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Kt;s_.tracl ‘d Closantel, a recently introduced fas-
ciolicidal drug, was tested on a number of skeletal
muscle preparaticns in a trial to explore its effect on
the neuromuscuiar fransmission and to explain the
mechanism of its fasciolicidal activity. On the chick
biventer cervicis muscle, closantel induced ir-
reversible neuromuscular blockade accompanied by
slowly developing contracture. Closantel, hawever,
slightly reduced carbachol induced contracture. On
the rat hemi-diaphragm, closante| potentiated the
electrically evoked muscle twitches followed by ir-
raversidle neuromuscular blockade. Neither nea-
stigmine nor calcium chloride could reverse the est-
ablished neuromuscular blockade. Closante! induc-
ed significant contracture of the diaphragm muscle
which was not affected by pretreatment with dan-
trolene, TMB-8, diltiazem or tubocurarine. On the
frog rectus abdominis muscle, clpsante! induced a
well defined contracture which was not affected by
lubocurarine. At the same time, closantel failed to af-
fect ACh-induced contracture of the muscie. Clo-
santel also caused initial stimulation of the molility
of Fasciola gigantica worms manifested as increase
in the tone and frequency of contraction. This was
tollowed by irreversible spastic paralysis. The drug
also significantly inhibited the activity of total chol-
inesterase enzyme obtained from Fasciola gigantica
homogenates. it was conciuded that closantel pos-
sesses a pronounced non-specific neuromuscular
blocking activity, which might be related to its re-
perted capacity to uncouple mitachandrial exidative
phasphoryiation
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The mode of action of many anthelmintic drugs dc-
pends con affecting the parasite neurcmuscular
system, leading to either muscle paralysis o,[their
death and disintegration. Closantel {Flukiver{P!)is
a new derivative of salicylanilide arthelmintic that
s highly effective in sheep and catle against both
Mature and bleod sucking nematodss as hae-
mMorichus species (1-3). The lack of thorough phar-

macologicatl studies on the ncuromuscular trans-
mission prompted the investigation of the effect of
closantel on the neuromuscular transmission in a
number of in vitra skeletal muscle preparations as
well as on the motility and cholingsterase activity of
Fascioia gigantica worms in a triai to elucidate its
mechanism of action.

Methods:

Preparation of isoialed toad rectus abdominis mus-
cie: The muscle was isolatec according to the metnod of
Burn {4} It was suspended in an orgar bath of 10 ml ca-
pacity co~taining Rirger's soution at R.T. and aerated
with bubbles of air generated from an air pump. The
muscle was left 1o equiliorate for 15 mon., uncer 1 g ten-
sion before the addition of drugs. Submaximal contrac-
tures we'e obtained by ACh for 1 min. The contractures
were recorded un a Grass polygraph (model 7D,

Preparation of isolated chick biventer cervicis mus-
cle: Tnis was prepared according ta the method de-
scribed by Ginsborg and Warriner (5). The muscle was
suspenced in a 50 | organ path. The lower end of the
muscle was fixed at the bottor of the electrode holder,
whereas the thread from the upper end was carefully
passed through t~e elecirode and atached o a Grass
force displacement transducer {mcdel FT-C3C) con-
nected to a Grass Polygraph { mocel 70}, The kathing
solution was Krebs' solution kept at 37°C aesrated with
carnogen {95% Qo+ 5% COs). The e'eclrode was mads
fram platinum in the form of two rings through which the
tendoncus part of the muacle containing the nerve was
passed. The nerve was stimuiated by rectangular pulses
o’ supramaximal voltage (1-4 V) and a duration of 0.5
msec. at 2 frequency of 0.2 Hz using a Grass electronic
stimulator {model 5485,

Preparation of isolaled rat phremic nerve hemi-
diaphragm: Tre preparation was performed as de
scribec by Sulbring /8). The muscle was mountad in a
5C mi argan bath and the nerve was placed on a pair of
platinum e ect-odes. The trread atiached to the anex of
the diaphragm was connected to a Grass forca dis-
nlacement transducar (mocel FT-03C). Tre bathing fluid
was Krebs soluticn (mM): NaGl (23.5); KCI {4.99);
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CaCly (2.5); Mg504. 7H-O (118 KHsPOy4, (2.2);
NaHCGq 124.9) and glucose (10.6). The indirect muscie
iwitches were e'oked by stimulating *he rerve with rect-
anguiar pulses of supramaximal voltage (i1-5 V) and
pulse width of 0.5 msec. at a frequency of 0.1 Hz using
a Grass electronic stimulator {mocel $48). Tetanic stim-
ulation, when reguired, was obtained by stimulating the
nerve at a frequency cf 60 Hz for 5 sec. every 5 min. Oi-
rect muscle twitches were obtained by direct stimulation
of the diaphragm muscle through the fixed pines (holder}
with rectangular pulses of supramaximal voltage
(80-70V), and a pulse width of 0.5 msec. at a frequency
o' 0.1 H7 in the preserce of 4 pg/ml tubocurarine.

Effect on Fasciola gigantica activity: active and ma-
lure Fascicla gigantica worms were abtained frem biie
ducts of livers of infected slaughtered cattle from the ab-
bater. Worms were transferred in their bile medium 1o
the ‘aboratory. The fukes were washed with warm Ty-
rade's solution at 38°C. Then, one worm was mounted in
a 5C ml organ bath cortaining Tyrode's sclution at 38°C.
Normal tracings of the motility were recorded on a
smoked paper on a drum for 5 min. The effect of differ-
et deses of closantel were then investigated.

Effect of closantel on cholinesterase activity: Chai-
inesterase enzyme was prepared by homogenizator of
5 g Fasciola gigantica worms in 15 ml of ice cold phos-
phate buaffer (pH 7.4} using a polytrone homogenizer
(type PT 45/8BC, Switzerland) at a high speed for 1 min.
The homogenate was ther spinned at 5000 r.p.m. fo~ 10
m.n., using ultracentrifuge {Prepsin 75, MSE}. Al cpera-
tions were carried out at 0-4°C. Fo~ colorimetnc studies,
acelyicholine iodide {28.29 mg/100 ml dist. H,0) and
BTNB (39.6 mg/ 100 ml of sodium dbasic buffer pH
7.4 were orepared.

~or measuring the activity of the e-zyme, the super-
natent Huid after centrfugation was collected ang the
colorimetr ¢ method described by Ellman, ef. al. (7), and
modified oy Brownson and Watis (8}, was adopted. U.V.
doub'e beam spectrophotometer {model SP8-100) was
used. The metnod of Lowery, et al. (9}, was used for
measuring *he amaunt of protein in each sample. Tne
specific activty was expressed as actvity/mg proetein/
min.

Statistical analysis: The results were statstically an-
alyzed using the Stucent's t-test afier Sendecor (10).

Drugs: Ciosantel (Fukver), acetylcholing chloride, car-
tachol chioride and diltiazem HCI were purcnased from
sigma chemical cermpany; TMB-8 (8-{diethyiaming)octy!
3.2.5trimethoxybenzoate) from Aldrich chemical com-
Fany. dantrolene (Norw'ch Eaion). Al other cempounds
and reagents were gbiaited from slandard commercial
5OUICOE.
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RESULTS
A) Effect of closante! on the direct and indirect
muscle twitches of the rat diaphragm: Closante|
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Figure i: Eftect ol closantel on direct (A} and indirect {B)
muscle twitches of the rat diaphragm. Muscle twitches
were elicited by stimulating the muscle (direct) or the phre-
nic nerve {indirect) with impulses of supramaximal vollage,
0.5 msec. duration and at a frequency of 0.1 Hz.
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Figure 2: Eflect of d-Tubocurarine (d-Te, 1 ug'ml). TMB-8
{10 ug‘mi), Danirolene (Dan, 10 ug:inl) and Diftiazem {Dil, 20
ug‘mly on closanlel-induced contracture of the ral di-
aphragm.
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Figure 3: Effect ol closaniel on tetanic lepsion curve and
posttetanic polentiation of the rat phrenic nerve hemi-
diaphragm muscle preparation, Indireci muscle twitches
were elicited by stimuli of supramaximal voltage, 0.5 msec.
duration al a frequency of 0.1 Hz. Telanic stimulation (T}
was performed for 5 sec. with pulses of 0.5 msec duration
at a tfrequency of 60 Hz repeated every 5 min.
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Figure 4: EHect ot closantel on electrically-evoked muscle
twitches and carbachol-induced contracture of the chick
biventer cervicis muscle preparation. Muscle twilches were
eiicited by stimuli of supramaximai voltage, 0.5 msec dura-
tion at a frequency ol 0.2 Hz.

(5,10 pg/mh caused irreversible neuromuscular
blockade of both direct and indirect muscle twitch-
es. The blockade was preceded by a transient
phase of twitch augmentation which was more
prominent for the indirect twilches. Addition of cal-
cium chloride (0.26 mg/ml) cr neostigmine (2 pg/
ml} couid not reverse such blockade. At the same
time, closantel {10 ng/mi} induced a significant
contracture which amounted to 3.6+0.8g after 15
minutes duning which muscle twilches were com-
pietely abolished (Fig. 1).

Priar to the addition of d-tubocuranne {d-Tc, 1 ug/
ml), TMB-8 {10 ug/ml}, dantrelene (15 ug/mi) or dil-
tiazem (20 pg/mi} did not significantly affect clo-
santel {10 pg/ml) induced contracture (Fig. 2).
However, closantel partially antagonized d-Tc-
induced neuromuscular blockade.

Tetanic stimulation elicited a triphasic response.
First rapid twitch followed by a second slowly de-
veloping tonic phase till the end of stimulation. The
third phase consisted of a transient increase in the
amplitude of the first few twitches that follow ces-
sation of the stimulus {post tetanic potentiation,
PTP). Closantel {5 ug/ml). tested for 10 minutes,
significantly reduced the first rapid phase, whereas
the second tonic phase and PTP were not affected
(Fig. 3.

Effoct of closantel on the chick biventer cer-

Table I: Etect of Closantel on Cholinesterase Enzyme
Activity of Fasciola gigantica Homogenaltes.

QI‘DUP Specific activity {X10 4) %Chaiinesterase
{activity/mg protein/min} achvity
Contol 11.00 + 0.05 100
Closantel 40 pg/mi 630 +0247 57.27
Closantel B0 pg/mi 530+ 025" 48.18

Values represent the mean = SEM. of 12 observations.
‘P<0.05 vs. control value.
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Figure 5: Closaniel-induced conlracture of the isoiated rec-
tus abdominis muscie.

vicis muscfe: Closantel (10, 20 npg/ml) caused
complete neuromuscular blockade of the electricai-
fy evoked muscle twitches within 10 minutes. This
blockade was preceded by a sfight but insignificant
potentiation of twitches. On the other hand, car-
bacho! (5 pg/mlj-induced contraciure was slightly
reduced in the prescnce of closantel. The contrac-
ture was reduced from 22+03 to 1.8+04g
(P>0.05) (Fig.4), (n=3).

Effect of closantel on the rectus abdominis
muscle: Closantel (50 pg/mi) induced a significant
contracture of the rectus abdominis muscle (Fig.
5). The contracture amounted to 1.62G.3 g within
10 minutes. The addition of d-Tc (5 ug/ml) 5 min-
utes before closantel did not aftect such centrac-
ture. On the other hand, ACh (2 pg/miy-induced
contracture was slightly reduced in the presence of
50 ug/ml closante! {2.5-04 vs. 2.2:3.3, P>0.05,
n=4}.

Effect of closantel on the activity of Fasciola
gigantica worms: The worms showed marked
myegenic activity. Addition of clesantel {(5.1¢,20
pg/mly in single doses, produced dose-related in-
creases in the amplitude and the frequency of the
contraction. High concentrations of closantel {40,
80 wg/mi) resulted in g transient rapid potentiatory
phase followed by complete abolition of the worm
aclivity, along with a significant increase in the
muscle tone {spastic paralysis) (Fig. 6).

Effect of closantel on cholinesterase activity:
Closante] (40, 80 ug/ml) significantly inhibited chol-
inesterase enzyme as compared to the contral val-
ues indicating a prominant anticholinesterase activ-
ity for closantel (Table ).
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DISCUSSION

The present sfudy showed that closantel has pro-
nounced effects on the neuromuscular junction
The drug augmented muscle twitches followed by
irreversible neuromuscular blockade. The aug
mentatery phase was more prominent on the in-
direct muscle twitches of the rat diaphragm. Such
augmentation could be attributed to the anti-
cholinesterase activity reported in this and pre-
vious (11} studies. Aiso closante! effectively an-
tagonized d-tubocurarine-induced neuromuscular
blockade on the rat diaphragm, an effect that may
support the anticholinesterase activity of closanie!.
However, closantel failed to potentiate ACh-
induced contracture ¢f the rectus abdominis mus-
cle. This failure could be attributed to the blockade
of pestjunctional siles which could magsk its anti-
cholinasterase aclivity.

The present study showed that closantel evoked
comparable inhibitory effects on both the directly
and indirectly evoked muscle twitches of the rat di-
aphragm This finding excludes a possibie specific
effect of closantel on ACh release or on the post-
junctional nicotinic receptors. The inability of clo-
santel to aftect ACh release was covidenced from
its failure 1o reduce the second and third phases of
the tetanic response. i has been reponed that
drugs like d-tubocuraring and hexamethonium,
which decrease ACh release from the motcr nerve
terminals, result in poorly maintained second
phase {13, 14). Moreover, the PTP is known to be
due to a transient increase in ACh quanta being re-
leased after tetanic stimulation {15), and agenis
which inhikit ACh release were reported o dimin-
ish it (18). The post-junctional blocking activity of
closante! appears not to be mediated via blockade
of nicotinic recepiors or interaction with their ionic
channels. This suggestion was evidenced from ihe
inability of ciosantel to affect the contracture in-
duced by the nicotinic receptor ligands, ACh and
carbachol on both the frog rectus abdominis and
the chick biventer cervigis muscles, respectively.

The non-specific blocking aclivity of closantel was
accompanied by a depolarizing action resuiting in
an increase in the muscle tane of alf the muscles
tested. Such depolarization seemed to be a direct
eftect on the muscle rather than the net of an inter-
action with the nicolinic receptors since it was not
inhidited by d-Te. Further, this depolarization is un-
likely to be due to mobilization of Ca*t from inira-
ceflular stores or an increase in intraceliular Ca*t
influx because the use of dantrolene and TMB-8,
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Figure 6: Effect of closantel on the lone and motility ot Fas-
ciofa gigantica worms suspended in Tyrode's solutian,
inhibitors of intraceliular Ca**t release {17.18), or
diltiazem, a Ca** channeil blocker {19}, had no ef-
fect on closantel-induced comtracture of the rat di-
aphragm.

The observed neuromuscular blockade, however,
could be a consequence of interference with tha
preduction of the energy carrier, ATP, as a result
of uncoupling oxidative phosphoryiation {20). In
suppor of this view is the observation that closa-
ntel inhibits the motilily of Schistosoma mansoni
in vitro by interering with ATP production (21).

in conclusion, closantel showed a pronounced antt-
cholingsterase activity, At the sams time, it induced
a non-specific depolarizing neuromuscular block-
ade of the skeletal muscles tested. This neuro-
muscular blockade might be related {o the reported
vncoupling of mitochondrial oxidative phosphoryla-
tion.
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Abstract i Twenty three ethanolic extracts of un-
selected higher plants, grown in Yemen, were
screaned for their possibie cylotoxic activities. Cy-
totoxicity assays were perfoermed on the two prolife-
rating mouse cell lines, NIH3T3 and KA31T. Two out
of the twenty three extracts exhibited potent cytotox-
ic activities as arbitrarity defined by ICgq of 10 pg/
mi ar less in both cell lines.

Keyphrases ‘11 Higher plants, Cyiotoxicity assays,
Mouse cell Hnes.

Onl few drugs have been approved for the treal-
ment ot different types of cancer. Although, at
present, there are many potential therapeutic
agents in the drug development pipeline, the ideal
articancer drug has not yet emerged.

Seeking cytotoxic agents from natural sources has
some advantages. Many compounds are being
screened simultancously in an extract, and agents
identified in this way are more likely than synthetic
compounds to be acting by novel mechanisms or
have novel structures that act by one of the known
mechanims, Even if novel natural products are not
themselves usetul as drugs, they may serve as
lzad ccmpounds for medicinal chemists to do
structural modifications in the way ¢f development
of usetul drugs.

Although severa! hundreds of higher plant extracts
have been screened for their possible cytotoxic ac-
thvities, dasert piants were aimost not involved in

these screening programs. The assumption that
tropical plants are better sources 1o screen for bie-
active compounds has been one reasen for ig-
noring desert plants in different screening pro-
grams. In an eartier screening study which invoived
titty Egyptian desert plants. we have observed that
about 10% of these planis exhibited potent cy-
tofoxic activities {t). In this study, we repont on the
results of an in vitro cyltotoxicity screening of twen-
ty three unselectad Yemeni plants.

Experimental:

Plant materials:

The plants, or plant products, usad in this study were
callected in the spring and fall ¢f 1992 and the spring ot
1982 from diftereni parte of Yemer (Table l). The piants

Table I: Cylotoxicily of Some Yemeni Plant Extracts.

Familyigenus. species, | Site-date © IC50 !.tc;_l.f'mi':"1
of colizction MNiH3T3 KASIT

Agavaceae

Dracaena cinnakbarn Socetra’a

iresin)

Apocynaceae

Narium aleandar Sana'a’c 5 35

Asciepiadaceae

Gomphocarplis sindqious Sana'a'z 20 38

Asteracsae

Artermisia sbyssinea ‘Wadi Dhare/b 20 35

Pulicaria crispa Lhama & faiez:b < 50
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