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ABSTRACT 

Objective: In this study were investigated serum paraoxonase, haptoglobin, tumor necrosis factor-α, 
acetylcholinesterase, serum amyloid A, nonesterifie fatty acids, glucose, beta hydroxybutyric acid, total 
protein, aspartat aminotransferase, gama glutamil transferase, cholesterol and triglyceride in ewes with 
pregnancy toxemia  
Materials and Methods: This study material consisted 10 control and 10 group with pregnancy toxemia, 
total 20 merino hybrid ewes at aged between 2-6 years.  
Results: The analysis of blood serum samples revealed that serum amyloid A (SAA), haptoglobin (HPT), 
tumor necrosis factor-α (TNF), paraoxonase (PON1), acetylcholinesterase (ACHE), aspartat 
aminotransferase (AST), gama glutamil transferase (GGT) and cholesterol did not differ statistically 
significant between two groups although SAA, HPT, TNF, PON1, ACHE, AST, GGT levels were higher in 
ewes with pregnancy toxemia when compared to healthy ewes. Beta hydroxybutyric acid (BHBA) and 
nonesterifie fatty acids (NEFA) (p<0.001), triglyceride and total protein (p<0.01) increased that glucose 
(p<0.001) levels decreased in sheep with pregnancy toxemia compared with healthy ewes. 
Conclusion: Acetylcholinesterase, paraoxonase, haptoglobin, tumor necrosis factor-α, serum amyloid A 
concentration researched may prove beneficial laboratory findings disease in sheep with pregnancy 
toxemia. 
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INTRODUCTION 

Pregnancy toxemia is a disease observed in sheep 
and goats during the final stages of pregnancy due 
to the disruption of carbohydrate, glucose, and fat 
metabolisms. The disease is observed during the 
last stage of pregnancy and milking period in goats 
(Bastan et al., 2013; Salar et al., 2018). 
There are two forms of cholinesterase in mammals: 
acetylcholinesterase and pseudocholinesterase. 
Acetylcholinesterase and pseudocholinesterase are 
mainly produced in the liver (Kaplay, 1976; Stojevic 

et al., 2005). Cholinesterase has been measured in 
cattle, camel, goat, and sheep plasma and liver, and 
the highest cholinesterase levels were determined 
in goats (Qarawi et al., 2003). 
SAA and haptoglobin levels were higher in Saanen 
goats with pregnancy toxemia when compared to 
healthy goats (Albay et al., 2014). Higher SAA levels 
were found in sheep with pregnancy toxemia when 
compared to healthy non-pregnant (Mahmoud et 
al., 2016). 
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Serum paraoxonase enzyme is associated with HDL 
cholesterol in mammals and protects the body 
against several harmful chemicals (Mackness et al., 
2017). Paraoxonase levels are low in sheep with 
fatty liver when compared to healthy sheep (Cao et 
al., 2017). Paraoxonase-1 levels decrease on the first 
day of the last month of pregnancy in Turkish 
Saanen goats and increase on the prenatal 15th and 
30th days (Salar et al., 2018). 
Tumor necrosis factor-alpha (TNFα) is induced by 
various stimuli such as tumor cells, bacteria, 
viruses, parasites, cytokines, and inflammation. 
TNFα is responsible for neoplastic tissue 
destruction, and certain local and systemic effects 
induced by tumors (Çömez, 2006). TNF levels are 
higher in sheep with pregnancy toxemia when 
compared to healthy sheep. Higher TNF levels were 
reported in Saanen goats with pregnancy toxemia 
when compared to healthy pregnant goats (Albay 
et al., 2014). 
The present study investigated the 
acetylcholinesterase, paraoxonase, tumor necrosis 
factor-α, serum amyloid A, haptoglobin, glucose, 
BHBA, NEFA, cholesterol, triglyceride and total 
protein levels in ewes with pregnancy toxemia.  

MATERIALS and METHODS 

Animal material 
The animal material included 2-5 years old merino 
hybrid ewes on a farm in Balikesir province in 
Turkey with two or more lactation counts, 40-60 kg 
live body weight and were in the last 4 weeks of 
pregnancy and exhibited loss of appetite, 
depression, lethargy, muscle dysfunction, lack of 
coordination, ataxia and were bedridden. The ewes 
were clinically examined. Ten pregnancy toxemia 
and 10 healthy, a total of 20 merino hybrid ewes 
were used in the study. After the clinical 
examination of the merino hybrid ewes, 10 ewes 
with blood BHBA levels ofover 1.5 mmol/L were 
assigned to the pregnancy toxemia group, and 10 
healthy non-pregnant ewes with BHBA levels of 
below 1 mmol/L were assigned to the control group. 
All ewes with pregnancy toxemia were in the last 4 
weeks of pregnancy and were kept under the same 
feeding, care, and environmental conditions. All 
healthy non-pregnant ewes were keptunder the 
same feeding, care, and environmental conditions. 
Blood analysis 
10 ml blood samples were collected from V. 
jugularis of the ewes diagnosed with pregnancy 
toxemia into tubes without anticoagulant after the 

clinical examination. The blood samples were 
immediately centrifuged at 5000 rpm for 5 min to 
obtain the serum. Two samples were transferred 
into eppendorf tubes and stored at -80ºC until the 
analysis. After the blood serum samples were 
collected, they were sent to a private laboratory for 
analysis. 
Biochemical analysis 
Paraoxonase, acetylcholinesterase, tumor necrosis 
factor-α, haptoglobin, serum amyloid A levels were 
measured with the ELISA (Enzyme-Linked 
Immunosorbent Assay) method (SunRed ELISA Kit 
cat. No: E90440, Eastbiopharm, China). Biochemical 
analyses were conducted with a Randox brand 
Daytona model device (United Kingdom). Randox 
brand kits were used to study the biochemical 
parameters. BHBA (Cat. No: RB1007) was 
determined with the enzymatic kinetic method, 
while the principle of total cholesterol (Cat. No: 
CH3810) analyse based on the enzymatic endpoint 
method, glucose (Cat. No: GL 3815), NEFA (Cat. 
No: FA115) were determined with the colorimetric 
method, total protein (Cat. No: TP38669) was 
determined with the Biuret Reagent endpoint 
method, triglyceride (Cat. No: TR3823) was 
determined with the lipase/GPO-PAP method. 
Ethical statement 
This study was conformed according to Balikesir 
University Animal Experiments Local Ethics 
Committee Presidency instructions and approved 
with consensus at the meeting (2019/12-7). 

RESULTS  

Clinical findings 
Anorexia, lagging the herd, lethargy, bad breath, 
shaky gait, teeth grinding, ataxia, difficulty in 
standing, blindness, confinement to the ground, 
head resting, muscle tremors, loss of consciousness, 
and mortality were observed in the ewes with 
pregnancy toxemia included in the study. 
Biochemical findings 
The results of the biochemical analyzes regarding to 
ewes with pregnancy toxemia and healthy ewes are 
presented in (Tables 1 and 2). The analysis of blood 
serum samples revealed that serum amyloid A 
(SAA), haptoglobin (HPT), tumor necrosis factor-α 
(TNF), paraoxonase (PON1), acetylcholinesterase 
(ACHE), aspartat aminotransferase (AST), gama 
glutamil transferase (GGT) and cholesterol did not 
differ statistically significant between two groups 
although SAA, HPT, TNF, PON1, ACHE, AST, GGT 
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levels were higher in ewes with pregnancy toxemia 
when compared to healthy ewes. Beta 
hydroxybutyric acid (BHBA), nonesterifie fatty 
acids (NEFA), triglyceride and total protein 

increased that glucose levels decreased in sheep 
with pregnancy toxemia compared with healthy 
ewes (Tables 1 and 2). 

Table 1. SAA, HPT, TNF, PON1, ACHE levels in merino hybrid ewes with pregnancy toxemia and healthy 
merino hybrid ewes 

Parameters Healthy merino hybrid ewes 
(n=10) 

Merino hybrid ewes with 
pregnancy toxemia (n=10) P value 

SAA µg/ml 5.10±3.73 8.70±6.48 NS 

HPT µg/ml 112.32±63.73 172.81±101.30 NS 

TNF µg/ml 45.28±26.02 73.09±50.04 NS 

PON 1 µg/ml 67.20±48.74 110.42±75.77 NS 

ACHE ng/ml 10.69±7.18 15.03±9.57 NS 

* p<0.05, ** p<0.01, *** p<0.001, NS: Not Significant

Table 2. Biochemical parameters in merino hybrid ewes with pregnancy toxemia and healthy merino hybrid 
ewes  

Parameters Healthy merino hybrid ewes 
(n=10) 

Merino hybrid ewes with 
pregnancy toxemia (n=10) p value 

BHBA mmol/L 0.47±0.12 2.83±1.34 p<0.001 

Glucose mg/dL 43.80±6.72 24±6.46 p<0.001 

NEFA mmol/L 0.14±0.16 1.30±0.63 p<0.001 

Total Cholesterol mg/dL 44.5±10.90 47.2±13.25 NS 

Triglyceride mg/dL 15.80±4.02 22.10±6.53 p<0.01 
Total Protein g/dL 4.75±0.99 5.98±1.25 p<0.01 

GGT U/L 33.90±8.06 40.30±9.35 NS 

AST U/L 78.1±19.93 129.4±109.06 NS 

* p<0.05, ** p<0.01, *** p<0.001, NS: Not Significant

DISCUSSION 
Pregnancy toxemia is a disease observed in sheep 
and ewes during the last stages of pregnancy due to 
the disruption of carbohydrate, glucose, and fat 
metabolisms (Bastan et al., 2013; Albay, 2014; Salar 
et al., 2018).   
It was reported that lagging behind the herd, loss of 
appetite, lethargy, shaky gait, bad breath, difficulty 
in standing, teeth grinding, blindness, head resting, 
confinement to the ground, loss of consciousness, 
muscle tremors, and mortality are observed in ewes 
with pregnancy toxemia (Mahmoud et al., 2016; 
Salar et al., 2018; Asmaa et al., 2019; Gaadee et al., 
2021). In the present study, loss of appetite, lagging 
behind the herd, teeth grinding, bad breath, shaky 
gait, ataxia, head resting, blindness, muscle 
tremors, incoordination, the difficulty of standing, 
confinement to the ground, loss of consciousness, 

and mortality were observed in ewes with 
pregnancy toxemia. 
Glucose levels were lower in sheep with pregnancy 
toxemia when compared to healthy sheep (Kabakçı 
et al., 2003; Mahmoud et al., 2016; Prasannkumar et 
al., 2016; Gaadee et al., 2021). It was reported that 
glucose levels were lower in Awassi sheep with 
pregnancy toxemia when compared to both healthy 
non-pregnant and healthy pregnant sheep (Khaled, 
2011). The glucose level in Barki sheep with 
pregnancy toxemia was also decreased when 
compared to both healthy non-pregnant and 
healthy pregnant sheep (Mahmoud et al., 2016). In 
the present study, it was determined that the 
glucose levels in ewes with pregnancy toxemia 
were lower when compared to the glucose levels of 
healthy ewes. 
It was reported that total protein levels were lower 
in sheep with pregnancy toxemia when compared 
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to healthy non-pregnant and healthy pregnant 
sheep (Gaadee et al., 2021). Total protein levels were 
lower in sheep with pregnancy toxemia when 
compared to healthy pregnant sheep (Asmaa et al., 
2019). In the present study, although total protein 
levels were increased in ewes with pregnancy 
toxemia when compared to healthy sheeps.  
It was found that BHBA levels were higher in sheep 
with pregnancy toxemia when compared to healthy 
sheep (Khaled, 2011; Gurdoğan et al., 2014; 
Mahmoud et al., 2016). Higher BHBA levels were 
reported in sheep with pregnancy toxemia when 
compared to healthy non-pregnant and healthy 
pregnant sheep in the last month of pregnancy 
(Mahmoud et al., 2016). BHBA levels were higher in 
ivesi sheep with pregnancy toxemia when 
compared to both healthy and pregnant sheep with 
subclinical toxemia (Gurdoğan et al., 2014).  It was 
reported that BHBA levels were higher in Awassi 
sheep with pregnancy toxemia when compared to 
healthy non-pregnant and healthy pregnant sheep 
(Khaled, 2011). In the present study, it was 
established that BHBA levels in ewes with 
pregnancy toxemia were higher when compared to 
healthy ewes.  
The NEFA levels increased more in sheep with 
clinical pregnancy toxemia when compared to both 
healthy non-pregnant and healthy pregnant sheep 
in the last period of pregnancy (Asmaa et al., 2019). 
The NEFA levels were found to be higher in sheep 
with pregnancy toxemia when compared to healthy 
sheep (Sauza et al., 2019).  It was found that NEFA 
levels were higher in sheep with pregnancy toxemia 
when compared to non-pregnant and healthy sheep 
in the last month of pregnancy (Mahmoud et al., 
2016). In the present study, NEFA levels were 
higher in ewes with pregnancy toxemia when 
compared to healthy ewes. 
A study conducted on Barki sheep indicated that 
the cholesterol levels were lower in healthy sheep in 
the last period of pregnancy when compared to the 
healthy non-pregnant sheep (Asmaa et al., 2019). It 
was reported that cholesterol levels decreased in 
sheep with pregnancy toxemia when compared to 
healthy non-pregnant and healthy pregnant sheep 
in the last month of pregnancy (Gaadee et al., 2021). 
It was found that the cholesterol levels were lower 
in sheep with pregnancy toxemia compared to 
healthy sheep (Prasannkumar et al., 2016). In the 
present study, no statistically significant difference 
was found between the cholesterol levels of the 
ewes with pregnancy toxemia and healthy ewes. 

Triglyceride levels were higher in sheep with 
pregnancy toxemia when compared to healthy non-
pregnant and healthy pregnant sheep in the last 
month of pregnancy (Mahmoud et al., 2016). Higher 
triglyceride levels were determined in sheep with 
pregnancy toxemia when compared to healthy 
sheep (Kabakçı et al., 2003). It was found that the 
triglyceride levels were higher in Saanen goats with 
pregnancy toxemia when compared to healthy 
pregnant goats (Albay et al., 2014). In the present 
study, triglyceride levels were higher in ewes with 
pregnancy toxemia when compared to healthy 
ewes. 
Pseudocholinesterase levels were determined in 
forty Nubian goats, and the topical fenthion 
administration decreased the pseudocholinesterase 
levels (Fuentes et al., 2006). Acetylcholinesterase 
levels were lower in clinical ketosis cows when 
compared to the control group (Simonov et al., 
2015). In a study conducted on the liver parameters 
of cows with ketosis, it was found that the 
cholinesterase values were lower when compared 
to the control group (Sun et al., 2015). Three distinct 
types of cholinesterase levels were measured in the 
plasma and liver tissue of the cattle, camels, goats, 
and sheep, and the highest cholinesterase levels 
were determined in goats (Qarawi et al., 2003). In 
the present study, it was found that the 
acetylcholinesterase levels in ewes with pregnancy 
toxemia were not statistically significantly different 
when compared to healthy ewes.  
SAA levels were higher in Saanen goats with 
pregnancy toxemia when compared to healthy 
pregnant goats (Albay et al., 2014). Higher SAA 
levels were found in sheep with pregnancy toxemia 
when compared to healthy non-pregnant 
(Mahmoud et al., 2016). In a study conducted on 
Barki sheep, SAA levels were found higher in 
healthy pregnant sheep in the last period of the 
pregnancy when compared to the healthy non-
pregnant sheep (Asmaa et al., 2019). Another study 
conducted on Ivesi sheep also found that SAA 
levels increased in sheep with pregnancy toxemia 
when compared to healthy sheep (Gurdoğan et al., 
2014). In the present study, it was found that the 
SAA levels in ewes with pregnancy toxemia were 
not statistically significantly different when 
compared to healthy ewes.  
It was also determined that the haptoglobin levels 
increased more in sheep with pregnancy toxemia 
when compared to healthy non-pregnant sheep 
(Asmaa et al., 2019). Haptoglobin levels were found 
to be higher in sheep with pregnancy toxemia when 
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compared to healthy non-pregnant (Mahmoud et 
al., 2016). In Ivesi sheep with pregnancy toxemia 
haptoglobin levels were increased when compared 
to healthy and pregnant sheep with subclinical 
pregnancy toxemia (Gurdoğan et al., 2014). In the 
present study, it was found that the haptoglobin 
levels in ewes with pregnancy toxemia were not 
statistically significantly different when compared 
to healthy ewes.   
It was reported that the paraoxonase levels in sheep 
with fatty liver decreased on the 8th and 16th days 
when compared to healthy sheep (Cao et al., 2017). 
It was found that the serum paraoxonase levels 
were lower in postpartum Holstein cows with fatty 
liver when compared to healthy non-pregnant cows 
(Farid et al., 2013), however, the authors also argued 
that there was no standardized method for 
paraoxonase measurement, commonly used 
method was paraoxon hydrolysis and different 
results could be obtained due to methods that 
measured paraoxonase, thus, concluded that the 
physiological interpretations of these levels were 
challenging (Farid et al., 2013; Camps et al., 2009). 
In a study conducted on Saanen goats in Turkey, it 
was reported that the serum paraoxonase-1 levels in 
the last month of pregnancy were lowest on the 0th 

day, high on the -15th day, and highest on the -30th 
day (Salar et al., 2018). In the present study, it was 
found that the paraoxonase levels in ewes with 
pregnancy toxemia were not statistically 
significantly different when compared to healthy 
ewes.   
It was found that the TNF values were higher in 
animals with ketosis when compared to healthy 
animals (El-Deep et al., 2017; Zhanga et al., 2018). 
The TNF levels in cows with subclinical ketosis 
were higher when compared to healthy cows 
(Brodzki et al., 2021). A study conducted on Barki 
sheep revealed that TNF levels increased in sheep 
with pregnancy toxemia when compared to healthy 
non-pregnant and healthy pregnant sheep in the 
last period of pregnancy (Asmaa et al., 2019). TNF 
levels increased in sheep with mild and severe 
pregnancy toxemia when compared to healthy 
sheep (Yarım et al., 2007). In the present study, it 
was found that the TNF levels in ewes with 
pregnancy toxemia were not statistically 
significantly different when compared to healthy 
ewes. 

CONCLUSION 
In conclusion, acetylcholinesterase, paraoxonase, 
haptoglobin, tumor necrosis factor-α, serum 

amyloid A concentration researched may prove 
beneficial laboratory findings disease in sheep with 
pregnancy toxemia. 
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