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ABSTRACT

Introduction: This study was planned to evaluate the pregnancy toxemia (ketosis) and relationship
between body condition score (BCS) and blood metabolites and elements in pregnant ewes. Ketosis
is among the most significant health problems in high-producing dairy livestock (cows, sheep, and
goats) at both national and global scales. Ketosis can also occur as a complication in other deficiency
diseases, when a loss of appetite has occurred.

Material and method: In this study, 50 ewes were used to evaluate changes in body condition score
(BCS), B-hydroxybutyrate (BHBA) and non-esterified fatty acids (NEFA) in their blood and their
relationship in the development of pregnancy toxemia. The pregnant ewes were allocated in two
groups (25 thin and 25 fat) for study of subclinical ketosis incidence. The average weight of thin
animals were 54 + 3.3 kg with BCS of 1.5-2. The average weight of fat animals were 79 + 3.5kg with
2.5-3 BCS. Ewes with 2 to 3 parity were equally allocated in the two groups.Ghezel breed ram were
used for mating of ewes. Blood samples were collected three times with 30 days’ interval from all
ewes (at the end of 3, 4 and 5 months of pregnancy). Concentration of - BHBA, blood metabolites
(glucose, cholesterol, protein, triglyceride, urea) and elements (calcium and magnesium) and packed
cell volume(PCV) were measured in blood sera.

Result and discussion: Results showed that serum BHBA, glucose, total protein, triglyceride,
magnesium, urea and PCV during pre-parturition period (pregnancy) were not affected by body
condition of animals as fat or thin (P > 0.05), but serum cholesterol was higher in fat group (P < 0.05).
Serum calcium tended to be higher in fat group during pre-parturition period (P = 0.07). Serum
glucose, total protein, cholesterol, calcium, urea, magnesium and PCV during pre-parturition period
(pregnancy) were affected by sampling times (P < 0.01), while serum triglyceride and BHBA
concentration were not affected by sampling times (P > 0.05). In overall, fat group only showed
higher cholesterol during pregnancy, while did not have any significant effect on other parameters;
therefore, it is not possible to comment on the diagnosis of subclinical ketosis.
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Introduction

Ketosis is a metabolic disease in dairy livestock
(sheep, cows and goats) that is occurring due to
increase of ketone bodies (especially BHBA in
blood (Samani, 2018). Blood level of PHBA
reflect the magnitude of negative energy
balance (NEB) and the lipid mobilization in
dairy animals, therefore it is a diagnostic
marker for subclinical and clinical ketosis.
Blood BHBA in sheep with subclinical ketosis
is usually changing from 0.5 mmol.I"* to 1.6
mmol.I%, while in clinical ketosis from 1.6
mmol.I"t to 7 mmol.I"t. Some researchers found
higher BHBA levels in sheep with ketosis
compared to lactating sheep (Marutsova et al.
2018). Deviations in body condition Secord
(BCS) and BHBA in small ruminants are
indicative for negative energy balance and for
emergence of metabolic disorders post
parturition (Andrews et al. 1997). Dairy ewes
experiencing ketosis show high serum NEFA
and low blood sugar concentrations when blood
BHBA is < 1.0 mmol.I"* (Moallem et al. 2012;
Schlumbohm et al. 2008). In contrast to this
evidence,Ferris et al.(1970)found no significant
alterations in blood glucose concentration in
sheep with pregnancy toxemia. Subclinical
ketosis can be detected by measuring ketone
bodies in the blood, urine or milk. Fat
mobilization enhancement initially non-
esterified fatty acids in the liver that with its
turn is partially converted in ketone bodies,
mainly BHBA, but also acetoacetate and
acetone (Aradjo, 2020; Chalmeh et al. 2021;
Duehlmeier et al. 2013). At the same time, the
capacity of her rumen shrinks since the growing
rate of fetus or fetuses in the take up more and
more space inside setting off less space for the
rumen. Subclinical ketosis occurs mainly
within the first two weeks postpartum up to 6
weeks postpartum. Most of the fetal growth
occurs during the last six weeks of pregnancy
with large amount of maternal glucose being
directed towards the fetu-placental unit, a factor
that increase energy demands of the ewe (Khan
et al. 2021). The prevalence ranges from 31 to
41% of ewes (Feijo, 2015). Sheep pregnancy
toxemia results from a decreasing of dietary

energy and gluconeogenesis to provide
adequate glucose to meet the increasing fetal
demands in the last 6 weeks of gestation
(Andrews et al. 1996). Body condition is scored
using a 5-point scale (Fthenakis et al. 2012;
Karagiannisa et al. 2014). Outlined 3.0 — 4.0 as
the optimum BCS of late of pregnancy and
values of 2.5 — 4.0 during early and mid-
gestation. At the time of lambing, optimum
BCS should be 3.0-3.5 in ewes carrying
singletons and 3. 5-4.0 in those carrying twins,
while BCS at weaning of lambs should be 2.0
or higher (Sumithran et al. 2013). Prognosis of
pregnancy toxemia is generally very poor.
Symptoms of ketonemia include depression,
anorexia, weakness, staggering gait, apparent
blindness, recumbence, coma, and death (Al-
Qudah, 2011). The presence of pregnancy
toxemia in ewes can only be determined by
elevated plasma ketone body (Duehlmeier et al.
2011; Samani, 2018). Hypocalcaemia occur in
ewes in late gestation and it which is usually
below 6 mg/dl in primary hypocalcaemia.
Response to treatment for hypocalcaemia is
usually rapid, whereas response to treatment for
pregnancy toxemia is often unrewarding.
Provide adequate energy in ration especially
during last 4-6 weeks of gestation, good quality
hay with grain supplementation, avoid abrupt
feed changes, avoid stress when possible,
provide adequate feeder space, aim for body
condition score of 3 to 3+ at lambing and
Monitor and control parasitism are important to
decrease of pregnancy toxemia (LeValley,
2010; Verbeek et al. 2012; Olfati et al. 2013;
Hasanpour et al. 2007). Treatment includes oral
propylene glycol administration, twice-daily
administration 0, 60 mL (Andrews et al. 1998;
Rook, 2000; Ermilio and Smith, 2011). The aim
of present study was to reveal the blood
elements and metabolites changing in
pregnancy toxemia, to predict its incidence.

Material and Methods
Sample collection and phenotype recording

The present study was carried out at the Khalat
Poushan Research Station of University of
Tabriz, Tabriz, Iran. Total of 25 fat (body
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weight: 79 + 3.5 kg, BCS: 2-3) and 25 thin
(body weight: 54 + 3.3 kg, BCS: 1.5-2)
pregnant ewes with the age of 3 to 4 years were
selected from a large sheep herd. Ewes with 2
to 3 parity were equally allocated in the
treatments and Ghezel breed ram were used for
mating of ewes. Body condition score was
evaluated based (subjective assessments of
body condition) previous researches (Russel,
1984). During the experiment, ewes were fed
concentrate in addition of pasture grazing.
Blood samples were collected at three different
times with 30 days interval at the end of 3, 4 and
5 months of pregnancy. For this reason, 5 mL
blood samples were collected from the jugular
vein into non-heparinized tubes, and blood
serum was separated by centrifuging at 2200
rpm for 10 mints. Blood sera were poured into
micro tubes and kept in the freezer until the test.
The packed cell volume (PCV) and serum
parameters were evaluated. BHBA was
assessed using ELISA (Stat Fax 2100
Awareness Technology USA) and its Kit
(Randox  kit, UK).Glucose, triglyceride,
cholesterol, total protein, urea, magnesium, and
calcium were measured by spectrophotometry
(Geneus20, USA) and biochemical kits (Pars
Azmoon, Iran).

Statically analysis

Data were analyzed as a complete randomized
design with repeated measures method, using
the PROC MIXED procedure of SAS (9. 2).
The model included treatment (fat ewes versus
thin ewes), ewes within treatment, time of
measurement, and the treatment x time
interaction. Also, age was considered as
covariate in this analysis. Dependent variables
are B-hydroxybutyrate, Glucose, triglyceride,
cholesterol, total protein, urea, calcium, and
PCV. Ewes within treatments are used as error
terms to test. As B-hydroxybutyrate was only
measured in the samples of third sampling time,
it was analyzed by GLM procedure of SAS
(9.2) and birth year was considered as covariate
in this analysis. All results are presented as
means = standard error of means (SEM).
Differences between means were calculated for
statistical significances (p<0.05).

The model was represented as follows:
Yiji = p + Ti + Sj + TSij + Ewex (Ti) + €iju

Where Yij was the dependent variable (blood
metabolites), p is the overall mean; Ti is the
effect of the treatments (i = 1, 2), S;j is the time
effect (j=1, 2, 3), TSj is the effect of
treatmentxtime, Ewex (Ti) is error terms of
ewes (k=1, 2, ..., 25) within treatments, and ejj
is the experimental error. Effects of the
treatments were declared significant at p<0. 05.

Results and Discussion

Ovine pregnancy toxemia is a metabolic
disorder of ewes during late gestation.
Pregnancy toxemia follows a period of negative
energy balance and impaired gluconeogenesis
resulting in hypoglycemia, fat mobilization,
ketonemia, and ketonuria. This study was
aimed at evaluating the relationship between
body condition score (BCS) and alterations in
blood metabolites, and elements to predict
ovine pregnancy toxemia.

The table 1 shows the mean of blood
metabolites and elements concentration. PCV
was about glucose was approximately 57.70
mg.dl’t. Based on this table, the results
indicated that blood glucose levels of some
ewes were low and may be affected by
subclinical ketosis in late of pregnancy. The
glucose level was lower than the concentration
reported by Anoushepour et al. (2014). BHBA
concentration was 10.49 ng-di™. Blood pHBA
concentrations shows the quantity of negative
energy balance (NEB). High blood PHBA
concentrations in animals with subclinical
ketosis and clinical Ketosis(CK) are a
mechanism for compensation of occurring
carbohydrate deficiency and the inhibition of
the citric acid cycle (Ingvartsen, 2006). In cases
of excessive mobilization of fats accompanied
by formation of large amounts of acetyl CoA,
fatty acids are not completely metabolized via
the citric acid cycle and as a result, acetyl CoA
IS converted to acetoacetate, which is either
reduced to BHBA by PHBA -dehydrogenase or
IS spontaneously
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decarboxylated to acetone (Marutsova et al.
2018). Non-esterified fatty acids provide the
substrate for BHBA synthesis in liver.

Table 1. Descriptive statistics of blood metabolites and elements in pregnant ewes

Measured traits Count Mean Minimum Maximum Standard
Deviation
PCV (%) 150 40.70 31 65 4.82
Glucose (mg.dlY) 150 57.70 38 84 31.26
Protein (gr.dl™) 150 9.90 5 19.22 5.72
Urea (mg.dI?) 150 23.20 4.3 54.5 9.95
Triglyceride (mg.dl) 150 7.37 0 42 7.17
Cholesterol (mg.dI™?) 150 79.12 26 205 28.63
BHBA (mg.dl™?) 50 10.49 6.6 16.9 2.35
Ca (mg.dl) 150 8.83 4 13 5.78
Mg (mg.dl) 150 3.49 0.28 8.29 2.15

Result analysis in table 2 shows the effect of
BCS (fat or thin), length of pregnancy and their
interaction on the concentration of blood
elements and metabolites in pre-parturition
ewes. The BCS was only significant effect on
cholesterol concentration (P< 0.05), while

length of pregnancy was significant in all blood
factors (P< 0.05), except for triglyceride (P>
0.05). Their interaction had not significantly
effect on all blood metabolites and elements
except urea.

Table 2. The variance analysis of factors affecting the blood elements and metabolites concentration in pre-

parturition ewes

Glucose. Protein Triglyceride  Cholesterol PCV BHB Ca Mg Urea
BCS -
ns ns ns ns ns ns ns ns
LP ** ** nS ** **% - *%* *%* *%*
BCSx LP ns ns ns ns ns - ns ns *

*Stands for significance at the level of 0.05, ** stands for significance at the level of 0.01, ns stands for non- significant,

- no number. LP= Length of pregnancy

The body condition score was not significant on glucose concentration (P> 0.05), while the length of
pregnancy was significant on blood glucose (P< 0.05), (Table 3).
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Table 3. Least square means of blood glucose, cholesterol, protein, urea, calcium, magnesium and blood packed
cell volume (PCV) at different BCS and length of pregnancy

BCS Length of pregnancy(month)

Traits Fat Thin 3 4 5

Glucose (mg.dIY) 54.67+3.52 59.97+3.59 56.08+4.07° 43.61+4.06° 72.27+4.062
Protein (gr.dl) 9.7840.28  10.18+0.28 4.60+0.38° 16.60+0.38% 8.72+0.38°
Triglyceride (mg.dl™?) | 8.02+0.84  6.72+0.85  7.24+1.03  6.18+1.03  8.69+1.03
Urea(mg.dl™t) 23.27+0.88 22.98+0.89 16.56+1.19° 23.48+1.19® 29.33+1.19?
Cholesterol (mg.dlt) | 83.14+2.532 75.23+2.59° 9258+2.922 51.15+2.92P 93.83+2.922
Ca (mg.dl™) 9.69+0.66  7.92#0.66  9.33x0.79  6.66+0.79>  10.43+0.802
PCV (%) 40.37+0.61 40.93+0.62 39.75+0.67° 42.38+0.672 39.81+0.67°
Mg (mg.dI?) 3.64+0.22 3.31+0.23  2.10+0.28% 4.22+0.28"  4.10+0.28°

Non-identical letters in each row indicate significant differences between samples (P<0.05).

According to Table 3 results, serum glucose
concentration was numerically higher in thin
ewes (P>0.05), which was similar with
(Andrews et al. 1997), but dissimilar with
(Aynalem et al. 2020). Also, serum glucose
concentration was significantly higher in the
last month of pregnancy (third sampling time),
(P<0.01).

Pregnant sheep have higher rate of glucose
production than non-pregnant sheep and
respond to fasting with the rapid development
of hypoglycemia and ketosis. These
observations suggest that the utilization rate of
glucose by the fetus is larger in relation to the
glucose demands of the maternal organs and
that it persists at a relatively high level even
under conditions of maternal hypoglycemia
(Hay et al. 1983). Pregnancy toxemia of ewes is
a metabolic disease, which is caused by glucose
deficiency in mothers in response to rapid
increases in fetal requirements.

The impact of treatments was not significant on
total protein concentration (P> 0.05), while the
impact of time of sampling was significant on
blood total protein (P< 0.01), (Table4).

Concentration of serum total protein was
significant under the effect of sampling time in
this study and it was different with result of
Mohammad et al. (2016), but in accordance
with some

results such as Antunovic et al. (2002); Feijé et
al. (2015); Andrews A H et al. (1997); Ismail et
al. (2008); Anoushepour et al. (2014); Balikci
et al. (2007); Piccione et al. (2009). In dry

period an increase in total protein content was
found as compared with diestrum, gestation,
post-partum and early lactation. A study had not
found a significant effect of the reproduction
stage on the serum concentration of total
protein in Karakul sheep. Maternal serum
protein concentration decreases due to an
increase in fetal growth and especially the
utilization of amino acids from the maternal
circulation for protein synthesis in the fetal
muscles. The significant increase in early, mid
and late lactation of serum total protein
compared with diestrum and early gestation
could be due to a decrease in serum globulin.
The higher values of total protein in lactating
ewes compared with diestrum phase prove the
high energy need due to milk synthesis which
exists in animals, as confirmed by other
authors, especially during the early lactation by
Piccione et al. (2009). Animal grouping (fat-
thin) had not effect on the concentration of
blood serum protein, but it was none
significantly higher in thin animals (P>0.05),
which was dissimilar with the results of
Aynalem et al. (2020) in goat.

The impact of treatments was not significant on
triglyceride concentration (P> 0.05). Also, the
impact of time of sampling was not significant
on blood triglyceride (P> 0.05), (Table3).

Sampling time and treatments had no
significant effect on blood serum triglyceride
(P>0.05), these results were in contrary with the
results of Mohammad et al. (2016); Balikci et
al. (2007); and Dashti et al. (2006). Significant



66  Moghaddam etal

Animal Science/vol.35, No.2; 2025

decrease in serum triglycerides was found in
this study during late pregnancy, which is in
accordance with increase in concentration of
these compounds in the ewes’ liver as reported
by Balikci et al. (2007). The significant
increase in serum triglycerides during pre-
partum could be explained by increasing in
lipolysis, which is hormonally regulated. The
adipose tissue metabolism is strictly related to
insulin, which stimulate lipogenesis in pregnant
ewes, while lactating individuals show a
significant decrease in that compound’s level.
The significant decrease in triglyceride of
serum during early and mid-lactation of sheep
has also been reported by Dashti et al. (2006),
while post-partum by Nazifi et al. (2002), who
observed the lowest concentrations of the
compound 2-3 weeks post-partum. This was in
accordance with other authors working on
goats, who showed increased values of serum
triacylglycerol to occur just before parturition.
During lactation the insulin stimulation of
lipogenesis becomes inefficient, which is

accompanied by the significant decrease in
serum triglycerides and total cholesterol post-
partum compared with early pregnancy as
reported by Piccione et al. (2009), after foaling,
because of an increased lipoprotein lipase
activity consistent with the induction of the
enzyme into mammary tissue to provide fat
synthesis for milk. The decreasing pattern of
serum triglycerides and total cholesterol in
early lactation was also reported in dairy cows,
which showed the lowest values of these
compounds at the onset of lactation for their
growing requirement for energy. Grouping
animal in the present study (fat-thin) had no
significant effect on blood triglyceride
concentration (P>0.05), but it was none
significantly higher in fat animal. The impact of
treatments was not significant on urea
concentration (P> 0.05), while the impact of
time of sampling on blood urea (P< 0.01), as
well as the interaction effect of treatments by
time was significant (P< 0.05), (Table 3 and 4).

Table4.The interactions of treatments (fat-thin) by pregnancy length on blood urea concentration

Treatments 3 (month) 4 (month) 5 (month)
Fat 16.032+ 1.68 ¢ 21.407+1.68" 32.360+1.68°
Thin 17.095+1.70 2 25.545+1.72° 26.295+1.72"

Dissimilar letters (a, b and c) indicate a significant difference between pregnancy length.

Sampling time (pregnancy length) had
significant effect on blood urea concentration
(P<0.01), this results were in agreement with
some research data like Mohammad et al.
(2016); Antunovic et al. (2002); Andrews et al.
(1997); Ismail et al. (2008); and Balikci et al.
(2007). The interaction effect of treatment*time
was significant on blood urea concentration,
which is similar to Balikci et al. (2007) and
Dashti et al. (2006) The elevated values of urea
during late gestation compared with diestrum
could be ascribed to the high thyroid activity in
pregnant females, which induces an increase in
protein catabolism. The high requirement for
energy pregnant sheep during their second half
of pregnancy led to an increase in urea level,
which is evident during late pregnancy in this
study. The highest values of blood urea in the
last trimester of pregnancy were also observed

by Piccione et al. (2009); but, it was in contrary
with Feijo et al. (2015), because they stated that
there was no significant difference in the
amount of urea in both control and treated
groups.

The effect of the length of pregnancy on the
blood parameters was similar with Schmitt et al.
(2018), but dissimilar with result of Aynalem et
al. (2020) in goat animal. High blood BHBA
concentrations in animals with CK and CK are
a mechanism for compensation of occurring
carbohydrate deficiency and the inhibition of
the citric acid cycle. In cases of excessive
mobilization of fats accompanied by formation
of large amounts of acetyl CoA, fatty acids are
not completely metabolized via the citric acid
cycle and as a result, acetyl CoA is converted to
acetoacetate, which is either reduced to BHBA
by BPHBA -dehydrogenase or is spontaneously
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decarboxylated to acetone. Non-esterified fatty
acids provide the substrate for BHB synthesis.
The increased BHB concentration indicates
incomplete oxidation of NEFA in the citric acid
cycle at the time of NEB. The rate of ketone
bodies formation is proportional to the extent of
lipolysis and oxidation of fatty acids
(Marutsova et al., 2018).

Concentration of blood serum cholesterol,
calcium, magnesium, and packed cell volume
percentage

The impact of treatments was not significant on
cholesterol concentration (P< 0.05), (Figure
10), while the impact of time of sampling was
significant on blood cholesterol (P< 0.01),
(Table 3). This result was similar with results of
Mohammad et al. (2016); Ozpmar et al. (2003);
Chalmeh etal. (2017); Balikci et al. (2007); and
Dashti et al. (2006). The treatments were not
significant on calcium concentration (P> 0.05),
while the impact of time of sampling was
significant on blood calcium (P< 0.01), (Table
3). Sampling time results was in agreement with
Anoushepour et al. (2014; Sakha (2016), but it
was in disagreement with result of Schmitt et al.
(2018). During the last trimester of pregnancy,
the growing fetus also retains an increasing
amount of calcium for the circulation, which is
required for skeletal development, and ewes
that carry twins are in even greater need of
calcium and are at the same time at a higher risk
of developing pregnancy toxemia than ewes
with only one offspring (Ismail et al. 2001;
Schlumbohm and Harmeyer, 2008). Also the
treatments were not significant on magnesium
concentration (P> 0.05), while the impact of
time of sampling was significant on blood

References

magnesium (P< 0.01), (Table 3). The impact of
treatments was not significant on PCV
concentration (P> 0.05), while the impact of
time of sampling was significant on blood PCV
(P< 0.01), (Table 3). The Present results were
dissimilar with reports of Marteniuk et al.
(1988); Aynalem et al. (2020). Results of this
study were in agreement with reports of Yildiz
et al. (2004) on Akkaraman sheep and Adelatif
(2010) on Desert Ewes. Have some reported
that plasma  magnesium  concentration
increased at three weeks pre-partum followed
by a no significant decrease in Baladi female
goats. The serum magnesium level is
influenced by the levels of protein (Sheeba et
al. 2013).

Conclusion

This study indicated that change of some blood
metabolites and elements concentrations were
occurred specially at 60 days of pregnancy.
Only the amount of cholesterol was higher in
fat group as compared with thin group (P<
0.05), and had no significant effect on other
parameters; therefore, it is not possible to
comment on subclinical ketosis diagnosis. On
the other hand, duration of pregnancy (blood
sampling time) had a significant effect on all
measured parameters except for triglyceride in
pregnant ewes.

Acknowledgments:

Authors of the present article appreciate
University of Tabriz for supporting the
experiment as a M.Sc. thesis.

Conflict of interest:
There is no conflict of interest between authors.

Akraiem A, Zaid A, Arhaiem A and Abd Elghany H, 2020. Evaluation of clinical, hematological and
biochemical parameters in goats with subclinical and clinical pregnancy toxemia in Libya.
Journal of Animal Science and Veterinary Medicine 5(5)1-8 160-165.

Al-Qudah KM, 2011. Oxidant and antioxidant profile of hyperketonemic ewes affected by pregnancy
toxemia. Veterinary Clinical Pathology 40: 60-65.



68  Moghaddam etal Animal Science/vol.35, No.2; 2025

Andrews AH, Holland-Howes VE and Wilkinson JID, 1997. Naturally occurring pregnancy toxemia
in the ewe and treatment with recombinant bovine somatotropin. Small Ruminant Research 23:
191-197.

Anoushepour A, Mottaghian P and Sakha M, 2014. The comparison of some biochemical parameters
in hyperketonemic and normal ewes. European Journal Experimental Biology 4: 83-87

Antunovic Z, Sencec D, Sperada M and Liker B, 2002. Influence of the season and the reproductive
status of ewes on blood parameters. Small Ruminant Research 45: 39-44.

Araujo CA, Minervino A H, Sousa R S, Oliveira F L C, Rodrigues FA, Mori C S and Ortolani E L,
2020. Validation of a handheld B-hydroxybutyrate acid meter to identify hyperketonemia in
ewes. Peer Journal 8(10) 1-10.

Aynalem G, Kibeb L and Gezahegn M, 2020. Influence of gender on some biochemical parameters
of apparently healthy local breed sheep in Teamo village, Shebedino district, Sidam zone,
Ethiopia. International of Fauna and Biological Studies 6(4)32-37

Balikci E, Yildiz A and Giirdogan F, 2007. Blood metabolite concentrations during pregnancy and
postpartum in Akkaraman ewes. Small Ruminant Research 67:247-251.

Chalmeh A, Pourjafar M, Badiei K, Mirzaei A, Mazrouei Sebdani M. Saadat Akhtar | and Zarei M
H,2017. Circulating metabolic biomarkers and hormones and their relationships at different pre-
and post-parturition periods of Ghezel ewes. Iranian Journal of Ruminants Health Research 2: 1-
22.

Chalmeh A, Pourjafar M, Badiei K, Jalali Mand MazroueiSebdani M, 2021. Intravenous
administration of butaphosphan and cyanocobalamin combination to late-pregnant dairy cows
reduces their insulin resistance after calving. Biological Trace Element Research 199: 2191-2200

Dashti H M, Al-Zaid N S, Mathew T C, Al-Mousawi M, Talib H, Asfar SK and Behbahani Al,2006.
Long term effects of ketogenic diet in obese subjects with high cholesterol level. Molecular and
Cell Biochemistry 286: 1-9.

Duehlmeier R, Fluegge I, Schwert B and Ganter M, 2013. Insulin sensitivity during late gestation in
ewes affected by pregnancy toxemia and in ewes with high and low susceptibility to this disorder.
Journal of Veterinary Internal Medicine 27(2) 359— 366.

Duehlmeier R, Fluegge I, Schwert B. Parvizi N and Ganter M, 2011. Metabolic adaptations to
pregnancy and lactation in German Blackheaded Mutton and Finn sheep ewes with different
Susceptibilities to pregnancy toxemia. Small Ruminant. Research 96:178-184.

Elnageeb M E and Adelatif A M, 2010. The mineral profile in desert ewes (Ovis aries); Effect of
pregnancy, lactation and dietary supplementation. American- Eurasian Journal of Agriculture
and Environmental Science 7: 18-30.

Ermilio E M and Smith M C, 2011. Treatment of emergency conditions in sheep and goats.
Veterinary Clinics of North America: Food Animal Practice 27(1) 33-45.

Feij6 J O, Schneider A, Schmitt E, Brauner C, Martins CF, Barbosa-Ferreira M and Corréa MN,
2015. Prepartum administration of recombinant bovine somatotropin (rBST) on adaptation to
subclinical ketosis of the ewes and performance of the lambs. Arquivo Brasileiro de Medicina
Veterinaria e Zootecnia 67: 103-108.



The effects of body condition score and length of pregnancy on blood biochemistry and prediction of ... 69

Ferris TF, Herdson PB, Dunnill MS and Lee R, 1970. Toxemia of pregnancy in sheep: A clinical,
physiological and pathological study. Obstetrics Gynecological Survey 25: 213-215.

Fthenakis GC, Arsenos G, Brozos C, Fragkou IA, Giadinis ND, Giannenas | and Valasi I, 2012.
Health management of ewes during pregnancy. Animal Reproduction Science 130: 198-212.

Hassanpour A, MoghaddamGh, Amoghli B, Mirzaie H and Hajipour SofianiK,2007. Investigation
of the occurrence of pregnancy toxemia in the sheep of sofian area of Tabriz. Journal of
Veterinary Clinical Pathology 1(1)21-26.

Hay W, Sparks JW and Wilkening RB, 1983. Partition of maternal glucose production between
conceptus and maternal tissues in sheep. American Journal of Physiology and Endocrinology.
245: 347-350.

Ismail ZAB, Al-Majali AM, Amireh F and Al-Rawashdeh OF, 2008. Metabolic profiles in goat does
in late  pregnancy  with and  without subclinical  pregnancy  toxemia.
Veterinary Clinical Pathology 37: 434-437.

Karagiannisa I, Panousisa N, Kiossisa E, Tsakmakidisa I, Lafib S, Arsenosc G, Boscosa C and
Brozos C, 2014. Associations of prelambing body condition score and serum [-hydroxybutyric
acid and non-esterified fatty acids concentrations with periparturient health of Chios dairy
ewes. Small Ruminant Research 120: 164-173.

Khan YR, Durrani AZ, Muhammad IJAZ Ahmad A.LI, Khan RL, Hussain K and Rabbani AH,
2021. Determination of Hemato-Biochemical Biomarkers, Associated Risk Factors and
Therapeutic Protocols for Pregnancy Toxemia in Beetal Goats. Kafkas Universitesyi Veteriner
Fakuitesi 27(4) 525-532.

LeValley S, 2010. Pregnancy Toxemia (Ketosis) in Ewes and Does. Colorado State University
Extension sheep specialist, animal sciences 1: 630.

Marteniuk JV and Herdt TH, 1988. Pregnancy toxemia or ketosis of ewes and does.
Veterinary Clinics of North American: Food Animal Practice 4: 307-315.

Marutsova V and Marutsov P, 2018.Subclinical and Clinical Ketosis in Sheep-Relationships
between Body Condition Scores and Blood B-Hydroxybutyrate and Non-Esterified Fatty Acids
Concentrations. Veterinary Clinics of North American: Food Animal Practice 3: 30-36.

Marutsova V, 2015. Changes in blood enzyme activities in ewes with ketosis. International Journal
of Advance Research 3: 462-473.

Moallem U, Rozov A, Gootwine E and Honig H, 2012. Plasma concentrations of key metabolites
and insulin in late-pregnant ewes carrying 1 to 5 fetuses. Animal Science Journal 90: 318-324.

Mohammadi V, Anassori E and Jafari S, 2016. Measure of energy related biochemical metabolites
changes during peri-partum period in Makouei breed sheep. Veterinary Research Forum
7(1)35-39.

Olfati A, Moghaddam Gh and Bakhtiari M, 2013. Diagnosis, Treatment and Prevention of
Pregnancy Toxemia in Ewes, International Journal of Advanced Biological and Biochemical 1:
1452-1456.

Ozpmar A and Firat A, 2003. Metabolic Profile of Pre-Pregnancy, Pregnancy and Early Lactation
in Multiple Lambing Sakiz Ewes. Anal Nutrition and Metabolism 47:139-143.



70  Moghaddam etal Animal Science/vol.35, No.2; 2025

Piccione G, Caola G, Giannetto C, Grasso F, Runzo S C, Zumbo A and Pennisi P,2009. Selected
biochemical serum parameters in ewes during pregnancy, post-parturition, lactation and dry
period. Animal Science Papers and Reports 27:321-330.

Rook JS, 2000. Pregnancy toxemia of ewes, does, and beef cows. Veterinary Clinics of North
American: Food Animal Practice 16: 293-317.

Russel AJ F, Doney J M and Gunn R G, 1984. Subjective assessment of body fat in live sheep.
Journal of Agricultural Science 72: 451-454.

Sakha M, 2016. Metabolic adaptation after experimental clinical pregnancy toxemia in ewes.
Comparative Clinical Pathology 25: 649-653.

Samani AD, 2018. Ketosis (acetonaemia) in dairy cattle farms: practical guide based on importance,
diagnosis, prevention and treatments. Journal of Dairy, Veterinary and animal Research 7:299-
302.

Sargison ND, 1995. Recent advances in the diagnosis, prognosis and treatment of ovine pregnancy
toxemia. In: Proceedings of Meetings of the Sheep Veterinary Society 27-32.

Schlumbohm C and Harmeyer J, 2004. Hyperketonemia impairs glucose metabolism in pregnant
and nonpregnant ewes. Journal of Dairy Science 87:350-358

Schlumbohm C and Harmeyer J, 2008. Twin-pregnancy increases susceptibility of ewes to
hypoglycaemic stress and pregnancy toxemia. Research in Veterinary Science 84: 286-299.

Schmitt E, Maffi A S, Raimondo R. F, Lima M E, Hoffmann D A, Farofa T S and Correa M N,
2018. Energetic metabolic profile of ewes presenting low body condition score induced to
subclinical hypocalcemia in early postpartum. American Journal of Veterinary Science 50:15-
20.

Sheeba I, Khan M.Z, Lone FA, Malk AA and Inayath S, 2013. Impact of parity and gestation on
blood mineral profile in corriedale ewes. Animal Science Journal 578:736-742.

Sumithran P, Prendergast L A, Delbridge E, Purcell K, Shulkes A, Kriketos A and Proietto J,2013.
Ketosis and appetite-mediating nutrients and hormones after weight loss. European Journal
of Clinical Nutrition 67: 759-764.

Verbeek E, Waas J R, Oliver M H, McLeay L M, Ferguson D M and Matthews L R ,2012.
Motivation to obtain a food reward of pregnant ewes in negative energy balance: Behavioural,
metabolic and endocrine considerations. Journal of Hormone and Behavior. 62:162-172,

Yildiz A, Balkci E and Gurdogan F, 2004. Serum mineral levels at pregnancy and postpartum in
single and twin pregnant sheep. Biological Trace Elements Research 107: 247-254.



The effects of body condition score and length of pregnancy on blood biochemistry and prediction of ... 71

S Ol 9 095 (albeancdi g sLadaIl (S 5 (sl e g g Cums g 0 yas Sl
J38 93 SLaghss o (el Cuss garus g 3

"susan ol MLS 3a80 (prua S canal il daid jo MMasie A2l ! jals (s Glual
VEYIAND 5y VEYAY/YA 23l s 6
P o&ls ols psle0g S pls (65905 5 Al gl )8 (g gt
2 o&ils dﬁ‘é f-"l" e}; J.:SL.«‘Y

RS NESHN g;“" c‘,l.& GJ; c‘: 63.9]31}9 6}5: 6}’.‘:"";
Email: ghmoghaddam @tabrizu.ac.ir 45K J gns™

LXTLCN

Oiaad ol Slga o o Gulile Ho w535 sond slaals caiis Hu age (S JSdie S5 5 6 1 SiladUns diss
Sl G T ola Lo (sl GaalS 5 Las susS 51 a3l slagslas iles

ca3 35S S oS Gl 5 O0n (oliar g sladai w8 GS 8 Sl e 5 Ga caa s g s e a3l i dua
S J58 15 lagiee Lo Sulls

2t oo slaand SBHBA (fas cunid g s b &l 5aadS 5 5l sl widea € (ol 00 ol aallla ol 1418 Gy,
reo0s 81on LaGiae 0 s (wT cae sans 5 Jalb a3 5 S L LT bS5 LT Gon Sa(NEFA) wis il
055 0Silie B0 araS (Bla senl5 Y0 5 52Y sl ¥0) 008 o el e gace 5 Sl S 5K 555
Sua a5 858L VA 2 Y0 Gla slagiuails (Sl Y B V0 P caa a5 0500 L SIS OF 2 Y/Y 52 slagie
ook A dgad ik suly peliaial Lajlas Ho bdulad Hob 4 (Rl aSE Y BY slagine wp YO LY Su
ol galie BHBA ol ot 38 S (il pnly 5 aslen oo slasle (L o) Lt ol 3l o35, Y Jualsd
B Sl wdiie 5 aaalS siaie 9o 5 (PCV) aSIie slad sl de sano aan 5 G0 sla

Jobes ans 58,0 caaimio el (655 (S 58 950 OSSO BHBA o s £ sl 4S uls Lt Laoly allT sl
[0) a5 5158 5 L Gl olsie © Sllpa ou cani s 58B cat plaly 31 U8 s559 dsk 59 (PCV) g5a sla
Job 00 Bla 058 59 po pawalS 5 (P < +/00) 0 YL Gl Glaiden € 058 50 p o JooiealS (s 0l L (P>
9l pamalS (5 il (S 0 550 SR o s (P =1/ V) ey Gags S3YL G ol Ll S U8 s
6548 (Mo 53 dP < /o)) 288 58 sl G ol 58 eas plaly 51 s s Jsb 53 PCV 5 aussie
Sl (T s Gil38 G L(P>4/40) w3858 5158 ook s Gley 58T a3 BHBA £obics 5 o s 31 e
((P<+/-0) winls Hlsfae @l5ua3 PCV 5 s o) el (s 5ialS (IS 0550 SS6E Ssa slacal sl
S8 Slaane (s 5 PHBA 5 a5eunlS (653 slacble s s

o800 e oS s Ho aials oLEs (g5lsk lss 5o 1 YL JasiulS L Bla 65,8 (S 5k 41 lS (5528 daain
@3 598 S ST Gl S50 9 sl s B L baB8 0l e (0l ol il Lyl ol s (sulo Bae
WSS ol el Sl

b 2l 588 sk e (Sl e (oS goaaalls (Hus caas g Sl (s slacul sl guals (IS



