
Changes in serum adenosine deaminase and isoenzyme levels in addition to routine liver biochemical parameters in sheep with...

Ciência Rural, v.52, n.4, 2022.

1

Changes in serum adenosine deaminase and isoenzyme levels in addition 
to routine liver biochemical parameters in sheep with chronic fascioliasis

Alterações  nos  níveis  séricos  de  adenosina  desaminase  e  isoenzima  em  relação  aos 
 parâmetros  bioquímicos  de  rotina  do  fígado  de  ovinos  com  fasciolíase  crônica

Nuri  Altuğ1       Yıldıray  Başbuğan2*      Nazmi  Yuksek2

ISSNe 1678-4596
Ciência Rural, Santa Maria, v.52:4, e20210152, 2022                                                        

Received 02.24.21      Approved 06.21.21      Returned by the author 08.07.21
CR-2021-0152.R1

Editors:  Rudi Weiblen          Rudiger Daniel Ollhoff

 http://doi.org/10.1590/0103-8478cr20210152

INTRODUCTION

Fascioliasis is a zoonotic disease caused by 
the trematode Fasciola hepatica, the most common 
liver fluke. This disease is frequently observed 
in ruminants in tropical and subtropical regions 
(TAYLOR, 2012; IBRAHIM, 2017). Although, the 
causative agent can mainly infect cattle and sheep, 
its pathogenic effect is particularly higher in sheep 

(TAYLOR, 2012) and results in high morbidity and 
mortality leading to significant economic losses due 
to various reasons, such as sudden death or poor 
growth rate, as well as poor productive performance 
(ROJO-VÁZQUEZ et al., 2012; IBRAHIM, 2017).

Clinical fascioliasis can be classified as 
acute, subacute, or chronic according to the number 
and stage of flukes present in sheep (MITCHELL, 
2002; ROJO-VÁZQUEZ et al., 2012). Acute 
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ABSTRACT: This study assessed changes in the levels of adenosine deaminase (ADA) and its isoenzymes in addition to routine liver 
biochemical parameters in sheep with fascioliasis. The study was conducted on 35 Akkaraman sheep. Of these, 25 sheep were diagnosed 
with fascioliasis based on anamnesis and clinical signs, and had endoparasites based on parasitological examinations (Fasciola-infected 
group). The remaining 10 sheep that were sampled from a single healthy herd (same flock) different from the infected group did not have any 
clinical signs or endoparasites (control group). Total protein (TP), albumin (ALB), and globulin (GLB) levels gradually increased on days 
after treatment compared to the values measured before treatment; the increases were statistically significant on all days for TP levels but only 
on day 14 after treatment for GLB levels (P < 0.05). Although, the ALB levels did not increase significantly on days after treatment, the ALB 
level and ALB/GLB ratio on days 7 and 14 after treatment were still lower than the values of day 21 after treatment and control group (P < 
0.05). Total bilirubin (T-Bil) and direct bilirubin (D-Bil) levels on days 14 and 21 were significantly lower than that of day 0 (before treatment) 
and day 7 after treatment (P < 0.05). These results indicated that the increase in adenosine deaminase (ADA) and ADA1 levels may be due to 
possible concomitant infection of Fasciola larvae (in the parenchyma) and adults (in the bile duct).
Key words: adenosine deaminase, biochemistry, diagnosis, Fasciola spp., sheep.

RESUMO: Este estudo teve como objetivo avaliar as alterações nos níveis de adenosina desaminase (ADA) e suas isoenzimas, além de 
parâmetros bioquímicos hepáticos de rotina em ovinos com fasciolíase. O estudo foi realizado em 35 ovinos s Akkaraman. Destes, 25 
ovinos foram suspeitas de ter fasciolíase com base na anamnese e sinais clínicos, e diagnosticados com endoparasitas com base em exames 
parasitológicos (grupo de estudo). Os 10 ovinos restantes que foram amostrados no mesmo rebanho não apresentavam quaisquer sinais 
clínicos ou endoparasitas (grupo controle). Os níveis de proteína total (TP), albumina (ALB) e globulina (GLB) aumentaram gradualmente 
nos dias após o tratamento em comparação com os valores antes do tratamento; os aumentos foram estatisticamente significativos em todos 
os dias para os níveis de TP, mas apenas após o dia 14 de tratamento para os níveis de GLB (P < 0,05). Embora os níveis de ALB não tenham 
aumentado significativamente após os dias de tratamento, o nível de ALB e a razão ALB / GLB após o tratamento nos dias 7 e 14 ainda eram 
menores do que após o tratamento no dia 21 e os valores do grupo de controle (P < 0,05). Os níveis de bilirrubina total (T-Bil) e bilirrubina 
direta (D-Bil) nos dias 14 e 21 após o tratamento foram significativamente menores do que os valores do dia 7 antes do tratamento e após o 
tratamento (P < 0,05). Estes resultados indicam que o aumento nos níveis de adenosina desaminase (ADA) e ADA1 pode ser devido à possível 
infecção concomitante de larvas de Fasciola (no parênquima) e adultos (nos dutos).
Palavras-chave: adenosina desaminase, bioquímica, diagnóstico, Fasciola spp., ovinos.

Parasitology

mailto:yildiraybasbugan@gmail.com
https://orcid.org/0000-0001-5805-0340
https://orcid.org/0000-0003-4613-9334
https://orcid.org/0000-0001-5124-7853
https://orcid.org/0000-0002-7972-9472
https://orcid.org/0000-0002-1737-9817


2

Ciência Rural, v.52, n.4, 2022.

Altuğ et al.

fascioliasis is the parenchymal phase characterized 
by acute liver failure. It is often accompanied by 
hemorrhage due to parenchymal damage caused by 
the migration of several juvenile flukes (which are 
large enough to cause mechanical damage to the 
liver) after the ingestion of several metacercariae 
(MITCHELL, 2002; IBRAHIM, 2017). Subacute 
fascioliasis is an advanced stage that follows the 
acute form; it can be fatal, with many juvenile flukes 
being present in the liver parenchyma and many adult 
flukes being present in the bile ducts (MITCHELL, 
2002; ROJO-VÁZQUEZ et al., 2012). Chronic 
fascioliasis, conversely, is a biliary phase that causes 
cholangitis, bile duct obstruction, fibrosis, plasma 
protein leakage from the epithelium, and complete 
blood loss due to the nutritional activity of flukes after 
the establishment of adult parasites in the bile ducts 
(MITCHELL, 2002; ROJO-VÁZQUEZ et al., 2012; 
IBRAHIM, 2017). Although, laboratory findings 
vary according to the stage of the disease anemia, 
eosinophilia, hypoalbuminemia, and increased liver 
enzyme levels are commonly detected in infected 
sheep (MITCHELL, 2002; ROJO-VÁZQUEZ et al., 
2012; IBRAHIM, 2017).

Adenosine deaminase (ADA), a key 
enzyme involved in purine metabolism, is an 
aminohydrolase that catalyzes irreversible hydrolytic 
deamination of adenosine and deoxyadenosine 
to inosine and deoxyinosine, respectively. Two 
isoenzymes of ADA have been identified: ADA1 
and ADA2. ADA is localized in the lymph nodes, 
spleen, intestines, thymus, kidney, heart, lung, liver 
and capillary cells. Its levels can be determined using 
serum or plasma samples (ALTUG et al., 2009). 
Serum ADA levels increased in cattle with liver 
damage and diseases (CHIKUMA, 1997; YASUDA 
et al., 2001; ABD-ELLAH et al., 2004), in dogs with 
hepatopathies (TANABE, 1993) and liver damage 
due to carbon tetrachloride toxicity (ALTUG AND 
AGAOGLU, 2000) and in other domestic animals 
with diseases, such as leucosis (YASUDA et al., 1996), 
white muscle disease (RODRIGEZ & GONZALEZ 
1975; ALTUG et al., 2006) and theileriosis (ALTUG 
et al., 2008). Changes in serum ADA levels have been 
found to be useful in the differential diagnosis of liver 
damage and biliary obstruction in human (LAKSHMI 
et al., 2015; KAKI &TUMMA, 2016). High ADA 
and ADA1 isoenzyme levels can be detected in serum 
samples in the presence of acute liver destruction and 
dysfunction, while high ADA and ADA2 isoenzyme 
levels can be detected in the presence of chronic 
liver diseases (KURATA, 1995). Both isoenzymes 
of ADA are present in healthy sheep (ALTUG et al., 

2009). Although, the ADA activity increased in sheep 
with liver damage due to experimental chronic copper 
toxicity and acute carbon tetrachloride toxicity (HUNT 
&MCCOSTER, 1970), no study has simultaneously 
evaluated the levels of serum ADA and its isoenzymes 
in sheep with natural fascioliasis. This study 
determined the changes in the levels of ADA and its 
isoenzymes in addition to routine liver biochemical 
parameters during endoparasitic treatment in sheep 
with fascioliasis. 

MATERIALS   AND   METHODS

Animals and protocols
The study involved 35 Akkaraman sheep 

aged of 1-4 years old, reared in different regions and 
ranches in the province of Van. Two groups were 
established; Fasciola-infected group and clinically 
healthy (control group). For this purpose, sheep 
from different farms with suspected fascioliasis were 
determined based on anamnesis and clinical findings 
such as weight loss, edema under the jaw and pallor 
of the conjunctival mucosa. All sheep included in 
the study were fecal sampled by removing feces 
from rectum twice at a 7 day interval. Samples were 
examined for the presence of Fasciola spp eggs 
by the flotation-centrifuge method (URQUART et 
al., 1996). The sheep with only Fasciola spp. eggs 
on fecal examinations were included in Fasciola-
infected group (n=25) and blood sampled on day 0 
before treatment which consisted of oral use of 10 mg / 
kg triclabendazole + 7.5 mg / kg levamisole (Levatrizol 
™ Vetas®, Turkey) and after the treatment on the 7th, 14th 
and 21st days. The control group (n=10) was from a 
single healthy herd (same flock which had no health 
problem on clinical and biochemical examination 
and no endoparasites (including Fasciola spp) on 
fecal examination) different from the infected group. 
Blood samples were collected once from the control 
group. The normality of the enzyme and biochemical 
parameters of the control group was evaluated by 
comparing with the results of previous studies (ALTUG 
et al., 2009; YUKSEK et al., 2013) conducted with 
the same methodology in healthy animals in the 
region. The study protocol was approved by Animal 
Researches Local Ethics Committee, Van Yüzüncü Yıl 
University (2020/02).

Laboratory analysis
Serum glucose, total protein (TP), 

albumin (ALB), total bilirubin (T-Bil), direct bilirubin 
(D-Bil), aspartate aminotransferase (AST), alanine 
aminotransferase (ALT), alkaline phosphatase (ALP), 



Changes in serum adenosine deaminase and isoenzyme levels in addition to routine liver biochemical parameters in sheep with...

Ciência Rural, v.52, n.4, 2022.

3

gamma-glutamyl-transferase (GGT) and lactate 
dehydrogenase levels were biochemically measured 
using an autoanalyzer (Architect ci 16200®, Abbott, 
U.S.A), while glutamate dehydrogenase (GLDH) 
levels were spectrophotometrically (Photometer 
5010®, Boehringer Mannheim, Germany) measured 
using a commercial test kit.  Globulin (GLB), ALB 
/ GLB and indirect bilirubin (I-Bil) were calculated. 
Serum adenosine deaminase (ADA) levels were 
spectrophotometrically measured using the method 
described by GIUSTI &GALANTI, (1984), and 
serum ADA isoenzyme levels were measured using 
the method of UNGERER et al., (1994).

Statistical analysis
Descriptive statistics for all parameters 

were expressed as the mean and standard deviation 
(Mean±SD). Repeated-measure analysis of variance 
was performed to compare the changes in the 
parameters by group over time.  Tukey multiple 
comparison test was performed to determine 

intergroup differences. A P value < 0.05 was 
considered statistically significant. The SPSS (ver. 13) 
statistical software was used for statistical analysis.

RESULTS

Table 1 shows the levels of ADA, 
isoenzymes, and some liver biochemical parameters of 
the both groups. In the Fasciola-infected group, ADA, 
ADA1, ALP, GGT, T-Bil and D-Bil levels were higher 
than the control group, while TP and ALB levels and 
ALB / GLB ratio were  lower (P <0.05). T-Bil and 
D-Bil levels on day 7; ADA and ADA1 levels on days 
7 and 14; and ALP and GGT levels on days 7, 14, and 
21 were higher in the Fasciola-infected group (P < 
0.05), while ALB level and ALB/GLB ratio on days 
7 and 14 were lower in the Fasciola-infected group 
than the control group (P < 0.05) (Table 1). 

ADA and ADA1 levels determined on 
days 7 and 14 were lower than the values determined 
before treatment in the Fasciola-infected group (P 

Table 1 - Levels of adenosine deaminase, its isoenzymes, and some biochemical parameters in sheep with the Fasciola-infected and 
control group (Mean±SD). 

 

Parameters Control (n=10) ---------------------------Chronic infected sheep with Fasciola spp (n=25)------------------------ 

  Before Treatment -------------------------------After Treatment------------------------------ 
  0. day 7. day 14. day 21.day 
Total ADA (IU/L) 8.22±1.51a 17.17±4.91#b 9.81±1.87b† 10.45±3.16 b † 8.20±1.41* 
ADA 1 (IU/L) 7.36±1.66a 16.13±4.73 #b 9.21±1.48 b † 9.23±3.00 b † 7.55±1.35* 
ADA 2 (IU/L) 0.88±0.38 1.03±0.70 0.59±0.72 1.21±0.80 0.65±0.51 
GLDH (IU/L) 2.79±0.87 4.77±5.46 4.49±4.19 2.79±2.63 3.01±1.50 
AST (IU/L) 49.8±7.38a 44.4±17.9  40.6±15.6  45.6±6.50  31.2±10.5b 
ALT (IU/L) 19.5±2.27 16.10±8.96 19.9±5.25 19.8±9.90 17.9±4.72 
LDH (IU/L) 688.4±163.4a 593.5±172.0 493.5±155.8b 528.1±195.6 463.5±191.9b 
GGT (IU/L) 23.8±16.7a 73.6±46.4b 57.5±50.2b 41.8±15.5b 42.3±10.7b 
ALP (IU/L) 43.4±15.3a 177.9±91.9b 93.4±65.5b 141.0±44.7b 112.4±58.6b 
TP (g/dl) 6.41±0.15a 4.42±0.76b # 5.99±1.03* 6.32±1.93* 6.12± 1.08 * 
ALB (g/dl ) 2.63±0.45a 1.43±0.62b 2.06±0.57b 1.95±0.53b 2.31±0.37 
GLB (g/dl) 3.78±0.38a 2.99 ± 0.72b* 3.93±1.07 4.37 ± 1.73 # 3.81 ± 1.09 
ALB/GLB rate 0.70±0.05a 0.48±0.05b 0.52±0.03b 0.45±0.02b 0.61±0.03 
Glucose (mg/dl ) 59.7±24.5 52.5±10.3 53.1±5.28 51.1±9.01 45.6±7.33 
T-Bil (mg/dl) 0.86±0.10a 1.77±0.20 #b 1.85±0.26 #b 1.07±0.20* 1.02±0.59* 
D-Bil (mg/dl) 0.74±0.08a 1.60±0.19 #b 1.69±0.25 #b 0.95±0.15* 0.87±0.16* 
I-Bil (mg/dl ) 0.12±0.05 0.17±0.01 0.15±0.01 0.12±0.04 0.15±0.04 

 
Different letters in the same line (a-b) compared to the control group. indicates that the difference observed on the days before and after 
treatment is statistically significant (P < 0.05). 
Different signs in the different row [(† - #) (# - *) († - *)]. indicates that the difference between before treatment and after treatment days 
is statistically significant (P < 0.05). 
ADA: Adenosine Deaminase. ALB: Albumin. ALP: Alkaline Phosphatase. ALT: Alanine Aminotransferase. AST: Aspartate 
Aminotransferase. D-Bil: Direct Bilirubin. GGT: Gamma-Glutamyl-Transferase. GLB: Globulin. GLDH: Glutamate Dehydrogenase. I-
Bil: Indirect Bilirubin. LDH: Lactate Dehydrogenase. T-Bil: Total Bilirubin. Total Protein (TP). 
 



4

Ciência Rural, v.52, n.4, 2022.

Altuğ et al.

< 0.05) but were still higher than the values of day 
21 values (P < 0.05). ALP and GGT levels, which 
were high before treatment, gradually decreased 
on after treatment days, but the difference was not 
significant. However, these values were higher than 
the values of control group. TP, ALB, and GLB levels 
gradually increased on days post treatment compared 
to the values before treatment; the increases were 
statistically significant on all days for TP levels but 
only on day 14 for GLB levels (P < 0.05). The ALB 
level did not differ after treatment days. The ALB/
GLB ratio was lower on days 7 and 14 after treatment 
than that of day 21. Moreover, T-Bil and D-Bil levels 
on days 14 and 21 after treatment were significantly 
lower than the values determined before treatment 
and day 7 after treatment (P < 0.05).

DISCUSSION   AND   CONCLUSIONS

Fascioliasis may affect liver parenchyma, 
bile ducts, or both, depending on the stage of the disease. 
Changes indicative of the part of liver affected, such as 
parenchyma, bile duct, can be detected by assessing 
the associated laboratory parameters (MITCHELL, 
2002; ROJO-VÁZQUEZ et al., 2012; IBRAHIM, 
2017). ADA were reported to be localized within the 
liver tissue, (TANABE, 1993) blood lymphoid cells 
(CHECHIK et al., 1983; BAGANHA et al., 1990) 
and structure of Fasciola spp. (ALI, 2008). Therefore, 
this study have assessed the serum levels of ADA, its 
isoenzymes and routine biochemical parameters and 
focused on interpreting their association with the area of 
involvement (hepatocellular region and / or even ducts) 
in cases with fascioliasis.

GLDH, ornithine carbamoyltransferase 
and sorbitol dehydrogenase are reported to be the 
most specific markers of liver damage in sheep with 
fascioliasis (BRAUN et al., 2010). Of these, GLDH 
is especially considered to be a useful and specific 
marker of hepatocellular damage (MILNE &SCOTT, 
2006; BRAUN et al., 2010). Although, they are not 
liver-specific, the levels of other enzymes, such as 
AST (MILNE &SCOTT, 2006), LDH (MILNE 
&SCOTT, 2006) and ALT (BRAUN et al., 2010) can 
also be evaluated in sheep. Increased GLDH and AST 
levels are observed in acute fascioliasis during the 
parenchymal migration of juvenile forms of F. hepatica 
(MITCHELL, 2002; BRAUN et al., 2010; IBRAHIM, 
2017) the levels decrease with the entry of adult forms 
into the bile ducts (BRAUN et al., 2010; IBRAHIM, 
2017). In this study; although, a gradual increase 
was observed only in GLDH levels, indicating liver 
damage in sheep with fascioliasis, this increase was 

not statistically significant. Similarly, other enzymes 
such as AST, ALT and LDH, which were reported as 
indicators of the severity or progression of hepatic 
injury (MILNE &SCOTT, 2006), did not differ 
between the values of the Fasciola-infected group 
before treatment and the control group (Table 1). This 
indicated that the disease was not in the parenchymal 
phase at the time of evaluation, in accordance with 
the findings of previous studies (BRAUN et al., 2010; 
IBRAHIM, 2017).

As in other ruminants, GGT is suggested 
to be a marker of chronic changes, such as cholestasis 
and epithelial damage of the biliary duct, in sheep 
with fascioliasis, and the GGT level has increased 
significantly with the entry of the adult form of F. 
hepatica into the bile ducts (MITCHELL, 2002; 
ROJO-VÁZQUEZ et al., 2012; HODŽIĆ et al., 2013; 
IBRAHIM, 2017). Although, not as important as 
GGT, ALP can also be used as a marker of cholestasis 
(MILNE &SCOTT, 2006; BRAUN et al., 2010). 
Similar to previous findings, (MITCHELL, 2002; 
MILNE &SCOTT, 2006; BRAUN et al., 2010; 
ROJO-VÁZQUEZ et al., 2012; HODŽIĆ et al., 2013; 
IBRAHIM, 2017)  an increase in levels of serum 
GGT and ALP was observed before treatment in this 
study (Table 1). It has been reported that GLDH is 
the best marker of hepatocellular damage, while 
GGT is the best marker of cholestasis in cases with 
fascioliasis. The increased GLDH and GGT levels 
are indicative of the acute and chronic stages of the 
disease, respectively (MITCHELL, 2002; MILNE 
&SCOTT, 2006; ROJO-VÁZQUEZ et al., 2012). 
However, both GLDH and GGT levels increase in 
subacute fascioliasis (SCOTT et al., 2005). In this 
study; although, there was no increase in GLDH 
levels, the obvious increase in GGT levels confirmed 
the presence of chronic fascioliasis, in accordance 
with previous findings (SCOTT et al., 2005; MILNE 
&SCOTT, 2006; ROJO-VÁZQUEZ et al., 2012). 

The levels of serum T-Bil and its sub-
fractions was reported to increase in fascioliasis 
(FERRE et al., 1995; BOONE et al., 2005; HODŽIĆ 
et al., 2013). The T-Bil level increases as a result 
of increased bilirubin production due to increased 
hemolytic toxin production by liver flukes (TELEB et 
al., 2007). The concurrent increase in D-Bil and T-Bil 
is an indicator of bile duct obstruction and intrahepatic 
cholestasis in chronic fascioliasis (FERRE et al., 
1995; BOONE et al., 2005; HODŽIĆ et al., 2013). 
In this study, hyperbilirubinemia was detected due to 
the increase in direct bilirubin levels on day 0 and day 
7 after treatment. This condition indicated the biliary 
phase of fascioliasis (biliary obstruction) and can be 
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evaluated by assessing the levels of enzymes that are 
markers of cholestasis.

Hypoproteinemia (TELEB et al., 2007; 
YÜKSEK et al., 2007; YUKSEK et al., 2013; EL-AZIEM 
HASSEM &MOHAMED 2017), hypoalbuminemia and 
hyperglobulinemia (EL-; MILNE &SCOTT, 2006; ROJO-
VÁZQUEZ et al., 2012; TELEB et al., 2007; YÜKSEK 
et al., 2013 AZIEM HASSEM &MOHAMED, 2017) 
is the frequently reported laboratory finding in 
fascioliasis. However, previous studies stated that 
the decrease in ALB / GLB ratio, which is a common 
finding in subacute (SCOTT et al., 2005) and chronic 
(HAROUN et al., 1986; SYKES et al., 1980) 
fascioliasis, should also be evaluated. The results of 
this study (Table 1) were similar to those of previous 
studies in terms of levels of serum TP and its sub-
fractions (MILNE AND SCOTT, 2006; MATANOVIĆ 
et al., 2007; TELEB et al., 2007; YUKSEK et al., 2007; 
ROJO-VÁZQUEZ et al., 2012; YUKSEK et al., 2013) 
and the ALB/GLB ratio (MATANOVIĆ et al., 2007). EL-
AZIEM HASSEM &MOHAMED (2017) reported that 
hypoproteinemia and hypoalbuminemia are indicative 
of liver tissue destruction and fibrosis, cholangitis, and 
biliary obstruction, while hyperglobulinemia might 
be indicative of an increase in β-GLB production by 
immune cells in response to infection. 

Serum levels of the enzymes BUN, ALB, 
and GLB are reliable markers of the disease stage 
and severity (MATANOVIĆ et al., 2007). Moreover, 
an increase in plasma enzyme activity is associated 
with the parasite load (RAADSMA et al., 2008), 
while a decrease in plasma enzyme activity can be 
used for monitoring the treatment efficacy in sheep 
with fascioliasis (GAASENBEEK et al., 2001). 
SCOTT et al. (2005) reported that rapid improvements 
in liver weight, serum protein levels, and AST levels 
were indicative of the efficacy of triclabendazole. 
However, in this study, GGT and ALP levels on day 21 
after treatment in the Fasciola-infected group were 
significantly higher than the values of control group, 
while the levels of TP and its sub-fractions were 
largely normalized, similar to the findings of SCOTT 
et al. (2005) (Table 1). 

Studies (BAGANHA et al., 1990; 
UNGERER et al., 1994; ALTUG &AGAOGLU, 
2007) have demonstrated that ADA plays an important 
role in the regulation of immune responses and that 
its isoenzymes have diagnostic significance in 
determining the cellular origin of immune responses. 
Lymphocytes and neutrophils contain ADA1 but 
not ADA2. Both these isoenzymes are present in 
monocytes and macrophages (BAGANHA et al., 
1990; UNGERER et al., 1994; GAKIS, 1996; ALTUG 

&AGAOGLU, 2007). Increased ADA levels have 
been observed in domestic animals with liver injuries 
(HUNT &MCCOSTER, 1970; TANABE, 1993; 
ALTUG &AGAOGLU, 2000) and diseases such as 
feline infectious peritonitis (TANABE, 1993), bovine 
leucosis (TANABE, 1993; CHIKUMA, 1997), 
glycogen degeneration, liver abscess, sawdust liver, 
fatty liver (YASUDA et al., 2001; ABD-ELLAH et al., 
2004). These increases have been reported to either be 
positively correlated with (ABD-ELLAH et al., 2004) 
or not be associated with (CHIKUMA, 1997) the 
degree of hepatocellular damage. CHIKUMA, (1997) 
reported that the increased enzyme levels observed in 
liver diseases were related to the immune response of 
mononuclear cells as well as hepatocellular damage in 
cattle. In this study, an obvious increase was observed 
in serum ADA and ADA1 levels on day 0 in the 
Fasciola-infected group; these values significantly 
decreased on days 7 and 14 after treatment but did not 
differ from the values of control group and that of day 
21 after treatment (Table 1). While no increase was 
observed in the levels of enzymes that are markers of 
hepatocellular damage, laboratory findings revealed 
that the disease was in the biliary obstruction phase 
of the chronic stage (Table 1). Thus, unlike previous 
studies (ALTUG &AGAOGLU, 2000; ABD-ELLAH 
et al., 2004), the increase observed in ADA and ADA1 
levels cannot be directly associated with increased 
hepatocellular damage in this study. In addition, no 
study has evaluated the relationship of ADA with 
both hepatocellular damage and biliary obstruction 
in domestic animals. However, human studies 
examining ADA levels in patients with hepatocellular 
damage and biliary obstruction have reported that 
ADA activity is generally normal in patients with 
extrahepatic or biliary obstruction but is significantly 
increased in the case of hepatic involvement 
(LAKSHMI et al., 2015; KAKI &TUMMA, 2016). 
Thus, considering previous findings, (LAKSHMI et 
al., 2015; KAKI &TUMMA, 2016) increased ADA 
and ADA1 levels observed in sheep with chronic 
fascioliasis cannot be directly associated with biliary 
obstruction in this study. ABD-ELLAH et al., (2004) 
observed increased activity of ADA and liver enzymes, 
such as GGT and GLDH, in cattle with liver diseases 
and suggested that the increased ADA activity could 
have originated from immune cells as ADA is not 
an enzyme that leaks from the liver. The increase in 
GLB levels is known to be indicative of the immune 
response in cases with fascioliasis (MATANOVIĆ et 
al., 2007; ROJO-VÁZQUEZ et al., 2012; EL-AZIEM 
HASSEM AND MOHAMED, 2017). In this study, 
it was observed that serum GLB levels increased 
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gradually after treatment compared to the values of 
before treatment and control group and approached 
the control group values on the 7th day and was 
statistically significant compared to that of the 14th 
day before treatment. However, ALB levels and ALB 
/ GLB ratio were lower than the control group values 
until the 21st day (Table 1). The increase in specific 
immunoglobulin (IgG and IgA) levels is commonly 
observed in fascioliasis (NANSEN et al., 1975). In 
experimental infections, it was reported that serum 
IgG and IgA reached maximal values in 8 weeks after 
inoculation, especially the increase in IgG was more 
obvious, and then decreased slowly (FERRE et al., 
1997). In addition, serum GGT activity is strongly 
associated with IgG levels (BRITTI et al., 2005; 
BRAUN et al., 2010). In this study, before treatment 
serum GGT activity was significantly higher in the 
Fasciola-infected group than in the control group; 
although, the activity gradually decreased after 
treatment, it was still significantly higher than the 
activity in the control group even on day 21 after 
treatment (Table 1).

 However, in this study; although, GGT 
levels decreased after treatment compared to before 
treatment, an increase in GLB levels was observed. 
Therefore, the increase in GGT levels in this study 
cannot be associated with the immune response in the 
context of GLB levels. For this reason, in the light of 
previous findings (SCOTT et al. 2005), the increase in 
the levels of serum protein and its sub-fractions after 
treatment can be considered to indicate the efficacy 
of triclabendazole treatment. Moreover; although, the 
GGT levels decreased on all days after the treatment, 
it was determined that the Fasciola-infected group 
had still higher values than the control group values. 
This finding is similar to the findings of SCOTT et 
al., (2005), that reported the high levels in GLDH 
and GGT continued for 4 weeks after triclabendazole 
treatment in sheep with subacute fascioliasis.

In the light of the above literature, the 
increased serum ADA and ADA1 levels observed in 
this study may be due to possible concomitant infection 
of Fasciola larvae in the liver parenchyma and adults 
in the ducts (RUSHTON 1977; RADOSTITS et al., 
2006). Although, high after treatment GGT levels 
in this study confirmed bile lesions in animals, the 
parameters examined did not completely exclude the 
possibility of parenchymal damage. Because, in the 
infected group compared to the control group, ALB 
level (day 0) was lower before the treatment and 
GLDH levels were - higher, though not statistically 
significant (Table 1). This situation may be explained 
by the dynamic natural re-infection process in the 

rangelands as reported by the authors (RUSHTON 
1977; TINAR and KORKMAZ 2003; RADOSTITS 
et al., 2006). Sheep may receive new parasitic loads 
on a daily basis, so they may show new infections (to 
a lesser extent - parenchymal effect) in the sampling 
period after treatment and late liver infections on the 
sampling on day 0 (before treatment). In conclusion, 
increased ADA and ADA1 levels do not seem to be 
directly associated with increased immune response to 
the chronic fascioliasis in sheep. However, ADA and 
ADA1 levels that gradually decrease over the course 
of treatment; although, higher than the control group, 
may be associated with steadily decreasing GGT and 
gradually rising GLB levels over the same period. It 
would be beneficial to evaluate the detailed changes in 
ADA and ADA1 levels along with the changes in the 
levels of inflammatory markers, immunoglobulins, 
rutin haematologic and biochemical parameters at 
different stages of fascioliasis.
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