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ARTICLE INFO ABSTRACT
Parasitic infestation exerts adverse effects on the health and productivity
Key Words of livestock. Haemonchus contortus is one of the most pathogenic,

economically important and ubiquitous nematode parasites of small
ruminants which causes haemonchosis. Haemonchosis is mainly
Fumarate reductase, controlled by synthetic anthelmintic compounds; however,

Succinate indiscriminate use of anthelmintics has led to the emergence of resistant
dehydrogenase, to H. contortus worldwide, which has awaken interest to use medicinal
Syzygium plants as an alternative source of anthelmintic drugs. Carbohydrate is the
aromaticum, major source of energy for parasites. The pathway of carbohydrate
Haemonchus metabolism is essentially anaerobic and involves the glycolytic and part
contortus. of the reversed tricarboxylic acid (TCA) cycle. The enzymes Fumarate

reductase (FR) catalyses the reduction of fumarate to succinate and
Succinae dehydrogenase (SDH) catalyses oxidation of succinate to
fumarate. Reduction of fumarate to succinate results in ATP production.
In the present study, anthelmintic efficacy of Syzygium aromaticum

E E ethanol extract (SaEE) against the H. contortus was analyzed based on
its effect on FR and SDH. H. contortus were exposed to five different

gt sub-lethal concentrations (0.1, 0.2, 0.3, 0.4 and 0.5 mg/ml) of SaEE for

2, 4 and 8h. FR and SDH was assayed in control and drug-treated worms

E - using standard procedure. Maximum inhibition of FR and SDH activity

was observed at 0.5 mg/ml of SaEE after 8h of exposure. Inhibition of
FR and SDH interferes with the terminal electron acceptor and prevents
succinate formation which leads to deprived ATP synthesis. Energy
deprivation results in the death of the worms.

Haemonchus contortus is prevalent

INTRODUCTION: wherever sheep and goats are raised, and
India has the largest livestock population, produces the grea}gest economic loss in
in the world, which contributes nearly 7% temperate climate'. H. contortus is a
towards its national income. Livestock blood  sucking nematode found in
sector provides the exclusive source of abomasum of the sheep and causes
animal protein to 300 million rural significant  blood loss, resulting in
people®. Haemonchosis, an important anaemlas, loss o_f body weight an_d wool
gastrointestinal nematodiasis caused by growth®. Thus it leads to production loss
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and death of the infected animals.
Anthelmintics drugs are used to treat
parasitic diseases. The most common
drugs are niclosamide, oxyclosamide,
triclabendazole and albendazole®. The
current efficacy of these drugs has been
reduced, because of resistant strain
development in parasites®®. It s
imperative to decrease the reliance on
these chemotherapeutic drugs for parasite
control, not only because of resistance, but
also because of growing concerns about
the adverse consequences of these
antiparasitic drugs on the ecosystem and
biodiversity. Hence there is a search for
alternative methods to control parasitic
disease using plants as herbal remedy.
Phytotherapy has become a solution to
control gastrointestinal helminths(®),

Syzygium aromaticum Linn. is
commonly known as clove belong to the
family Myrtaceae. Clove bud oil has
biological activities, like anthelmintic,

antibacterial, antifungal, analgesic,
antispasmodic, anticancerous,
anticarminative and antioxidant

properties©®1011.1213.14) = The predominant
constituents in clove bud oil are eugenol
and B-caryophyllene®®. S. aromaticum
possess saponins, tannins, phenols, cardiac
glycoside, flavonoids, alkaloids and
anthracene  @®,  Manoj Dhanraj and
Veerakumari, ) reported the anthelmintic
activity of S. aromaticum against
Cotylophoron cotylophorum. Helminth
parasites derive energy for their survival
mainly through the degradation of
carbohydrate. The pathway of
carbohydrate catabolism is essentially
anaerobic and involves the glycolytic and
part of the reversed tri carboxylic acid
(TCA) cycle. The reduction of malate to
succinate occurs in two reactions that
reverse part of the Krebs cycle, and the
reduction of fumarate is essential NADH
consuming reaction to maintain redox
balance. Malate permeates into the
mitochondrion  where it  undergoes
dismutation in which one-half of malate is

oxidized to pyruvate by malic enzyme
(ME) and the other half is dehydrated to
fumarate by fumarase (FM), which is
further reduced to succinate by fumarate
reductase (FR). Succinate oxidized to
fumarate by succinate dehydrogenase
(SDH). Reduction of fumarate to succinate
complex results in mitochondrial ATP
synthesis. Therefore FR-SDH system acts
to be wvulnerable point for the
phytotherapeutic interference. Inhibition of
these enzymes prevents ATP formation.
Decreased production of ATP leads to the
death of the parasites. Hence, the present
investigation was carried out to assess the
anthelmintic potential of ethanol extract of
Syzygium aromaticum (SaEE) on FR and
SDH of H. contortus.

MATERIALS AND METHODS

Collection of Parasites

Adult live Haemonchus contortus
were collected from the abomasum of the
sheep slaughtered at a local abattoir in
Chennai. The worms were washed
thoroughly in physiological saline and
maintained in Hedon-Fleig solution.
Hedon-Fleig solution (pH 7.0) is the best
medium for in vitro maintenance of
C. cotylophorum®®, 1t is prepared by
dissolving 7 g of sodium chloride, 0.1 g of
calcium chloride, 1.5 g of sodium
bicarbonate, 0.5 g of disodium hydrogen
phosphate, 0.3g of potassium chloride, 0.3
g of magnesium sulphate and 1 g of
glucose in 1000 ml of distilled water.

Extract preparation of plant material

Syzygium aromaticum was
purchased from local store, then cleaned
and coarsely powdered. Successive
soaking of plant extract was done for 48 h
with hexane, chloroform, ethyl acetate and
ethanol. Aqueous extract was also
prepared. Intermittent agitation was
necessary while soaking in various
solvents. Wattman filter paper no.l was
used for filtrations. Distillations have been
done with rotary evaporator
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(EQUITRON). Extracts were kept in
Lyodel lyophilizer (DELVAC) to remove
the solvents and dried up.

Assay of Fumarate reductase

Fumarate reductase (FR) (EC
1.3.1.6) catalyses the reduction of fumarate
to succinate. The enzyme was assayed as
detailed by Sanadi and Fluharty®®.

Fumarate + NADH + H* — Succinate + NAD

The reaction mixture contained 1
ml of 150 mM Tris-HCI buffer (pH
8.6 03 ml of 10 mM KCN
(neutralised with 0.01 N HCI), 0.3 ml of 1
mM ethylene diamine tetra acetic acid
(EDTA), 0.3 ml of 50 mM fumarate, 0.7
ml of distilled water, 0.1 ml of enzyme
sample and 0.3 ml of 1.6 mM NADH in a
3 ml cuvette. After the addition of NADH,
decrease in absorbance at 340 nm was
measured for 3 minutes at an interval of 15
seconds. The enzyme activity was
calculated by using the millimolar
coefficient of 6.22 and expressed in n
moles of NADH oxidised/min/mg protein.

Assay of Succinate dehydrogenase

The  activity of  succinate
dehydrogenase (SDH) (EC 1.3.99.1) was
assayed according to the method of
Singer@,  Succinate is oxidised to
fumarate by the flavoprotein SDH, which
contains covalently bound flavin adenine
dinucleotide. This reducible co-enzyme
functions as hydrogen acceptor in the
following reaction.

Succinate + E. FAD —» Fumarate + E. FADH,

The reduced enzyme can donate
electrons to wvarious artificial electron
acceptors e.g reducible dyes. SDH assay is
based on the reduction of
phenazinemethosulphate (PMS) by SDH.
Reduced PMS is immediately reoxidised
by dicholoro phenol indophenol (DCPIP).

Bleaching of later dye is estimated
spectrophotometrically. ~ The  reaction
mixture included 0.5 ml of 300 mM
phosphate buffer (pH 7.5)®®, 0.3 ml of 0.1
M succinate, 0.1 ml of enzyme, 0.3 m of
10 mM KCN (neutralised  with
0.01 N HCI), 0.1 ml of 0.75 mM calcium
chloride and 1.3 ml of water. The enzyme
was incubated for 5 - 7 minutes to permit
full activation. After incubation, 0.1 ml
DCPIP (0.05%) (W/V) and 0.3 ml of PMS
(0.33 %) were added to initiate the reaction
and decrease in absorbance was recorded
at 600nm. The enzyme activity was
calculated wusing millimolar extinction
coefficient of 19.1 and expressed in n
moles of dye reduced/min/mg protein.

Statistical Analyses

Statistical analyses were performed
with the statistical program for the social
sciences SPSS  version 16.0. The
significance of drug induced inhibition in
the FR and SDH was assessed using
analysis of variance (ANOVA) for
different concentrations of ethanol extract
Syzygium aromaticum (SaEE). The term
significant had been used to indicate
difference for which P<0.05.

RESULTS

The current investigation reveals
that S. aromaticum ethanol extract
significantly inhibited both FR and SDH
activies in the nematode H. contortus. The
percentage of inhibition in FR activity of
SaEE-treated worms was 53.86, 71.21 and
90.88% (Fig. 1) and whereas, in SDH, the
percentage of inhibition was 51.81, 79.39
and 95.76% (Fig. 2) after 2, 4 and 8h of
incubation respectively at 0.5 mg/ml
concentration. Inhibition of FR and SDH
in SaEE worms is directly proportional to
concentration of the drug and period of
exposure. The inhibition of both FR and
SDH was statistically significant (P<0.05).
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Figure 1: Effect of SaEE on FR activity of H. contortus
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Figure 2: Effect of SaEE on SDH activity of H. contortus
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DISCUSSION

The universal feature  of
endoparasitic organism is their dependence
upon anaerobic carbohydrate metabolism
to obtain energy and glycogen is
considered as the chief energy reserve®?.
During energy metabolism the various
level of metabolic reactions are happening
and this significant pathways paves a loads
of effective targets for a novel
therapeutics. Consequently, glycolysis is
the major energy vyielding pathway in
helminth  parasites®?.  Scientists have
studied the influence of anthelmintics on
the carbohydrate metabolism of helminth
parasites®2%. In the present study,
ethanolic extract of Syzygium aromaticum
(SaEE) significantly inhibited the fumarate
reductase (FR) and succinate
dehydrogenase (SDH) activity of H.
contortus. Anthelmintic drugs affect the
energy metabolism in helminth parasites
(26-28) Hence the depletion in the glycogen
reserve arrest the ATP synthesis in
helminths®®. Helminths use unsaturated
organic acids as terminal electron
acceptors, instead of oxygen and enzymes
during energy  metabolism,  whose
properties often differ significantly from
those of their host. From the current
study, it is evident that the SaEE
significantly inhibited the FR activity
in H. conortus. FR is an enzyme that
converts fumarate to succinate. It is the
terminal electron acceptor in the energy
metabolism of helminthes. Maule and
Marks®® opined that the fumarate is
reduced to succinate using NADH as
reducing  equivalent and succinate
formation is the final step of the glycolytic
pathway. Satoshi et al.®9 reported the
inhibitory effect of nafuredin, a novel
compound isolated from Aspergillus
nigers. Likewise, nafuredin inhibited
NADH-fumarate reductase of nematode
Ascaris suum®b. Other chemotherapeutic
drugs such as tetramisole, rafoxanide,
thiabendazole, cambendazole,
mebendazole, morantel tartrate and

disophenol are also inhibit the FR activity
of the nematode H. contortus©2-39),

Investigation of the current study,
reveals that SaEE consequently inhibit the
SDH activity in H. contortus. SDH is an
enzyme complex, bound to the inner
mitochondrial membrane. SDH has the
ability to transfer electrons to the
respiratory chain by catalyzing the
formation of fumarate and succinate®),
SDH inhibition by anthelminthics could
prevent the utilization of the chemical
energy derived from electron transport for
the net phosphorylation of ADP to ATP
and deprive the parasite for its normal
source of energy®’-9). Disturbance in the
terminal  electron acceptor prevents
succinate formation thereby curtail the
ATP synthesis. Decreased production of
ATP leads to the death of the parasite.
Priya and Veerakumari®® reported similar
inhibition of FR and SDH in Acacia
concinna—treated C. cotylophorum. In
addition, Manoj Dhanraj and
Veerakumai®! described the inhibition of
the enzyme FR and SDH in Areca catechu
treated with Cotylophoron cotylophorum.
The current study reveals that FR and SDH
provide biochemical target for SaEE which
ultimately disrupt the carbohydrate
metabolism, glycolysis in particular of
H. contortus, results in lower production
of ATP. Due to this parasite unable to
sustain in abomasum and get expelled
from the host. Hence the study strongly
suggest the use of S. aromaticum as an
herbal anthelmintics for the control of the
nematode, H. contortus.
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