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AIM: To study the effect of artemether { Art) on
glyceraldehyde-phosphate  dehydrogenase ( GA-
PDH }, phosphoglycerate kinase (PGK), and
pyruvate kinase (PK) of S japonicum. METH-
ODS: Mice infected with schistosome cercariae
for 32 — 38 d were treated ig with Art 100 — 300
mg* kg~ ! and killed 24 — 72 h after medication
for collection of schistosomes. The activities of
GAPDH, PCK, and PK of the worms were
determined by measuring the formation of NADH
or consumption of NAD. The lactate content of
the womms was also measured. RESULTS:
After the infected mice were treated ig with Art
300 mg - kg~! for 24 h, the inhibition rates of
GAPDH were 13 % (4 ) and 21 % (%), and
48 h later the inhibition rates of the enzyme were
6% ($)and28 % (£). When Art 300 mg
kg™ ! was given to infected mice for 24 h and 48
h, the inhibition rates of PGK were 60 % (%)
and 48 % ($) as well as 75 % (3 ) and
62 % (%), respectively. Similar results were
seen in PK activity. At 72 h after treatment the
reduction rate of lactate content in ¥ worm was
72 %, while that of & was 48 %.
CONCLUSION: In the glycolytic pathway of
both & and ¥ schistosomes, PGK and PK
activities were inhibited by Art. The GAPDH
activity of ¥ worms was also susceptible to Art,
while that of 4 worms showed only temporary
inhibition after treatmemt with Art. The Art
reduced lactate content more in ¥ than in 3

WOorms.
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Artemether { Art }, a derivative of
artemisinin, was first synthesized by Shanghai
Institute of Materia Medica, Chinese Academy of
Sciences!’ and found to be effective against
schistosomes' >’ .

In S japonicum, we found the inhibitory
effect of Art on phosphofructokinase which might
be one of the targets attacked by An'*). The
present communication was specifically directed
at the effect of Art on glyceraldehyde-3-phosphate
degydrogenase ( GAPDH ), phosphoglycerate
kinase FEGK) , and pyruvate kinase (PK) of the
glycolytic pathway of S japonicum .

MATERIALS AND METHODS

Parasite An Anhui isolate of S japonicum
cercariae released from artificially infected
Oncomelania hupensis snails was provided by the
Department of Vector Biology of this Institute.

Mice Kunming strain mice {n = 480, ¥
and £}, weighing 20 — 24 g were obtained from
the Animnal Facilities of this Institute
( Certificate No 02-32-1). Mice were each
infected with 60 — 80 cercariae and divided into
groups 32 — 38 d after infection for treatment with
Art 100 or 300 mg-kg™'. Mice were killed 24
or 48 h after medication for collection of worms
by perfusion with ice-cold Hanks' balance salt
solution ( HBSS} and kept in ice bath. The
worms were rinsed with HBSS for 3 times.
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Worm homogenate Ten to twenty $ or
% worms were placed in a glass homogenizer
containing 1 mL of distilled water, HBSS or Tris-
HCl buffer (pH 7.4) in ice bath. After
centrifugation {1200 x g, 4 C, 20 min), the
supernatant was stored in ice bath.

Drugs and reagents Ar was the product
from Kunming Pharmaceutical Corp ( lot Ne
880701). Art was suspended 10 or 30 gL' in
1 % tragacanth and given to mice by intragastric
gavage (ig) 10 mL-kg~'.

Glyceraldehyde-3-phosphate ( GAP), phos-
phoenolpyruvate ( PEP ), and adenosine
triphosphate ( ATP, disodium salt) were the
products of Sigma. Coenzyme NADH ( disodium
salt with a purity of >70 % ), coenzyme NAD
with a purity of >90 % and adenosine diphos-
phate ( disodium, ADP) were the products of
Shanghai Dong Feng Biochemical Technique Co.
Other reagents were all of AR grade.

GAPDH measurement The homogenate
containing sodium pyrophosphate, tertiary sodium
phosphate, 1, 4-dithiothreitol (DTT), and NAD
was preincubated at 25 °C for 5 min. The GAP
was then added and the absorbance at 340 nm
was measured at 10 s and 3 min for the formation
of NADH'Y,

PGK measurement The tube containing
ATP, edetic acid-Na;, NADH, and GAP was
warmed to 37 “C. The worm homogenate was

added and the absorbance at 340 nm was

Tab 1.

measured at 10 s and 5 min for the consumption
of NAD™J.

PK measurement The tube containing
ADP, NADH, and PEP was wammed to 30 C.
The worm homogenate was added and the
absorbance at 340 nm was measured at 10 s and 4
min for the formation of NADH™ .

Lactate measurement The infected mice
treated ig with Art 300 mg-kg ™' were killed at 24
or 72h and the worms were collected by
perfusion with ice-cold HBSS. The lactate
content in the worm homogenate containing 20 ¥
or 5 worms were measured"> .

RESULTS

GAPDH In infected mice treated ig with
Art 100 mg-kg ™' for 24 h, the GAPDH activities
of ¥ and 3 worms were decreased 18 % and
26 % , respectively. When Art was given 300
mg - kg~', no further inhibidon of GAPDH
activity was seen. The same was true as the
GAPDH activity of 2 was measured 48 h later,
whereas that of ¥ worm was inhibited with an
inhibitory rate of 28 % (Tab 1).

PGK When infected mice were treated ig

with Art 300 mg-kg~', the PGK activities of %

and % worms were inhibited 60 % and 48 %,
respectively.  Further inhibition of PGK activity
was seen at 48 h after medication (Tab 1).

PK  After infected mice were treated ig

Glyceraldelryde-3-phosphute dehydrogenase, phosphoglycerate kinase, and pyrovate kinase of schistosomes in mice

treated ig with artemether (Art). Parentheses were the mamiber of semples {each sample contained 20 § or ¢ worms).

X=xs. °P<0.05, °P<0.01 vs conirol,
Time GAPDH activity PGK activity PK activity
An/ after Worms Formation of Inhibition Consumption of  Inhibition Consumption of  Inhihition
mgkg™! NADH | pmol*min™! /%  NADH | pmol*min~! /%  NADH | pmol*min~' /%

PEr ‘'worm Per worm pEI‘WOH'I'I

0 0 & 6.6 0.1 (20) - - - _ -

Y ¥ 4.7+0.6 (20) - - - - -

100 24 S 5.4+ 0.8%(20) 18 - - -

24 ¥ 3.5 0.7°(20) 26 - - - -

0 0 S 6.1+0.9 (20) - 0.58x0.17 (20) - 2.0:0.7 {19) -

0 2 4.8:+0.5 (20) - 0.21 +0.08 {20) - 1.1120.24 {19) -

300 4 S 5.3+£0.1%(20) 13 0.2320.10°(20) 50 1.43 £ 0.57°(20) e

24 ¥ 3.81 0.6°(20) 21 0.11+0.03°(18) 48 0.70 £ 0.39°(20) 37

) 0 % 6.3x0.4 (20) - 0.79+0.16 (20) - 2.210.6 [20) -

0 ¥ 4.7+ 0.7 {20) - 0.26x0.12 (19} - 1.27+0.12 (20} -

300 48 t 5.920.4 {20) 6 0.20+0.07(19) 75 1.33+ 1.28°(20) 40

48 . 3.4£0.7 {20) 28 0.10 £ 0.04°(15) 62 0.5 £0.16°(20) 61
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with Art 300 mg-kg~', the PK activities of ¥
and 4 worms were inhibited 37 % and 27 %,
respectively. At 48 h later, the PK activities of
the $ and 4 worms were further decreased to
61 % and 40 % , respectively (Tab 1).
Lactate When infected mice were
received Art at 300 mg-kg ™! for 24 h, the lactate
content of 3 worms was similar to that of the
control. At 72 h, the lactate content of 3
worms was decreased 1049 % . In ¥ womms the
lactate contents were decreased to 49 % and
72 % at 24 h or 72 h, respectively (Tab 2).

Tabh 2. Effect of artanether ( Art) on lactate content of
schistosomes harbored in mice. Each sample contained 20 %

or T worms, Tzxs. "P>0.05. °P<0.01 vs control.
Time Lactate Reducti
Group  after Womm qgn
An’h Samples p/ worm rate
Control 24 Py 13 0.52+0.10 -
¥ 18 0.36 £0.08 -
Art Py 18 0.46 £ 0. 16 12
e 18 .18 + 0.07° 30
Contrdl 72 s 20 0.68+0.16 -
3 20 0.36 £0.07 -
An ? 19 0.35+0.10°0 49
¥ 20 0.10+0.06° 72
DISCUSSION

Although the GAPDH activities of both ¥
and 3 worms were inhibited significantly by Ant
given to the schistosome-infected mice, the
inhibition ranges were low and no fusther
inhibition was seen either in increasing the
dosage of Art or extending the observation
period. Thus, the less inhibition of the GAPDH
might not severely interference with the glycolysis
of the worms, However, in both ¥ and %
worms exposed to Ant in infected mice at a
curative dose, the PGK and PK activities were
inhibited significantly 24 h after medication and
turther inhibition sustained relatively for as long
as 48 h, suggesting that At exerted its action
selectively on both PGK and PK, providing
further support that glycolytic pathway of S
Japonicumn is a vulnerable target for selective
inhibition by Art.

Previously we have demonstrated that the
lactate dehydrogenase of schistosomes harbored in
mice treated with Art showed significant
inhibition’®’, the end product of glycolysis, ie,

lactate was measured. It was found that 24 h
after a curative dose of Art was given to the
infected mice. the lactate content of & worms
decreased significantly 48 h later, while in ¥
worms the lactate contents were significantly
lower than those of the control at a reduction rate
of over 70 %, being in accordance with the
difference in susceptibility of PK and PFK of

glycolysis to Art between + and 3 worms" |
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