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STUDIES ON THE CALCIUM METABOLISM OF SUBJECTS WITH RENAL DYSFUNCTION 

L H Kotler 
(in collaboration with Dr D Brown, Austin Hospital, Heidelberg, Melbourne) 

A common consequence of renal dysfunction in a person is a possibly severe 
disturbance of the calcium homeostasis. This disturbance may generate various 
forms of renal bone disease which relate to inadequate calcification of the 
bone. Although dialysis and transplant techniques are available to alleviate 
these problems, these techniques are not universally successful as they may in 
turn generate further difficulties. Furthermore, since dialysis and renal 
transplants are only a relatively recent development, there is much that is 
not understood about the reaction of the body to these techniques. 

A series of detailed studies of the calcium metabolism of various subjects 
with renal dysfunction has commenced. Emphasis in this study is to be placed 
on those persons who are not responding satisfactorily to their present course 
of treatment. It is also proposed to perform repeat studies on those patients 
who are to undergo a significant change in treatment in order to monitor the 
effects of these changes. As there are difficulties in obtaining subjects to 
act as "normals" in this study, "base-line" data will have to be obtained from 
work performed elsewhere. 

In order to perform a detailed study of calcium metabolism, it is necessary to 
differentiate between intestinal absorption and its subsequent behaviour in 
terms of either uptake onto the bone or excretion. The availability of a 

47 radioactive tracer such as Ca allows such detailed investigation to be 
performed. 

The measurement of calcium absorption involves two separate intakes of the 
tracer. In the first part, the subject orally ingests a known activity of 

Ca in a standard carrier (CaClJ solution. The subsequent appearance of 
the isotope in the blood is determined from measurements on blood samples 
which have been taken from the subject in the 5 hours following ingestion. A 
smoothed curve describing the appearance of the activity in the plasma is 
determined from the data. This curve is derived using a combination of spline 
fitting and repeated smoothing of the spline data and the best fit is 
determined "by eye". There is no analytic function available by which the 
data may be fitted. 
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47, About 4 weeks after oral ingestion, a known activity of ""Ca is injected 

into the subject. As in the first part of the study, a series of blood 
samples are taken over the following five hours and a smooth curve determined 
in an identical manner to that described above. There are various analytic 
functions available in the literature to describe the behaviour of the 
tracer/ ' However, as there is no means of differentiating between these 
functions, none are used. 

A curve describing the differential transfer of calcium from the intestine to 
the blood stream can be derived by performing a deconvolutior procedure^' 
on the two curves described above. The area under this deconvolution curve is 
the total absorption in 5 hours under the standard conditions. An example of 
the 3 curves is depicted in Figures 1 to 3. 
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Figure 1. Appearance of Ca in 
plasma after oral ingestion. 

Figure 2. Appearance of 
plasma after injection. 

47 Ca in 

47 The whole body retention of Ca is determined directly by measurements in 
the whole body monitor. However, there is a complication in that faecal 
excretion is not instantaneous. As a consequence, the whole body count 
inevitably includes both tracer still properly within the body and tracer 
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47 Figure 3. Curve describing differential absorption of Ca. 

which has been excreted into the colon but not eliminated. A technique is 
(3) available* which allows corrections to whole body counts on the assumption 

there is an "average" transit time from entry into the intestine until 
elimination. As a by-product, this technique determines the average daily 
faecal Ca loss. 

In order to determine the excretory loss of the tracer after injection, all 
urin 1 and faeces is collected and measured. There is no attempt to determine 
losses through sweat, though this may be significant* '. Urine samples are 
measured directly in a standard geometry. Faeces samples are measured 
following addition of water to the container until the water level is above 
the level of the faeces. During measurement, the container is slowly rotated 
in the central position between two 150 mm x 75 mm sodium iodide detectors. 
Measurements on different volumes of the tracer solution indicate that the 
response of the detectors is independent (within 1°/ ) of the height of 
the solution. 

The estimation of the rate at which calcium is initially taken up by the 
skeleton (accretion rate) will depend on the particular physical model of 
calcium kinetics which is used1 , although many models do appear to provide 
similar results* . As there is no experimental reason to prefer any model 
it was decided to use a basic model with a minimum of assumptions. 
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The conventional expression which describes the conservation of the tracer 
within the body is 

R(t) = E(t) . S(t) • ^ Alt) • S(t) dt (1) 

where R(t) is the percentage of initial activity remaininq in the body after 
time t, S(t) is the specific activity of the blood plasma [*/# of initial 
activity per g Ca ], A(t) is the calcium accretion rate [g day" ] and 
E(t) is the exchangeable calcium pool. This parameter is purely a functional 
concept* ' to allow for the existence of an exchangeable sink for calcium. 

If we assume E and A are constant, equation (1) can be re-arranged as a linear 
expression 

v i z. m— . E . m— + A ( 2 ) 
jfh{t)dt /WJdt 

Data obtained from the few subjects that have been studied has verified this 
assumption of linearity. A comparison will be made between data obtained in 
this manner and tha 
listing is obtained. 

(5) this manner and that obtained from a more complex model when a computer 

In the first part of the study, the subjects orally ingest about 250 kBq of 
47 Ca. This allows the activity in 10 ml of blood to be counted with 
5*/ # accuracy even with only 1*/^ absorption of the tracer. In the 
second part of the study, performed 4 weeks later; about 200 Bq is injected. 
This magnitude of activity should allow 15 ml blood samples to be counted up 
to 14 days after injection of the tracer. 
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