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A real kinetic approach of fast labelling reactions is obtained 

by introducing a corrected reaction time T which takes into 

aacount the temperature rise process of the reaction solution. T 

is obtained by transformation of transient temperature data to 

isothermal conditions at a preset temperature.Experimenta1 data 
123 

obtained for I-radioiodination of ortho-iodohippuric acid fit 

ccmpletely with the theory. 

Key-words: accurate kinetics, fast labelling, temperature-time 

conversion, corrected reaction time. 

Introduction 

Fast kit preparations are more and more propagated as being the 

future of radiopharmaceutioals labelled with short-lived isotopes 

such as I ( 1,2). As the major requirement is to yield a pure 
123 

radiopharmaceutical the study of the kinetics during its develop 
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menc is a real m u s t .  The study of the k ine t i c s  in k i t - labe l l ing  

conditions is not well described u n t i l  now. The theory and tech- 

nique proposed i n  t n i s  paper allom t h e  realistic and accurate 

approach of the k ine t i c s  involved with fast l abe l l i ng  by taken 

in to  account tne heating up pariod required t o  bring th=. reaction 

mixture t o  the  prese t  temperature. The f a s t  l abe l l i ng  of ortho- 

iodo hippuric acid (Hippuran) with I is shown as a case 
123 

study. 

Theory 

For fast laoclling reac t ions  a considerable par t  of the r e x t i o n  

can occur during the heating up period requirad t o  bring the  

reaction mixture from r o o m  temperature to  t i c  presat reaction 

temperature. This  means tnat ths  reaction rate constant conti- 

nuously chsnges during t n i s  heatins up process u n t i l  equilibrium 

temperature ( T  ) is reazhed. To obtain d r e a l i s t i c  dpproxima- 

t i on  of the  k ine t i c s  and accounting f o r  the teapera t i re  rise 

process a corrected reaction time T is introduced. T is defined 

as the time nezessary t o  obtain a t  a constant reference teapera- 

eq 

tu re  T zq a conversion equal t o  t h s  conversion obtained a t  tran- 

s i e n t  tima I; of the hasting up pwiod ( T  

This means in prac t ice  a transformation of the time da ta  under 

t rans ien t  teaperature conditions t o  t i m 3  da ta  under isothermal 

conditions a t  the  preset  equilibrium temperature. 

:temparature a t  t ) .  t 

iQthernatically T can be expressed by : 

e d t  
-E/RT 

E : ac t iva t ion  snergy estimated from l i t e r a t u r e ,  experiments at  

equilibrium tsmperature or through an i t e r a t i n g  convergent 

algorithm. 



The Kinetics in Fast Labelling Procedures 

Results and Discussion 

The principle is demonstrated by the application of ths theory on 

the fast kit labelling of ortho-iodo hippuric acid with I by 

nucleophilic exchange in reaucing acidic m a i m  at 70°C (see 

experimental). An activation energy E of 11050 cal was calculated 

from an Arrhenius plot obtained by carrying out labelling experi- 

123 - 

mants in prsheated conditions at 40, 50, 60 and 70°C (the sample 
123 - 

is heated up to equilibrium temperature before adding the I >. 
The figures 1 a and 1 b respectively show the temperature risz 

curve and the labelling yield 0 in % (activity of I-Hippu- 

ridtotal activity of I x 100) as a function of time when 

applying kit-labelling conditions. Tnese curves daiaonstrate that 

at least half tne reaction occurs before reaching t'ne equilibrium 

temperature. The sigmoid curve (1 b) is typical for kinetic 

nsults obcainea for raaction systems which a m  not at tempera- 

ture equilibrium and thus showing a lag period. 

123 

123 

Fig.1 *:Temperature rise curve measured in the reaction solution 
*:Labelling yield n as a function of time when applying kit 
labelling conditions 
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Fig.2 t,-r relationship for the estimation of the corrected time. 

Figure 2 shows the t, T relationship allowing the astimtion of 

the corrected time T . T is calculated applying equation 1 and 

introducing ths E value of 11050 cal. 

Figure 3 snows that the labelling yields q (in 5 )  obtained under 

transient temperature conditions but plotted as a function of the 

corrected time applying the ‘I theory, coincide with the curve 

obtainid in temperature equilibrium conditions (preheated condi- 

tions). 

This proves that the theory is valid for ths tha part of thz 

q , t curve which is of interest in kinetic studies. 
This theoretical approach opens new patnways for a real kinetic 

study when applying fast labelling conditions. 

mentioned above. 

Experimental 

Labelling conaitions - 1 mg of custom purified 0-I-hippuric acid 

(HPLC controlled purity > 99,9 $1, 15 pl 

of a CuS04 solution (32.5 mg CU,.5H20/10 ml H20), 1 ml of H20 

5 mg of ascorbic mid, 
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Fig.3 .:Labelling y i e l d  in temperature equi l ibr ium condi t ions  

*:Labelling y i e l d  under t r a n s i e n t  temparature condi t ions  
(prehsated condi t ions)  

but wi th  time correc t ion .  

123 - 
and 1-2 mCi of 1 s o l u t i o n  (act. conc. 0.4 s C i / U l )  are heated 

a t  7OoC i n  a septum closed p e n i c i l l i n  v i a l .  

Kine t ic  wnicn 

are imnediately qusnched i n  pre-cooled miniv ia l s  containing a 

l a r g e  excess  of 8PLC e luent .  

Radio-HPLC condi t ions  - Ths HPLC system c o n s i s t s  of a Waters set- 

up (U6K i n j e c t o r ,  M 6000 pump, Lainbda Max 480 LTV d3tector) cou- 

pled t o  a y s c i n t i l l a t i o n  detector unit  (311NaI(T1) Ortec, Ortec 

e l e c t r o n i c s )  and Shimdzu R3A i n t e g r a t o r s  .Chromatography is car- 

ried o u t  on a Chrompack Lichrosorb 10 RP18, 250 x 4.6 urn column 

u s i n s  a inixture of H O/Methanol/Acetic acid - 70/29.5/0.5 as 

e l u e n t .  

Teraperature-time curves - a low m39s and fast response thsrmo 

couple (NiCr-Ni 0.5~1 0 ,Heju Tastothsrin 700 ) is introduced 

through t h e  septum into the r e a c t i o n  v i a l  which, conta in ing  the 

appropr ia te  v o l m e  of r e a c t i o n  s o l u t i o n ,  is submitted to t h e  

prescr ibed  r e a c t i o n  condi t ions.  The t e a p e r a t u r e  rise Curve is 

d a t a  - are obtained by sampling of small a l i q u o t s  -- 

2 
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measured by means of a custom made amplifying system and appro- 

priate x, t recorder (BI) 40 Kipp-Zonen). 

J. M e m ,  A. Callaerts and W. Vanryckcghem 
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