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SUMMARY 

The l o s s  of h i s t i d i n e  and t h e  formation of a d d i t i o n a l  
by-products during t h e  p u r i f i c a t i o n  and etorage of c14C(U]- 
L-histidine prepara t ions  on chromatographic carriers was 
followed. The product formed mainly on chrometographic pa- 
per  was i d e n t i f i e d  a s  the condensation product of h i s t i d i -  
ne with formaldehyde; on t h i n  l a y e r  of s i l i ca  gel mainly 
degradat ion products of  h i s t i d i n e  were obtained. Pocrsibili- 
t ies  t o  decrease t h e  f o r m t i o n  of these  undesirable  by-pro- 
ducts  were discueaed. 

Key Worde: 14C-L-Hietidine, Transformation, Chromatogrephic 
Carr ie rs ,  Condensation, Formaldehyde 

INT RODUCPION 

During paper chromatography and e lec t rophores i s  o f  small  

amounts of  h i s t i d i n e  we observed l o s s e s  of h i e t i d i n e  and form- 
t i o n  of unknown by-products. Chrometogrephicelly p r e p u r i f i e d  

samples of C 14C(U) 3 -L-histidine a n d C c a r b o ~ y l - ~ ~ C  3 -D,L-histidi- 

ne submitted t o  paper-ele c t rophore t ic  cont ro l  contained two 

f u r t h e r  rad ioac t ive  compounds i n  a d d i t i o n  t o  h i e t i d i n e  (Fig.1) . 
The spot  w i t h  lower r a d i o a c t i v i t y  remained a t  t h e  p o s i t i o n  of  
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neut ra l  substances ( indicated as t h e  f r a c t i o n  N) while  the  spot  

o f  higher  rad ioac t iv i ty  ( ind ica ted  a s  the product X> migreted 

as an  independent substance o f  l e s s  pronounced bas ic  character  

than h i s  t i dine. 

Fig.1 Electrophorogrem of C l 4 C ( U ) 1  -I,-histidine sample (ape- 

c i f i c  a c t i v i t y  210 mCi/mM) prepurif ied by paper chro- 

met  ogre phy i n  n-buta no1 -a c e t i  c a c i  d-wa t e r . 
The aim of t h i s  paper was: 1.) t o  ident i fy  the  main unknown 

by-product X and t o  explain its formation. 

2.) t o  f i n d  t h e  optimal condi- 

t i o n s  for chromatographic pu r i f i ca t ion  and s torage  of h i s t i d i n e  

preparat ions labe l led  with high s p e c i f i c  rad ioac t iv i ty .  
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EXPERIMENTAL 
C14C(U) l  -L-histidine prepara t ions  (UWVR, Prague) ware 

p u r i f i e d  by paper e lec t rophores i s  (UOhatman 3, pyridine-acetate  

b u f f e r  of pH 5.6, vo l tage  drop 33 V/cm, 60 min). Pure samples 

of 1 4 C  his t id ine  were appl ied  onto preweshed and uprewashed 

chromatographic paper  Whatman 3 i n  l / u g  amounts and s t o r e d  i n  

var ious conditions.  I n  some cases a l s o  C c e r b ~ x y - ~ ~ C J  -&-histi- 

d ine  (The Radiochemical Centre, Amereham) was used. S t r i p s  of 

t he  chromatographic paper w i t h  appl ied  s p o t s  were cu t  o f f  a t  va- 

r i o u s  i n t e r v a l s  and submitted t o  e l e c t r o p h o r e t i c  separat ion.  Si-  

multaneously 14C h i s t i d i n e  samples wera appl ied on a t h i n - l a y e r  

of c e l l u l o s e  or s i l i c a  gel (Lucefol or S i l u f o l ,  Keval ier  Compa- 

ny , Czechoslovakia), gradual ly  e lu ted  wi th  water and analyeed i n  

a s i m i l a r  mnner. The decrease i n  h i s t i d i n e  concentrat ion and 

the formation of by-products were determined rad iometr ica l lyr  

spec t re  (59.797 MHz, d6-lMSO) and %NMR spec t re  (15.036 W Z ,  

dioxane atanderd,  d 67.4) were measured w i t h  JEOL FX-60 FT mode , 
solvent  deuterium lock system. 

For mass s p e c t r e  a JEOL-MS-D~OO instrument was used. 'H-NMR 

RESULTS AND DISCUSSION 

A s  shown from t h e  Table 1 t h e  quant i ty  of the  by-products 

X and N increases  w i t h  t h e  time of s tanding  of  . h i s t i d i n e  on the  

chromatographic paper a f t e r  i t s  appl ica t ion .  The conversion of 

h i s t i d i n e  i s  s u b s t a n t i a l l y  lower if higher  amounts are appl ied;  

for example when 4 O p g  were appl ied  and t h e  sample allowed t o  

s tand on t h e  paper for 9 days before  e l e c t r o p h o r e t i c  eepare t ion  

( t h e  mass of h i s t i d i n e  was concentrated i n  narrow zones surroun- 

ding t h e  appl ied s p o t s ) ,  product X and f r e c t i o n  N were formed 

only i n  4% and 1.5% respec t ive ly .  



Table 1 

Tha decrease of h i s t i d i n e  and f o r m t i o n  of by-products i n  de- 

pendence on the time of s tanding of 14C-histidina samples 

appl ied  i n  1 ug amounts on t h e  chronatographic c a r r i e r s  and 

s tored  i n  laboratory atmosphere (expressed i n  % r a d i o a c t i v i t y ) .  
/ 

Whatmn 3 paper Thin l a y e r  Thin l a y e r  
o f  c e l l u l o s e  o f  s i l i c a  g e l  

Daya Hie X N H i s  X N A Hie X N A 

0 99.3 0.4 0.3 99.3 0.4 0.3 0.0 99.3 0.4 0.3 0.0 

2 91.0 6.5 2.5 94.9 2.4 2.7 0.0 79.3 3.8 6.1 10.8 

9 77.0 17.3 5.6 87.5 4.5 4.4 3.6 29.8 3.6 29.9 36.7 

14 62.0 27.7 10.4 75.0 8.6 9.1 7.3 19.5 3.7 34.5 42.3 

When chromatographic papers were employed t h a t  were previ-  

ously washed w i t h  water ,  the  formation of product X - i n  compa- 

r i s o n  with a n  unemployed paper - was decreased by 70%. Simulta- 

neously it was found t h a t  product X was formed even i n  an aqueous 

s o l u t i o n  of h i s t i d i n e ,  t o  which e l u a t e s  of unemployed chromato- 

graphic paper were added. 

The formation of  product X increases  w i t h  t h e  area occupied 

by the h i s t i d i n e  on the chrometographic paper and wi th  t h e  homo- 

geneity of i ts  spreading. m e n  a 14C-histidine sample was electro-  

phore t ica l ly  or chromat ographioelly p u r i f i e d  and s t o r e d  d i r e c t l y  

on paper s t r i p  cut off  from the  electrophorogram or chromatopem 

( the  a r e a  of spot about 40,ug /4 cm2), t h e  formation of product 

X was d i s t i n c t l y  pronounced (Table 2 ) .  

The formation of by-products can be p a r t l y  limited be keep- 

ing t h e  paper with t h e  spots  of h i s t i d i n e  i n  evacuated v i a l s .  
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Table 2 

S t a b i l i t y  of t 14C(U)3 -Lohistidine prepara t ion  p u r i f i e d  by 

1.) paper e lectrophoreeie  i n  pyr id ine-ace ta te  b u f f e r  pH 5 - 6  

2.) paper chrpmtogmphy i n  n-butanol - n-propanol - ammonia - 
water  (7:5:7:2) 

(The cut  ou t  epota of h i s t i d i n e  (4O1ug/4 a') were e t o r e d  i n  
the open laborator$ atmosphere; they were e l u t e d  a t  e e l e c t e d  

i n t e r v a l s  and reanalyeed e l e c t m p h o r e t i c a l l y .  Expressed i n  $6 

of r e d i o a c t i v i t y ) .  

I 
I 1  9% O 

3 84.0 

6 700 O 

10 62.0 

1 5  47.0 

15 (under 
vacuum) 82.8 

2.5 2.5 

12e6 3.4 

27.0 3.0 

34.3 3e 7 

49.3 3.7 

13.8 3.4 

A l l  t h e s e  r e s u l t s  i n d i c a t e  t h a t  t h e  formetion of by-products 

depends on the presence of impur i t ies  i n  chromatographic c a r r i e r s  

or i n  the  laboratory atmosphere. 

For i d e n t i f i c a t i o n  purposes a n  aqueous s o l u t i o n  of about 

1.0 mg i n a c t i v e  L-his t idine prepara t ion  (Calbioctem, 8.8. ) was 

appl ied  over the whole sur face  of a Whatmen 3 sheet; a f t e r  10 d 

etanding t h e  paper was e lua ted  wi th  water ,  t h e  e l u a t e  concentra- 

t e d  by evaporation a t  e leva ted  temperature and t h e  prcduct X was 
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separa ted  from t h e  unchanged h i s t i d i n e  by paper e lectrophoresis .  

From t h e  aqueous e l u a t e s  of  the paper s t r i p s  containing the  pro- 

duct X c r j s t a l s  (needles)  were obtained a f t e r  eveporetion, t h a t  

re leased water i n  two s t e p s  on drying i n  a vacuum ( a t  60-8OoC 

100-150"C) and melted under decomposition a t  about 23OoC. The 

substance obtained was o p t i c a l l y  a c t i v e ,  I: rl.3 22D * 164' f o r  an- 

hydrous substance ( c  = 0.47 i n  water ) ;  i t s  p o s i t i v e  r e a c t i o n  wi th  

Paul3: 's reagent ind ica ted  the presence of imidazole nucleus,  t he  

neget ive r e a c t i o n  w i t h  ninhydrin ind ica ted  t h e  absence of f r e e  

amino group. An experiment w i t h  d 4 C  -UL-histidine proved the t  

product X contained the rad ioac t ive  carbon atom of t h e  o r i g i n a l  

carboxyl group. The RF value of t h i s  product i n  a number of  chro- 

matographic systems (n-butanol - a c e t i c  a c i d  - u a t e r ,  n-butanol - 
n - propanol - ammonia - water, phenol - ethanol - water) was the 

same or very c lose  t o  t h a t  of h i s t i d i n e .  

In  the  high-resolut ion mass spectrum the  fol lowing main i o n i c  

spec ies  were recorded: m/e 167.0692 (38%; C+igN302, + 0.3); 

122.0721 (67%; C6HsN3, - 0.3); 120.0560 (34%; CgH6N38 

95.0606 (83%; CgHTN2, + 0.3); 94.0530 (100%; C96N2; + 0.1), 

0.2); 

f u r t h e r  ions of m/e 58 (24%), 50 (20%) and 41 (38%). From the 

elemental composition of the  ionized molecules end t h e i r  a b i l i t y  

t o  e l imina te  t h e  carboxyl group it m y  be judged that compound 

X is a product of condensation of h i s t i d i n e  wi th  formaldehyde, 

and t h a t  i t  is t h e  amino group and one of t h e  hydrogens of  i m i -  

dezole heterocycle  which undergo condensation. This  hypothesis  

was confirmed and elaborated by comparison of t h e  p r o p e r t i e s  of 

product wi th  t he  a u t e n t h i c  sample prepared s y n t h e t i c a l l y ,  and by 

the  study of its proper t ies :  when h i s t i d i n e  was reacted w i t h  

about a 10% excess of 7% formaldehyde s o l u t i o n  ( 6  h,  50-6OoC) 

t he  expected product was formed i n  almost t h e o r e t i c a l  y ie ld .  After 

t r i p l e  c r y s t a l l i z a t i o n  from water ,  needle-like c r y s t a l s  were ob- 
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t a i n e d  t h a t  had i d e n t i c a l  p r o p e r t i e s  with product X. 

klso 'H-Nbm s p e c t r a  of the . i so la ted  and t h e  s y n t h e t i c  

sample were i d e n t i c a l .  They exhib i ted  m u l t i p l e t s  a t  6 2 . 9 6 ,  3.73, 

and 4.02 ppm and a s i n g l e t  a t  8.29 ppm. However, they d id  not 

allow a n  unambiguous s t r u c t u r e  e lucidat ion.  The 13C-NMR spectrum 

displayed signals of seven carbone ( i n  D20, 6, off-resonance mul- 

t i p l i c i t y ) :  17.5 t ,  23.7 t ,  41.7 d,  124.4 8 ,  125.5 8 ,  137.5 d ,  

and 173.7 a. The assignment of t h e  most downfield s i g n a l  t o  t he  

carboxyl carbon was s t r a i g h t f  onward. There wera a l s o  present  

t h r e e  s p  -hybridised carbons (one car ry ing  8 hydrogen), two me- 

thylene and one methine group. A detailed examination of the o f f -  

resonance spec t ra  ind ica ted  t h a t  t h e  23.7 s i g n a l  was due t o  an  

i s o l a t e d  methylene , whereas t h e  protons a t tached  t o  t h e  carbons 

2 

at cf 17.6 and 41.7 formed a s t rongly  coupled system CHQi2'. 

The s t r u c t u r e  of t h e  compound X fits these  observed d a t a  wel l ,  

and corresponds t o  t h e  l', 2: 5: 6 '- tetmhydro- (pyridino-3', 4' : 

4,5-imida 2010 1 - 6: ca r b  oxyl i c a cid. 

COOH m - c /C%x 
I 

CH COOH 

NH 
' II 

NH-C' 2\CH' 
+ HCHO 4 HC 

%-CH *2 
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%is compound is known a s  a n a t u r a l  substance,  sp inac ine ,  

occuring i n  the l i v e r  of some spec ies  of sharks2 and i t s  some- 

what complex synthes is  has a l s o  been described. 

The main source of formaldehyde necessary for t h e  observed 

3 

t ransformation of h i s t i d i n e  during chromatography is probably 

not t h e  chromtographic  mater ia l  i t s e l f .  Samples appl ied  on 

chromatographic paper and kept out of t h e  laboratory atmosphere 

formed l e s s  condensation products,  s i m i l a r l y  a s  papers previoua- 

l y  washed w i t h  water. Our r e s u l t s  ind ica ted  t h a t  formaldehyde was 

present i n  t h e  laboratory atmosphere i n  which it could a l s o  be 

detected by its conversion t o  2,4-dinitrophenylhydrazone. From 

t h e  atmosphere formaldehyde is adsorbed on chromtographic  ma- 

t e r i a l .  For example, 20 ,u& of formaldehyde could be e l u t e d  wi th  

water from one shee t  of chromtographic  paper Whatman 3 kept 

previously i n  labora tory  atmosphere for 3 d. During t h e  format- 

ion  of product X w i t h  adsorbed formaldehyde the  d i r e c t  r e a c t i o n  

of dissolved o r  moist h i s t i d i n e  w i t h  formaldehyde from t h e  a i r  

can a l s o  take  place. It is necessary t o  mention that t h e  chroma- 

tographies  were c a r r i e d  out i n  l a b o r a t o r i e s  where no work with 

formaldehyde had been done, and where it had not been even sto- 

red;  formaldehyde was probably l i b e r a t e d  i n t o  atmosphere from 

the  p l a s t i c s  hardened w i t h  formaldehyde. It was a l s o  demonatra- 

ted t h a t  t h e  condensation takes  place in tens ive ly  even when chro- 

matograms were dr ied a f t e r  t h e i r  withdrawal from t h e  chromto-  

grephic  tanks,  espec ia l ly  if t h e  developing systems contained 

a lcohols  

On t h i n  l a y e r s  of c e l l u l o s e  or s i l i c a  g e l  t h e  y i e l d  of con- 

densat ion product X is  lower than  on paper, o t h e r  condi t ions 

being i d e n t i c a l ;  t h e  decrease i n  t h e  concentrat ion o f  h i s t i d i n e  

on t h e  c e l l u l o s e  l a y e r  i s  comparable t o  t h e  paper, but on si l i-  

ca g e l  it is d i s t i n c t l y  h igher  (Table 1). As was e s t a b l i s h e d  by 
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p a r e l l e l  experiments with the chromatography of condensation pro- 

duct the reason f o r  i t s  low y i e l d  is  t h e  decomposition of both 

h i s t i d i n e  and product X t o  the  n e u t r a l  f r a c t i o n  N t a k i n g  place 

on s i l i c a  gel and including a l s o  t h e  formation of compounds ha- 

ving t h e  charac te r  of week a c i d s  (Frac t ion  d). Frac t ions  N and A 

have not been inves t iga ted  i n  t h i s  paper i n  g r e a t e r  d e t a i l .  It 

was demonstrated chromatographically t h a t  t h e  f r a c t i o n  N is a 

mixture of substances,  among which a p a r t  corresponds t o  deami- 

na t ion  products of h i s t i d i n e  ( imidazolyl- lact ic  and imidazolyl- 

a c e t i c  a c i d s ) .  I n  t h e  acid f r a c t i o n  t r a c e s  of  a s p a r t i c  a c i d  could 

be detected.  

This  f a c t  i n d i c a t e s  t h a t  the s t o r a g e  of small  amounts of h i s t i d i -  

ne on t h i n  l a y e r  of s i l i c a  gel br ings about a deep decomposition 

of h i s t i d i n e  probably i n  consequence of ox ida t ion  r e a c t i o n s  cata- 

lysed  by admixture i n  chromatographic c a r r i e r s ,  s i m i l a r l y  a s  des- 

cr ibed i n  the  case of pyrazolonic substances4. However, even on 

th in- layers  t h e  formation of condensation product and p a r t l y  o f  

o t h e r  decomposition products too can be decreased by s t o r a g e  of 

c h r o m t  ograma outs ide  t h e  laboratory atmosphere and under de- 

creased temperature. 

D u r i n g  chromatography of a m 1 1  amounts of 14C-histidine or 

i t s  s torage  on chromatographic c a r r i e r s  t h e  following proceaaes 

can t a k e  place: 1.) condensation of h i s t i d i n e  wi th  formaldehyde 

present  i n  t h e  laboratory enviroment or l i b e r a t e d  from the  r e s i -  

dues of chromatographic so lvents  during drying of chromatograms; 

t h i s  r e a c t i o n  takes  place mainly when h i s t i d i n e  is s t o r e d  and 

worked up on chromtographic  paper. 

2.)  d e s t r u c t i o n  of h i s t i d i n e  i n  consequence of 

ox ida t ive  r e a c t i o n s ,  catalysed by admixture i n  chromatographic 

carriers. These r e a c t i o n s  pradominote espec ia l ly  when small  

amounts of h i s t i d i n e  a r e  p u r i f i e d  or s t o r e d  on th in  l a y e r  of si- 
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Fig .2  The s t a b i l i t y  o f  Cl4C(U)  I -L-histidine preparation stored 

i n  aqueous solution.  (The sample of h i s t i d i n e  a f t e r  e l e c -  

trophoretic pur i f i ca t ion  was eluted from the paper with 

water and stored in  aqueous solution;  a t  s e l e c t e d  inter- 

v a l s ,  samples of t h i s  so lu t ion  were analysed electropho- 

r e t i c a l l y ) .  No condensation product X wag formed. 
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l i c a  g e l .  

I n  o r d e r  t o  r e s t r i c t  t h e s e  r e a c t i o n s  it may be recomended: 

for t h e  p repa ra t ion  and p u r i f i c a t i o n  of l a b e l l e d  substances o f  

high s p e c i f i c  a c t i v i t y  t o  use chromatographic paper previously 

washed wi th  water, and se lec t  s u i t a b l e  chromatographic systems. 

I n  t h e  case of 14C-histidine,  paper e l e c t r o p h o r e s i s  a t  pH 5.6 was 

found t o  be t h e  b e s t  method f o r  s e p a r a t i o n  and p u r i f i c a t i o n .  Pa- 

p e r  s t r i p s  with t h e  i s o l a t e d  substances should not be allowed t o  

s tand for l o n g  per iods i n  t h e  open l abora to ry  atmosphere; e l u t i o n  

should be c a r r i e d  out as soon a s  possible .  The s t a b i l i t y  of 14C-  

h i s t i d i n e  samples obtained i n  t h i s  manner and s t o r e d  i n  s o l u t i o n s  

(Fig.2) is s u b s t a n t i a l l y  h ighe r  t h a n  t h e  s t a b i l i t y  of l a b e l l e d  

h i s t i d i n e  s t o r e d  f r e e l y  on t h e  paper. I n  cases  when e l u t i o n  can- 

not be c a r r i e d  out imnediately a f t e r  s e p a r a t i o n  it is  recommended 

t o  s t o r e  t h e  paper s t r i p s  wi th  h i s t i d i n e  s p o t s  i n  evacuated am- 

poules. 

I n  view of t h e  high r e a c t i v i t y  of formaldehyde it m y  be 

assumed t h a t  s i m i l a r  r eac t ions  proved i n  t h e  case of 14C h i s t i -  

d ine  may also t a k e  p l ace  during t h e  chromatography of o t h e r  l a -  

b e l l e d  p repa ra t ions  wi th  high s p e c i f i c  r a d i o a c t i v i t y .  
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