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The concentration of the vitamin D-de- 
pendent calcium-binding protein (CaBP) in 
the small intestine correlates with the degree 
of vitamin D-mediated intestinal absorption 
of calcium with few exceptions (1). One pre- 
sumed exception was from studies with the 
laying hen and laying Japanese quail. In both 
of these species, it was noted that the absorp- 
tion of calcium was greater during the period 
when the eggshell was undergoing calcifica- 
tion than when no eggshell was being formed; 
however, the amount of CaBP in the intes- 
tinal mucosa did not change correspondingly 
(2-4). It was proposed by Bar, Hurwitz, and 
colleagues (2-4) that there exists in the laying 
bird a rapidly modulating calcium transport 
mechanism not associated with CaBP. 

In evaluating the relation between CaBP 
concentrations and calcium absorption, criti- 
cal consideration must be given to the method 
by which calcium absorption is measured. In 
the Bar-Hurwitz experiments, use was made 
of a nonabsorbable indicator method that 
measures net calcium absorption. Distinct 
from this are procedures that measure the 
unidirectional movement of calcium from in- 
testine to blood using a radiotracer of cal- 
cium. The latter gives an estimate of the 
efficiency of the calcium absorptive mecha- 
nisms, which better correlates with CaBP 
concentrations than would net calcium ab- 
sorption. 

The present experiment was undertaken to 
determine if there is, in fact, a change in the 
efficiency of calcium absorption during the 
egg-laying cycle in Japanese quail. The re- 
sults indicate no significant difference in cal- 
cium translocation across the intestine as a 
function of eggshell formation. 

Methods. Japanese quail in the egg-laying 
stage were individually housed and perio- 
dicity of oviposition was recorded for each 
bird. Calcium absorption was measured in 
quail forming an eggshell (12-17 hr after 
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oviposition verified by intrauterine presence 
of an egg) and in quail not forming an egg- 
shell (1-2 hr after oviposition). For the mea- 
surement of the absorption of calcium, quail 
were anesthetized with ether, a laparotomy 
was performed, and a 0.5-ml dose of 47Ca (1 
mM CaC12, 150 mM NaC1, pH 7.4, 0.1 pCi 
47Ca) was injected into the lumen of the 
ligated loop of duodenum. The loop was 
replaced into the peritoneal cavity and the 
incision was closed with wound clips. After 
15 min, the quail were bled by heart puncture 
and then they were killed with an overdose 
of nembutal. The duodenal loop was excised 
and counted immediately for residual 47Ca 
activity using a gamma scintillation detector 
with a single-channel analyzer set to e w -  
nate any contribution from the 47Sc daughter. 
After the gut loop was counted, the residual 
contents in the lumen were removed by r ins-  
ing, the loop was cut open and scraped, and 
the concentration of CaBP in the intestinal 
mucosa was determined by a radial immu- 
noassay, as previously described (5). The ti- 
biae were also excised and counted for 47Ca. 

The calcium content of the plasma was 
determined by atomic absorption spectrome- 
try, and plasma phosphorus by the Fiske- 
Subbarow method (6). 

Calcium absorption is expressed as a per- 
centage of administered dose, and CaBP as 
micrograms per mifigram of total soluble 
protein. Protein was determined by the 
Lowry procedure (7). 

Results. The data in Table I indicate that 
there were no significant differences (P > 
0.05) in any of the measured parameters be- 
tween those Japanese quails in which egg- 
shells were being calcified and in those quail 
in the noncalcifying stage. The only exception 
was body weight (P < 0.025) which undoubt- 
edly reflects the presence or absence of the 
forming egg in the body cavity. 

Discussion. The present finding that the 
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TABLE I. RELATION OF INTESTINAL CaBP AND DUODENAL CALCIUM ABSORPTION TO THE EGG-LAYING CYCLE 
OF JAPANESE  QUAIL.^'^ 

Duodenal Intestinal Plasma 
absorption CaBP &g/ 

Body ~ f ~ ~ C a ( %  47Caintibia(% mgof ro- Ca(m /lo0 P.( /lo0 
Group weight (8) dose) dose) teiny m )  B I m ?  m )  

Noncalcifying (9) 128 f 3 52.1 f 6.8 0.99 f 0.08 32.8 f 3.2 14.2 f 1.4 5.2 f 0.7 
Calcifying (9) 139 f 3 46.1 f 3.0 1.00 f 0.04 32.5 f 2.3 17.4 f 0.9 6.8 f 0.8 

None of the values for any parameters were significantly different from one another at p > 0.05 except body 
a The values represent the means f standard errors of the mean of nine birds per group. 

weight ( p  < 0.025). 

absorption of calcium does not change as a 
function of eggshell formation is in apparent 
disagreement with the information previously 
reported by Bar, Hurwitz, and colleagues 
(2-4). However, the disparity is more likely 
to be conceptual than real. The significant 
difference between the two studies is the man- 
ner by which calcium absorption was mea- 
sured. As alluded to previously, the 
Bar-Hurwitz technique measures net calcium 
absorption and, by this procedure, the net 
absorption of calcium was observed to be 
greater in the quail during the period of 
eggshell formation than during the period 
when no eggshell was being formed. This is 
reasonable since the forming eggshell consti- 
tutes a significant calcium “sink” into which 
absorbed calcium is deposited and, thus, less 
calcium is available for return to the intestinal 
tract. When no eggshell is in the formative 
stage, more of the absorbed calcium can be 
endogenously secreted into the intestinal lu- 
men, yielding a decrease in net calcium ab- 
sorption. 

By the procedure used in the present study, 
the measurement of calcium absorption is 
independent of the subsequent fate of the 
absorbed cation. Over the 15-min absorption 
period, the amount of absorbed 47Ca that 
returns to the intestinal tract is negligible and, 
under these conditions, no difference in 47Ca 
absorption was detected between the different 
phases of the egg-laying cycle. 

The conclusion is offered that the effi- 
ciency of calcium absorption does not change 
between the calcifying stage and the noncal- 
cifying stage of the egg in Japanese quail. 
This finding is consistent with the observation 
that the kidney 25-hydroxycholecalciferol- 1 - 
hydroxylase activity does not differ during 
shell formation and in the noncalcifying pe- 
riod, i.e., up to 4 hr after ovulation (4, 8). 

Thus, there appears to be a reasonable cor- 
relation between the intestinal transport of 
calcium, intestinal CaBP levels, and the activ- 
ity of the kidney- l-hydroxylase enzyme sys- 
tem in this physiological state, and the pro- 
posal that the laying quail contains a rapidly 
modulating, non - CaBP - dependent, calcium - 
absorptive mechanism appears to be unwar- 
ranted . 

Summary. Duodenal CaBP levels and the 
efficiency of 47Ca absorption by the duodenal 
segment of ovulating Japanese quail were 
determined as a function of eggshell forma- 
tion. No differences in these parameters were 
noted in quail in which eggs were being cal- 
cified and in quail with no egg in the calcifi- 
cation stage. Thus, there is a correlation be- 
tween the efficiency of Ca absorption and the 
level of vitamin D-dependent intestinal cal- 
cium-binding protein in this physiological 
state in Japanese quail. 
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