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Effects of mebendazoie, albendazole. and praziquantel on fumarate
hydratase. pyruvate kinase, and phosphoenolpyruvate carboxykinase
of Echinococcus grantlosus cyst wall harbored in mice’
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ABSTRACT Echiunceus granalotus cyst wall exhib-
tted acrivitie~ of fumarate hydravase 1FH ). pyrovate
kinase (PK). and pbusphoenolpyruvate carbuwrkinase
(PEPCK) with 911-1433. 151-215, and 4-9RU. re-
The ratw of PK/PEPUK was 2.2— 2.7,
indivating that glycolyses is the main pathway of carbu-

Spectivity.
hydrate metaboli=sm in the cyst wall.  When infected
mice were 1reated ig with mebendazole . athendazole or
praziquaniel ar the respective dally dose of 25 — 50,
300, and S0 mg kg™ - fur T—11d. nu apparent change
of FH activity in the cyst wall was found. while PK
and PEPCK activities in the cyst wall were markedls
inhibited by mebendazale and albendazole.  The inhi-
bitnn rates of PK and PEPUK activiti®s in mebend:-
zole group were 85— 88 % and 90— 92 Y. respecrive-
ly . while 1n albendazole group were 55. 3 and 71. 634,
The results suggest that PK or PEPCK
i the cyst wall may the important sire attacked by ef-
fective annhydatid drogs.

respectively.,
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Since germinal laver of Echinococcus gran-
wlosus cysts is the only portion exhibiting life
and proliferative activity., the aim of the
chemotherapy is primarily to destroy this lay-
er. Up to date no biochemical data concern-
ing the carbohydrate metabolism of £ granuio
sus cyst wall is available, although some rele-
vant hiochemical studies have been investigat-

ed with K granuinsus protoscoleces'!'.  We
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demonstrated that E granulosas cyst wall pos-
sessed malate dehydrogenase, fumarate reduc-
which

were related to a partial reversed tricarboxylic

tase, and succinate dehydrogenase,
acid cvele'®', indicating that apart from glycol-
ysis pathway. the parasite may fix CO, into
the phosphoenolpyruvate (PEP) to form ox-
aloacetic acid for further metabolism. Thus,
phosphoenolpyruvate carboxykinase (PEPCK ).
pyruvate kinase (PK?Y, a potential regulatory
enzyme in glycolysis, and fumarate hydratase
(FH?}. another enzyme occurred in partial re-
versed tricarboxylic acid cycle were determined
and the effects of mebendazole (Meb?, alben-
dazole ( Alb}, and praziquantel (Pra} on the 3
enzymes were also studied.

MATERIALS AND METHODS

Parasites Uysr fluid containing protoscoleces of
E granuiosus was collected aseprically from hydand
¢ysts harbored in nawrally infecred sheep in Xinjiang-
Having been added peniciilin 560 1U »ml ™'+ strepro-
mycin 500 U <ml™',

wge=ml ™7, the cyst fluid was kept at 4 C.

and amphotericin B 0. 25
The prucess-
ing of the protoscoleces in the cyst fluid before inpcula-
tion was similar to that described previously'¥.

Mice NIH strain § mice weighing 20+ s 2 g
were inuculated ip with 2000 protwoscoleces. Mice
were mawntained on a rodent feed and water ad fib.
Starting at §— 12 months after infection, the groups of
3—1 mice each were separately treated ig with Meb 25
—50. Alb 300. or Pra 500 mg-kg '=d™! for 714 d.

Drugs and veagents Meb, Alb, and Pra were the
products of Shanghai Institute of Pharmaceurical Indis-
tria] Research, Hangzhou Pharmaceutical Factory, and
Shanghai 6th Pharmaceutical Factory. respectively.
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The suspensions of thess 3 drugs were prepared wirh
1% tragacanth, PEP, sodium fumarate, and Com-
massie brilliant blue (5-250 were rhe products of Sig-
ma. Inosine diphosphate (IDP) and nicotinamide ade-
nine dinucleatde-reduced (NADH. disadium salt with

a purity of over T0% ) were the products of Shanghai

Dong Feng Biochemical Technique Company. (ther
reagents were all of AR grade.
Preparation of cyst wall homogenate Ar 24 h al-

ter the last medication, the mice were killed by blood
letring. Ten collapsed cysrs withour fluid and 14 full
cysts filled with fluid were harvested rapidly from the
peritonesl cavity and placed in ice bath.  After the en-
docysts were separated and the fluid was removed with
filrer paper, 400 mg of the cyst wall were homogenized
in a glass homogenizer containing 2-¢ ml Tris-HCL
buffer (3.1 mol-L~', pH 7.4} in ice bath. The he-
mogenate was centrifuged (22 000 g, 20 min) at 4 (
and the supernatant was swred at 4 (C for use.

Fumarate hydratase mensurement The activity of
the enzyme which catalyzes the conversion of fumaric
acid ro malic acid was measured by the decrease of ab-
sorbance of fumaric acid ar 30¢ nm**. The reaction
system added into the testing tube was consisted of
phosphate buffer ¢pH 7.4} 33 mmol +L.7! and sodium
fumarate 17 mmol+L ™! with a volume of 3. 0 ml. The
reaction system wirhour substrate was used as control.
The testing rube was preincubated in water bath at
30 € for 10 min and the absorbance of sodiutn fumarare
at 300 nm was recorded, The cyst homogenare super-

narant &. 2 ml was then added and the absorbance of
sodium fumarate was measured again 10 min later.
The walue of difference between absorbances ar 300 nm
was calculated.  Ome unit of enzyme activity represent-
.ed consumption of 1 umol fumaric acid per min per mg
of protein. ie.  FH = a0l r 3.2/0.061 v 1073
¥ mg protein ¥ 10. In the formula, AQD,, was rhe
decrease in absorbance at 300 nm 10 min after srart of
reaction; 3. 2 was the roral volume of reaction system
(ml): 61 107* was the extincrion co o cient of 1
pimol of fumaric acid; protein in the homogenate super-
natant was expressed as mg and the reaction time was
14 min.

Pyruvate kinase measurement The enzyme activi-
ty was measured according to the consumption of
NMADH™. The testing rube conraining substrate
PEP, KCl. MgS0,. and ATP with a volume of 3 ml

was preincubated in water bath at 30 (. The control
tube contained the same reacrion system except PEP.
Ten min after incubarion the sbsorbance at 340 nm was
recorded, and 0.2 ml cyst wall homogenate super-
The absorbance at 340 nm

was messured again 5 nun later and rhe Oy, was cal-

natant was then added.
culated. Ome unit of enzyme activity represented con-
sumprion of 1 umol NADH per min per mg of protein,
le. PK = AODy v 3-2/6.2 = 10 "X mg protein
X b

sorbance at 340 nm 5 mun after srarr of reaction; 6. 2

In the formula. AODy,, was the decrease in ab-

w 1077 was the extinction ccefficient of 1 umol of
MNADH: 3- 2 was the toral volume of reaction system:
protein in the homogenate supernatant was expressed
as mg and rhe reacdon rime was 5 (min?-
Phosphoenolpyruvate carboxykinase measurement
The enzvme scuvity was also measured by the con-
sumption of NADH method™. The testing tube con-
taining the substrate PEP, KCl, MgS0,. NaHCL),
NADH. and IDP was incubared in water bath at 30 C
for 10 min. In order to eliminate the change of ab-
sorhance induced by the cyst wall homogenate super-
natant itself.“the reaction system without PEP was
The absorbance of
the resction system at 340 nm was recorded before

used as the corresponding control.

start of reaction and 0. 2 ml cyst wall homogenate su-
The absorbance at 340 nm
was measured aggin 10 min later end the 0Dy, was cal-

pernatant was then added.

culated. The expression of the enzyme activity was

similar to thar of PK acdvity, but the reaction time
was replaced by 10 {(min]J.

Proteln measurement The protein in the cyst
wall homogenate supernatant was assayed by the col-

orimetric merhod'*/,
RESULTS

Fumarate hydratase When infected mice
were treated ig with Meb 25 — 50 mg - kg™ !,
Alb 300 mg-kg™'. or Pra 500 mg kg™ daily
for 7— 14 d, no apparent change of the fu-
marase was found {(Tab 1).

Pyruvaie kinase In infected mice treated
ig with Meb 25 mg kg™ '~d~'for 14 d, the PK
activity of the eyst wall declined markedly
with an inhibition rate of 852 (full cyst) or
86% (collapsed cyst) ws the control group.
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Effects of mehendazole (Meh). albendnzole ( Alb), and praziquantet (Pra) on fumarate hydroatase

{FH). phosphoencipyruvate carboxykinase (PEPCK). and pyruvate kinase (PK) activities in Echinococcus gramu-

fos:a cyst wall harbored in mice.
inhibitlen rates ¢ % ).

xts *P>0.05. “P<0.01 vs control.

The figoures in the parenthese are the

FH activity.

PEPCK activity. PK activity,

D Cws CONSUInPon CONSUIMPLIon consumption
" u_g;..d_] st ¢ Cyst 1 umol fumaric 1 pmnol NADH - 1 pmol NADH -
MERE seatus acid ~min '/ min "' /mg min~' /mg
.'. mg protein protein protein
Control Full 34 _ 6B5 236 ¢—) 7627 (—) 168+£53 {(—)
Meb 2514 Full 20 868+189°(12) 7+3°(01) 25+ 15°(85)
' Collapsed 16 894164 (93 61 3°(92) 23118 (86>
Control Full 21 1 433+503°(—) 98+29 (—)> 215106 (—2»
Meb 50X 7 Full 12 1 3803494y 9E£5°¢91) 30+ 20°(86)
Collapsed 17 1 245+ 192°(13) 1047 ¢(90) 26+12°(88%)
Control Full 22 11024200 (—2 BBt29 (—> 216448 (-2
Alb 30N> 14 Full iz 1 055 +276°(—) 251772 96+ 64°(55)
Conirol Full 11 911165 (—) 54411 (—> 151158 (—)
Pra 500 14 Full 25 1 0861+196°¢—1 54413 (—) 15753 (—-

and with 50 mg-kg='«d~' for 7 d., the similar
results were obtained. When infected mice
were treated ig with Alb 300 mg-kg™'-d ™ for
14 d. the PK activity of the cyst wall also de-
clined markedly with an inhibition rate of 553
which was less than thar of Meb group. Mo
apparent effect of Pra on the PK activity of the
cyst wall was noted when Pra was given ig to
the infected mice at & daily dose of 500
mg-kg~ifor 14 d (Tab 1).
Phosphoenolpyruvate carboxykinase

When infected mice were treated ig with Meb
25—50 mg+kg '+d ' for 7—14 d. the PEPCK
activity of the cyst wall declined markedly
with inhibition rates of 90.9 — 91. 0% (full
cyst} and 90— 92 % {(collapsed cyst) wvs the
corresponding control.  Alb also showed in-
hibitory effect on PEPCK activity of the cyst
wall when it was used ig at a daily dose of 300
mg +kg™! for 14 d. However, the inhibition
rate of Alb was less than that of Meb group,
being 72 %. In infected mice treated ig with
Pra 500 mg+kg 'd~'for 14 d, the PEPCK ac-

tivity was similar to that of the control group
{Tab 1).

DISCUSSION

Our experimentzal results indicate that E
granulosus cyst wall possesses the activity of
PK. and PEPCK. and all the enzymes in-
volved in a partlel seversed tricarboxylic acid
cycle, such as malate dehydrogenase, fu-
marate reductase, succinate dehydrogenase'®
and FH were detected in the cyst wall. indicat-
ing that the parasite could utilize fermentative
pathways for alternative energy production,
fix CO; via PEPCK and have a partial reversed
tricarboxylic acid c¢yele.  Since the PK/
PEPCK ratio was 2.2 — 2.7, it is suggested
that in the parasite glycolysis may play a more
important role in carbohydrate metabolism and
energy production®™.

Meb, Alb, and Pra exhibit no apparent
cffect on FH activity of E granulosus cyst wall
harbored m infected mice. Meb exerts a po-
tential effect on PEPCK activity in both full
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and collapsed cysts, and *he inhibitory rate
Alb, which exhibics
efficacy than Meb, also
showed less inhibitory effect on the PEPCK
activity than Meb. Similar tendency in in-
hibitory effect on PK activity induced by Meb
and Alb is alos seen.

was about 90% or so.

less  therapeutic

Since Pra has no appar-
ent effect on the two enzymes. and the order
of efficacy on infected mice produced by Meb
and Alb is in accordance with that of inhibitory
effect on PK and PEPCK activities. it seems
that these two enzymes as well as ATPase'” of
the cyst wall are the major hnks in fermenta-
tive pathways of carbohdrate metabolism and
may serve as the targets for antihydatid-drug
attack.

REFERENCES

1 McManus DP, Smyth JI»

metabolism 10 protoscoleces of Fchrmororcus granuloss

intermediary carbohydrate

tharse and sheep siraing) and E. meadtilocuiars.
Parasstology 1982: B4 ¢ 331~ 66.

2 Xian SH. Feng ]). Guo HF, Juao PY, Yao MY, Jiao W.
Effccts of mebendazole, allwndazole, and praziquantel nn
sucvinate dehydrogenase, {umarate reductases and malaic
dehydrogenase in Echmococcus granulesws cyst hasbored m
nmuce-  Acta Pharmacol Sin 1933, 14: 151—4.

3 Xiao SH: Yang YQ. GGuo HF . Zhang CW. Jiac PY, Ynu
JQ, et &f. FEffects of mebendazole, albendazole und al-
bendazole sulfnxide on glycogen contents of Echimococcus
grunsxiones cysis inankected mice.

Acta Pharmacnl Sin 1990 11: 546— 0.
4 Massey V, Fumarase. In: Uolowick SP. Kaplan NOJ,

editars. Methods in enzymology; val 1. N : Academic
Pres~. 1955 ; 729—35.

5 Braford MM. A rapid and sensitive methnd for the quan-
utauwn ol microgram quantities nf protem wilizing the
principle of protein-dve hinding.

Anal Brochem 1976; 72, 248— 54.
5 Barrett J. Biochemistry of parasitic holaunths. 1 st ed.

London: Macmillan., 1981: 72— l46.

7  Feng JJ. Xian SH. Guo HF. Ren L. Jian FY, Yan, MY,
er @l Effecis of mebendazole. albendazole. and praziquan-
tul on alkaline phosphatase, acid phosphatase . and adeno-
sine tophosphatase of Echinococcus gremulosus cysts har-
bored in mice.

Acta Pharmaco] Sin 1992: 13: 497--501.

63-72 “

B 3 k0 | B 3 o otk s AR /) R DR MR
840 06 B2 T ] B BN . B BN B 7 R SR AR O
B T L Bl

768, 2

v
‘ﬁwifé' }EQE' %-g‘ ] .ﬁ\ﬁﬁ' -Bl‘.ﬁ."‘-
B (hEWHEEAERSE AN, T

FREHAER MBEARMELLBFSEPO, BB
200025, FED

ME MR RREN (FH) & Aol
—1433 U. BrREAAM AT MBS B %M (PEPCKY 5
BB PEKOMIH e we 227, REMBPOBL
WLERAEYE. BR/BAPRA FMFLM
AR ip 577, WEZHN 25 — 50, 300 M 500
mgrkg'dT, ERT-14d. KWW FH SR A B
W . W PK fit PEPCK W) %] 6R G 3 57 = Fr 25 H A 10 -

i WERIR. Pk pUAREME,

WEATRBLNE BRI RN TIRREL e


http://www.cqvip.com

