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ABSTRACT

In mammals, the pregnant female carries many 
physiological and anatomical changes. Biochemical 
profiles are very important tools for monitoring gesta-
tion progress. This study was designed to investigate 
pregnancy-related changes of blood metabolites in 
Ouled Djellal ewes under semi-arid conditions. Blood 
samples were collected from ten non pregnant multip-
arous ewes 4 weeks before conception and 4, 12 and 
18 weeks of pregnancy age. The pattern of changes of 
some biochemical parameters were studied. Cholester-
ol level showed no significant changes during pregnan-
cy, while triglyceride, AST and Ca decreased up to the 
12th week of pregnancy, whereas the total protein, al-
bumin, and creatinine increased toward the 12th week 
of pregnancy. Urea reached maximum levels at the end 
of the pregnancy, contrary to ALT that was significant-
ly decreased. Glucose concentration showed a contin-
ual decrease varying from 2.08 ± 0.78 g.l-1 at the first 
month of pregnancy to 0.35 ± 0.36 g.l-1 at the 18th week 

of pregnancy. On the other hand, pregnancy establish-
ment increased significantly the glucose, triglyceride, 
albumin, and urea, but it decreased significantly the 
cholesterol and creatinine levels. No differences were 
observed between pregnant and non-pregnant ewe for 
the rest of the parameters. These results demonstrated 
a clear evidence of pregnancy-related distribution of 
blood biochemical indices of Ouled Djellal ewe under 
semi-arid conditions. Some substrates and enzymes 
were mainly higher during the first half of pregnancy 
(triglyceride, AST and Ca), and some others increased 
from the mild pregnancy period (total protein, albu-
min and creatinine), while urea and ALT changes were 
observed at late pregnancy. The energetic demand in-
creased with advancing pregnancy. 

Key words: blood biochemical parameters; ewe; 
pregnancy; prior to mating; semi-arid area  
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INTRODUCTION

In North Africa, sheep raising is concentrated in the 
steppe. The Ouled Djellal (OD) breed is the most domi-
nant in Algeria representing nearly 63 % of the 28.4 million 
heads [34]. In the arid and semi-arid zones where the dry 
periods are long and the rainfall is low, the food intake is 
generally deficient in digestible energy and in proteins [13]. 

The biochemical monitoring during the different pro-
duction phases could provide some advantages to produc-
ers in relation to changes in normal and abnormal metabo-
lism leading to some metabolic disorders [31]. It is consid-
ered as an important procedure for complementary diag-
nosis by determining the various indicators in the blood of 
animals [54], particularly in pregnant females [36].

Important endocrine changes during the pregnancy pe-
riod lead to increase nutrient flow to the pregnant uterus 
for high synthetic activities and energy yielding processes. 
Concomitantly; breed, age, malnutrition, foetal growth and 
season affected the blood serum chemistry values [29]. Glu-
cose as a source of energy is the major metabolite used by 
the sheep foetus, who utilizes about one-third to one-half 
of the daily glucose turnover of 100 g [30]. The nutrient 
requirements of ewes increase during late pregnancy due 
to the rapid growth of the foetus (eighty percent of foetal 
growth occurs in the last 2 months). These needs are even 
higher according to the number of foetuses (180 g.day-1 
ewes with two foetuses against 90 g in empty ewes). At this 
stage, the ewe needs to cover at least half of its energy re-
quirement to avoid neoglycogenesis [20]. It is estimated that 
neosynthesized glucose accounts for 60 to 90 % of require-
ments [35]. In the event of a failure to cover energy needs, 
body fat is the first resource to be mobilized. Serum lipid 
and lipoprotein profiles are helpful when interpreted in con-
junction to predict periparturient problems and for the diag-
nosis of metabolic diseases and the assessment of the nutri-
tional status of animals [44]. The evaluation of urea level 
and liver enzymes (for example; glutamate dehydrogenase 
GLDH and aspartate aminotransferase AST) are strongly 
recommended in pregnant females as an indicators of effi-
ciency of protein nutrition and of metabolism level, respec-
tively [45]. The blood calcium (Ca) profile important is an 
important ionogram test to explore skeleton components, 
activity of enzyme systems, including those necessary for 
the transmission of nerve impulses and for the contractile 
properties of muscles and blood coagulation [26].

The objective of this study is to investigate pregnan-
cy-related changes of blood biochemical parameters as in-
dicators of the metabolic needs at different stages of preg-
nancy in Ouled Djellal ewes under semi-arid area.

MATERIALS AND METHODS

Animals and treatments 
This trial was carried out in Ksar Sbahi region, De-

partment of Oum El Bouaghi, Algeria (north-east Algeria 
with a Mediterranean climate type continental semi-arid, 
latitude 36° 5’N, longitude 7° 15’W and altitude 850 m). 
The experiment was performed during the breeding season 
(September) for ewes on ten adult non-lactating, non-preg-
nant, multiparous (3.6 ± 0.51 years) and clinically healthy 
Ouled Djellal ewes. They averaged 57.22 ± 6.99 kg mean 
body weight and were raised in a semi-intensive system 
under natural lighting. They were allowed to drink and to 
feed freely, the ration consisted of hay supplemented by 
pelleted concentrate of 14 % protein and barley as a source 
of energy throughout the experiment period.

To ensure synchronized mating, oestrus was induced 
using intravaginal sponges that contained 40 mg fluoro-
gestone acetate (Synchropart), which was inserted for 14 
days and intramuscular injection of 500 IU of eCG (Fol-
ligon) 24 h before sponge withdrawal. After removing 
sponges, the fertile rams were introduced for natural mat-
ing. All ewes became pregnant at first mating.

Collection of samples 
The first blood samples were withdrawn once from 

all ewes, 4 weeks before mating. The second sampling 
step coincides with the 4th, 12th and 18th week of preg-
nancy. Jugular blood samples (4 ml) were collected in a 
heparinized tube early in the morning before feeding. The 
time interval between collection and transportation to the 
laboratory generally took less than 60 min. The collected 
blood samples were promptly transported to the laborato-
ry, and centrifuged for 10 min at 3000 × g. Plasma glu-
cose, total protein, albumin, urea, creatinine, triglycerides, 
cholesterol, ALT-alanine aminotransferase, AST-aspartate 
aminotransferase, and Ca-calcium were determined with 
the use of commercial kits (SEAC, Florence, Italy) and 
measured using the UV Spectrophotometer (SEAC, Slim, 
Florence, Italy).
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Statistical analysis
Mean values were computed for various parameters. Re-

peated measures test followed by Bonferroni post hoc test 
was performed to compare pregnancy-related means at dif-
ferent study stages. The T-test was used to compare averages 
of plasma metabolites 4 weeks before mating and pregnancy 
period. A partial correlation test was run to determine the re-
lationship between biochemical parameters whilst controlling 
for pregnancy and before mating. For each test, a P-value of 
less than 0.05 was considered statistically significant. These 
tests were done with the aid of SPSS version 24.

Ethical statement
 All procedures performed in this study involving ex-

perimental animals complied with the Algerian Ethics 
Legislation (Ordinance No. 06-05 of 15 July 2006) and 
were approved by the Batna 2 University, Batna, Algeria.

RESULTS

Pregnancy had a significant effect on the plasma glu-
cose concentrations of Ouled Djellal ewe, as with progres-
sion in the pregnancy period there was a decrease towards 
the 18th week (Table 1). The comparison between 4 weeks 
before mating and the pregnancy period showed also a sig-
nificant variation (P < 0.01) with the increase of glucose 
needs during pregnancy (Fig. 1). In addition, plasma glu-
cose had a significant positive correlation with triglyceride 
(r = + 0.62), urea (r = + 0.43), AST (r = + 0.41), ALT (r = 
+ 0.58) and Ca (r = + 0.39). However, there was a negative 
correlation with the rest of the parameters (Table 2).

  Table 1. Mean (± S.E.M.) plasma metabolite concentrations at 4, 
12 and 18 weeks in pregnant Ouled Djellal ewe (n = 10).

Parameters Pregnancy (weeks)

4 12 18
Glucose (g.l-1) 2.08 ± 0.78a 0.52 ± 0.06b 0.35 ± 0.16c

Triglyceride (g.l-1) 0.50 ± 0.26a 0.12 ± 0.05b 0.19 ± 0.02b

Cholesterol (g.l-1) 0.67 ± 0.09a 0.62 ± 0.06a 0.65 ± 0.07a

Total protein (g.l-1) 60.32 ± 4.44a 72.76 ± 4.38b 67.78 ± 3.60b

Albumin (g.l-1) 24.95 ± 0.83a 27.54 ± 1.02b 26.70 ± 0.38b

Urea (g.l-1) 0.24 ± 0.06a 0.24 ± 0.04a 0.38 ± 0.04b

Creatinine (mg.l-1) 7.13±0.58a 13.60 ± 0.76b 12.35 ± 1.10b

AST (IU) 122.12±22.86a 102.57±13.21b 108.04±11.18b

ALT (IU) 30.85±8.45a 22.00±6.98a,b 20.20±6.57b

Calcium (mg.dl-1) 111.10±7.46a 92.30±10.05b 99.90±6.70b

a, b, c ‒ The same letters indicate that no significant differences (P > 0.05) 
were detected between the groups 

Statistical analysis showed that triglyceride concentra-
tions were higher in pregnant compared to non-pregnant 
Ouled Djellal ewe. Their levels showed a significant de-
crease towards the 12th week of pregnancy (0.50 ± 0.26 
vs. 0.12 ± 0.05) followed by a non-significant increase 
during the end of pregnancy (0.12 ± 0.05 vs. 0.19 ± 0.12).

Cholesterol plasma levels showed no significant change 
(P > 0.05) as pregnancy proceeds (Table 1). However, this 
substrate concentration showed significantly high level in 
non-pregnant compared to pregnant ewes (0.79 ± 0.14 vs. 
0.65 ± 0.05 g.l-1; P < 0.05). There was no correlation be-
tween cholesterol and other biochemical parameters (Ta-
ble 2).

This present study showed that plasma total protein 
increased significantly (60.32 ± 4.44 vs. 72.76 ± 4.38) to-
wards the 12th week of pregnancy and then remained high 
without significant change during the end of pregnancy 
(72.76 ± 4.38 vs. 67.78 ± 3.60; P > 0.05). There was a 
non-significant difference in blood total protein between 

Table 2. Partial correlation between different parameters

Glu TG Chol TP Alb Urea Creat AST ALT Ca

Glu 1          

TG 0.62*** 1         

Chol -0.13 0.01 1        

TP -0.45** -0.47** 0.09 1       

Alb -0.39* -0.26 0.09 0.49** 1      

Urea 0.43** 0.50** -0.04 -0.39* -0.34* 1     

Creat -0.79*** -0.66*** 0.15 0.61*** 0.53** -0.43** 1    

AST 0.41** 0.16 -0.17 -0.39* -0.33* 0.11 -0.32* 1   

ALT 0.58*** 0.25 -0.07 -0.20 -0.24 0.12 -0.41** 0.60*** 1  

Ca 0.39* 0.27 -0.21 -0.31 -0.23 0.04 -0.46** 0.30 0.43** 1
Glu ‒ Glucose; TG ‒ Triglyceride; Chol ‒ Cholesterol; TP ‒ Total protein; Alb ‒ Albumin; Creat ‒ Creatinine; AST ‒ Aspartate aminotransferase; ALT ‒ Ala-
nine aminotransferase; Ca ‒ Calcium; *P < 0.05; ** P < 0.01; ***P < 0.001.
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Fig. 1. Mean (± CI) plasma metabolite concentrations 4 weeks before mating and pregnancy period in ewes (n = 10). 
CI ‒ confidence interval; Pregnancy period ‒ average pregnancy weeks; a, b ‒ the same letters indicate no statistically significant differences be-

tween the groups (P > 0.05); *P < 0.05 ; ** P < 0.01; ***P < 0.001.
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pregnant and non-pregnant ewes (Fig. 1). Plasma albumin 
and creatinine levels increased significantly at 12th week 
of pregnancy (27.54 ± 1.02 g.l-1 and 13.60 ± 0.76 mg.l-1; 
respectively) followed by a non-significant decrease dur-
ing the end of pregnancy (26.70 ± 0.38g.l-1 and 12.35 ± 
1.10mg.l-1, respectively). Pregnant ewes had significantly 
higher albumin concentration (P < 0.05) while non-preg-
nant ewes had higher creatinine levels (P < 0.01). There 
were significant negative correlations between creatinine 
and glucose, triglyceride, urea respectively (r = -0.79; r = 
-0.66 and r = -0.43).

Plasma urea began to increase from the 12th week of 
pregnancy (Table 1). Our results showed that a low level 
of urea is reported 4 weeks before mating compared to the 
pregnancy period (P < 0.001) (Fig. 1). 

The enzymes pattern of change showed a significant 
decrease in AST level towards the 12th week of pregnan-
cy (102.57 ± 13.21 IU). However, ALT concentration was 
higher in early pregnancy than in late pregnancy (30.85 
± 8.45 vs. 20.20 ± 6.57 IU; P < 0.05). Otherwise, there 
were no significant changes (P > 0.05) in transaminases 
between 4 weeks before mating and the pregnancy peri-
od (Fig. 1). Transaminases were positively correlated with 
glucose and negatively correlated with protein, albumin, 
and creatinine (Table 2). Calcium level showed a signifi-
cant decrease toward the 12th week of pregnancy.

DISCUSSION

This study has been conducted to investigate the phys-
iological changes on blood constituents of pregnant Ouled 
Djallel ewes, kept under semi-arid conditions in north-
eastern Algeria.  The obtained results would be useful to 
understand pregnancy requirements based on blood bio-
chemical profile and to implement strategic management 
using sheep reproduction synchronization to avoid meta-
bolic and health disorders.

Consistent with our findings,  C h i k h a o u i  et al. [10] 
and  I s m a e e l  et al. [27] observed a significant decline in 
glucose concentration as pregnancy progressed. However, 
C h a r i s m i a d o u  et al. [9] noted peak plasma glu-
cose levels on the final day of pregnancy. The decreased 
glucose levels during late pregnancy are linked to foetal 
development and the transfer of maternal glucose to foetal 
circulation [16, 27], particularly in the later stages of ges-

tation, when foetal liver and muscle glycogen content in-
creases rapidly [22]. Late pregnancy poses significant met-
abolic challenges for ewes, particularly due to increased 
foetal size, which places additional stress on maternal car-
bohydrate metabolism [52]. Gluconeogenesis serves as the 
primary source of blood glucose in ruminants; therefore, 
reduced cortisol levels during late pregnancy may inhibit 
gluconeogenesis [41].

In this study our animals were pregnant during winter 
and then they were exposed to cold stress which reduces 
insulin secretion and, in consequently, glucose consump-
tion. This disrupted energy balance may have led to alter-
ations in circulating metabolic markers [2]. Furthermore, 
ewe responsiveness to insulin was significantly reduced 
during late pregnancy, which led to decrease glucose turn-
over and uptake by muscle and fat tissues [24, 51]. Preg-
nant Ouled Djellal ewes showed a significant increase in 
glucose needs compared to non-pregnant ewes. This result 
is analogous to  A l - D e w a c h i  [1] and it is in contradic-
tion to  F i r a t  and  O z p i n a r  [19]. Negative energy bal-
ance in pregnant ewes appears to be linked to the glucose 
requirements of the foetal-placental unit, primarily relying 
on glucose and lactate for energy [35]. Placental proges-
terone has a significant role in modulating insulin release 
during pregnancy [49], leading to increased glucose levels 
[50]. Adrenal corticoid concentration (ACHs) rises during 
pregnancy [25], mainly involved in mobilizing body pro-
tein amino acids (AA), resulting in hepatic deamination 
and the conversion of some α-ketoacids to glucose at an 
accelerated rate [22].  M a h m o u d  and  A z a b [41] 
suggest that glucose regulation during late pregnancy is 
predominantly influenced by cortisol.

Plasma triglyceride concentration in pregnant Ouled 
Djellal ewes registered significant decrease (P < 0.05) 
towards the 12th week of pregnancy. In late pregnancy, 
while the authors  G a a d e e  and  G e h a n  [21] and  
L o t f o l l a h z a d e h  et al. [37] reported an increase 
in serum triglyceride levels, others noted fluctuations.  
C h r i s t i e  [11] observed a decline in plasma lipid con-
tent followed by a surge near parturition, while  N a z i f i  
et al. [44] found rising plasma triglyceride levels. Pregnan-
cy stages exhibit distinct lipid metabolism patterns, with 
early reliance on dietary carbohydrates and increased lipo-
lytic activity later. Triglyceride elevation in late pregnancy 
may relate to insulin, whose effectiveness decreases. Insu-
lin resistance may develop alongside hormonal changes, 



6

predisposing ewes to increased cholesterol and triglycer-
ide levels. Pregnant Ouled Djellal ewes showed elevated 
triglyceride levels, consistent with  A l - D e w a c h i  [1] 
and  H a m a d e h  [23]. Reduced triglyceride levels in later 
pregnancy may signal increased insulin resistance [56].

The pregnancy period in the present study had no sig-
nificant influence on plasma concentration of cholesterol. 
Our findings of the lack significant changes in cholester-
ol levels during pregnancy align with those reported by  
C h i k h a o u i  et al. [10]. Conversely,  B e r k a n i  et al. 
[5],  N a z i f i  et al. [44],  O z p i n a r  and  F i r a t [46], and  
R a m o s  et al. [47] observed a notable increase towards the 
end of pregnancy. Mobilization of fatty acid reserves dur-
ing energy deficiency at the end of pregnancy or lactation 
requires lipoproteins, primarily composed of cholesterol 
and its esters, for transport. Our results corroborate those 
of  I s m a e e l  et al. [27], showing higher cholesterol con-
centrations in non-pregnant than pregnant ewes. However, 
our findings contradict those of  A l - D e w a c h i  [1] and  
H a m a d e h  [23], who observed higher cholesterol levels 
in pregnant ewes. Increased hormone levels associated with 
pregnancy may contribute to elevated cholesterol levels, 
stimulated by rising leptin concentrations [27, 31, 43, 55].

Plasma total protein levels significantly increased 
(P < 0.05) by mid-gestation and remained elevated (P 
> 0.05) until the end of gestation (Table 1). However,  
B r z o s t o w s k i  et al. [8] and  E l - S h e r i f  and  
A s s a d  [17] observed a decline in blood protein con-
centrations during later gestational stages.  M a n n s  and  
L e w i n g  [42] suggest that the slight rise in total protein 
levels on the 14th day of pregnancy may result from em-
bryo-specific protein production during maternal recogni-
tion of pregnancy. Maternal serum protein concentrations 
decrease due to accelerated foetal growth and increased 
amino acid utilization [28]. Despite glucose and lactate 
being crucial foetal fuels, amino acids play a key role in 
sheep foetal energy metabolism [18]. The decrease in se-
rum total protein, primarily driven by a decline in globulin, 
especially alpha 1 and gamma fractions, may be attributed 
to globulin-rich colostrum production. Sheep demonstrate 
the ability to synthesize milk constituents 3 to 4 weeks pre-
partum [12]. Nevertheless,  E l - S h e r i f  and  A s s a d 
[17] observed a gradual increase in plasma proteins in 
pregnant ewes, peaking at parturition. In contrast to our 
findings,  L y n c h  et al. [39] noted an increased protein 
requirement in gestating ewes.

Albumin is synthesized in the liver and is the protein 
primarily responsible for the oncotic pressure in plasma 
[33, 48]. Blood samples can also be analyzed for albumin 
which reflects longer-term protein status and liver function 
[40]. The albumin level represents the total protein’s stor-
age capacity when the diet contains low protein, in which 
case the urea is recycled via saliva to the rumen and little 
nitrogen is lost [38]. Serum albumin concentrations fall 
during the last month of gestation as immunoglobulins 
are manufactured and accumulate in the udder, thus serum 
albumin concentrations in the region of 26 to 30 g.l-1 are 
“normal” during the last month of gestation [40].

Urea, formed from ammonia released during amino 
acid metabolism, serves as an indicator of protein utili-
zation [7]. Our study, in line with  E l - S h e r i f  and  
A s s a d  [17], highlights an elevation in plasma urea levels 
throughout pregnancy, peaking around the 10th week and 
reaching maximum at parturition. However, conflicting 
observations exist;  B r z o s t o w s k i  et al. [8] noted high 
urea levels early in pregnancy followed by a decline, while  
F i r a t  and  O z p i n a r  [19] reported lower urea levels 
in pregnant ewes compared to non-pregnant ones. Con-
versely, our results oppose  E l - S h e r i f  and  A s s a d 
[17], who observed increased creatinine levels during late 
pregnancy. This discrepancy may indicate heightened liver 
and kidney activity to meet increased metabolic demands 
during gestation [17]. Plasma urea, though, inadequately 
reflects kidney function in sheep [7].

Our results corroborate those of  E l - S h e r i f  and  
A s s a d  [17] indicating a significant increase of transam-
inases from 2nd week of pregnancy. The increase in 
transaminases might indicate impairment in some muscle 
and liver cells due to rapid gluconeogenesis associated 
with pregnancy. Both enzymes were found to be involved 
in gluconeogenesis [17, 26]. It is well known that stress 
can affect transaminases activity, so it follows that sudden 
or abrupt changes could upset an animal enough to cause 
changes in enzyme activity owing to increased stimulation 
by corticoids [53]. The increase in transaminases might 
indicate impairment in some muscle and liver cells due 
to rapid gluconeogenesis associated with pregnancy. Both 
enzymes were found to be involved in gluconeogenesis 
[17, 26]. It is well known that stress can affect transami-
nases activity, so it follows that sudden or abrupt changes 
could upset an animal enough to cause changes in enzyme 
activity owing to increased stimulation by corticoids [53]. 
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AST was proved to increase under the effect of glucocorti-
coids which are released more during pregnancy [17]. Se-
vere exercises were reported to result in an increase in ALT 
[14]. According to  T i b b o  et al. [53], any factor which 
affects metabolism will affect transaminases.

During pregnancy, calcium transfer to foetuses reach 
maximum at parturition [6] so it mildly decreases in late 
pregnancy [3, 15].  A z a b  and  A b d e l - M a k s o u d  [4] 
noted a significant decline in plasma calcium during late 
pregnancy, possibly due to increased foetal demands [32]. 
Despite increased intestinal calcium absorption through-
out pregnancy, it remains insufficient for late pregnancy 
and early lactation, leading to increased bone resorption 
[6]. 

CONCLUSIONS

This study revealed significant changes in plasma bio-
chemical parameters of Ouled Djellal ewes’ reared under 
semi-arid conditions during pregnancy period. Glucose 
decreased progressively, while triglyceride levels initially 
rose, and then declined by the 12th week. Total protein 
increased notably by the 12th week, with no difference 
between pregnant and non-pregnant ewes. Enzyme levels 
varied, with AST decreasing by the 12th week and ALT 
higher in early pregnancy. Calcium levels significantly de-
creased by the 12th week. These findings underscore the 
dynamic metabolic shifts occurring during ovine gestation.

Competing interests
The authors declare that they have no known compet-

ing financial interests or personal relationships that could 
have influence the work reported in this paper. 

REFERENCES

1. Al-Dewachi, O. S., 1999: Some biochemical constituents 

in the blood serum of pregnant Awassi ewes. Iraqi J. Vet. 

Sci, 12, 275‒279.

2. Chalmeh, A., Pourjafar, M., Badiei, K., Esmaeili, A., Seb-

dani, M. M., 2019: Comparison of circulating metabolic and 

hepatic indices between fat-tailed and semi-fat-tailed ewes in 

different pre and post-partum periods. Vet. Arh., 89, 43‒53. 

DOI: 10.24099/vet.arhiv.0166.

3. Allen, W. M., Sansom, B. F., 1986: Metabolic disorders. In 

Howard, J. L.: Current Veterinary Therapy: Food Animal 

Practice. Saunders, Philadelphia, 311‒322.

4. Azab, M. E., Abdel-Maksoud, H. A., 1999: Changes in 

some haematological and biochemical parameters dur-

ing pre-partum and post-partum periods in female Baladi 

goats. Small. Rumin. Res., 34, 1, 77‒85.

5. Berkani, A., Mahdi, D., Allaoua, S. A., Benbott, A., 

2018: Changes in blood biochemical and mineral parame-

ters of Ouled Djellal ewes under the semi-arid environment 

of north–eastern Algeria during late pregnancy and early 

post-partum. World, 7, 4, 71‒76.

6. Braithwaite, G. D., Glascock, R. F., Riazuddin, S., 1970: 

Calcium metabolism in pregnant ewes. Br. J. Nutr., 24, 3, 

661‒670. DOI: 10.1079/BJN19700067.

7. Braun, J. P., Trumel, C., Bézille, P., 2010: Clinical bio-

chemistry in sheep: A selected review. Small. Rumin. Res., 

92, 1‒3, 10‒18. DOI: 10.1016/j.smallrumres.2010.04.002.

8. Brzostowski, H., Milewski, S., Wasilewska, A., Tański, Z., 

1995: The influence of the reproductive cycle on levels of 

some metabolism indices in ewes. Arch. Vet. Pol., 35, 1‒2: 

53‒62.

9. Charismiadou, M. A., Bizelis, J. A., Rogdakis, E., 2000: 

Metabolic changes during the perinatal period in dairy sheep 

in relation to level of nutrition and breed. I. Late pregnan-

cy. J. Anim. Physiol. Anim. Nutr., 84, 3‒4, 61‒72. DOI: 

10.1046/j.1439-0396.2000.00282.x.

10. Chikhaoui, M., Hariche, Z., Aiche, S., Smail, F., 

Berrani, K., 2023: Haematological and biochemical 

blood parameters during pregnancy in Algerian Rembi 

ewes. Egypt. J. Vet. Sci., 54, 4, 571‒577. DOI: 10.21608/

EJVS.2023.185405.1422.

11. Christie, W. W., 1981: The effects of diet and other factors 

on the lipid composition of ruminant tissues and milk. In 

Christie, W. W.: Lipid Metabolism in Ruminant Animals. 

Oxford OX3 0BW, England, Pergamon press, Ltd., Heading-

ton Hill Hall, 193‒225.

12. Davson, H., Segal, M. B., 1980: Pregnancy maintenance and 

prevention. In Introduction to Physiology, Vol. 5: Control of 

reproduction. 1st edn., Academic Press, London, 258‒288.

13. Deghnouche, K., Tlidjane, M., Meziane, T., Touabti, A., 

2011: Influence du stade physiologique sur divers paramètres 

biochimiques sanguins chez la brebis Ouled Djellal des zones 

arides du Sud Est algérien. Rev. Med. Vet., 162, 1, 3.

14. El-Hassanein, E. E., Assad, F., 1996: Physical and physiolog-

ical response of camels to exercise. Vet. Med. J., 44, 1, 73‒83.



8

15. Elias, E., Shainkin-Kestenbaum, R., 1990: Hypocalcae-

mia and serum levels of inorganic phosphorus, magnesium 

parathyroid and calcitonin hormones in the last month of 

pregnancy in Awassi fat-tail ewes. Reprod. Nutr. Dev., 30, 6, 

693‒699. DOI: 10.1051/rnd:19900606.

16. El-Malky, O. M., Mostafa, T. H., Ibrahim, N. H., You-

nis, F. E., Abd El-Salaam, A. M., Tag El–Din, H. A., 

2019: Comparison between productive and reproductive 

performance of Barki and Ossimi ewes under Egyptian 

conditions. Egypt. J. Sheep Goats Sci., 14, 1, 61‒82. DOI: 

10.21608/EJSGS.2019.32573.

17. El-Sherif, M. M. A., Assad, F., 2001: Changes in some 

blood constituents of Barki ewes during pregnancy and lac-

tation under semi-arid conditions. Small. Rumin. Res., 40, 3, 

269‒277. DOI: 10.1016/s0921-4488(01)00174-2.

18. Faichney, G. J., White, G. A., 1987: Effects of maternal nu-

tritional status on foetal and placental growth and on foetal 

urea synthesis in sheep. Aust. J. Biol. Sci., 40, 4, 365‒378. 

DOI: 10.1071/bi9870365.

19. Firat, A., Özpinar, A., 1996: The study of changes in some 

blood parameters (glucose, urea, bilirubin, AST) during and 

after pregnancy in association with nutritional conditions and 

litter size in ewes. Turk. J. Vet. Anim. Sci., 20, 5, 387‒393.

20. Firat, A., Özpinar, A., 2002: Metabolic profile of 

pre-pregnancy, pregnancy and early lactation in multiple 

lambing Sakiz ewes. Ann. Nutr. Metab., 46, 2, 57. DOI: 

10.1159/000057641.

21. Gaadee, H. I. M., Gehan, M. S., 2021: Pregnancy toxae-

mia in Ovis aries, and role of metabolic disorder causing 

it. Res. J. Vet. Pract., 9, 1, 1‒8. DOI: 10.17582/journal.

rjvp/2021/9.1.1.8.

22. Goff, J. P., 2015: Disorders of carbohydrate and fat metabo-

lism. In Reece, W. O. et al.: Duke’s Physiology of Domestic 

Animals. Ithaca, NY, Cornell University Press. 541‒550.

23. Hamadeh, M. E., 1996: Concentration of metabolic pa-

rameters in the blood of heavily pregnant and non-pregnant 

ewes. Berl. Munch. Tierarztl. Wochenschr., 109, 81‒86.

24. Hay Jr., W. W., 2006: Placental-foetal glucose exchange 

and foetal glucose metabolism. Trans. Am. Clin. Climatol. 

Assoc., 117, 321.

25. Hill, P. A., Coghlan, J. P., Scoggins, B. A., Ryan, G. B., 

1984: Functional and morphologic studies of the adre-

nal cortex and kidney in ovine toxaemia of pregnancy. J. 

Pathol., 144, 1, 1‒13. DOI: 10.3109/00313028409068539.

26. Iriadam, M., 2007: Variation in certain haematological and 

biochemical parameters during the peri-partum period in Ki-

lis does. Small. Rumin. Res., 73, 1‒3, 54‒57. DOI: 10.1016/j.

smallrumres.2006.11.001.

27. Ismaeel, M. A., Awad, A. H., Dhahir, N. N., 2019: Assess-

ment of alterations in some blood biochemical and mineral 

contents concentration before and during pregnancy period 

in Iraqi ewes of Salah-edin province. Iraqi J. Vet. Sci., 32, 2, 

161‒165. DOI: 10.33899/ijvs.2019.153844.

28. Jainudeen, M. R., Hafez, E. S. E., 2000: Gestation, prena-

tal physiology, and parturition. In Hafez, E. S. E., Hafez, 

B.: Reproduction in Farm Animals. Philadelphia: Lippincott 

Williams and Wilkins, 140‒155. 

29. Kandiel, M. M., El-Khaiat, H. M., Mahmoud, K. G. M., 2016: 

Changes in some haemato-biochemical and hormonal profile in 

Barki sheep with various reproductive statuses. Small Rumin. 

Res., 136, 87‒95. DOI: 10.1016/j.smallrumres.2016.01.011.

30. Kaneko, J. J., 2008: Carbohydrate metabolism and its dis-

eases. In Kaneko, J. J. et al.: Clinical Biochemistry of Do-

mestic Animals. Academic press, USA, 45‒81.

31. Khatun, A., Wani, G. M., Bhat, J. I. A., Choudhury, A. 

R., Khan, M. Z., 2011: Biochemical indices in sheep during 

different stages of pregnancy. Asian. J. Anim. Vet. Adv., 6, 2, 

175‒181. DOI: 10.3923/ajava.2011.175.181.

32. Kovacs, C. S., Kronenberg, H. M., 1997: Maternal-foetal 

calcium and bone metabolism during pregnancy, puerperium, 

and lactation. Endocr. Rev., 18, 6, 832‒872. DOI: 10.1210/

edrv.18.6.0319.

33. Lamraoui, R., Bouzebda-Afri, F., Bouzebda, Z., 2016: 

Biochemical blood parameters and body weight change 

during postpartum period of Ouled Djellal ewes in Algerian 

semi-arid area. Glob. Vet., 7, 6, 532‒538. DOI: 10.5829/ido-

si.gv.2016.532.538.

34. Lamraoui, R., 2019: Etude de l’activité ovarienne chez la 

brebis. Dissertation. Institut des sciences Agronomiques et 

Vétérinaires, University of Souk Ahras. Algeria, 71pp.

35. Le Bars, H., 1991: Interrelations entre glycogenese et lipoge-

nese chez les ruminants. Bull. Acad. Vet. Fr., 64, 193‒206. 

DOI: 10.4267/2042/64436.

36. Li, N., Wells, D. N., Peterson, A. J., Lee, R. S., 2005: Per-

turbations in the biochemical composition of foetal fluids are 

apparent in surviving bovine somatic cell nuclear transfer 

pregnancies in the first half of gestation. Biol. Reprod., 73, 1, 

139‒148. DOI: 10.1095/biolreprod.104.038018.

37. Lotfollahzadeh, S., Zakian, A., Tehrani-Sharif, M., Wat-

son, D. G., 2016: Assessment the alterations of some bio-

chemical parameters in Afshari sheep with possible metabol-

ic disorders. Small Rumin. Res., 145, 58‒64.



9

38. Louacini, B. K., Dellal, A., Halbouche, M., Ghazi, K., 

2012: Effect of incorporation of the spineless Opuntia fi-

cus Indica in diets on biochemical parameters and its im-

pact on the average weight of ewes during the maintenance. 

Glob. Vet., 8, 4, 352‒359.

39. Lynch, G. P., Jackson, C., J. R., Douglass, L. W., 1988: Ni-

trogen metabolism and circulating amino acids of gestating 

ewes. Nutr. Rep. Int., 37, 5, 995‒1008.

40. Macrae, A., 2017: Managing and feeding the pregnant 

ewe. Livestock, 22, 2, 92‒96.

41. Mahmoud, S., Azab, M., 2014: Regulation of glucose level 

during late pregnancy and onset of lactation in Egyptian fe-

male Baladi goats. Small. Rumin. Res., 121, 2‒3, 320‒324. 

DOI: 10.1016/j.smallrumres.2014.06.0091.

42. Manns, J. G., Lewing, P. J., 1986: Protein production by 

sheep embryos during the period of maternal recognition of 

pregnancy. Can. J. Physiol. Pharmacol., 64, 9, 1223‒1228. 

DOI: 10.1139/y86-207.

43. Masuzaki, H., Ogawa, Y., Sagawa, N., Hosoda, K., Mat-

sumoto, T., Mise, H., Nakao, K., 1997: Non-adipose tissue 

production of leptin: leptin as a novel placenta-derived hor-

mone in humans. Nat. Med., 3, 9, 1029‒1033. DOI: 10.1038/

nm0997-1029.

44. Nazifi, S., Saeb, M., Ghavami, S. M., 2002: Serum lipid 

profile in Iranian fat‐tailed sheep in late pregnancy, at par-

turition and during the post‐parturition period. J. Vet. Med. 

A., 49, 1, 9‒12. DOI: 10.1046/j.1439-0442.2002.00405.x.

45. Ólafsdóttir, H. Ó., 2012: Energy and Protein Nutrition of 

Ewes in Late Pregnancy. Dissertation. Department of Land 

and Animal Resources. Agricultural University of Iceland, 

52 pp.

46. Ozpinar, A., Firat, A., 2003: Metabolic profile of pre-preg-

nancy, pregnancy and early lactation in multiple lambing 

Sakiz ewes. 2. Changes in plasma progesterone, estradi-

ol-17B and cholesterol levels. Ann. Nutr. Metab., 47, 3‒4, 

139‒143. DOI: 10.1159/000070036.

47. Ramos, J. J., Verde, M. T., Marca, M. C., Fernandez, A., 

1994: Clinical chemical values and variations in Rasa Arag-

onesa ewes and lambs. Small. Rumin. Res., 13, 2, 133‒139.

48. Reece, W. O., Rowe, E. W., 2017: Functional Anatomy and 

Physiology of Domestic Animals. John Wiley and Sons, 577 

pp. 

49. Regnault, T. R., Oddy, H. V., Nancarrow, C., Sriskanda-

rajah, N., Scaramuzzi, R. J., 2004: Glucose-stimulated 

insulin response in pregnant sheep following acute suppres-

sion of plasma non-esterified fatty acid concentrations. Re-

prod. Biol. Endocrinol., 2, 1, 64. DOI: 10.1186/1477-7827-

2-64.

50. Samad, A. R., Ford, E. J. H., 1981: The effects of proges-

terone on glucose and lactate metabolism in ovariectomized 

sheep. Q. J. Exp. Physiol., 66, 1, 73‒80. DOI: 10.1113/exp-

physiol.1981.sp002530.

51. Schlumbohm, C., Sporleder, H. P., Gürtler, H., Harmeyer, 

J., 1997: Effect of insulin on glucose and fat metabolism in 

ewes during various reproductive states in normal and hy-

pocalcemia. Dtsch. Tierarztl. Wochenschr., 104, 9, 359‒365.

52. Sigurdsson, H., 1988: The effects of flock, number of foetus-

es and age on some biochemical blood constituents in ewes 

in late pregnancy under field conditions. J. Vet. Med. A., 35, 

1‒10, 417‒423. DOI: 10.1111/j.1439-0442.1988.tb00054.x.

53. Tibbo, M., Jibril, Y., Woldemeskel, M., Dawo, F., Ar-

agaw, K., Rege, J. E. O., 2008: Serum enzymes levels 

and influencing factors in three indigenous Ethiopian goat 

breeds. Trop. Anim. Health Prod., 40, 8, 657‒666. DOI: 

10.1007/s11250-008-9145-2.

54. Van Saun, R. J., 2000: Blood profiles as indicators of nutri-

tional status. Paper presented at the 18th Annual Western Ca-

nadian Dairy Seminar, Red Deer Alberta, March 1, Canada.

55. Vasilenko, T. F., 2016: Multidirectional changes in the blood 

cholesterol in mammals of different species during pregnan-

cy and lactation. Inter. J. Sci. Basic. Appl. Res., 30, 2, 59‒70.

56. Yokus, B., Cakir, D. U., Kanay, Z., Gulten, T., Uysal, E., 

2006: Effects of seasonal and physiological variations on 

the serum chemistry, vitamins and thyroid hormone con-

centrations in sheep. J. Vet. Med. A, 53, 6, 271‒276. DOI: 

10.1111/j.1439-0442.2006.00831.x.

Received January 30, 2024

Accepted April 22, 2024


