e
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highly toxic and exhibit undesired side effects in host animals
(Singh and Ngachi, 1999). Furthermore, the high cost of these
drugs, residual concern in food animals and environmental
pollution have awaken interest in medicinal plants as an
alternative source of anthelmintic drugs (Pessoa et al., 2002;
Hordegen et al., 2003; Bizimenyera et al., 2006). A large
number of plant products are used to treat gastro-intestinal
parasites of livestock (Challam et al. 2010; Manolaraki et al.
2010).

Areca catechu is commonly called betel nut, belongs to the
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catechu were coarsely powdered and soaked serially in
hexane, chloroform, ethyl acetate and ethanol. Extract was
filtered using Whatman filter paper No.1l.and concentrated
using, rotary evaporator (EQUITIRON). The concentrated
extracts were completely dried to remove the last traces of
the solvents using Lyodel Freeze Dryer (DELVAC).

Sample preparation

Adult C. cotylophorum were incubated in various
concentration of AcEE (0.005, 0.01, 0.05, 0.1 and 0.5mg/ml)
for 2, 4 and 8h. Simultaneously, control was also maintained
in Hedon-Fleig solution without the plant extract. After
incubation, the parasites were rinsed in distilled water. The
parasites were weighed wet and a 10% (W/V) homogenate
was prepared by homogenising the flukes in ice-cold 0.25 M
sucrose solution containing 0.15 M Tris-HCI (pH-7.5). This
homogenate was centrifuged at 1000 rpm for 10 min. The
supernatant was used as the enzyme source. The particulate
and soluble fractions of C. cotylophorum were prepared
following the method of Fry et al. (1983).

Enzyme Assay

Fumarate Reductase (FR)

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 (1963).The reaction mixture
contained 1 ml of 150 mM Tris-
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Table 1: In vitro effect of AcEE on FR activity of C. cotylophorum

% inhibition (mean + SD of n=5) at various

Conc. mg/ml* periods of incubation®*

2h 4h 8h
AcEE
0.005 2222 +0.01 57.87 £ 0.04 69.36 + 0.21
0.01 40.82 + 0.04 65.60 + 0.05 78.55 + 0.15
0.05 56.45 + 0.15 71.64 +0.06 81.69 +0.13
01 59.36 + 0.04 75.20 +£0.21 85.66 + 0.03
05 62.08 +0.16 79.64 +0.15 90.49 +0.11

* Inhibitory effects of the extracts among the different concentrations of the respective plant are significantly different for each
duration of incubation

(P < 0.05) using Bonferroni test

** |nhibitory effects of the extracts among the different hours of incubation is significantly different for each concentration of the
respective plants (P < 0.01) using Bonferroni test

Table 2: In vitro effect of AcEE on SDH activity of C. cotylophorum

% inhibition (mean + SD of n=5) at various

Conc. mg/ml* periods of incubation**
2h 4h 8h
AcEE
0.005 7.30 +0.05 33.72+0.03 61.28 + 0.05
0.01 14.00 £ 0.14 37.14 +£0.12 67.39+0.14
0.05 30.95 + 0.05 4420+ 0.11 70.73 +£0.12
0.1 33.29+0.16 5542 +0.14 83.60 = 0.23
0.5 38.98 + 0.18 68.66 + 0.12 93.68 + 0.19

* Inhibitory effects of the extracts among the different concentrations of the respective plant are significantly different for each
duration of incubation

(P < 0.05) using Bonferroni test

** |nhibitory effects of the extracts among the different hours of incubation is significantly different for each concentration of the
respective plants (P < 0.01) using Bonferroni test

Figurel: Cotylophoron cotylophorum in rumen of sheep

Figure2: Areca catechu
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Dhanraj and Veerakumari, 2015; Jeya and Veerakumari,
2015). Anthelmintics are known to inhibit the synthesis of
mitochondrial ATP in parasites (Veerakumari, 1996). This is
particularly important as the energy metabolism differs
significantly from those of the host.

Inhibitory effect of AcEE on FR activity of C. cotylophorum
was apparent in the present analysis. Fumarate is reduced to
succinate using NADH as reducing equivalent and succinate
formation is the final step of the glycolytic pathway (Maule
and Marks, 2006). In concurrence with the current studies,
Priya and Veeerakumari (2011) reported similar inhibition of
FR in Acacia concinna—treated C. cotylophorum. Omura et al.
(2001) reported, nafuredin, a novel compound isolated from
Aspergillus niger, exhibited high selective toxicity and
inhibitory effect on the FR of H. contortus. Antiparasitic drugs,
inhibit fumarate binding to FR, slowdown the synthesis of
body constituents, curtail the energy production in the
parasites (Kumari, 2006), uncouple oxidative
phosphorylation, hamper ATP production (Lemke et al.,
2013) and present an excellent biochemical target in the
treatment of helmintic infections (Turrens, 2012). On
investigating the activity of SDH in C. cotylophorum, a
significant decrease in the enzyme activity of AcEE-treated
flukes was noted. Similarly, salicylanilide and mebendazole
inhibited the activity of SDH in F. hepatica and T. spiralis
(Coles 1974; Boczon 1976).

SDH has the ability to transfer electrons to the respiratory
chain by catalysing the formation of fumarate and succinate
(Parvathi and Aruna, 2012). SDH inhibition by anthelmintics
could prevent the utilization of the chemical energy derived
from electron transport for the net phosphorylation of ADP to
ATP and deprive the parasite of its normal source of energy
(Skuce and Fairweather, 1990). In addition, anthelmintics,
affect tubulins bound in mitochondrial membrane of the
parasites by influencing SDH-FR complex negatively, inhibit
succinate metabolism and diminish ATP-synthesis (Swan,
1999). Hence, SDH could potentially be an important target
for anthelmintics against the gastrointestinal parasites of
livestock (Chen et al., 2001). Inhibition of FR-SDH system may
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