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Introduction 
Pregnancy toxemia is a metabolic disease caused by the sudden 

extra demand for energy in the fast-growing kids or lambs during 
the last few weeks of pregnancy [1,2]. Economic losses because of the 
disease have been considerable and it is the most commonly occurring 
metabolic disease of sheep and goats [3]. Short starvation period during 
late pregnancy in ewes can produce liver microvesicular degeneration, 
which could affect the whole liver acinus and can be spontaneously 
reversed. Severity of liver damage was found to be associated with 
an increased activity of AST [4]. Acute phase proteins (APPs) have 
been proposed as sensitive and rapid indicators of inflammatory 
disturbances in ruminants [2,5]. However, the APPs in small ruminants 
is poorly described. The different APPs may play a similar role both 
in sheep and goat but some differences have been reported [6]. 
Haptoglobin (Hp) and Serum Amyloid A (SAA) are considered as 
major APPs in both ovine and caprine. Nonetheless, Fibrinogen (Fb) 
participates as a minor APP in sheep but as a moderate APP in goat 
[6,7]. Most of the studies performed on sheep are focused on the 
role of APPs after several inflammatory stimuli, being carried out 
few studies concerning specific bacterial, viral or parasitic infections. 
Some studies are focused on the expression of APPs against lentiviral 
infections, being observed a local expression of SAA [8] but no serum 
enhancement of Hp or Fb concentrations [9]. It was reported by Hiss 
et al., [10] that Hp levels were increased in cows around parturition. 
It has been postulated to be related to negative energy balance, since 
cows with high milk Hp also showed high non-esterified fatty acid 
(NEFA) concentration in serum. A significant correlation has been 
also reported between Hp and BHBA in lactating goats [11]. Previous 
studies in ruminants suggested a relationship between selected APPs 
and lipid mobilization [2]. Cytokines are associated with immune 
responses and are implicated in the pathogenesis of pregnancy toxemia 
owing to their roles in endothelial damage [12-15]. An intense systemic 
inflammatory response and augmented production of inflammatory 
cytokines occur in pregnancy toxemia, for which trophoblast cell 
defects and destruction of placental debris are considered to be 
important inducing factors [16,17]. Hypoxia in the placenta due to 
reduced blood perfusion, in turn, induces placental production of 

inflammatory cytokines IL-1α and TNF-α [18]. According to author 
best of knowledge there is limited data on concentrations of HP, SAA, 
Fb, IL-1β, IL-6 and IFN-γ in ewes with pregnancy toxemia. The present 
work aimed to determine the concentration of selected APPs and pro-
inflammatory cytokines in ewes with pregnancy toxemia. Moreover, 
evaluation of these parameters and the possible practical applications of 
APPs and proinflammatory cytokines in the diagnosis and prediction 
of pregnancy toxemia in ewes. 

Materials and Methods
 Animals

Twenty five pregnant native Saudi Arabia ewes (3.7 ± 0.4 years 
old), were referred to the Veterinary Teaching Hospital, King Faisal 
University, Saudi Arabia, showing clinical signs of pregnancy toxemia, 
one to three weeks pre-lambing. In addition, 20 more healthy pregnant 
ewes of similar age and gestation period were used as a control group. 
All ewes were examined clinically.

Sampling	

Blood samples were collected from pregnant uncomplicated ewes 
and ewes with clinical signs of pregnancy toxemia. Two separate blood 
samples were collected from jugular vein; one sample was taken in 
vacautainers tubes for hematological studies. The second blood samples 
were taken in plain centrifuge tube for serobiochemical analysis. The 
samples were put in an inclined position for 20 minutes at room 
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Abstract
The present study aimed to investigate the Acute Phase Proteins (APPs), pro-inflammatory cytokines and 

traditional biomarkers in healthy and pregnancy toxemia affected ewes at the same gestation period. The affected 
ewes (n=25) exhibited clinical signs of pregnancy toxemia one to three weeks pre-lambing. Clinically healthy ewes 
(n=20) with the same age and gestation period were used as control. Results indicated that there was a significant 
(P ≤ 0.05) increase in the levels of Haptoglobin (HP), Serum Amyloid A (SAA), Fibrinogen, interleukins (IL-1α, IL-
1β, IL-6), TNF-α, and interferon gamma (IFN-γ) in ewes with pregnancy toxemia when compared to corresponding 
control. Moreover, there was significant (P ≤ 0.05) increase in the levels of β-Hydroxybutyrate (BHBA), Non estrified 
free fatty acids (NEFA), triglyceride, LDL-c, AST, ALT and Uric acid in ewes with pregnancy toxemia compared to 
control. Furthermore, a significant (P ≤ 0.05) decrease in the levels of glucose, HDL-c, cholesterol and BUN were 
detected in diseased ewes compared to control.  Conclusively AAPs and pro-inflammatory cytokines could be used 
as a novel biomarkers for pregnancy toxemia diagnosis in ewes. 
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temperature, and, kept in refrigerator to avoid glycolysis and for clot 
retraction. The samples were centrifuged at 3000 rpm for 10 minutes 
and the clear serum was separated carefully and stored at -20°C until 
estimation of serum biochemistry.

Methodology
Determination of Acute Phase Proteins and Pro-Inflammatory 
Cytokines

Serum Hp and SAA were measured with a commercially available 
ELISA kit (Phase HP and Phase SAA kit, Tridelta Ltd., Ireland), 
according to the manufacturer’s instructions. Fibrinogen (Fb) 
concentration in plasma was determined according to the method 
described by [19]. IL-1β, TNF-α, IL-6 and IFN-γ levels were determined 
from undiluted serum samples using commercially available ELISA 
Kits (Biosource International, California, USA). The plates were read 
at 450 nm on a computerized automated micro plate ELISA reader (Bio 
TEC, ELX800G, USA). All measurements were made in duplicate.

 Serum Biochemical Analysis 

The levels of glucose, triglyceride, cholesterol, high density 
lipoprotein cholesterol (HDL-C), low density lipoprotein cholesterol 
(LDL-C) and blood urea nitrogen (BUN), as well as aspartate 
aminotransferase (AST) and alanine aminotransferase (ALT) activities 
were determined in serum samples on a Beckman CX-7 autoanalyser 
using the corresponding kits (Sigma Chemical Co. Ltd., Poole, Dorset, 
UK). Serum β-Hydroxybutyrate (BHBA) was determined by a kinetic 
enzymatic method using a commercially available kit (Ranbut D-3-
hydroxybutyrate, Randox, Crumlin Co., Antrim, UK) according to the 
methods described by [20]. The assay is based on the reversible reaction 
between 3-hydroxybutyrate and NAD1 catalyzed by 3-hydroxybutyrate 
dehydrogenase, and the change in NADH concentration was measured 
by changes in the absorbance at 340 nm. Serum concentration of Non 
estrified free fatty acids (NEFA) was carried out using commercially 
available test kits supplied by Randox laboratories Ltd. Uric acid was 
determined by uricase-POD.enzymatic colorimetric method by using 
kits provided by Spinreact , Spain according to [21].

Statistical Analysis

The obtained data was analyzed using Student’s t-test to compare 
between means of different groups according to the method described 
by [22]. All tests were performed using computer package of the 
statistical analysis system [23].

Results
The diseased ewes with pregnancy toxemia showed dull attitude, 

reluctance to move or even recumbent, teeth gnashing and some 
neurological signs such as, blindness, lapping, head pressing, tremors 
and convulsions. Concerning the acute phase response, there was 
significant (P ≤ 0.05) increase in the levels of HP, SAA, Fb, IL-1α, IL-1β, 
TNF-α, IL-6 and IFN-γ (1.2 ± 0.11 mg/l, 29.4 mg/l, 3.64 g/l, 22.32 pg/
ml, 32.83 pg/ml, 19.36 pg/ml, 16.32 pg/ml, 16.34 pg/ml) in ewes with 
pregnancy toxemia when compared to healthy ewes (Table 1)

In the present study there was significant (P ≤ 0.05) increase in the 
levels of BHBA, NEFA, triglyceride, LDL-c, AST, ALT and uric acid 
with significant (P ≤ 0.05) decrease in the levels of glucose, HDL-c, 
cholesterol and BUN in ewes with pregnancy toxemia when compared 
to healthy ones (Table 2).

Discussion
The present results revealed significant (P ≤ 0.05) increase in the 

levels of HP, SAA, Fb in ewes with pregnancy toxemia when compared 
to healthy pregnant ewes (Table 1). These results are in agreement with 
findings of [24]. These authors documented relationships between 
inflammatory mediators and metabolic disorders. The present results 
are partially in line with Yoshino et al., [25]. The authors reported 
increases in Hp levels after starvation of cows. 

The significant increases in APPs found in ewes with pregnancy 
toxemia could be related to the changes in lipid metabolism that 
occurs in this process [26] Moreover, [27] reported that when a fasted 
period of 3 days was applied to a group of calves, NEFA mobilization 
was observed on the first fasting day. In the same study, Hp was also 
observed to be increased but lagged behind the rise in NEFA and was 
not increased in most calves after 2–3 days of re-feeding. There are 
some evidences of a relationship between Hp and lipids. 

From another point of view [2] reported that Hp does not seem to 
be a good marker of pregnancy toxemia because other markers such as 
plasma NEFA and ketone bodies in urine showed significant changes 
at 24 hr. In the same concern [28] reported increased concentrations of 
BHBA and normal Hp concentrations in cows with subclinical ketosis.

Native Saudi Arabia ewes with pregnancy toxemia showed elevated 
levels of circulating pro-inflammatory cytokines IL-1α, IL-1β, TNF-α, 
IL-6 and IFN-γ compared to control ewes (Table 1). The elevated levels 
of cytokines suggesting that pregnancy toxemia in ewes was coupled 
with systemic inflammation. Cytokines including IL-1 and TNF-α, 
either produced locally or originating from the circulation, influence 
the maternal–placental immune interactions, trophoblast invasion and 
differentiation and the metabolic and endocrine regulation of placenta 
[13,15,29]. 

Abnormal placental cytokine production in pregnancy disorders 
such as pregnancy toxemia has been implicated in the aetiopathogenesis 
of local and systemic inflammatory responses in such conditions 
[15,29] in human. Endothelial cell activation has also been concerned 
as a potential mediator of the inflammatory response in pregnancy 
toxemia [30] in bovines. 

The higher levels of IL-1α, IL-1β, TNF-α, IL-6 and IFN-γ and their 
positive correlation with well-established parameters of pregnancy 
toxemia including serum uric acid, BHBA and NEFA in the present 
study evenly suggest that such cytokines are also mediators of placental 
inflammation and subsequent systemic inflammatory reactions in ewe 
pregnancy toxemia, as they have been previously been implicated in 
pregnancy toxemia in women and laboratory animals [31,32]. In the 
same concern [14] and [16] reported that the key role for plasma 
cytokines has been hypothesized in pathogenesis because a generalized 

Variable Healthy ewes Ewes with pregnancy toxemia
Hp (mg/l) 0.06 ± 0.001 ٭0.11 ± 1.2
SAA (mg/l) 4.36 ± 1.6  ٭4.42 ± 29.4
Fibrinogen (g/l) 2.32 ± 0.23  ٭0.31 ± 3.64
IL-1α (pg/ml) 13.25 ± 3.32 ٭4.31 ± 22.32
IL-1β (pg/ml) 18.74 ± 2.43  ٭3.3 ± 32.83
TNF-α (pg/ml) 8.54 ± 2.23 ٭4.65 ± 19.36
IL-6 (pg/ml) 11.44 ± 3.02 ٭3.23 ± 16.32
IFN-γ (pg/ml) 10.23 ± 2.32 ٭ 3.3 ± 16.34

Means are significantly dif.ferent at the level (p ≤ 0.05)٭
Table 1: The acute phase proteins and pro-inflammatory cytokines in clinically 
healthy pregnant ewes and those with pregnancy toxemia.
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inflammatory response occurs with activation of leukocytes and 
elevation of cytokine production along with abnormal activation of 
clotting system in pregnancy toxemia. 

The increased levels of IFN-γ in ewes with pregnancy toxemia when 
compared to healthy pregnant ones may need future research effort to 
clarify the role of such cytokines in this critical period of pregnancy 
toxemia in ewes. Interferon gamma (IFN-γ) is a proinflammatory 
cytokine secreted in the uterus during early pregnancy. It is abundantly 
produced by uterine natural killer cells in maternal endometrium 
but also by trophoblasts in some species. In normal pregnancies of 
mice, IFN-γ plays critical roles that include initiation of endometrial 
vasculature remodeling, angiogenesis at implantation sites, and 
maintenance of the maternal component of the placenta. In livestock 
and in humans, deviations in these processes are thought to contribute 
to serious gestational complications, such as fetal loss or preeclampsia 
[33].

Concerning the biochemical findings, there was significant (P 
≤ 0.05) decrease in glucose levels in ewes with Pregnancy toxemia 
when compared to healthy pregnant ones (Table 2) which appears to 
occur when the animal cannot meet the glucose demands of the fetal-
placental unit and hypoglycemia develops. The relationship between 
the severity of neurological symptoms and depth of hypoglycemia 
provides additional clinical evidence of hypoglycemic encephalopathy 
[34]. Ischemia, hypoglycemia and epilepsy affects energy metabolism 
by arresting or impeding cellular energy production or pathologically 
enhancing energy consumption [35]. The present findings are in 
agreement with [26, 36]. The authors stated that plasma glucose 
concentrations of spontaneous ovine pregnancy toxemia cases were 
significantly lower compared to anorexic ewes and healthy ewes at a 
similar stage of gestation.

Moreover, there was a significant (P ≤ 0.05) increase in the 
triglyceride in ewes with pregnancy toxemia when compared to healthy 
pregnant ewes (Table 2). Moreover, serum concentrations of cholesterol 
in the diseased ewes was significantly (P ≤ 0.05) lower than in healthy 
ones (Table 2). It has been reported previously that serum triglyceride 
concentrations increase in ketosis (34, 37] which is confirmed in this 
study. Serum cholesterol levels significantly (P ≤ 0.05) decrease in 
hepatic insufficiency [37]. Lower HDL-c, lower BUN and higher AST 
and ALT activities in the diseased ewes (Table 2) under investigations 
may have been due to liver damage [37].

These results are in consistent with those reported by Peneva and 
Goranov, [38]. The authors stated that serum AST and ALT activities 

were significantly higher and correlated positively with the rise of 
ketonemia and ketonuria in cows with subclinical ketosis. 

In conclusion, APPs and pro-inflammatory cytokines could be used 
as additional diagnostic biomarkers for pregnancy toxemia in ewes. The 
increased levels of IFN-γ in ewes with pregnancy toxemia compared 
to healthy pregnant ones may need further research to clarify the role 
of such cytokines in this critical period of pregnancy toxemia in ewes.
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