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The high myocardial concentration and f a s t  blood pool clearance of TI -201 

are useful features  i n  myocardial imaging f o r  the detection of myocardial 

infarction and t rans ient  ischemia. Howe.ver, considerations of the high absorbed 

doses i n  organs such as kidneys and in tes t ines  have been the main concern i n  ' i t s  
. . 

applications. In this  paper we will present a study of the biokinetics of TI-201 

in mice a f t e r  intravenous and oral administrations.  A.simple compartment model 

i s  proposed i n  t he  analysis.  I t  i s  hoped tha t  the r e s u l t s  will provide inf'orma- 

t ion  on the physiological and biochemical kinet ics  of TI-201 t o  serve as a guide 

in the  collection of c r i t i c a l  data t o  be used f o r  the construction of a human 

. . model . 
Seven- t o  eight-week-old CF1-strain female mice weighing 25-30 gins. were 

used i n  the t i s sue  dis tr ibui ton study. The appropriate amount of car r ie r - f ree  . . 

TI-201 i n  0.1 m l  of TlCl solution was administered t o  fas t ing  mice. Data were 
. . 

collected a t  time of 1/2 minute up t o  7 days a f t e r  i . v .  and oral adrnin- 
. . 

i s t r a t ion .  After sacr i  f i  ce by exsanguination , organs and t i s sue  'samples were 
. .  . 

removed and weighed; the  radioact ivi ty was counted against  a standard t o  c o r r e c t  

f o r  physical decay and t h e  7: injected dose was determined. A t  l e a s t  three mice 

were taken f o r  each 'time point. 
. . 

The f i r s t  s l i d e  (1) shows the t i s sue  dis tr ibut ion curves of TI-201 i n  

mice a f t e r  the i:v. inject ion.  Three d i s t inc t  groups a re  evident. The.blood 
. . 

curve shows a f a s t  i n i t i a l  clearance ra t e  w i t h  a half-time of l e s s  than 1/2 

minute and levels  off to  a half-time of about 1-1'/2 days a f t e r  5 hours follow- 

ing the  inject ion.  Kidney concentra.t- ion .is highest among, a l l  t i s sues  and. 

maintains a kidney-to-blood r a t i o  of about 350. A1 1 o the r  organs show a f a s t  

i n i t i a l  uptake t o  about 90% of maximum within one minute. After 5 hours follow- 

ing inject ion,  a l l  shbv~ a constant disappearance r a t e  w i t h  half-tirne.of abou t .  



1-1/2 days and the tissue-to-bl.o.od ra t ios  c lus ter  between 20 to. 50. Data from 

the oral administration show a f a s t .  i n i t i a l  uptake in the  l i v e r  and wall of the 

small in tes t ine  and slower uptake i n  a l l  other organs. From 5 hours a f t e r  

administration,.distribution curves of a l l  organs exhib i t  characterist . ics s imi lar  

. t o  those of the i .v. inject ion.  

The next s l i d e  (2 )  shows comparison o f  the heart-to-blood and heart-to- 

l u n g  r a t ios  from the  i .v.  and oral administrations. In the i.v. inject ion,  the 

heart-to-blood and heart-to-lung r a t i o s  of 60 and 2 respectively a r e  maximal 

a t  about one hour. In the  oral administration, they maintain a broad maximum 

between 1 and 5 hours and are about 26 and 1.6 respectively. 

In the  next s l i d e  ( 3 ) ,  we see t h a t  the heart-to-liver ra.t io is  about , 

3 a t  1 hour a f t e r  i .v. -injection and maintain a, broad maximum of about I .  3 
. . 

.between 1' and 5 hours a f t e r  oral administration. The heart-to-muscle r a t i o  

i s  about . 7 . a t  1 hour a f t e r  i . v .  inject ion and decrease from about 4 t o 2  b e t k e n  

1 .  and 5 hours a f t e r  oral administration. The high r a t i o i  i n  this and the l a s t  

s l i d e  are  important' factors  i n  the success of TI-201 i n  myocardial imaging. 

- . .The next s l  ide (4)  show; the blood curve of TI-201 i n  mice a f t e r  i .v .  

injection. The dashed curve is  a l e a s t  square f i t  t o  the  experimental data 

using a sum of three exponentials. The f i r s t  component gives' a disappearance 

half-time of l e s s  than 1/2 minute and can be considered t o  be due t o  the f a s t  

equilibrium ra tes  between the blood and the extracel l  u lar  space i n  the t issue.  

Since this f a s t  component does not provide much information t o  the kinet ic  

study, we will consider the equilibrium between blood and the ext race l lu lar  

space t o  be instantaneous. A l eas t  square f i t  using a sum of two exponentials 

gives a blood concentration of about 27; of the injected dose/gm a t  zero time. 

To construct a c0rnpartmen.t model, ye considered the mixable blood pool as 

a composite compartment congisting o f . t h e  blood an? the  ext race l lu lar  space 



related t o  each organ. The experimentally measured a c t i v i t y  is  a sum of t ha t  

i n  t h e  in t r ace l lu l a r  and t h a t  i n  the re la ted  ex t r ace l lu l a r  compartment. The 

exchange of TI -201 between the mixable' blood pool .and' the in t r ace l lu l a r  compart- 

ment of the  t i s sue  a re  given by the  r a t e  constants X's. 
. . 

,The next s l i d e  (5) shows a simple compartment model propos.ed fo r  the . 

TI-201 biokinetics i n  mice. Pathways of d i rec t  exchange are  assumed between 

the mixable blood pool and the organs: heart ,  lung,.  l i v e r ,  spleen, stomach, . . 

kidney and the in tes t ina l  walls. Excretion of TI-201 i s  assumed t o  be car r ied  

out by t h e  urine and feces. We have applied the Simulation, Analysis and 

Modeling program (a1 so known as SAAM) which i s  developed a t  the National I n s t i t u t e  

of Health t o  the  compartment model analysis.  The. t issue dis t r ibut ion data from 

both the  i. v. and .oral administrations are  used t o  determine the rates  constdnts 
,. .. 

X's i n  t h e  model. . . 

In the next s l i d e  (6)  we show 3 comparison between the  experimental data. 

(shown w i t h  d i f f e ren t  symbols) and t h e  r e su l t s  from the . compartment model cal-  
. . 

culation (shown i n  so l id  and dashed l i n e s )  f o r  the  digest ive system a f t e r  i .v.  

inject ion.  Similar agreement has a l so  been found f o r  o ther  organs and f o r  a l l  

' organs a f t e r '  oral  administration. The t i ssue  d is t r ibut ion  curves calculated 
. . 

from the '  compartment model 'can be. integrated t o  obtain the  residence time of 
' ' TI -201 i n  t he  organs. The resu l t s  are  shown i n  the next s l i d e  (7) .  

The absorbed dose can be obtained by correcting the  t i ssue  dis t r ibut ion 

curves f o r  physical decay before integration and mu1 t ip ly ing  by the S fac tor  

determined by t h e  MIRD Committee. SSnce a l l  t i s s u e  d is t r ibut ion  curves a re  

s imilar  i n  shape, t he  residence time wil l  be. approximately proportional t o  the 

fract ional  cumulated ac t iv i ty  i n  the organ per u'ni t of administered ac t iv i ty .  

Hence the  cumulated ac t iv i ty  in the kidney i s  about the  same as tha t  i n  the 
. . 



' e n t i r e  in t e s t ines  plus content and is about four times t h a t  i n  the l i ve r .  I t  

i s  a l so  noted t h a t  the residence time f o r  a l l  organs from the oral administra- 

t ion .is about 75% o f ' t h a t  from the i . v .  in ject ion suggesting a decrease i n  

absorbed dose f o r  a1 1, organs fo l l  owing oral administration. 

The r a t e  constants, obtained from the compartment model analysis  a re  use- 

ful i n  understanding the physiological and biochemical kinet ics  of TI-201 i n  

the in t ac t  s u b j e c t ,  valuab1e:information which would be d i f f i c u l t  t o  obtain 

from other  means. A l i s t  of these . r a t e  constants and t h e i r  respective fract ional  

standard deviations a re  given' i n  the d is t r ibuted  hand-out. For example, the 

ra te  constant from blood t o  kidney i s  .about twice the return r a t e  and t h i s  

coupled w i t h  the  small r a t e  constant t o  the urinary excretion gives r i s e  t o  the 

high concentration of ac t iv i ty  observed i n  the kidney data. The high r a t e  

constants between the  in tes t ina l  walls and in t e s t ina l  contents suggest t h a t  two- 

directional exchange of TI-201 between them. Recently i t  has been shown tha t  

the uptakeof  TI-201 i n  humans a f t e r  exercising is  very high in the thigh 

muscle. and very low i n  the l iver .  Such changes' i n  the uptake can be accounted 

f o r  by appropriate changes i n  the corresponding r a t e  constants. 

' In conclusion, we have studied the  biokinetics of TI-201 i n  mice a f t e r  

i.v.. and oral  administrations. A compartment model analysis was applied w i t h  . 

good resu l t s  and provided valuable information on the  physiological and bio- 

chemical k ine t ics  of TI-201 as well as a more accurate calculation of absorbed 

dose in the organs. In the  future,  we plan t o  use t h i s  compartment model 

developed with mice as a guideline f o r  col lect ing c r i t i c a l  data in  human studies .  

Human t i s sue  d is t r ibut ion  data are  scarce and incomplete because of the d i f f i -  

cu l t i e s  attendant t o  t h e i r  col lect ion.  He hope t o  be able t o  construct a rea- 

sonably complete human compartmental model from such .meager data by using 

informateion obtained in the mouse model as a guide.. 
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TI-201 TISSUE DISTRIBUTION 
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TI-201 BLOOD DISAPPEARANCE CURVE IN MICE (I Y.) 
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COMPARTMENT MODEL FOR TI-201 BlOKINETlCS IN MICE 
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BlOKlNETlCS FOR, TI-201 IN MICE' (1.V) 
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ESIDENCE TIME FOR TI-201 (HR) 
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