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SUMMARY 

All-trans-[15-"C] r e t ino ic  acid and all-trans-[l0,11-'H~]retinoic acid 
were pur i f ied  by thin-layer chromatography (TLC) and high performance l i qu id  
chromatography (HPLC). 
r e t ino ic  ac id ,  was i so l a t ed ,  character ized and t en ta t ive ly  iden t i f i ed  as an 
epoxide of r e t i n o i c  acid.  

A major impurity, present i n  both "C- and 'H-labelled 

INTRODUCTION 

The importance of radiochemical pu r i ty  i n  tracer analyses  should be 

universa l ly  recognized. 

fo r  t he  rout ine  monitoring of radiochemical puri ty .  This  is par t i cu la r ly  

important when working with r e l a t i v e l y  unstable  compounds, where chemical 

decomposition per se is a po ten t i a l ly  s ign i f i can t  problem. 

Yet, many researchers  f a i l  t o  appreciate  t h e  necess i ty  

Thin-layer radiochromatography has become a primary means, f requent ly  t h e  

only means, by which such pu r i ty  ana lys i s  is attempted. 

chromatography and pu r i ty  ana lys i s  have been reviewed (1, 2). One of t h e  ever 

present problems i n  radiochromatographic ana lys i s  i s  t h e  p o s s i b i l i t y  t h a t  t he  

chosen solvent systems andlor  supports may not  effect t h e  separat ion of all of 

the  contaminants t h a t  might be present i n  t h e  compound of i n t e re s t .  

problem seems t o  take on par t i cu la r  s ign i f icance  when working with l i p i d s .  

The subjec ts  of radlo- 

This 

I n  the course of s tud ie s  with labe l led  r e t i n o i c  ac id ,  a contaminant has 
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been found which w a s  n o t  separated from t h e  au thent ic  compound by most of the 

TLC solvent  systems t e s t e d .  

separa t ion  was highly dependent upon t h e  condi t ion  of t h e  support. 

n i c a t i o n  is concerned wi th  t h e  a p p l i c a t i o n  of both TLC and HPLC i n  t h e  p u r i f i -  

ca t ion  and p u r i t y  a n a l y s i s  of l a b e l l e d  r e t i n o i c  ac id .  

One e f f e c t i v e  so lvent  system w a s  found, bu t  t h e  

This  commu- 

MATERIALS AND METHODS 

All--- [15-’4C1 r e t i n o i c  a c i d  (approx. 1 9  mCi/mM) and all-=- 

~10,11-’H21retinoic a c i d  (approx. 105 mCi/mM) were obtained as g i f t s  from Dr .  

W. E.  Scot t ,  Hoffmann-La Roche Inc. ,  Nutley, N. J. The radiochemicals, 

dissolved i n  toluene,  were s tored  i n  t h e  dark  a t  4OC. The approximate s torage  

concentrat ions were 865 u C i / m l  f o r  t h e  ’H- and 104 pCi/ml f o r  t h e  “C-labelled 

r e t i n o i c  acid.  

Thin-layer chromatography w a s  performed on both s i l i c a  g e l  and c e l l u l o s e  

supports. P l a s t i c  s h e e t s  coated w i t h  s i l i ca  g e l  (P. No. 13179, Eastman Kodak 

Co., Rochester, N. Y.) MN S i l i c a  G e l  G, MN Cel lu lose  300 (Brinkman Instruments, 

Inc., Westbury, N. Y.) and g l a s s  supported 9-1 s i l i c a  gel p l a t e s  (Quantum Ind., 

F a i r f i e l d ,  N. J . )  were used. The most 

no tab le  of these  were: A, heptane:chloroform:methanol (8 : l : l ) ;  B, benzene: 

ch1oroform:methanol ( 4 : l : l ) ;  C ,  benzene:acetone:methanol:acetic ac id  (14:l:Z:l); 

D, d1ethylether:isopropanol (9 : l )  and E, petroleum e t h e r  (36-37’C f rac t ion) :& 

octanone (1l:Z). D i s t i l l e d  i n  g l a s s ,  r e s i d u e  free so lvents  (Burdick and Jackson 

Laborator ies ,  Inc. ,  Muskegon, Mlch.) o r  r e d i s t i l l e d  reagent  grade so lvents  were 

used throughout. Water was deionized,  charcoal  f i l t e r e d  and g l a s s  d i s t i l l e d  

p r i o r  t o  use. 

Many so lvent  systems w e r e  u t i l i z e d .  

A l l  procedures w e r e  c a r r i e d  out  i n  near  o r  t o t a l  darkness. An e f f o r t  was 

made t o  maintain a n i t rogen  atmosphere during sample handling. A l l  handling 

procedures (excluding one t o  b e  discussed)  were found t o  have no d e l e t e r i o u s  

e f f e c t s  on au thent ic  a l l - t rans- re t ino ic  ac id .  
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High performance l i qu id  chromatography was performed using 0.46 x 25 cm, 

bonded, reverse  phase, ODs (octadecyls i lane)  columns (Par t i s i l -10  ODs, Whatman 

Laboratory Products, Cl i f ton ,  N. J.) and a methanollwater solvent  system. 

Fract ion co l l ec t ion  w a s  done under a f o i l  l i g h t  sh i e ld  i n  v i a l s  which were 

continuously flushed with a gen t l e  flow of ni t rogen.  

performed using t h e  d i r e c t  probe i n l e t  on a low reso lu t ion  mass spectrometer 

previously described (3). 

screen X-ray f i lm (GAP Corp., New York, N. Y.) which w a s  processed with the  

appropr ia te  chemicals, as recommended by t h e  manufacturer (Eastman Kodak Co., 

Rochester, N. Y.). 

Mass spectrometry was 

Autoradiography was performed using 8" x 10" no 

RESULTS AND DISCUSSION 

An attempt t o  coc rys t a l l i ze  'H- and '*C-labelled r e t i n o i c  ac id  with unla- 

bel led carrier revealed the  presence of s ign i f i can t  l e v e l s  of contamination i n  

both of t h e  radiochemical stocks. 

c r y s t a l l i n e  material and t h e  mother l iquor  confirmed the  presence of severa l  

e a s i l y  separated contaminants. However, i n  so lvent  system A, t he  presence of a 

contaminant which w a s  not f u l l y  resolved from r e t i n o i c  acid was indicated. 

Careful reana lys i s  of these  samples and t h e  o r i g i n a l  radiochemical s tocks not 

only confirmed t h i s  f inding but  showed t h i s  contaminant t o  be the  major radio- 

chemical material present. 

A TLC and autoradiographic ana lys i s  of t he  

The l e v e l  of contamination present  i n  t h e  s tocks precluded t h e  use of 

r ec rys t a l l i za t ion  procedures. 

e s t a b l i s h  v i ab le  procedures f o r  both t h e i r  r epur i f i ca t ion  and e f f ec t ive  qua l i t y  

control .  

Thus, TLC and then HPLC were u t i l i z e d  t o  

Since HPLC proved so successful ,  t h e  TLC procedures were never f u l l y  pur- 

sued. However, t h e  incomplete TLC da ta  have been presented a s  a guide t o  those 

who e i t h e r  have no access t o  HPLC instrumentation o r  who have a d e s i r e  t o  

u t i l i z e  TU: i n  addi t ion t o  HF'LC. 
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Radiochemical Pur i ty  Analysis by TLC - An autoradiogram obtained from a 

two-way chromatogram u t i l i z i n g  so lvents  A and B on a Q-1 p l a t e  is represented 

i n  Figure 1. 

and '8-stocks. 

successful  on t h i s  s t y l e  of p la te .  

pu r i ty  es t imate  i n  t h i s  format was tedious. Thus, a change was made t o  p l a s t i c  

supported shee ts  which (being e a s i l y  cut  i n t o  s t r i p s )  afforded a more e f f i c i e n t  

and accurate  system f o r  quantat ive ana lys i s  using l i qu id  s c i n t i l l a t i o n  counting 

techniques. 

Essen t i a l ly  iden t i ca l  r e s u l t s  were obtained with both t h e  1'C- 

The separa t ion  obtained with solvent  system A was rout ine ly  

However, acqu i s i t i on  of a quant i ta t ive  

Solvents B, C and D were a l l  ine f f ec t ive  i n  separat ing t h e  major contam- 

inant  from re t ino ic  ac id ,  regard less  of t h e  support used. For example, a 

comparison of t he  radiochemical pu r i ty  es t imates  provided by so lvents  A and C 

revealed that A yielded an apparent pu r i ty  estimate of 25% r e t ino ic  acid 

(4 0.25) while 35% of t h e  l a b e l  w a s  found i n  the  major contaminant spot  

(Rf 0.20) and the  remainder was d i s t r ibu ted  among slower o r  nonmigrating 

contaminants. Simultaneously, solvent  C yielded an apparent pu r i ty  estimate 

of 82% as the  major contaminant and severa l  of the  minor ones cochromatographed 

with the  r e t i n o i c  acid.  

Solvent systems C and D were recommended by the  suppl ie r  as being usefu l  

i n  monitoring t h e  radiochemical pu r i ty  of r e t i n o i c  acid on s i l i c a  gel. 

hands, and f o r  t h i s  separat ions problem, these solvent  systems proved t o  be 

inef fec t ive .  However, i t  should be pointed out t h a t  t h e  separat ion systems 

used by suppl ie rs  of radiochemicals f o r  pu r i ty  ana lys i s  of t h e i r  products 

probably have been developed t o  s a t i s f y  the  demands of spec i f i c  and frequent ly  

highly r e s t r i c t e d  separa t ions  problems which a r e  d i c t a t ed ,  i n  general, by the  

methods of preparat ion and handling. 

f o r  t h e i r  intended uses ,  they cannot be expected t o  rout ine ly  accomplish t h e  

separat ions of a l l  of t he  possible  decomposition products t h a t  might be generated 

by var ious treatments and/or abuses of these products. 

I n  our 

Although these  systems may be sa t i s f ac to ry  
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Figure 1. 

using solvent systems A (heptane:chloroform:methanol, 8:l:l) and then B 

(benzene:chloroform:methanol, 4:l:l). 

0.28 and 0.37 i n  solvent systems A and B, respectively. 

An autoradiogram of a two-way TLC of impure [15-"C]retinoic acid 

The Rf values for retlnoic acid were 
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Another major TLC problem encountered i n  these s tud ie s  involved the  

adequate de f in i t i on  of t he  support, i n  pa r t i cu la r ,  of s i l i c a  gel. The i n i t i a l  

supply of p l a s t i c  supported s i l i c a  g e l  shee t s  used i n  these s tud ie s  were an 

Eastman Kodak product. 

O . l J 1  sodium ace ta t e  i n  90% aqueous methanol. Before use, i n  t h i s  work, they 

were soaked i n  deionized water (approximately 1 l i t e r  per p l a t e  fo r  about 30 

minutes), drained, r insed with methanol t o  quickly remove the  excess water, a i r  

d r ied  and used without fu r the r  treatment. The r e s u l t s  obtained with these 

p l a t e s  were e s sen t i a l ly  iden t i ca l  t o  those obtained on Q-1 p la t e s .  

supply of s i l i c a  g e l  shee ts  w a s  exhausted, t h e  equivalent  product from Eastman 

Kodak Co. and a similar one from Brinkmann Instruments, Inc. were acquired. 

Neither product yielded the  expected results. 

r e s u l t s  was obtained when the  new p la t e s  were soaked i n  0.1M sodium ace ta te ,  

dr ied and then predeveloped with 10% a c e t i c  ac id  i n  ethanol. 

noteworthy tha t ,  i n  addi t ion  t o  the  spec ia l  q u a l i t i e s  ascr ibed t o  Q-1 pla t e s  by 

the  suppl ier ,  these p l a t e s  were a l s o  aged. 

treatment. 

t o  ascer ta in  whether t h e i r  age had any inf luence on the  separat ion i n  question. 

They were severa l  years  old and had been t rea ted  with 

When t h i s  

A semblance of t he  o r ig ina l  

It is perhaps 

They were used without fu r the r  

No e f f o r t  was made t o  acquire  a f r e sh  s tock of these p l a t e s  i n  order  

As these  da ta  w e r e  being acquired, they suggested tha t  t he  separa t ion  

might be rmre dependent upon the  phenomenon of p a r t i t i o n  than that of adsorption. 

Thus, a p l a s t i c  supported thin-layer ce l lu lose  medium was  t e s t ed  using solvent 

A. 

Spot s i ze  was reduced and the  apparent reso lu t ion  improved by progressive 

increases  i n  heptane content of the  system (eg. 64:l:l yielded R f ' s  of 0.68 and 

0.57, respect ively.  

t h i s  media. 

Separation was observed ( r e t i n o i c  ac id  Rf 0.87, major contaminant Rf 0.80). 

No reso lu t ion  w a s  observed with so lvents  B, C and D using 

Radiochemical pur i ty  ana lys i s  using TLC was not  developed fu r the r  due t o  

the  successful  introduct ion of HPLC. 

extant  a t  t h a t  point  w a s  chromatography with solvent  A on a Q-1 p l a t e  followed 

The s implest  and most dependable procedure 



by autoradiography. 

a t e l y  pre t rea ted ,  p l a s t i c  supported si l ica seemed t o  be  useful ,  but  t h i s  w a s  no t  

exhaustively establ ished.  

The quan t i t a t ive  procedures based on the  use  of appropri- 

It is worthy of note  that none of t h e  above described procedures were found 

Although t h e  t o  be  of use  i n  es tab l i sh ing  t h e  isomeric pur i ty  of r e t i n o i c  acid. 

system was never appl ied t o  labe l led  r e t i n o i c  acid,  solvent  E on Q-1 p l a t e s  w a s  

capable of p a r t i a l  reso lu t ion  of some of t h e  geometric isomers of r e t i n o i c  acid. 

This solvent  system was never optimized t o  t h a t  purpose. 

s imulate  the  solvent  system reported by Plan ta  et  al. (4). 

solvent  E i n  combination with solvent  A should prove most usefu l  i n  t h e  pu r i ty  

ana lys i s  of r e t i n o i c  ac id  by TLC. 

It was an e f f o r t  t o  

Modifications of 

Pur i f i ca t ion  by TLC - The above TLC procedures f o r  radiochemical pu r i ty  

ana lys i s  of r e t i n o i c  ac id  were never converted t o  a v i ab le  means of pur i f ica t ion .  

The product recovered from Q-1 pla t e s  rout ine ly  yielded pu r i ty  estimates of only 

7 5 4 5 % .  

Dilu t ion  of t he  samples o r  prespot t ing the  p l a t e s  with non-labelled c a r r i e r ,  

and predevelopment of t h e  p l a t e s  d id  not  a l l e v i a t e  t he  problem. 

applied t o  the  p l a t e s  in a gas box under a flow of lamp grade nitrogen. 

were d r i ed  by a gen t l e  stream of nitrogen. 

be appl ied t o  t h e  p l a t e s  under these  condi t ions without de tec tab le  de te r iora t ion .  

Two-way chromatograms were developed u t i l i z i n g  solvent  system A i n  both 

d i rec t ions .  The p l a t e s  were dr ied  under n i t rogen  between developments. Autora- 

diography of such p l a t e s  proved t h a t  t h e  r e t i n o i c  ac id  w a s  pure i n  s i t u  following 

t h e  f i r s t  development and t h a t  no de tec tab le  de t e r io ra t ion  had occurred i n  t h e  

process of drying and redeveloping t h e  plate .  Since a l l  of t h e  o ther  handling 

procedures involved had proven v iab le ,  i t  seemed t h a t  t h e  c r i t i ca l  a t ep  involved 

t h e  removal of t he  s i l ica  from t h e  p l a t e  and t h e  recovery of t he  r e t i n o i c  ac id  

from the  s i l i ca  gel .  

elucidated. 

Samples w e r e  

Spots 

Pure, unlabelled r e t i n o i c  ac id  could 

The reasons f o r  t he  f a i l u r e  of t h i s  s t e p  have not  been 
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The apparent problem of recovering retinoic acid from silica gel made some 

The TLC findings suggested that HPLC on other means of purification desirable. 

reverse phase columns as a possible solution. 

of HPLC, the recovery of retinoic acid from cellulose supports was not investi- 

gated. 

not equipped for HPLC. 

As a result of the instant success 

This might prove a viable alternative to users of these compounds who are 

Purification by HPLC - As would be predicted from the findings in normal 
phase systems, all of the radiochemical contaminants in the stock label were 

found to elute prior to retinoic acid in the reverse phase system (Figures 2 and 

3). 

purification was made surprisingly simple. 

The major contaminant was found to be easily separated and thus, the 

The retinoic acid, as eluted, was both radiochemically and isomerically pure 

and ready for use without further handling. 

fied material can be tightly sealed and stored in the dark, at minus 20°C (as 

eluted). 

immediately following their acquisition have been found to maintain this level 

of purity for periods of 2-3 weeks. 

determination of which, if any, of the contaminants might represent products of 

autoradiolysis have not been pursued further. 

purification can be readily performed on adsorption or normal phase columns. 

It should also be pointed out that the reverse phase system described becomes 

unwieldy if the elution of compounds significantly less polar than methyl retin- 

oate or retinyl acetate is required. 

If not used immediately, the puri- 

Purified samples shown to have a minimum apparent purity of 97% 

Storage and stability studies, and the 

It is unlikely that this one step 

Characterization of the Major Contaminant - During purification of the 
retinoic acids, the contaminants were also collected. The major contaminant 

from the '*C-retinoic acid was methylated and repurified by HPLC. 

ester of this compound was then analyzed by mass spectrometry. 

contained all of the fragments found in methyl-5,6- and methyl-5,8-monoepoxy- 

retinoic acid (5). 

The methyl 

The mass spectrum 
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MINUTES 

Figure 2. 

- trane-retlnoic acid. 

at 2Q°C. 

HPLC of impure [15-'*Clretinoic acid which had been spiked with all- 

The solvent wae 71% methanollwater, flow rate = 0.4 mllmin 
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MINUTES 

Figure 3. HPLC of impure [lO,ll-’H,]retinoic acid. The solvent was 70% 

methanollwater, flow rate = 0.4 ml/min and 2OoC. 

times with respect to Figure 2 are attributable to differences in the eluting 

solvents and the strength and volume of the injected sample solvent. 

Differences in retention 
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The mass spectrum of this product also permitted the confirmation of both 

the specific activity and specificity of labelling in the original retinoic acid. 

In Figure 4a the high molecular weight segment of the mass spectrum of the major 

contaminant is shown. 

epoxyretinoate but is accompanied by a disproportionately large (M+2)+ ion at 

332 which is attributable to the '*C-atoms in the sample. The relative peak 

values from m/e 329 to 334 were determined for this spectrum and that of the 

equivalent unlabelled compound (Figure 4b). Thus, the isotopic abundance could 

be calculated. 

with single carbon labelling, the calculated specific activity of the oxidation 

product was found to be 18.65 mCi/mM. The specific activity of the parent acid 

was reported as being 18.95 mCi/mM. 

The mass ion at 330 is in keeping with that of a methyl 

Using 62.4 mCi/mM as the equivalent of 100% isotopic abundance 

If one considers the fragmentation pattern presented in Figure 4a, the 

classic fragments of a methyl ester are evident. In the cases where the frag- 

ments contained the carbonyl carbon of the original acid, they are accompanied 

by a correspondingly strong (=/@2)+ ion as was the case with the parent ion. 

These fragments are (M-15)+ at g/= 315 and =/g 317 representing the character- 

istic loss of a methyl group from retinoic acid and related compounds (5, 6) and 

(M-31)+ at m/e 299 and m/e 301 representing the loss of the methoxy group of 
the ester. 

taneous loss of the disproportionately large (1r-1/*2)+ ion. 

ion, representing the loss of the -COOCHI function, displays the normal pattern 

found in the equivalent unlabelled compound (Figure 4b) and confirms the 

However, with the loss of the carbonyl carbon there is a simul- 

Thus, the (M-59)+ 

specificity of the labelling in the original acid. 

The character of the faster eluting products has not been studied. They 

are almost certainly oxidation products of the parent acid in as much as their 

detection is dependent upon the presence of the '*C-label. Some of these show 

little absorbance in the visible region of the spectrum suggesting that the 

conjugate system of double bonds has been interrupted or significantly shortened. 
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'4C LABELLED C2&,03 8 
(3 

UNLABELLED C21Hw03 8 
(3 

Figure 4 .  

asters  of a) the major impurity observed i n  [15-"C]retinoic acid and b) the 

equivalent unlabelled compound. 

The high molecular weight region of the mass spectra of the methyl 
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Such an effect could be accomplished through single or multiple oxidation and 

might even represent oxidative cleavage of the compound to lower molecular weight 

fragments with only those bearing the label being immediately recognizable as 

such. 

same as those observed in the “C-stock is based entirely upon their similar 

chromatographic behavior. 

The presumption that the contaminants found in the ‘8-stock might be the 

Possible Source of the Contamination - It must be presumed that the radio- 
chemical stocks in question were pure at the outset. 

on hand for about two years, it seemed highly unlikely that their extensive 

deterioration was the result of autoradiolysis since the two stocks of 14C- and 

of %-labelled retinoic acid were almost identical in radiochemical purity and 

relative contaminant distribution. 

samples showed no evidence of light induced isomerization. 

degradation was due to air exposure, perhaps, as a result of the samples being 

permitted to dry as thin layers. 

these stocks was ever so treated. 

was supported by the difficulties which were encountered while attempting to 

purify these stocke by TLC on silica gel plates. 

example, a sample of 85% pure “C-retinoic acid was rechromatographed in an 

effort to further purify it. 

and reanalyzed, it was found to be about 30% pure and was essentially indistin- 

guishable from the original stock material. 

Although they had been 

Light was probably not involved since the 

Possibly their 

There is no record to show that either of 

However, the feasibility of this explanation 

In one extreme instance, for 

When it was recovered from the second purification 
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