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Early treatment of schistosomal infection with
artemether and praziquantel in rabbits’
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ABSTRACT Artemether ( Art, P-methyl
ether of artemisinin) first synthesized hy
Shanghai Institute of Materia Medica, Chinese
Academny of Sciences. is effective against not
When
rabbits infected with Schistosorma japonicum

cercariae for 7 d were treated ig with Art 10
1

only malaria but also schistosomiasis.

mgkg~', the total worm reduction rates were
74.6 —76.7 Y. If Art (10 mg-kg™") was
given once weekly after the first treatment for
3—4 times, the total worm reduction rate was
=098 %, and most of the rabbits were free
from $ worms. When praziquantel (Pra)
was givern ig 40 mg+kg™! to rabbits on d 21 af-
ter infection. and repeated once every week
for 3 wk, most rabbits showed a total worm
reduction rate >>98 % with their livers show-
ing nmormal or mild changes, and their parame-
ters relevant to acute schistosomiasis were
Hence
Art and Pra are suggested to be used in field
trial for control of acute schistosomiasis or re-
duction of the intensity of schistosomal infec-
tion.

negative as compared to the controls.

KEY WORDS Schistosoma  japonicum;
artemether; praziquantel; combination drug
therapy; drug administration schedule

When praziguantel (Pra) was given to
mice infected with Schistosema japonicum cer-
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cariae at an early stage after infection. most or
even all of the $ worms before sexual maturi-
ty were killed’. When artemether (Art,
first synthesized by Shanghai Institute of Ma-
teria Medica. Chinese Academy of Sciences™
and found to be effective against schisto-

(3,43

somes ™) was given to mice at an early stage

after infection, similar results were ob-

served*”, To evaluate appropriate regimens
of Art and Pra used in early treatment for con-
trolling schistosomiasis and reducing the in-
tensity of schistosomal infection, this study

was carried out in rabbits.

Artemether

MATERIALS AND METHODS

Parasites
hui isclate) was released from infected snail Oncomela-
nia hupensis provided by the Department of Vector
Biclogy of our Institute.

Rahbits New Zealand strein rabbits, ¥ and 4,
weighing 2.2+ 0. 3 kg+ were provided by the Animal
Cere Facilities of the Institute. Each rabbit was in-
fected with 198 — 202 cerceriae via shaved abdominal
skin.

Drugs Pra was purcthased from Shanghei 6th
FPharmaceutical Factory and Art was the product of
Kunming Pharmaceutical Factory. Pra and Art were

Schistosoma japonicum cercariae (An-
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suspended 5— 30 mg-ml~'in 1%{ tragacanth and the ig
volume was 2. 0 ml-kg™'.

Regimens of Art and Pra Art was administered
ig on d 7 after infection and repeated once in 1—2 wk
for 3— 4 times. The Pra treatment was started on d
21 afrer infection followed by repetition once in 1— 2
wk for 2— 3 times. To evaluate the influence of ad-
mintstration frequency on efficacy of Art, rabbits in-
fected with cercariae were divided into 6§ groups. in
which one group was secved as control and the other 5
groups were treated ig with Art 10 mg-kg~'ond 7 and
repeated the dosing once a wk for 0, 1, 2, 3 and 4
times.

Evaluatlon of efficacy The rabbits were killed 4
—5 wk after treatment,

by terms of the number of residual worms, The liver

The efficacy was evaluated

was evaluated as —: normal, fresh red color without
egg tubeccle; =+ ; the liver in fresh red color with few
fine egg tubercles; =+ : the liver in light red cclor with
some egg tubercles; + +: the liver in markedly red
color with numerous small egg tubercles; + + -+ : the
liver in marked grey color with numerous larger egg
tubercles.

Acute schistosomlasis Rabbits infected with 198
—202 cercariae were divided inte Group K, P and Q.
The Group P {n=28) was treated ig with Art 10 mg
<kg~!on d 7 after infection and retreated weekly for 4
wk. In Group Q (rn=25), Pra ig 40 mg-kg ' was
stacted on d 21 after infection, and repeated weekly
for 3 wk.

trol. Four weeks after infection, the rectal tempera-

The Group K (n=25) was served as con-

ture was measured and the blood was withdrawn from
the ear vein for eosinophil count. The schistosomal
eggs in feces were examined by hatehing and light mi-
croscope.  Serum was detected by circumaval precip-
itin test (COPT )" and dot-ELISA using moneclonal
antibody ™ (n=4 in each group) for schistosomal anti-
body and circulating antigen, respectively, weekly

during the 5th— %th wk after infection.
RESULTS

1 Early treatment with Art When Art
30 mg+kg™ ' was given ig to rabbits on d 7 af-
ter infection, the total worm number was 9. 0
+4. 9 (Group B), which was less than 127+ 7
of the control (Group A). The number of $

worms in Group B was also less than that in
the control, hut & worms were still found in
each rabbit of Group B. In groups treated ig
with Art at the same dose once a wk (Group
C) or 2 wk (Group D) followed the first dos-
ing for 3—4 times, the total worm numbers of
Group C and Group D were less than that of
Group B. All 7 rabbits in Group C and 3/7
rabbits in Group D were cured (Tab 1), and
only 1—2 § worms remained in the other 4
rabbits of Group D). The rabbit livers in the
two groups appeared to be norrnal.

‘When rabbits were treated ig with Art on
d 7 after infection at 10 or 15 mg+kg™', the
total worm reduction rates were 74.6 941
{Group F) and 82. 2 % (Group G). The liv-
er changes in Group F and Group G were less
apparent than that in control group (Tab 13,
In another 3 groups, the rabbits were treated
ig with Art 10 mg+kg ' (Group H), 15 mg
+kg ' (Group I} or 30 (Group J) mg+kg !,
and repeated the dosing once a week for 4 wk,
the total worm reduction rates were > 97 %
(Tab 1). In these 3 groups, 3/8, 4/8 and 2/
4 rabbits were free from § worm, and only 1
—3 ¥ worms remained in the other rabbits.
Meantime, no apparent changes in the livers
were detected in most of the rabbits, but in
each group 2/8, 2/8 and 1/4 rabbits showed
some fine egg tubercles in the liver with fresh
red color and soft quality of the tissues.

2 Influence of administration schedule
on efficacy of Art When Art was given ig to
rabbits on d 7 (Group L)Y or d 7 and d 14
(Group M) after infection, the numbers of to-
tal and ¥ worms of these 2 groups were less
than those of control, but 7—20 $ worms
were found in 4/4 and 2/4 rabbits, respective-
ly. The total worm reduction rates and %
worm reduction rates were similar in Group
N, O and P treated ig with the same dose of
Art once a wk for 3 —5 times . being much
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Tab 1. Effects of artemether {Art) and praziquantel {Pra) on rabbits infected with Schistosoma faponicum cer-
carlae. Xits "P>0.0§. "P<0.05, “P<0.01 vs corresponding Group C, J, K. P, Tor Y.
Medication mD?f;e{I Rabbits Total Worm '] £ WRR/  Liver
Group g°5g without reduction 2
d WOorms WOrms % alteration
Art Pra % worms rate/ %
A | ] 0/% 1277 — 37+6 — -+
B 7 30 ] 0/6 9.0+4. 9" 92, % 4.34+2. 2 92.4 Tt
C 7.14.21.28,35 30 0 747 0 100. ¢ o 1080, 0
D 7.21,33,49 30 ] 3/7 a.9+1.0° 9%. 3 0.44+0.5" 99, 3 =
E 0 8 /9 12215 — 49—10 — -+
F 7 14 0 a/T 31419 74.6 13+ 7 74.2 +
G 7 15 0 0fB 22410 82,2 9.74+5.7 80, 3 +
H 7,14.21.28,35 10 o] 3/8 3.1+3.8" 97, 7 1.5+1.8" 97. 0 =+
1 7,14.21.28,35 15 v 1/8 1.8%2.1° 88.6 0.84+0.9% 98. 4 -—%
J 7,14,21,28.35 30 a a/4 2.0+2.4 98. 4 0.8=1.¢ 99, 3 -
K a 0 0/7 1144190 — 54+ 5 - -t+-
L 7 10 Q 0/ 28+ 3 75.0 14+1 74. 4 =
M 7.14 10 [ a/4 174+19° 85. ¢ B. 048 & 85.2 t-+-
™ 7.14.21 1% o 27 4 VR P 99.1 0.5+0. 8 99. 1 -
O 7.14,21,28 10 0 2/4 2.0+ 2.8 98. 2 1.0+1.4* 94. 1 =
P T,14,21.28,35 10 0 5/8 1.64+2.4 9B. kB 0.8+1.2 98.5 -
Q 21,28,35.42 0 40 4/B 2,242 4° 98.1 0.54+0. 8 89.1 -t
R ] o 0fe 12747 — 57+6 - ++-
5 21.28,35 ) 40 0/8 154+17" 87.7 T4 B8. 2 =T
T 21,35,49 Q 40 3/3 0.7+0. & 99.5 Qa 100. 0 —= =
U 7 3q " 0/B 9, 0+4. % 92. 9 4.3+£2.2 92. 4 E
v 7 30 ] 3/6 1.0%1.1° 99, 2 0. 5+0. 5 99.1 -z
21.28.35 0 Al
w a 0 a/9 122+15 — 40410 - Rl
X 7 13 0 0/6 224 7° az. 2 10+6° 80. 3 +
Y 7 15 a 4/6 2.042.3 og. 4 0.310.5 993 i
21.28.35 I 40
Z1  21.28.35 Q a0 277 8. 9410 92. 7 2.342. 8 3.3 E
Z2  21,28,35.42 0] 10 2/6 6.51+9.8 94. 7 1.5+1.9” 87. ¢ -

higher than those of group L and M. No ap-
parent changes in the livers were seen in 2/4,

2 times. In Group T, all 3 rabbits were free

from % worms and only a few residual %

3/4 and 6/8 rabbits of the 3 groups, but less
and fine egg tubercles were detected in the re-
mained rabbits of the 3 groups. In Group P
more cured rabbits (5/8) were seen {Tab 1J.
3 Early treatment with Pra Rabbits in-
fected for 21 d were initially treated ig with
Pra 40 mg kg™, followed by repeated dosing
once a week (Group S) aor 2 wk (Group T) for

worms were found with a total worm reduction
rate of 99.5 %. In Group S, the total and £
worm reduction rates were 87.7 % and
8B. 2%, respectively, being lower than those
of Group T (Tab 1). The liver changes in
Group S appeared to be darkish red color and a
few fine egg tubercles. Omne rabbit in which

28 residual § worms was found showed ap-
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parent egg tubercles in its liver. In Group T
the livers of 2 rabbits appesred to be normal,
while the other one exhibited a few old and
fine egg tubercles,

When Pra was given to the infected rab-
bits at the same regimen with a total adminis-
tration time of 3 (Group Z1) or 4 (Group 22),
the efficacies were similar, but the residual 2
worms in Group Z2 was less than that of
Group Z1. In Group Q with the same regi-
men of Group Z2, the total and ¥ worm re-
duction rates were 98.1 % and 95.1 %, re-
spectively, and 4/6 rabbits were free from %
In the other 2 rabbits, only Lor 2 %
wortns were found and none or only mild
changes in the livers were noted (Tab 1).

4 Pra 1+ Art

When Art 30 mg+kg™! was given ig to the
rabbits on d 7, and Pra 40 mg-kg™' was given
ond 21, 28 and 35 (Group V), the numbers
of total and ¥ worms were less than those
treated with Pra (Group S) or Art (Group U)
alone (Tab 1). In Group V, 3/6 rabbits were
cured or free from 2 worms, and most livers
revealed no apparent change except for 1 rab-
bit which showed a few fine egg tubercles.

In above mentioned combined treatment
the dose of Art decreased to 15 mg » kg™!
{(Group Y ) resulted in less numbers of total
and $ worms as compared to Groupr X or
Group Z1. In Group Y, 4/6 rabbits were
cured, and in the other 2 rabbits only 1 resid-
ual # worm remained. None or very mild
changes in the liver were found (Tab 1).

£ Infloence of Art and Pra on iempera-
ture, eosinophil count, and eggs in feces

5.1 Rectal temperature Four wk after
infection, the temperature of rabbits in control
group (Group K) was 39.5 C, and then grad-
ually reached its peak value of 40.7 C 6 wk
later. Up to 9 wk after infection, the temper-
ature of the control rabbits sustained around
40 T. The average temperature in Group P

WQrMl.

and Group Q, ie. treated ig with Art or Pra,
fluctuated between 38.5—39.4 C and 38. 7—
39.5 T, respectively 4—10 wk after infection
(Fig 1A)D.
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Fig 1. Rectal temperature (A, n=8— 6, ¥t s5);
eosinophil count (B, a=5—6, Txs); circumoval pre-
cipitin rate (C, n=%—46, ¥=Xs) and nntigen fevel {I,
n=4, ¥13) In infected rabbits treated ig with arie-
menter 10 mg kg™ (X} or praziquantel 40 mg-kg™'
(@). The untreated infected rabbits were the control
(.

5. 2 Eosinophil count The number of
eosinophils increased gradually since 5 wk af-
ter infection and reached its peak value of
(11. 74+4. 13 X10*/L 8 wk later. Afterwards,
the number of eosinophils decreased, but still
mich higher than that before 4 wk. No ap-
parent alteration was detected in groups treat-
ed with Art or Pra during 4— 10 wk after in-
fection (Fig 1B).

5.3 Eggsinfeces At 6—9 wk, schisto-
somal eggs in the feces were found in control
group ., but not in the groups treated with Art
or Pra.

6 Influence of Art and Pra aon antibody
and antigen level n serum

6.1 Antibody COPT was used for de-
termination of antibody level. Five wk after
infection, all rabbits showed positive reaction
with a circumoval precipitin rate of 3345 %,
and then reached and sustained around 57 —
£3% 6— 9 wk later (Fig 1C). In all rabbits
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treated ig with Art, positive reaction revealed
in 6 wk after infection with a circumoval pre-
cipitin rate of 8 Y, afterwards, the circumoval
precipitin rates sustained around 15— 21 %
{Fig 1C). Five to 9 wk after infection, the
circumoval precipitin rates in rabbits treated ig
with Pra were 9—23 % (Fig 1C).

6.2 Antigen Dot-ELISA method using
moroclonal antibody was used for determina-
tion of antigen. Five to 9 wk after infection,
the average serum titre in groups treated with
Art or Pra were 3.4— 38 and 2— 76, respec-
tively, while those in control group were 45—
1720 (Fig 1D3.

DISCUSSION

The results showed that when appropriete
regimen of Art or Pra™¥ was given to rabbits
at an early stage of infection with schistosome
cercariae, a significant effect protecting the
hosts from damage induced by schistosome
eggs, and apparent reduction in numbers of to-
It is inter-
esting to note that the dose of Pra used in ear-
ly treatment of rabbits was equal to the cura-
tive dose used in clinical treatment. Further
study showed that in experimentally infected

tal and % worms were observed.

dogs the minimal effective dose of Pra used at
an early stage of infecrion was as low as 30 mg
s kg~ ' (Xiao SH, et a{/. Unpublished data),
indicating that the dose recommended for field
trial may be below 30 mg +kg™!. Since the
dose of Art used in the early treatment of mice
was 300 mg+kg™'™, higher doses of Art were
tested initially in rabbits. Unexpectedly, the
effect of Art 30 mg-kg~' on 7-day-old schisto-
somulae in rabbits was rather high even at &
single dose, indicating that the effect of Art on
7-day-old schistosomulae in rabbits was more
promising. Further experiments demonstrat-
ed that the minimal effective dose of Art used

in early treatment of rabbits was as low as 10

mg +*kg~!, and the efficacy of Art medication
commencing on d 7 was dependent on the fol-
lowing repeated dosing times,

The results also dernonstrated that when
rabbits were treated with Art or Pra at the
early stage after infection, the parameters rel-

evant to acute schistosomiesis®™

Were nega-
tive, indicating that most or all of the female
worms were killed. On the other hand, the
levels of both specific antibody and antigen in
the rabbits of the two treated groups were ap-
parently lower than those of the controls.
Therefore, the regimens of Art and Pra might
be used in controlling acute schistosomiasis
and reducing the rate and intensity of infec-
tion.
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Effect of verapamil on Ca*” and Ca%*’
Mg“ 1t -ATPase activity in rat brain synapto-
somes
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ABSTRACT Torelicit the correlation between
the adrenergic transmitter release and calmod-

ulin (CaM?3}, the effect of verapamil on the’

free Ca’" concentration was measured with
Ca(z+) Mg(2+)_
ATPase activity in rat synaptosomes were
studied.

When stimulated with high-K* or nore-

fluorescence analysis and

pinephrine, the concentration of free Ca*' in
rat synaptosome was increased by verapamil
10, 50, and 100 pmol-L~", But the free Ca®**
concentration in the resting synaptosome was
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reduced by verapamil. The activity of Ca"?™?
Mg+’ -ATPase in synaptosome was remark-
dose -
These results support

ably inhibited by wverapamil in a
dependent manner.
our hypothesis that CaM not only acts directly
on the vesicles to enhance the transmitter re-
lease, but also acts on the activity of Ca“™’
Mg -ATPase 1o reduce the free Ca*t in the
cytosol, and indirectly inhibited the transmit-
ter release,

KEY WORDS Ca'?™? Mg'#t’-
ATPase; synaptosomes; verapamil; calmod-
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