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Initially, [18F]2-deoxy-2-fluoro-D-glucose (F-18-DG) distributes to the kid
neys, heart, brain, lungs, and liver of the mouse, and clears rapidly from all
except the heart and, to a much lesser extent, the brain. The heart and brain
showed the highest rates of phosphorylation both in vivo and in vitro. No
detectable glucose-6-phosphatase activity was present in these organs when

hexokinase activity was high and at pH 6.5. The rank order for hexokinase
activity, measured in vitro, was brain > heart â€¢kidney > lung > liver,
whereas glucose-6-phosphatase activity was found only in the liver and to a

lesser extent in the kidney, at pH 6.5. The rate of appearance of F-18-DC-6

phosphate (F-18-DG-6-P) in vivo was significantly slower in the lungs, liver,
and kidneys than in the heart and brain, and represented a small proportion
of the initial radioactivity. The F-18-DG that clears from the organs is
excreted into the urine mostly unchanged, apparently due to the lack of
tubular resorption. The rapid excretion of F-18-DG from liver, lungs and
kidneys, and the retention by the heart and brain, is the result of metabolic
trapping within certain organs and is reflective of glucose utilization. These
results may contribute to the clinical utility of F-18-DG by providing a basis
Ior metabolicstudies in vivo. Metabolictrapping can be consideredas a
principle in the design of radiopharmaceuticals as metabolic probes for

functionor tumor location.
J NuciMed 19:1154-1161,1978

The success of a radiopharmaceutical depends,
to a large extent, upon its ability to preferentially
concentrate within the target tissue. The factors re

sponsible for the tissue specificity of a radiopharma
ceutical are not well understood, in general, and no
doubt vary from one class of compounds to another.
An understanding of the phenomena governing the
disposition of successful radiopharmaceuticals is use
ful both for the design of new tracers and in defining
the limits of clinical interpretation that can be ex
pected from imaging studies.

[18F] 2-deoxy-2-fluoro-D-glucose (F-i 8-DG) has
been shown to be a useful radiopharmaceutical for
the quantitative determination of regional brain
glucose metabolism, and it also localizes in the heart
(1,2). The choice of F-l 8-DG as a radiopharma

ceutical for measuring local glucose metabolism was
based on a series of observations that began with
studies on carbohydrate metabolism in 1954 by Sols
and Crane (3). They reported that the use of 2-deoxy
D-glucose (an analog of D-glucose in which the
hydroxyl group at C-2 was replaced by hydrogen
atom) as a substrate for the enzyme hexokinase
â€œisolatesthe hexokinase reactionâ€• in that the hexose
phosphate formed is metabolically trapped and does
not enter into the subsequent metabolic steps of
glycolysis. This property has been extremely useful
and 2-deoxy-D-glucose has been exploited as a sub
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strate in probing many aspects of carbohydrate me
tabolism. Sokoloff, Reivich, and their coworkers (4)
used these properties of 2-deoxy-D-glucose in the
development of an elegant method for the simultane
ous measurement of the rates of glucose consumption
in the various structural and functional components
of brain in vivo using [14C] 2-deoxy-glucose and
quantitative autoradiography. An extension of this
method utilizing a suitably labeled 2-deoxy-D-glucose
analog might allow the measurement of local brain
glucose metabolism in man using emission tomog
raphy (5,6) . This requires that 2-deoxy-D-glucose
be labeled with a gamma or positron-emitting nu
clide that would not significantly alter its biochemical
characteristics. The use of F- 18 as a label at C-2 was
chosen since a) the hexokinase reaction is relatively
insensitive to structural modification at this position
(7), b) the Câ€”Fbondis strong,resultingin stability
of the label; and c) the characteristics of F-i 8 for
positron emission tomography, for radiopharmaceu
tical synthesis, and for patient dosimetry are nearly
ideal. Furthermore, it is known that F-DG is a suit
able substrate for hexokinase (8) and that 2-deoxy
2-fluoro-D-glucose-6-phosphate (F-i 8-DG-6-P) is
a relatively poor substrate for subsequent metabolic
steps (9). While some hexoses can readily be trans
ported across cell membranes, the membrane perme
ability to hexose phosphates, the immediate enzy
matic products, is quite low (10) . Thus the retention,
or perhaps the clearance, of radioactivity may be
dependent upon the relative rates of the subsequent
reactions or transport processes within a given tissue.

Plasma

bolic trapping, and to determine to what extent the
observed organ clearances could be correlated with
the glycolytic enzyme activities of these tissues.

METHODS

Radiopharmaceufical synthesis. [18F] 2-deoxy-2-
fluoro-D-glucose (F-i 8-DO) was prepared as pre
viously described (2,1 1,12 ) . Typical specific activi
ties used in these experiments were 0.3â€”i.0 mCi/mg
(end of synthesis) . The radiochemical purity of the
product was typically 96â€”98%with a 2â€”4%uniden
tified radiochemical impurity. The radiochemical
purity was assayed by TLC using silica gel 0 and
CHC13:CH3OH:H20 (30:9: 1). In this system the
FDG and radioactive impurity had R@values of =
0.25 and 0.7, respectively. Gas chromatography and
radioactivity assays of the trimethylsilyl derivative
of the product using the general method described by
Sweeley and coworkers ( 13) (conditions described
below) showed essentially all of the activity to be
congruent with the mass peaks (Figure 3a) corre
sponding to the 2 anomers and a trace of a third form
of F-DO (retention times 9.77, 12.41 and 16.31
mm) anda 2â€”4%impuritywitha shorterretention
time (4.5 mm).

[â€˜8F}2-deoxy-2-fluoro-D-glucose-6-phosphate (F-
i 8-DG-6-P) was synthesized enzymatically in a
modification of a procedure described by Bessell and
coworkers (14). F-i8-DO was added to a 3-ml
reaction mixture containing 5 millimolar ATP, 5
millimolar MgC12,and 40 millimolar potassium phos
phate buffer at pH 7.6. Reactions were carried out
for 45 mm at 33Â°C and terminated with 3 ml 0.4 M

HC1O4. The mixture was centrifuged at 2000 g for
5 mm, the supernatant was adjusted to pH 7.5 with
KOH and then applied to a 1- X 4-cm column of
AO1X8 (CO3 form) and washed with 100 ml
water. The F-i 8-DG-6-P was eluted with 60 ml of
0.5 N HC1 and evaporated under reduced pressure
at 35Â°C.The F-i 8-DG-6-P was redissolved in dis
tilled water for use in the enzyme studies. The radio
chemical purity of the F-i8-DG-6-P was checked by
thin layer chromatography on silica gel 0 with
ethanol: ethyl acetate ( i : 1, Rf = 0.2) . Recovery
was by rechromatography on AG1X8 columns and
was typically > 98%.

F-18-DG metabolite studies. Swiss albino mice
(BNL strain), maintained on a standard rodent diet
and water ad libitum, were injected intravenously
through a lateral tail vein with F-i 8-DO dissolved

in isotonic saline and killed at the desired time by
cervical dislocation. The organs to be studied were
removed as quickly as possible, blotted to minimize
adhering blood, and a small piece of the tissue was
immediately homogenized in a ground-glass homog

Tissue

F-i 8-DG@ F-i 8-DO hexokinase Fl 8-DG-6-P

cell membrane

phosphatase

Previous studies (2) have shown that after i.v.
administration of F-i 8-DO the radioactivity dis
tributes rather uniformly and then clears rapidly
from all organs except the brain and heart, where it
remains essentially constant in the heart for at least
2 hr and decreases slowly, between 1 and 2 hr, in
the brain. In mice, dogs, and man, the activity that
clears from the other organs is excreted to a large
extent into the urine. The mechanism that determines
whether the activity is retained or lost from an organ

has not been demonstrated experimentally. This
study was undertaken to learn whether the chemical
forms of the radioactivity present in various tissues
and excreted into the urine are in accord with meta
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trimethylsilane added. After 10 mm at room tern
perature, iS @J(50,000â€”100,000 dpm) of this mix
ture was assayed by gas chromatography (12).
Radioactivity was assayed by collecting i-mm frac
tions from the exit port of the thermal-conductivity
detector and counting in a well counter. Recovery of
injected radioactivity ranged from 75 to 90%.
Analyses were performed on a gas chromatograph*
using a DC 710 column (10 ft X Â¼in., 10% on
chromosorb W) with column temperature 190Â°and
flow rate 98 mi/mm. Retention times for the two
silylated anomers of 2-deoxy-2-fluoro-D-glucose are
9.8 and 12.4 mm. A minor componentâ€”possibly a
â€œ7â€•sugar at i 6.3 i mmâ€”was also present.

Thin-layer chromatography. Urine was chromato
graphed with carrier F-DG (silica gel G, ethanol:
ethyl acetate ( i : 1). Radioactivity was assayed by
sectioning the chromatogram and counting the sec
tions in a well counter. F-DG was detected with 12
and had Rf = 0.67 in this system

Reaction with hexokinase. An aliquot of urine was
incubated with a 3-ml reaction mixture containing
5 millimolar ATP, 5 mihimolar MgC12,40 millimolar
KC1 and 6 I.U. hexokinaset in 40 millimolar po
tassium phosphate buffer (pH 7.6) at 33Â°Cfor 60
mm. This solution was applied to a AG1X8 (CO3)
column (1 x 4 cm) and eluted with water (9 frac
tions of 8 ml each) . The water fractions and resin
were counted in a well counter. In an additional
experiment, urine was subjected to the identical ion
exchange analysis without incubation with hexo
kinase.

Fluoride analysis. Free fluoride was assayed by
passing urine through an alumina column a@d by
PbFC1 precipitation as previously described (2).

Determination of hexokinase and phosphatase ac
tivities of tissues in vifro. Homogenates of lung, liver,
brain, heart, and kidney were prepared using a
Potter-Elvehjem homogenizer and 0.25 M sucrose
at 0Â°in 0. i M potassium phosphate buffer, pH =
7.6. The homogenates were centrifuged at 600 g
twice and the supernatants analyzed for protein con
centration by the method of Lowry (15), with bovine
serum albumin as a standard. Homogenates were
diluted to the appropriate concentration with the
above buffer and stored at â€”20Â°Cuntil used for en
zyme studies. No detectable loss of enzyme activity
was observed after storage for several weeks.

Hexokinase activity was measured in the homog
enates in 1-ml reaction mixtures containing an ali
quot of the tissue homogenate (50 @zgâ€”7mg protein!
ml) and 2â€”100pM F-i 8-DO, 5 millimolar ATP, 5
millimolar MgCl2, 40 millimolar KC1, 40 millimolar
potassium phosphate buffer at pH 7.6. Reactions
were carried out at 33Â°Cand were terminated at the

enizer containing 5 ml of 0.4 M HC1O4. An addi
tional piece of each tissue was placed in a tared
counting vial and its radioactivity determined in an
automated Na! well counter to determine the per
centage of the injected dose per gram of tissue. Three
milliliters of homogenate were transferred to glass
centrifuge tubes specifically constructed to fit into
a well counter and the total radioactivity in the sam
pie determined. The homogenates were centrifuged
at 2000 g for 5 mm to remove the denatured protein;
the supernatants were then decanted and both the
pellets and the supernatants were counted for radio
activity. The difference between the total homogenate
radioactivity and that in the supernatant was used to
calculate an extraction efficiency (typically 95%).
The pH of each supernatant was then adjusted to
,...-7.5 with solid KHCO3 and applied to a i- X 4-cm
column of AO1X8 (C03 form) seated in a vac
uum manifold. The free F-i 8-DO was separated
from the F-i 8-labeled anionic products by washing
the column with 100 ml of water under slightly re
duced pressure. The volumes of the water washes
were recorded and 5-ml aliquots were removed and
counted for radioactivity. The resins were also
counted for radioactivity. The recoveries throughout
these procedures ranged from 85 to 106% (n =
100). Data are expressed as the mean from separate
determinations on four individual animals at each
point for each tissue. The percentage of F-i 8-DG
6-P was calculated from the radioactivity remaining
On the resin, compared with the radioactivity in the
original homogenate supernatant, assuming that the
F-i 8-DG is eluted in the water. The validity of this
method was confirmed by the addition of known
amounts of F-i 8-DO, F-I 8-DG-6-P, or both com
pounds to tissue samples and carrying out the above
procedure. F-i 8-DO-6-P breakthrough was <5%
and F-i 8-DO recovery >95%.

Analysis of radioactivity in urine. In duplicate ex
periments, two mice were injected with 50â€”i00 @Ci
each of F-i 8-DO, and urine was collected for 90
mm. The chemical form of the radioactivity in the
urine was determined by gas chromatography and
radioactivity assays, thin layer chromatography, and
anion-exchange chromatography both before and
after reaction with hexokinase. Free fluoride was
assayed by lead precipitation and by filtration
through alumina (2).

Gas chromatography and radioassay of eluants.
An aliquot of urine (25 @.il)was added to carrier
F-DO (0.87 mg) that had been converted to an
equilibrium mixture of anomers by heating at 90Â°
for 10 mm with 0.i ml of water. The solution was
evaporated to dryness and 0. i ml of dry pyridine,
25 @lof hexamethyldisilazan, and i 0 @lof chloro

1i 56 THE JOURNAL OF NUCLEAR MEDICINE



BASIC SCIENCES
RADIOCHEMISTRY AND RADIOPHARMACEUTICALS

RESULTS
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desired time by addition of i ml 0.4 M HC1O4 at 0Â°.
The reaction mixture was centrifuged for 5 mm at
2000 g to remove the protein, and the supernatant
was adjusted to pH 7.5 with KOH solution. Aliquots
( 100 @l)of thissolutionwereappliedin duplicateto
AGiX8 columns (0.5 X 2.5 cm) and the free
F-18-DO eluted from the column with 6 ml water.
The F-i 8-DO cluted from the column was counted
for radioactivity. Identical aliquots of each solution
to be applied to the columns were taken for counting
standards, and the difference between this actfvfty
and the water wash was used to calculate the %
F-i 8-DO-6-P in the sample. Recovery of radioac
tivity by this method was typically > 94%.

Olucose-6-phosphatase activity was measured in
two ways. First, since the presence of phosphatase
activity in the homogenates could conceivably alter
the measurement of hexokinase activity, the reverse
reactions were performed using the identical condi
tions described above except that F-i 8-DG-6-P was
used as the substrate. Second, since the pH optimum
for giucose-6-phosphatase is 6.5 (16) , reverse re
actions were also carried out in i ml 50-millimolar
cacodylate buffer (pH 6.5 ), with F-i 8-DG-6-P and
an appropriate dilution of tissue homogenate. The
reaction mixtures were analyzed as described above.

The relative amounts of F-i 8-DO and F-i 8-DO
a- 6-P in brain, heart, liver, kidneys and lungs, as well

â€˜@ as the percentage of injected dose/gram (determined

@ on the same tissue samples) were determined in mice
@I- at 1, 5, 30, 60, and i20 mm after injection. These

@;edataareillustratedinFigs.1and2.Briefly,the
heart showed a high and relatively constant amount
of radioactivity over the time course of the study,
and also showed that the chemical form of the F-i 8
activity in these organs was as F-i 8-DG-6--P (Fig.
1) . In contrast,in the lungs,liver, and kidneys,all
of which showed a rapid clearance of radioactivity,
the chemical form of the F-i 8 was largely as un

@ metabolized F-i 8-DG in the early stages (Fig. 2).
@, Later the F-i 8-DG-6-P became predominant, al

!@ though its actual concentration remained constant
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FIG. 2. Distribution,in mouselungs,liverand kidney,.aftF-i8
radioactivity (e_e) and F-18-DG-6-P (oâ€”o) each expressed as@in
Fig. 1. Each point representsthe mean from four t@eight animals
as indicateÃÂ̈±sdm.
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FIG.T. Distribution,in mousebrainandheart,ofF-18radio
activity (S_C expressed as % of injected dose per gram) and F-i 8-
DG-6-P) (0â€”aexpressed as % of total tissue activity contributed
by F-i 8-DG-6-P). Eachpoint representsthe mean from four to eight
animals as indicated Â± sdm.
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because of the rapid clearance of the total radio
activity.

Although the brain does show a decreased F-i8
radioactivity at 2 compared to 1 hr, the fact that
virtually all of the activity from 1 mm to 2 hr was
present as F-i 8-DO-6-phosphate supports the con
cept of metabolic trapping (Fig. 1). This trapping
is certainly not irreversible, only the back reaction is
relatively slow compared to liver, kidneys, and lungs.
If the time required for measurement of brain activity
is relatively fast compared to the brain loss of activity

(confirmed by unpublished data), then the activity
can be considered to be trapped over this time scale.
The 60- and i20-min heart activities are not sig
nificantly different. We have consistently experienced
relatively large variations in heart activities at several
time intervals, the reason for which is unknown but
may relate to the physiological state of the animal at
the time of injection.

The mice excreted i 5â€”25%of the injected radio
activity in 90 mm. The predominant chemical form
of the radioactivity ( >90% ) was determined to be
unchanged F-i 8-DO using gas chromatography and
radioactivity assay on the trimethylsilyl (TMS) de
rivative of urine to which carrier F-DO was added
(Fig. 3), as well as thin-layer chromatography. The
latter showed that@ of the radioactivity was not
F-i 8-DO. The urinary radioactivity was shown to
be a substrate for hexokinase by incubation of a
urine sample with hexokinase to produce the anionic
metabolite, F-i 8-DO-6-P. When a sample of unre
acted urine was subjected to anion-exchange chroma
tography, â€˜@#5 % appeared to be anionic. On passage
of an aliquot of the urine through an alumina col

30

20

10

0

30

20

10

FIG.3. (a)Gas-chromatographicanal
ysis of trimethylsilyl derivative of F-18-DG
(anomeric mixture) showing mass profile
(- - - .) withcorrespondingradioactivitypro
file (â€”). (b) Radioactivityprofile of gas
chromatographic analysis of trimethylsilyl
derivative of mouse urine collected during
the first 90 mm after inlection. Column
conditions in (a) and (b) were identical.

0 I 2 3 4 5 6 7 8 9 10 II 12 3 4 5 16 7 18 1920

TIME(mm)

umn that we have previously shown to retain fluo
ride quantitatively (2 ) , 5 % was retained. The addi
tion of carrier fluoride ion to the urine, followed by
precipitation as PbFC1, showed that less than 1.3%
of the radioactivity could possibly be fluoride or
some metabolite behaving like fluoride. Thus it ap
pears that the alumina column also partially retains
some unidentified metabolite and, possibly, fluoride
ion.

Homogenates of brain, heart, lungs, liver, and
kidneys were incubated with F-i 8-DO and F-i 8-

DG-6-P in order to determine their relative hexo
kinase and phosphatase activities. The results (Fig.
4) showed that the brain had the highest hexokinase
activity (nmol F-i 8-DO phosphorylated per milli
gram protein per minute) followed by heart and
kidney, which had approximately equal enzyme ac
tivity. The lungs had considerably higher hexokinase
activity than the liver, which had the lowest hexo
kinase activity of the tissues studied. The same or
gans were incubated with F-i 8-DO-6-P to determine
the extent to which the phosphatase activity cata
lyzed conversion to F-i 8-DG. Phosphatase activity
could not be detected at pH 7.6 in any of these tis
sues, and at pH 6.5 only the liver showed significant
phosphatase activity (Fig. 5) although kidney also
demonstrated a slight phosphatase activity.

DISCUSSION

Initial tissue distribution studies using F-i 8-DG
revealed that the substitution of a fluorine atom
for a hydroxyl group at C-2 on glucose resulted in
some striking and useful biodistnbution patterns,
namely a high uptake in the heart and brain, rapid
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clearance from lungs, liver, and kidneys, and a rapid
excretion of radioactivity into the urine (2).

Perhaps the most obvious difference in the be

havior of F-i8-DO when one compares it with glu
cose, is its excretion into the urine. Blood levels of
glucose are maintained relatively constant through
the resorption of glucose by the renal proximal tubule
cells. This resorption process has been shown to be
an active transport, depending upon the interaction
of glucose with a receptor in the luminal brush
border membrane of the proximal-tubule cells. Sil
verman and coworkers have studied the structural
requirements for the resorption of simple sugars by
both dog and human kidney (17,18) and have shown
that 2-deoxy-giucose, a structurally similar analog
of F-i 8-DG, has a very low affinity for the glucose
receptor, thus demonstrating the importance of a
hydroxyl group at C-2 for renal resorption.

Our observation that F-i 8-DO is excreted essen
tially unchanged further refines the structural re
quirement for sugar resorption by the tubular cells,
demonstrating that the presence of a hydrogen-bond
acceptor such as fluorine on C-2 is not sufficient for
interaction with the receptor and subsequent resorp
tion into the blood. The consequence of this to
the whole-body distribution is important because,
whereas glucose-like behavior would keep the sugar

5 10 15 20 25 30
MINUTES

FIG. 4. Relativeratesof phosphorylationof F-i8-DG(i 2 nmole
in reaction mixture) by hexokinase as measured in homogenates of
brain (â€¢â€”â€¢),heart kidney (oâ€”o), lung (L@â€”L@)and liver
(Aâ€”A). Values are mean and range for duplicate determinations
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FIG. 5. Relativeratesof glucose-6-phosphataseactivityin liver
(â€¢_e)and kidney (oâ€”o)using F-DG-6-P as a substrate (10 nmole
in reaction mixture). Values are mean of duplicate determinations
carried out in 50 millimolar cacodylate buffer at pH 63; the van
ation was less than 2Â°!..

in circulation, resulting in its continued delivery to
tissues, free F-i 8-DO in the blood is continually
excreted into the urine. This factor is largely re
sponsible for the low body background of this radio
pharmaceutical and results in its prominence in or
gans having high hexokinase activity, such as the
heart and brain, which metabolically â€œtrapâ€•the
F-i 8-DO intracellularly.

The extent to which the metabolism and distribu
tion of radioactivity in brain, heart, lungs, liver, and
kidneys reflects their respective hexokinase and glu
cose-6-phosphatase activities was investigated using
organ homogenates with F-i 8-DO or F-i 8-DO-6-P
in order to determine the relationship between these
enzymatic values and the observed biodistribution
patterns of this radiopharmaceutical.

Considering the widely different properties, func
tions, and metabolic demands of various mammalian
tissues, it is not surprising that the hexokinase ac
tivity in many tissues is governed by complex regu
latory mechanisms. Long (19) determined the hexo
kinase activity toward D-glucose in several rat tissues
and demonstrated the brain > heart > kidney >
lung > liver sequence in the activity per weight of
tissue observed for D-glucose. The present studies
in mouse tissues using F-i 8-DO as the substrate gave
results similar to those of the earlier studies, with
the exception that the kidney activity was of the same
magnitude as the heart on a per-milligram-protein

2.0

9.0

6.0

3.0
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basis. Thiscthservation in vitro is of interest in view
of the data Obtained in vivo. In the intact mouse,
F-i 8-DG;phosphorylation by the heart (Fig. 1) was
significantly greater than that observed for the kid
ney (Fig. 2), yet the biochemically measured rates
of phosphorylation measured in vitro were virtually
indistinguishable (Fig. 3 ) . We believe this seeming
discrepancy is most readily explained on the basis
of cellular and functional compartmentalization. As
discussed above, the kidney appears unable to resorb
F-i 8-DO, based both on what is already known for
the similar 2-deoxy-glucose (17,18) and the fact
that a relatively large portion of the injected radio
activity appears in the urine as unchanged F-i 8-DG.
The resorption of D-glucose from the renal tubules
against a@ concentration gradient is a process that
may involve phosphorylation by hexokinase. In view
of this function it is not surprising that the in vitro
hexokinase activity of the kidney is quite high,
whereas the formation of F-i 8-DO-6-P from the
poorly resorbed F-i 8-DO in vivo is ze1ativ@lyslow.
Thus the F-18-DG filtered into the @kiilneytubule
lumen probably never reaches the tubular cell's
hexokinase.

The brain, which is totally dependent upon glu
cose as its energy source (20) rapidly phosphory
lates F-18-DG both in vivo and in vitro. Virtually
all of the activity present in the brain between 1 and
i20 mm was in the form of F-18-DG-6-P. Further
more, the organ homogenates studied, the brain
showed the highest hexokinase activity on a per
milligram-protein basis. In addition, there was no
observed glucoes-6-phosphataseactivity in the brain,
a factor that also contributes to the retention of ra
dioactivity.

Under normal conditions, the heart preferentially
utilizes long-chain fatty acids, but under conditions
of anoxia or ischemia it may rely heavily upon giu
cose as an energy source (21 ) . The radioactivity in
the heart over the time course of the study ( 1 mm
to 2 hr) was tessentially all F-i 8-DG-6-P. In heart
homogenates, liexokinase activity was less than that

of brain, but apparently in the intact mouse it is
sufficiently high to trap intracellularly all of the
F-i 8-DG present in the myocardium as F-i 8-DG
6-P. While we are suggesting that F-i 8-DO uptake
by myocardium may reflect glucose metabolism, it
remains to be shown that this compound is trans
ported by the same carrier-mediated system as glu
cose, and at a rate equal to or proportional to the
glucose rate. Experiments designed to answer this
question are currently in progress, using an isolated
perfused heart preparation. We are also currently
exploring the use of F-i 8-DO for myocardial metab
olism studies using emission tomography.

The liver showed a rapid clearance of the initial
radioactivity, a relatively slow build-up of F-i 8-
DG-6-P in vivo and the lowest rate of phosphoryla
tion of F-i8-DG observed in vitro. The latterfinding
can be explained by the well-known fact that liver
glycogen arises mainly through gluconeogenesis, with
three-carbon fragments arising from peripheral tis
sues to serve as the precursors (22). This low rate
of incorporation of glucose into glycogen by the
liver (23) is presumably a result of the relatively low
intrinsic liver hexokinase activity (19). Thus, the
rapid clearance of radioactivity by the liver appears
to reflect the back diffusion of free F-i 8-DG. In
addition, the glucose-6-phosphatase activity that
could be measured in this tissue may also contribute
to the rapid clearance of F-i 8-DO by conversion of
F-18-DG-6-P formed to free F-18-DG, which can
then re-enter the blood.

Tissue slices and perfused lungs can consume rela
tively large quantities of glucose (24). Although
lung function has tnot yet 1been shown to be glucose
d@pendent, @gIucosedoes play several important roles
â€¢intthe thing including entry into glycolysis (25). The
present findings of a relatively high hexokinase ac
tivity toward F-i 8-DO measured in vitro, and the
production of F-i 8-DG-6-P in wilvo,.are in accord
with these previous findings. The 1â€”tnÃ¼nvalues for
the total radioactivity/gram are rather low, lb@iithe
lung clearance of activity over the 2-hr study showed
a decrease by a factor of only @-..â€˜3,whereas the liver
and kidney cleared by factors of@ i 6 and 21 , re
spectively. Thus the relatively low initial extraction
of F-i 8-DG accounts for the absence of appreciable
F-i 8-DO activity in lung at later times.

CONCLUSION

In view of the present results, the biodistribution
pattern of F-i 8-DO can be better understood. Fol
lowing the i.v. administration of [18F] 2-deoxy-2-
fluoro-D-glucose (F-i 8-DG), radioactivity initially
di@ributes to all of the organs and then rapidly
clears, except fiom the brain and heart. This is the
result of a metabolic trapping of F-I 8-DG-6-P by
these organs, with their high hexokinase activity and
low or absent glucose-6-phosphatase activity. The
F-i 8-DG that clears from the lungs, liver, and
kidneyâ€”which have lower hexokinase and/or glu
cose-6-phosphatase activity)â€”is excreted into the
urine mostly as the unchanged F-i 8-DO. This rapid
excretion substantially reduces the body-background
radioactivity, contributes to the rapid blood clear
ance, and is the result of the apparent inability of
the kidney's tubule cells to resorb F-i 8-DO. The net
effect of these metabolic processes is that virtually
all of the F-i 8-DO that is initially transported
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through the heart and brain is rapidly phosphory
lated by hexokinase. Thus, the tissue content of
F-i 8 radioactivity that can be measured in vivo by
tomographic techniques might provide a measure of
the ability of the brain and heart to transport, phos
phorylate, and thus utilize glucose in vivo. The po
tential cliincal utility of F-i 8-DO for metabolic stud
ies in vivo by heart and brain must rely on an under
standing of the mechanisms by which F-i8-DG
metabolism reflects glucose utilization.

FOOTNOTES

C Hewlett Packard 5834, Waltham, Mass.

t Microbial, California BiochemicalCorp., San Diego,

tion by glucose 6-phosphate dehydrogenase (from yeast and
from rat liver). Biochem I 131: 83â€”89, 1973

10. WHITE A, HANDLER P, SMITH EL: Principles of Bio
chemistry. New York, New York, McGraw-Hill Book Corn
pany,pp 365â€”376,1964

11. 190 T, WAN C-N, FOWLER JS, et al: Fluorination
with F2. A convenient synthesis of 2-deoxy-2-fluoro-D-glu
cose.I Org Chem 42:2341â€”2342,1977

12. Ito T, WAN C-N, CASELLA V, et al: Labeled 2-deoxy

D-glucose analogs. â€œF-labeled 2-deoxy-2-fluoro-D-glucose,
2-deoxy-2-fluoro-D-rnannose and 14C-2-deoxy-2-fluoro-D-glu
cose. / Labeled Compounds Radiopharmaceuticals XIV:
165â€”183,1978

13. SWEELEY CC, BENTLEY R, MAKITA M, et al: Gas
liquid chromatography of trimethylsilyl derivatives of su
gars and related substances. I Amer Chem Soc 85 : 2497â€”
2507, 1963

14. BESSELL EM, THOMAS P: The deoxyfiuoro-D-gluco
pyranose 6-phosphates and their effect on yeast glucose
phosphate isomerase. Biochem I 131 : 77â€”82,1973

15. LOWRY OH, ROSENBROUGH NJ, FAiu AL, et al: Pro

tein measurement with the folin phenol reagent. I Biol Chem
193:265â€”275,1951

16. HARPER AE: Glucose-6-phosphatase. In Methods in
Enzymatic Analyses, Bergmeyer H, ed. New York, Aca
demic Press, p 788, 1963

17. SILVERMAN M, BLACK J : High affinity phlorizin re
ceptor sites and their relation to the glucose transport
mechanism in the proximal tubule of dog kidney. Biochim
BiophysActa394:10â€”30,1975

18. TURNER RJ, SILVERMAN M : Sugar uptake into brush

border vesicles from normal human kidney. Proc Nail Acad
SciUSA 74:2825â€”2829,1977

19. LONGC: Studies involving enzyrnic phosphorylation 1.
The hexokinase activity of rat tissues. Biochem I 50: 407â€”
415,1952

20. SOKOLOFF L: Circulation and energy metabolism of
the brain. In Basic Neurochemistry, 2nd ed, Siegal GJ, Al
bers RW, Katzrnan R, Agranoff BW, eds. Little, Brown and
Co., Boston, Mass, pp 388â€”413,1976

21. SOBEL BE: Salient biochemical features in ischemic
myocardium. Circ Res Suppl III: 35: 173â€”181,1974

22. HARPER HA: Review of Physiological Chemistry, 12th
ed, Lange Medical Publications, Los Altos, California, pp
259â€”263,1969

23. HASTINGS AB, BUCHANAN JM : Role of intracellular
cations on liver glycogen formation in vivo. Proc Nat'l
AcadSci28:478â€”482,1942

24. VON WICHERT P: Studies on the metabolism of is

chemic rabbit lungs. I Thorac Cardiovasc Surg 63 : 284â€”291,
1972

25. TIERNEY DF : Lung metabolism and biochemistry.
Ann Rev Physiol36:209â€”231,1974

Cal.

REFERENCES

1. REIvIcH M, KUHL D, WOLF AP, et al: The @â€˜F1fluoro
deoxyglucose method for the measurement of local cerebral
glucose utilization in man. Circ Res: in press

2. GALLAGHER BM, ANSARI A, ATKINS H, et a!: Ra

diopharmaceuticals XXVI. â€˜Â°F-labeled2-deoxy-2-fluoro-D-
glucose as a radiopharmaceutical for measuring regional
myocardial glucose metabolism in vivo : Tissue distribution
and imaging studies in animals. I Nuci Med 18: 990â€”996,
1977

3. SOLS A, CRANE RK: Substrate specificity of brain
hexokinase.I Biol Chem210: 581â€”595,1954

4. SOKOLOFF L, REIVICH M, KENNEDY C, et al: The P'C1
deoxyglucose method for the measurement of local cerebral
glucose utilization : Theory, procedure, and normal values
in the conscious and anesthetized albino rat. I Neurochem
28:897â€”916,1977

5. RAICHLE ME, LARSON KB, PHELPS ME, et al : In vivo
measurement of brain glucose transport and metabolism
employing glucose-1'C. Am I Physiol 228: 1936â€”1948,1975

6. RAICHLEME, LARSONKB, HIGGINSCS, et al: Three
dimensional in vivo mapping of brain metabolism and acid
base status. In Cerebral Function, Metabolism and Circu
lation, Ingvar DH, Lassen NA, Munksgaard, Copenhagen,
1977,pp 188â€”189

7. COEEL: Inhibition of glycolysis in ascites tumor cells
pre-incubated with 2-deoxy-2-fluoro-D-glucose. Biochim Bio
physActa264:319â€”327,1972

8. BESSELL EM, FOSTER AB, WESTWOOD JH: The use
of deoxyfluoro-D-glucopyranoses and related compounds in
a study of yeast hexokinase specificity. Biochem I 128:
199â€”204,1972

9. BESSELLEM, THOMASP: The effect of substitutionat
C-2 of D-glucose 6-phosphate on the rate of dehydrogena

- ERRATUM
A typographical error appears in the article entitled â€œCardiacChamber Imaging: A Comparison of Red

Blood Cells Labeled with Tc-99m In Vitro and In Vivo,â€•by F. Hegge, G. Hamilton, S. Larson, J. Ritchie, and P.

Richards(JNucIMed 19: 129-134,1978).Theequationappearing on p 132shouldbe correctedto read as
follows:

cpm/cc dose
Blood-poolvolume dosevolume x

cpm/cc blood sample
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