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RADIOLYSIS OF ' ' '1-0-IOCOHIPFUFN'E: A KINETIC STUDY 

C.E. Hotte*, R.D. Ice**, and G.L. Flynn 
College of Pharmacy, University of Michigan, Ann Arbr, Michigan. 

Although radiolytic decmqosition of several radiopharmaceuticals has exhi- 

bited apparent first-order kinetics, the dependence of decapsit ion on drug 

concentration precludes a first-order rate process. A kinetic study of the decan- 

position of '311-o-iodohippurate i n  aqueous solution was carried out to accurately 

assess the dependence of radiopharmaceutical d-sition on ahorbed radiation 

dose, i n i t i a l  radiopharmaceutical concentration and, i n  addition, on the concen- 

tration of added free radical inhibitors. 

remaining, @/Ao) , w a s  found to decrease aqxmentially w i t h  increased absorbed 

radiation dose. The radiolytic deccanposition rate, hwver ,  exhibited a Lang- 

miurian relationship with respect to the i n i t i a l  concentration of the radiopharma- 

ceutical present (b) and the ini t ia l  concentration of freeradical inhibitor 

present (Io). 

The fraction of '"1-0-iodohippurate 

a 1 D t  
a + b A. + e I. The equation, -In- = 

AO 
w a s  derived to characterize these dependencies and denonstrated good correlation 

with experimental resu l t s .  

lytic stability of other radiopharmaceuticals. 

This equation m y  be of value i n  assessing the radio- 
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either autoradiolysis or external irradiation has been shown to cause deccmpo- 

sition, primarily by attack on a specific solute by reactive radicals fonned 

i n  the systan by the absorbed radiat i~n.’-~ The rate of deempsition has 

been observed to increase with increasing radiation &se but to decrease w i t h  

increasing. ini t ia l  solute concentration. 4,5 ~ l s o ,  so called free-radical 

scavengers such as benzyl alcohol and cysteamine have been shown to decrease the 

extent of solute decompo~ition.~ 

scavenger concentration, radiolytic decomposition appears to be a first-order process. 

However, dependencies on solute concentration and inhibitor concentration indicate 

otherwise. 

and to characterize the effects of absorbed radiation dose, solute concentration 

and added free-radical inhibitor on solute  decomposition, with specific application 

to the decanposition of radiopharmaceuticals. 

that of Alder and Eyring ht differs i n  that it is i n  terms of total effective 

free radical species (R.), rather than in terms of specific free radical species 

such as OH. ,  H. and H02- as the individual contributions of the latter cannot be 

factored by present technology. 

of added inhibitors as wel l  as auto-inhibition by the solute itself. 

A t  a given ini t ia l  solute concentration and 

The kinetic treatment w a s  developed to explain the processes involved 

The derivation w a s  patterned after 
6 

The derivation also accounts for the presence 

The reactive species or free-radicals mst responsible for aqueous radiolytic 

decaqxsition are formed by the interaction of radiations w i t h  water and 

dissolved gaseous species: 

H2° 

02 ( 1 )  E l 5  R. 

etc. 

In  this statement, R. is meant to be the effective free radical concentration, 

f, is the radiation dose rate per unit  volume and E is the free-radical production 

efficiency of the *orbed radiation. 

I n  any real system, the rates of radical formtion and elimination w i l l  rapid- 

l y  came i n t o  correspndence, that is ,  a steady state i n  effective radical concentra- 
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tion w i l l  obtain. 

with the principal solute and its decanposition products and, when it exists, 

by reaction with added inhibitor and its deccqmsition products, then the following 

series of equations can be writ ten to describe radical termination steps: 

If the radical elimination is by reambination, by reaction 

kr R. + 

k R- + A b 

k 
k 

R- + A; t 

R- f A; c 

n I: R' + A;-, k + 

k' R- f I t 

k' 
k' 

R- + I; * 
R. + I; + 

k 
P 

* 

( recanbination) 

radical-solute reac t ion  

radical-solute products 
reactions 

radical-inhibitor reaction 

radical-inhibitor products 
reactions 

This series of equations assumes that the solute remiins essentially unaffected 

as a target for free radicals even i f  it has undergone some radical "h i t s"  

and has thereby been ncdified chenically. 

cal collision w i t h  solute a t  the beginning of the process (t = 0) w i l l  be a b u t  

the same as the probability of a radical colliding with b t h  solute and solute 

products, taken together, a t  s ~ n e  point i n  time w e l l  into the reaction. 

circumstance, the collision frequency between radicals and intact solute muld 

I n  other wrds, the probability of radi- 

Under this 
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be essentially invariant w i t h  time. 

unchanged, that is, the percentage of collisions causing chanical alteration 

m l d  not be -ted to vary as the reaction proceeds. 

of numbers of collisions times the percentage of successful collisions, FJkiCh 

yields the reaction rate (free radical consumption rate by the intact organic 

species), w i l l  be constant and the reaction velocity with respect to the reactant 

will be sinply proportional to the arrount of reactant remaining. 

meter  w i l l  therefore appear as a f i r s t  order rate constant. 

first-order process has been observed for the radiolytic decangosition of solutes, 

the assumption that the reaction rates between solute and radical and solute products 

and radical are essentially the same appears to be valid. 

The reaction efficiency is also relatively 

Therefore, the product 

The rate para- 

Since an apparent 

Using the equations listed a b v e ,  the change in solute concentration w i t h  re- 

spect to time is given by: 

while the change in free radical concentration is expressed as 

6 Following the derivation of Alder & Eyring , the theoretical equation express- 

ing the fraction of solute remaining as a function of &orbed dose rate, time, 

init ial  solute concentration and ini t ia l  concentration of added inhibitor resulting 

fran the s h l t a n e n ~ ~  solution of eq. 2 and 3 beccmes, 

-hi = 1 b t  
a + b h + e I o  

I 

whse a = %/kc, b = 1 / ~  and e = k /kc 

( 4 )  

The following important facts can be derived from equation 4: 

1. For any given initial solute concentration, a direct relationship w i l l  

be observed between the log (fraction of residual solute) and the 

total atsorbed dose, I; t. 
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2. If the absorbed dose rate, D, is essentially mnstant, a f i r s t  order 

relationship w i l l  be damnstrated between the fraction of solute 

r a i n i n g  and time. 

As the absorbed dose rate is increased, the rate of solute decanposition 

is increased in exact proportion. 

The radiolytic d-sition ra te  should exhibit a Lanquirian 

relationship w i t h  respect to the reciprocal i n i t i a l  solute concen- 

tration. 

The radiolytic decomposition r a t e  should exhibit  a Langnuirian rela- 

tionship with respect to the reciprocal i n i t i a l  inhibitor concen- 

tration. 

3. 

4 .  

5. 

M?iTF,RIAT.S AND MEI'HOES 

Three separate experiments were run to determine the validity of equation 

4 with regard to &orbed radiation dose rate, i n i t i a l  solute concentration 

and i n i t i a l  inhibitor concentration. 

Effect of Absorbed Radiation Cose Rate: 

Aqueous solutions of I-131-0-iodohippurate were obtained f m  a ccmnercial 

source having a specific concentration of 1 Irci/ml and a mlar Concentration 

of 4.4 x lO-3M (1.31 mg/ml) . 
analysis ut i l iz ing a lithium drif ted germanium detector 

512 channel multichannel analyzer. 

radionuclidic i m p x i t i e s  for any of the 1-131-o-iodohippurate solutions used. 

* 

Radionuclidic purity w a s  determined by multichannel 
** 

i n  conjunction with a 
*** 

G a m ~  spectral analysis yielded no apparent 

Radiochanical purity of the 1-13I-o-iodohi~purate s o l u t b n s  was  assessed by 

two ascending chrcmatography techniques: 

ITLC-SG**** strips as the support and chloroform: 

phase (system A)and paper chramatography using whatman #I  paper as the support 

thin layer chromatography using Seprachran 

acetic acid (9:l) as &e m b i l e  

* 
**E.R. Squibb & Sons, New Brunswick, NJ 

O r t e c  Model 8000-45, Oak Ridge, 'IN 

Gelrran Instrument Co., Ann Arbor, M I  

*** 
****Nucleonic D a t a  Inc., SChaLIKtkErg, IL 
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and n-butan01 : acetic acid : w a t e r  (4: 1 :1) as the m b i l e  phase (systgn B) . 
Five ml of I-131-0-iodohippurate solution were spotted on 3 x 15 an. paper 

and ITLC-SG strips. 

and analyzed by radiochrmtogram str ipscanning.  

the chranatqram were quantitated using a d i g i t a l  electronic peak integrator. 

The s t r i p s  were developed in the respective solvent systems 

The areas under each peak on 

I-131-0-iodohippucate has been shown to exhibit  an Rf value of 1.0 in 

chramtqraphy system A' and an R f  value of 0.92 i n  the paper chrcmztqraphy 

system.' The major radiochenical impurity, iodide ion, w a s  shown to have an 

EE value of 0.1 i n  s y s t m  A and 0.23 i n  systan B. 

lots of I-131-0-iodohippmate showed no detectable levels of radiochenical im 

purity in any solution a t  the time of receipt. 

Analysis of three separate 

Sample solutions were prepared containing 50 pCi  of radioactivity and 1 mj 
* 

of o-iodohippurate per ml. Stable 0-iodohipplrate was added as carrier to 

aliquots of the radioactive solution i n  order to d i lu t e  the radioactivity to a 

level which could ke neglected as a major source of product d e c a p x i t i o n .  

level of radioactivity was  s t i l l  suff ic ient  for  analytical  purposes. 

were then brought to volume with distilled w a t e r  such that each m l  of s-le 

contained 50 p C i  of radioactivity and 1 .O q of o-iodohippurate. 

of sample w e r e  placed i n  5 m l  multi-dose v i a l s ,  stoppered and crlmped closed. 

The 

The aliquots 

One m l  volumes 

The samples were placed annularly a t  several distances frm a 7,200 Curie 
** 

Cobalt-60 radiation source and irradiated for 1 hour. 

Imnediately following irradiation, each sample was  rerroved from the ir- 

radiation room and the solutions analyzed. 

spotted with approximately 20 ml of 0.5 N sodium thiosulfate to prevent the 

loss of inorganic iodine which may be present i n  elemental form. 

w e r e  developed under nitrogen and protected f r o m  l ight .  

q a m s  were analyzed by s t r ipscanning techniques and quantitated using a 

d i g i t a l  peak integrator. 

All chramatogram s t r i p s  were pre- 

The strips 

The developed chKHM- 

The experiment w a s  repeated fo r  samples irradiated 

* 
**Aldrich C h d c a l  Ccanpany, Milwaukee, Wisconsin 

Phoenix M a r i a l  L a b s ,  University Of Michigan, Ann Arbor, Michigan 
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for 2, 3 and 4 hours and the ent i re  experiment was carried out three t imes  to 

reduce statistical variabil i ty.  

Effect of I n i t i a l  Solute Concentration: 

Since a given radiation dose yields a def ini te  concentration of reactive 

radicals which, i n  turn, react with the solute present it is expected that 

varying the concentration of solute should not affect  the total n-r of 

mlecules that deccanpose ht rather should alter the proportion of molecules 

undergoing deccsnposition a t  a particular radiation level. I f  non-radioactive 

solute is added to a solution of radioactive compound, the non-radioactive solute 

w i l l  canpete with its radioactive counterpat  i n  reaction with radiation induced 

reactive species i n  solution. 

canpound remaining, the rate of radiolytic decomposition wuld  decrease with 

increasing solute concentration as long as indirect  decanposition effects 

were predxninant i n  the systan. 

Expressed as a fraction of pure radioactive 

Sample solutionswereprepared containing 50 pCi of radioactivity and 3.0 

mg of 0-iodohippurate per m l  along w i t h  varying concentrations of f ree  radical 

scavenger (0.05, 0.1,  0.15, 0.2,  0.3, 0.5 and 1 percent benzyl alcohol). One 

ml sanqles were positioned annularly a t  a distance f m  the Co-60 source corres- 

ponding to an absorbed radiation dose rate of 1.46 x lo4 Rads/hr. 

were irradiated for one hour i n  the dark a t  15 degrees C. 

i rradiation, the samples were r m v d  and aliquots analyzed in the same manner 

as described above. 

for 2 ,  3 and 4 hours and the experiment was  repeated three times to reduce statis- 

tical variation. 

The samples 

I n e d i a t e l y  after 

The same procedure was carried out with samples irradiated 

RESULTS 

&orbed Radiation Dose Rate: 

Figure 1 d a m s t r a t e s  the results obtained when changes i n  absorbed radia- 

t ion dose rate cccurred. 

position displayed an exponential dependency on the time of irradiation. 

For any given dose rate, radiopharmaceutical decarr 

H o w  
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ever, as the &se rate increased, the rate of I-131-0-iodohippurate d-si- 

tion increased. This behavior agreed with theory as expressed in equation 4. 
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Figure 1: Radiolytic Decomposition of 1-13l-o-iodohippurate, 
concentration 1 . 0  mgJm1. 

Key: 0 =  4 . 4 ~ 1 0 ~  RadJhr B= 7 . 2 ~ 1 0 ~  Rad/hr 

*= 9 . 6 ~ 1 0 ~  Rad/hr @ =  1 . 4 6 ~ 1 0 ~  Rad/hr 
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I n i t i a l  Solute Concentration: 

Figure 2 shows the effects of increasing solute concentration on the rate 

The Lanqmirian curve is again p r e  of deccmposition of I-131%-icdohippurate. 

dicted by the theory developed. 

is dominated by the "a" term and the r a t e  appears independent of h. 
increases, however, it exerts mre of an effect  on the decompositioh rate and 

causes the rate to decrease. 

In  essence, a t  lw%, the expression a + b h ,  

As AO 

1.4 1 
0 1.46 x l o 4  Rad/hr 

n / 
* 9.6 x lo3 Rad/hr 

0 7.2 x lo3 Rad/hr 

0 4.4 x lo3 Rad/hr 

c 
I I 1 

0.33 1 .o 2.0 

1/  o-iodohippurate ( m g / m l )  

Figure 2 .  

Effect of i n i t i a l  concentration of o-iodohippurate 
on radiolytic decomposition 

a t  several radiation dose rates. 

I n i t i a l  Inhibitor Concentration: 

Figure 3 shows experimental data which agrees with the tharetical relation- 

ship between decomposition rate and the i n i t i a l  concentration of f ree  radical 

inhibitor. 

rr~lecules for free radicals. As the effective concentration of f ree  radicals 

Benzyl alcohol effectively ccanpeted with 1-131-o-iodohippurate 
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available for reaction with the radiopharmaceutical decreased, the rate of radio- 

lytic dexqosition was  shown to diminish. 

2 4 6 8 1 0  20 m 

1/ [Benzyl Alcohol] (Percent) 

Figure 3: Effect of initial Benzyl alcohol concentration on 
rad iolyt ic decomposition rate . 

coNcLus1oNs 

Product decchnposition due to autoradiolysis or external irradiation appears 

to be a simple exponential relationship with respect to &orbed radiation dose. 

However, the absorbed radiation dose rate, ini t ia l  solute concentration and, i f  

present, the i n i t i a l  concentration of free redical inhibitors are actually involved 

and their values dictate the relative stability of the compound. 

The equation 

describes the radioytic decomposition of I-131-0-icdohippurate i n  the presence 

of a free radical inhibitor. 

radical inhibitor containing pharmaceuticals to explain product stability. 

This rrcdel may be extrapolated to other f r e e  
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