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Abstract

The objective of the study was to monitor certain electrolytes, serum proteins and certain
acid-base parameters during the transition period in camels. Twenty multiparous females
(pregnant and non-pregnant, age: 7-11year, number of parities: 2-3) of Arabi breed were
used. Jugular venous blood was collected three times: one month prepartum, at parturition
and one month postpartum and once from non-pregnant females to determine blood pH, Na*,
K*, CI', Pi, total proteins (TP) and albumin. Strong ion difference (SID3) and the total
concentration of non-volatile weak acids (Awr) were calculated using validated equations.
Serum- [Na'], [CI] and [TP] decreased significantly (P<0.0001) during the transition period
while [Pi] and [albumin] increased (P<0.05). Serum-[SID3] and [Aw] tended to increase and
decrease on-significantly, respectively. During late pregnancy,[K'] was correlated negatively
and positively (P<0.05) to [CIT and [albumin] while [albumin] and [Pi] was correlated
positively (P=0.02) in non-pregnant camels. During postpartum period, [Na'] and [CIT; [TP]
and [albumin] were correlated positively (P<0.05). Serum-[SID3] and [Aw]showed linear
relationship (P<0.0001, R? = 0.55-0.99) to [CI], [Pi] and [albumin] during the transition
period and in non-pregnant camels. The transition period has an influence on certain serum
electrolyte concentration, serum proteins and certain acid-base parameters. The data could be
utilized for the clinical monitoring of metabolic disorders associated with transition period or
to formulate dietary ratios to meet the nutritional requirement during these critical periods.
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Introduction

Pregnancy is a physiological status
considered to modify metabolism in
animals (Iriadam, 2007). Pregnancy is also
known as stressful condition associated
with many metabolic and physiological
changes to satisfy the demands of the
fetus, the placenta, and the uterus (Ahmed
et al., 2016). High metabolic demands
associated with late pregnancy, parturition
and initiation of lactation would be
expected to increase the production of
reactive oxygen species (Sordillo and
Aitken, 2009), which may lead to
oxidative stress (Castillo et al., 2005;
Sharma et al., 2011; AbdEllah 2016;
Mohebbi-Fan et al., 2016).

Transition period is defined by many
researchers as the period from late
pregnancy to early lactation and it is also
recognized as the period between 3 weeks
before to 3 weeks after parturition (Goff
and Horst, 1997; Sharma et al., 2011). The
transition period is also considered as one
of the most critical periods for health and
productivity in camels (Ahmed, 2017),
cattle (Drackley, 1999; Esposito et al.,
2014; Zebeli et al., 2015; Fiore et al.,
2018), sheep (Raoofi et al., 2013; Chnite
et al., 2016)and goats (Tharwat et al.,
2015; Manat et al., 2016; Cepeda-Palacios
et al, 2018). However, limited
information has been reported for the
transition female camels (Derar et al.,
2014; Kelanemer et al.,.,2015; Tharwat et
al., 2015; Abd-EI-Rahman et al.,2017; El
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Zahar et al., 2017) compared to other
animal species.

The literature concerning the gestation
length in the camel varied compared to
that reported for other animal species.
Yagil, (1985) reported an average
gestation length of 390+2 days compared
to 375 days reported by Arthur et
al.,(1985). Therefore, the gestation length
of camels is commonly stated as 13
months (Skidmore, 2011). Concerning the
longgestation period; it was assumed that
energy requirement of pregnant camels
increased rapidly during late pregnancy
and thus it may affect the concentrations
of some serum biochemical parameters
(Saeed et al., 2009; Al Zamely, 2011;
Tharwat et al., 2015).

Few Studies have been conducted to
describe serum biochemical profile of
female camels during postpartum and
transition period (Agarwal et al., 1992;
Tharwat et al., 2015; El Zahar et al,,
2017). Therefore, the present study aimed
to provide additional information on the
concentration of certain serum
biochemical parameters in dromedary
female camels during the transition period
in comparison to non-pregnant females.

Materials and Methods

Ethical approval: The study was
approved by The Sudan Veterinary
Council (EA/0030/2018).

Animals and management: Twenty
clinically healthy female camels (10 non
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pregnant and 10 time-mated pregnant
camels (aged 7-1lyear, weight: 600-
700kg, body condition score: 2.5-3,
number of parities: 2-3) were used. The
animals were selected from the herd of the
Camel research Centre of the University of
Khartoum, Sudan. Non-pregnant non-
lactating female camels were selected
under the same conditions to provide the
normal values for investigated parameters.
Time-mated pregnant camels were
selected according to the records of mating
time for each female included in the
experiment, which indicated the expected
time for parturition. The pregnant camels
were monitored from one month
prepartum up to one month postpartum.
During the experimental period, the female
camels were housed in an outdoor
environment in a shaded corral. Animals
were maintained on grazing and browsing
trees and shrubs in the vicinity of the
Camel Centre and occasionally received
fresh grass and concentrate supplements,
which was offered daily with free access
to fresh water.

Sample Collection and Laboratory
Analysis: Jugular venous blood samples
were collected by venipuncture using
plastic syringes (7.5 ml, Pirmvetta®,
Laboratory Technique, GmbH, Germany)
three times: one month prepartum, at
parturition and one month postpartum and
once from non-pregnant females. The
blood samples were centrifuged and the
serum was collected in sterile containers
and frozen at -20° C for further analysis.

Serum samples were used for the
determination of sodium (Na") and
potassium (K") (Flame photometer

technique, PFP7 Jeway, EU), chloride (CI’
) and inorganic phosphate (Pi) (Standard
spectrophotometric methods using
commercial Kits, Spinreact, Spain), plasma
total proteins and albumin (Biuret and
Bromcresol green standard
spectrophotometric methods using
commercial Kkits, Spinreact, Spain). The
values of electrolytes, plasma total
proteins and albumin were used for the
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calculation of SIDsand A" (Stewart 1983;
Elkhair and Hartmann 2010).

Serum- [SIDs] mmol/l = [Na'] + [K'] -
[CI] mmol/I

(1) Serum- [ATl mmol/l =
[albumin] g/l x(0.123xpH-0.631) + [Pi]
mmol/l x 0.309xpH-0.469) (2)

Statistical analysis: Statistical analysis
was performed using SPSS for Windows
version 20. General Linear Model (GLM),
ANOVA (Levine’s Test and Post Hoc
Test) was used to assess the significant
differences among the groups. A
correlation and linear regression were
performed to assess the effect of transition
period on the parameters investigated. The
difference was considered significant at P
<0.05.

Results

The responses of certain  serum
electrolytes, plasma total proteins, albumin
acid-base  parameters to  different
physiological states are shown in Table 1.
Serum-[Na’], [CIT and [TP]decreased
significantly  (P<0.0001) during the
transition period (late pregnancy, at
parturition and  postpartum  period)
compared to non-pregnant females,
whereas[Pi] and  [albumin]increased
significantly  (P<0.05).Serum-[K'] and
[SID3] tended to increase during the
transition period compared to non-
pregnant females while [Aw] decreased;
however, this pattern of response was not
statistically significant.

The correlation between certain serum
biochemical parameters of female camels
during the transition period is shown in
Table 2.In non-pregnant camels, serum-
[albumin]was correlated positively
(P=0.02) to [Pi]. During late pregnancy,
serum-[K*]was correlated negatively and
positively (P<0.05) to [CI] and [albumin],
respectively. A positive correlation
(P<0.05) was observed between [Na'] and
[CIT], and [TP] and [albumin]one month
postpartum period.
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The relationship between the individual
values of SID; and Ay and their
corresponding values of serum electrolytes
and albumin was determined using linear
regression (Figs. 1, 2aand 2b). Based on
the equation 1: Serum- [SID3] = [Na'] +
[K™] - [CI7, the changes in SID3 depended
on the changes in one or more of the three
strong ions.The results shown in Fig.1
indicate that the decrease in SIDj3
depended mainly on the changes in [CI] at
parturition (R?=0.89, P<0.0001) and one
month postpartum (R*=0.94, P<0.0001).

Table 1:

Certain electrolytes concentration,

According to the equation 2: Serum- [AT]
= [albumin] g/l x (0.123xpH-0.631) + [Pi]
mmol/l x 0.309xpH-0.469), serum- [Agt]
showed linear regression relationship to
[Pi] during the transition period(R*=0.99,
P<0.0001) and only to [albumin] one
month postpartum (R®=0.55, P<0.05) and
in  non-pregnant  camels  (R*=0.78,
P<0.01).All individual ~ values  of
R%layclose to the regression line (Fig. 2a).
R?was generally higher during the
transition period compared to non-
pregnant camels.

serum total proteins and albumin

concentration and acid-base parameters during the transition period in female camels

(Camelus dromedarius) (n=20)

Transition period Level of Reference

parameter Non pregnant L L
ate Parturition One month | significance range
pregnancy Postpartum

Serum -[Na'] 149.8° 140.8° 140° 142° <0000l | 142-160*
(mmol/l) +6.6 +2.3 +2.4 +1.3 ' 140-178 **
Serum -[K'] 4.1° 4.5° 4.6° 4.7° NS 3.7-48*
(mmol/l) +0.3 +0.8 +0.8 +1.3 3.5- 6.3**
Serum -[CI] 110.4° 95.6° 96.5° 96.9" <0000l | 101-122*
(mmol/l) +6.2 +6.4 +6.5 +8.5 ' 106-123 **
Serum -[Pi] 1.86° 4.98° 4.76° 4.69° P<0.05 1.3-2.6*
(mmol/l) +0.3 +3.3 +2.1 +2.4 = 4.8-8.4%*
Serum -[TP] 64° 56° 56° 56° P<0.0001 51-74 *
(9/1) +6.6 +1.3 +0.8 +0.7 ' 63-83 **
Serum -[albumin] 31.9° 38.8° 38.2° 37.9° P<0.05 25-45 **
(9/1) 0.6 +0.6 +0.6 0.4 -
Serum -[SIDy] 43.4° 47.5° 48.2° 49.8° NS 39-48 ***
(mmol/l) 2.3 +6.3 +7.7 9.2
Serum -[Ag] 12.4° 11.0° 10.6° 11.8° NS 10-15 **=*
(mmol/l) +1.4 4.3 2.3 +3.9

Brackets ([ ]) donate concentration, m + s: Mean+ SD (Standard deviation)
TP: Total proteins, SIDs: strong ion difference, Ay total concentration of non-volatile weak acids of

the blood

aandb Means within the same row bearing different superscripts are significantly different at p<0.05

NS: Non-significant

Reference range: * Elkhair, (2016), ** Faye and Bengoumi, (2018), ***Elkhair et al., (2010)
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Correlation between certain serum biochemical parameters during transition

period in female camels (Camelus dromedarius) reared under semi-intensive system (n=20)

Physiological status Parameters Pearson Correlation _Le_v ?I of
significance
Non-pregnant [Albumin] - [Pi] 0.72 0.02
Late pregnancy [K:] -[er '0'64: 0.05
[K™] - [Albumin] 0.64 0.05
At parturition No significant correlation found
Na'] - [CI 0.94” 0.0001
One month- postpartum %TP]]- [,[Alb}Jmin] 0.72" 0.03

Correlation is significant at * the 0.05 level and ** at the 0.01 level (2-tailed).
Brackets ([ ]) donate concentration, TP: Total protein
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regression equation: y=ax + b; R2: Coefficient of determination)
vw=1.4347x+ 9.5731 ¥ = 1.8836x+ 0.7443 v=1.7688x+ 1.3228 w=1.813x+ 1.1339
20 R* = 0.1481 R? = 0.9987 R* = 0.9968 R?* = 0.9991
= as -,
£ > o
Eii v = - ~
Fiz | = & e —— ~ i - _j!
= 10 o * } /-
: s b  —
= 5 - 4 - -
“ a - ] T T . T » r —— T \
i 2 3 i 25 4 5.5 7 8.5 10 a 2.5 a 5.5 7T 8.5 1 2.5 4 5.5 7 8.5 1011.5
Serum- [Pil (mmol/1) serum-[Pi] (mmol/l) serum-[Pi] (mmol/l) Serum-[Pi] (mmol/l)
MNon-pregnant Late pregnancy At parturition One month postpartum
Fig. 2a The relationship between serum- [A;,,] (mmol/l) and serum- [Fi] (mmol/)
during transition period in female camels (Camelus dromedarivus) (n=
20). (Linear regression equation: yv=ax + b; R2: Coefficient of
determination)
¥ = 0.2698x + 3. 7082 ¥y = 0.5194x - 9.1318 y = -0.1609x + 16.736 ¥ =-0.2361x + 20.748
>0 R* = 0.779 R* = 0.5472 R* = 0.1571 R* = 0.0502
S is - - - ©
£ 16 - o
E 1a -
= 12 3 -
= L]
= 10 - - - ®
E 2 [ e e -
= <3 1 -
& a - » .

20 25 30 35 40 45 50 20 25 30 35 40 45 50 20 25 30 35 40 45 50 20 25 30 35 40 45 50

serum-[Albumin] (g/1) Serum-[albumin] (g/1) Serum-[albumin] (g/1) serum-[albumin] (g/1)

MNon-pregnant Late pregnancy At parturition One month postpartum

Fig. 2b The relationship between serum- [A.;;:] (mmol/l) and serum- [ablumin]
(g/1) during transition period in female camels (Camelus
dromedaritss) (n= 20). (Linear regression equation: y=ax + b; R=2:
Coefficient of determination)
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Discussion

The data obtained in the present study
demonstrate that certain serum electrolytes
concentration, serum total proteins and
albumin were influenced by the transition
period in dromedary camels as adaptive
physiological mechanisms associated with
rapid fetal growth and lactogenesis. The
findings are supported by the significant
decrease in serum- [Na'], [CIT1 and
[TP]accompanied by a significant increase
in [Pi] and [albumin]observed during the
transition period compared to non-
pregnant females (Table.1).

The serum biochemical profile obtained in
the present study showed that the mean
values of serum- [Na'], [K'], [CI], [Pi],
[TP] and [albumin] were within the
reference range for female dromedary
camels in Sudan and other countries
(Elkhair, 2016; Faye and Bengoumi,
2018). Studies on humans indicated that
maternal homeostatic responses mainly
Na'to pregnancy can be considered as a
result of activation of rennin angiotensin
aldosterone system (Scaife and Mohaupt,
2017). Therefore, the marked significant
changes in serum electrolytes
concentration that occurred could be
associated with increased metabolic
demands during the critical transition
period in order to maintain the
homoeostatic situation within
physiological levels. Similar characteristic
changes in electrolytes profile have been
observed during the transition in
cattle(Skrzypczak et al.,2014),
sheep(Chnite et al., 2016) and goats
(Iriadam, 2007).Earlier study conducted by
Safwate et al., (1981) reported a decrease
in electrolytes concentration, in particular
Na® during postpartum period as a
consequence of decreased plasma rennin
activity. Asif et al., (1996) explained that
decrease in serum-[Na’] may be also
influenced by the higher concentration of
prostaglandins, which is known to increase
urinary [Na'] excretion.
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The results obtained in the present study
showed that the mean values of serum-
[TP] decreased significantly during the
transition period, which reflected the
maternal requirement of proteins for fetal
growth or to cope with colostrum and milk
synthesis and production and providing
immunoglobulins (Kaneko et al., 2008;
Faye and Bengoumi, 2018). It is well
established that protein requirement
increases during late pregnancy as
indicated by decreased maternal serum
protein concentrations with advancing
pregnancy in camels(Saeed et al.,2009).
Furthermore, an increase in fetal growth
accompanied by higher utilization of
amino acids from the maternal circulation
for protein synthesis has been observed in
farm animals (Jainudeen and Hafez,
1994).Similar significant decrease in
serum- [TP] during the transition period
has been reported previously in
camels(Tharwatet al.,2015; El Zahar et al.,
2017),cattle(Skrzypczak et al., 2014),
sheep (Chnite et al.,, 2016) and goats
(Iriadam, 2007).

In the present study, serum SID3 and Aot
(A") for non-pregnant camels were within
the reference range for dromedary camels
(Elkhair and Hartmann, 2010). However,
female camels during the transition period
showed higher mean values of SID;
accompanied by relatively lower mean
values for Ayt compared to non-pregnant
camels. This pattern of response could be
attributed to the significant changes on
serum- [CIT, [Pi] and [albumin] observed
(Figs. 1, 2a and 2b). According to
Stewart’s terminology, the decrease in
SID;3; indicated metabolic acidosis whereas
the increase is considered as metabolic
alkalosis. Also Stewart,(1983) defined the
decrease and the increase in Ayt as
acidotic and basic responses, respectively.
Since the increase in SID3 of 5.1 mmol/l
calculated during the transition period
compared to non-pregnant females and
Aot Values decreased by 1.3 mmol/l was
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not statistically significant; therefore, the
net results for the transition female camels
was a moderate metabolic alkalosis
(hypochloremia and hypoproteinemia,
Table 1). Therefore, the present results
indicate that the transition female camels
shifted towards a basic response, which
should be considered in the nutritional
program by formulating a diet with low
cations and high anion contents. This
diagnostic finding supported by strong
significant correlations between strong
cations and anions and between albumin
and total proteins observed during late
pregnancy and postpartum period (Table
2).

Conclusion
The present study indicates the transition
period has an influence on the
concentration of certain  electrolyte

concentration, serum total proteins and
acid-base parameters in camels. The data
could be utilized for clinical monitoring of
metabolic disorders that may occur during
late pregnancy and/or during postpartum
period. The present data can be useful to
formulate dietary ratios in order to meet
the nutritional requirement for female
camels during these critical periods.
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