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Early treatment of schistosomal infection with praziquantel in mice’
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ABSTRACT
{Pra) was given ig to mice on the day of Infection with

The first single dose of praziguantel

Schidomma japonticum cercarige, ot 7 d. 14 d, and 21
d afier infection. Afierwards. the same dose of Pra
was given once at 1 —3 wk intervals for 2— 3 times.
The prophylactic effect was estimated by the reduction
of average number of total and 2 worms, the number
of mice without -‘i’- worm . gnd the gross change of the
When mice were treated with Pra 300— 500 mg
*kg~! injtially on d 21 after infection and repeated once
every 1—2 wk for 2— 3 times » almost all the ¥ worms
lodged in the host were kiiled. showing that either the

liver.

host was protected from the Infection of schistosomes
or a great decreas¢ in the Intensity of the infection re-
sulted.

KEY WORDS Schisiosoma japonicumy schistosomuiz
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The effect of praziquantel (Pra) on differ-
ent developmental stages of Schisfosoma japon-
icum has been studies. Apart from its effect
on adult worms , Pra was exhibited to have ef-
fect on cercariae invading the skin of the host,
3 h-old and 21-d-old =

Based on

schistosomulae®
the antischistosomal activities of
Pra, we suggest if Pra is given once at appro-
priate intervals for several times to the host
started at early stage of infection, the majority
or even all of the ¥ worms are expected to be
Thus
the appropriate regimen could be selected and

killed before their sexual maturity.

used for control of acute schistosomiasis or re-
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duced the intensity of infection. Besides Pra,
studies on the effect of artemether {Art), a
indicated that Art
was more effective against 7-d-old schistoso-

derivative of ginghaosu.

mula™. Thetefore, the combined treatment
with Pra and Art was 2also tested in early treat-
ment of schistosomal infection to measure the
possibility of synergic action of the two drugs.

MATERIALS AND METHOQDS

Parasites Schistosoma japontcum cercariae (An-
hui isolate ), obtained from infected Oncomelania hu-
pensis, was provided by our Institute.

Mlce Kunming strain mice of either sex weighing
1845 2 g were maintained on s rodent feed and water
ed [ In the animai care faciiities of the Institute.

Infectlon and therapy Each mouse was Infected
with 48 — 52 cercariae via the shaved abdominal skin
and treated ig with Pra at 1—3 wk intervals for 1—5
times- The mice were killed 4—5 wk after treatment
for collection of residual worms by perfusion. The
therapeutic

efficacy was evaluated by total worm

reduction rate., ?— worm reduction rate. the number
of mice without § worm, and the gross change of
the liver.

Effect on egg production of § worm
fected with cercarise for 21 d were treated ig with Pra
500 mg kg .
14+ and 21 d after treatment and the schistosomes
lodged in the host were flushed out with ice <¢old
Hank’ balanced salt solution {HBSS} from the Iiver
and mesenteric velns. The worms were fixed in 70%
ethanol and stained with acid carmine.
tive system of the ¥ worms was examined under a

light microscope and the e¢gps presant in the uterus

Mice in-

Groups of 2— 3 mice were killed 3, 7,

The reproduc-

were ¢counted. In untreated mice on dz, da. and das
2 worms were examined as controls.
Statistical method All data obtained from the ex-

periments were analyzed with £ test.
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RESULTS

Treatment started on d, When mice were
treated ig with Pra 500 mg-kg ™' on d4. the to-
tal and § worm reduction rates were 80.3%%
and 83.72% ., respectively. 4/20 mice were
free from £ worm. but none of the mice was
cured.
with Pra 500 mg +kg ™' on d; and then once at 1

—3 wk intervals for 2—4 times.

In other groups . mice were treated ig

The average
numbers of totzl and ¥ worm in each group
were similar, but much less than those of the
above-mentioned group treated only cnce with
Pra.
for several times, part of the livers showed

After the mice were treated ig with Pra

normal appearance. purplish red in color and
soft ¢onsistency, while other parts were light
red in color with some dispersed egg tubercles

on the surface. In these 3 treated groups over
half of the mice was free from ¥ worms and a
few of them were cured {(Tab 1).

Treatment started on 1—3 wk after infec-
tion When Pra was given ig to mice 1 wk af-
ter infection at a daily dose of 500 mg ~kg ' for
3 d, no apparent efficacy was seen. In above-
mentioned mice treated ig with Pra500 mg
skg ™' weekly for 3 wk, the average number of
total worms was less than that in the control,
but which was not the case in the awverage
number of ¥ worms. In other 2 groups of
mice, the 2nd and the 3rd doses of Pra were
given at 2— 3 wk intervals following the first
dosing which took place 1 wk after infection.
resulting in an apparent lowering of the aver-
age number of total worms and $ worms as
compared with the above-mentioned 2 groups,

Tab 1. Mice infected with Schistosorma japordowan cercariae and treated with ig praziguantel 500 mg+kg ™' given on

difierent days after Infection.

%+s “P>0.05, *P<0.05. *P<0. D! ws control.

Mice

Day of Mice ) T otal Female Liver

medicatjon cured without wOorms WRR/% wolms FWRR/% alteration
2 worms

Control 0/20 0/20 31.54+9.0 - 14.019. 0 — +—4+
da 0/20 0/20 6. 244, 4 BD. 3 2.3+1. ¢ B3 7 +—+
do.7.14.21.20.35 2714 8/14 2.1£1.5° 93. 3 &.5+0.7 96.5 ——+
do.14,20,42 5/13 /13 1.441.5° 95. 6 0.540. 7 96. 5 ——
da.er.2e.05 6/17 10417 1-94- 2.6 94. 0 0.6+ 1.1° a5.7 —+
Control 0/20 0/20 29. 04-7.0 — 9.85+2.8 — +—++
dr.a.e 0/14 0/14 3l.448. 07 — 10.0£3. 7 - +—++
L ENTRN 0/15 /15 23.543.9° 18. 4 8.5x21* 13.3 +—++
draias /18 7/16 4.143.5° 85. 8 0.7L0.9 92.9 + -+
d 2540 1/12 10/12 234+2.F 58.5 0. 240. 4 98. 0 +—4+
dig,15.10 0/16 0/16 28. 071" 2.8 9.343.6" 8.1 +—++
dud.zi.ze 0/16 0/1¢ 11,94 3. 6 58.7 3.211. 8 67.3 +—4+
LTI 2716 12/16 3.2+2.% B8.9 0. 30,4 96.9 +—+
TP 6/16 12/16 1.6+1.7 94.4 0. 340, 1 96. 9 +—+
dzi.ra.2a 0/15 5/15 B.744.8 69. 8 1.7+1. 6 82.7 s
dzi 2838 2417 12/17 4,445 4 Bd, T 0.5+ 1.9 94.9 — -
dzi.a5.48 B/17 14/17 1.642.6° 94. 4 0.2+0. 4 98. 0 ——
dzi,cz,t 12717 1717 061+1.1° 97.9 o 100. ¢ + -4+

WRR : worm reduction rate; FWRR ; female worm reduction rate.

— 3 notmals 1 : normal color , needle poini-ilke egg tubercles seen oceasionally in 1 —2 lobes of the liver; = light
red color. egg tubercles larger than needle point dispersed on the whole liver surface; + +: marked red color., €gg
tubercles fused together with millet-llke in slze distributed extensively on the liver surface.
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and half of the mice being free from ¥ worms
{Tab 1).

in mice treated ig with Pra 500 mg-+kg™
daijly for 3 d started 14 d afrer infection, neo
When Pra was
given weekly for 3 wk started on d 14, the av-

1

apparent effect was found.

erage numbers of total worms and ¥ worms
were significantly lower than those of the ¢con-
trol with a & worm reduction rate of 67. 3%.
In other 2 groups. the 2nd and 3rd doses of
Pra were given at 2—3 wk intervals following
the first dosing started on d 14, the average
numbers of total and § worms were less than
those of the above-mentioned 2 groups with
the same § worms reduction rates of 96. 994.
Nevertheless, 75% of mice treated in these 2
groups were free from ¥ worms (Tab 1).
When mice were treated ig with Pra at 3
wk after infection at 500 mg kg~ '-d" "X 3 d.
the total and $ worm reduction rates were
6%. 8% and 82.7% . respectively with one-
third of mice without ¥ worms. In mice
treated ig with Pra 500 mg kg™ ' once a week
for 3 wk started on 3 wk afrer infection, the
average numbers of total and $ worms were
less than those of the above-mentiohed group
and the 4 worm reduction rate was 94.99;.
When Pra was given once every 2—3 wk for 3
times. the total worm reduction rate was still
higher and the $ worm reduction rate was 98
— 1009,

age number of ¥ worms was seen between the

No apparent difference in the aver-

groups treated with Pra once every 1 or 2 wk
{Tab 1).
or 2 wk intervals, most of the livers were soft

In groups treated ig with Pra at 1

and red in color and only 1/6 of them showed
sparse fine egg tubercles. The livers in the
agroup treated with Pra at 3 wk intervals were
slightly harder with some fibrous egg tuber-
cles (Tab 1},

Effect of varlous doses At 3 wk after in-
fection the mice were treated ig with Pra 300

or 500 mg+kg~!. Afterwards, the same dose

The total
1

of Pra was given weekly for twice.
and $ worm reduction rates of 300 mg kg~
group were 70. 8% and 80. 85%¢, respectively,
but the average numbers of total and %
worms in this group were significantly higher
and the numbers of mice without $ worm or
cured were less than those in the 500 mg<kg ™’
group. Inthe 300 mg+ kg~ 'group, about half
of the mice showed normal livers, while oth-
ers manifested some larger egg tubercles in the
dark red livers. 1In the 500 mg kg™ group,
most of the mice showed normal livers apart
from some fine egg tubercles in a few of mice.
When the 2nd and the 3rd doses of Pra 300 mg
*kg~! were given to the mice at 3 wk intervals
after the first dosing started on 3 wk after in-
fection . the average numbers of total and $
worms were still higher than those of the 500
mg * kg~ ' group. In this group. 9/13 mice
were free from ¥ worm with a total worm re-
duetion rate of 96. 2% and the gross patholog-
ical changes of the liver were similar to those
of the 500 mg kg ' group (Tab 2).

In another experiment. mice were treated
ig with Pra 300 mg+kg~'at 1—3 intervals and
a single dose (200 mg +-kg™') of artemether
No ap-
parent increase of efficacy was noted. On the
other hand, when a dose of Pra was added in
the regimen of dz « das» dssy and given on dy:
after infection. the efficacy of Pra increased
significantly, as shown by the finding that §
worm reduction rate reached 98.6% and §
worms disappeared in 13/17 mice (Tab 2).

Alternative administration of Pra and
artemether When mice were treated ig with
Pra 500 mg *kg ' or Art 300 mg *kg ™' on d,
and d;. respectively, the average numbers of
total worms in these Z groups were similar,
but less than that in the control. In mice
treated ig with Pra on dyand Art on d; or dyy»

(Art) was given on d; after infection.
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Tab 2. Mice infected with Schistosoma japoniciim cercariae and treated with ig praziquantel (Pra) or In combina-
tion with artemether (Art) ig on different days after infection. ¥4 s *P>>0.05, *P<0.05, *P<70. D1 vs the
corresponding A group.

Drug dose Mice

Day of - Mice . Total Female Liver

medi:ation (mg kg™') careq  Without worms  WRR/Y worms  WRR/%
Art Pra 2 worms

Control ¢] ¥} 0/20 D20 24.048.0 - 10. 44354, — + -4+
dai.mm.e 0 300 2/18 8/16 7. D16 £ 70. B 2. 0422 80.8 +—++
dai,am.0e® 0 500 8/17 14/17 0.941.1 96, 2 0.240.4 98.1 ——+4
dzi.az.m 0 300 3/13 9/13 2.94 2. ¢ 87.9 0.440.7° 9%6.2 +—+
darazo® 0 500 6/16 16/16 1.03£1.0 95. 8 0 100 +—+
Control 4] 0 0/13 0713 28.0+11.0 - 13.944.3 - +—++
ds 200 0 4/16 6/16 34+5 0 87.9 Lo£1.1° 92.8 ——+
A ,e,m 0 300
ds 200 0 4/14 7714 2.942. 7 BS. 7 0.941.1% 93.5 ——+
dziae,0
driomss 0 300 3/16 6/16 4, 2435 85.1 1. 6+1.6° 88.5 ——++
dy1.35.40 0 300 3/16 5/18 46447 83. 6 1.541.7 89.2 ——+4
dzi, 20,0802 0 300 B/17 13/17 0.9+1.1 96. 8 0.240. 4 98.6 — —+

WRR: worm reduction rate) FWRR ; female worm reduction rate.

—: normals £ ; normal coler, needle point-like egg tubercles seen oceasionally in 1 — 2 lobes of the liver ; +; light
red color, egg tubercles larger than needie point dispersed on the whole Hver surface; + +; marked red color, egg
tubercles fused together with millet-like in size distributed extensively on the liver surface.

no apparent increase in efficacy was seen. 4 worms were obtained, but the difference
When mice were treated ig with Art on d; and was not significant »# the group treated with
Pra on d;, less average numbers of total and either Pra or Art alone (Tab 2).

Tab 3. Effects of praziquantel {Pra} combined with artemether (Art) glven alternately to mice on Qifferent days
atter Infection with Schistosora japordctim cercarise. *+s. *P>-0. 08, "P<C0. 08, *P<<0. 01 vs A& group-

Drug dose Mice

Art Pra 2 worms
Control 4] 4] D/20 0/20 31.54+8.9 - 14.244. 8 —_
dp 4] 500 0/20 4/20 6.244. 4 30.3 2.34+1.98" 83.7
d; 300 4] 0/18 0D/19 9.544. 4 69.8 3.242. 00 77. 3
af )] 500 0/20 4/20 4.642.8 85.4 1.641.1 88.7
d- 300 0
Control 4] 0 D/15 D/15 38.145.3 - 17.242. 7 -
do 4] 500 0/10 0/10 10. 94-7. 8 71.4 3.6+3. 0 79.1
d; 300 4] 0/10 0/10 10. 744. 5" 7.8 35419 79.7
a# 0 500 010 0/10 9.34+4.2 75. 6 3.241.7 Bl. 4
d- 300 0
do D 500 0/10 0/10 9.144.8 TE. 1 4.242. 6" 75.6
dyy 300 0
d, 300 0 0/8 0/8 7. 545 3" 80.3 2.3x+1.2¢ 86. 8

dz 0 500
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Effect of Pra on egg production of d,, ¥
worm  When mice were treated ig with Pra
500 mg+kg~ ' on d,, after infection. 3 to 7 d
later, the ¥ worms showed apparent shrink-
age in size, depigmentation of the intestine.
degeneration of the vitelline gland, atrophy of
the ovary. and disappearance of eggs in
uterus. In dy control -‘F WOorms., eggs were

seen in all of the worms examined with an a,v-'__-'
erage number of 84+ 47/% worm. Ond 14°

after treatment, 21/34 £ worms (61.8%)
examined showed no egg in their uteri or no
apparent recovery of their damaged reproduc-
tive glands. The other 13 % worms showed
recovery of their repreductive glands in vari-
ous degrees and the eggs were found in the
uterus with an average number of 404+ 45/ %
warm, which was significantly less than that
of dis control § worm with an egg reduction
rate of 80.4%. On 21 d after treatment,
maost of the residual ¥ worms showed appar-
ent recovery of their reproductive glands with
an average egg number of 934+ 55/% worm,
which was reduced to 54.5% of that found in
the control ¥ worms (Tab 4).

Tab 4. Egg production of § worms harbored in mice
intected with Schistosorma japonicum cercariae tor 21 d
and treated with Ig praziquantel at a single dose of 500
*P< 0.01 vs 35-d control. ‘vs

mg kg~ ®Ls

28-d comirol.

Days atter female $ worms Egg Ege
without egg reduction
treatment worms , number
in uterus rate/ %5
3 11 11 0 —
7 17 17 ¥ 100. 0
14 34 21 40+L 45° 80. 4
21 20 0 9355 54, 4
21-d control 10 10 0 —
284 control 19 0 84+ 47 —
35-d control 17 0 204169 —

DISCUSSION

Although higher total and § worm re-
duction rates were seen when a single dose of
Pra was given to mice on dgs less efficacy was
found in rabbits treated with Pra on the same
time after infection (To be published). In
view of the above-mentioned results and the
inaccessibility of delivery of the drug to the pi-
lot area on the day of infection, the regimen
has not been further studied.

When mice were treated ig with Pra on
d;, or d,, after infection at a daily dose for 3
d, none or only a slight effect was seen. The
same was true when the same dose of Pra was
given weekly. However, if the second and
the third doses were given at 2— 3 wk inter-
vals. higher § worm reduction rates were
seen. Since d; and d,, schistosomula were un-
susceptible to Pra™, only the drug given on
das —dse might display the lethal effect on adult
worms, je. the -?- worms would mature and
lay eggs before they were affected by the
drug- Therefore, in spite of higher § worm
reduction rate and about half of the animals
treated were free from ¥ worms, the liver of
each mouse still showed traces of damage
caused by eggs.

Among the regimens tested, the most
promising one was that Pra was given initially
to the host on dj; after infection, followed by
the repeated dosing at 1 —2 wk intervals for 2
— 3 times. With this early treatment regimen
the average numbers of total and ¥ worms,
and the number of mice without ¥ worm were
somewhat less than those in 3 wk group. Al-
though all mice were free from ¥ worm in the
latter group, traces of gross pathological
changes of the liver induced by eggs was seen
in each mouse. On the contrary, in 1 and 2
wk group traces of egg tubercles could hardly
be found in the liver in most of the mice with
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an apperance similar to that of the non-infect-
ed mice. the study on the effect of Pra on egg
production of d, ¥ worm noted that the
oviposition of ¥ worms was inhibited signifi-
cantly or even completely during the 2 wk af-
ter treatment, indicating the rationality of
above-mentioned recommended regimens.

A previous paper Indicated that combined
Pra and Arc did not show any s ynergetic e ffect
even at higher doses and with longer treat—s
ment courses . Since d;. and dg, dy schisto-
somula were more susceptible to respective
Art and Pra while given separately™. the 2
Using
this regimen, the efficacy only increased negli-

drugs were then given alternatively.

gitly and it seemed meaningless to use this
regimen in practice.
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