Carbon-11 Choline: Synthesis,
Purification, and Brain Uptake
Inhibition by 2-Dimethylaminoethanol
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We report an improved method for the synthesis and purification of [''C]methyicholine
from the precursors [''C]methyliodide and 2-dimethylaminoethanol (deanol). Preparation
time, including purification, is 35 min postbombardment. Forty millicuries of purified
injectable [''C]choline were produced with a measured specific activity of > 300 Ci/mmol
and a radiochemical purity >98%. The decay corrected radiochemical yield for the
synthesis and purification was ~ 50%. Residual precursor deanol, which inhibits brain
uptake of choline, is removed by a rapid preparative high performance liquid
chromatography (HPLC) method using a reverse phase cyano column with a biologically
compatible 100% water eluent. Evaporation alone did not completely remove the deanol
precursor. Brain uptake of the [''C]choline product was six times greater after HPLC
removal of deanol because doses of less than 1 ug/kg significantly inhibit ['“C]choline

brain uptake.
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Tle central cholinergic system may be involved in
several neurological diseases including Alzheimer’s dis-
ease. Positron emission tomography (PET) could be used
to study the brain uptake kinetics and metabolism of car-
bon-11 (*'C) choline in local brain regions of human sub-
jects with these diseases.

The synthesis of the precursor [''C]methyliodide pre-
sented here is a modification of procedures described by
Comar et al. (/). The general synthetic utility of N-meth-
ylation using [''C]methyliodide is well established (2-6).
A synthesis of ['!C]choline from ['!'C]methyliodide and 2-
dimethylaminoethanol (deanol) has recently been reported
(7). The procedure described here incorporates an im-
proved preparative high performance liquid chromatogra-
phy (HPLC), method using biologically compatible aque-
ous solvents, for removing unreacted deanol precursor
and for purifying the [''C]choline product.

The removal of the deanol precursor is an essential part
of the preparation because deanol can compete with cho-
line for brain uptake. The precursor, deanol, in concentra-
tions of 10 to 500 umol, has been shown by Cornford et
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al. (8) to have a five- to tenfold greater affinity than
choline for transport across the blood-brain barrier.
Deanol was injected along with [**C]choline in rats to
determine the effect of the deanol on the brain uptake of
the labeled choline. The preparative HPLC method puri-
fied the high specific activity [''C]choline by removing
any unreacted deanol precursor and other radioactive im-
purities. The 5-min brain uptake of the [''C]choline
product was measured before and after HPLC
purification.

MATERIALS AND METHODS

Preparation of ['C]choline

! ‘CH3I + HOCH,CH;N(CH;3),——>
HOCH,CH,N(CH;),''CH;* I

Carbon-11-methyliodide was prepared following the
method of Comar et al. (/) with minor modifications.
Carbon-11 was obtained from the nuclear reaction
4N(p,)'!C by irradiating nitrogen gas" in a 20 cm by 4
cm target (on axis) under 11 atm pressure (160 psi) at a
flow rate of 200 cc/min for a period of 30 min with a 25
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FIGURE 1

Preparative HPLC separation for removing deanol from
[''C]choline product employed reverse phase cyano deriva-
tized column [Waters Radial Pack (i)] with 100% water
eluent at flow rate of 1.0 ml/min. Shown here is chromato-
gram of chemical standards (top) and typical preparative
separation from which activity peak corresponding to
choline was collected

pA beam current of 20 MeV protonst. The ''CO, was
trapped and then bubbled through 0.1M LiA1H, in tetra-
hydrofuran* at —20°C. After evaporating the THF sol-
vent, the conversion from LiAl(O''CH3), to ''CH;0H
was done with 0.01M H,SO, (instead of pure water) to
facilitate the breakup of the particulate aluminum oxide
matrix. The ''CH,I was formed by bubbling the ''CH;OH

through a second vessel containing refluxing hydroidic
acid®. The methyliodide was captured in the final reaction
vessel, which contained 500 ug of twice distilled deanol!
in 4.5 ml anhydrous acetone®* cooled to —20°C.

Following the transfer of the activity to the reaction
vessel, the isolated vessel was warmed slowly to 70°C
over a period of 10 min. The acetone was evaporated in
the presence of a vacuum by heating the bath to 100°C.
One milliliter of normal saline was added to rinse the
[''C]choline through a 0.22 um Teflon filter* into the 2-ml
sample loop of the HPLC injector#*.

Separation of deanol from choline

A reverse phase cyano column®® was used with a 100%
H,0 eluent at a flow rate of 1.0 ml/min. Ultraviolet (205
nm) and gamma detectors (Nal(T1) crystals were used to
monitor the chemical and radioactivity peaks. The major
radioactivity peak coincided with the retention time for
the choline (Fig. 1). Retention volumes for methanol,
methyliodide, choline, deanol, and 2-mono-methylami-
noethanol were 3.2, 3.9, 2.7, 3.7, and 4.5 ml, respec-
tively. The 2-ml fraction collected at the retention volume
for choline was passed through a 0.22 u Teflon filter. The
purified hypotonic solution was then combined with an
equal volume of buffered hypertonic saline (1.8%) for
i.v. injection.

To assay the purity of the final product a second HPLC
method used a reverse-phase amino (NH,) bonded col-
umn'! with an eluent of 80% acetronitrile*** and 20%
buffer (0.01M Na PO,, pH 4.4) at a flow rate of 1 ml/
min. Chemical detection was by uv absorbance at 205
nm'™ and gamma detection was made by passing the
eluent between a pair of (Nal(T1)) crystals and observing
either coincidence or summed events. Chemical and ra-
dioactivity peak areas were measured using a computing
integrator***. The retention times for methanol, methyl-
iodide, deanol, and choline were 1.6, 1.6, 3.7, 4.3 min,
respectively, on the NH, HPLC system. This second
HPLC method is efficient for the separation of some ra-
dioactive impurities such as [''C]methanol and
[''C]methyliodide from [''C]choline but not adequate for
complete separation of deanol from choline (Fig. 2).

FIGURE 2
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Analytic HPLC method, which em-
| ployed 25-cm amino derivatized(j)
column with 80:20 acetonitrile:buffer
(0.01M Na PO,, pH 4.3) eluent was
used for measuring any [''C]methyl-
iodide, [''C]methanol or other radio-
chemical impurities that may be
present in final product (but not for
separating deanol from choline,
which was accomplished in the pre-
parative separation). Shown here is
chromatogram of chemical standards
(left) and of impure [''C]choline prod-
uct (right) (before preparative HPLC
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purification)
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Paper chromatography was used for further verification
of purity using Whatman No. 1 paper in a solvent system
of (8:2:1:3) butanol: ethanol: acetic acid: water. The de-
veloped paper was scanned for radioactivity or cut into
0.5-cm fractions and counted. Chemical detection was
made by staining with 2% phosphomolybdic acid in 1:1
ethanol:chloroform (v/v), followed by a water rinse, and
developed with 1% SnCl, in 3N HCl (9)

Animal experiments

Adult male albino rats**¢, 2-3 mo old and 250-300 g
body weight were fed water and food'! at will. Each rat
was anesthetized with the same intraperitoneal dose of
sodium pentobarbital (72 mg/kg body weight) and the
iliac vein was exposed for injection.

Methyl-labeled ['“C]choline****, assumed to be free of
deanol, with a specific activity 40-60 mCi/mmol was
prepared for injection. On the day of the experiment, the
CH;O0H storage solution was evaporated to dryness under
a stream of N, and reconstituted in normal saline. A series
of 5.0 uCi doses of ['*C]choline was partitioned into test
tubes containing added deanol in various amounts. The
rats were injected through the iliac vein with 0.5-ml vol-
umes containing the ['*C]choline and added deanol doses
from none to 20 ug/kg.

Five minutes after injection the rats were killed and
blood was dripped into heparinized vials. The brain was
removed, weighed, then homogenized with 4 ml of a
solution containing 50% CH3;OH, and 50% of a solution
composed of 0.3 N HCIO, and 1 mM ethylenediaminete-
traacetic acid in H,O. Duplicate 100 uml fractions of the
blood solution and brain homogenate solution were pipet-
ted and counted over 10 min for ['*C] activity in copoly-
mer mini vials containing 4 ml of scintillation fluid***.

At least two animals were measured at each of five
deanol doses. Five control rats received ['4C]choline
without any added deanol. The percent of the injected
dose/g of brain and blood was calculated for each rat to
compare the effect of the added deanol on the brain uptake
of the labeled choline 5 min after the i.v. injection.

The brain uptake of one preparation of ['!C]choline was
measured in rats before and after HPLC purification (one
rat each). One milliliter doses of 155 uCi of unpurified or
17 yrmCi of HPLC purified [''C]choline were injected
into different rats as above. Five minutes after injection
the rats were killed and percent of injected dose in the
brains was determined by gamma counting of the weighed
brain tissue.

The approximate deanol and choline concentrations in
each of the two ['!C]choline preparations using the pre-
parative HPLC separation were measured by comparing
the integrated 205 nm (bandwidth 10 nm) absorbance
peak area to the peak area of a solution of known concen-
tration. These HPLC measures were also used to deter-
mine the approximate specific activity of the ['!C]choline.
The solution to be measured was concentrated by evapo-
ration under streaming N, reconstituted in 100 yrml of
HPLC eluent and injected on the HPLC system. The ap-
proximate choline concentration was calculated from the
integrated uv 205 absorbance peak area.

RESULTS

The addition of methyliodide to deanol to form choline
gave a chemical yield of 93%. The overall radiochemical
yield for the production of ['*C]choline from '*CO, using
the procedure described above was 85%. Most of the
unincorporated ['*C] radioactivity was in the form of
[**C]methyliodide.

Choline brain uptake inhibition by Deanol
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For the production of [''C]choline, the overall radio-
chemical yield was ~60%, after HPLC purification. Be-
fore purification, the decay corrected radiochemical yield
for the production of [''C]choline from ''CO,, was
~75%. The HPLC purified [''C]choline product had a
radiochemical purity of >98% as measured by HPLC
and paper chromatography. The specific activity was
~300 Ci/mmol choline. Seventy millicuries of prepuri-
fied ['!C]choline were routinely produced, with 20-40
mCi typically available for use after HPLC purification
and preparation for injection.

The brain uptake in the rats of [*C]choline with no
deanol was 0.15% of injected dose/g brain 5 min after i.v.
injection (n=5). The ['*C]choline brain uptake was inhib-
ited 50% with a deanol dose of 2 ug/kg body weight (Fig.
3). The brain uptake of the HPLC purified [''C]choline
was 0.12% of injected dose/g brain tissue (n=1) com-
pared with the 0.02 % brain uptake for ['!C]choline before
HPLC purification (n=1).

DISCUSSION

Diksic et al. (7) described the synthesis of ['!C]choline
from deanol by methyliodide addition. They found that
acetone is the preferred solvent for the reaction. Their
evaporation of the acetone solvent with heat (70 to
100°C) and vacuum removed only 70% of the deanol.
The saline solution used to rinse the product from the
reaction vessel was found to contain 30% of the original
deanol precurser. This amount of deanol if injected along
with ['"C]choline is sufficient to inhibit by ~ 80% the
choline brain uptake in rats.

Our preparative HPLC method separates [''C]choline
from any remaining deanol and other radioactive or
chemical impurities. Previously reported HPLC methods
for separating choline from deanol, use organic solvents
for the eluent (7). When using such solvents the collected
peak fraction must first be evaporated to dryness and then
reconstituted in aqueous buffer before i.v. injection. The
100% H,O eluent and short retention times in the prepara-
tive method described here allow for rapid purification
along with simple processing for i.v. injection without the
need of removing organic solvents.

Care should be taken to ensure that the precursor deanol
is free of the monomethyl impurity to obtain good yields
of labeled choline. In one [''C]choline synthesis run, ra-
dioactivity was found in the form of deanol because the
deanol solution used for the synthesis was contaminated
with monomethyl-aminoethanol (b.p. 155°C for the
monomethyl compared with 135°C for the dimethyl).
The preparative HPLC method should remove both un-
reacted deanol and any ['!'C]labeled deanol arising from a
monomethyl-aminoethanol impurity in the starting prod-
uct. In one pass through the HPLC, ~ 99% of the deanol
is removed.

The brain uptake of the [''C]choline product was mea-
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sured in rats before and after preparative HPLC purifica-
tion. The HPLC purified product has a percent brain up-
take six times greater than that of the unpurified product
(Fig. 3). Cheney and Costa showed that pentobarbital
anesthetic reduces choline uptake in brain by affecting the
high affinity transport system (/0). Thus, the absolute
brain uptake measured here in rats anesthetized with pen-
tobarbital, may be different than the brain uptake in an
unanesthetized animal. The effect of deanol upon brain
uptake of choline should occur in both anesthetized and
unanesthetized animals, although the anesthesia may af-
fect choline and deanol transport to different extents.
Each animal received the same anesthesia in these
experiments.

In addition to alteration by anesthesia, the amount of
injected dose accumulating in the brain may vary with
species and time after injection. A few seconds after i.v.
injection we expect about 2% or more of the injected dose
to be in the brain (/7). Previous studies using [''C]choline
prepared without purification showed early accumulation
in the monkey brain with a subsequent washout from the
brain and accumulation in head soft tissues. Thus, the
fraction of the injected dose (0.15%) reported here repre-
sents only one time point 5 min after the injection. Ten
minutes after the injection, 0.08% was reported in the
brain of rats (11).

CONCLUSION

A synthetic method for the preparation of [''C]methyl-
choline at high specific activity and a preparative HPLC
method using 100% water as the eluent for purification of
the product is described. The presence of small amounts
of deanol precursor markedly decreases brain uptake of
['“C]-labeled choline. Purification of the ['!C]choline
product with preparative HPLC increased choline brain
uptake by a factor of 6 (to ~ 0.15% of injected dose) in
the brains of rats 5 min after i.v. injection. This low brain
uptake suggests that high doses (e.g., 25 miCi [''C]cho-
line) are needed for adequate statistics in PET imaging
studies with humans. The amounts appearing in the brain
1 min after an injection could be 2% or more with only
0.2% remaining after 5 min (/7). If the moment to mo-
ment blood-pool concentration is known, then even with
the anticipated low statistics, dynamic PET studies of
['C]choline injected i.v. or intracarotid can be performed
to evaluate the high affinity uptake system.
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FOOTNOTES

*Matheson Zero Gas (< 0.5 ppm contaminant).
* LBL 88 inch clyclotron.
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* Aldrich Chemical Co., Anhydrous.

§ Merck reagent grade (twice distilled), Merck & Co., Inc.,
Rahway, NJ.

YEastman/Kodak (twice distilled), Eastman Kodak, Roches-
ter, NY.

**Baker anhydrous analytical grade, Baker Instruments,
Bethlehem, PA.

t*Millipore Millex SR Teflon Filters, Millipore Corp.,
Bedford, MA.

HWaters Model U6K HPLC Injector, Waters, Rochester,
NY.

$Waters Radial Pak Cyano (10 X 0.8 cm, 10 micron spheri-
cal), Waters, Rochester, NY.

YYWaters um-bondpak “carbohydrate analysis” (amino) 10
®, 25%0.4 cm, or IBM 5um amino 25 X 0.4 cm, Waters,
Rochester, NY.

***Baker HPLC low uv grade, Baker Instruments, Bethle-
hem, PA.

tt*Waters/schofels uv 450 detector at 0.02 AUFS, Waters,
Rochester, NY.

#ttHewlett-Packard 3390a or IBM CS9000 lab computer
running CAPS1.2 chromatography application software,
Hewlett-Packard, Andover, MA.

$88Sprague-Dawley, North Adams, MA.

%Purina lab chow, Ralston Purina Company, St. Louis,
MO.

****Dupont NEN Medical Products, No. Billerica, MA. (56
mCi/mmol).

ttt*Amersham PCS liquid scintillation cocktail, Arlington
Heights, IL.
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