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Abstract- Glutathione S-transferases (GSTs) are widespread in Fasciola. hepatica parasite and sheep 
liver tissue. Study of GSTs inhibition assays in F. hepatica and sheep liver tissue are a priority of 
chemotherapeutic targets in parasitic liver diseases including human fascioliasis in Iran. In this research, 
the whole extract of F. hepatica and sheep liver tissues were purified and eluted for sodium dodecyl 
sulphate polyacrylamide gel electrophoresis (SDS-PAGE) pattern and GSTs inhibition assay. GSTs 
inhibition was detected by hexachlorophene as an inhibitor and 1-chloro-2,4-dinitrobenzene (CDNB) as 
secondary substrate. The purified GSTs from F. hepatica and liver tissue contained comparable 
components and showed a molecular weight of 26kDa. The inhibitor concentration of hexachlorophene, 
for the remaining 50% activity (IC50%) of GST enzymes from F. hepatica and liver were graphically 
calculated, and the results were 0.25 µM and 1 µM, respectively. GSTs of F. hepatica may be more 
sensitive than sheep liver tissue to hexachlorophene.  
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INTRODUCTION 

 
Fasciola hepatica is the causative organism of 

fascioliasis. A wide variety of mammals, including 
man may be infected with F. hepatica by ingestion of 
contaminated vegetables such as watercress. 
Glutathione transferase is one of the major 
detoxification systems found in helminths, including 
F. hepatica (1). Glutathione S-transferases (GSTs) 
are found in high levels in F. hepatica; the level of 
this enzyme is approximately 4% of the total soluble 
protein (2, 3). The helminth GSTs are present as 
isoenzymes but fail to show a clear biochemical 
homology to any of the three mammalian GST 
families. GSTs bind to a range  of  antihelmintics  but  
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there is limited evidence that the enzymes can 
conjugate anthelmintics with glutathione (4). Acidic 
and neutral GST forms have been isolated from F. 
hepatica by a combination of glutathione affinity 
chromatography and chromatofocusing (5). F. 
hepatica GSTs were isolated from adult worms by 
glutathione agarose affinity chromatography. Sodium 
dodecyl sulphate polyacrylamide gel electrophoresis 
(SDS-PAGE) shows three proteins of M(r) ranging 
from 29-27.8 kDa. (6). Four cDNAs encoding GST 
(rGST1, rGST7, rGST47 and rGST51) of F. hepatica 
have been expressed in Escherichia coli. The rGST 
proteins were 95% pure as indicated by Coomassie 
staining of proteins separated by SDS-PAGE. All 
four rGST proteins from F. hepatica actively 
conjugate glutathione with the universal substrate, 1-
chloro-2,4-dinitrobenzene (7). Studies on GST 
enzymes in F. hepatica as a parasite, and sheep liver 
tissue as a host, are the priority of chemotherapeutic 
and immunotherapeutic targets in fascioliasis.  
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In the present research, the whole extracts of F. 
hepatica and sheep liver tissue were purified, and 
eluted solutions were investigated for molecular 
weight by SDS-PAGE, and GSTs inhibition assay by 
hexachlorophene as an inhibitor.  

 
 
MATERIALS AND METHODS 

 
GSTs purification 

GSTs were purified from adult F. hepatica and 
sheep liver tissue as an enzyme pool by a glutathione 
affinity matrix using a wash-bath method (4). 
Approximately 200 µl wet volume of freshly 
prepared glutathione-agarose gel (Sigma) was 
washed with 1000 µl of 20 mM potassium phosphate 
buffer (pH 7.0) containing 50 mM sodium chloride 
(solution A) in a micro centrifuge tube (1500 µl 
capacity) by centrifugation at low speed (9000 rpm) 
for 10 sec. The extract, 1000 µl (3 mg protein for F. 
hepatica and 3 mg protein for liver tissue), was 
mixed with the gel for 30 min at 4°C. The 
supernatant was removed by centrifugation and the 
gel matrix washed with 1000lµl of solution A. 
Polypeptides were eluted from the gel by washing 
with 5 × 200 µl of 50 mM Tris-HCL pH 9.6 buffer 
(4°C) containing 5 mM glutathione (reduced). 
Concentration of solubilized protein of F.hepatica 
and liver tissue, before and after purification was 
determined by Bio-Rad protein assay, based on the 
method of Bradford . 

 

SDS-PAGE pattern of GSTs 
For SDS-PAGE whole extracts of F.hepatica, 

liver tissue and purified GSTs were run on a vertical 
thin layer gel (final gel was12.5%). The gel was 
stained with 0.02% Coomassie Blue R-250 (mix 1 
part filtered stock solution to 9 parts methanol: acetic 
acid: distilled water) (7). Ten micrograms of each 
protein was added to the gel. As a standard solution, 
Blue Pre-stained molecular weight marker (Novex) 
was used. 

 
GSTs inhibition assay 

GST inhibition by hexachlorophene as an 
inhibitor and 1-chloro-2,4-dinitrobenzene as a 
secondary substrate, was detected in a UV 
spectrophotometer at 340nm for GSTs assay of F. 
hepatica and liver eluted solutions (8). 

 
 

RESULTS 
 

Purified polypeptides eluted (Fractions1, 2) from 
the gel by addition of Tris-buffer showed GST 
activity. These eluted solutions were preserved for 
SDS-PAGE analysis. Polypeptides (Fractions 3,4,5) 
eluted from the gel by Tris-buffer showed lower 
activity and were used for comparative inhibitor 
enzyme assay. SDS-PAGE of homogenized and 
purified GSTs revealed a similar molecular weight. 
As shown in figure 1, the purified GSTs from F. 
hepatica and liver tissue have a molecular weight 
26kDa. 

                   
                                            Lane.1   Lane. 2     Lane. 3   Lane. 4   Lane.5    Lane. 6  
Fig. 1. SDS-Page of whole and purified extracts of GSTs from sheep liver tissue and Fasciola hepatica. Lane 1,marker sample; 
Lane 2,whole extract of F.hepatica; Lane 3, purified fraction of F.hepatica ; Lane 4, whole extract of sheep liver tissue; Lane 5, 
purified fraction of sheep liver tissue; Lane 6, marker sample. 
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purified GSTs inhibition assay  of sheep liver tissue by 
Hexachlorophene
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                                                IC50% value = 1µ M hexachlorophene 

Fig. 2. Purified GSTs inhibition assay of liver tissue by hexachlorophene. * GSTs activity, with 1-chloro-2, 4-dinitrobenzene, was 
based on mM per minute and standard deviation of three assay values in each case. **IC50% value was based on micromole and 
three assays in each case. 
 
 
 

Purified GSTs  inhibition assay   of F. hepatica  by 
Hexachlorophene
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                                                IC50% value = 0.25 µM hexachlorophene 

Fig. 3. Purified GSTs inhibition assay of Fasciola hepatica by hexachlorophene.* GSTs activity, with 1-chloro-2, 4-dinitrobenzene, 
was based on mM per minute and standard deviation of three assay values in each case. **IC50% value was based on micromole and 
three assays in each case. 
 
 

The inhibitor concentration for the remaining 50% 
activity of liver GSTs was calculated graphically by 
Excel software and equalled 1µM hexachlorophene 
(Fig.2). 
The inhibitor concentration for the remaining 50% 
activity of  F. hepatica GSTs was calculated 
graphically by Excel software and equalled 0.25µM 
hexachlorophene (Fig.3). 

Concentrations of the solubilized protein in 
homogenized whole extracts and purified eluted 
solutions were determined as 3.25 µg/ml and 3.25 
µg/ml in sheep liver tissue and 6 µg/ml and 5 µg/ml 
in F. hepatica, respectively. 

DISCUSSION 
 

Glutathione affinity chromatography successfully 
isolated GST proteins from F. hepatica and sheep 
liver tissue. SDS-PAGE confirmed that F. hepatica 
GSTs migrate like liver tissue GSTs, as a band 26 
kDa. 

The hexachlorophene showed inhibitory activity 
against F. hepatica and sheep liver tissue GSTs. 
Comparison of the effect of hexachlorophene 
revealed that the activities of both GSTs were 
suppressed and the difference between the extent of 
inhibition was relatively high (4 fold) as same as 
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whole extract tissue inhibition assay (8). This general 
inhibition of helminth and liver tissue GSTs in the 
micro molar range (as judged by IC50% value) by 
antihelmintics may help to explain the mode of action 
of these chemotherapeutic agents and sensitivity 
variation between two enzymes. The results suggest 
that GSTs of F. hepatica may be more sensitive than 
host liver tissue to hexachlorophene. A series of β-
carbonyl substituted glutathione conjugates have 
been evaluated as inhibitors of O. Volvulus GST2 (9). 
Recent studies have shown Piliostigma thonningii, 
Ocimum gratissium, Nauclea latifolia (medicinal 
plants) containe heat-stable inhibitory activities 
against recombinant Ascaris and Oncocerca GSTs in 
vitro (10). However the binding of antihelmintics by 
a helminth GSTs may contribute to a passive 
detoxification mechanism (3).  

In summary, although GSTs of F. hepatica and 
liver tissue show equivalent molecular weights, the 
remaining enzymatic activity has been shown to be  
different against hexachlorophene. As a model, the 
different effects of hexachlorophene on GSTs of 
F.hepatica and liver tissue could be concerned in the 
treatment of fascioliasis. Triclabendazole has recently 
been used as a drug of choice for human fascioliasis 
in Iran. Based on the results of this research, and for 
understanding the mechanism of triclabendazole’s 
effect, GST inhibition assay of this drug is the next 
step of our research. 
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