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ABSTRACT
The present study was undertaken to evaluate the intestinal calcium absorption using stable strontium (Sr) as 

a surrogate marker in five newborn camels. Two tests were performed with an interval of 10 days for calculating the 
within-animals variation of plasma Sr (CV%). The area under the concentration-time curve (AUC0-300) 5 hours after an 
oral SrCl2 load of 4.1 mmol was 10.11 ± 0.542 mmol/L-1/min. The within-animals CV% of AUC0-300 was 11.6. In our 
animals, plasma calcium (Ca) and phosphorus (Pi) levels were not significantly modified by Sr load. The fractional 
Sr excretion 5 hours after oral load in percentage of Sr dose administered was 1.03 ± 0.22% and Sr renal clearance was 
4.12 ± 0.51 mL/min. Sr test had no significant effect upon renal excretion of Ca and Pi. Our results showed that in 
newborn camels, Sr absorption test is simple, reproductible and may be used in exploration of intestinal Ca absorption. 
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al, 1971) and domestic ruminants (Comar and 
Wasserman, 1964; Gibbons et al, 1972; Wadhwa 
and Care, 2000). Thus, in the work reported here, 
our objective was to assess the reproductibility of 
the Sr absorption test and Sr renal clearance in 
newborn camels.

Materials and Methods

Animals and treatments
The study was carried out at the research 

station of Laayoune (South Morocco) on 5 
newborn camels (Camelus dromedarius) aged 4-6 
months and weighing 137 ± 12 Kg (Mean ± SEM). 
All animals were healthy during experimentation. 
The reproductibility of the Sr test was assessed 
by repeating the test with an interval of 10 days 
for calculating the within-animal variation (CV 
%). Animals orally received within 1 min, 360 ml 

Regulation of bone metabolism during 
postnatal growth involved changes in intestinal 
calcium (Ca) absorption (Brommage, 1989). Several 
factors appeared able to contribute to regulation 
of this metabolism by modulating the intestinal 
Ca absorption in camels (EL-Khasmi et al, 2001; 
El-Khasmi, 2002). However, to our knowledge, 
there are no reports concerning the use of markers 
for estimating intestinal absorption of Ca in this 
species. In fact, it is largely accepted that transport 
of strontium (Sr) ions through enteral and renal 
tubular cells is mediated by the same membrane 
carriers as used for Ca, and a highly significant 
correlation has been  observed between Sr and 
Ca absorption (Hart and Spencer, 1967; Milson 
et al, 1987). Therefore, the oral administration 
of stable Sr is considered suitable for assessing 
Ca absorption and excretion in clinical practice 
in man (Vezzoli et al, 1998), rat (Corradino et 
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of the test solution containing 4.1 mmol of SrCl2 
(Sigma, Aldrich).

At the beginning of the test (0 time), and 
30, 60 and 300 min thereafter,a blood sample was 
withdrawn by puncture from the right jugular 
vein for the determination of minerals. Blood 
samples were centrifuged at 1500 g for 10 min. 
Urine was also collected during a period of 5h 
before the test and 5h thereafter. Urinary volume 
was measured. Subsequently, separated plasma 
and urine samples were frozen at -20°C until 
analysis.

Assays 
In plasma and urine, Ca was measured 

by atomic absorption spectrophotometry and 
Pi colorimetrically (Phosphore monoreactif, 
Biotrol, 75140 Paris Cedex 03). The Sr levels were 
measured by atomic absorption spectrophotometry 
at 460.7 nm with use of an acetylene-air flame 
in 10-fold-diluted plasma and 50-fold-diluted 
urine with 20 g/L lanthanum and 100 ml / L 
hydrochloric acid as the diluent.

Calculations
Plasma Sr concentration measured were 

corrected for endogenous Sr concentrations, 
determined at t = 0. The area under the 
concentration-time curve up to time t (AUC0-t), 
expressed as mmol L-1.min, was calculated at 30, 
60 and 300 min (AUC0-30, AUC0-60 and AUC0-300). 
Fractional Sr excretion 5 hours after oral load (FE 
%) in percentage of Sr dose administered (D) was : 
(U300 / D) x 100 , where U300 is the quantity of Sr 
excreted in urine during 5 h. Sr renal clearance 
CR300 (mL/min) was obtained from U300/AUC0-300.

Within-animal reproductibility of plasma 
Sr, including analytical and biological variability 
was calculated as the CV (Liu et al, 1978), from its 
values in test 1 (baseline, xi1) and test 2 (replicated 
test, xi2) by the equation :

variance was used to compare values at 0 time 
with those measured after Sr loading.

Results and Discussion
The profile of Sr test showed that plasma 

concentration of this ion was greatest 300 min after 
the oral Sr load (Fig 1) and Sr absorption (AUC0-

300) was  10.11 ± 0.542 mmol L-1 min (table I). In 
our animals, the kinetics of appearance of Sr in 
blood (figure 1) is similar to that observed in other 
animals (Gibbons et al, 1972; Sips et al, 1997). The 
available data show that intestinal transfer of Sr 
during the first hour depended more on duodenal 
and jejunal absorption efficiency (Leeuwenkamp 
et al, 1990; Sips et al, 1994). According to Dumont 
et al (1960), Sr transport is passive only and 
regulated by biohumoral factors similar to those 
regulating Ca metabolism. Others concluded for 
an active intestinal Sr absorption and indicated 
a common transport mechanism for Ca and Sr 
(Hendrix et al, 1963; Wasserman, 1988). Whereas, 
Sips et al (1997) suggested that Sr transport 
across the intestinal wall is active and vitamin D 
dependant. In fact, we have already estabilished 
in newborn camels that 1,25-dihydroxyvitamin D3 
potentialised the intestinal absorption of Sr (El-
Khasmi, 2002).

In mammals, Sr is present as a bivalent ion 
and a trace element and taking no part in the 
biological cycle (Spencer et al, 1960; Leeuwenkamp 
et al, 1990). A comparison of Sr test with the 
single-isotope radio-Ca absorption test in the 
same group of patients showed a close correlation 
between the fractional absorption rates of the 
two elements (Reid et al, 1986). Thus, intestinal 
Sr absorption is becoming accepted as a clinical 
and diagnostic tool for assessing intestinal Ca 
absorption in human (Dijkgraaf-Ten Bolscher et 
al, 2000) and animal (Gibbons et al, 1972; Sips et 
al, 1997).

Table 1. Data of Sr oral load test in five newborn camels (Mean 
± SEM).

AUC0-300

mmol L-1 min
U300

µmoles
CR300

mL/min FE%

10.11 ± 0.542 42.13 ± 3.71 4.12 ± 0.51 1.03 ± 0.22

AUC0-300 : area under the concentration-time curve up to 
time 300 min; U300 : quantity of Sr excreted in urine during 
300 min; CR300 : Sr renal clearance (U300/AUC0-300); FE % : 
fractional Sr excretion 5 h after oral load in percentage of Sr 
dose administered [(U300/D)x100]. D : dose administered (4.1 
mmoles).

[n = the number of animals (5)].

The CV for the AUC was 19.3, 18.7 and 
11.6%, respectively after 30, 60 and 300 min. 
The CV of Sr urine excretion was 31.8%. Results 
are given as means ± SEM. One way analysis of 
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In this investigation, 1.03% of the Sr load 
are excreted in urine and renal clearance of this 
element was 4.12 ± 0.51 mL/min (Table I). In 
fact, Sr ions are more quickly excreted in urine 
and in enteral lumen with digestive secretions 
(Comar et al, 1957; Spencer et al, 1960; Hart 
and Spencer, 1967). These suggestions could be 
attributed to a lower cellular carrier affinity for Sr 
(Varecka and Carafoli, 1982; Vezzoli et al, 1995). 
Furthermore, others findings showed that Sr ions 
are extensively reabsorbed by the renal tubule 
(Milson et al, 1987; Leeuwenkamp et al, 1990). 
In camels, high renal reabsorption of Sr (table 
1) may be explicated by a particular adaptation 
to desert conditions. This adaptation is also 
argumented by the stable levels of urinary levels 
of Ca and Pi during our test (Fig 2).

In camels, Sr like Ca may be absorbed, 
and because of its good reproducebility, the 
Sr absorption is a sensitive test, and may 
provide an appropriate measure for intestinal 
Ca absorption and modulating effects of several 
factors. We have used the concentration-
time curve to assess a possible changes in the 
absorption profile of Ca.
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Fig 1. Mean plasma concentration of strontium (Sr) after an 
oral load of 4.1 mmoles of SrCl2 in five newborn camels. 
(M ± SEM, *p<0.05, **p<0.01, comparison with values 
measured at 0 time).
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