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Ultrastructural Alterations in Adult Schistosoma mansoni Caused
by Artemether

Xiao Shuhua, Shen Binggui, Jiirg Utzinger*/**, Jacques Chollet*, Marcel Tanner*/*

Institute of Parasitic Diseases, Chinese Academy of Preventive Medicine, Shanghai, China *Swiss Tropical Institute, P.O. Box,
CH-4002 Basel, Switzerland **Office of Population Research, Princeton University, Princeton, NJ, USA

Progress has been made over the last decade with the development and clinical use of artemether as an agent
against major human schistosome parasites. The tegument has been identified as a key target of artemether, implying
detailed studies on ultrastructural damage induced by this compound. We performed a temporal examination,
employing a transmission electron microscope to assess the pattern and extent of ultrastructural alterations in
adult Schistosoma mansoharboured in mice treated with a single dose of 400 mg/kg artemether. Eight hours post-
treatment, damage to the tegument and subtegumental structures was seen. Tegumental alterations reached a peak
3 days after treatment and were characterized by swelling, fusion of distal cytoplasma, focal lysis of the tegumental
matrix and vacuolisation. Tubercles and sensory organelles frequently degenerated or collapsed. Typical features of
subtegumental alterations, including muscle fibres, syncytium and parenchyma tissues, were focal or extensive lysis,
vacuolisation and degeneration of mitochondria. Severe alterations were also observed in gut epithelial cells and
vitelline cells of female worms. Our findings of artemether-induced ultrastructural alterations irSadudnsoni
confirm previous results obtained with juverlemansonandS. japonicunof different ages.
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Artemisinin and related derivatives are effective antiBank project, placing renewed efforts on schistosomiasis
malarial drugs clearing parasitaemia and disease-relatsghtrol in China (Yuan et al. 2000). There is now compel-
symptoms more promptly than any other currently availing evidence from laboratory investigations that
able antimalarials (Mcintosh & Olliaro 2000). The activeS. japonicumS. mansonand S. haematobiunare sus-
principle stems from the leaves Aftemisia annuaa ceptible to artemether (Xiao et al. 1995, 2000a, b). The
herbal plant used for centuries in Chinese traditional mediighest susceptibility is confined to the larval migratory
cine (Klayman 1985). Several million malaria patients istages. However, artemether also shows activity against
Southeast Asia have been treated with artemisinins ovault schistosomes, characterized by hepatic shift, de-
the last two decades (Price et al. 1999). These druggneration of reproductive organs and hence inhibiting
characterised by very short terminal half life times, aregg formation, and decrease of worm body size, which
now also becoming available in Africa. Combination theraeventually leads to death (Wu et al. 1983, Xiao & Catto
pies with longer lasting antimalarials are being advocatd®89, You et al. 1992, Xiao et al. 1995). Randomized con-
as a strategy to prolong the length of time artemisinirtsolled clinical trials with artemether orally administered
will remain effective (White 1999, White et al. 1999). once every 2-3 weeks significantly reduced the incidence

In 1982, Chinese parasitologists discovered that adnd intensity of patent infections (Utzinger et al. 2000,
ministration of artemether (methyl ether derivative oKiao et al. 2000c). We have recently discussed how these
dihydroartemisinin) to mice infected witBchistosoma findings could be translated into medical use in different
japonicumresulted in significant reductions of the schisepidemiological settings (Utzinger et al. 2001a, b).
tosome worm burden (Le et al. 1982). Despite the impor- Scanning electron microscopic observations in
tance of this finding, it was recognized only recently bys. japonicumS. mansonandS. haematobiurof differ-
the international research community, alongside a Workht ages recovered from host animals treated with
artemether revealed that the tegument is a key target of
artemether. Tegumental alterations included swelling, fu-
sion of tegumental ridges, vacuolisation, peeling, erosion
and sometimes collapse of the tegument (Xiao et al. 1996a,
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MATERIALS AND METHODS Treated mice were sacrificed, two at a time, by blood-letting

Ethical clearance, host animals, drugs and parasite@ 8 N 1, 3, 7 or 14 days post-treatment. Those two mice that
- We obtained ethical clearance for our animal Studiégmamed_untreated were also killed 7 weeks post—!nfecnon.
from the local government, which is in accordance witdult schistosomes were recovered by a perfusion tech-
national regulations of Switzerland. The experiments Weﬂéqlljle’ “S'n? ice-cold Hr?nks hbalanced salt s”olutlc&nf(HBS?
conduced in the laboratories of the Swiss Tropical InstiY0!l€s ?t al. 1947). The schistosomes COI ected from the
tute and followed standardized procedures described elg2UP of untreated mice served as control. .
where (Xiao et al. 2000e). Twelve female MORO strain _1'ansmission electron microscopiRecovered schis-

mice, weighing approximately 20 g, came from the Biolosomes were rinsed 3 times with ice-cold HBSS. The speci-

logical Research Laboratories LTD (Fillinsdorf, Switzerens were fixed in 2.5% glutaragdehyde—fphosphate buffer
land). Mice were fed with Rodent Blox from Eberle NAFAG(0-2 mol/l, pH 7.4) and kept at 4°C. Post-fixation was per-

(Gossau, Switzerland: article no. 850.25W10), and wefgrmed with osmium tetraoxide in the same buffer. Speci-
given water ad libitum. mens were dehydrated in graded ethanol before embed-

Artemether was the gift of the Kunming Pharmaceutding in Spur resin. Ultrathin sections of the schistosomes

cal Corporation (Kunming, China; lot no. 97080) with aV€re stained with uranyl acetate and lead citrate. Ultra-
documented purity of 99.6%. Artemether was suspendgguctural features of the schistosome specimens were
in 7% Tween-80 and 3% ethanol and had a final drug cofie" €xamined, using a JEM-100B transmission electron
centration of 40 g/l. The volume of artemether suspeff2!c0SCOPe.

sion given to mice was 10 ml/kg. RESULTS

S. mansoncercariae (Liberian strain) were collected  The ultrastructural features of the tegument and
from infectedBiomphalaria glabratesnails, after expo- syptegumental structures of ad8ltmansonirecovered
sure to artificial light for at least 4 h. from untreated mice, are presented in Figs la-d. These

Infection, artemether treatment and dissectidice  control experiments revealed no apparent damage, as ul-
were infected subcutaneously with E20nansorgercariae  trastructural features were similar to those described in

each. Seven weeks post-infection, 10 of 12 mice were treagdyious studies (Smith et al. 1969, Hockley 1973, Erasmus
intragastrically with a single dose of 400 mg/kg artemetheI975)_

E

Fig. 1: adultSchistosoma mansomiorms recovered 49 days after incubation in mice that remained untreated. a: male worm with normal
tegument and intact tubercle §,000); b: female worm with normal tegument and intact sensory organelles and sp&@80j); c: male

worm showing normal gut epithelial cek {,500); d: female worm showing cytoplasm of vitelline cell body with rich granular endoplasmic
reticulum, mitochondria and small cysts with silver grains, and vitelline droplets contained in vitellinexbgB9@).
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Administration of 400 mg/kg artemether to mice insome of them showing fewer mitochondria and increased
fected with 49-day-ol&. mansoniesulted in ultrastruc- density of glycogen grains. In the tubercles, there was
tural alterations, which were apparent 8 h after recovetysis of tequmental matrix and spines and decrease in gly-
of the schistosomes. The first changes in the tegumentalgen grains. Some tubercles showed extensive lysis in
integrity of male worms were focal swelling of the distatheir internal structures, accompanied by formation of dif-
cytoplasmic processes, accompanied by an increasefénent size of vacuoles filled with residual bodies. There
their width and loosening of the matrix. Alongside theseere other tubercles where the focal outer cytoplasmic
focal alterations, there was formation of many small vacu-
oles. In some sections of the damaged tegument, the d
tal cytoplasmic processes expanded and fused togett
to form large vacuoles (Fig. 2a). The major alteration:
observed in female schistosomes included vacuolisatiol
focal lysis of the tegumental matrix and underlying muscle
fibres. In the syncytium we observed emergence o
myeline-like small bodies, disappearance of granular er
doplasmic reticulum, and loss of definition of the tegu-
ment. The sensory organelles at the surface of adult worr
showed a decrease in glycogen granules, lysis of mitc
chondria and formation of small vacuoles because of fc
cal disruption of this portion of the tegument (Fig. 2b). In
the tubercles, the distal tegumental matrix and the sping¢
usually lysed. This process was accompanied b
vacuolisation and a decrease in glycogen grains insic
the tubercles. Meanwhile, expansion of granular endc
plasmic reticulum, swelling of mitochondria, appearanct
of membrane-like inclusion bodies, formation of vacuoles
in cytoplasm and shortening of microvilli was seen in gu
epithelial cells. In vitelline cells, decrease or disappear
ance of granular endoplasmic reticulum and mitochon
dria, increase in lipid droplets and focal or complete fu:
sion of vitelline balls in vitelline drops were the main alter-
ations (Fig. 2c¢).

In male worms the external appearance of the tegt
ment, including tubercles and sensory organelles, as we
as the tegumental matrix showed extensive lysis an
indistinction 24 h post-treatment (Fig. 3a). At some loca
tions, the basal membrane of the tegument disappeare
or the outer plasmic membrane expanded to form vaci
oles. Owing to the severe swelling of the tegument, sorr
spines were completely surrounded by the tegument. Fi
cal or extensive lysis of muscle fibres and parenchyme
tissues was usually seen. In syncytium the chromosom:
of the nuclei increased, while the granular endoplasmi
reticulum and mitochondria disappeared. Tegumental le
sions in female worms were similar to those observed i
male specimens, but there was also appearance of var
oles of varying sizes contained in residual bodies of th
cytoplasm of gut epithelial cells. Other lesions includec
degeneration and necrosis of mitochondria and disappe: Fig. 2
ance of microvilli (Fig. 3b). In vitelline cells, the interstitial
tissues usually lysed, while the nuclei of some cell bodies
disrupted or disappeared (Fig. 3c). Many lipid droplets;ig. 2: ultrastructural alterations in aduthistosoma mansoni
vacuoles, membrane-like inclusion bodies and myelin-ikgor™s rs?rfo‘l’grsgsse r:)faffl%’O"r‘Tf]e‘jLed ;‘:tig%‘gﬁ:gr"g?‘t;‘iﬂigtﬁgﬁ”xﬁrf
structures e}ppeared in the cytoplasm of thes,e _Ce”S', er plasr%ic membrane and gdis%’al tegument showing severe swell-
small balls in the droplets fused together or divided intgg and fusion with occurrence of large vacuoles and focal lysis of
numerous fragments, while the nucleated membranes &gumental matrix with pronounced vacuolisation4,000); b:
panded or collapsed. male worm with decreased glycogen granules and formation of small

Three days following the administration of r:xrtemethe?”"‘c“"Ies on the sensory organelles on the tegumeaio00); c:
emale worm with increased number of lipid droplets in vilelline

more pronounced alterations in the tegument and thgis and apparent decrease of granular endoplasmic reticulum (small
musculature were observed in male schistosomes (Figrow) and vitelline balls fused together (large arrow) or divided

4a). Damage was also apparent in sensory organelles vtk small pieces>( 6,000).
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membrane was damaged, resulting in the protrusion lofim, degeneration of mitochondria and loose distribution
the internal tegumental matrix and formation of vacuolesf microvilli were seen (Fig. 4d). The main alterations in
(Fig. 4b). In female worms, the sensory organelles and thigelline cells were similar to those 24 h post-treatment,
tegumental matrix exhibited extensive lysis. The musculéut the vitelline balls in the vitelline droplets fused to-
ture showed extensive lysis, which resulted in further fugiether or collapsed (Fig. 4e).

ing with the tegument (Fig. 4c). The main lesion of the Seven days post-treatment, some male and female
syncytium included disappearance of granular endoplasorms still showed severe damage and extensive lysis in
mic reticulum, degeneration of mitochondria, and lysis dhe tegument and in the underlying muscle fibres and
cytoplasm or emergence of myelin-like structures. In gygarenchymal tissues (Fig. 5a). The sensory organelles and
epithelial cells expansion of granular endoplasmic retictubercles of these worms still exhibited alterations (Fig.

I
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Fig. 3 Fig. 4

Fig. 3: ultrastructural alterations in ad8chistosoma mansoni Fig. 4: ultrastructural alterations in adthistosoma mansoni
worms recovered 24 h after infected mice were treatedorms recovered 3 days after infected mice were treated
intragastrically with a single dose of 400 mg/kg artemether. a: maietragastrically with a single dose of 400 mg/kg artemether. a: male
worm with damaged sensory organelles on the tegumeit500); worm with extensive disruption in the tegument and musculature
b: female worm with basement membrane disappearing in the tegi7,500); b: male worm with vacuolisation on a tubercle due to
ment and gut epithelial cells characterised by vacuolisation, degefocal swelling and expansion of outer plasmic membrané,Q00);
eration and necrosis of mitochondria (arrow) and disappearance @ffemale worm with a sensory organelle on the tegument showing
microvilli (x 7,500); c: female worm with lysis of interstitial tissueslysis of the internal tissues and focal degeneration of matrix fusing
distributed among the degenerated vitelline cells7(500). with the musculaturex(5,000);
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Fig, 4 {continue)

Fig. 4 (cont.): d: male worm with gut epithelial cell showing expan
sion of granular endoplasmic reticulum (large arrow) and degener
tion of mitochondria ¥ 7,500); e: female worm with muscle fibres
underlying the tegument showing focal lysis and myeline-like struc
tures (small arrow) in the cytoplasm of syncithium. In vitelline
cells, the granular endoplasmic reticulum disappeared, the vitellir
balls fused together or collapsed and vacuoles with residual bodi
(large arrow) appeareck (6,000).

5b). The extent and degree of expansion of granular enc
plasmic reticulum and degeneration of mitochondria i
gut epithelial cells were similar as 3 days post-treatmer
In some gut epithelial cells the microvilli showed reduc  Fig. 5
tion in number, shortening in length and expansion at tf..
end of the microvilli (Fig. 5¢). In some ultrathin sections,. 5: ultrastructural alterations in adBthistosoma mansoni
the e.Xtemal appearance_of the tegumentwag normal, s g?ms recovered 7 days after infected mice were treated
gesting that at least partial tegumental repair occurredintragastrically with a single dose of 400 mglkg artemether. a: male
Fourteen days after artemether administration, thef@rm with extensive lysis and disruption of subtegumental tissues
were some male and female worms where the most $e4,000); b: male worm with distal outer plasmic membrane col-
sing on the tubercle, swelling of mitochondria (small arrow) and
\ée;elyhdgr?agettihparts of theftegurg.entﬁwer?_lCompIEtév?gcpolisation (Iarge arrow)><(5,000); c: male worm with. gut gpi-
etache _rom e worm surface (Fig. 6a). owever, _mellal cells showing expansion of granular endoplasmic reticulum
other specimens, the damage was only focal with partighall arrow), degeneration of mitochondria (large arrow), increase
lysis observed on the tegument, musculature and parénspace between nucleus and cytoplasm, as well as shortened and
chymal tissues. Intact tegument and muscle fibres wepgollen microvilli (< 5,000).
seen in some worms, as well as apparently unchanged
sensory organelles and tubercles (Fig. 6b). Meanwhile,
the gut epithelial cells still showed apparent lesions, iiitelline cells collapsed, which resulted in the release of
cluding expansion of granular endoplasmic reticulumjitelline droplets and emergence of myelin-like structures
partial degeneration or disappearance of mitochondria ajtthe cytoplasm (Fig. 6¢).
emergence of numerous membrane-like vacuoles. How- DISCUSSION
ever, more and longer microvilli were seen. The vitelline
cells still remained severely damaged, as there was exten-The tegument of schistosomes and other trematode
sive lysis in the interstitial tissues among the cells. Sonsgecies is a living, anucleate, and cytoplasmic structure.
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tailed ultrastructural observations of the tegument and
subtegumental structures following the administration of
antischistosomals will further enhance our understand-
ing of the host-parasite relationship (Hockley 1973).

Alterations in the ultrastructure 8 mansonivorms
have been documented for various antischistosomal
drugs: Astiban (Erasmus 1975, Otubanjo 1981),
hycanthone (Hillman et al. 1977), niridazole (Popiel &
Erasmus 1981), oxamniquine (Popiel & Erasmus 1984,
Magalhdes Filho et al. 1987, Fallon et al. 1996) and
praziquantel (Becker et al. 1980, Mehlhorn etal. 1981, Shaw
& Erasmus 1983, 1987, 1988, Fallon et al. 1996). In com-
mon, all drugs induced damage to the tegument,
subtegumental structures and the reproductive system
of the worms. However, the onset, evolution and the pre-
cise pattern of these ultrastructural alterations dependent
upon the particular drug used.

Artemether is a new type of antischistosomal drug,
but the exact mechanism of action by which this com-
pound affects schistosomes has yet to be fully elucidated
(Xiao et al. 2000c, Utzinger et al. 2001a, b). Artemether
displays a considerably slower action than praziquantel
(Cioli et al. 1995, Xiao et al. 2000f), but more research is
required to explain this difference. When aduiltmansoni
were recovered from mice 8 h after a single dose of 400 mg/
kg artemether, ultrastructural damage was seen at some
parts of the worm surface. The first and most common
feature was vacuolisation of the tegument, which in-
creased in severity to reach a peak 3 days post-treatment.
For comparison, vacuolisation following the administra-
tion of praziquantel was observed as early as 5 min post-
treatment (Becker et al. 1980). Artemether-induced
vacuolisation of the tegument was accompanied by swell-
ing of distal cytoplasmic processes and focal or even ex-
tensive lysis of the tegumental matrix. Tubercles and sen-
sory organelles on the tegument showed various degrees
of damage, and some tubercles completely collapsed.
Subtegumental structures, including musculature, syncy-
tium and parenchymal tissues, gut epithelial cells and vi-
telline cells, also showed extensive damage. However, in

Fig. 6 some schistosomes, partial tequmental repair occurred as

there was less pronounced damage and intact appearing
Flg 6: ultrastructural alterations in adB8thistosoma mansoni tubercles and Sensory Organe”es 7 and partlcularly 14

worms recovered 14 days after infected mice were treate ; P : gy
intragastrically with a single dose of 400 mg/kg artemether. a: mal ays after cessation of artemether administration. Our find

worm with focal lysis and disruption of the tegument, muscle fibred19S Of artemether-induced damage in the tegument of
and parenchymal tissues ¢,500); b: male worm with intact tegu- adultS. mansomworms correspond with previous scan-

ment and sensory organelles 4,000); c: female worm with loss of ning electron microscopic observations (Xiao et al. 2000e).
d_efln_ltlon in a vitelline cell, focal lysis of cytoplasm and fusion of Recently, we have performed atemporal examination
vitelline balls & 10,000). . . . .
of ultrastructural alterations in 21-day-old juvenile
S. mansoninfected mice were treated with artemether at
the same dose and route of administration as in the ex-
periments presented here and schistosomula were recov-
It is connected with underlying nucleated cells that arered between 8 h and 14 days post-treatment (Xiao et al.
located beneath the circular and longitudinal muscul2002). The occurrence, pattern and intensity of ultrastruc-
ture (Hockley 1973). The role the tegument plays at tharal changes in juvenil8. mansonivere similar as de-
interface of the parasite and the host has been invesitribed in the present work. At first site, these observa-
gated in numerous studies. It has secretory functions tisns are quite surprising, because the juvenile stages of
involved in nutrient absorption, shields schistosomes fro®. mansonivere found to be significantly more suscep-
the immune response by the infected host, and is a kgilyle to artemether than the adult worms (Xiao & Catto
target for antischistosomal drugs (Pappas & Read 197(089, Xiao et al. 2000a). Stage-specific artemether suscep-
Capron et al. 1987, Pearce & Sher 1987). Therefore, dibilities with highest activity in the larval developmental
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stages were also found f8r japonicungXiao et al. 1995) servations with juvenil&. mansonandsS. japonicunof
andS. haematobiurgXiao et al. 2000b). The determinantsdifferent ages. Similar ultrastructural examinations will now
explaining the facts that ultrastructural alterations in juse undertaken fos. haematobiurto finally present the
venile and adult schistosome worms are comparable, Huit picture of artemether-induced damage in the three major
that artemether susceptibility is stage-specific remain to beeman schistosome parasites.
established. Three possibilities are _offered for discussion. REFERENCES

First, the tegumental damage might lead to disappear-
ance of the immunological ‘disguise’ of the worm. This i$ecker B, Mehlhorn H, Andrews P, Thomas H, Eckert J 1980.
believed to be of prime importance in causing the death of Light and electron microscopic studies on the effect of
the worms (Shaw & Erasmus 1987). It is possible that the Praziquantel orSchistosoma mansariDicrocoelium

. . dendriticum andFasciola hepaticgTrematoda) in vitraZ
disruption of the tegument caused by artemether was not Parasitenkd3: 113-128.

extensive enough — at least at the dose levels used in @pon A, Dessaint JP, Capron M, Ouma JH, Butterworth AE
experiments — resulting in lower worm reduction rates. '1987. Immunity to schistosomes: progress toward vaccine.
Second, the process of tegumental repair can occur rela- Science38 1065-1072.
tively rapid (Popiel et al. 1985). Therefore, it might be sugzioli D, Pica-Mattoccia L, Archer S 1995. Antischistosomal drugs:
gested that focal damage induced by an antischistosomalpast, present ... and futurBarmacol The68: 35-85.
drug in the tegument of either juvenile or adilmansoni Erasmus DA 19755chistosoma mansomlevelopment of the
might be repaired effectively over the course of 7-14 days Y'tde”'”% Ee”AItsbr?E '“F‘erQ _Seggegggt'zosné and changes
after cessation of the drug. In case of severe tegumerEa induced by AstibarExp Parasiolss: 240-256. .
damage the host immune response might impact the @Jlon PG, Fookes RE, Wharton GA 1996. Temporal differ-
. .2 . ences in praziquantel- and oxamniquine-induced tegumen-
pair process. Thus, tegumental repair in the surviving

. . tal damage to aduBchistosoma mansoiiplications for
worms suffering from severe damage might be slower than drug-antibody synergyarasitologyl12 47-58.

in specimens with less damage. In two previous studigsjiman GR, Gibler WB, Anderson JB 1977. Comparative ef-
employing a subcurative dose of praziquantel or fects of hycanthone iBchistosoma mansoahdSchisto-
amoscanate, the recovery process for repairing damagedsoma japonicumAm J Trop Med Hy@6: 238-242.
tegument in adul. mansonivorms was 65 and 102 days,Hockley DJ 1973. Ultrastructure of the tegumentSchisto-
respectively (Voge & Bueding 1980, Shaw & Erasmus somaAdv Parasitolll: 233-305. . .
1987). Although we made no attempt to determine tH@aBéma”fD'- 1C9h35~ é?'!"ghié’zsg i%ﬁgq‘ggns'”)i an antimalarial
effect of artemether over similarly long periods post-treat- 4rug from Chinascienc 099
ment, we observed partial repair of the tegument arg \év You J, Yang Y, Mei J, Guo H, Yang H, Zang C 1982.
R tudies on the efficacy of artemether in experimental schis-
subtegumental structures beginning at 7 days post-treat-

. AR . tosomiasisActa Pharmaceut Sih7: 187-193 (in Chinese
ment. Third, recent in vitro experiments suggested that |, i1, English abstract).

artemether interacts with haemin. It is believed thajagalhges Filho A, de Melo ME, Padovan PA, Padovan IP
artemether is activated by haematin, cleaving its endop- 1987.Schistosoma mansorsitructural damage after treat-
eroxide bridge to generate free radicals (Meshnick et al. ment with oxamniquineMem Inst Oswaldo Cruz §Suppl.
1996). This might be the ultimate cause of schistosome 4): 347-352.

death (Xiao et al. 2001b). In view of higher percent worrcintosh HM, Olliaro P 2000. Artemisinin derivatives for treat-
reductions in juveniles compared to adults, under the same ing severe malari€ochrane Database Syst R&D000527.
dose level of artemether, it is reasonable to suggest thighihorn H, Becker B, Andrews P, Thomas H, Frenkel JK

the anti-oxidant system in adult worms is stronger than in 1281 In vivo and in vitro experiments on the effects of
immature worms (Nare et al. 1990), praziquantel orschistosoma mansorai light and electron

microscopic studyArzneimittelforschun8l: 544-554.

epithelial cells and vitelline cells, which might furtherim- - Artemisinin and the antimalarial endoperoxides: from herbal
pact the physiological functions of the intestine, and the remedy to targeted chemotheraplicrobiol Rev60: 301-
production of eggs by female worms. In vitro studies with  315.

schistosomes kept in media containing artemether togetiNare B, Smith JM, Prichard RK 1998chistosoma mansoni
with haemin showed intestines with marked changes, in- levels of antioxidants and resistance to oxidants increase
cluding extension, distortion, and depigmentation (Xiag during developmenExp Parasitol70: 389-397.

& Catto 1989, Xiao et al. 2001b). These changes are clédPanjo OA 1981Schistosoma mansonhstiban-induced
indications of disturbance of the digestion process. On gamagteltngefé‘lmf%a”d the male reproductive syBbem.
the other hand, the vitelline gland of female worms occ arasiofo el

. . . I?’-"’appas PW, Read CP 1975. Membrane transport in helminth
pied about one-half of the posterior portions of the worm parasites: a revievExp ParasitoB7: 469-530.

body, providing vitelline cells that are necessary for thBearce EJ, Sher A 1987. Mechanisms of immune evasion in
development of eggs. The damage of these cells usually schistosomiasisContrib Microbiol InmunoB: 219-232.
impacts the formation and production of eggs. HowevePppiel |, Erasmus DA 1988chistosoma mansomiiridazole-
in surviving female worms egg production gradually re- induced damage to the vitelline glafckp Parasitob2: 35-
covered about two weeks post-treatment. 48.

In conclusion, a single dose of artemether inducé¥piel I, Erasmus DA 198&chistosoma mansoniltrastruc-
ultrastructural alterations to the tegument and subtegu- {uré of adults from mice treated with oxamniquigep
mental structures of adu. mansoniThese findings Parasitol58: 254-262.

) . o . ; Popiel I, Irving DL, Basch PF 1985. Wound healing in the trema-
confirm previous transmission electron mICroscopic on-



724 Artemether Damages Adult S. mansoni ¢ Xiao Shuhua et al.

todeSchistosomarissue Celll7: 69-77. Xiao SH, Chollet J, Utzinger J, Matile H, Mei JY, Tanner M
Price R, van Vugt M, Phaipun L, Luxemburger C, Simpson J, 2001b. Artemether administered together with haemin dam-

McGready R, ter Kuile F, Kham A, Chongsuphajaisiddhi ages schistosomes in vitfrans R Soc Trop Med H@%:

T, White NJ, Nosten F 1999. Adverse effects in patients 67-71.

with acute falciparum malaria treated with artemisinin deXiao SH, Chollet J, Weiss NA, Bergquist RN, Tanner M 2000a.

rivatives.Am J Trop Med Hy@§0: 547-555. Preventive effect of artemether in experimental animals in-
Shaw MK, Erasmus DA 1983%chistosoma mansomniose- fected withSchistosoma mansomarasitol Int49: 19-24.
related tegumental surface changes after in vivo treatmexitao SH, Hotez PJ, Tanner M 2000f. Artemether, an effective
with praziquantelZ Parasitenkdb9: 643-653. new agent for chemoprophylaxis against schistosomiasis in
Shaw MK, Erasmus DA 1987%5chistosoma mansorstruc- China: its in vivo effect on the biochemical metabolism of
tural damage and tegumental repair after in vivo treatment the asian schistosom®&outheast Asian J Trop Med Public
with praziquantelParasitology94: 243-254. Health31: 724-732.

Shaw MK, Erasmus DA 1988Schistosoma mansaoni Xiao SH, Shen BG, Catto BA 1996b. Effect of artemether on
praziquantel-induced changes to the female reproductive ultrastructure oSchistosoma japonicur€hin J Parasitol

systemExp Parasitol65: 31-42. Parasit Dis14: 181-187.
Smith JH, Reynolds ES, Von Lichtenberg F 1969. The integiao SH, Shen BG, Chollet J, Tanner M 2000d. Tegumental
ment ofSchistosoma mansoiim J Trop Med Hy8: 28- changes in 21-day-ol8chistosoma mansoharboured in
49. mice treated with artemethétcta Trop75: 341-348.
Utzinger J, N'Goran EK, N'Dri A, Lengeler C, Xiao SH, Tan-Xiao SH, Shen BG, Chollet J, Utzinger J, Tanner M 2001a.
ner M 2000. Oral artemether for preventiorschistosoma Tegumental alterations in juveniehistosoma haematobium
mansoninfection: randomised controlled tridlancet355 harboured in hamsters following artemether treatment.
1320-1325. Parasitol Int 50 175-183.

Utzinger J, Xiao SH, Keiser J, Chen MG, Zheng J, Tanner Miao SH, Shen BG, Chollet J, Utzinger J, Tanner M 2000e.
2001a. Current progress in the development and use of Tegumental changes in adBlthistosoma mansdmarbored
artemether for chemoprophylaxis of major human schisto- in mice treated with artemethdrParasitol86; 1125-1132.
some parasite€urr Med Chem 81841-1860. Xiao SH, Shen BG, Horner J, Catto BA 1996a. Tegument changes

Utzinger J, Xiao SH, N'Goran EK, Bergquist R, Tanner M  of Schistosoma japonicuamdSchistosoma mansdnimice
2001b. The potential of artemether for the control of schisto- treated with artemethekcta Pharmacol Sid7: 535-537.

somiasisint J Parasitol 31 1549-1562. Xiao SH, Shen BG, Utzinger J, Chollet J, Tanner M 2002.
Voge M, Bueding E 19805chistosoma mansortegumental Transmission electron microscopic observations on ultra-
surface alterations induced by subcurative doses of the structural damage in juvenifchistosoma mansocaused

schistosomicide amoscanafxp Parasitob0: 251-259. by artemetherActa Trop 8153-61.

White N 1999. Antimalarial drug resistance and combinatioXiao SH, Utzinger J, Chollet J, Endriss Y, N'Goran EK, Tanner
chemotherapyPhilos Trans R Soc Lond B Biol 254 M 2000b. Effect of artemether againSthistosoma
739-749. haematobiumn experimentally infected hamstetst J

White NJ, Nosten F, Looareesuwan S, Watkins WM, Marsh K, Parasitol30: 1001-1006.
Snow RW, Kokwaro G, Ouma J, Hien TT, Molyneux ME,Xiao SH, You JQ, Yang YQ, Wang CZ 1995. Experimental stud-
Taylor TE, Newbold Cl, Ruebush TK, Danis M, Green- ies on early treatment of schistosomal infection with
wood BM, Anderson RM, Olliaro P 1999. Adverting a  artemetherSoutheast Asian J Trop Med Public Hedth
malaria disastet.ancet353 1965-1967. 306-318.

Wu LJ, Yang HZ, Yang YQ 1983. Histological and histochemi¥olles TK, Moore DV, De Giusti DL, Ripsom CA, Meleney
cal changes dschistosoma japonicuamd host liver caused HE 1947. A technique for the perfusion of laboratory ani-

by artemetherActa Pharmaceut Sih8: 7-14 (in Chinese mals for the recovery of schistosom&®arasitol33: 419-
with English abstract). 426.

Xiao SH, Booth M, Tanner M 2000c. The prophylactic effect¥ou JQ, Mei JY, Xiao SH 1992. Effect of artemether against
of artemether againSchistosoma japonicumnfections. Schistosoma japonicurActa Pharmacol Sit3: 280-284.
Parasitol Todayl6: 122-126. Yuan HC, Guo JG, Bergquist R, Tanner M, Chen XY, Wang HZ

Xiao SH, Catto BA 1989. In vitro and in vivo studies of the 2000. The 1992-1999 World Bank schistosomiasis research
effect of artemether o8chistosoma mansomintimicrob initiative in China: outcome and perspectiiearasitol Int

Agents Chemothé3: 1557-1562. 49: 195-207.



