
complicated. The preparationis reliableandwell suited for
routine production. It is suggested that the significance of
this tracer is its application to measuring protein synthesis
rates (PSR) in tissues. Indeed in the rat brain and in tu
mors, the tracer was incorporated into acid-precipitable
macromolecular materials (11,12). It was, however, also
incorporated into the lipid fraction (11,13) and into nucleic
acids (14) by transmethylation via S-adenosyl-L-methio
nine. Carboxylic-labeled amino acids are supposed to be
more suitable for measuring PSR because the label is
mainly incorporated into proteins or washed out via side
reactions such as decarboxylation and oxidation (15). A
metabolic study of L-[1-'4C]tyrosine (â€˜4C-Tyr)demon
strated the rationale of using â€œC-labeledTyr for this pur
pose (16). Keen et al. (17) reported a more detailed meta
bolic study using L-[1-'4C]leucine (â€˜4C-Leu)in rats for
tracer kinetic modeling. Recently, a PET study using dogs
demonstrated that â€œC-labeledCO@/HCO is not eliminated
from the body rapidly enough to neglect their contribution
to PET images (18). Therefore, measurementof the PSR in
humans with PET using â€œC-labeledamino acids could
require a kinetic model, including a catabolite-pool (19,20).
Because of the relatively slow PSR in the primate brain,
Coenen et al. proposed that L-2-['8F]fluorotyrosine (â€˜8F-
Tyr) with a longer lived radionucide would be a suitable
tracer to study PSR (21). Brain uptake of â€˜8F-Tyrincreased
with time and the label was incorporated into cerebral
proteins without significant catabolism. These properties
could be more promisingfor measuring PSR and contrast
with the properties of the parent amino acid Tyr. Brain
uptake of â€˜4C-Tyrdecreased over time, probably because
of decarboxylationsuperimposed on increasingradioactiv
ity due to protein incorporation (16).

The aim of this study was to investigate whether amino
acid uptake by brain and tumor tissues reflects PSR in
these tissues. We also discuss the kind of biochemical
information that can be extracted from PET studies with
the positron-emitting amino acids: â€œC-Met,â€œC-Leuand
â€˜8F-Tyr.A group of mice bearing FM3A mammary carci

The significanceof L-Emethyl-11Clmethlonine(11C-Met),L-[1-
11Clleucine(11C-t@eu)and L-2-[189fluorotyrosine(18F-Tyr)for
measuringproteinsynthesis rates in the brain and in tumors by
PETwasre-evaluated.Tissueu@akeandproteinincorporation
of3ftMe@,14@j and1@F-Tyrwereinvestigatedinmicebear
ing the FM3AmammarycarcanomaIn the controlgroup,the
uptakeof all three tracersin the brainand FM3Aand their
incorporationInto the add-precupftablefraction (APF) increased
over 60 mm.When the protsin synthesisin vivo was inhibftedby
cycloheximide,the incorporationof all three tracers into the APF
was significantlyreducedto 6%-32% and 3%-i 1% of the con
trol in the brainand FM3A, respectively.UndertheSeconditions,
total uptakeof 14@4@jin the brainand FM3Adecreasedrapidly,
and mostofthe 14f%@in the APF was detectedas proteins.On the
other hand, 3H-Metand â€˜8F-Tyruptake continued to increase,
and significant amounts of redioactivitywere incorporated into
nonprotein materials. In mice given ouabain to inhibit amino acid
transport; total uptake of all three amino acids by FM3A was
reduced to 67%â€”74%of the control 5 mm postinjection.These
results demonstrate that uptake of the three amino acids is
affected by alterationsin the amino acid transport system in the
brain and tumor tissues, but that only 14@ uptake reflects
protein synthesis rates.

J NuciMed1993;34:1936-1943

ET using appropriatepositron-emitting amino acids is
now an established in vivo means of measuringamino acid
metabolism in tissues such as the brain and tumors. For
this purpose, many positron-emitting amino acids have
been prepared (see references in 1). Among these,
L-[methyl-â€•C]methlomne(â€œC-Met)is widely used for PET
studies ((2â€”10)and their references) because it has a high
blood-brainbarrierpermeabilityand â€œClabelingis not too
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U@ake(%lDIg)

Treatment 5mIn 30mm 6OmIn

Plasma

TABLE I
Effectsof Cydohedmide and Ouabaln on Thsue Disthbutionof RadioactMty in Mice Beating FM3A Tumors After Intravenous

InjectionwithL@[methy1@Z@H1methionine

Control
C@e
Ouabaln
Control
C@ide
Ouabaln
Control
Cydoheximlde
Ouabain
Control
C@e
Ouabaln
Control
C-
Ouabaln
Control

Ouabaln

1.60 Â±0.08

2.40Â±0.30@
I.es Â±o.@i
1.59Â±0.11
1.55 Â±0.34
1.58 Â±0.29
5.46Â±1.70
4.40 Â±1.07
3.68Â±0.68

36.68Â±4.08
25.09 Â±
33.39 Â±6.27
12.92Â±0.68
16.61Â±3.73
12.03Â±1.54

2.20Â±0.17
2.66 Â±0.51
2.37 Â±0.43

1.21Â±0.05
I .40 Â±0.37
0.99 Â±0.07@
1.35Â±0.08
1.30 Â±0.21

1.39 Â±0.07
6.07 Â±0.63
4.98 Â±0.81
4.38 Â±I .08

45.75 Â±4.02
17.63 Â±1.90@
35.74 Â±5.16k
15.29Â±1.22
18.63 Â±1.81*
7.96 Â±0.23*
1.54 Â±0.13
1.81 Â±0.25
I.04 Â±0.09@

2.41 Â±i.oo
1.48 Â±0.09
1.63 Â±0.15
1 .85 Â±0.32

1.39 Â±0.07@
2.01Â±0.20
7.18 Â±1.31
5.19 Â±0.65k
7.69 Â±0.44

38.09Â±7.61
13.85 Â±1.44*
31.88 Â±5.07
20.05Â±1.94
33.77Â±3.04t
20.30Â±2.29

1.39Â±0.09
2.54 Â±O.6O@
1.72 Â±0.45

MeanÂ±s.d.(n= 4-5).
Studenrs t-testswere carriedout betweenthe controland the cycloheidmide-or ouabain-treatedgroup.*p < 0.05, tp < 0.01, @p< 0.001.

Brain

FM3A

Pancreas

Liver

Musde

noma was treated in vivo with cycloheximide to inhibit
protein synthesis in brain and tumor tissues. Another
group of mice was given ouabain to block amino acid
transport. In these two groups and in the control, 3H-Met,
â€˜4C-Leuand â€˜8F-Tyrwere co-injected and tissue uptake
and the incorporation into the acid-precipitable fraction
(APF) were compared. The APF was further divided into
proteins, lipids and nucleic acids. In a previous study (22),
we found that small amounts of 3H-Metand â€˜8F-Tyrwere
incorporatedinto nonprotein macromolecules.

MATERIALS AND MErHODS

Tritium-3-Met(specificactivityof 7.3 GBq/mmol)was pur
chased from Du Pont-NEN Research Products (Wilmington, DE)
and 14C-Leu(specific activity of 1.92 GBq/mmol) from ICN Bio
medicals Inc. (Irvine, CA). Fluorine-18-Tyr (specific activity of
12.6â€”17.4GBq/mmol)was synthesized in our laboratory(23) ac
cording to the method of Coenen et al. (24). Cyclohexnnide and
ouabain were obtained from Wako Pure Chemical Industries, Ltd.
(Tokyo,Japan). OH/He micebearingFM3Amammarycarcino
mas were prepared as described previously (25).

Forty mice weighing26.0 Â±2.0 g were divided into three
groups. The control group was injected i.p. with 0.2 ml of physi
ological saline, whereas the second and the third groups were
given cycloheximide (100mg/kgbody weight)or ouabain(1 mg/kg
body weight) dissolved in physiological saline, respectively.
Thirty minutes later, a mixture of 3H-Met (185 kBqt25.3 nmol),
14C@U (37 kBqIl9.3 nmol) and 18F-Tyr (1.85 MBq/106â€”147

nmol)was administeredand the mice were killedby cervical
dislocation5, 30and60mispostinjection.Bloodwasremovedby
heartpunctureusinga heparinizedsyringe. Plasmawas separated
by centrifugation.Brain, pancreas, liver, muscle and FM3A tis
sueswere dissectedanddividedinto threeportions.Fluorine-18in

thefirstportionofweighedtissues(40-120mg)wascountedusing
a gammacounter.Afterdecayof â€˜8Fradioactivity,the tissues
were diSsOlvedin tissue solubilizer and counted for 3H and â€˜4Cin
a liquidscintillationcounter. Tissue uptake of radioactivitywas
expressed as the percent injected dose per gram oftissue (%ID/g).
In order to assess the incorporation of radioactivity into macro
molecularmaterials,a secondportionof the tissueswas homog
enized in trichloroaceticacid and divided into the acid-soluble
fraction (ASF) and APF as described previously (16). The resid
ual part of the brain and tumor tissues was stored at -80Â°Cand
used for further experiments. The APF of residual tissues was
divided into four fractions: lipids, RNA, DNA and proteins, as
described previously (22). Briefly, after extracting lipids from the
APF with CHC13-CH3OH,the residualprecipitatewas incubated
in0.3M KOHat37Â°Cfor60mis tohydrolyzeRNA.Thesolution
was then acidified with HC1O4and divided into supernatant (al
kaline-labilefraction)andprecipitate.Thereafter,the precipitate
was heated in 0.5 M HQO4 at 90Â°Cfor 15 mm to hydrolyze the
DNA. Finally,the solutionat ice-coldtemperaturewas divided
intosupernatant(acid-labilefraction)andtheprecipitate(protein
fraction).

RESULTS

Tissue distributionof the three tracers and cyclohexim
ide andouabaineffects are summarizedin Tables 1 to 3. In
the control group, all three tracers showed similar tissue
distribution;the highest uptake was observed in the pan
creas followed by the liver, FM3A, muscle and brain. In
the brain,FM3A andliver, increasinguptakewas observed
during 60 min after injection. The pancreas showed the
highest uptake at 30 mm after injection. The brain uptake of
3H-Metwas slightlyhigherthanthatof â€˜4C-Leuor â€˜8F-Tyr,

1937MeasuringProteinSynthesisw@iPETâ€¢Ishiwataat al.



Uptake(%lD/g)

Treatment 5mIn 3OmIn6OmInPlasma

Uptake (%IDI9)

Treatment 5mm 30mm 60mm

Plasma

TABLE 2
Effectsof CydoheximideandOuabainonTissueDistributiOnof Radioactivityin MiceBearingFM3ATumorsAfterIntravenous

InjectionwithL-[1-14CJLetJdns

Control
Cycloheximide
Ouabaln
Control
C@m@e
Ouabaln
Control
C@m@e
Ouabaln
Control
C@ide
Ouabain
Control
Cyclohexlmlde
Ouabaln
Control
C@m@e
Ouabaln

1.81 Â±0.33
0.94 Â±O.25@
1.87Â±0.17
0.99Â±0.10
0.26Â±0.02@
I .39 Â±0.07@
4.38 Â±0.53
2.51 Â±0.26
4.38Â±1.08

36.11 Â±4.89
5.48 Â±0.65*

32.@6Â±0.27
5.85Â±0.88
0.80 Â±0.15*
7.96 Â±O.2Ot
0.86 Â±0.11
0.88 Â±0.10
1.46 Â±0.09@

3.26Â±0.73
0.48Â±0.06@
3.38Â±0.26
I.39Â±0.22
0.17 Â±0.02*
1.68 Â±0.18
4.60Â±I .05
1.32 Â±0.20@
5.06Â±0.65

29.79Â±7.10
2.68 Â±0.15@

24.96Â±5.85
6.73 Â±0.49
0.76Â±0.08*
8.84 Â±O.92@
0.92Â±0.05
0.42Â±0.08*
1.11 Â±O.lO@

MeanÂ±s.d.(n= 4-5).
studenrs t-testswere carriedout betweenthe controland the cycloheximide-or ouabaln-treatedgroup. @p< 0.05, tp < 0.01, @p< 0.001.

TABLE 3
Effectsof Cydoheximideand Ouabain on Tissue Disthbutionof RadloactMtyin MiceBeating FM3ATumors AfterIntravenous

InjectionwithL-[2-18FJFluorotyrosine

1.63 Â±0.16
3.04 Â±0.50@
1.68 Â±0.24
0.91 Â±0.08
0.60Â±O.l3@
1.16Â±0.24
4.08Â±I .05
3.49Â±0.60
3.01Â±0.54

28.08Â±4.45
11.85 Â±2.37
24.76Â±5.60

5.86Â±1.32
1.23 Â±0.15@
5.71 Â±0.63
1.88 Â±0.10
2.35 Â±0.34*
2.06Â±0.40

Brain

Pancreas

Uver

Muscle

and the tumor uptake of â€˜4C-Leuwas slightly lower as pared with the control. Uptake in the pancreas decreased
compared with the other two amino acids. over time. Liver uptake increased over time and was even

Cycloheximide induced a veiy different tissue distribu- enhancedwhen compared to untreated controls. The amount
tion. Tumor uptake of 3H-Met increased for 60 mm, of â€˜4C-Leuin the brain,FM3A, pancreasandliverdecreased
whereas that of the brain remained nearly constant. Radio- rapidly. The level of â€˜8F-1@yrincreased over time in the brain
activity levels in these tissues were slightly lower corn- and FM3A, but decreased in pancreas and liver.

Control
C@dmide
Ouaba@
Control

Ouabain
Control
C@mkJe
Ouabain
Control

Ouabaln
Control
C-
Ouabain
Control
Cydoheidm@e
Ouabain

3.14 Â±0.20

4.02Â±O.4a@
2.96Â±0.33
0.78Â±0.14
0.98Â±0.16
0.98Â±0.29
4.67Â±0.91
4.31Â±0.95
3.46Â±0.49*

25.33Â±3.29
20.06Â±340*
21.69Â±1.95
8.75Â±I .01
8.27Â±I .83
9.38 Â±I .25
2.53 Â±0.15
2.86Â±0.38
2.59Â±0.49

2.99Â±0.24
2.61 Â±0.35
2.89 Â±0.15
1.18Â±0.52
1.07 Â±0.24
1.00 Â±0.11
6.11Â±0.38
6.00Â±0.98
5.02Â±0.72*

30.70Â±2.70
11.88 Â±2.04*
18.19Â±0.56*
8.93Â±I .20
5.33Â±1.84*

I1.64Â±2.23
1.38 Â±0.15
2.26 Â±0.26*
1.37 Â±0.16

4.38Â±0.38
2.65Â±0.32*
4.70Â±0.43

@ 1.49 Â±0.33
I.25 Â±0.25
I .03 Â±0.03*
6.89Â±1.03
6.53Â±0.62
624 Â±0.65

30.27Â±3.00
10.38Â±1.09*
21.31 Â±3.O4@
9.85Â±0.71
3.34 Â±0.58*

11.71 Â±1.49*
I.03 Â±0.09
2.51 Â±0.46*
0.99Â±0.14

Brain

FM3A

Pancreas

Liver

Muscle

MeanÂ±s.d.(n = 4â€”5).
Student'st-testswere carriedout betweenthe controland the cycloheximide-or ouabalri-treatedgroup.*p < 0.05, tp < 0.01, *p < 0.001.
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FiGURE1. RadioactMtyuptakeof3H-Met(A),14@@(@)@ 18F-Tyr(C)bythebrain.Uptakewasexpressedasthe%ID/goftissue.
Incontrols,totaluptakeisdenotedby(â€”0â€”) andtheacki-precipitablefractionby(----S- --). Inthecycloheximide-treatedgroup,
totaluptakeisdenotedby(â€”Liâ€”) andtheacid-precipitablefractionby(---A---). Numbersinparenthesessh@theratiosofthe
cydoheximide group to controls for uptake in total tissue and the add-predpftable fraction.

the uptake of â€˜4C-Leudecreased in the total amino acids.
The rateof decrease in radioactivitylevels in the brainwas
faster than in the FM3A tumor, due to a reduction in APF
incorporation in the brain and FM3A tumor. On the other
hand, total uptake of 3H-Met or â€˜8F-Tyrwas high and
increased with time despite low APF incorporation rates.

APFs of the brain and FM3A were further divided into
four fractions: lipids, alkaline-labile and acid-labile frac
tions as well as proteins (Table 4). In the control group, the
protein fraction was the major component for all three
amino acids (â€˜4C-Leu> â€˜8F-Tyr> 3H-Met). The amounts
of â€˜4Cin the lipids and alkaline-labilefraction were negli
gible both in brain and tumors; however, some 3H was
detected in these two fractions and â€˜8Fwas detected in the
lipid fraction. Comparable percentages in the acid-labile
fractions were measured for the three amino acids. On the
other hand, in the cycloheximide-treatedmice, the protein
fraction remained a major component for â€˜4C-Leu,
whereas Ã§roportionsof the lipid and alkaline-labile frac
tions for H-Met and â€˜8F-Tyrwere significantly enhanced.

DISCUSSION

The aim of this study was to investigate whether uptake
of â€˜4C-Leu,3H-Met or â€˜8F-Tyrby the brain and tumor
tissues reflects PSR in vivo. In control mice, the increasing
uptake of the three amino acids should reflect PSR in the
brainand tumortissues since most of the radioactivitywas

Ouabain inhibited initial uptake (5 min after the injec
tion) of the three amino acids to 67%â€”74%of the control in
FM3A and to 86%â€”91%in the pancreas. No significant
effect was found in the brain and liver. In a later stage,
pancreatic uptake of all three amino acids was also re
duced, whereas the effect on aminoacid uptakein the other
tissues was minor.

Incorporation of the three tracers into AFP increased
with time in the control group. The highest incorporation
was found for â€˜4C-Leu,followed by 3H-Met and 18F-Tyr.
The mean APF percentages at 5, 30 and 60 mm, respec
tively, were in the brain, 54.0%, 92.6% and 94.4% for
â€˜4C-Leu,25.5%, 56.1% and 72.0% for 3H-Met and 14.2%,
45.7% and 55.6% for â€˜8F-Tyr.In the FM3A tumor, the
ratios were 58.6%, 92.0% and 92.4% for â€˜4C-Leu,25.5%,
69.2%and 77.4%for 3H-Metand 12.5%,33.4%and 52.8%
for â€˜8F-Tyr.After cycloheximide treatment, the ratios also
increased but to a significantly lower level when compared
with the control values. On the other hand, the effect of
ouabain on the ratios was negligible. Total uptake in the
brain and FM3A tissues and the APF expressed as %ID/g
tissue are summarized in Figures 1 and 2. After cyclohex
imide treatment, the APF of â€˜4C-Leuin the brain was
reduced to only 6% of the control 60 mm after injection,
while the reduction was lower for â€˜8F-Tyr(11%) and 3H-
Met (32%).The reduction was larger in the FM3A tumor
than in the brain: corresponding figures in the FM3A were
3%for â€˜4C-Leu,6%for â€˜8F-Tyrand11%for 3H-Met.Only

MeasuringProteinSynthealsw@iPETâ€¢Ishiwataat al. 1939



High-moleculerwaightmaterials(%)*UpidAJkallne-lab@e

Acid-labilePrcteinBrainControl

3H-Met 7.1Â±I .8*4.5 Â±0.7@ 5.3Â±1.182.9Â±1.6*14c@@
1.2Â±0.30.7 Â±0.3 3.9Â±0.894.3 Â±121@F-Tyr
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FIGURE2. RathoactMtyuptakeof3H-Met(A@,14@4@j(B)and18F-Tyr(C)bytheFM3AUptakeisexpressedasthe%IDIgoftissue.
Inthecontrol,totaluptakeis(â€”0â€”â€”)andthesdd-predpitsblefradlonis(-- -4---). Inthecydoheximide-treatedgroup,totaluptake
is (â€”isâ€”) andthe acid-precipitablefractionIs (---A-- -). Numbersin parenthesesdenotethe ratiosofthe cydohexlmklegroupto
thecontrolcalculatedforuptakeintotaltissueandtheacid-precipitablefraction.

incorporatedinto the APF. When cycloheximide was given creased. However, significant amounts of 3H-Met signals
to inhibit PSR, the incorporationof â€˜4C-Leuinto the APF were found in the APF in the brains (32%) and tumors
was significantlyreduced to 6%of the control in the brain (11%)of cycloheximide-treated mice. The effect of cyclo
and to 3% in the tumor, and the total uptake was de- heximide on APF incorporationof â€˜8F-Tyrwas intermedi

TABLE 4
Effectsof Cydoheximideonthe Incorporationof RadioactivityintoHigh-MolecularWeght Matenalsin MiceBeaiingFM3A
Tumors60 MinutesAfterIntravenousInjectionwithL-[Methy1-@'HJMethionine,L-[1-14CJLeudneandL-[2-18F]Fluorotyroslne
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ate. When compared with the control group, 3H-Met and
â€˜8F-Tyrshowed a slightly lower but similarly increasing
uptake.

Amino acids transferto the brainor tumortissue across
the blood-brain barrier or plasma membranes and enter the
free amino acid pool in tissue. Most free amino acids are
used in protein synthesis via amino acyl-tRNA, and a mi
nor portion is degraded by catabolic pathways, such as
decarboxylation, oxidation and transamination. The trans
fer of Leu and Met, and probably the fluorinated analog of
Tyr, are mediated by the same cerebrovascular neutral
amino acid transport system (26,27). In many peripheral
tissues and tumors, Leu and Tyr are taken up by the L
(leucine-preferring) transport system and Met is taken up
by both the L and A (alanine-preferring)systems (28,29).
The transportsystem is inhibitedby ouabain, which is not
a specific inhibitor of amino acid transport, but of Na@,
K@-ATPase (30,31). When ouabain was given, uptake of
all three amino acids (91%â€”64%of the control) in tumors
and pancreas decreased soon after injection. Under these
conditions, compared with the control group, there was no
significant difference in APF incorporation of radioactivity
of all three amino acids. Further uptake reduction by
ouabain was not achievable because of its toxicity [in a
preliminary study LD@(i.p.): 5â€”10mg/kg]. Although in the
brain in vitro ouabain certainly binds to Na@,K@-ATPase
(32), no decreased uptake of amino acids was observed in
vitro. This can probably be explained by transport restric
tion of ouabain across the blood-brainbarrier.

It is known that cycloheximide, a specific inhibitor of
protein synthesis, reduces cerebral protein synthesis rates
in mice in vivo (33). Assuming that the radioactivity incor
porationrate into the APF reflects PSR in tissues, the PSRS
in the brainand in tumorsof mice given cycloheximide are
reduced significantly (Figs. 1 and 2). Carbon-14-Leuwas
taken up by the brain and tumor tissues, but was rapidly
washed out from the tissue into plasma. In contrast, the
radioactivity of 3H-Met and â€˜8F-Tyrin both the brain and
tumors still increased with time. These time-radioactivity
curves are quite different. The effect of the influx rates may
be minor. As discussed above, the transfer of the three
amino acids into tissues is mediated by the same carrier
system, and cycloheximide does not affect the amino acid
transport systems (31). A second explanation is that alter
ations in amino acid pool sizes by cycloheximide does
influence the time-radioactivity curve. According to the
literature(12@17,34,35), the concentrations of Leu in mice
and rats are higher in plasma than in the brain, whereas
those of Met are the reverse. Concentrations of Tyr are
comparable in plasma and brain. In this study, the admin
istered mass of â€˜8F-1@yrwas 4.2â€”7.6times higher than the
mass of â€˜4C-Leuand 3H-Met. The â€˜8F-Tyrdose results in a
concentration comparable to the plasma tyrosine concen
tration. These facts partially explain the different time
curves of the three radioactive amino acids in the brain.
The following two possibilities may explain the difference
in the â€˜4C-Leuuptake in the brain and tumor tissues: total

uptake and APF incorporation in the brain were reduced to
12% and 6% of the control at 60 min, while the correspond
ing figures in the tumorwere 29%and 3%.

However, other factors are necessary to explain the
differencesbetween â€œC-Leuand the two other amino acid
studies. The most likely explanation is that protein synthe
sis with the alternative metabolic pathways for 3H-Met or
â€˜8F-Tyrare important in the brain and tumors. The results
shown in Table 4 support this explanation. From a theo
retical perspective (15), Leu labeled with â€˜4Cin its car
boxyl group is incorporated into protein, whereas other
â€˜4C-metabolitesare removed from tissues. No incorpora
tion of the â€˜4C-labelin the carboxyl groupof Leu into DNA
is considered. Indeed, most â€˜4C-Leuwas incorporated into
proteins both in the control and cycloheximide-treated
mice. Although small amounts of â€˜4Cwere detected in the
acid-labile fraction, similar proportions of radioactivity
were also found for 3H-Metor â€˜8F-Tyr.Therefore, the â€˜4C
detected in the acid-labile fraction is probably derived from
basic proteins, such as chromosomal histones, but not
from DNA, as previously discussed (22). The lesser effect
of cycloheximide on the incorporationof 3H from 3H-Met
into the APF suggests that it is also incorporated into
nonproteinmacromolecules. Possible pathways are trans
methylation to lipids, nucleic acids, sarcosine and meth
ylthioadenosine (in polyamine synthesis process) via S-ad
enosyl-L-methionine (13,14,36,37). After giving [methyl
â€˜4C]Metto rats, S-adenosyl-L-['4C@methionineand
radiolabeled lipids have been found in brain and tumor
tissues (11). In tumor-bearing rats given S-adenosyl-L
[methyl-â€•C]methionine, a considerable amount of radioac
tivity was incorporated into the APF of the tumor (38).

In this study, small amounts of radioactivity were de
tected in the lipidandalkaline-labilefractionsof the control
mice, and the proportions were enhanced by cyclohexi
mide. The presence of 3H in the alkaline-labile fraction
demonstrates incorporationof 3H-Met to RNA via 5-ade
nosyl-L-[3H]methionme. The effects of cycloheximide
treatment on APF incorporationof â€˜8F-Tyrwere smaller
than in the â€˜4C-Leustudy, but larger than in the 3H-Met
study. On the other hand, the effect on total uptake of
â€˜8F'@was smaller evenwhen comparedwith the effect
on 3H-Met.

When protein synthesis was inhibited, incorporation of
â€˜8F-Tyrinto the lipid fraction was important, especially in
tumor tissue. Since Coenen et al. (21) did not detect â€˜8F-
fluorodopaas a metabolite of â€˜8F-Tyrin the brain, a signif
icant dopamine pathway has to be considered (16).
Murakami et al. found that radioactivity of 3-'8F-fluoro-L-
tyrosine, an isomer of â€˜8F-Tyr,was not only incorporated
into proteins but also into protein-boundlipids and into a
free fatty acid pool (39). So, to understandthe time-radio
activity curves of 3H-Met and â€˜8F-Tyr,other metabolic
pathways besides protein synthesis have to be considered.
This is even true in the pancreas, which most actively
synthesizes protein. In the control group, this organ
showed the highest uptake for all three amino acids. The
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uptake of â€˜4C-Leuby the pancreas was most drastically
reduced in mice given cycloheximide, to less than 10% at
60 mm, whereas under the same conditions one-third of
3H-Metor â€˜8F-Tyruptake was retained. In this study, we
used 3H-labeled Met to assess the potential of â€œC-Met
used in PET studies. Although the 3H-labelis exchangable
in vivo, tissue distributionand incorporationinto the APF
in this study were comparable with results using â€˜4C-
labeled Met in rats (11). We do not consider that the 3H
exchange in vivo influenced the results duringthe 60 miii
after tracer injection.

CONCLUSION

Using the tumor-bearingmouse model inwhich PSRwas
inhibited by cycloheximide, uptake of 14C-Leuin the brain
and tumor correspondedwell with PSR in vivo. However,
in studies with 3H-Met and â€˜8F-Tyr,an uncoupling was
observed between these two parameters. We conclude that
â€œC-Metand â€˜8F-Tyrshould be used to assess the amino
acid transport system by PET (6,40). For this application,
the PET study should be performed for a short period of
time because the effect of metabolic changes of â€œC-Metin
human plasma (7,41,42) on the kinetic analysis will be
minor. Of the three amino acids investigated, â€œC-Leuis
the best choice for measuringPSR in vivo with PET.
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