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Abstract. The effect of artesunate (ART) on the pathology and mortality rate of in Schistosoma mansoni
infected mice was comparatively studied with the current drugs of choice for the treatment of schis-
tosomiasis mansoni: praziquantel (PZQ) and oxamniquine (OX). S. mansoni experimentally infected
mice were treated at 9" week of infection with ART, PZQ or OX at an oral dosage of 300 mg kg™,
600 mg kg* and 100 mg kg1, respectively. Untreated, infected mice and non-infected mice were
added as controls. Samples of mice were sacrificed and examined for the pathological findings at 1
week, 1 month, and 3 months after treatment. At 1 week after treatment, both gross and micro-
scopic lesions were observed. No significant differences were noted among the infected groups.
Differences were observed at 1 month after treatment. The lesions decreased more rapidly in groups
treated with PZQ and OX. At 3 months after treatment, there were significant differences in the
pathological findings among groups. In the groups treated with PZQ and OX, the lesions were mark-
edly reduced and rarely found, but they were clearly observed in the group treated with ART and in
the untreated, infected group. High mortality was also recorded in the group treated with ART and in
the untreated, infected group. Therefore, the treatment of S. mansoni infected mice at 9 weeks of
infection with ART did not reduce the pathological findings or the mortality rate compared to treat-

ment with the current recommended schistosomicides, PZQ and OX.

INTRODUCTION

Praziquantel (PZQ) and oxamniquine (OX)
have been accepted as drugs of choice for the
treatment of Schistosoma mansoni infection for
a long time (Cioli, 1998; Stanley, 2004). How-
ever, some drug tolerance and a high incidence
of reinfection have been observed (Wilkins, 1989;
Giboda et al, 1994, Cioli, 1998). Therefore, the
effect of other drugs on schistosome infections
should be considered and studied.

The derivatives of artemisinin, artemether,
arteether, artesunate (ART) and dihydroarte-
misinin, not only show antimalarial activity but also
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antischistosomal activity (Li et al, 1996; Xiao et al,
1996, 2000; De Clercq et al, 2000; Utzinger et al,
2002). They reduced the number of recovered
worms, especially female worms, and also reduced
the egg excretion. One interesting antischisto-
somal activity of artemether and arteether is their
effect on the reproductive organs of adult worms,
which are considered as a target for the reduction
of egg-induced pathology (Xiao and Catto, 1989;
Giboda and Smith, 1994). Previous studies on the
effect of artemisinin derivatives against schisto-
somiasis mostly emphasized the prophylaxis
effects of the drugs, particularly artemether, and
the definitive hosts were treated at an early stage
of infection (Xiao et al, 1994a,b, 2000; Li et al,
1996). In addition, the effects of the drugs were
generally assessed based on parasitological
findings (Xiao and Catto, 1989; Li et al, 1996; Xiao
et al, 1996; Utzinger et al, 2002).
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This study was designed to investigate the
effect of artesunate on the pathological findings
and mortality rate of S. mansoni infected mice
after treatment at a late stage of infections and
compared with the current most effective
antischistosomal drugs at the present time.

MATERIALS AND METHODS

Parasite

The P.R. strain of S. mansoni was experi-
mentally maintained in Biomphalaria glabrata
snails and ICR mice at the Applied Malacology
Center, Faculty of Tropical Medicine, Mahidol
University, Thailand.
Mice

Female, 5-week old outbred ICR mice were
obtained from the National Laboratory Animal
Center, Thailand and used throughout the ex-
periment. A total of 60 mice were percutaneously
infected with 75 S. mansoni cercariae using the
tailimmersion method under anesthesia with so-
dium pentobarbital. A group of 15 normal mice
was added as non-infected controls. All the mice
were kept under same conditions and fed ad li-
bitum.

Drugs and drug administration

A 600 mg praziquantel tablet (Praquantel®
Atlantic Pharmaceutical, Thailand), 250 mg
oxamniquine capsule (Mansil® Laboratorios
Pfizer, Brazil) or 50 mg artesunate tablet (Guilin
Pharmaceutical Works, People’s Republic of
China) were suspended in distilled water at the
concentration of 30 mg ml, 10 mg ml-* and 30
mg ml1, respectively. At 9 weeks after infection,
all infected mice were randomly divided into 4
equal groups. Three groups were treated with
an antiparasitic drug. PZQ was given orally to
the first group of mice at a total dosage of 600
mg kg (divided into 2 equal doses of 300 mg
kg given 8 hours apart). The second and third
group of mice were treated orally with OX and
ART at a single dosage of 100 mg kg-* and 300
mg kg, respectively. The fourth group of mice
were not treated, but kept as untreated, infected
controls.

Mortality

The numbers of mice that died with lesions
of schistosomiasis in each group were counted
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to calculate the percentage of mortality. A final
number of 15 mice in each group was achieved
by the substitution of dead mice with equal num-
bers of infected or treated mice.

Mouse necropsy, gross lesion examination and
specimen collection

At 1 week, 1 month, and 3 months after
treatment, the number of 5 mice in each group
were randomly selected and then sacrificed by
cervical dislocation. Gross lesions in visceral or-
gans were observed. Lesions of hepatomegaly
and splenomegaly were determined by compar-
ing the weights of liver and spleen as a percent-
age of body weight. The liver samples were usu-
ally obtained from the right lateral lobe and cau-
date lobe of the liver, and the whole intestines
were collected, weighed and frozen at
-20°C. Pieces of tissues that consisted of lesions
were collected and fixed in 10% neutral buffered
formalin.

Tissue egg count

Frozen liver and intestines samples were
separately digested in 40 ml of 4% potassium
hydroxide at 37°C for 18 hours. The numbers of
eggs in the digest were counted and then cal-
culated to determine the number of eggs per
gram of tissue.

Hitospathological examination

The formalin-fixed tissue was processed,
embedded in parafin, sectioned in 4 mm sec-
tions and stained with hemotoxylin and eosin.
Some slides were studied in more detail by stain-
ing using Masson’s trichrome method. The size
of the hepatic periovular granuloma was deter-
mined by measuring the diameter. The vertical
and horizontal diameters of the granuloma with
a visible centrally placed schistosome egg or egg
debris were measured using an ocular microme-
ter. The average of vertical and horizontal diam-
eters were taken to be the diameter of the granu-
loma. The average diameter of 10-70 granulo-
mas was counted for each group.

Statistical analysis

Quantitative data differences between each
of the group were analyzed using Mann-Whitney
tests; quantitative data differences within each
group were analyzed using Kruskal-Wallis tests
and ANOVA. The percentage of mortality was
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analyzed using the chi-square test. P-values less
than 0.05 were considered to be statistically
significant. SPSS 12.0 for Windows® was used
in the data analysis.

RESULTS

Mortality

The number of mice that died after treat-
ment and the percentages of mortality in each
group are summarized in Table 1. Statistical
analysis showed significant differences in the
percentages of mortality in the groups of the
experiment (p=0.031).

Gross lesions

Whitish spots distributed in the liver and
intestines were numerous and commonly ob-
served in the untreated mice and in the group
treated with ART at each necropsy, while num-
bers of whitish spots in the liver and the gut were
significantly reduced according to the time after
treatment with PZQ and OX.

Hepatomegaly was distinctly observed in all
the treated groups at 1 week after treatment,
similar to the untreated control group, with no
significant differences among the groups
(p=0.684) (Table 2). At 1 month after treatment,
the size of the liver was reduced in all the treated
groups, significantly different from the untreated
control group (p=0.022). However, the size of
the livers in the group treated with ART were not
significantly reduced in the groups treated with
PZQ and OX at 3 months after treatment. Sta-
tistical analysis showed no significant difference

Table 1
Mortality of mice in the various groups.

Group (n=15) No. of Mortality
died mice (%)
Praziquantel 0 0
Oxamniquine 1 6.7
Artesunate 4 26.7
Untreated, infected control 4 26.7
Non-infected control 0 0

aMortality (%) = Number of mice died after treatment x 100
Number of treated mice
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in the size of the livers between the ART treated
mice and the untreated mice (p=0.841). In con-
trast, the size of the livers in the groups treated
with PZQ and OX were decreased to normal size,
and not significantly different from the non-in-
fected control mice (p=0.491).

The size of the spleen in all the treated
groups was decreased according to time after
treatment, however, not as significantly reduced
as the size of the livers. At 3 months after treat-
ment, there was no statistical difference in the
size the of spleens among all the treated groups
and the untreated groups (p=0.052).

Microscopic lesions

Histopathological findings were similarly
observed in all the treated groups and untreated
groups at 1 week after treatment. Most of the
periovular granulomas in the livers and intestines
were exudative phase granulomas that consisted
of numerous eosinophils, lymphocytes and a few
scattered collagen fibers surrounding a core of
viable schistosome eggs (Fig 1). However, non-
viable eggs were predominant in the group
treated with PZQ. Inflammatory cell infiltrations
in the livers and intestinal walls, coagulative ne-
crosis of hepatocytes, hepatic and splenic con-
gestion, and the presence of schistosome pig-
ments in macrophages and Kupffer’s cells were
generally observed in the treated groups and the
untreated group. Granulomas surrounding dead
worms were found predominantly in the livers of
mice treated with PZQ.

Microscopic lesions of mice sacrificed at 1
month after treatment showed significant differ-
ences among the groups. For the groups treated
with PZQ and OX, most of the granulomas were
non-exudative phase granulomas that consisted
of macrophages, fibroblasts, epitheloid cells and
dense concentric arranged collagen fibers sur-
rounding non-viable eggs. This type of granu-
loma was found in the group treated with ART
as well as the untreated group. However, exu-
dative phase granulomas were still commonly
observed in these two groups. Inflammatory cell
infiltration and coagulative necrosis of hepato-
cytes were rarely observed in the groups treated
with PZQ and OX, but frequently found in the
group treated with ART and in the untreated

group.
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Fig 1-Hepatic periovular granulomas in mouse at 1 week after treatment with
ART, shows a core of viable schistosome eggs (E) surrounded with
numerous eosinophils and lymphocytes (H&E, 200 x).

Fig 2—-Viable schistosome eggs (E) surrounded with eosinophils in the liver of
a mouse at 3 months after treatment with ART (H&E, 400 X).

At 3 months after treatment, microscopic
lesions were different and clearly distinguishable
among the experimental groups. For the groups
treated with PZQ and OX, the hepatic periovular
granulomas were rarely found and all were small
granulomas with non-viable eggs and few mac-
rophages. Fibrous scars were often observed.
Numerous periovular granulomas were still com-
monly observed in the group treated with ART,
similar to the untreated control group. Most of
them were non-exudative granulomas. However,
a small number of exudative granulomas with vi-
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able eggs were occasionally ob-
served (Fig 2). Inflammatory cell in-
filtration and coagulative necrosis
of hepatocytes were still found in
these 2 groups.

Numbers of eggs in tissues

The mean number of eggs per
gram of liver and intestines is
shown in Table 2. The numbers of
eggs in all the treated groups were
reduced according to time after
treatment. For the group treated
with PZQ, the number of eggs was
significantly reduced beginning at
1 week after treatment, and was
statistically different from the other
treated groups and the untreated
group (p=0.016). At 3 months af-
ter treatment, tissue-deposited
eggs were rarely observed in the
livers of mice treated with PZQ. For
the group treated with OX, the
number of eggs in the liver showed
statistical difference from the un-
treated group beginning at 1
month after treatment (p=0.016).
The number of eggs per gram of
liver in the group treated with ART
reduced slowly and was not sig-
nificantly different from the un-
treated group at 1 week and 1
month after treatment. At 3 months
after treatment, the number of
eggs in the group treated with ART
was lower than the untreated
group, however, it was still much
higher than the groups treated with
PZQ (p=0.007) and OX (p=0.014).

The numbers of eggs in the intestines in all
the treated groups was not reduced as rapidly
as the number of eggs in the liver. At 1 week
after treatment, there was no significant differ-
ence in the number of eggs per gram among all
the groups (p=0.7). However, the number of eggs
in the intestines was later reduced in the same
pattern as the number of eggs in the liver.

Diameter of hepatic periovular granulomas

The diameters of the hepatic periovular
granulomas were more rapidly reduced in the

1121



Vol 36 No.5 September 2005

TL L L 0 hcdlLg0c 0T L L2220 OO0 LB E VS OT L S ETD E2XN (5 b =0 LB ST
©50.555583EI28ELEE 55285225585 EE 2820858856
oL @S 20253525805 gcg C 5222 ,858220 €9c5 40,2009
NESCSOoLE8s33ns22%E4% Eccvcegao38858ss E££288_.,358eS
C 92" LE552582288258 3 SESS8SEQERLTISESYS E£E8GTESELSEE
2 a v E = Q ) © 9] = = e 7
£t TR E8oc 2259320 & 292 220 c5002c52 CoEZZTREBLE R
SV O EQLEBO 2w =S5 < . B B EP2E8Faw g 2L S 0s °oS T o8 > 9
2255328535825 5°0958 2 550ce-cScERBELSE SoE3e8ERSSE
..L.rrIUuUtle . — o O o == = O .= - = e} =
L - £9550E02EEB8s882E5E88 0O 23%£c258E-58225,8 20653E8<,285
E N SE 5B ESE oo "mo @ G2B2EE£B oS85, 57 ©92S:° 0% bo
S 2 ETY so>Tn20eckEQT O Ec®c8Q908QIVE XS "D g g 0828 35vagaxve
W QB2 -0 S o8B 0g 9T o X oowgPxcl =0 s RIS . cEL250SE g o<
nr_m Q % % £ = ) 8 S v o sg 2 < g = < S . cO0OC » Py v g -0 Vo T €8I ccEady
S — 5 O = S 2 c® S Qon Whun 2] 0N o emmhmmsnﬂeu .Wﬁnosgnuﬂec
OX o =EcCox=3=E02 s LgeE2o0 2. <2052 5838cE2 GTodo=2035cs
208 csuLu<E=cT2TEL2E022oE Lo Tc=Tn=ICSEESEcoEZTT O T o008 aoadl Iagnm
I
= wbram Apoq
T 00TX Us3[dS 10 IaAI[ JO IUBISM = LG % Se uaa|ds 10 JaAl| Jo 1yBIapn q yblam Apoq = 1Mg e
8}
m - - - G0°'0 *8¢2'0 LE0 F¢28Y |0J1UOD Pa1JdjuI-UON
DD. LL'SY F EVLTC 26°LTY'T *802'8 ¥5'89¢2'T * 9T2'9 8T'0 F¥.°0 80'T *06'S [0JJU0d paldBUI ‘pPareaIIUN juawyeas-isod
s 08'T9 * 8¥°L0C G0'CET'T F€€9'Y ¥2'GE6 * 188°E 95'0+F¢60 [A AV N 91eunsauy syuow ¢
5 EV'9v ¥ L9°6.LT 8v 67y * G586 G2'Z8¢C * L6¢ ST0+¢90 8€'0F6LY auinbluwexo
= ov'0¥ * 26'G9T 1,6°06 ¥ €6 70'SC¢ * 1T ¥T0F.¥°0 TE0*98Y |owuenbizeld
M - - - 80°0 * ¢€0 12095V |0J3U0d palI_JUI-UON
AWM GZ'8Yy ¥ 9G'¥S¢ 8G°€92'T ¥ €6.'8 T9°062'T * 2T0°'L 600 FVT'T 79'0 F 16°L [0JJU0D PalIBUI ‘pPareaIIUN uawyeas-isod
5 8¢'85 ¥ G0'8v¢ 88'222'T * TvT'L ¥9°282'T * 2€9'S TT°0 * 880 790 # TG99 aleunsauy yuow T
m 029G ¥ 0€'€S¢C T¥'G8L * 02v'S 6L°€.8 FVTL'Y S€'0+F8L0 LETFE0L auinbluwexo
5 T9'G9 # 9/.'8€¢ TL.T2 * vOV'S LT'T69 F €8¥'E TT0*TLO €V'0F 199 [91uenbizeld
& - - - S0'0*920 62°0*F8LY |0J3U0D Pa10djUI-UON
T2°0L * CEVIE /2118 *880°L 09'806 * G£9'9 70'0 F¢0'T LV 0 FVi L [0J3U0D PalIBjUI ‘pPareaIIUN uawyeasn-isod
¢€'9G * TT°00€ 80°'S¥6 * ¥2S'9 €T'8G0°'T * 98T'9 0€0+TCT 70'T * L0'8 aleunsauy A9aMm T
9T'¥9 * ¥6'GTE €T LYY'T * L€8'S 8.'89T'T ¥ 966't 92'0* /0T 160 F€ELL auinbiuwexo
9,9 ¥ LO'STE €1'086 * 9¥G'S 91'8€9 * €89°¢ LE0F9CT 69°0F.9°L |awuenbizeld
(@s = ueaw) wm (@s = ueaw) (@s = ueaw)
“ewo|nueld snb jo welb Jad 18] Jo wesb Jad (as = ueaw) q1Mg (@s = ueaw) qelMd (g=u)
J0 Jalawelg sbba jo JaquinN sbba jo JaquinN o5 Se uaa|ds Jo 1ybBIoapA 9% Se JaAl| Jo ybiapn dnoio Asdoioau jo awi]

‘sewojnuelb
Iejnaollad oneday Jo Ja1awelp pue ‘s1nb pue JaAll ayl ul sbba Jo Jaqunu ‘1ybiam Apoq jo abeiuadlad e se uas|ds pue JaAl ayl Jo 1ybiap

¢ d|qeL

1122



EFFECT OF ARTESUNATE ON S. MANSONI

immature worms are susceptible to the drug, pa-
thology was improved early on. However, the
treatment of S. japonicum infected rabbits at 7
weeks after infection did not reduce the patho-
logical findings in the liver, because the oviposi-
tion of adult worms had already happened, and
the adult worms were less susceptible to the
drug compared with the schistosomulae and im-
mature worms (Xiao et al, 1995). Recently, the
effect of ART on different stages of S. mansoni
worms was similarly observed (Utzinger et al,
2002). Undoubtedly, treatment of S. mansoni
infected mice with artesunate at the 9 weeks
stage of infection in the present experiment
showed a minimal effect on reducing pathology
because of the stage-dependent effect of ART.
In contrast, adult worms were rapidly damaged
with PZQ and OX (Megalhaes et al, 1989; Fallon
et al, 1996). Thus, the pathological findings were
significantly reduced.

Apart from the effect of the antischistosomal
drugs on worms, the effect of the drugs on the
tissue-deposited eggs and egg excretions of
adult worms are also important, because the egg
is generally accepted as the major cause of
pathogenesis in schistosomiasis (Giboda and
Smith, 1994). Periovular granuloma formation is
activated with antigen released from fully devel-
oped larvae in mature eggs (Giboda et al, 1994).
Previous studies on the effect of PZQ on tissue-
deposited eggs showed that the hatching of
mature eggs was immediately induced after drug
administration (Matsuda et al, 1983; Giboda and
Smith, 1994). The immunogenic enzyme, leucine
aminopeptidase, was suddenly released and
non-pathogenic empty eggshells were left
(Cheever et al, 1992). Hepatic periovular granu-
lomas were subsequently reduced in size, and
the number of inflammatory cells, as well as the
disappearance of inflammatory cells in the liver
parenchyma were found (Andrade et al, 1993).
The direct effect of OX on tissue-deposited eggs
has not been previously documented. A reduc-
tion in the numbers of eggs in the tissue should
be caused by the cessation of new egg produc-
tion in the adult worms. Thus, the involution in
size and number of inflammatory cells in hepatic
periovular granulomas was the result of immu-
nological modulation, not the drug (Coelho et
al, 1994; Silva et al, 2000). The reduction in the
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pathological findings was therefore slower than
in the PZQ treated mice and the death of the
mouse was recorded. Few studies on the effect
of artemisinin derivatives on tissue-deposited
eggs or egg production from adult worms have
been previously documented. Reversible dam-
age to the reproductive organs of adult S.
mansoni and also the reversible alteration of the
oogram in the liver of infected mice was observed
after treatment with artemether (Xiao and Catto,
1989; Araujo et al, 1991). Treatment of S.
japonicum infected rabbits with artemether at 7
weeks after infection caused a reduction in the
numbers of periovular granulomas and the num-
bers of fresh eggs in the liver (Xiao et al, 1995).
For the present experiment, significantly reduc-
ing the numbers of tissue-deposited eggs in S.
mansoni infected mice was observed at 3
months after treatment with ART. However, vi-
able eggs and numerous inflammatory cells were
commonly found in the hepatic periovular granu-
lomas. Therefore, this alteration in the number
of tissue-deposited eggs may be caused by the
partial diminution of egg excretion from adult
worms, not the direct destruction of tissue-de-
posited eggs due to treatment with PZQ. In ad-
dition, it may be a temporary effect, because vi-
able eggs were generally observed through 3
months after treatment with ART while S.
mansoni eggs could survive for only 3-4 weeks
after maturation in non-medicated mice (Cheever
et al, 1992). Therefore, the detected viable eggs
in the periovular granulomas were newly ex-
creted eggs from adult worms, similar to those
found in the untreated control group.

The mortality of the mice was similarly to
the pathological findings in all the groups and
confirmed the treatment of S. mansoni infected
mice with ART at the dosage regimen used
caused a minimal effect on reducing the patho-
logy and mortality. However, the treatment of
S. mansoni infection with ART should not be
rejected, since the antischistosomal activity
of artemisinin derivatives is dose-dependent.
The higher the dosage of ART, the better the
efficiency (Xiao et al, 1994b; Utzinger et al,
2002). Additionally, different developmental
stages of worms are naturally found in defini-
tive hosts at the same time. Although adult
worms are less susceptible to the drug, treat-
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ment with artemisinin derivatives can reduce
egg-associated pathology due to the destruc-
tion of schistosomulae and immature worms, the
stages which are not susceptible to PZQ and
OX (Utzinger et al, 2002). In conclusion, arte-
misinin derivatives should be considered jointly
with PZQ or OX for the complete elimination of
parasites.
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