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The high myocardial concentration:énd fast blood pool clearance of T1-201

- are useful features in myocardial imaging for the detection of myocardial

infarction and transient ischemia. However, considerations of the high absorbed

~ doses in organs such as kidneys and intestines have been the main concern in its

applications. In this paper we wi}i present‘a study ofithe biokinetics of T]-ZO]-

in mice after'intravenous and oral administrations. A simple compartmeht mode1
is prqposed in thé ana]ysﬁs. It is hoped that the results will pfovide informa-
‘tion on the physiological and biochemical kinetic§ of T];ZOI to serve as a guide
~in the'éollectioh of critical data to be used forzthe édnstructfon of a human
model. _ | | |

' Seven; to eight-week-o0ld CFl-strain female ﬁice weighing 25-30 gms wére
used in fhe.tissue dfétribuiton study. The approbriate.amouﬁt of carffef—ffee .
T1-201 in 0.1 ml of TIC1 solution was administered to fastingbmice. Data were
_ co1iectedvat time poihts of 1/2 minute up tb 7 déys:after i.v. and oré] admin~
 ‘istrétioﬁ. After Sapriffce by exsanguinatfon, organs and tissue'samp1gs weré
removed and weighed; the radicactivity was éoﬁnfed.agaihét a standard to correct
“for physicai decay and the % injected dose was determined. At least three mice
~vere taken for each;fime point. | | | )
| The firsf slide (1) shows the tissue distributioﬁ curves of T1-201 1in A
hice after the i.v; injection. Thrée distinctléroups are evident. The blood
curve shows a fast initial clearance rate with a Half—tinﬁ of less than 1/2
minute and levels off to a half-time of about ]41/2 days after 5 hpurs fo]]ow—
ing the injectioh. Kidney concentration is'highest among all tfssues and
maintains a kidney-to-blood ratio of about 350. Al1 other organs show a fast
inftia] uptake to‘about 90% of maximum within one minute. After 5 hours follow-

ing injection, all show a constant disappearance rate with half-time of about -



1-1/2 days and the tissue-to-blood ratios ciuster between 20 to 50. Data from
the oral administration show a fast. initia] uptake in the Tiver and vall of the
sma]] intestine and s]ower uptake in all other organs. From 5 hours after
administration, distribution curves of all organs exhibit characteristics sihi]af'
"to those of the 1. v. injectionA | | o
The next slide (2) shows comparison of the heart- to b]ood and heart- to-
lung ratios from the i.v. and oral administrations. In the i.v. injection, the
heart-to-blood and beartftofiung ratios of 60 and 2 resoeotiueiy are maxima]
at about one hour. In the oral administnation, tney maintain a broad maximum
between 1 and 5 hours and are about 26 and 1.6 respectiveiy | |
In the next slide (3), we see that the heart- to liver ratio is about ,.
3 at 1 hour after 1.v. 1nJection and maintain a broad maximum of about 1.3
‘between T and 5 hours after oral administration. -The heant to muscie ratio |
.IS about 7 at 1 hour after i.v. inJection and decrease from about 4 to 2 between
1.and 5 hours after oral administration. The high ratios in this and the 1ast
~slide are important'factors in the success of T1-201 in myocardial imaging.
xTheAnext s1ide (4) shows_the blood curve of T1-201 inimioe after i.v.
injection. The dashed‘eurve is a least square fit to the experihenta] data
using a sum of three exponentials. The first comoonent givesAa disappearance
half-time of less than 1/2 minute and can be considered to be due to the fast
equilibrium rates between the blood and the extracellular space in the tissues
‘.STHCE this fast component does not provide much 1nformation to the kinetic |
study, we will consider the equilibrium between b]ood and the extracellular
space to be instantaneous. A least square fit using a sum of two exponentiais'
gives a blood concentration of about 2% of the injected dose/gm at zero time.
To construct a compartment model, vie considered the mixable blood pool as

L a composite compartﬁent consisting of. the blood and the extracellular space



related to each organ.. The experimenta]]y meaSured-activity is a sum of that'F
in the intracellular and that in the related extréCE11u1ar compartment.- The |
exchange of T1-201 between the mixable blood pool and the intracellular compart- -
ment of the tissue are given by the rate constants A's. | o
The next slide (5) shows a simple compartment model proposed for.the

T1-201 biokinetics in mice. Pathways of direct exchange are assumed between

the mixabje blood pool and'tﬁe organs: heart, ]uné, liver, épleen, stomach,
kidney and the intestina] walls. Excretion of T1¥201 is assumed to be carried
out by the urine and feces. we have app]1ed the S1mu1at1on Analys1s and |
Modeling program (a]so known as SAAM) which is deve]oped at the National Inst1tute
of Health to the compartment model ana]ys1s.' The.t1ssue distribution data from
both the i.t. and oral administrations are used to determine the rétes constants
A's in the model. |

| In the next slide (6) we show a compafison.betWeen the experimental data
 (shown with different symbo]s) and the results from the . compartment model cal-
culation (shown in sol1d and dashed 11nes) for the d1gest1ve system after i.v.
1n3ect1on. S1m11ar agreement has also been found for qther organs and for all
' otgans after oral administration. The tissue distribution curves}ca]cu]ated :
from the compartment mode1 can be.intégrated to obtain the residencé time 6f
T1-201 in the organs. The results are shown in the next s]ide (7).

The absorbed dose can be obtained by‘correcting thé tissue distribution

curves for physicé]vdecay before integration andAmultipiying by the S factor -
‘determined by the MIRD Committee. Since all tissue distribution cﬁrves are
sfmi]ar in shape, the residence time will be approximately proportional to the
fractional cumulated activity in the organ per unit of administered‘actiVity.

Hence the Cumulated activity in the kidney is about the same as that in the



4

‘entire intestines plus content and is about four times that in'the 1iveh. It-
is also noted that the residence time for all organs from the oral administra—
~tion is about 75% of:that from the i.v. fnjection suggesting a decrease in
absorbed dose for all organs following oral administration. |

The rate constants obtalned from the compartment mode1 ana]ys1s are use-
ful in understand1ng the phys1o]og1ca] and b1ochem1ca1 kinetics of T1-201 in
the intact subject, va]uab]ej1nformat1on vhich would be difficult to obtain
- from other means. A list of these'rate constants and their respective fractiona1
standard dev1at1ons are given in the d1str1buted hand out. For example, thev
rate constant from blood to kidney is about twice the return rate and this
coupled with the small rate constant to the urinary excretion gtves rise to the
high concentrat1on of act1v1ty observed in the kidney data. The high rate
constants between the intestinal wa]]s and 1ntest1na1 contents suggest that two-
directional exchange of T1-201 between them. Recently it has been shown that
the uptake-of T1-201 in humans after exercising is very high in the thtgh '
. muscle and very ]ow in the liver. Such changes in the uptake can be accoonted
' for by appropr1ate changes in the correspond1ng rate constants

In conc]us1on, we have studied the biokinetics of T1- 201 in mice after
i,v;'and‘ora1 administrationsc A compartment model analysis was applied with
good results and provided valuable information on the physiological and bio-
chemical kinetics of T1-201 as well as a more accurate calculation of‘absorbed
dose in the organs. In the future, we plan to use this compartment model
.developed with mice‘as a guideline for collecting critical data in human studies.
Human tissue distribution data are scarce and incomplete because of thebdiffi~
cu]ties.attendant to their collection. UWe hope to be able to construct a rea-
" sonably complete human compartmental model from such meager data bytusing_

information ohtained in the mouse model as a guide..



o ———— oy oty s b

' TI201 TISSUE DISTRIBUTION CURVES IN MICE (1.V.)

- | KIDNEY ‘1/.

.  KIDNEY

OTHER TISSUES

1.0

" % INJECTED DOSE/GM

Ol

0.0l




100}

— IV Administration .
one QRAL Administration

" TI201 TISSUE DISTRIBUTION

o

N 2 3 4 5
HOURS |



0l

- 04.

10

TI-201 TISSUE DISTRIBUTION

/
! - .
R A HEART/LIVER RATIO
IT ’l . |
|
¥
1
i
1]
i .

'HEART/MUSCLE RATIO

— LV. Administration
—.- ORAL Administration.

- — —— —— —
O T i ety — S— — ;
— v— o




% ] .
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COMPARTMENT MODEL FOR TI-20I BIOKINETICS IN- MICE
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| RESIDENCE TIME FOR TI-201 (HR)

| ORGANS Sk |
B I.V. ORAL.

HEART | o046 | 034
wNne | ose 063

LIVER 402 302

SPLEEN 047 034

KIDNEY 13.44 990

sTOMACH | 138 | 134

S WALL 656 507

S.I. CONTENT Co1e2 | 1Bl

COLON WALL 2.83  2.08

iCOLON CONTENT - 2.49 . 1.84
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PARAMETERS FOR COMPARTMENT MODEL OF Ti- 20l IN MICE

L I.<1-—-é-— J

RATE_CONSTANTS

| Ar; (HRY) | FSD (sb/A; 4)

" HEART —— BLOOD 0.04 027
BLOOD ——— HEART 137 1.20

" LUNG ~—— BLOOD 0.001 0.45
BLOOD ~—— LUNG 0015 0.45
LIVER ~——— BLOOD 040 026
BLOOD —— LIVER 075 0.28

' SPLEEN ————— BLOOD 0.03 " 0.29
BLOOD ——— SPLEEN 053 0.32
KIDNEY —~—— BLOOD 0.68 0.2
BLOOD -—~—— KIDNEY 0.35 022
URINE —~—— KIDNEY ~ 2x10-4 2.34
STOMACH ' BLOOD 0.6l 0.08
BLOOD . ~<+—— STOMACH L7 0.18

5. CONTENT=——  STOMACH 1.33 0.19

Sl WALL '-~—— BLOOD .27 0.25
BLOOD ~—— S WALL .84 0.21

S.. CONTENT~—— S.. WALL 788 1 0.76
SJ. WALL S.l. CONTENT 2436 0.68
COLON CONTENT S.l. CONTENT 10-5 .77
COLON WALL ~——— BLOOD 0.52 0.22
BLOOD ———— COLON WALL .01 0.30
COLON CONTENT ~———— COLON WALL 43| 0.39
COLON WALL ———— COLON CONTENT 4.0l 0.45
COLON CONTENT] - 0.13

"FECES . ——

0.40
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