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ON THE DETERMINATION OF RETENTION BEHAVIOR AND 
EXPECTED TOTAL METABOLIC EXCRETION OF RADIO- 

ISOTOPES FROM DAILY EXCRETION DATA 

by 

Sylvanus A. Tyler and Joan Gurian 

INTRODUCTION 

In most  research designed to investigate the excretion and re -  
tention behavior of radioisotopes injected into laboratory subjects, 
excretion data can be obtained with greater  ease and accuracy than 
retention data. Fo r  this reason, it has long been the practice among 
investigators to derive the retention function from excretion information 
and to estimate the total excretion by summing excretion values over a 
finite se t  of discrete collection times. The expression, 

- b  E (t)= E l i  

where E (t) is the excretion per 24 hours via urine and/or feces after 
correction for decay, t is time in days from injection, and E 
arbi t rary constants determined from the linear, log-log regression line, 
is accepted by many investigators a s  representative of the metabolic* 
excretion-time behavior of injected t racer  materials.  Another way 
by which the time-course of excretion via urine and feces can be described 
is by s u m s  of exponential terms:  

and b a re  
1 

k ait 
i i= 1 

~ ( t ) = x  ~e 

where n is the total number of daily collections, and Ai andai a r e  con- 
stants determined empirically. This description of excretion data more 
nearly coincides with the generally accepted postulates concerning the 
phenomenon of metabolic exchange and permits a more  exact determina- 
tion of the expected total excreted mater ia l  from the excretion components 
that can be measured over the time interval investigated. 
excretion and retention functions a re  immediately obtained. 

The cumulative 

THE PROBLEM 

From daily-measured activity of the excreta, corrected for radio- 
active decay since administration, 

1 .  determine on the basis of the empirical excretion trend 

*Excretion corrected for decay. 
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established by the excretion values a t  n daily collection 
times, the expected amount of injected mater ia l  that will 
be excreted; and 

2 .  construct the corresponding cumulative excretion and 
retention functions. 

For convenience, let  the excretion data E. (i = 1, 2, 
consecutive daily collections be given in ;er cent of total injected material. 
Then describe the excretion-time trend a s  accurately a s  possible by a 
graphic method of fitting exponentials.*(5) Usually, the s u m  of two o r  
three exponential t e rms  is suflicient for a good f i t .  If expression ( 2 )  
is the general excretion function, the total expected excretion (T) in per  
cent of the injected dose is given by, the infinite s u m  ** 

. . - n) for the n 

k < n - 1 , a,<O 
1 

and the cumulative excretion (C.E.) and retention (R(t)) functions can 
immediately be written. 

Fo r  k = 2 ,  expressions (2), (3), (4), and ( 5 )  become 

~~e a 1 A2ea2 
T =  t (7) 

1 -e a 1  1 -,a2 

*The excretion values should be taken a s  corresponding to the day 
of collection since the time-points a r e  considered a s  discrete.  

*"See appendix for derivation. . 
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Aleal A2e % a t  (1 -ea2t  C.E. = (1-e 1 1 t 
1 -e a1 1 -e a2 

R(t )  = 1 0 0  - C.E. 
It often happens that the first day excretion value (E ) is consider- 

1 ably lower o r  higher than the value expected, based on the general trend 
of the remaining values. 

< k 
E(t) = 1 A.eait, k - n - 2 , a i  < O ,  t = 2,3,4 * * * * 

1 I i= 1 
(9 )  

In this case,  ignore the value of E 
by adding to the sum from day two on, the excretion for day one. 

in fitting and obtain the total excretion I 

(IO) < k - n - 2  a .  ( 0  
1 

The corresponding cumulative excretion and retention functions are:  

Similarly, if for s consecutive collection t imes beginning with the first 
time point, the corresponding excretion values depart  markedly from the 
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cretion is found by use of the following expression 
time trend characterizing the remaining excretion values,* the total ex- 

(1 3) 

a . <  0 
1 

and the C.E. and R(t) functions a r e  adjusted accordingly. 

COMMENTS 

The time interval over which daily excretions a r e  USE ly measure, 
is too short and the methods used for t racer  detection a r e  far from sensi- 
tive enough to reveal, quantitatively, many components that contribute to 
the total excreted material. Thus, the calculated T underestimates the true 
excretion total. Elimination of this e r r o r  can only be achieved by com- 
pletely analyzing the processes taking place and getting error-free data. 
Since satisfying these conditions is usually impossible, approximating 
methods, the goodness of which depends on their adherence to the known 
kinetics of the system investigated, must be used. 
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APPENDIX 

Given the exponential function 

u't E I ( t )  = A' e a'( 0, A I  a constant 
t = a positive integer 

(14) 

To compute the nth partial  sum 

a' let k = e and rewrite (15) in the form 

But S is equal to the cumulative excretion a t  t = n, thus 
n 

1 

U ' t )  (1-e 
A' ea' 

U' 1-e 
C.E. = 

The expected total excretion T is then 

U' lim A l e  
n- 0 U' 

T =  sn = 
1 -e 

Similarly, for a function 

E" (1) = E" 
a'tt E'' (t) = 'A e 

the cumulative excretion function is 

A" e 2a" (t-l)a") 

1 -e 
C.E. = E" t all (1- 1 

(18) 
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and the expected total excretion (T) becomes 

A f f e 2  a" 

I-e 
T = E "  + 

U" 1 

By applying these resul ts  and recalling the algebra of convergent se r ies ,  
the expressions for C.E. and T, associated with excretion functions ex- 
pressed as s u m s  of exponential terms,  are easily obtained. 

V 

(22) a.  F o r  E(t) = Aje a.t J t = a positive integer, U. < 0, 
j= 1 J 

aj v A.e 

j.1 1-e J 
T = E  U. 

b. F o r  E(1) = E 1  

m 

i= 1 
E(t) = A.euit t = a positive integer > 1, 1 

m AieZai 

i=l I - e  a i  
C.E. = El  t (1-e (t- 1 )ai) 

-- - 
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