 5 —¥ DY
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w dye

0.1 front
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Gel Slice Number

Figure 6 Enzyme activity profile of
aminopeptidase after disc
electrophoresis on 10% polya-
crylamide. After electrophoresis,
two parallel gels were sliced into
5-mm segment and enzyme activ-
ity as described under Materials
and Methods.

{EERHEE 2B L TWw 3 (Charet ef al.,
1980), —7%, 19844EiZ Jagt 51X P. falciparum

(FCB strain) % RPMI1640 X ¥ 7 ATt bR
MERZFAVTEE L, 207T ) 7RISR
L7:RIMK A BERAEL T, ZOLEEADS
HPLC iz L 34 vigi@ (TSK Gel 3000 SW) &
A4 R 7o~ b (LKB UltroPac TSK
535CM) TEMERL 72 (Jagt ef al., 1984),

7 ) T IRESETEYIOMBIRERT TR L
T GEET, FRIGARMEREREE L LT, R
HBAIIRAT 2, =7 U 7REHIRMMERN THEE
T 570, RIMBKWD~NEZ 0 e 2EDA
AENEERT I /VBECLTHERELTVLS

(Sherman,1979), L& L, R LEZ7 3/
BENETCEEOANESu v HFTHbNS 2
Eid <, RMIRERBL THELS7 S /8%
WMOIAATWR L EZSNTW S, (HLZ,
1983),

R2E=TVTER (P berghei) HIFRINERM
THEREL T IBRT, LB T 2EAEMER
ROT &/ RTFF—ERHEHH LU TEHMERL,
ZOME MO~ 2 ) 7IRROBER & LB L 72,

2 it s BROSTEIZIOLNT, 3T
WCHEINTWS P falciparum O % L[F UE
%R U7z (Jagtet al.,,1984), L» L, Charet 5
B3 P. yoelit & P. chabaudi D507 3 ) R_R7TF
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F—PEHH L O TRAFESHAE D 9
TH o1z, (Charet et al., 1980), T &DHF
EDEH:F Sephadex G-1007 VIE@EETH
D, SFENZR NS OMIIIEROERRD
Y (R4

FERSBRFRMIRKCERL TR hE S e
#1371z, phenyl hydrazine %<7 X IZfEkE
WS U TRIRARMER 2 S ¥, 2 ORMRIRIIL
B & OARBEROMHIEE THIH U 7228, BEREN
ZERD s oD T, FIRARIERICHRL T
W3 DI LIRETEEENT,

ABEZROEEZ NI P. berghei TIZ7.25Th-
7298, P. chabaudi T\ 4 FED pl=5.5, 5.6,
5.7BLUS.85%FF>TEBY, P yoelii 135.28 &
U5.4, P. falciparum i36.8THEIIRLES
F-oTwaZEea2RLTWS, (Charet et al.,
1980; Jagt et al., 1984),

AEEFE D Km{& % Lineweaver-Burk 7o v
M5B EI, Ala-pNAZHBEIC L L &
0.12mM Th -7z, 2O Kmiizflio~ Y7
FEE»50DEHE TS L, P falciparum>
P.chabaudi > P.berghei> P.yoelii DJET#H -
720 —B/INEWEIX P yoelii D1.4nM TH o7z,

FHEFNZ DWTIE, P. yoelii & P. chabaudi T
1 phenanthrolin 23 & < RIG%#HE 3 2 Dicxt
U, P berghei & P. falciparum TiZ bestatin

X

B {TER L7z, BiZ, chymostatin 25 P. bergh-
ei 2, phosphoramidone i P. falciparum \Z{&
PIAER LTz, P. yoelii & P. chabaudi TIXEDT-
A MEMIZER LT,

%72, AREFEI: Hg*t PCMB THE%®% )
2Ze05, FBREHECE L 1HED
SHEWGFETA I 2 REL TS,

—F 2 Mi&EA A > DL, P. berghei LSt
i Zn**HSHET 3 Z Laimahniz, L, Co*t
BRI OV TEMIER L,

SH FHZEXID PCMB 122w Tid, P. falcipar-
um OHITEHTHOETIIEEE2Z T, Hg? ik
ETCEHUTERT 2 2 Lo¥lo72,

ABEROLERZ 4°CT5 BET, ¥IDORER
TEEORIEST & TR Uiz, D~ 7 Y 7IRED
SHHLIBRIVIZEETH -7,

BEORIMERD 5~ 7Y 7RBZIERET 5 i
LT, ®7 0 TRBICRRSR L T RDEREER Y
0.747% NH,C1-0.017M Tris-HCl, pH7.65T
NPT 2 Z e REI N TS (Martin ef al.,
1971), ZOHETHRE 2 HEES ¥, KEROMY
BRA&IY, FEROEREIFED Sk o7z,

AEERDSIRIIREREE S s a hi- 2 &
1%, RHICHR T 2 AEERHSIRIBREE & 5] & 5D
FTEEL TS I L3RBT 2EESHSI &
Ezoh3,

3

1) Chan. V.L. and Lee, P.Y. (1974): Research notes: Host-cell specific proteiolytic enzymes in
Plasmodium berghei infected erythrocytes, Southeast Asian J. Trop. Med. Pub. Health,, 5, 447-

449

2) Charet, P., Assis, E., Maurois, P., Bouquelet, S. and Biguet, J. (1980): Aminopeptidase in rodent
Plasmodium, Comp. Biochem. Biophys., 65B, 519-524

3) Cook, L., Grant, P.T. and Kermack, W.O. (1961): Proteolytic enzymes of the erythrocytic
forms of rodent and simian species of malarial plasmodia, Exp. Parasitol., 11, 372-379

4) Fairbanks, G., Steck, T. L. and Wallach, D. F.H. (1971): Electrophoretic analysis of major
polypeptides of the human erythrocyte membrane, Biochemistry, 10, 2606-2617

5) FHEXE, KR, THET, ABER (1985): <7V 7RBERE~ 7 ARMIROKESY > 78

1. By 7BoxHE LY Bk,

BABEERF ML, 13, 111-117

6) Jagt, D.L.V, Baack, B.R. and Hunsaker, L.A. (1984): Purification and characterization of an
aminopeptidase from Plasmodium falciparum, Mol. Biochem. Parasitol., 10, 45-54
7) Laemmli, UK. (1970): Cleavage of structural proteins during the assembly of the head of

bacteriophage T4, Nature, 227, 680-685

8) Levy, M.R. and Chou, S.C. (1973): Activity and some properties of an acid proteinase from



315

normal and Plasmodium berghei-infected red cell, J. Parasitol., 59, 1064-1070

9) Levy, M.R. and Chou, S.C. (1974): Some properties and susceptibility to inhibitors of partialy
purified acid proteases from Plasmodium berghei and from ghosts of mouse red cells, Biochem.
Biophys. Acta, 334, 423-430

10) Levy, M.R., Siddiqui, W.A. and Chou, S.C. (1974): Acid protease activity in Plasmodium
falciparum and P. knowlesi and ghosts of their respective host red cells, Nature 247, 546-549

11) Martin, W.]J., Finerty, J. and Rosenthal, A. (1971): Isolation of Plasmodium berghei (malaria)
parasites by ammonium chloride lysis of infected erythrocytes, Nature (new biology), 233,
260-261

12) Pfleiderer, G.(1970): Particle-bound aminopeptidase from pig kidney, Methods in Enzymology
19, 514-521

13) Sherman, I. W.(1979): Biochemistry of plasmodium (malarial parasites), Microbiol. Rev., 43,
453-495

14) HAF047 (1983): = 2 V) 7 BRERINERO BREEYSE, EABEKERER, 28, 103-117



316

ISOLATION AND SOME PROPERTIES OF AMINOPEPTIDASE FROM
PLASMODIUM BERGHEI INFECTED MICE ERYTHROCYTES

FUMIHIDE INOUE!, REIKO MATSUYAMA? AND YOSHIYA SATO®

Received August 11 1988/Accepted November 18 1988

An aminopeptidase has been purified from membrane ghosts of mouse erythrocyte infected
with Plasmodium berghei (NK-65 strain) by a simple method involving selective extraction
with 1.0% Triton X-100, and chromatography on Sephadex G-100 and DEAE-Sephadex A-25.
An enzyme activity is assayable conveniently with Ala-pNA or Leu-pNA as substrate at 405
nm.

1. This enzyme has a molecular weight of 100,000 as measured by gel filtration on Sephadex

G-100.

2. The enzyme is inhibited by bestatin and chymostatin, and slightly inhibited by E64 but not
by pepstatin A, leupeptin and antipain.

3. The enzyme has an essential sulfhydryl group at the active site which is rapidly modified
by Hg?*, and slowly by PCMB, but is unaffected by monoiodoacetic acid and N-ethyl-
maleimide.

Department of Biochemistry!, Medical Radioisotope Institute? and Department of Parasitology?,
University of the Ryukyus School of Medicine, Nishihara-cho, Okinawa 903-01, Japan
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Leishmania donovani 75 & WNZ Trypanosoma
gambiense EH~< 7 A IZXT 5 inosine
analog DFEYIRIRIZ DWW T

HRE MR- &E BB « AN Julieta Y. « B
fx B « HE

g -
. tm =

AFI634E 7 H25H AT HEFI63E11H10H R

#* E

Leishmania donovani BEE (Kala Azar i%)
XS5 THHROBE, ERFOSMT, BEL T
W3S, BB LTT7 Y FEVRICHES bOH

IZEAERSNR, £z Trypanosoma gam-

biense BYE (FEARR) 137 7V A hREH» 57
HRDHEBRTHEH, TNHHREELL T
Pentamidine, # Dt FRFIBHVSNL TV S

(Harrison, 1984 ; WHO, 1984) 2%, X bh&HEMH
DP R CBIFERFOF S DEE 2 T L SEIZ
FESHNTWAS (Croft, 1986),

Leishmania OBFBARBHIIBEE L EER D, 7
DY I7VAY FOFEGESPRIBLTEY, %
Dl OIZFEFRRIZVNR—VEBIZ LY, BE
2o 7Y VEOEEERZIT TS (Marr and
Barens, 1985), # Zic&HL, Hiraoka et al
(1986), Wataya and Hiraoka (1984), #& &
(1986) 1Z in vitro WZBWT 3-deoxyiosine, B
& U carbocyclic inosine (c-c-inosine) 3 Lei-
shmania donovani @ promastigote ¥ 7z 1%
amastigote IZ X L BMRIR 2R H, F/zc-c
inosine 1& Crithidia fasciculata =Xt T HH®
TH5 EHE LTz, Marr et al. (1984), Fish et
al. (1985) & in vitro 23> T inosine analog
DD BEDWL DX L. donovant, T. gambiense

DVBTZ BB 5T LT3,

Fzix L. donovani B~ 7 AB L UOT.
gambiense EH ~ v R % FH v T, 3-deoxy-
inosine & c-c-inosine O in vivo TOIEERNE
ERELI20T, FOMERRET 2,

M B L UHE

1) Leishmania donovani \ZXt3 25058

L. donovani {GHEFERIT 3[BT -7z, FERENY
¥ BALB/c <7 X, 838#, 5,23-28 g (Charles
Rivers#:) T, random allocation iz k-T2
N—T530% LTz,

EER1: <7 AiZ control 6 VL, 4AHEE

o (o}
HN N HN N
N\ \
e, LY
HO 0 HO
OH OH OH

3’-Deoxyinosine Carbocyclic inosine

Figure 1 Chemical constitution of 3’-
deoxyinosine and carbocyclic
inosine.

1 MIUARFEFMFLERFEE T00 RELUTHEHET2-5-1

FIUAF AR EHRE
3 JLEERFEFRERCERE

T700 EILTEREEFR1-1-1
T060 FLEETIIL1256 TH

AL DOBERIIFE2E HABHEEESMRS, HIE (1987) TBWTHEEL,
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A E5EE 6 UL, 3'-deoxyinosine (¥ < HHSHEER
i its) (K1) %58 6L, Pentostam
(100 mg/m!{, Wellcome Foundation, U. K. )#
ER6ILD 4 BT T2,

FEX 2 . <7 A% control FE5 I, 4FFRE
K ERE 46, 3-deoxyinosine & 58 5 T,
c-c- inosine(Z ¥ 1k, HEBEMFASH L D
B)# 55K, Pentostam #5585 VEdD 5 FEZ
DI, EBR1, 20EYRSELR5HRIIER
HBIEK0.2mil/~ 7 X, 3-deoxyinosine 100
mg/kg, c-c- inosine 100 mg/kg, Pentostam
400 mg/kg & L, control #LSD, <7 RiZ 2
BA#LD 1~2HB 212 5E3OLTREIRTH
L7 Qi v. EBET ),

EEA 3.7 AL control BE5 VL, A4FHEAE
AEEERES T, c-c-inosine 50 mg/kg &58£6
G, c-c-inosinel0mg/kg #&5#%5 VL, Pentos-
tam 555 LoD 5 BT 72, AERGRIEK,
Pentostam OS5 86 & UVEEIZFEE 1, 2 L[
iz L7z,

Btk L. donovani promastigote 13
RESERRFFERFRE/WEE, FEEL
50 SR 252 1T 72 2S-15M BRDRIEE S 1
72b DT, %DOEEIII%DEATE AR
¥, 25 mM Hepes (pH 7.4), hemin 5 ug/m/,
hypoxantine 0.7 xg/m/, gentamicin 25 ug/m!
2L 72 M199 85 CHE & €72, #4L% con-
trol LI D=7 Ae iz, 1EYE:-D 1 X108%
iv. L,

L. donovani Bgts, WRAMTHEL €=
#—L, 4382, Bradley and Kirkley
QTN DFHEIC L DR L 722 TD YT R
IZOWT, T—FREOb L IZBL, KENR,
REHREVIRE, Bul 7, HFEE, MEELAE
L, fF stampsmear ¥ A ¥ ./ —/V[EEE, Giem-
sa Jefti® L7z, B stamp smear D1, 000fFHIRT
Bizxtd 3 L. donovani amastigote 282, &
% Leishman-Donovan units (LDU) T#b
L, RYOWRFIREMEL 72, BBEFIINT
Z2EWEHOE=4—-D12E LT, ¥f7u%x
EIV—iZLd~® 7Yy b, BIEHCE 20
FEAZOHEIE LT 72,

2) Trypanosoma gambiense |3 2 50R

T. gambiense {GEEFERIZ 2 [B1{T-> 72, FERE)
PNcix ddY v 7 R (bl _AgkAstt), 7
#, 0 EMW,

HER 1 AERIEKERSEE 6 UL, Pentamidine
(May & Baker Ltd., England)##58£6 VT, c-
c-inosine 58 7 K, 3’-deoxyinosine #&58¢
6L 4 BECANT, [ 1RSI B B D
EEiTe, 20%, 18 1REEH, 3H4E1To7:
23, Pentamidine 57721713 & 512 4 BEERE
T2,

EE& 2. 3'-deoxyinosine OXIRE % & 5 IZFEH
WS L7z, =7 A% 3-deoxyinosine (RELH]
H#5) 8705, 3'-deoxyinosine (RIE#%5) &
6 5, 3'-deoxyinosine (BHKRE) FHTIIL, 48
Fgik FTH#KS) B£6 U5, Pentamidine (FT
Hi%5) 8 6 5D 5 BEIZ5MT, 3'-deoxyinosine D
3OO 1H 1@, 108FRAE, EEWRIEK,
Pentamidine & 5#ORRIIED 1 1), 4 BEx
L7z

WYL EE L 55 A EREK0.2ml/~
7 A, AN (i m. B%9), Pentamidine
4 mg/kg, i. m., c-c-inosine 200 mg/kg, 3’-
deoxyinosine 200 mg/kg BEREREST & L1z (UL
%1 p. LB&T), FEBR 2 D3- deoxyinosine &5
BiFEE%® i p&REL T,

BRI KRB A YIRIGERN, 8k 5
BHEZ I REERED Trypanosoma gam-
biense trypomastigote Z B>, = v XYz b
1.0x10% i. p. BfEL 72,

BYIOMREEIEFRLBEDE=F —¢
Giemsa #8012 & 2 MR HIERIC R PIL > 40
ZEOFRT, BEHEL 1HEFLD 1~10% 1+,
11~100% 2+, 1014 L% 3+ L TERb LT,

54 %

1) L. donovani 9B

HERETIIE 1 2R T & 5 control B %
S EDIREEED, FEAYKEREL, EZED
T ehigrol, LrL, EBE2 TDcc-
inosine 100 mg/kg 5872113 4 BIH DEER
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Figure 2 Time course of mouse body

weight in the experiment
with L. donovani.

(2)

Treatment

were done at day 2,5, 7,9 and 12
of the infection. All of mice treat-
ed with c-c-inosine (100 mg/kg)
died at day 15.
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POoJFEICHEERT LAY, bHECIXZOHD
2TDY I AIFEL L T2, c-c-inosine 50 mg/kg
#5858, 10 mg/kg #5558, 3'-deoxyinosine £
55, £ENRIEKIE5EE, Pentostam 58T
BB LIZHE D Ko7 (K2),

B 4 BERORHE L RO ER I ¥ OREEAIC
BWTH LDUIIEHBAIL Twiz, L L, FEk 2
@ c-c-inosine 100 mg/kg 58X control B
BT 5k, 15SHERCHNICIE, FEE72%,
BERI250% DERIC I 572, L L, c-c-inosine
10 mg/kg BG5BT EBNREKEEEHL D Y
WICHTERE Y EL K-> THED, control BRIZH~
% L RFIE1. 0965, BRIZ1.665TH o7z, 3-deoxy-
inosine ¢ SHEIIFTR & b AHEKRIEAIRESEE L
Pentostam 58O HEHE & 22 > T/ (1,
2)

B stamp smear 2 &% LDU 22T 3[ED
ERER RS L, £ENRIEKRSHT, F8&
1:291+128, FBr 2 :148+31, ZER 3 129+28L 7%
D, BB LI, TNFNOFEBRRERL2E

Table 1 Liver weight in the 4th week of the infection (g)

. . 3-deoxy- c-c-inosine* c-c-inosine c-c-inosine
E
Xperiment Control  Saline inosine Pentostam 100 mg/kg 50 mg/kg 10 mg/kg
1st 1.60 1.80 1.68 1.52
+0.22 +0.06 +0.17 +0.12
2nd 1.31 1.40 1.34 1.33 0.94
+0.10 +0.08 +0.04 +0.09 +0.05
3rd 1.48 1.52 1.60 1.47 1.60
+0.09 +0.09 +0.16 +0.08 +0.13
A tio of
verage ratio of ) 49 1.08 1.04 1.02 0.72 1.00 1.09

liver weight

*At day 15 of infection.

Table 2 Spleen weight in the 4th

week of the infection (mg)

. . 3-deoxy- c-c-inosine* c-c-inosine c-c-inosine
1
Experiment Control  Saline inosine Pentostam 100 mg/kg 50 mg/kg 10 mg/kg
1st 160 226 181 162
+ 20 + 25 + 34 + 14
2nd 95 124 120 114 48
+ 6 + 5 + 7 + 5 + 6
3rd 113 164 134 152 181
+ 5 + 12 + 24 + 22 + 39
Averageratio of -, o 1.39 1.20 1.13 0.50 1.34 1.60

spleen weight

*At day 15 of infection.
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Figure 3 LDU in the 4th week of the infec-
tion in the experiment (2) with
L. donovani. Only c-c-inosine
group is measured LDU at day 15
of the infection.
Cont: Control, inos: 3’-deoxy-
inosine, Pent: Pentostam, c-c-
inosi: c-c-inosine.
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tion in the experiment (3) with
L. donovani.
Cont: Control, c-c-50 mg: c-c-
inosine 50 mg/kg, c-¢c-10 mg: ¢c-c-
inosine 10 mg/kg, Pent: Pentos-
tam.
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5 Values of hematocrit and
plasma total protein in mice at
the 4th week of the infection in
the experiment (3) with L.
donovani.
Cont: Control, c-¢-50 mg: c—c-
inosine 50 mg/kg, ¢c-c-10 mg: c-c-
inosine 10 mg/kg, Pent: Pentos-
tam.
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BRBDO? Y ADERFRIHEER1ICBWT, 3'-
deoxyinosine I3 £ ERREKESHOK 2 &4
FL, ¥7:5HEE CRIMKEHRTS 1 +LITT
» -7, —7, c-c-inosine HS5EHZ A FRIRIEK
BE5HY3ZIZED ST, MERHETH 3HEK
X3+rk0, SETHELRL(M6), E82 T
i Pentamidine # 58 %k < \HEHOHT T, 3-
deoxyinosine (FiH#&5) F»EBKREKRS
HoW 2EEFEL, MEKRETYH Pentamidine
PREOBEREL D A UEWE 2+ %
11BE 2 TRLTWwi (B 7), 3-deoxyinosine

(FB#%S) BIEENSEARGH LA 6 H
Hici3ZET- L7z, 3'-deoxyinosine (B H&S)
FTIEDS 5 1L FI314H B 2 TEFEL 1225,
FhPShz 6 HEWSETL: (M8),

% B

L. donovani 16FERIZ BT, Segovia and
Martin-Luengo (1986) & X U RERDEFIF
L. donovani amastigote (Z/\LH A Y —TN—7F
IZiERER, 10~14H T2 TDONLART —BFETEL
Je &R T 0328, SEIOER TRz 2S5-16M
¥k D promastigote IZ k> THT L7z DIF %R
noie, B 4:8% 0 LDU i Katakura and
Kobayashi (1985)1Z & 1LIX4180072 5 72 45,
B OEBRIKRERTOVZI23THD,
COBETEREZERSL LI LDUMBMETLT
oz, BEEERONRE, AErEEEEERT:
HEBbig, f£-T, SHEOREKITH DA
FErRbE LI LIRS,

g I KERD DS V— 7T LDU EIE
HBIL Tz, L L, c-c-inosine 100 mg/kg
BEHOFBER T control L Y 8L ko
Twie, #FRRIEMOEED:- D EBEbi b,
Katakura and Kobayashi (1985), A&, /v
(1986) 13 ZDHRIZ &L 2 B~ 7 ADFHEIR & biZ
1.3~1. 951 o 7z RN T 528, HAa DFEER
TRl 1~1.45TH -7z,

B2 F v 72 c-c-inosine 13 10mg/kg, 50
mg/kg TRFIRIIR S hizh o7z, 100mg/kg
#®E5Ti3, LDU 2T % L ABENREARS

BECLEEL, $I92%DBARMEER LT, £ 250
S5EIHO#ES%, T ARXMEERTR2EL, 7L
L7, 50mg/kg 58 TH control FIZELL
A7 b7 Yy bMEL, MBFEEEE L EEE

(5.7~7.3) (B85, 1981 LKLz o Tz
Z &5 5 c-c-inosine 3B 3 E MR B4
ERLIOTIR RO EBbiiz, 2O s
VETHRED TS0, VR —L1CL3
c-c-inosine DF A%, SEEER T NIRRT 5
»H LI,

3’-deoxyinosine I £ B BIEXKRSH I
L, #I63%DBARMEEFLI2DT, BE5EH%:
BT e, VRY—AZEATAAEERAVLN
FE RN ENZ EEbh s (Black ef al,
1977; Croft, 1986),

BIE, &b L {EECHER N TV S Pentos-
tam XRERDEHED (Harrison, 1984; WHO,
1984) EERR % R, LDU»SRZ &, &8
HIRH KR SR EE L SF98% DB IR 12 o 72,
L Lhs, MEEAEEMETLOT, I
BEELRE I NI,

¥R, LDU 6 & 7-16FRR I Pentostam,
c-c-inosine 100 mg/kg, 3’-deoxyinosine 100
mg/kg, c-c-inosine 50 mg/kg, 4£HEEIEEK
DI Lz >72,

c-c-inosine @ in wvitro TOX¥RIZ Hiraoka
et al. (1986), Wataya and Hiraoka (1984) i< &
T L. donovani promastigote iIZ¥f L ECsold
1.3X10-" M, amastigote (Zi%7.5%10-° M, 3'’-
deoxyinosine {¥ promastigote IZ % L 4.43X
10" M T, amastigote IZXL T HEIERBH o7
L Twb, in vivo T c-c-inosine 13100 mg/
kg i.v. TE%% R LTz, 3'-deoxyinosine (X100
mg/kg i. v. TEMERERE 208, PLAED &
S THoTz,

B, B0 % < O3k allopurinol @ in
vitro, in vivo TOEENERIN TS M, BHE
NEDHEL KL TWwizys (Berman, 1985),

T. gambiense DIEHWEBRITB W T, cc-
inosine i3 £ HHRIE KK G £ 13I1ZF U sur-
vival rate £~ L7z, Hiraoka et al. (1986) @
in vitro B3 % Crithidia fasciculata 2335 %



c-c-inosine O EC,l31.9X107"M TH o7z 35,
in vivo Tl c-c-inosine 13 T. gambiense \ZX¢
LERITH -7z,

3’-deoxyinosine %200 mg/kg %5 T4 EHR
BHKIBERDK 2 {50 survivalrate (5) %
~L, E:EER2OFIHRSHTIBEE TCom
BEHEAO REBIIHEELT T, w7 ADH
BUIEFEL, EELRII2.5E XM6,7) T, #HER
CLUTHEERI L DEMESEL, Lo, R
B EIEANFTST, WEOICHIL /7 E/75MEEh
Wi 570,

Z D'EBED Pentamidine ¥ 55EY SO~
ABFTE LW, HEZR > B VWDT,
Pentamidine DEWEFHTH > 7222 b LIk,

Z D & 312 Pentamidine  FEA358 <, Sur-
amin sodium b ZHh U EOBWER2E T2 LR
bihad (Beaver ef al., 1984),

B #

L. donovani promastigote 2S-15M#k %
#ex ¥ 2 BALB/cv v A Zxt L, 3-deoxy-

X
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inosine /¥ 100 mg/kg, 1~2[E¥ & 5[, #ik
A5 THI63%DIEHFELIFR, c-c-inosine i& 100
mg/kg, 1~ 2 BB X5 EEHRNES THNY%D
SRS R NIz, L L, c-c-inosine (3100
mg/kg DETIEHEWERR S iz,

T. gambiense trypomastigote % B & 872
ddY =7 AiZxL, 3-deoxyinosine {3200 mg/
kg, BEHEAKRS, BERIE» S OBET, VLA
BRIRE R LIS, BMEEZADETTRESR
note, 77 c-c-inosine 200 mg/kg, MEREN#
Bi3Ehthot,

£ 22

SEIDIEEERICEEL, L. donovani promas-
tigote 2S-15M #R 2 IEHTAV - RARESER}
KEFERFEHE/IWIERERE, R BiEL,
%72 T. gambiense trypomastigote ZFELIE>
VIN S ONE 2 C ) T I S AN G G- A D A
¥9, Pentostam %2453 NI KREAEERF
BFgeRn, Hy BEBRCEHL 7,

Ak
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THERAPEUTIC EFFECT OF INOSINE ANALOGS
IN MICE INFECTED WITH LEISHMANIA DONO-
VANI OR TRYPANOSOMA GAMBIENSE

KAzZUHISA MORISHIGE!, TOSHIKI AJI', JULIETA Y. KIMURA!, AKIRA ISHII?,
Y USUKE WATAYA?, AKIRA MATSUDA® AND TOHRU UEDA?

Received July 25 1988, Accepted November 10 1988

BALB/c mice infected with L. donovani and ddY mice infected with 7. gambiense were
treated with inosine analogs (carbocyclic inosine and 3’-deoxyinosine) for appraising thera-
peutic effects. The mice infected with L. donovani promastigotes were treated with 5

- different doses of each drug administered on alternate days. Four weeks after the infection,
impression smear of the liver was prepared to determine the parasite load which was
expressed as LDU by 1,000 hepatic cell nuclei. In the mice infected with L. donovani, 3~
deoxyinosine 100 mg/kg i. v. showed about 63% effect as compared with the group of mice
administered saline, and carbocyclic inosine 100 mg/kg i. v. showed about 92% effect as
compared with saline. The mice infected with intraperitoneal injection of 7. gambiense
trypomastigotes were treated with drugs once a day for 4-8 days. The effect of drugs was
measured by counting number of parasite on blood smear stained with Giemsa solution and
survival rates of the mice. The group infected with 7. gambiense and treated with carbocy-
clic inosine died all on the fourth day. On the other hand, 3’-deoxyinosine showed an effect
to some extent. The mice treated with 3’- deoxyinosine showed twice longer survival time
than the mice administered-saline.

Department of Parasitology, Okayama University Medical School’, Department of Pharmaceutical
Chemistry, Faculty of Pharmaceutical Sciences, Okayama University? and Department of Pharma-
ceutical Chemistry, Faculty of Pharmaceutical Sciences, Hokkaido University?
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