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s WFbURY 

Fligh-performance liquid chromatographic (HPLC) resolution of 
[llCIDL-leucine and [llCIDL-trv~tophan, usinp. modifications of a 
Dreviously develo ed technique for resolution of [llC]DC-valine, was 
used to Droduce [PIC]L-leucine and [llC]L-tryptoDhan. The techn que 
ernploys comercially available reverse phase HPLC columns and ch ral 
riobile phases containing cupric acetate and L-proline. 

Key !,lords: [llC]DL-Leuc ine, [ llC]DL-Trvptophan, High-performance liquid 
chromatography, Optical resolution, [ lCIL-Leucine, [ lC1L- 
Tryptophan 

INTRODIICTION 

%st lrethods for the synthesis of llC-labelled amino acids, including our 

modified Riicherer-Strecker technique (1,'2), produce racemic mixtures. Hovever, 

ohysiological studies, such as positron tomographic measurement of regional 

cerebral protein synthesis (3) and evaluation of organ function (4). require 

natural L-enantiomers. Therefore, development of methods for the separation of 

the L-enantiomers from llC-labelled amino acid racemates that are compatible 

with the short Ti12 of carbon-11 (20 .4  min) ia necessary. 

been reported: 1. Immobilized amino acid oxidases which utilize the undesired 

enantioner as a substrate ( 5 ,  6 ) ;  2. Affinity chromatoqraphy using human serum 

albumin coupled to a sepharose resin (specific for [llCIDL-tryptophan) ( 7 ) ;  and 

3. High-performance liquid chromatoqraphy (HPLC) using a chiral mobile phase 

( 8 ) .  

valine (8 ) .  

apnlicable to the resolution of [11CIDL-leucine and [llCIDL-tryptophan. 

[llCIL-Leucine and I11CIL-tryptophan are potential radiopharmaceutical agents 

Three methods have 

\Je have oreviously reported the HPLC technique for resolution of [l1CIDL- 

This report describes the modification of the method to make it 
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for positron tomoqraphic measurement of regional cerebral protein synthesis and 

differential diagnosis of pancreatic disease, respectively. 

MATERIALS AND METHODS 

Our HPLC system (LCISystem Support Unit I, including Model 2396-89 Flilton 

Roy Instrument duplex minipump and Rheodyne Model 7120 syringe-loaded sample 

injection valve, Laboratory Data Control, Riviera Reach, FL) was fitted with a 

2.0 mL sample ~ O O D .  

(10 mm i.d. X 25 cm length) Ultrasphere ODs, 5 pm column (Altex Scientific, 

Inc., Rerkeley, CAI. 

complexes would not elute from the Ultrasphere ODS column; therefore, a 

Spherisorb O D s ,  5 um column (Applied Science Division, Milton Roy Company 

Laboratory Group, State College, PA) of the same dimensions was used. 

colunns were equilibrated with the appropriate mobile phase, which was degassed 

under vacuum before use. 

9.017 Y L-oroline and Q.008 Y cupric acetate in 0.03 M aqueous sodium acetate; 

for [llC]DL-tryptophan, the mobile phase was produced by addinq ethanol to this 

sa3e solution to a concentration of 157 bv volune. which increases the 

solubility of the copper-anino acid co.nplexes and consequently increases their 

elution velocities. 

for reso Iut ion of [ lC 1 DL-1 euc ine and 

For resolution of [llC]DL-leucine, we used a preparative 

However, for [llC]DL-trypto~han, the copper-amino acid 

The 

For [llCIDL-leucine, the mobile Phase consisted of 

The flow rate was adjusted to 7.2 mL/min and 5.0 mLlmin 

C 1 DL-trypt ophan , respective 1 y . 
Crude C-carboxyl-labe 11 ed DL- leuc ine and DL-tryptophan were synthesized 

at the Oak Ridqe Wational Laboratory’s 86-inch cyclotron complex as previously 

described (21, with the following exceptions: 

was not rinsed with water; ( 2 )  the amount of YaOFI used for hydrolysis was 

reduced fron 1.3 mL to 0.7 mL of 6.25 V NaOH; and ( 3 )  the carrier potassium 

cyanide was reduced to 1 m!! €or [llCIDL-leucine and to 0.01 ml: for I1ICIDL- 

tryptophan. The crude reaction mixture was combined with 9.5 mg of cupric 

acetate and 11.7 I-.% of L-uroline in Q.1 mL of water, and the pH of the solution 

was adjusted to 5-6 usint concentrated 1iCI. The resulting solution was passed 

through a 0.27 urn filter and iniected onto the RPLC column. 

( 1 )  The gas absorption column 
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Elution of the llC-labelled Ilrixture was monitored using a shielded Ea*lqa 

orobe. 

adding 2 mL of 6 N HCI. 

filtered and the filtrate was loaded directly onto a 1.0 x 15 cn, 4r: 5q"-Y,?, 

50-190 mesh cation-exchange bed in the hydrogen form (Rio-Rad Laboratories, 

Richmond, CAI, which had been oreviouslv washed with water and then 1 N 1IC1. 

For leucine the acidified L-fraction was coqbined with 3 mL of a saturated 

aqueous solution of hydroqen sulfide (made fresh that day) to precipitate the 

copper as cupric sulfide. The mixture was filtered and the filtrate was loaded 

onto the cation-exchange column as above. After loading, the column was washed 

once with 100 mL of 1 N HC1 and twice with 50 mL of water. 

L-amino acid was then eluted with 0.2 N Na011. Final radiopharmaceutical 

processing (neutralization, microfiltration, and ayrofien testing) was carried 

out as described previously ( 2 ) .  

The fraction containing the llC-lsbelled 1.-enant iomer was acidified by 

In the case of tryptoohan, the acidified solution was 

The llC-labelled 

In the development of the resolution method, exDeriments were carried out 

using tracer amounts of carbon-I1 and carbon-14 activity under conditions that 

would simulate the resolution of a full batch of crude llC-labelled racenic 

amino acid, as described previously for resolution of [llC]DL-valine ( 8 ) .  

The level of L-proline in the purified [llCIL-tryotophan solution was 

determined by spiking the llC-labelled L-amino acid fraction fron the HPLC with 

5 uCi (0.02 unole) of 14C-labelled L-proline (ICY Chemical and Radioisotope 

Division) prior to final cation-exchange purification. Carbon-14 assays of the 

wash solutions and the llC-labelled L-amino acid fraction were carried out, 

after decay of the carbon-11, by standard liquid scintillation counting 

techniques. Copper levels in the purified L-amino acid solutions were 

determined by use of tracer levels of copper-64 (Oak Ridge National Laboratory) 

or analysis by an independent commercial laboratory (Galbraith Laboratories, 

Inc.,  Knoxville, TN). 

leucine solution was done using lead acetate test strips. 

Testing for the presence of sulfide in the [I1C1L- 
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HPLC resolution of [11C]DL-tryptophan was used to obtain up to 7 5  mCi of 

[llC]L-tryptophan. 

overall radiochemical yield of 10-20%. 

optimized for [11C]L-leucine, but preliminary radiochemical yields were 20-25% 

and the Droduction time - 50 min. No radioactive impurities were detectable 

for either of the products by HPLC. 

Synthesis and resolution required - 5 5  min and gave an 

Production vielde have not been 

The elution profile (Fig. 1) f o r  crude unlabelled DL-leucine reaction 

mixture spiked with crude llC-labelled DL-leucine reaction mixture and with 

RESOLUTION OF CRUDE C-11-LABELLED DL-LEUCINE B Y  HPLC 

Fig. 1. 
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HPLC elution profile obtained Igith a mixture of 1.3-1.5 .nL of 
crude unlabelled Dt-leucine reaction mixture, Q . 5  mL of 
concentrated HC1, 9.6 mg of cupric acetate, 11.7 mg of L- 
proline, 5 uCi of [14ClL-leucine (New England Huclear, 
Roston, ‘MI, and - 1 mCi of crude [llC]DL-leucine reaction 
mixture. 

14C-labelled L-leucine showed good correlation in elution time for l l C -  and 

14C-labelled L-leucine. 

D-leucine spike (Fiq. 2)  likewise Save qood correlation between llC- and 

The analogous experiment using a L4C-labelled 
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1'4C-labelled D-leucine. Exce l l en t  r e s o l u t i o n  of t h e  D- and L-leucine Deaks 

m s  observed i n  both c a s e s .  The r e s o l u t i o n  tinles f o r  t h e  D- and 

L-enant ioners  were 13 m i n  and 23 min, r e s p e c t i v e l y .  

RESOLUTION OF CRUDE C-11-LAEELLED DL-LEUCINE B Y  HPLC 
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HPLC e l u t i o n  p r o f i l e  o b t a i n e d  w i t h  a mix tu re  o f  1.3-1.5 mL o f  
c rude  u n l a b e l l e d  DL-leucine r e a c t i o n  mix tu re ,  0.5 mL o f  
concen t r a t ed  RC1, 9.6 mg of  c u p r i c  a c e t a t e ,  11.7 mg o f  L-pro l ine ,  
5 u C i  o f  f14C1D-leucine (ICN Chemical and Rad io i so tope  D i v i s i o n ,  
I r v i n e ,  CA), and - 1 m C i  o f  c rude  [l lCIDL-leucine r e a c t i o n  
mix tu re .  

The e l u t i o n  p a t t e r n  (F ig .  3 )  f o r  c r u d e  u n l a b e l l e d  DL-tryptophan r e a c t i o n  

mix tu re  t h a t  had been sp iked  wi th  c rude  l l c - l a b e l l e d  DL-tryptophan and wi th  

14C-labelled L-tryptophan s i m i l a r l y  showed good c o r r e l a t i o n  in e l u t i o n  time 

between t h e  llC- and 14C-labelled L-tryptophan peaks.  

Deaks were w e l l  r e so lved ,  having  e l u t i o n  t ines of 11 min and 13  min, 

r e s p e c t i v e l y .  

i t  was no t  p o s s i b l e  t o  do  t h e  ana logous  exper iment  u s i n g  t h i s  m a t e r i a l  a s  a 

sp ike .  

The P- and L-tryptophan 

Recause 14C-labelled D-tryptophan is no t  commercially a v a i l a b l e ,  

A s t r i k i n g  f e a t u r e  of t h e  l e u c i n e  r e s o l u t i o n  p r o f i l e s  wa6 t h e  s p l i t t i n g  of  

t h e  L- leuc ine  peak ( F i g s .  1 and 2) .  Although much l e e s  obvious ,  t h i s  s p l i t t i n g  

was a l s o  apparent  f o r  t h e  D-enantiomer i n  t h e  t ryp tophan  r e s o l u t i o n  p r o f i l e  

(Fie,. 3 ) .  The r eason  f o r  t h i s  peak s p l i t t i n g  i s  no t  known. 
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RESOLUTION OF CRUDE C-1  1-LABELLED DL-TRYPTOPHAN B Y  HPLC 

Fig. 3 .  
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HPLC elution orofile obtained with a mixture of 1.3-1.5 mL of 
crude unlabelled DL-tryptophan reaction mixture, 3.5 mL of 
concentrated HC1, 9.6 mq of cupric acetate, 11.7 mg of L- 
oroline, 5 pCi of [14C]L-tryptophan (New England Nuclear), and - 1 mCi of crude [llCIDL-tryptophan reaction mixture. 

After resolution of [11C]DL-leucine by our HPLC method, it was necessary to 

break up the L-leucine-coDper-L-Proline conolex by precipitation of the copper 

with hydrogen sulfide. The resultinq cuoric sulfide was removed by filtration, 

and the excess hydrogen sulfide was removed by cation-exchange chromatography. 

Standard tests for sulfide ions in the purified eluate were negative. For 

resolution of [llCITIL-leucine the L-proline present in the HPLC mobile phase 

was not removed, a s  vas also the case for [llC]DL-valine resolution (8). 

Assuning collection of 20 nL of YPLC eluate, there would be 39 mg of L-proline 

in an entire batch of [llCIL-leucine. 

level of L-proline is nontoxic and does not affect the biodistribution of a 

A s  we have shown previously (81, this 

radiolabelled amino acid. 

[IlCIL-valine nre?ared analogously with no evidence of any adverse reaction 

(Y.F. Hiibner, oak 9idge Associated Universities, unpublished data). 

On the other hand, in the resolution of [llCIDL-tryptophan, the complex of 

In fact, we have studied 30 patients using 
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L-tryptophan with copper and L-proline is weaker than that of L-leucine, and 

this complex was decomposed when the acidified HPLC eluate was subjected to 

cation-exchanze chromatocraphy. Use of 14C-labelled L-aroline and copoer-64 as 

radiotracers showed that all of the L-proline and copper was removed by the YC1 

and water washes. The L-tryptophan, however, was tightly bound by the cation- 

exchange resin until eluted with base. Comercial analysis showed the cooper 

level in a typical preparation to be only 0.9 mg/L or 13.5 UP, in the usual 15 

rnL of eluate. 

Of the three methods that have been used for resolution of 11C-labelled 

amino acid racemates, only the enzymatic method using immobilized smino acid 

oxidases (1,2) and our IIPLC method (8) appear to be generally useful. Gil-av 

et al. (9) investigated an YPLC method similar to that used in this report and 

found it to resolve 16 out of the 18 racemic amino acids studied. The activity 

of inmobilized D-amino acid oxidase toward a variety of amino acid substrates 

is likewise subject to considerable variability (10.11). such that the 

enzymatic resolution method will likely be very useful for certain amino acids 

and not at all f o r  others. It would appear that the choice of a preferred 

resolution method for llc-labelled amino acid racemates should be made on an 

individual basis. 
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