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Introduction

The liver fluke, Fasciola hepatica (F. hepatica), is a 
common parasite of ruminants in many countries in the 
temperate climates and often causes important production 
losses in infected animals [1, 9, 11, 14, 29, 39]. Natural 
fasciolosis in sheep develops clinical manifestations of acute, 
subacute and chronic infection according to numbers of 
metacercaria ingested in a period of time [1, 4, 11, 14, 39]. 

Similarly, the pathogenecity and clinical aspect of fasciolosis 
are also associated with the number of flukes [1, 4, 11, 24, 39, 
40]. The disease occurs in two phases: the parenchymal phase 
during migration of flukes through the liver parenchyma in 
which they cause traumatic damage to the parenchyma in the 
form of necrosis, fibrosis and cirrhosis, and the biliary phase 
which coincides with their residence in the bile ducts and is 
characterized by hyperplasia of the bile duct epithelium that 
eventually leads to cholangitis and biliary obstruction [1, 4, 
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RÉSUMÉ
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et une lymphopénie modérée, des lésions hépatiques sévères associant 
une dégénérescence des hépatocytes (augmentations significatives des 
activités sériques de l’AST et de la GDH) et une obstruction des canaux 
biliaires (augmentations significatives de l’activité sérique de la GGT et des 
concentrations sériques en acides biliaires) conduisant à une diminution 
des capacités de synthèse du foie (hypoalbuminémie, diminutions 
importantes des concentrations sériques de glucose, et des concentrations 
de cholestérol associé aux LDL). Toutes les altérations hématologiques et 
biochimiques ont été au moins partiellement corrigées par le traitement 
antihelminthique à l’exception des concentrations sériques des triglycérides 
qui ont continué à diminuer pendant la période post-traitement, de la 
cholestérolémie totale et des concentrations de cholestérol associé aux HDL 
qui ont nettement augmenté, notamment chez les moutons recevant en plus 
l’agoniste du PPARa. Ces résultats demontrent clairement qu’un important 
dysfonctionnement hépatique survient pendant la fasciolose chez le mouton 
et qu’un agoniste du PPARa peut avoir des effets positifs sur la correction 
du déficit de la balance énergétique, en promouvant, en particulier, la 
circulation retour du cholestérol.    
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11, 39]. As the liver plays a central role in the physiology of 
the body, hepatic pathology due to fasciolosis, even when 
only small liver areas are damaged, results in significant 
disturbances and/or changes in components of blood, 
mitocondrial bioenergetic metabolism, carbonhydrate, 
protein, lipid and steroid metabolisms as well as bile flow and 
composition [4, 11].

Common blood changes occurring in infected hosts are 
anaemia, eosinophilia, hypoalbuminaemia and increased 
liver enzyme activities as reported by several researchers [1, 4, 
11, 29, 38, 39, 47]. For all that happens, researchers in recent 
years focused on the metabolic effect on energy deficiency 
in fasciolosis [14, 27, 36]. In this regard, PHIRI et al. [36] 
showed that fasciolosis caused energy deficieny (low glucose) 
and ketosis (increased β-hydroxybutyrate) in experimentally 
infected sheep. This situation can be explained by the fact 
that the migrating flukes cause severe liver pathology and 
death of hepatocytes, which may potentially reduce liver 
glycogen reservoirs [4, 27, 36] and the consequent reduction 
in available liver glycogen leads to a reduction in glycaemia 
[15, 36] and a corresponding increased mobilisation of 
free fatty acids (FFA) [36] and secondary increased serum 
concentrations of ketone bodies such as β-hydroxybutyrate 
[4, 22, 36]. However, JEMLI et al. [21] reported that sheep 
infected with 200 metacercariae exhibited no change in 
serum triglyceride and cholesterol concentrations over 
14 weeks after infection. Likewise, infected sheep with 
F. hepatica showed no change in FFA concentration and 
phospholipid composition or content in liver mitochondria 
isolated 4 weeks post-infection [27]. On the other hand, 
mitochondria isolated from infected livers were reported to 
contain elevated concentrations of FFA [26]. Moreover, it is 
suggested that although bile flow and secretion decreased, 
the serum bile acid concentrations were increased in F. 
hepatica infected sheep which it may be signs of parenchymal 
degeneration of the liver [14]. In addition, authors reported 
that the liver antioxidant capacities in the course of fasciolosis 
were reduced whereas the reactive oxygen species genesis 
enhanced during the infection [24, 40].

The peroxisome proliferators activated receptor α 
(PPARα) belongs to the nuclear hormone receptor family 
[10, 25, 34, 41]. Although PPARα is expressed in all tissues of 
mammals [10, 25], it is mainly expressed in the tissues which 
have a highly efficient mitochondrial fatty acid oxidation 
such as liver, brown adipose tissue, kidneys, skeletal 
muscle and heart [23, 25, 41, 46]. They are considered as 
transcription factors activating by lipids and regulate genes 
controlling lipid and glucose metabolism and adipogenesis. 
In the liver, PPARα directly regulates genes involved in fatty 
acid uptake and oxidation and gluconeogenesis. Finally, 
PPARα stimulates hepatic fatty acid oxidation, ketogenesis 
and conversion of glycerol to glucose [10, 13, 23, 25, 34]. 
In brief, it regulates metabolism of lipid and lipoprotein, as 
well as glucose homeostasis [7, 10, 34, 46]. In accordance 
with above mentioned subjects, it was previously reported 
that the application of PPARα agonist reduced the serum 

concentrations of low density lipoprotein cholesterol (LDLc), 
triglycerides (TG) and FFA but increased high density 
lipoprotein cholesterol (HDLc) and glycaemia [7, 18, 23, 
30, 34, 46]. In addition, HUBER et al. [20] have shown that 
the PPARα agonist, nafenopin, reduces lipid peroxidation 
in rat liver. Moreover, it is shown that the activation of 
PPARα in rodent liver and in primary hepatocyte cultures 
promotes hepatocyte proliferation and regeneration and 
reduced apoptosis [3, 19], and that the liver regeneration in 
PPARα-null mice is impaired following partial hepatectomy 
[2, 12]. Furthermore, authors reported that in PPARα-
null or deficient mice at laboratory conditions suffer from 
metabolic defects including hypoglycaemia, hypoketonemia, 
hypothermia and elevated plasma FFA concentrations [8, 
22, 35, 41]. Because the administration of a selective PPARα 
agonist has been shown effective for the treatment of fatty 
liver, ketosis, acidosis, digestive disorder, intoxications 
and impaired hepatic activity [13], and because its specific 
and broad-scale action on energy metabolism, choleresis 
and inflammation represents a first line of therapy for the 
treatment of metabolic disorders, the PPARα agonist usage in 
veterinary medicine has developed in recent years. Moreover, 
same authors [13] have shown that the administration of 
PPARα agonist has also caused increase in choleresis.

 
If above mentioned knowledge in related to fasciolosis 

and PPAR α agonist evaluated, the usage in the treatment 
of fasciolosis may have useful effect on metabolic changes 
developed in fasciolosis. For this reason, in the present study, 
the effects of PPARα agonist on metabolic profiles such as 
glycaemia, bile acid concentrations and lipid profiles in sheep 
with natural chronic fasciolosis were aimed to investigate.

Materials and Methods

AnimAls And study design

This study was carried out in Özalp district of Van province 
(Turkey) between February and April 2008. According to 
anamnesis and clinical examination (cachexia, anorexia, 
mess in wool, oedema under the mandibula, paleness in 
the mucous membranes), fasciolosis was suspected in 65 
Akkaraman sheep from the same flock, 1-3 years old. After 
the diagnosis confirmation by evidencing Fasciola spp eggs 
in stool samples, 20 Fasciola-affected sheep and 10 “healthy” 
sheep whith no Fasciola spp eggs in stool samples were 
included in the assay. Then, diseased animals were allotted 
into two equal groups (n = 10) as group I and group II in 
which egg numbers in the stool samples and packed cell 
volume (PCV) values were taken into consideration.

All animals (in assay and control groups) orally received 
10 mg/kg body weight triclabendazole and 7.5 mg/kg 
levamisole (Levatrizol™, Vetaş®/Turkey). In addition, diseased 
animals in the group II  were intramuscularly treated by a 
PPARα agonist, the 2-methyl-2-phenoxy-propionic acid 
(Hepagen™, Vetaş®/Turkey), at the dose of 0.1 mg/kg twice 
with one week interval (on days 0 and 7).
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In the assay group, blood samples for haematological 
and biochemical investigations were collected from jugular 
vein into sterile tubes with and without anticoagulant, 
respectively before treatment (BT) and 7, 14, 21 and 28 
days after. Blood samples in controls were collected only 
once. For haematological analysis, whole blood samples 
were stored at +4oC and analyzed within maximum 4 hours. 
For biochemical analysis, after clotting for 1 hour at room 
temperature and centrifugation (Rotofix 32® -Hettich, 4 000g, 
10 minutes, room temperature), sera were carefully harvested 
and stored at -20°C until analysis.

In parallel to blood sampling, faecal samples were 
collected from the rectum and the number of F. hepatica 
eggs was determined by flotation-centrifugation method 
according to the modified Mc MASTER technique [43].

HAemAtologicAl And biocHemicAl AnAlyses

The haematological parameters (haemoglobin (Hb) 
concentrations, Packed cell volume (PCV) values and 
white blood cell (WBC) counts) were analysed using 
QBC®VetAutoread™ cell counter (IDEXX/USA). Differential 
WBC counts were also determined manually from Giemsa 
stained smears by classic staining method.

Serum glucose, total protein, albumin, globulin, total 
bilirubin (TBil), triglyceride, total cholesterol (TC), HDL- 
and LDL-associated cholesterol (HDLc and LDLc) and total 
lipid (TLIP) concentrations as well as the aspartate amino 
transferase (AST), alanine amino transferase (ALT), alkaline 
phosphatase (ALP) and gamma glutamyl transferase (GGT) 
activities were analysed using biochemical autoanalyzer 
(Hitachi 902® -Roche & Boehringer Mannheim). Similarly, 
serum  bile acid concentrations were determined by 
commercial kits (Sigma Bile Acid Kit 450-SIGMA-ALDRICH®/
UK) using autoanalyzer (Cobas Mira-S®/Roche Diagnostics /
Germany) and the serum glutamate dehydrogenase (GDH) 
activity was determined by a commercial kit (Randox-
GL442/UK) using spectrophotometer (Photometer® 5010, 
Boehringer-Mannheim /Germany).

stAtisticAl AnAlysis

For haematological and biochemical findings, statistical 
evaulation between control group and differently treated 
groups (group I and II) were analysed using independent 
samples t test and the variations of the parameters according 
to time were analysed using paired samples t test. The 
treatment efficacy (or % reduction) for liver fluke faecal egg 
counts for each treatment group was expressed in percentage 
after deducting the egg counts measured after treatment from 
initial egg counts [45] and the statistical evaluation between 
groups I and II for the same time point were analysed using 
paired samples t test. For this purpose, the SPSS 12.0 software 
was used. Statistical significance was set at p < 0.05. All 

data were expressed as means ± standard error of the mean 
(S.E.M).

Results

The results of faecal examinations according to time are 
illustrated in figure 1. Before treatment, the mean values of 
Fasciola spp egg counts found in stool samples of diseased 
animals (groups I and II) were 650.0 ± 64.5 and 541.6 ± 
70.7, respectively. After treatments, the faecal Fasciola spp 
egg excretion was dramatically reduced in both 2 groups 
during the whole 28 days long post-treatment period (p < 
0.001) compared to the initial values but although the egg 
counts measured during this period in the faecal samples 
from sheep treated with triclabendazole/levamisole and the 
PPARa agonist (group II) were systematically inferior to 
values obtained in the group I (treated with triclabendazole/
levamisole), the differences between the 2 treated groups 
were not statistically significant whatever the time point 
considered. In both 2 groups, the treatment efficacy has 
gradually increased according to time from around 90% 
on day 7 to around 95% on day 28 and has not significantly 
differed between the 2 treated groups.

Figure 1: Time variations of the mean Fasciola spp egg counts in faeces 
from sheep with chronic fasciolosis treated on day 0 with triclabenda-
zole (10 mg/kg) /levamisole (7.5 mg/kg) orally (group I) or with tri-
clabendazole (10 mg/kg) /levamisole (7.5 mg/kg) orally plus a PPARa 
agonist (2-methyl-2-phenoxy-propionic acid, 0.1 mg/kg) intramuscu-
larly on days 0 and 7. Results are expressed as means ± standard error 
of the mean (S.E.M).

 ***p < 0.001 between initial values (Day 0) and the other time points.

The haematological findings in sheep with chronic 
fasciolosis are presented in Table I. The haematocrit values 
and the haemoglobinemia were dramatically depressed in 
both infected groups before treatment (day 0) compared 
to the control vlaues (p < 0.01). After administration of 
triclabendazole and levamisole eventually associated to the 
PPARa agonist, they gradually increased according to time 
(day 0 vs. days 7, 14 and 28: p < 0.05, day 7 vs. days 14 and 28: 
p < 0.05 for haematocrit values; day 0 vs. days 14 and 28: p < 
0.05 for haemoglobinemia) but they remained significantly 
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decreased compared to the healthy controls until the 7th day 
and the 14th day (p < 0.05) for the haemoglobinemia and 
the haematocrit, respectively. On day 28, these 2 parameters 
were still lower in both infected groups than in the control 
group but not significantly. No significant difference between 
the both infected groups was evidenced. In parallel, the mean 
haemoglobin corpuscular concentrations (MHCC) remained 
stable in infected animals.

Although the leukocyte counts appeared slightly reduced 
before treatment in diseased sheep, the observed time 
variations were not significant compared to the control 
values. The neutrophil, basophil and monocyte populations 
remained relatively stable whereas a moderate lymphopenia 
(p < 0.05) was noted before treatment (group II) and still 
persisted on day 7 in sheep only treated with triclabendazole 
and levamisole (group I) and the eosinophil population was 
significantly extended compared to controls before treatment 
(p < 0.01) in both infected groups then gradually declined 
according to time after treatment.

The biochemical findings are summarized in Table II. 
Whereas the globulinemia was unchanged, the proteinemia 
and the albuminemia were significantly lower in Fasciola-
infected sheep before treatment than in the healthy controls 
(p < 0.01 and 0.05 for proteinemia in groups II and I, 
respectively; p < 0.001 for albuminemia). Thereafter, the 3 
parameters progressively increased according to time after 

treatment (day 0 vs. day 28: p < 0.05). The proteinemia were 
still significantly depressed compared to the controls 7 days 
after treatment in the 2 infected groups (p < 0.05 for the group 
I and p < 0.01 for the group II) with the same intensity (group I 
vs. group II: not significant) and reached values similar to the 
controls on day 28, and the albuminemia remained markedly 
reduced for 28 days (day 7: p < 0.001; days 14 and 28: p < 0.01 
in the group I and < 0.001 in the group II), particularly in 
the group II (treated by triclabendazole/levamisole and the 
PPARa agonist) (group I vs. group II on day 28: p < 0.05). 
On the other hand, the globulinemia significantly increased 
compared to the controls (p < 0.05 for the group I and p < 
0.01 for the group II) and the pre-treatment values (p < 0.01) 
since the 14th day.

The serum bile acid concentrations in both treatment 
groups dramatically increased before treatment compared to 
the control group (p < 0.01) and then they slowly declined 
(day 0 vs. day 28: p < 0.05), particularly in the group II in 
which they remained significantly increased on days 14 
and 28 (p < 0.05). For the total biluribune concentrations, 
although this parameter was slightly increased before 
treatment, no significant difference between infected and 
healthy sheep was observed during the experiment.

Significantly low glucose concentrations were found in 
Fasciola-infected sheep before treatment (p < 0.001) but 
since the 7th day after treatment, they have significantly 

Parameters
Group I (triclabendazole /levamisole) Group II (triclabendazole /levamisole + 

PPARa agonist) Control 
group

Day 0 Day 7 Day 14 Day 28 Day 0 Day 7 Day 14 Day 28

PCV (L/L)

Hb (g/L)

MHCC (g/L)

WBC (109/L)

Neutrophil (109/L)

Eosinophil (109/L)

Basophil (109/L)

Lymphocyte 
(109/L)

Monocyte (109/L)

0.24 
± 0.02d

83.6 
± 9.1c

344.7 
± 45.5

8.13 
± 0.52
3.13 

± 0.52
0.57 

± 0.06b

0.06 
± 0.03
4.21 

± 0.57ab

0.16 
± 0.05

0.26 
± 0.01c

88.7 
± 4.4bc

341.8 
± 44.0

7.10 
± 0.65
2.95 

± 0.16
0.16 

± 0.03a

0.05 
± 0.01
3.80 

± 0.18b

0.14 
± 0.02

0.28 
± 0.01b

97.2 
± 4.8ab

344.1 
± 45.6

7.44 
± 0.43
3.14 

± 0.49
0.15 

± 0.03a

0.07 
± 0.03
3.91 

± 0.46ab

0.17 ± 
0.03

0.29 
± 0.01ab

100.2 
± 4.1ab

342.3
± 42.4

9.10 
± 0.34
3.16 

± 0.28
0.20 

± 0.04a

0.05 
± 0.04
5.53 

± 0.33a

0.16 
± 0.04

0.24
 ± 0.01d

81.0 
± 4.9 c

339.5 
± 48.7

7.67 
± 0.69
3.04 

± 0.23
0.69 

± 0.08b

0.06 
± 0.01
3.64 

± 0.24b

0.24 
± 0.01

0.25
 ± 0.02c

87.8 
± 6.3bc

355.5 
± 31.5

8.50 
± 1.12
3.08 

± 0.27
0.29 

± 0.05a

0.09 
± 0.02
4.85 

± 0.28ab

0.19 
± 0.03

0.27
 ± 0.02b

95.3 
± 5.2ab

352.1 
± 28.4

10.06 
± 0.62
3.60 

± 0.21
0.30 

± 0.09a

0.13 
± 0.03
5.70 

± 0.27a

0.32 
± 0.04

0.28 
± 0.01ab

96.3 
± 5.2ab

344.8 
± 49.6

8.55 
± 0.76
3.06 

± 0.27
0.21 

± 0.08 a

0.06 
± 0.02
5.03 

± 0.20a

0.17 
± 0.02

0.35 
± 0.02a

116.5 
± 7.4a

332.7 
± 37.9

9.17 
± 0.58
3.44 

± 0.22
0.23 

± 0.07a

0.09 
± 0.03
5.20 

± 0.24a

0.21 
± 0.04

PCV: Packed cell volume; Hb: Haemoglobin concentration; MHCC: Mean Haemoglobin Corpuscular concentration (Hb/PCV); WBC: White Blood Cell 
count.

Different superscripts a,b,c,d in the same row indicate significant differences (p < 0.05) between groups. 

Table I: Time variations of the haematological parameters in sheep with chronic fasciolosis treated on day 0 with triclabendazole (10 mg/kg) /levamisole (7.5 
mg/kg) orally (group I) or with triclabendazole (10 mg/kg) /levamisole (7.5 mg/kg) orally plus a PPARa agonist (2-methyl-2-phenoxy-propionic acid, 0.1 mg/kg) 
intramuscularly on days 0 and 7. Results are expressed as means ± standard error of the mean (S.E.M).
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increased in both infected groups (day 0 vs. day 7: p < 0.05). 
However, they remained still significantly depressed in the 
group I (receiving only Triclabendazol and levamisole) on 
days 7 and 14 (p < 0.01) but at these 2 dates, no significant 
difference was observed between the 2 infected and treated 
groups (Table II).

Although slightly lowered in infected sheep, the total 
lipidemia has not significantly changed compared to controls 
during the whole experimental period. Before treatment, the 
triglyceride concentrations and the total cholesterolemia were 
weakly but not significantly lowered in infected sheep. After 
treatment, while the triglyceride concentrations progressively 
decreased according to time (days 0 and 7 vs. days 14 and 
28: p < 0.05) and became significantly lower than the control 
concentrations on days 7 (p < 0.05), 14 and 28 (p < 0.01), the 
serum total cholesterol concentrations slowly increased for 

significantly standing higher than control values on day 28 
when sheep have received PPARa agonist and triclabendazole 
and levamisole (group II) (p < 0.05). In the same way, the 
HDL associated concentrations (HDLc), already slightly 
elevated before treatment compared to the control values, 
have also gradually increased according to time (day 0 vs. day 
28: p < 0.05) in infected sheep after treatment and reached 
significantly higher values than controls on day 28 (p < 0.05) 
for the group I (treated with triclabendazole/levamisole) and 
since the 7th day for the group II (treated with triclabendazole/
levamisole + PPARa agonist) (Days 7 and 14: p < 0.05; day 
28: p < 0.01). Furthermore, this parameter on day 28 was 
significantly higher in the group II than in the group I (p < 
0.05). By contrast, the serum LDL associated concentrations 
(LDLc) were drastically lowered in both infected groups 
compared to the control group before treatment (p < 0.01) 
and although they have weakly increased after treatment, 

Parameters
Group I (triclabendazole /levamisole) Group II (triclabendazole /levamisole 

+ PPARa agonist) Control 
group

Day 0 Day 7 Day 14 Day 28 Day 0 Day 7 Day 14 Day 28

Total protein (g/L)

Albumin (g/L)

Globulin (g/L)

Bile acid (mmol/L)

TBil (mmol/L)

Glucose (mmol/L)

Triglycerides (mg/L)

TC (mmol/L)

HDLc (mg/L)

LDLc (mg/L)

TLIP (g/L)

AST (U/L)

ALT (U/L)

ALP (U/L)

GGT (U/L)

GDH (U/L)

63.9 
± 4.5b

23.0 
± 2.1cd

40.9 
± 2.9a

80.1 
± 7.9c

2.89 
± 0.05
2.47 

± 0.14c

21.72 
± 4.05ab

1.40 
± 0.16a

406.9 
± 50.7a

93.0 
± 13.6c

3.05 
± 0.15
124.0 
± 8.3b

15.83 
± 2.26
90.0 

± 16.2
80.8 

± 4.5c

12.43 
± 2.13d

65.2 
± 3.8b

23.2 
± 1.5cd

42.0 
± 3.1ab

71.0 
± 14.9abc

2.04 
± 0.03
2.90 

± 0.19b

17.65 
± 2.54bc

1.57
 ± 0.22ab

457.0 
± 67.7ab

119.3 
± 21.4c

3.14 
± 0.19
104.5 
± 5.5ab

14.00 
± 2.81
90.3 

± 15.5
75.4 

± 3.5c

7.51 
± 2.03c

71.3 
± 3.1ab

24.2 
± 1.9c

47.1 
± 2.0b

63.5 
± 25.1ab

1.87 
± 0.03
2.95 

± 0.07b

13.33 
± 2.78c

1.53 
± 0.15ab

432.3 
± 52.9ab

122.8 
± 22.4bc

3.07 
± 0.10
104.8
± 8.3ab

15.00 
± 2.85
89.8 

± 11.6
58.4 

± 2.6b

4.78 
± 1.15b

76.8 
± 2.6a

27.5 
± 1.4b

48.6 
± 2.2bc

60.6 
± 18.9ab

1.70 
± 0.03
3.28 ± 
0.18ab

12.83 
± 2.23c

1.67 
± 0.12ab

499.3 
± 50.7b

134.3 
± 14.8b

3.17 
± 0.09
103.2 
± 4.7ab

13.17 
± 2.44
80.5 

± 18.6
45.8 

± 4.4a

3.22 
± 0.78ab

61.1 
± 2.7b

20.9 
± 1.6d

40.2 
± 1.7 a

94.3 
± 10.9c

3.06 
± 0.05
2.16 

± 0.11c

27.71 
± 4.15ab

1.56 
± 0.19ab

438.0 
± 56.4ab

107.1 
± 12.3c

3.24 
± 0.18
118.1 

± 12.0b

14.63 
± 1.95
91.9 

± 12.4
76.0 

± 5.5c

10.89 
± 1.92d

64.9 
± 1.5b

22.2 
± 1.3cd

42.7 
± 1.8ab

76.9 
± 7.8bc

2.21 
± 0.03
3.01 

± 0.20ab

20.10 
± 1.96b

1.81 
± 0.20bc

519.7 
± 62.2b

137.3 
± 18.6b

3.35 
± 0.17
104.0 

± 11.9ab

14.00 
± 2.32
75.3 

± 11.5
72.7 

± 6.6c

8.09 
± 1.74c

70.0
± 1.7ab

22.3 
± 1.2cd

47.7 
± 1.5b

69.6 
± 11.4b

1.87 
± 0.03
3.16 

± 0.09ab

14.71 
± 2.91c

1.79 
± 0.23bc

492.4 
± 51.8b

134.4 
± 15.3b

3.28 
± 0.23
97.8 

± 11.8ab

16.0 
± 2.18
67.1 
± 9.6
57.6 

± 5.2b

4.56 
± 1.31b

76.1 
± 2.1a

24.4 
± 0.9c

51.7 
± 2.1c

70.4 
± 11.5b

1.70 
± 0.03
3.23 

± 0.11ab

13.43 
± 1.96c

2.06 
± 0.16c

650.8 
± 60.5c

119.6 
± 9.8c

3.48 
± 0.12
93.4 

± 10.3ab

15.71 
± 1.58
67.4 
± 7.6
53.9 

± 6.8ab

3.56 
± 0.92ab

74.5 
± 1.1a

35.7 
± 1.4a

38.8 
± 2.4a

36.7 
± 5.6a

2.21 
± 0.03
3.51 

± 0.13a

31.83 
± 9.11a

1.62 
± 0.09ab

349.3 
± 18.8a

212.0 
± 21.9a

3.32 
± 0.09
79.0 

± 11.2a

20.17 
± 3.36
80.3 

± 14.2
43.3 

± 2.6a

2.41 
± 0.43a

TBil: Total Bilirubine; TC: Total cholesterol; HDLc: HDL associated cholesterol; LDLc: LDL associated cholesterol; TLIP: Total lipid; AST: Asparate 
aminotransferase; ALT: Alanine aminotransferase; ALP: Alkalin phosphatase; GGT: g-Glutamyl transferase; GDH: glutamate dehydrogenase.

Different superscripts a,b,c,d in the same row indicate significant differences (p < 0.05) between groups.

Table II: Time variations of the biochemical parameters in sheep with chronic fasciolosis treated on day 0 with triclabendazole (10 mg/kg) /levamisole (7.5 
mg/kg) orally (group I) or with triclabendazole (10 mg/kg) /levamisole (7.5 mg/kg) orally plus a PPARa agonist (2-methyl-2-phenoxy-propionic acid, 0.1 mg/kg) 
intramuscularly on days 0 and 7. Results are expressed as means ± standard error of the mean (S.E.M).
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they were remained still significantly depressed  throughout 
the 28 days long post-treatment period (p < 0.01 to p < 0.05) 
(Table II). On day 28, LDLc concentrations were significantly 
lower in the group II than in the group I (p < 0.05).

As shown in Table II, the serum AST (p < 0.05), GGT 
(p < 0.01) and GDH (p < 0.001) activities were dramatically 
increased in Fasciola-infected sheep compared to the healthy 
controls before treatment. After treatment, the 3 parameters 
gradually declined according to time (days 0 and 7 vs. days 
14 and 28: p < 0.05 for the GGT and GDH activities; days 0 
vs.day 7: p < 0.05 for the GDH activity). However, contrary to 
the AST activity, the GGT and the GDH activities remained 
significantly depressed compared to the healthy controls 
until the 14th day (day 7: p < 0.01, day 14: p < 0.05). On 
day 28, the enzyme activities, although still low, did not 
significantly differed from the control values. Furthermore, 
the variations of the enzyme activities according to time were 
similar in sheep treated with triclabendazole/levamisole 
alone or associated to the PPARa agonist. On the other hand, 
there was no significant difference in the mean ALT and ALP 
activities before and after treatment between control and the 
2 infected groups.

Discussion

In earlier studies, several researchers [4, 5, 11, 39, 42] 
reported that triclabendazole has a high effect against mature 
and early immature F. hepatica. However, development of 
triclabendazole resistance towards some isolates of F. hepatica 
in sheep in recent years was reported by some authors [16, 44]. 
In addition, YÜKSEK et al. [47] showed that combination of 
levamisole and triclabendazole in sheep naturally infected 
with F. hepatica was a highly efficient treatment. For this 
reason, Fasciola-infected sheep were treated in the present 
study by the combined treatment and as several researchers in 
recent years focused on the metabolic energy deficient effects 
of fasciolosis [14, 27, 36], the PPARa agonist (2-methyl-2-
phenoxy-propionic acid) was associated to the combined 
treatment in one of the infected groups (group II) in order 
to evaluate the adjuvant effects on the host metabolism. 
The World association for the Advancement of Veterinary 
Parasitology recommends that the treatment efficacy against 
each genus/species is expressed as highly effective (over 
98%), effective (90-98%), moderately effective (80-89%) or 
insufficiently active (less than 80%) [31]. In this regard, the 
combined treatment eventually coupled to the PPARa agonist 
against fasciolosis was considered as “effective” in the present 
study (the Fasciola egg excretion in faeces was reduced by 
around 95% on day 28) and was in agreement with previous 
reports [5, 33, 42, 47]. Besides, the PPARa agonist addition 
to the basal treatment has not significantly improved the 
treatment efficiency on the parasite elimination.

Anaemia and eosinophilia has been reported as a clinical 
feature of infection with F. hepatica in ruminants [4, 9, 11]. 
A marked anaemia evidenced by low haemoglobinemia and 
haematocrit values and not associated with modifications 

of the cytological erythrocyte characteristics as well as 
an eosinophilia were also found in infected sheep before 
treatment in the current study as previously described [9, 29, 
37, 38, 47]. A moderate lymphopenia was also present in the 
beginning of the experiment possibly secondary to bacterial 
infections. The anaemia seen in the present study may be 
attributed to the direct blood feeding activity of the flukes 
and to the haemorrhage into liver parenchyma, bile ducts 
and the abdominal cavity due to the migrations of immature 
flukes within the liver [4, 11, 39]. The eosinophilia, occurred 
as a host response, may be associated with a tissue migratory 
phase which increases rapidly during the parenchymal stage 
and persists at a high level after the flukes enter the bile 
ducts [4, 6, 11, 38]. After the antihelminthic treatment, the 
eosinophil/leukocyte ratios were immediately decreased and 
restored whereas the haematocrit, the haemoglobinemia 
and the lymphocyte population progressively increased 
and were only partially corrected on day 28. Although 
it has been reported that lipid peroxidation increases in 
fasciolosis [24, 40] and that PPARα agonists cause reduction 
in lipid peroxidation [20], the administration of PPARα 
agonist in the group II has not here significantly favoured 
the restoration of the haematological parameters. This 
situation may be explained by the works of SALEH [40] and 
ÖZTEZCAN et al. [32]. Indeed, SALEH [40] has previously 
reported the absence of correlation between the lipid 
peroxidation intensity in plasma and the anaemia severity in 
sheep infected with F. hepatica and ÖZTEZCAN et al. [32] 
have found that erythrocytes from rats with liver damage 
exhibited an increased resistance to the oxidative stress.

On the other hand, parenchyma cell damage in liver due 
to the migration of immature flukes were reflected in the 
present study by marked increases in the circulating AST and 
GDH activities, considered as markers of hepatocyte lesions 
[6, 14, 15, 36, 38, 40, 47]. As ALT is weakly expressed in the 
liver of large domestic species [22], the serum ALT activities 
determined in liver injuries were not remarkably elevated 
and in the present study like in others [28, 37], fasciolosis was 
not associated to changes in the serum ALT activity. After the 
combined triclabendazole/levamisole treatment, the serum 
enzyme activities significantly declined indicating some 
compensation in the traumatic damage by liver regeneration 
[14, 17, 40]. It was also noticed that the serum AST activity 
was more rapidly rectified (since the 7th day) than the GDH 
activity which remained significantly depressed until the 
14th day. This discrepancy in the 2 enzyme profiles would 
be related to their tissue-specificity, AST being not an 
organo-specific enzyme whereas the GDH was considered 
as a liver specific enzyme, notably in ruminants [22, 39]. 
Although activation of PPARα in rodent liver and in primary 
hepatocyte cultures promotes hepatocyte proliferation and 
regeneration [3, 19], the administration of the PPARα agonist 
in this study has not seemed to significantly accelerate the 
liver regeneration, probably because of differences between 
natural and experimental conditions such as the occurrence 
of secondary bacterial contaminations during spontaneous 
infestations.
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During fasciolosis, liver damage are also linked to the 
fluke migration into bile ducts. Increases in the circulating 
GGT activities in the present sudy before treatment and in 
other reports [6, 14, 15, 36, 38, 40] revealed epithelial damage 
due to penetration of the adult flukes into bile ducts. The 
progressive decline of this parameter observed during the 28 
days long post-treatment period was due to the progressive 
removal of flukes from bile ducts [6, 14, 17] which occurred 
with the same intensity in sheep simultaneously treated 
with the PPARa agonist or not (groups II and I). Although 
the ALP activity was also considered as a potential marker 
of cholestatic syndromes, no significant change in the ALP 
activity according to time and between Fasciola-infected 
and healthy sheep was recorded in the present study like in 
others [28, 37] because of a great value dispersion that limits 
its efficacy for evidencing cholestatis.

The presence of fluke in the bile ducts increases the bile 
flow without affecting the bile acid secretion in rats and in 
calves as reported by LOPEZ et al. [28]. By contrast, FERRE 
et al. [15] showed that both bile flow and bile acid secretion 
were significantly reduced in subclinical fasciolosis in sheep 
and consequently the circulating bile acid concentrations 
were significantly elevated [15]. In the same way, although the 
bile flow and bile acid secretion were not evaluated in natural 
infection, this parameter was also significantly increased 
before treatment in the present study, confirming the bile 
duct obstruction. After treatment with triclabendazole and 
levamisole, the serum bile acid concentrations gradually 
declined, illustrating the efficiency of the antihelminthic 
treatment, but remained significantly higher than the control 
values when the PPARa agonist was included in the treatment 
(group II). This findings are compatible with those of FARINA 
et al. [13] who reported that PPAR α agonist induce choleresis. 
Some authors observed hyperbilirubinemia [15, 47], whereas 
others reported normal bilirubin concentrations [37] in 
chronic fasciolosis. In the current study, the total bilirubin 
concentrations have not significantly varied before and after 
treatment in Fasciola infected sheep. These discrepancies 
between studies may result from variations in the degree of 
cholestasis and the duration of infection.

On the other hand, fasciolosis induced damage 
were associated to reduced liver synthesis capacities. 
Hypoalbuminemia is stated to commonly occur in liver fluke 
infections in all host species [4, 9, 11, 22, 39, 40]. Similarly, 
dramatically lowered albuminemia was observed in diseased 
sheep before treatment in the present study and although this 
parameter has significantly risen according to time after the 
antihelminthic treatment, it remained significantly depressed 
compared to the control values even on day 28. As albumin 
is the major plasma protein, the total proteinemia was also 
markedly reduced compared to the controls in infected 
animals before treatment and until 7 days after. However, at 
the 14th and 28th days, the circulating protein concentrations 
have become closely related to the control values and these 
variations were coupled to significant increases in globulin 
concentrations. Hyperglobulinaemia, as a result of the 

immune response, was also often observed in fasciolosis in 
all host species [4, 6, 9, 11, 22, 38, 39]. Consequently, because 
of hypoalbuminemia in one hand and hyperglobulinaemia 
in the other hand, hyper- or hypoproteinaemia [4, 9, 11, 37] 
as well as a normal proteinemia [39] may occur depending 
upon the severity and length of infection [9]. The variations 
of proteinemia and its fractions (albumin and globulins) 
recorded in the present study were in agreement with previous 
studies [4, 9, 11, 17, 29, 37, 39] and were roughly identical 
in triclabendazole /levamisole treated sheep receiving or not 
the PPARa agonist. Nevertheless, the hyperglobulinemia 
at the 28th day appeared more promounced in the group 
II, because of a probable PPARa positive effect on the liver 
protein synthesis but no literature information about the 
PPARa agonist effects on globulin synthesis is available.

Also reflecting the diminished synthesis capacities in 
liver, the serum glucose concentrations in both infected 
groups were markedly lowered before treatment, as 
previously described [15, 36] and would result from 
depressed hepatic glycogenic pathways and gluconeogenesis 
during fasciolosis and decreased in voluntary food intake [9, 
15, 27, 36].  As migrating flukes cause a severe liver injury 
and the death of lot hepatocytes [14, 37], the liver glycogen 
reservoirs were dramatically reduced. Moreover, FERRE 
et al. [14] demonstrated that the decrease in food intake 
accompanying fasciolosis is related to the liver injury. After 
the antihelminthic treatment in the present study, the serum 
glucose concentrations progressively increased, suggesting 
that exogenous and endogenous glucose supplies were 
positively correlated to the fluke elimination and to liver 
regeneration. As the improvement in the glucose metabolism 
was earlier (on days 7 and 14) in sheep receiving also the 
2-methyl-2-phenoxy-propionic acid, it can be concluded that 
the PPARa agonist positively acts in the glucose homeostasis, 
and in particularly promotes the gluconeogenesis [13, 23, 34, 
41] and may be useful in restoring negative energy balance 
during fasciolosis.

Despite the reduced liver synthesis capacities due to the 
fluke induced liver damage, the serum triglyceride and total 
cholesterol concentrations as well as the total lipidemia were 
only slightly (and not significantly) decreased in infected 
sheep before treatment compared to the control values. 
However, the LDL associated cholesterol concentrations 
(LDLc) were dramatically depressed while the HDL associated 
cholesterol concentrations (HDLc) remained unchanged. 
These findings were in accordance with a previous report 
[21] and suggest that lipid catabolism and notably the fatty 
acid oxidation would be preserved and/or promoted during 
fasciolosis in order to counteract the negative energy balance. 
Indeed, OSMAN et al. [31] observed a decrease in the 
circulating LDL concentrations in human fasciolosis which 
may be attributated to the degenerative necrotic damage 
in hepatocytes and an increase in the circulating VLDL 
concentrations which may be compatible with a preserved 
triglyceride distribution throughout the organism and 
secondary fatty oxidation in peripheral tissues. Nevertheless, 
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whereas OSMAN et al. [31] also noted a decrease in the HDL 
concentrations in human fasciolosis, this parameter was 
not significantly affected here and even tended to slightly 
increased in infected sheep before treatment compared to the 
control healthy sheep. This discrepancy would result in one 
hand from the enhancement of cholesterol and some fatty 
acid transport from peripheral tissues to liver in order to 
provide cholesterol necessary to the bile acid formation and 
to assure energy supply, respectively and in the other hand, 
to the genetically determined high HDL synthesis in animals 
(contrary to humans) particularly during fasting state [22] 
which is associated to fasciolosis [14].

After the antihelminthic treatment, whereas the total 
lipidemia has poorly varied according to time and to the 
treatment type, the serum triglyceride concentrations 
gradually still declined and reached minimal values at the 
28th day in both treated groups and the total cholesterolemia 
significantly increased according to time compared to the 
pre-treatment values and was maximal at the end of the 
experimental period. Additionally, cholesterolemia in the 
group treated with the combined treatment (triclabendazole 
/levamisole + PPARa agonist) became significantly higher 
on day 28 than the control values and than values observed 
in the group I. In parallel, whereas the LDLc weakly 
increased but remained significantly depressed during the 
post-treatment period, particularly in the group II at the 28th 
day, the HDLc concentrations increased and significantly 
exceeded the control values only on day 28 in the group I and 
since the 7th day in the group II. The continued decrease in 
the triglyceride concentrations would be related to changes in 
energy supply induced by the antiheminthic treatment: as the 
endogenous glucose supply was partially restored in liver, the 
triglyceride distribution via VLDL may gradually declined. 
However, because the glucose supply was still insufficient, the 
energy balance remained still negative and was aggravated by 
drop in triglyceride exportation from the liver. In addition, 
it was noted that the administration of the PPARa agonist 
has not exerted any significant effect on the triglyceride 
concentrations in accordance with previous reports [7, 18, 
30, 35]. In the same way, the progressive increase in the LDLc 
concentrations suggests that the liver functions in cholesterol 
synthesis and esterification would be partially recovered [31]. 
Nevertheless, the PPARa agonist administration in this study 
has minimized this effect, probably because of a negative 
impact on the LDL synthesis [7, 10, 30]. The increase in the 
HDLc concentrations indicated that the cholesterol transport 
from peripheral tissues to liver was exacerbated for removal of 
negative energy balance in fasciolosis and the administration 
of the PPARa agonist has strenghtened this mechanism as 
already shown in humans [7, 10, 30]. Moreover, KERSTEN 
et al. [23] have reported that PPAR α agonist stimulates 
hepatic fatty acid oxidation to supply substrates that can be 
metabolized by other tissues.

 As a conclusion, the present study explored for the 
first time the potential metabolical effects of a PPARa agonist 
used in the fasciolosis treatment in sheep. Although this 

compound has not directly improved the liver regeneration, 
it has significantly and positively stimulated promoting in 
this way the recovery of negative energy balance. For this 
reason, the administration of PPARα agonist in addition 
to the antihelminthic treatment in natural fasciolosis may 
contributed to correct the metabolic alterations and to reduce 
the inherent economical losses.

References

1.  AIELLO S.E.:. The Merck Veterinary Manual, FRASER 
C.M.and BERGERON J.A (eds), Merck & Co. Inc., 
Washington, USA), 1998, pp.: 197-199.

2. ANDERSON S.P., YOON L., RICHARD E.B., DUNN 
C.S., CATTLEY R.C., CORTON J.C.: Delayed liver 
regeneration in peroxisome proliferator-activated 
receptor-α- null mice. Hepatology, 2002, 36, 544-554.

3. BAYLY A.C., ROBERTS R.A., DIVE C.: Suppression 
of liver cell apoptosis in vitro by the non-genotoxic 
hepatocarcinogen and peroxisome proliferator 
nafenopin. J. Cell Biol., 1994, 125, 197-203.

4. BEHM C.A., SANGSTER N.C.: Pathology, 
pathophysiology and clinical aspects, In: Fasciolosis, 
DALTON J.P. (ed), CABI Publishing, Wallingford Oxon, 
UK, 1999, pp.: 113-276.

5. BORAY J.C., CROWFOOT P.D., STRONG M.B., 
ALLİSON J.R., SCHELLENBAUM M., ORELLİ M.V., 
SARASİN G.: Treatment of immature and mature Fasciola 
hepatica infections in sheep with triclabendazole. Vet. 
rec., 1983, 113, 315-317.

6. CHAUVİN A., BOUVET G., BOULARD C.: Humoral 
and cellular immune responses to Fasciola hepatica 
experimental primary and secondary infection in sheep. 
Internat. J. Parasitol., 1995, 25, 1227-1241.

7. CHEN X., MATTHEWS J., ZHOU L., PELTON P., 
LIANG Y., XU J., YANG M., CRYAN E., RYBCZYNSKI 
P., DEMAREST K.: Improvement of dyslipidemia, 
insulin sensitivity, and energy balance by a peroxisome 
proliferator-activated receptor α agonist. Metab. Clin. 
exp., 2008, 57, 1516-1525.

8. CHEVALIER S., Mc DONALD N., TONGE R., RAYNER 
S., ROWLINSON R., SHAW J., YOUNG J., DAVISON 
M., ROBERTS R.A.: Proteomic analysis of differential 
protein expression in primary hepatocytes induced 
by EGF, tumour necrosis factor α or the peroxisome 
proliferators nafenopin. eur. J. Biochem., 2000, 267, 
4624-4634.

9. DARGİE J.D.: The impact on production and 
mechanisms of pathogenesis of trematode infections in 
cattle and sheep. Internat. J. Parasitol., 1987, 17, 453-463.

10. DESVERGNE B., WAHLI W.: Peroxisome proliferator-
activated receptors: nuclear control of metabolism. 
endocr. rev., 1999, 20, 649-688.

11. DOĞANAY A., SARIMEHMETOĞLU H.O.: Patojenite. 
TINAR R. and KORKMAZ M. (eds), Fasciolosis, Meta 
Basım, İzmir, Turkey, 2003, pp.: 107-162.

12. EZAKI H., YOSHIDA Y., SAJI Y., TAKEMURA T., 
FUKUSHIMA J., MATSUMOTO H., KAMADA Y., 



Revue  Méd. Vét., 2013, 164, 4, 163-172

Metabolic effects of a PPaRa agonist duRing fasciolosis tReatMent in sheeP 171

WADA A., IGURA T., KIHARA S., FUNAHASHI T., 
SHIMOMURA, I., TAMURA S., KISO S., HAYASHI 
N.: Delayed liver regeneration after partial hepatectomy 
in adiponectin knockout mice. Biochem. Biophys. res. 
Comm., 2009, 378, 68-72.

13. FARINA R.: Peroxisome proliferator-activated receptor 
alpha a new target for metabolic disorders of dairy cows. 
XXIX National Buiatric Congress, Magistral Lecture, 
Puebla, Mexico, 2005, pp.: 1-6.

14. FERRE I., BARRIO J.P., GONZÁLEZ-GALLEGO J., 
ROJO-VÁZQUEZ F.A.: Appetite depression in sheep 
experimentally infected with Fasciola hepatica L. Vet. 
Parasitol., 1994, 55, 71-79.

15. FERRE I., LÓPEZ P., GONZALO-ORDEN M., JULIAN 
M.D., ROJO-VÁZQUEZ F.A., GONZÁLEZ-GALLEGO 
J.: The effects of subclinical fasciolosis on hepatic 
secretory function in sheep. Parasitol. res., 1995, 81, 
127-131.

16. GAASENBEEK C.P.H., MOLL L., CORNELISSEN 
J.B.W.J., VELLEMA P., BORGSTEEDE F.H.M.: An 
experimental study on triclabendazole resistance of 
Fasciola hepatica in sheep. Vet. Parasitol., 2001, 95, 37-
43.

17. GALTİER P., LARRİEU G., TUFENKJİ A.E., FRANC 
M.: Incidence of experimental fasciolosis on the activity 
of drug-metabolizing enzymes in lamb liver. Drug 
Metab. Dispos., 1986, 14, 137-141.

18. GÖTTLICHER M., WIDMARK E., LI Q., GUSTAFSSON 
J.Å.: Fatty acids activate a chimera of the clofibric acid-
activated receptor and the glucocorticoid receptor. Proc. 
Nat. Acad. Sci., 1992, 89, 4653-4657.

19. HASMALL S.C., WEST D.A., OLSEN K., ROBERTS R.A.: 
Role of hepatic non-parenchymal cells in the response of 
rat hepatocytes to the peroxisome proliferator nafenopin 
in vitro. Carcinogenesis, 2000, 21, 2159-2165.

20. HUBER W.W., GRASL-KRAUPP B., STEKEL 
H., GSCHWENTNER C., LANG H., SCHULTE-
HERMANN R.: Inhibition instead of enhancement of 
lipid peroxidation by pretreatment with the carcinogenic 
peroxisome proliferators nafenopin in rat liver exposed 
to a high single dose of corn oil. Arch. Toxicol., 1997, 71, 
575-581.

21. JEMLİ M.H., BRAUN J.P., DORCHİES P., ROMDHANE 
M.N., KİLANİ M.: Exploration biochimique et 
hématologique chez l’agneau infesté expérimentalement 
par Fasciola hepatica. rec. Méd. Vét., 1993, 169, 241-249.

22. KANEKO J.J., HARVEY J.W., BRUSS M.L.: Clinical 
biochemistry of domestic animals, KANEKO J.J. (ed.), 
Academic Press, California, USA, 1997, pp.: 83-115.

23. KERSTEN S., SEYDOUX J., PETERS J.M., GONZALEZ 
F.J., DESVERGNE B., WAHLI W.: Peroxisome 
proliferators-activated receptor α mediates the adaptive 
response to fasting. J. Clin. Invest., 1999, 103, 1489-1498.

24. KOLODZIEJCZYK L., SIEMIENIUK E., 
SKRZYDLEWSKA E.: Fasciola hepatica: effects on the 
antioxidative properties and lipid peroxidation of rat 
serum. exp. Parasitol., 2006, 113, 43-48.

25. LATRUFFE N., VAMECQ J.: Peroxisome proliferators 
and peroxisome proliferators activated receptors 
(PPARs) as regulator of lipid metabolism. Biochimie, 
1997, 79, 81-94.

26. LENTON L.M., BEHM C.A., BYGRAVE F.L.: Aberrant 
mitochondrial respiration in the livers of rats infected 
with Fasciola hepatica: the role of elevated non esterified 
fatty acids and altered phospholipid composition. 
Biochem. J., 1995, 307, 425-431.

27. LENTON L.M., BYGRAVE F.L., BEHM C.A., BORAY 
J.C.: Fasciola hepatica infection in sheep: changes in liver 
metabolism. res. Vet. Sci., 1996, 61, 152-156.

28. LOPEZ P., TUÑON M.J., GONZALEZ P., DIEZ N., 
BRAVO A.M., GONZALEZ-GALLEGO J.: Ductular 
proliferation and hepatic secretory function in 
experimental fascioliasis. exp. Parasitol., 1993, 77, 36-
42.

29. METANOVIĆ K., SEVERIN K., MARTINKOVIĆ F., 
ŠIMPRAGA M., JANICKI Z., BARIŠIĆ J.: Hematological 
and biochemical changes in organically farmed sheep 
naturally infected with Fasciola hepatica. Parasitol. res., 
2007, 101, 1657-1661.

30. OLIVER Jr. W.R., SHENK J.L., SNAITH M.R., RUSSELL 
C.S., PLUNKET K.D., BODKIN N.L., LEWIS M.C., 
WINEGAR D.A., SZNAIDMAN M.L., LAMBERT 
M.H., XU H.E., STERNBACH D.D., KLIEWER S.A., 
HANSEN B.C., WILLSON T.M.: A selective peroxisome 
proliferator-activated receptor δ agonist promotes 
reverse cholesterol transport. Proc. Nat. Acad. Sci., 2001, 
98, 5306-5311.

31. OSMAN M.M., HELMY M., MEGEHED M.A.: Studies 
of human fasciolosis in egypt: some serum lipid 
parameters before and after treatment. J. egypt. Soc. 
Parasitol., 1995, 25, 769-772.

32. ÖZTEZCAN S., BALKAN J., DOGRU-ABBASOGLU 
S., ÇEVIKBAŞ U., AYKAÇ-TOKER G., UYSAL G.: 
Resistance of erythrocytes to lipid peroxidation in 
cirrhotic rats. Arch. Med. res., 2005, 36, 459-463.

33. PARR S.L., GRAY J.S.: A strategic dosing scheme for the 
control of fasciolosis in cattle and sheep in Ireland. Vet. 
Parasitol., 2000, 88, 187-197.

34. PATSOURIS D., MANDARD S., VOSHOL P.J., TAN 
N.S., HAVEKES L.M., KOENIG W., MÄRZ W., TAFURI 
S., WAHLI W., MÜLLER M., KERSTEN S.: PPARα 
governs glycerol metabolism. J. Clin. Invest., 2004, 114, 
94-103.

35. PETERS J.M., HENNUYER N., STAELS B., FRUCHART 
J.C., FIEVET C., GONZALEZ F.J., AUWERX J.: 
Alterations in lipoprotein metabolism in peroxisome 
proliferator-activated receptor α-deficient mice. J. Biol. 
Chem., 1997, 272, 27307-27312.

36. PHIRI I.K., PHIRI A.M., HARRISON L.J.S.: The serum 
glucose and β-hydroxybutyrate levels in sheep with 
experimental Fasciola hepatica and Fasciola gigantica 
infection. Vet. Parasitol., 2007, 143, 287-293.

37. PRESIDENTE P.J.A., Mc CRAW B.M., LUMSDEN J.H.: 
Experimentally induced Fasciola hepatica infection 



Revue  Méd. Vét., 2013, 164, 4, 163-172

YÜKSEK (N.) AND COLLABORATORS172

in White-tailed deer I. clinicopathological and 
parasitological features. Can. J. Comp. Med., 1975, 39, 
155-165.

38. RAADSMA H.W., KINGSFORD N.M., SUHARYANTA 
SPITHILL T.W., PIEDRAFITA D.: Host responses 
during experimental infection with Fasciola gigantica 
or Fasciola hepatica in Merino sheep I. Comparative 
immunological and plasma biochemical changes during 
early infection. Vet. Parasitol., 2007, 143, 275-286.

39.  RADOSTITS O.M., BLOOD D.C., GAY C.C.: Veterinary 
Medicine, Baillière Tindall, London, 1995, pp.: 1230-
1236.

40. SALEH M.A.: Circulating oxidative stress status in 
desert sheep naturally infected with Fasciola hepatica. 
Vet. Parasitol., 2008, 154, 262-269.

41. SKRTIC S., CARLSSON L., LJUNGBERG A., LINDEN 
D., MICHALIK L., WAHLI W., OSCARSSON J.: 
Decreased expression of peroxisome proliferator-
activated receptor α and liver fatty acid binding protein 
after partial hepatectomy of rats and mice. Liver Internat., 
2005, 25, 33-40.

42. STEVENSON C.R., MAHONEY R.H., FISARA 
P., STREHLAU G., REICHEL M.P.: The efficacy of 
formulation of triclabendazole and ivermectin in 
combination against liver fluke (Fasciola hepatica) and 
gastro-intestinal nematodes in cattle and sheep and 
sucking lice species in cattle. Austr. Vet. J., 2002, 80, 698-
701.

43.  URQUART G.M., ARMOUR J., DUNCAN J.L., DUNN 
A.M., JENNINGS F.W.: Veterinary Parasitology, 2nd 
edition, Blackwell Scientific Publications, Oxford, UK, 
1996, pp.: 270.

44. WALKER S.M., Mc KINSTRY B., BORAY J.C., 
BRENNAN G.P., TRUDGETT A., HOEY E.M., 
FLETCHER H., FAIRWEATHER I.: Response of 
two isolates of Fasciola hepatica to treatment with 
triclabendazole in vivo and in vitro. Parasitol. res., 2004, 
94, 427-438.

45. WOOD I.B., AMARAL N.K., BAIRDEN K., DUNCAN 
J.L., KASSAI T., MALONE J.B., PANKAVICH 
J.A., REINECKE R.K., SLOCOMBE O., TAYLOR 
S.M., VERCRUYSSE J.: World association for the 
Advancement of Veterinary Parasitology (W.A.A.V.P.) 
second edition of guidelines for evaluating the efficacy 
of anthelmintics in ruminants (bovine, ovine, caprine. 
Vet. Parasitol., 1995, 58, 181-213.

46. YUAN J., WU J., HANG Z.G., ZHONG X.K., ZHOU 
L.W., YU B.: Role of peroxisome proliferator-activated 
receptor α activation in acute myocardial damage 
induced by isoproterenol in rats. Chin. Med. J., 2008, 
121, 1569-1573.

47. YÜKSEK N., ALTUĞ N., GÜL A.: Koyunlarda 
endoparazit enfeksiyonlarında triklabendazol-levamizol 
kombinasyonunun tedavi etkinliği. Yüzüncü Yıl Üniv. 
Vet. Fak. Derg., 2007, 18, 19-24.


