
labeled amino acids for measuring PSR in the brain and tumor
tissues by PET (14, 15). When in vivo, the protein synthesis was
inhibited by cycloheximide, the total uptake as well as the
protein incorporation of [1-'4C]Leu were significantly reduced
in the brain and in tumor tissue, whereas the uptake of
[Me-3H]Met increased. A significant fraction of the [Me-3H]
Met was incorporated into nonprotein materials such as lipids
and RNA (15).

Many PET studies have been performed to assess amino acid
metabolism in the brain and tumor tissues; however, little
attention has been paid to metabolism in the liver. The liver has
a very active protein synthesis for endogenous use, but the
organ is also responsible for supplying plasma proteins such as
albumin. After intravenous injection of radiolabeled amino
acids into animals or humans, the labeled proteins appear into
the circulation. Using [Me-' â€˜C]Metin human plasma, a large
individual variation was found in the appearance rate and the
amounts of the labeled acid-precipitable materials (16). This
probably reflects a varying ability of the liver to synthesize
plasma proteins. These results prompted us to investigate the in
vivo protein synthesis in the liver by PET.

Based on the literature, it can be expected that the uptake of
carboxylic labeled amino acid reflects protein synthesis in the
liver and that the uptake of methyl-labeled methionine mainly
shows the transmethylation process into the phospholipid syn
thesis. In mice treated with cycloheximide to inhibit protein
synthesisin vivo,theliveruptakeof [l-'4C}Leuwassignifi
cantly reduced; under the same conditions, however, liver
uptake of [Me-3H]Met was significantly increased (15). A
metabolic study with [l-'4C]Met and [Me)4C]Met demon
strated that half of the methyl-14C in the rat liver was incorpo
rated into the chloroform/methanol-extracted (CM) lipid frac
tion at 60 mm postinjection, whereas carboxyl-'4C was hardly
incorporated into this fraction (1 7). This difference can be
explained by the metabolism of methionine. The methyl group
of methionine is used as a precursor for phospholipid synthesis
in the liver by the S-adenosyl-L-methionine (18â€”21), while the
carboxylic â€˜4Cis metabolized to â€œCO2and removed from the
tissue.

The aim of this study was to investigate the potential of
[1-' â€˜C]Tyrand [Me-' â€˜C]Metto assess the PSR in the liver in
vivo by PET. [l-Carbon-l l]Tyr is a useful tracer for measuring
the PSR in tumor tissues (22) because of its high protein
incorporation and low level of nonprotein metabolites in the
brain and tumor tissues (12). Incorporation of radioactivity
from [l-'4C]Tyr and [Me-3H]Met into high molecular weight
materials such as proteins, RNA and phospholipids was studied
using a mice model. The relationship between the protein

We studied the potential of L-[i-11Cjtyrosine ([i-11C]Tyr) and
L-[methyl-11C]methionine @[Me-11C]Met)as tracers for measuring
protein synthesis rate (PSR)in the liver by PETand proposed their
metabolic models. Methods In the liverand plasma of control and
cycloheximide-treatedmice injected with [i-14C]Tyrand [Me
3HJMet, incorporation of the radioactivity into the acid-soluble frac
tionandchloroform/methanol-extract(CM),RNAandproteinfrac
tions were measured. Data were compared with those from rat
studies with 11C-labeledanalogs and PET. ResuIts In mice, liver
uptake of [Me-3H]Metwas over twice as largeas that of [i-14C]Tyr.
Similaruptake patternsofthe 11C-labeledanalogswerefound in rats
by PET.In the mouse liverat 1 to 6 hr after injection,â€”69%â€”73%of
the 14Cwas detected in the protein fraction, whereas â€”65%â€”70%
of the 3H was in the CM fraction, which reflected phospholipid
synthesis. In plasma, the percentagesof the protein fraclions were
â€”73%-76%for 14Cand â€”36%-46%for 3H.Gel-fittrationanalysis
suggested that 80% of the 14C-labeledplasma proteins was albu
mm originating from the liver, which corresponds to approximately
25% of the total labeled proteins synthesized in the liver at 6 hr.
When protein synthesis was inhibited by cycloheximkie, the liver
uptake of the [i-14C]Tyr and the protein-incorporationof 14Cin the
liverand in plasmawere decreaseddose-dependently.On the other
hand, uptake of [Me-3H]Metwas significantlyenhanced in the liver
due to increased incorporation into the CM fraction. Conclusion:
[1-Carbon-i i]Tyr can be used for measuringthe PSRin the liverby
PET. liver uptake of [Me-11C]Met meinly reflects phospholipid
synthesis through the transmethylationprocess.
KeyWords:proteinsynthesis;phospholipidsynthesis;liverPET;
tyrosine; carbon-i 1-methionine
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PETusingappropriatepositron-emittingaminoacidsisnow
an established in vivo methodology of measuring amino acid
metabolism in tissues such as the brain and tumors. Among
many positron-emitting amino acids which have been prepared
(see references in 1), L-[methyl-1 â€˜C]methionine([Me-' â€˜CJMet)
is the most widely used for PET studies (2â€”10).Carbon-i 1-
carboxylic-labeled amino acids, however, are supposed to be
more suitable for measuring the protein synthesis rate (PSR)
because the label is mainly incorporated into proteins or washed
out through side reactions such as decarboxylation and oxida
tion (11 ). Metabolic studies with L-[1-'4C]tyrosine ([1-
â€˜4C}Tyr)and L-[l-'4C]leucine ([1-'4C]Leu) demonstrated the
usefulness of â€˜â€˜C-labeled analogs for this purpose (12,13).
Recently, Ishiwata et al. reported criticism on the selection of
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Uptake(%ID)/g)5

mm15 mm30 mm60 mm120 mm360mmL-[1-14CjtyrosinePlasma1.35

Â±0.201.08 Â±0.330.81 Â±0.061.21 Â±0.091.21 Â±0.081.24 Â±0.14Uver2.19
Â±0.392.65 Â±0.592.40 Â±0.572.42 Â±0.192.39 Â±0.162.29 Â±0.20Pancreas17.32
Â±7.3330.64 Â±1.8830.75 Â±3.6128.25 Â±4.4425.41 Â±3.5222.58Â±4.05Brain0.97
Â±0.14

1.60 Â±0.240.82

Â±0.10

1.01 Â±0.050.74

Â±0.02

0.99 Â±0.080.73

Â±0.16

1.22 Â±0.040.66

Â±0.09

1.30 Â±0.130.56

Â±0.03

1.44 Â±0.14L-[methyl-3H]methioninePlasmaUver3.56
Â±0.735.53 Â±0.735.63 Â±1.715.60 Â±0.475.65 Â±0.475.64 Â±0.33Pancreas17.16
Â±7.0529.29 Â±3.1929.78 Â±3.6525.68 Â±2.9522.09 Â±3.0121.08Â±3.55Brain1.01

Â±0.160.97 Â±0.071.02 Â±0.091.06 Â±0.141.01 Â±0.040.97 Â±0.08Values

aremeanÂ±s.d.(n = 4).

synthesisintheliverandtheappearanceof labeledproteinsin
blood was also addressed. Finally, the effects of inhibition of
protein synthesis by cycloheximide on liver metabolism were
investigated.

MATERIALS AND METHODS

Radiopharmaceuticals
[l)4C]Tyr (specific activity of 2.0 GBq/mmole) and [Me-3HJMet

(specific activity of 7.2 GBq/mmole) were purchased from NEN
Research Products (Wilmington, DE). [1-' â€˜C]Tyr(23) and [Me
1â€˜C]Met (24) were prepared as previously described. Cyclohexi

mide was obtained from Wako Pure Chemical Industries, Ltd.
(Tokyo, Japan) and Soluene-350 was from Packard Instrument
Company, Inc (Meriden, CT).

Tissue Distilbution of [1-14CJTyrand [Me-@H]Met
A mixture of [l-'4C]Tyr (46 kBq/23 nmole) and [Me-3HJMet

(230 kBq/32 nmole) was injected intravenously into male ddY
mice weighing 36.0 Â± 1.7 g. They were killed by cervical
dislocation at 5, 15 and 30 mm and 1, 2 and 3 hr postinjection.
Blood was taken by heart puncture using a heparmnizedsyringe and
centrifuged to obtain plasma. Cold physiological saline was per
fused into the mice through the inferior vena cava to remove blood
from the liver. The liver, brain and pancreas were dissected. Part of
the dissected, tissues (about 50â€”100mg) and 20 p.1of the plasma
were dissolved in tissue solubilizer (Soluene-350) and counted for
â€˜4Cand3Hactivityusing a liquidscintillationcounter.The tissue
uptake of radioactivity was expressed as the percent injected dose
per gram of tissue. Total plasma radioactivity was also calculated,
assuming that plasma volume in mice is 48.8 mI/kg body weight.

A second group of mice received cycloheximide dissolved in
physiological saline intraperitoneally (1, 10 and 100 mg/kg body
weight). Thirty minutes later, a mixture of [1-â€˜4C]Tyrand [Me
3H]Met was injected intravenously into the mice. The animals were
killed 60 mm post-tracer injection and treated as previously
described.

Protein Incorporation of [1-14C]Tyr and [Me-3H]Met
Protein incorporation of radioactivity was measured as described

previously (14,15), with only a slight modification. The liver
(50â€”100mg) was homogenized in 1 ml ice-cold water. The
homogenate was put in a tube with rubber cap. Then, 0.3 ml 1 M
HC1O4was addedto thehomogenate,andthegeneratedâ€˜4CO2was
trapped into 1 ml Soluene 350. The homogenate was divided into
the acid-soluble fraction (ASF) and acid-precipitable fraction
(APF). The APF was divided into three fractions: lipids [chloro
form/methanol-extract (CM) fraction], RNA and proteins as de
scribed previously (14). Briefly, after extracting lipids from the

APF with chloroform/methanol(2/1, v/v), the residual precipitate
was incubated in 0.3 M KOH at 37Â°Cfor 60 mm to hydrolyze
RNA. The solutionwas then acidifiedwith HC1O4and divided into
supematant (RNA fraction) and the precipitate (protein fraction).

To analyze the labeled plasma proteins, 50 ,.il plasma were
treated as described above without separating the RNA fraction. To
the plasma, 1 ml 0.3 M HC1O4was added and the generated â€˜4C02
was trapped into Soluene 350. The solution was then divided into
the ASF and APF. The latter was divided into the extract with
chloroform-methanol (lipids) and the precipitate (j,roteins).

HPLCAnalysisofLabeledPlasmaProteins
To divide the labeled plasma proteins into albumin and globulin

fractions, 50 @.dplasma were applied to gel-filtration chromatog
raphy. A TSKge1 G3000SW column (7.5 mm i.d. X 300 mm
length, Tosoh, Tokyo) was used with 50 mM sodium phosphate,
pH 7.4, containing 0. 1 M NaC1 as eluent at a flow rate of 1.0
ml/min. The elution profile was detected with an UV monitor at
280 nm and the radioactivity in 0.5 ml fractions was measured with
a liquid scintillation counter.

PET
The liver uptake of [1) â€˜C]Tyrand [Me-' â€˜CJMetwas measured

tomographically in rats as a function of time using a stationary
double-headed positron camera as previously described (1 7). The
[Me-' â€˜C]Met(2â€”4MBq) was injected intravenously into anesthe
tized male Wistar rats weighing 200â€”250g, and the distribution of
I l@ was measured for 1 hr. Two hours later, a mixture of

[l@lâ€˜C]Tyr(2â€”4MBq) and [l-'4C}Tyr (37 kBq/lOO g body weight)
was injected into the same rats, and the distribution of Iâ€˜Cwas
measured for 1 hr. Arterial blood (0.1 ml) was obtained through a
catheter at 2, 5, 10, 15, 30, 45 and 60 mm postinjection. Carbon-l4
radioactivity in total plasma and in the APF was measured as
described above and was expressed as the standardized uptake
value [SUV, (activity/ml) X (g body weight/total injected activi
ty)]. Liver uptake of â€˜â€˜Cmeasured by PET was also expressed as
the SUV.

RESULTS

Organ Uptake
Table 1 summarizes the tissue distribution of [l-'4C]Tyr and

[Me-3HJMet in the control mice. The pancreas showed the
highest uptake of both amino acids: the radioactivity level
increased for the first 30 mm and decreased gradually. In the
liver, @I1-â€˜4C]Tyruptake was half that of [Me-@H]Met: after 15
mm â€C̃ radioactivity was decreased gradually while 3H radio
activity was increased during the first 30 mm and remained
constant during the next 5.5 hr. The plasma levels of3H and â€˜4C

TABLE I
Tissue Distribufionof Radioacth,ftyafter IntravenousInjectionof L-[Methy@.3H]Methkxiineand L-[1-14Cjlyrosine into ddV Mice
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liver radioactivityat each time point.
Mean Â±s.d. (n = 4).
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decreased during the first 30 min and then increased. In the
brain, â€˜4Cradioactivity levels decreased gradually, whereas 3H
radioactivity levels remained constant until 6 hr.

Metabolism
The metabolites of [l-'4C]Tyr and [Me-3H]Met in the liver

were investigated. Figure 1 represents the time course of the
four fractions of the metabolites in the control liver. The
acid-soluble fraction decreased rapidly for the first hour ([Me
3H]Met > [l-'4C]Tyr). Among the acid-precipitated fractions
of [l-'4C]Tyr, the protein fraction was a major component
(67%â€”73%), and the CM fractions were 2l%@27%. The RNA
fractions (<0.5%) and the bicarbonate fractions (<0.1%) were

negligible. On the other hand, the CM fraction was a major
component of [Me-3H]Met and reached a maximum of 70% of
the total radioactivity 1 hr after injection, whereas the protein
fraction was only l6%â€”20%.The RNA fractions were l%@@@3%.
The ratios of the CM fraction to the protein fraction were
0.29â€”0.39 for [l)4C]Tyr and 3.2 to 4.5 for [Me-3H]Met.

Figure 2 summarizes the metabolites of [ 1-â€˜4C]Tyrand
[Me-3H]Met appearing in the plasma. The elevated level of total
radioactivity after 30 mm (Table 1) was accompanied by an
increased amount of acid-precipitated materials. Most of the
â€œCradioactivity in the acid-precipitatedmaterialswas recov
ered in the protein fraction and the CM fraction was minor,

A B
100
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0

p Acid-solubleFr.
Fr.

ci)
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I

FIGURE 2. Fraction of metabolites in the
plasmaafterintravenousinjectionof L-[1-
14C]tyrosine(,44and L-[methyl-3H]methi
onine(B)intodii'? mice.Eachfractionwas
calculated as a percentage of total liver
radioactivityat each time point. Mean Â±
s.d. (n = 4).
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into albumin and immunogloblin G (IgG) fractions (Fig. 3). The
elution profile of â€˜4Cradioactivity was similar to that of
proteins measured at 280 nm (Fig. 3A). Most of the 14C was
detected in the albumin fraction, while IgG and high-molecular
weight fractions were minor. On the other hand, the elution
profiles of the 3H (Fig. 3B) showed significantly smaller
incorporation into the albumin fraction. Relatively high activity
was observed in the IgG and high molecular weight fractions.

Amount of Protein Incorporation
The incorporation of the labeled amino acids into protein

fractions in the whole liver and in total plasma was estimated as
percentages ofthe injected dose (Fig. 4). The amounts of 14C in
liver and plasma were significantly larger than those of 3H. In
the liver, â€˜4C-and 3H-labeled proteins increased during the first
30 mm and then decreased until 1 hr postinjection. During the
next5 hr, the levelsslightly decreasedfurther. In contrastto the
liver, the labeled protein fraction in plasma increased rapidly for
the first hour and gradually during the next 5 hr. Assuming that
the plasma albumin fraction had been synthesized in the liver,
the ratios of the labeled proteins excreted into plasma to the
total labeled proteins synthesized in the liver were comparable
for the two amino acids and increased with time. The percent
ages [100 x (amounts in the albumin fraction in plasma)!
(summed amounts of protein fraction in liver and the albumin
fraction in plasma)] were: 10.9%, 21.0%, 20.8%, and 25.2% forc1)4C]Tyrand9.5%,18.2%,23.4%and28.6%for[Me
H]Met at 0.5, 1, 2 and 6 hr, respectively.

Effect of Cycloheximide on Organ Uptake, Metabolism and
Protein Incorporation

Table 2 represents the effect of cycloheximide treatment on
the distribution of the two amino acids. Pancreatic uptake of
both amino acids showed a dose-dependent decrease, whereas
the uptake pattern in the liver and plasma was different. Liver
uptake of [1-'4C]Tyr decreased in a dose-dependent manner
similar to pancreatic uptake. The level of â€˜4Cin the plasma
decreased. On the other hand, liver uptake of [Me-3H]Met was
enhanced, and the level of 3H in plasma was elevated.

Table 3 summarizes the effect of cycloheximide on the
metabolism of the two amino acids in the liver and plasma. In
plasma for both amino acids, cycloheximide treatment signifi
cantly reduced the percentages of the protein and CM fractions.
In the liver, the percentages of the protein fraction also
decreased, whereas those of the CM fraction slightly increased.
In all groups, the CM-to-protein fraction ratio for [Me-3H]Met
in the liver was more than ten times larger than that for
[1- â€˜4C]Tyr.Cycloheximide treatment significantly increased
the CM-to-protein ratios for [Me-3H]Met (3.54 at 0 mg/kg to
23.1at 100mg!kgintheliver,and0.53at0 mg!kgto 1.76at
100 mg/kg in the plasma). This effect was not observed for
[l-'4C]Tyr.

By gel filtration chromatography (Fi@. 3), the albumin, IgG
and high molecular weight fractions of 4C were decreased and
the relative ratios ofthe three fractions remained constant in the
mice treated with cycloheximide. On the other hand, the relative
ratio ofthe albumin fraction of3H was smaller than those of the
IgG and high molecular weight fractions (considered to be lipid
as discussed later).

The effect of cycloheximide on protein incorporation of
[1-14C]Tyr and [Me-3H]Met in the liver and plasma are repre
sented as percentages of the injected dose (Fig. 5). In the liver
and plasma, protein incorporation decreased in a dose-depen
dent fashion. Similar behavior was observed for the two amino
acids.Ontheotherhand,cycloheximidetreatmentaffectedthe
incorporation of the two compounds in the CM fractions
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0 5 10- 15 20

RetentionTime (mm)

FIGURE 3. Gel fittration elution profiles of plasma obtained 60 mm after
injectionof L-[1-14Cjtyrosine(,4@and L-[methyl-3H]methionmne(B)into ddY
mice. DOttedlines show elutionprofilesat 280 nm. Fractionsof albumin,
immunogkblinG (lgG),high molecularweight materials (HMW)and low
mc@ecularwsightmaterials(LMW),indudingmethionine,areindicated.

whereas for [Me-3HJMet the CM fraction was significantly
increased. The ratios of the CM fraction to the protein fraction
were 0. 11 to 0.22 for [l-'4C]Tyr and 0.47 to 0.59 for [Me
3H]Met.

Gel filtration chromatography according to the molecular
weightwasusedtofurtherseparatetheplasmaproteinfraction

I 3

FIGURE4. Totalamountofprotaln-incorporatedradioactivityintheliverand
plasmaafterintravenousinjectionof L-[1-14CjtyrosineandL-[methy@3H]me
thionineintoddV mice.The amount was expressed as the percent injected
dose.Totalliverradioactivftywascalculatedfromthepercentinjecteddose
per gram of tissue multipliedby the weight of the whole liver.Mean Â±s.d.
(n â€”4).

6

4

.@

.@

0

0
0 2 4 5 6

Timeafter Injection(h)

282 THEJOURNALOFNUCLEARMEDICINEâ€¢Vol. 37 â€¢No. 2 â€¢February1996



Uptake(%big)CycloheximideTracer

0 mg/kg 1 mg/kg 10mg/kg 100mg/kgL-[1

-14C]tyrosinePlasma
1.21Â±0.09 1.26Â±0.06 0.82Â±O.08@ 0.70Â±013@Liver
2.42Â±0.19 2.27Â±0.41 1.62Â±0.26* 0.57Â±O.l8@Pancreas

28.25 Â±4.44 19.75Â±1.77k 15.54Â±2.63* 7.08 Â±l.63@Brain
0.73 Â±0.16 0.63 Â±0.03 0.62 Â±0.12 0.60 Â±0.06L-[methyl-3H]methioninePlasma

1.22Â±0.04 1.41Â±0.10k @33Â±0.21 1.53Â±O.lO@Uver
5.60Â±0.47 7.17Â±1.84 7.18Â±1.71 8.51Â±1.65kPancreas

25.68 Â±2.95 23.27 Â±2.03 20.12 Â±0.58* 12.03Â±1.78@Brain
1.06 Â±0.14 0.97 Â±0.13 1.05 Â±0.19 1.16 Â±0.11Values

aremeanÂ±s.d.(n =4).Student's
t-tests were performedbetween the controland the cyclohedmide-treatedgroup. p < 0.01 and tp <0.001.differently

(Fig. 6). The CM fraction in the liver was signifi- DISCUSSION
cantlyincreasedfor [Me-3H]Met,whereasit decreasedfor Thisstudydemonstratedthepotentialof [1-'1C]Tyras a
[l-14C]Tyr. In plasma, the CM fraction for the two amino acids tracer for measuring PSR in the liver by PET. The significance
was decreased. of [Me-' 1C]Met in PET studies of the liver is probably fortheassessment

of phospholipid synthesis by transmethylation pro
@4. cesses. Several findings in the present study support these

InVivo,@dy . . ,, views:
In vivo PET studies were performed with [Me- C]Met and

[1) 1C]Tyr. High accumulation l 1C was observed in the liver, 1. Uptake of [Me-3H]Met in the liver was significantly
especially for [Me-' â€˜C]Met, as shown previously (1 7). Time- higher than that of [l-14C]Tyr, which was also demon
activity curves in the liver and plasma are presented in Figure 7. strated in PET studies of rats using the â€˜â€˜C-labeledThe

hepatic level of radioactivity increased for the first 60 mm analogs.
after injection of [Me-1 â€˜C]Met.When â€˜â€˜C-and â€˜4C-labeledTyr 2. Proteins were the predominant metabolites of [1-'4C]Tyr
were co-injected, the uptake level of 11C increased for the first in the liver, whereas those of the [Me-3H]Metwere30

mm and thereafter remained constant. The level of labeled acid-precipitable but chlorofonm'methanol-extracted ma
plasma proteins measured with â€˜4Cincreased after 15 mm. terials, probablyphospholipids.TABLE

3Effects
of Cycloheximideon Metabolism of Two Amino Acids in Plasmaat 60 MinutesPostinjectionMetabolhes

(%)Tracer

Acid-solubleFr. CHCI@/MeOHFr. ProteinFr.L-[1-14C]tyrosineLiver

0 mg/kg 4.4Â±0.9 22.4Â±1.8 72.7Â±1.41
mg/kg 4.7 Â±1.1 21.7 Â±3.5 73.2 Â±4.310
mg/kg 9.6 Â±3.6* 24.1 Â±2.7 65.8 Â±3.l@100
mg/kg 24.0 Â±5â€¢7 29.8 Â±1.6@ 45.1 Â±6.9@Plasma

0 mg/kg 21.3Â±1.5 8.1Â±3.1 73.4Â±3.91
mg/kg 18.0 Â±0.7 10.1 Â±1.4 71.7 Â±1.710
mg/kg 26.7 Â±7.4 6.4 Â±1.2 63.1 Â±8.4100
mg/kg 85.8 Â±2.7* 2.7 Â±1.0k 14.2 Â±6.2*L-[methyl-3H]methionineLiver

0 mg/kg 9.3Â±0.8 68.7Â±1.1 19.4Â±1.41
mg/kg 12.7 Â±3.1 67.7 Â±8.5 18.0 Â±5.610
mg/kg 12.7 Â±2.@ 75.8 Â±3.9@ 9.8 Â±2.3*100
mg/kg 14.4 Â±1â€¢4* 80.2 Â±1.7@ 3.6 Â±0.8*Plasma

0 mg/kg 45.2Â±4.5 18.9Â±0.7 35.9Â±4.31
mg/kg 44.3 Â±1.4 22.9 Â±2.6 32.8 Â±2.010
mg/kg 54.4 Â±53* 22.0 Â±1.8 24.0 Â±â€˜4.l@100mg/kg

82.9Â±2.1* 10.6Â±0.9@6.6Â±2.3*Values

meanÂ±s.d.(n =4)Student's
t-testswerecarriedoutbetweenthecontrolandthecydohedmide-freatedgroup.*p < 0.05,tp < 0.01and*p < 0.001.

TABLE 2
Effect of Cycloheximide Treatment on Tissue Distribution of Radioactivity 60 Minutes after Intravenous Injection of

L-[Methyl-3H]Methionineand L-[l-14CjTyrosineinto ddY Mice
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FiGURE5. Effectof cycloheximideon the amount of radioactivftyincorpo
ratedintotheproteanfractionafterintravenousinjectionof L-[1-14C]tyrosine
and L-[methy@.3H]methlonineinto ddY mice. Student's t-tests were con
ductedbetweenthecontrolandthecycloheximkle-treatedgroup.MeanÂ±
s.d. (n = 4).

3. Theproteinfractionslabeledbyeitheraminoacidinthe
liver increased during the first 30 mm after injection and
then gradually decreased, after which labeled proteins
were observed in plasma.

4. In plasma,theamountsof â€˜4C-labeledproteins,originat
ing from [1-'4C]Tyr, were significantly higher than those
of 3H-labeled proteins arising from [Me-3H]Met, whereas
the reverse relationship was found for the CM fraction.

5. Gel filtration analysis showed about 80% of the â€œC
labeled plasma proteins to be present in the albumin
fraction during the first hour. This analysis also suggested
the presence of 3H-labeled lipoproteins.

6. When in vivo protein synthesiswas inhibited by cyclo
heximide, total uptake of [l-'4C]Tyr by the liver and the
labeled protein fraction is decreased in a dose-dependent
fashion. On the other hand, total uptake of [Me-3H]Met
and the 3H-labeled CM fraction were significantly in

n, - ,

RGURE6@Effectofcydohe,dmideontheamOUntOfradiO@tMtYincorporated
into the CM fraction after in@venous injectionof L-[1-14C]tyrosineand
L-[methy@.3H]methlonireinto ddV mice. Student@st-tests were perfomied
betweenthecontrolandthecydohedmkle-treatedgroup.MeanÂ±s.d.(n= 4).

FiGURE7. lime-actMty curves in the liver and plasma Uver activity was
measured@ 11C-labeledtracersand PET;the plasmacurvewasmea
suredwfth 14C-labeledtracer and liquid scintillationcounting. (n = 4@5).

creased, while the amount of the 3H-labeled protein
fraction was decreased.

Usually, lipids are extracted from a tissue homogenate with
chloroform/methanol. In the present study, the 3H-labeled CM
fraction was significantly increased in the liver after cyclohex
imide treatment. It was decreased in the plasma, but the effect
was smaller compared with [l-'4C]Tyr. The ratio of the CM
fraction to the protein fraction was much larger for [Me-3H]Met
than for [l-'4C}Tyr at 1 hr in the control and became higher
after cycloheximide treatment: 6.5 times in the liver and 3.3
times in the plasma. These results show that most of the
3H-labeled CM fraction in the liver represents phospholipids
labeled by [Me-3HJMet by transmethylation, as suggested in
previous studies (18â€”21). The newly labeled phospholipids in
the liver are possibly excreted into the blood stream as low
density lipoproteins.

In contrast with the 3H-labeled CM fraction arising from
[Me-3H}Met, most ofthe [l-'4C]Tyr-labeled CM fraction in the
liver and plasma probably represents labeled proteins. The
amounts of CM fraction decreased depending on the adminis
tered dose of cycloheximide (Fig. 6), and the CM-to-protein
fraction ratio in control mice was not affected after cyclohexi
mide treatment. This may indicate that some labeled protein
such as lipoproteins is also extracted with chloroform/methanol,
which means that both protein and CM fractions (over 90% of
â€˜4Cin Figs. 1 and 2 and Table 3) representthe â€˜4C-labeled
proteins. It is also possible that a small amount of [l-'4C]Tyr
was incorporated into lipids.

The amount of labeled plasma proteins excreted by the liver
or lymphoid tissues can be estimated by gel filtration analysis.
Coincidence of the elution patterns of â€˜4Cand proteins as
detected by UV absorption (Fig. 3) and the cycloheximide
dependent decrease of the â€˜4C-labeledfraction (Fig. 5) clearly
show that the major metabolite of [1-'4C]Tyr in plasma is
protein. Among the labeled proteins, the albumin fraction,
which is about 80% of the labeled plasma proteins at 1 hr, is
synthesized in the liver and excreted into plasma. The lymphoid
tissues probably delivered the IgG fraction and the high
molecular weight materials. The distribution patterns of 3H-
labeled metabolites of [Me-3H]Met on gel filtration chromatog
raphy were very different from those of the â€œC-labeledmetab
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CONCLUSION
[1-Carbon-i i]Tyr has potential as a tracer for measuring the

PSR in the liver by PET. The significance of [Me-' â€˜C]Metin
PET studies of the liver may be the characterization of phos
pholipid synthesis by transmethylation.
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LIVER

FIGURE& MetabOlicmodelsfor L-[1-14Cjtyrosineand L-[methyl-3H]methi
onine.

olites. This finding and the metabolite analysis, as discussed
above, probably indicate that 3H-labeled materials such as
low-density lipoproteins are included in the IgG fraction and
high molecular weight materials.

As far as the labeled protein fractions, the two amino acids
showed comparable results. After an initial increase, the amount
oflabeled proteins in the liver decreased gradually. During this
decrease, the labeled proteins appeared in the plasma. Approx
imately 80% oflabeled plasma proteins were excreted within 1
hr (Fig. 4).

The metabolic models for both amino acids are summarized
in Figure 8. Because of biological interest ofthe fate of labeled
liver proteins, we have investigated the metabolism for 6 hr
after injection of the amino acids. During the first 2 hr after
injection, the metabolism reached a nearl% equilibriated state.
Within the first hour, over 90% ofthe [1-' C}Tyr accumulating
in the liver is used for protein synthesis. Approximately 20% of
the labeled proteins appear as labeled plasma proteins. About
70% of [Me-3H]Met is incorporated into the lipid fraction and
only 20% into proteins. About 5% of the 3H-labeled lipids was
excreted into plasma (Fig. 6). The fraction ofthe metabolites in
the ASF may be minor, especially for [1-'4C]Tyr (12).

High and selective protein incorporation of [l-'4C]Tyr as
discussedabove has demonstratedthe potential of
[1-' â€˜C]Tyras a tracer for measuring PSR in the liver by PET.
Because of the potential application for [1-' â€˜C]Tyrin PET
studies, assessment of liver function (e.g., after transplanta
tion) is of great interest. On the other hand, [Me-' â€˜C]Met
does not reflect protein synthesis but phospholipid synthesis
in the liver. Enomoto et al. (25) studied this compound in
patients with jaundice. Also, assessin@ the regeneration
processes of the liver by PET with [Me- â€˜C]Metis possible
because phospholipids are essential components of the cel
lular membrane (21).
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