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Acetate
[1-"'C]Acetate
ki
Biokinetic model

Acetate labdled with *1C in the carboxyl position, [1-1Clacetate, is used for dynamic
PET gtudies of myocardid metabolism (Armbrecht et al., 1990; van den Hoff et al., 1996;
Sunet al., 1997), and in rend (Schreeve et al., 1995), pancrestic (Shreve and Gross, 1997)
and nasopharynged disease (Yeh et al., 1999).

In most tissues, after extraction from the blood, [1-11C]acetate is activated to acetyl co-
enzyme A (CoA) and enters the tricarboxylic acid (TCA) cycle. From the TCA cyclethe
labd islost mainly in theform of 1CO, (Armbrecht et al., 1990). In resting myocardium the
behaviour of [1-11C]acetate can be summarized as follows (Armbrecht et al., 1990):

extraction of about two-thirds of the activity in asingle capillary transt,

avery rapid initid washout phase (T, < 5 sec),

activation of [1-''C]acetate to [1- ' C]acetyl-CoA within afew seconds,

labdling of TCA cyde intermediates takes several minutes,

onset of rapid 11CO, release after 2-3 min,

1COo, releaseis bi-exponentia.

In al the tissues studied, the peak uptake gppears to be reached within lessthan 3
minutes. After 3-5 min 50% of the tissue activity is present as 1*CO,; 24% as non-ionized
gpecies and 13% each as acetate and TCA-amino acid intermediates (Sun et al., 1997). The
rate of metabolism of the radiopharmaceutica reflects the rate of oxidative metabolism in the
tissue, and thus the oxygen supply.

Clinical sudiesindicate that in both myocardium and kidney parenchyma, theinitia
uptake is complete by 2.5-3.0 minutes post-injection and that between 3 and 30 minthe *'C is
logt from the tissues with hdf-time of ~10 min. In normal pancreas the uptakeis aso
completein 3 min, and up to 30 min, & leas, the activity islost from the tissue with a hdf-
time of 38 min. In the liver, uptake is again rapid, pesking a ~3 min, thereafter the loss 1'C
from the tissue follows a tri-exponentia clearance, with 35% being cleared with a hdf-time
of 10 minutes and the remainder with haf-times of 1 (30%) and 2 hours (35%) respectively.

Few data on the fractiona deposition of [*'CJacetate in human tissues appear to be
availablein the literature. However, since thereis a high extraction rate for [1-11Clacetatein
mogt tissues and its rate of metabolism reflects the tissue oxygen supply, the rate of blood
flow, expressed as afraction of the cardiac output, in the tissue might be used asan
approximation of the tissue uptake of [1-'!Clacetate. Leggett and Williams (1995) have
tabulated blood flow data for most human tissues, and these values have been used to
congtruct the biokinetic modd illustrated below. In this modd, uptakein dl tissuesis
assumed to be rapid with a hdf-time of 1 min.
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Biokinetic data

Acetate

Organ (S) Fs Ty (hours) a AJAq (hours)
Blood 1.0 0.017 1.0 0.023
Heart wal 0.045 -0.017 1.0 0.014
0.17 0.50
8.0 0.50
Kidneys 0.19 -0.017 1.0 0.059
0.17 0.50
24 0.50
Liver 0.25 -0.017 1.0 0.075
0.17 0.35
1.0 0.30
2.0 0.35
Pancreas 0.01 -0.017 1.0 0.0035
0.67 0.50
2.0 0.50
Other tissues 0.505 -0.017 1.0 0.15
0.17 0.50
8.0 0.50

[This biokinetic mode is not gpplicable for 1*C|
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C
6
Acetate
Absorbed doses: [1-'C]Acetate
'C 20.38min
Absorbed dose per unit activity administered (mGy/MBQ)
Organ Adult 15years  10years 5years 1 year
Adrenas 3.5E-03 4.4E-03 6.8E-03 1.1E-02 1.8E-02
Bladder 1.2E-03 1.5E-03 24E-03  4.0E-03 7.2E-03
Bone surfaces 15E-03 20E-03 3.1E03 4.9E03 9.8E-03
Brain 1.0E-03 1.3E-03 2.1E-03 3.5E-03 6.7E-03
Breest 1.2E-03 15E-03 2.6E-03 4.1E-03 7.8E-03
Gall bladder 35E-03 4.0E03 56E03 9.0E03 1.6E02
Gl tract
Stomach 2.0E-03 24E-03  4.0E-03 6.1E-03 1.1E-02
S 1.8E-03 2.2E-03 3.6E-03 5.8E-03 1.1E-02
Colon 1.6E-03 20E-03 33E03 52E03 9.6E-03
(ULI 1.9E-03 2.3E-03 3.8E-03 59E-03 1.1E-02)
(LLI 1.3E-03 1.6E-03 2.6E-03 4.2E-03 7.7E-03)
Heart 1.3E-02 1.7E-02 2.7E-02  4.2E-02 7.6E-02
Kidneys 5.3E-02 6.4E-02 9.1E-02 1.3E-01 2.4E-01
Liver 1.4E-02 1.8E-02 2.8E-02 4.1E-02 7.7E-02
Lungs 2.4E-03 3.1E-03  4.9e-03 7.7E-03 1.5E-02
Muscles 1.4E-03 1.7E-03 2.7E-03  4.3E-03 8.2E-03
Oesophagus 1.5E-03 1.9E-03 29E-03  45E-03 8.3E-03
Ovaries 1.4E-03 1.8E-03 29E-03 4.7E-03 8.9E-03
Pancreas 1.2E-02 1.6E-02 33602 4.3E-02 9.2E-02
Red marrow 1.8E-03 2.2E-03 3.4E-03 5.2E-03 9.4E-03
Skin 1.0E-03 1.3E-03 2.1E-03 3.3E-03 6.5E-03
Spleen 2.9E-03 3.7E-03 5.9E-03 9.1E-03 1.6E-02
Testes 10E-03 13E-03 21E-03 3.3E03 6.6E-03
Thymus 1.5E-03 1.9E-03 29E-03 4.5E-03 8.3E-03
Thyroid 1.3E-03 1.6E-03 2.7E-03  45E-03 8.6E-03
Uterus 1.4E-03 1.8E-03 2.86-03  4.6E-03 8.6E-03
Remaining organs 1.4E-03 1.8E-03 2.86-03  4.5E-03 8.2E-03
Effective dose 3.5E-03 4.4E-03 6.7E-03 1.0E-02 1.9E-02

(mSvIMBQ)
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C
6

Methionine

L -[M ethyl-"'C]-methionine

11C
Biokinetic mode

The amino acid L-[Methyl-1C]-methionine can be applied in tumour diagnosis and to the
study of protein synthesis using positron emission tomography (PEI'Z. Deloar et al., (1998)
reported quantitative PET studies on the distribution of L-[Methyl-'*C]-methioninein five
hedlthy, male volunteers, aged 22 to 40 years. The data suggested that about 90% of the
activity was lost from all tissues during the first 90 minutes after injection; with biological
half-times ranging from about 20 to 30 minutes. Thereafter the activity gppeared to be logt
more sJowI}/, with a hdf-time that could be consdered to be long in relation to the physicd
half-lifeof *'C.

On the basis of the human data of Deloar et al., (1998) the biokinetic model presented below
was developed. In the study of Deloar et al., the uptake of L-[Methyl-*1C]-methionineinto
the brains of the 5 volunteers was estimated to be 2.8+0.7% of the injected activity, some 7
times higher than the value of 0.4% previoudy estimated by Comar et al., (1976).

Referencesfor L -[Methyl-'1C]-methionine

Comar, D., Catron, J. C., Maziere, M., Marazanop, C. (1976). Labelling and metabolism of
methionine-methyl-*1C. Eur. J. Nucl. Med. 1, 11-14.

Deloar, H. M., Fujiwara, T., Nakamura, T., Itoh, M., Imai, D., Miyake, M. and Watanuki, S.
(1998). Estimation of internal absorbed dose of L-[methyl-1C]-methionine usng whole
body positron emission tomography. Eur. J Nucl. Med. 25, 629-633.
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c
6
Methionine
Biokinetic data
Organ (S) Fs Ty, (hours) a Ad Ag(hours)
Bran 0.030 0.4 0.90 0.0086
12 0.10
Kidneys 0.022 0.4 0.90 0.0063
12 0.10
Kidneys, excretion proc. 0.026
Liver 0.22 0.4 0.90 0.063
12 0.10
Lungs 0.05 0.4 0.90 0.014
12 0.10
Pancreas 0.016 0.4 0.90 0.0046
12 0.10
Spleen 0.010 0.4 0.90 0.0029
12 0.10
Gdll bladder contents 0.077 0.0033
Gl-tract
Smdll intestine cont. 0.22 0.0055
ULI contents 0.22 0.00064
LLI contents 0.22 0.000024
Urinary bladder contents 0.78 0.13
(@l ages)
Other organs and tissues 0.652 04 0.90 0.19
12 0.10

[This biokinetic mode is not applicable for 1*C)
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C
6

Methionine
Absorbed doses: L-[Methyl-"'C]-methionine

'c 2038 min
Absorbed dose per unit ctivity adminigered (mGy/MBQ)

Organ Adult 15years 10years  5years 1year
Adrends 29E-03 36E-03 57E03 89E03 1.6E-02
Bladder 9.1E-02 1.2E-01 18E-01 27E01 5.1E01
Bone surfaces 1.7E-03 22E-03 34E-03 54E-03 1.1EO02
Brain 22E-03 22E-03 24E-03 28E03 4.0E-03
Breast 13E-03 17E-03 27E-03 45E03 8.8E03
Gall bladder 1.1E-02 12E02 16E-02 29E02 9.6E-02
Gl tract

Stomach 2.1E-03 26E-03 43E03 6.8603 1.3E-02

Sl 33E-03 43E03 7.1E03 1.1E02 21E-02

Colon 29E-03 37603 58E-03 9.0E-03 1.6E-02

(ULI 26E-03 33E03 53E03 84E03 1.5E02

(LLI 34E-03 4.2E-03 65E-03 9.8E-03 1.7E-02)
Heart 19E-03 25E-03 4.0E-03 6.3603 1.2E-02
Kidneys 3.0E-02 36E-02 50E02 7.4E02 13E01
Liver 1.1E-02 15E-02 23E02 34E02 6.4E-02
Lungs 45E-03 6.7E-03 95E-03 15E-02 29E-02
Muscles 19E-03 24E-03 38E-03 6.1E03 1.2E-02
Oesophagus 15E-03 19E-03 30E-03 49E03 9.5EO03
Ovaries 34E-03 43E03 65E03 10E-02 1.8E02
Pancreas 13E-02 19E-02 39E-02 50E02 1.1E01
Red marrow 20E-03 25E03 3.7E-03 55E03 9.8E-03
in 1.3E-03 16E-03 26E-03 4.4E-03 8.6E-03
Spleen 57E-03 8.1E-03 1.2E-02 19E02 3.6E-02
Testes 25E-03 34E-03 59E03 9.3E03 1.7E-02
Thymus 15E-03 19E-03 30E-03 49E03 9.5E03
Thyroid 1.3E-03 17603 28E-03 4.76-03 9.3E-03
Uterus 57E-03 6.8E-03 1.1E-02 1.7E-02 2.9E-02
Remaining organs 23E-03 3.1E03 49E03 7.9E03 1.3E-02
Effective dose 74E-03 9.7E-03 15E-02 22E-02 4.2E-02
(mSv/MBQq)

Bladder wall contributes to 61 % of the effective dose when the first voiding occurs after
3.5 hours.

Effective dose if bladder is emptied 1 or 0.5 hour after administration:

1 hour 6.3E-03 8.2E-03 1.3E-02 1.9E-02 3.7E-02
30 min 5.2E-03 6.8E-03 1.0E-02 1.6E-02 3.0E-02
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F-DOPA

6-['°F]-Fluoro-L-3,4,-dihydr oxyphenylalanine (6-[°F]Fluor o-L-dopa)
18
F

Biokinetic modd

The amino acid andogue 6-fluoro-L-dopa (F-DOPA) israpidly taken up into the human brain
and transformed into the important catecholamine neurotransmitter dopamine (Luxen et al.,
1992, Pauwels et al., 1994). After |abelling with the postron-emitting radioisotope fluorine-
18 the resuilting *8F-DOPA can be used for the scintigraphic investigation of normal and
pathologica dopamine metabolism in the human brain and in tumours (Luxen et al., 1992,
Meyer et al., 1995, Heiss et al.,1996) and for the quantitative assessment of dopaminergic
function in Parkinson's disease and other conditions.

Studiesin norma human volunteers, and in dogs, after administration of *2F-DOPA have
shown that the activity is more or less uniformly distributed throughout the body tissues and

is removed by a bi-exponentid process with biological hdf- times of ~12 hours (67-94%) and
1.7 - 3.9 hours (6-33 %) (Harvey et al., 1985, Boyes et al., 1986). Both these half-times
appear to be age-dependent (Harvey et al., 1985). The *8F is excreted through the kidneys,
50% with a hdf-time of 0.7 hours and 50% with a haf-time of ~12 hours (Harvey et al.,
1985).

On the basis of the biokinetic data given by Harvey et al., (1985), and Dhawan et al., (1996),
the biokinetic model for 13F-DOPA illustrated in the biokinetic data table was devel oped.
This model assumes that, 100% of the 18F is homogeneoudly distributed in the body and
eliminated through the kidneys with biologica hdf-times of 1 hour (50%) and 12 hours

(50%). Thismode was, in spite of observations cited above, assumed to be independent of

age.

Human studies have shown that the uptake of *®F-DOPA in the striatum and cerebellum can
be increased gpproximatdy two-fold by adminigration of the amino decarboxylase inhibitor
carbidopa (Melegaet al., 1990, Hoffman et al., 1992, Brown et al., 1998).
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Boyes, R E., Cumming, P., Martin, W. R. W., McGeser, E. G. (1986) Determination of
pl asma[* F] -6-fluorodopa durlng positron emisson tomography elimination and metabolism
in carbidopa treated subjects. Life Sciences 39, 2243-2252.

Brown, W.D., Oakes, T.R., DeJesus, O.T., Taylor, M.D., Roberts, A.D. Nickles, R.J.,
Holden, JE. (1998) Fluorine-18-fluoro-L-DOPA dosmetry with carbidopa pretreatment. J.
Nucl. Med. 39, 1884-1891.
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and humans. Life Sciences 47, 149-157.
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F-DOPA

Biokinetic data
Organ (S) Fs T:,(hours) a AdAg(hours)
Total body 1.00 1 0.50 161
12 0.50

Kidneys 1.00 0.032
Urinary bladder 1.00

Adultsand 15 years 0.60

10 years 0.53

5yearsand 1 year 0.37
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F-DOPA
Absorbed doses: *F-DOPA

18F 1.83 hours

Absorbed dose per unit activity administered (mGy/MBQ)

Organ Adult 15years 10years  5years 1year
Adrends 9.6E-03 1.2E-02 19E02 3.0E-02 55E-02
Bladder 30E-01 38E01 51E01 56E01 1.0E+00
Bone surfaces 94E-03 1.2E-02 18E02 27E02 5.1E-02
Bran 70E-03 8.7E-03 14E02 24E-02 4.4E-02
Breast 6.6E-03 84E-03 13E02 20E02 4.0E-02
Gdl bladder 10E02 12E-02 1902 28E02 5.0E-02
Gl tract
Stomach 9.3E-03 1.1E02 17602 27E02 5.0E-02
Sl 1302 16E-02 25E02 35E02 6.5E-02
Colon 15602 18E-02 26E-02 36E02 6.3E-02
(ULl 12E-02 15E-02 22E-02 33E02 59E02
(LLI 18602 21E-02 31E02 41E02 6.9E02)
Heart 88E-03 1.1E02 18E02 27E02 5.0E-02
Kidneys 25E-02 3.0E02 42E02 6.3E02 1.1E-01
Liver 89E-03 11E02 17602 28E02 5.2E-02
Lungs 78E-03 10E02 16E02 24E02 4.6E-02
Muscles 9.8E-03 1.2E-02 19E02 28E02 5.2E02
Oesophagus 80E-03 10E02 16E02 25E02 4.8E02
Ovaries 17602 22E-02 31E02 42E02 7.4E02
Pancreas 10E-02 12E-02 20E02 30E02 5.6E02
Red marrow 9.7E-03 1.2E-02 18E02 26E02 4.7E-02
in 6.9E-03 84E-03 13E02 21E02 4.1E-02
Spleen 9.2E-03 1.2E-02 18E02 28E02 5.2E02
Testes 1302 18E02 28E02 38E02 7.1E02
Thymus 80E-03 10E02 16E02 25E02 4.8E02
Thyroid 80E-03 10E02 16E02 27E02 5.0E-02
Uterus 28E-02 33E02 49E02 6.1E02 1.1E-01
Remaining organs 99E-03 1.2E-02 19E02 28E02 5.1E-02
Effective dose 25E-02 3.2E-02 45E-02 5.6E-02 1.0E-01
(mSv/IMBQ)

Bladder wall contributes to 60 % of the effective dose when the first voiding occurs after
3.5 hours.

Effective dose if bladder is emptied 1 or 0.5 hour after administration:

1 hour 1.8E-02 2.3E-02 3.4E-02 4.7E-02 8.7E-02
30 min 2.0E-02 2.5E-02 3.6E-02 4.7E-02 8.8E-02
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