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1. Introduction 

Pregnancy toxemia (PT), also known as ketosis or 

twin lamb disease, is a group of in-sequence 

metabolic disorders usually observed in the last 

pregnancy period of ewes (1). It is initially associated 

with inappropriate nutrition in the last trimester of 

pregnancy, as most fetal growth occurs at this stage in 

pregnancy, which duplicates the requirements of 

energy, especially in the case of multifetal pregnancy 

(2). Pregnancy toxemia affects ewes during late 

gestation due to increased energy demand by the fetus 

and lactation due to increased energy required for 

milk production (3).  

Pregnancy toxemia affects all ewes and ovine species 

worldwide, causing high morbidities and high 

mortalities among diseased ewes. The absence of early 

detection of the disease due to insufficient information 

about its pathogenesis and the lack of efficient 

diagnostic tools are the main obstacles to improving 

our prophylactic and therapeutic policies against the 

disease (4). Clinical ketosis is manifested by loss of 

appetite, depression, dehydration, decreased milk 
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Abstract 

Pregnancy toxemia (PT), also known as ketosis or twin lamb disease, is a group of in-sequence metabolic 

disorders usually observed in the last pregnancy period of ewes. Blood samples from 60 Awassi ewes were 

collected, including 50 ewes suffering from PT and 10 healthy ewes (2-8 years old) as a control group. All of 

them were in their final month of pregnancy from different regions of Salah Aldin Governorate, Iraq. The 

samples were collected between October 2021 and February 2022. Biochemical analysis of serum 

concentrations of all parameters was performed using the atomic absorption spectrophotometer, except for the 

beta-hydroxybutyrate and non-esterified fatty acids that were analyzed by enzyme-linked immunosorbent assay 

method. The results of the clinical criteria tests for temperature, respiration, and pulse showed nonsignificant 

differences (P<0.05) in the infected animals, compared to the healthy group. Clinical signs included depression, 

loss of appetite, weight loss, lying down, odor of ketogenic bodies through breathing, inability to walk, 

neurological signs, dental grinding, jaundice, blindness, bloat, dystocia, animal death, and fetal death. Based on 

the results of the biochemical parameters tests of the blood, a significant increase (P<0. 05) was observed in the 

parameters of the results of beta-hydroxybutyrate, non-esterified fatty acids, triglycerides, total bilirubin, and 

liver enzymes (ALT, AST, ALP, and GGT) in the animals affected by PT, compared to the control group. 

However, a significant decrease (P<0.05) was observed in the parameters of glucose, cholesterol, total protein, 

albumin, and globulin in the affected animals, compared to the healthy group. Concerning the association 

between disease and oxidative stress criteria, the infected animals showed a substantial (P<0.05) increase in 

malondialdehyde concentration and a significant (P<0.05) drop in glutathione and superoxide dismutase levels.  
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secretion, staying away from the herd, pointless 

exhibition movements, frequent press of the head 

against the wall or feeder, weak chewing muscles, 

seizure, tremor of the neck and the head, opisthotonus, 

teeth grinding, ataxia, convulsions sternal recumbency, 

loss of wool, and the back and lateral recumbency. 

Chemically, PT is characterized by hypoglycemia and 

hyperketonemia, which prevent the animal from 

maintenance of an optimal energy balance (5). It should 

also be noted that almost 80% of fetal growth takes 

place in the final 6 weeks of pregnancy, with 40% of 

the maternal glucose supply being used by the fetal 

placental unit. If ewes do not receive at least half of the 

required energy during this period, large quantities of 

fat deposits are mobilized (6).  

The liver plays a vital role in blood glucose 

metabolism for the glucose tissue supply, and since it is 

almost the only organ where gluconeogenesis takes 

place (7), it is good to measure liver function tests. 

However, it should be noted that the kidney makes 

small contributions as well (8). The ketone body can 

generate superoxide radicals, which can subsequently 

become hydroxyl radicals. These free radicals exert 

their deadly impact by initiating peroxidation of the 

phospholipid membrane, leading to the buildup of lipid 

peroxidation products. These products are known to 

crosslink membrane components causing alterations in 

membrane permeability and lipid organization, cellular 

dysfunction, and membrane damage. However, normal 

cells can detoxify superoxide radicals using antioxidant 

enzymes, such as superoxide dismutase, glutathione, 

and catalase, that help maintain the intracellular 

concentration of reduced glutathione and reduced 

nicotinamide adenine dinucleotide phosphate, which is 

necessary for the optimal function of antioxidant 

defense system (9). This research aimed to study the 

clinical signs and effects of PT on the biochemical 

parameters, oxidant, and antioxidant status of ewes.  

2. Materials and Methods 

Blood samples were collected from Awassi 60 ewes, 

including 50 ewes suffering from PT  and 10 healthy 

ewes (2-8 years old) as a control group. All of them 

were in their final month of pregnancy and from 

different regions of Salah Aldin Governorate, Iraq. It 

should be mentioned that the data were collected 

between October 2021 and February 2022. Case history 

information was collected from breeders, and the most 

important clinical signs appearing on the studied 

animals were recorded with vital clinical parameters 

(pulse, respiratory rate, and temperature) (10). Blood 

samples were collected from the jugular vein of all 

study subjects in an amount of 10 ml according to the 

method proposed by Pugh and Baird (11). Afterward, 

they were put in test tubes without anticoagulant to 

achieve serum isolation for biochemical values 

examination.  

After keeping the serum-containing test tubes in a 

standing position for half an hour, they were 

centrifuged at 3,000 rpm for 15 min for proper 

separation of serum from coagulated blood. The serum 

was separated and stored in aliquots at -20 °C until 

examination. Blood samples were drawn from all 

animals for biochemical tests, including beta-

hydroxybutyrate, non-esterified fatty acids (NEFA), 

glucose, cholesterol, triglycerides, total bilirubin, total 

protein, albumin, globulin, alanine aminotransferase, 

aspartate aminotransferase, alkaline phosphatase, 

gamma-glutamyltransferase, malondialdehyde, 

glutathione, superoxide dismutase.  

Biochemical analysis determination of serum 

concentrations of all the above-mentioned 

parameters was performed using the atomic 

absorption spectrophotometer according to the 

method described by Rifai (12) and Ohkawa, Ohishi 

(13). Except for the beta-hydroxybutyrate (BHBA) 

and NEFA, the enzyme-linked immunosorbent assay 

(ELISA) was used in estimations. The collected data 

were analyzed in SPSS software for Windows 

(version 10. 01) and presented as mean±standard 

error (SE). The t-test determined the differences 

between the study groups. It should be mentioned 

that P values of less than 0.05 were considered 

statistically significant.  
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3. Results 

3.1. Clinical Findings 

Results of the clinical criteria tests for temperature, 

respiration, and pulse are summarized in table 1, which 

showed nonsignificant differences (P<0.05) between 

the infected animals and the healthy group in terms of 

these clinical criteria.  

Pregnancy toxemia showed clinical signs on the 

affected ewes, which were represented by depression 

(n=50, 100%), loss of appetite (n=44, 88%), weight 

loss (n=36, 72%), lying down (n=38, 76%), odor of 

ketogenic bodies through breathing (n=34, 68%), 

inability to walk (n=12, 24%), neurological signs 

(n=22, 44%), dental grinding (n=12, 24%), jaundice 

(n=5, 10%), blindness (n=4, 8%), bloat (n=6, 12%), 

dystocia (n=10, 20%), animal death (n=16, 32%), and 

fetal death (n=14, 28%) (Table 2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.2. Biochemical Examination 

According to the results of biochemical studies 

presented in table 3, there was a significant increase 

(P<0.05) in the concentrations of BHBA ketone 

bodies according to the ELISA test in serum, where 

their concentrations reached 7.15 ± 0.152 mmol/L in 

the affected animals, compared to the healthy group 

(0.85 ± 0.821 mmol/L). Moreover, there was a 

significant increase (P<0.05) in the concentrations of 

non-esterified fatty acids, which were 2.83 ± 0.093 

and 0.42 ± 0.069 mmol/L for both infected and 

healthy animals, respectively. Results of the current 

study showed a significant decrease (P<0.05) in the 

rates of glucose concentration, as its concentrations in 

serum reached 34.20 ± 1.930 mg/dL and 68.94 ± 

0.869 mg/dL in infected and healthy animals, 

respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1. Clinical examination parameters (Mean ±SE) in healthy and pregnancy toxemic ewes 

 

Groups 

parameters 

Healthy Ewes (n:10) 

Mean ± SE 

Ewes with PT (n:50) 

Mean ± SE 

temperature 0. 041a±39.5 0. 050a± 39.6 

Respiratory rate/min 1. 032 a±28.5 0. 894 a± 30.2 

Pulse rate/min 1. 965 a±80.6 1. 713 a± 83.1 

 

Different letters in each row refer to a significant difference at the level (P<0. 05) 

Table 2. Clinical signs appearing on ewes affected by pregnancy toxemia (50 ewes), frequency and percentage 

 

Clinical signs frequently Percentage (%) 

Depression 50 100 

Appetite loss 44 88 

Emaciation 36 72 

Recumbency 38 76 

Fruity odor 34 68 

Unable to work 12 24 

Nervous signs 22 44 

teeth Grinding 12 24 

Jaundice 5 10 

Blindness 4 8 

Bloat 6 12 

Dystocia 10 20 

Death 16 32 

fetal death 10 20 
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Findings of the current study indicated a significant 

decrease (P<0.05) in cholesterol levels of infected 

animals (40.7 ± 3.020 mg/dL), compared to healthy 

animals (62.5 ± 5.824 mg/dL). Furthermore, there was 

a significant increase (P<0.05) in the average 

triglyceride concentrations of infected and healthy 

animals which were 82.4 ± 2.544 and 3.662 ± 52.7 

mg/dL, respectively. Results of the current study also 

showed a significant (P<0.05) increase in the total 

bilirubin concentration rates, which were 1.44 ± 0.020 

mg/dL and 0.75 ± 0.310 mg/dL in the infected and 

healthy animals, respectively. The results also showed a 

significant decrease (P<0.05) in the levels of total 

protein, albumin, and globulin, which were 5.31 ± 

0.228, 2.60 ± 0.181, and 2.71 ± 0.121 g/dL, 

respectively, in the affected animals, and 6.55 ± 0.254, 

3.22 ± 0.151 and 3.33 ± 0.135 g/dL, respectively, in the 

healthy animals.  

According to the results of the present research, there 

were significant differences (P<0.05) among all liver 

enzyme levels (ALT, AST, ALP, and GGT), where the 

activity of alanine aminotransferase and aspartate 

aminotransferase were 48.4 ± 2.141 and 152 ± 8.225 

IU/L, respectively, in infected animals and 22.7 ± 3.442 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

and 87.6 ± 4.176 IU/L, respectively, in healthy animals. 

As for alkaline phosphatase and gamma-

glutamyltransferase, their values were 255± 4.066 and 

45.7 ± 2.310 IU/L, respectively, in infected animals, 

and 75.2 ± 6.230 and 32.6 ± 2.620 IU/L, respectively, 

in healthy animals.  

Results of the current study also revealed a significant 

increase (P<0.05) in the level of malondialdehyde 

(MDA) concentration in infected animals 36.10 ± 2.805 

nmol/mL, compared to the healthy group 12.62 ± 1.450 

nmol/ml. However, there was a significant decrease in 

the concentrations of both glutathione and superoxide 

dismutase which were 14.42 ± 1.518 nmol/mL and 412 

± 16.162 IU/L, respectively, in infected animals, and 

22.94 ± 1.335 nmol/mL and 441 ± 18.023 IU/L, 

respectively, in healthy animals. 

4. Discussion 

Based on the results, it was found that there were 

large numbers of ewes infected with PT, and this agrees 

with the findings of the studies performed by Olfati, 

Moghaddam (14) and Gaadee and Gehan (6). It is 

considered one of the most important metabolic 

diseases, which causes significant economic losses in 

production. Metabolic diseases usually occur due to the 

Table 3. Biochemical examination parameters (Mean ±SE) in healthy and pregnancy toxemic ewes 

 

Group 

parameters 

Healthy 

animals (n:10) 

Mean ± SE 

Ewes with PT 

(n:50) 

Mean ± SE 

BHBA (mmol/l) 0. 821 b ±0. 85 0. 152 a± 7. 15 

NEFA (mmol/l) 0.42 b ±0.069 0. 093 a±83.2 

Glucose (mg/dl) 94.68 a ±0.869 1. 930 b±20.34 

Cholesterol (mg/dl) 5.62 a ±5824 3. 020 b±7.40 

Triglycerol (mg/dl) 7.52 b ±3.662 2. 544 a±4.82 

Total bilirubin (mg/dl) 0.75 b ±0.031 0. 020 a±4.41 

Total protein (g/dl) 0.254 a ±6.55 0. 228 b±5. 31 

Albumin (g/dl) 0.151 a ±3.22 0. 181 b±2. 60 

Globulin (g/dl) 0.135 a ±3.33 0. 121 b± 2. 71 

ALT (IU/L) 442a. ± 37.22 2. 141 a±48. 4 

AST (IU/L) 4. 176b± 6.87 5.822a ±152 

ALP (IU/L) 6. 230b± 2.75 4.066a ± 255 

GGT (IU/L) 2.620b ± 6.32 2. 310 a± 58.7 

MDA (nM/ml) 1. 450b± 212.6 2. 805 a±36. 10 

Glutathione (nM/ml) 1. 335 a±22. 94 1. 518 b±14. 42 

SOD (IU/L) 18. 023a±441 16. 162 b± 412 

 

Different letters in each row refer to a significant difference at the level (P<0. 05) 
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lack or inability of the body to produce some necessary 

substances, or they may be due to some administrative 

and production factors or growth factors that lead to 

metabolic problems in the body.  

As it was noted in the current study, all cases were in 

the last month of pregnancy, and this is in line with the 

results of a study conducted by Constable, Hinchcliff 

(10). In the last month of pregnancy or near the date of 

parturition, the endocrine glands prepare to secrete 

different types of hormones that directly affect the 

natural physiological processes in the body. It adds to 

the challenge of metabolic diseases associated with 

childbirth since a negative energy balance begins in the 

body as the food taken by the animal is not sufficient to 

meet the high energy needs necessary for the growth of 

the fetus, childbirth, and milk production. 

Results of the clinical criteria tests for temperature, 

respiration, and pulse are summarized in table 1, which 

show a non-significant difference between the infected 

animals and the healthy group in terms of the rates of 

temperature, respiration, and pulse. These results agree 

with the findings of other researchers (6, 7), who 

noticed no significant differences between the ewes 

infected with PT and healthy ones.  

Results of the current study are presented in table 2. 

The clinical signs that appeared in infected animals 

were depression, loss of appetite, weight loss, lying 

down, odor of ketogenic bodies through breathing, 

inability to walk, neurological signs, dental grinding, 

jaundice, blindness, bloat, dystocia, animal death, and 

fetal death. It should be mentioned that these results 

agree with those of other previous research (7, 11). The 

clinical signs of PT are depression, restlessness, 

grinding of the teeth, constipation, loss of 

consciousness, acetone smell from the mouth, and 

dystocia. Neurologic signs include blindness, 

opisthotonus, incoordination, stiffness, convulsions, 

tremors in the neck muscles, lateral recumbency, coma, 

and death.  

As was observed in the current study, the affected 

ewes experienced weight loss. The animals with excess 

weight are more susceptible to infection as they suffer 

from increased resistance of the adipose tissue to 

insulin, which endows them with the movement of 

NEFA due to the increased decomposition of fats when 

the animal is in a state of negative energy balance (7). 

Bad breath in ewes infected with PT is one of the most 

important signs of the disease due to ketone bodies that 

increase during pregnancy (6). Acetone is volatile and 

therefore, causes the characteristic odor of breath in 

ruminants with clinical ketosis (15). Results of this 

study also agreed with those of a study carried out by 

researcher Balikci, Yildiz (15), which explained the 

emergence of neurological signs, such as frequent 

chewing, lethargy, salivation, and head twisting in this 

disease due to cerebral hypoglycemia.  

Results of biochemical studies are summarized in 

table 3 which show significant differences in the 

concentrations of BHB and NEFA. Estimation of the 

level of BHBA and NEFA in the serum is one of the 

important and efficient methods for estimation of the 

state of negative energy balance or the occurrence of 

PT in ewes. Entry of animals into a state of negative 

energy balance will stimulate the movement of acids 

NEFA toward the liver. Lack of concentrated feed and 

hormonal changes are among the most important 

causes of negative energy balance and disease (15). 

Researchers have stated that the concentration of 

NEFA is related to lipolysis in adipose tissue, where its 

concentration rises due to problems in the energy 

balance. A compound, known as beta-hydroxybutyrate, 

is considered an essential indicator of the presence of 

metabolic disorders and a more important factor than 

NEFA in the diagnosis of the disease (16).  

These results agree with those of several previous 

studies (17, 18). The reason for the high concentration 

of BHBA is the occurrence of negative energy balance, 

which is associated with a high demand for energy, fat, 

and protein in the last stage of pregnancy and 

immediately after birth. This leads to the movement of 

the stores of fat in the body and thereby, the rise of 

NEFA and their incomplete oxidation in the liver in 
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response to the increasing demand for glucose and 

finally, the increase of ketone bodies (acetoacetate, 

BHB, acetate) to their abnormal and pathological levels 

in the blood. Preliminary research has indicated that a 

decrease in the production of glucose in the liver would 

reduce its concentrations in the blood and the secretion 

of insulin. This leads to an increase in the movement of 

fats from adipose tissue leading to a subsequent 

increase in the levels of NEFA and BHBA (19).  

Results of the present study showed a significant 

decrease in the concentration of glucose in the serum. 

This is in line with the findings of other previous 

research carried out by Mohebbi, Lotfollahzadeh (20) 

and Paramesh, Kumar (21), which explained the reason 

that animals suffer from negative energy balance 

during the last period of pregnancy and early lactation 

period during which they have higher energy 

requirements. Its consumption leads to metabolic stress 

and the movement of fat from its stores in the body, as 

the regulation of the balance of lipolysis and fat 

formation takes place through the concentration of 

glucose and insulin. During the negative energy 

balance, its concentrations decrease and significantly 

increase the release of NEFA from the adipose tissue.  

In the last period of pregnancy and precisely the last 

days before delivery, the production of lactose 

increases dramatically to form colostrum, which 

increases the demand for glucose. This accelerates the 

process of gluconeogenesis and reduces glucose 

consumption in most cases. Despite these 

compensatory efforts of the animal body, the 

concentration of glucose in the blood decreases, and 

energy production decreases (22). Alternatively, the 

decrease in glucose concentration during the last period 

of pregnancy may be due to the increased need of the 

fetus for glucose in relation to the increased 

development of the fetus during this period (23). 

The decrease in cholesterol concentrations in the 

current study may be due to the role of the ovary in 

increasing the manufacture of sex hormones in the 

transitional or perinatal period. Alternatively, the 

decrease in cholesterol concentration may be attributed 

to its increased use by responsible tissues before and 

after birth in milk processing (24). The presence or 

increase in the concentration of triglycerides is 

conclusive evidence of the presence of lipolysis in the 

fatty tissues of ruminants and that its increase with the 

increase in the proportion of ketone bodies and NEFA 

to more than its average level is considered sufficient to 

be a predisposing factor for the occurrence of toxic 

seborrheic disease in ewes (25).  

The increase in serum bilirubin level in ewes affected 

with PT in the current study is consistent with what was 

indicated by Singh, Randhawa (26). They used the 

measurement of bilirubin concentration as an indicator 

for the diagnosis of degeneration or inflammation of 

hepatocytes or fatty liver in ruminants, as it rises 

significantly in these infections. As mentioned by 

Constable, Hinchcliff (10), the high level of bilirubin is 

due to the lack of bile flow resulting from the 

enlargement of the hepatocytes infiltrating with large 

amounts of fat. They also declared that it could be due 

to the competition of NEFA and bilirubin for the 

binding sites in the hepatocytes, which reduces the 

take-up of bilirubin by the liver cells and casts it 

outside the body. 

The increase in serum proteins level in ewes affected 

with PT in the current study is in agreement with what 

was indicated by other researchers. Accordingly, it can 

be said that protein deficiency may occur when the 

liver obtains large amounts of fat, which leads to an 

increase in the oxidation and storage of fats in the liver 

tissues in the form of triacylglycerol. This leads to a 

decrease in hepatic metabolism or impairment in its 

function and also a decrease in protein synthesis.  

In addition, protein deficiency in the kidney and 

albumin may be due to the increased growth of the 

fetus and the need for proteins in the last month of 

pregnancy, as well as the increased use of amino acids 

by the mother for the manufacture of the muscles of the 

fetus. It may also be due to kidney failure caused by 

fatty infiltration, degeneration of its cells, and leakage 

of proteins outside the body with urine (27). 

Furthermore, the decrease in the concentration of total 
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protein in the body may be due to the transfer of 

albumin and globulin from the blood to the udder to 

produce colostrum in the last days of pregnancy. This is 

because of the lack of proteins with the increase of 

ketone bodies which occurs due to fatty infiltration in 

the liver tissues and its degeneration and function 

impairment inside the body (28).  

High levels of ALT and AST liver enzyme activities 

in PT may be caused by the movement of body fat 

toward the liver due to negative energy balance and 

damage or lipid damage to hepatocytes (27). The 

infiltration of fat in hepatocytes leads to the 

destruction of hepatocytes and tissues and the 

emergence of pathological lesions, as the rise in the 

level of hepatic enzymes, such as ALT, AST, and 

GGT, is attributed to inevitable cell. Tissue 

breakdown by hepatic AST enzyme is considered the 

most responsive to histopathological changes in the 

liver. Among some researchers, an increase in the 

level of hepatic enzymes in the blood serum is 

conclusive evidence of liver injuries, as it is 

accompanied by the accumulation of fat in 

hepatocytes, mitochondrial dysfunction, and the 

destruction of cellular organelles (29).  

A significant increase in the concentration of BHBA 

may play an important role in the induction of oxidative 

stress (lipid peroxidation) in ewes with PT (6). 

Glutathione represents the strongest factor in 

controlling lipid peroxidation, as the fat moving 

towards the liver in negative energy balance causes a 

decrease in antioxidants, such as glutathione and 

superoxide dismutase in liver tissue and blood (2). 

Constable, Hinchcliff (10) indicated that lipid 

peroxidation inhibits glutathione in the liver of sheep 

and thus reduces its concentration in the blood.  

It is known that MDA is a byproduct of lipid 

peroxidation after exposure to active oxygen species 

and free radicals. It is used as an indicator of damage 

to cell membranes, as the increase in the level of 

malondialdehyde in the liver tissue leads to an 

increase in the activity of superoxide dismutase, 

glutathione peroxidase, and catalase, which decreases 

the concentrations of these antioxidants in the blood 

due to exposure to their inhibition by lipid 

peroxidation (30). Jorritsma, Jorritsma (31) in their 

study declared that the infiltration of triglycerides in 

the region of the anterior lobes of the liver near the 

hepatic vein is distributed to the rest of the liver 

regions. In the blood plasma, the increase in bile 

components in the plasma is considered a toxic 

condition that leads to the production of free radicals 

in the liver tissue, which leads to an increase in 

malondialdehyde, inhibition, and a decrease in 

antioxidants, such as glutathione, superoxide 

dismutase, and catalase. According to them, this 

condition is predisposed to inflammation and damage 

in liver tissue and other tissues in the body.  

The present study showed that ewes were infected 

with a high rate of PT in the last month of pregnancy 

and investigated the effects of this disease on the health 

status of the ewes, which leads to a great economic loss 

due to the death of fetuses and mothers. This study 

considered a high percentage of BHBA and NEFA and 

a decrease in glucose in serum as important indicators 

for the diagnosis of PT and the negative impact of the 

disease on some biochemical parameters and oxidative 

stress.  

Authors' Contribution 

Study concept and design: M. K. M. 

Acquisition of data: O. S. S. 

Analysis and interpretation of data: M. A. I. 

Drafting of the manuscript: M. A. I. 

Critical revision of the manuscript for important 

intellectual content: O. S. S. 

Statistical analysis: O. S. S.  

Administrative, technical, and material support: M. K. 

M. 

Ethics 

The ethical approval was obtained from the 

University of Tikrit, Tikrit, Iraq.  



Khames Mustafa et al / Archives of Razi Institute, Vol. 78, No. 3 (2023) 1131-1139  

 

 

1138 

Conflict of Interest 

The authors declare that they have no conflict of 

interest. 

References 

1. Venkatasivakumar R, Reddy BS, Reddy TN. 

Diagnosis and therapeutic management of cystitis in a bull 

calf. Intas Polivet. 2015;16(2):366-8. 

2. Darwish AAR. The effect of ovine pregnancy 

toxemia on acid base balance, oxidative stress, some 

hormonal assays and matrix metalloproteinases. Europ J 

Biomed Pharm Sci. 2019;6(5):393-400. 

3. Yadav S, Phukan A, Kalita D, Barman D, Dutta T, 

Changkija B. Management of pregnancy toxemia in a doe. 

Indian Vet J. 2017;94(9):60-1. 

4. Gomez DE, Kuthiala S, Liu HL, Durosier DL, Cao 

M, Burns P, et al. Effect of maternal ketoacidosis on the 

ovine fetus. Can Vet J. 2015;56(8):863. 

5. Cal-Pereyra L, González-Montaña J, Benech A, 

Acosta-Dibarrat J, Martín M, Perini S, et al. Evaluation of 

three therapeutic alternatives for the early treatment of 

ovine pregnancy toxaemia. Irish Vet J. 2015;68(1):1-7. 

6. Gaadee H, Gehan M. Pregnancy toxemia in Ovis 

aries, and role of metabolic disorder cousing it. Res J Vet 

Pract. 2021;9(1):1-8. 

7. Marutsova V, Marutsov P. Clinical and 

hematological studies in sheep with subclinical and clinical 

ketosis. Appl Assist Reprod Tech Contemp. 2017;2:37-44. 

8. Jyothi K, Reddy BS, Reddy YP, Rao KP, Sivajothi S, 

Ganesan A. Pregnancy toxemia associated with dystocia in a 

Nellore brown ewe. Adv Appl Sci Res. 2014;5(3):325-7. 

9. Kanikarla-Marie P, Jain SK. 1, 25 (OH) 2D3 

inhibits oxidative stress and monocyte adhesion by 

mediating the upregulation of GCLC and GSH in 

endothelial cells treated with acetoacetate (ketosis). J 

Steroid Biochem Mol Biol. 2016;159:94-101. 

10. Constable PD, Hinchcliff KW, Done SH, Grünberg 

W. Veterinary medicine: a textbook of the diseases of 

cattle, horses, sheep, pigs and goats: Elsevier Health 

Sciences; 2016. 

11. Pugh DG, Baird NN. Sheep & Goat Medicine-E-

Book: Elsevier Health Sciences; 2012. 

12. Rifai N. Tietz textbook of clinical chemistry and 

molecular diagnostics: Elsevier Health Sciences; 2017. 

13. Ohkawa H, Ohishi N, Yagi K. Assay for lipid 

peroxides in animal tissues by thiobarbituric acid reaction. 

Anal Biochem. 1979;95(2):351-8. 

14. Olfati A, Moghaddam G, Bakhtiari M. Diagnosis, 

treatment and prevention of pregnancy toxemia in ewes. Int 

J Adv Biol Biomed Res. 2013;1(11):1452-6. 

15. Balikci E, Yildiz A, Gurdogan F. Investigation on 

some biochemical and clinical parameters for pregnancy 

toxemia in Akkaraman ewes. J Anim Vet Adv. 

2009;8(7):1268-73. 

16. Rathbun FM, Pralle RS, Bertics SJ, Armentano 

LE, Cho K, Do C, et al. Relationships between body 

condition score change, prior mid-lactation phenotypic 

residual feed intake, and hyperketonemia onset in 

transition dairy cows. J Dairy Sci. 2017;100(5):3685-

96. 

17. Pilotto A, Savoini G, Baldi A, Invernizzi G, De 

Vecchi C, Theodorou G, et al. Associations between blood 

fatty acids, β-hydroxybutyrate, and α-tocopherol in the 

periparturient period in dairy cows: An observational study. 

J Dairy Sci. 2016;99(10):8121-6. 

18. Suthar V, Canelas-Raposo J, Deniz A, Heuwieser 

W. Prevalence of subclinical ketosis and relationships with 

postpartum diseases in European dairy cows. J Dairy Sci. 

2013;96(5):2925-38. 

19. Cao Y, Zhang J, Yang W, Xia C, Zhang H-Y, 

Wang Y-H, et al. Predictive value of plasma parameters in 

the risk of postpartum ketosis in dairy cows. J Vet Res. 

2017;61(1):91. 

20. Mohebbi M, Lotfollahzadeh S, Sadegh M. 

Evaluation of negative energy balance in dairy cows in 

Qom province, and its relationship with periparturient 

diseases. J Dairy Vet Sci. 2019;10(2). 

21. Paramesh S, Kumar MA, Ramesh P, Upendra H, 

Narayanaswamy M, Manjunath K. Haematological and 

biochemical changes in subclinical ketosis affected cross 

bred cows in and around Bangalore. Pharm Innov J. 

2020;9(2):387-90. 

22. Vince S, Đuričić D, Valpotić H, Gračner D, 

Folnožić I, Špoljarić B, et al. Risk factors and prevalence of 

subclinical ketosis in dairy cows in Croatia. Vet Arh. 

2017;87(1):13-24. 

23. Mohammadi V, Anassori E, Jafari S, editors. 

Measure of energy related biochemical metabolites changes 

during peri-partum period in Makouei breed sheep. 

Veterinary research forum; 2016: Faculty of Veterinary 

Medicine, Urmia University, Urmia, Iran. 

24. Sadjadian R, Seifi HA, Mohri M, Naserian AA, 

Farzaneh N. Variations of energy biochemical metabolites 

in periparturient dairy Saanen goats. Comp Clin Path. 

2013;22(3):449-56. 



Khames Mustafa et al / Archives of Razi Institute, Vol. 78, No. 3 (2023) 1131-1139  

 

 

 

1139 

25. Zhang G, Hailemariam D, Dervishi E, Goldansaz 

SA, Deng Q, Dunn SM, et al. Dairy cows affected by 

ketosis show alterations in innate immunity and lipid and 

carbohydrate metabolism during the dry off period and 

postpartum. Res Vet Sci. 2016;107:246-56. 

26. Singh R, Randhawa SS, Randhawa CS. Hepatic 

lipidosis in transition buffaloes in relation to back fat 

thickness, hemato-biochemical and mineral profile. Indian 

J Anim Res. 2018;52(7):1031-6. 

27. Aly M, Elshahawy I. Clinico-biochemical diagnosis 

of pregnancy toxemia in ewes with special reference to 

novel biomarkers. Alex J Vet Sci. 2016;48(2):96-102. 

28. Abba Y, Abdullah FFJ, Chung ELT, Sadiq MA, 

Mohammed K, Osman AY, et al. Biochemical and  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   pathological findings of pregnancy toxemia in Saanen doe: 

A case report. J Adv Vet Anim Res. 2015;2(2):236-9. 

29. Rebelo-Marques A, De Sousa Lages A, Andrade R, 

Ribeiro CF, Mota-Pinto A, Carrilho F, et al. Aging 

hallmarks: the benefits of physical exercise. Front 

Endocrinol. 2018;9:258. 

30. Soares MP, Teixeira L, Moita LF. Disease tolerance 

and immunity in host protection against infection. Nat Rev 

Immunol. 2017;17(2):83-96. 

31. Jorritsma R, Jorritsma H, Schukken Y, Bartlett P, 

Wensing T, Wentink G. Prevalence and indicators of post 

partum fatty infiltration of the liver in nine commercial 

dairy herds in The Netherlands. Livest Prod Sci. 

2001;68(1):53-60.  


