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Paper chromatography and polarography as a tool for the study 
of histidine metabolism in skin. 

Estimation of histidine and urocanic acid in human sweat 

The occurrence of urocanic acid (imidazole-acrylic acid) (Ira)  along with histidine in huolan 
sweat might  be due to a peculiarity of the metabolism of the latter in sweat glands as first suggested 
by  I-Ires, KRAL AND ~ENIg~K1, ~. 

TO obtain more information about  this phenomenon it was necessary to develop simple 
rapid methods for the direct est imation of these compounds  in sweat. For s imultaneous est imation 
of histidine and UA by paper  chromatography,  a method of s tandard addition described by 
CAIN AND BERRY 3 and applied by KR.~L AND ~.ENISEK 4 to amino acids in sweat was used. This 
method takes into accourit distortions produced in chromatograms  by other constituents. 
. Undesalted samples of sweat were applied on paper  alternatively in 25/*1 and 50 ttl amounts .  
A_standard mixture  containing known concentrat ions of histidine and UA was added to each of 
25 pl samples, so tha t  0.5/~g was added to the first sample, i /tg to the second, 2 ttg to the third, etc. 

Chromatograms  were run in the top layer of the n-butanol : water:  acetic acid mixture  (4:5 : t) 
for 5 hours and after the detection by the l 'auly reagent a visual comparison was made to see 
which pairs of two adjacent spots  are of the same intensity. For such a pair of spots, following 
equation can be written : x = ~, where x is the amoun t  of histidine or UA in 25 /d  of sweat and n 
the known amoun t  of either substance added to the spot. If, e.g., 2 itg of s tandard is added to 
a 25 pl sample of sweat and the spot in this mixed sample is of the same intensity as in 5o fd 
of sweat alone, the concentration is 8 mg ° o (2 t tg/25/d).  Below 2 mg % and beyond 1(, mg % 
the accuracy of the est imation of either substance is not satisfactory. 

Our experience tha t  on electrolytic desalting i r a  is t ransformed quant i ta t ively to imidazole 
propionic acid suggested the use of its reducibility for direct estimation of UA in sweat by means 
of polarography.  

The polarographic behaviour of UA has not yet been studied. According t .  our experiment  
UA gives a cathodic reduction wave on the dropping mercury electrode. The relation between 
the height of the wave and the p H  of the solution was studied (buffers fronl pH 2 to pH 8 were 
examined). Up to pH 5-5 the height of the wave was practically constant,  then it showed a decrease 
with the increase of pH. For the polarographic determination ot U.\ in sweat the acetate buffer 
of p H  4.7 is suitable. In this buffer, after elimination of oxygen, UA gives a very well developed 
diffusion wave. The limiting current  is proportional to the concentration of UA (Fig. I). [:or the 
direct est imation of UA a sample of sweat was added to o. 5 31 acctate buffer (pH 4-7) containing 
approximat ively  o .5M KCI. After elimination of oxygen in the s tream of pure nitrogen the 
polarographic curve was registered. This curve shows usually two waves. The more positive n . t  
well developed wave belongs to an unknown substance, the second one, 250 mV more negative 
( - -1 .  3 V S.C.E.), belongs to UA. 

Fig. I. Concentrat ion depen- 
dence of the UA wave. o.5 M 
acetate buffer p H  4.7: UA con- 
centrations from right to left 
1.7; 3.36; 6 .56 ;9 .6 ;  t2.5; I8.o; 

23.o mg %. 

This was ascertained in two ways. ( I )  After adding UA to sweat, only the negative wave 
increased (Fig. 2). (2) After the isolation of the UA fraction by means of paper  chromatography  
and its elution and evaporat ion to dryness, UA was dissolved in acetate buffer (pH 4.7) and 
polarographed. The resulting wave corresponded by its height, shape and half-wave potential  
to the wave of UA in the original sample. As may  be seen, the waves of UA in sweat (Fig. 2) 
are not  as well developed,as in buffers with pure UA (Fig. 1). However, they can be measured 
reliably. The accuracy of the determinat ion is limited by the accuracy of the measurement  of 
the height of the polarographic waves. Using the method of s tandard  additionS. ° six analyses 
of the  same sample of sweat (6 mg %) were made with a m a x i m u m  relative error of i 2 %; 
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unde r  less favourab lo  condi t ions  th is  error  was 4- lO%.  The  t ime  necessary  for one analys is  is 
12 m i n u t e s  and  m a y  be reduced to one half  in rout ine  analysis ,  when  a cal ibrat ion curve is applied. 
In  comb ina t i on  wi th  paper  c h r o m a t o g r a p h y  the  proposed m e t h o d  can  be used for o ther  biological 
mate r ia l  where  direct  polarographic  e s t ima t ion  is no t  feasible. An a l te rna t ive  m e t h o d  for the  
de t e rmina t ion  of UA to the  spec t ropho tomet r i c  m e t h o d  mos t  c o m m o n l y  used appears  i m p o r t a n t  
in view of the  p resen t  in te res t  cen te r ing  a round  this  s u b s t a n c e  as an  in t e rmed ia t e  in the  convers ion 
of h is t id ine  to g lu t amic  acid and  as a precursor  of avai lable  formyl  groupT, s. 

Fig. 2. The  wave of UA in sweat  
samples ,  i ml  0.5 M ace ta te  buffer 
p H  4-7, o . 5 M  KC1; i ml  sweat :  
Curve  i corresponds  to 13.4 m g % ,  
curve  3 to I4.O m g  %, curve  5 to 
5.5 m g  % UA in sweat .  Curves  2, 
4, 6 represent  the  curves  of the  re- 
spect ive  sweat  samples  af ter  o.05 

ml  i38 m g  % UA was added.  

25 Pa i r s  of resu l t s  ob ta ined  by  bo th  m e t h o d s  (average 6.66 m g  % for the  polarographic,  6.60 
for the  ch roma tog raph ic  me thod)  were ana lysed  by  the  m e t h o d  of paired t-test.  The  difference 
be tween  bo th  methods ,  which  are based on widely different s t ruc tu ra l  fea tures  (imidazole r ing 
in ch roma tog raph i c  de tec t ion  and  acrylic side cha in  in polarographic  reduction),  was found  to be 
due  to chance.  This  can  be t a k e n  as evidence for the  absence  of sy s t ema t i c  error in ei ther  of t hem.  

By  m e a n s  of bo th  m e t h o d s  t he  UA con ten t  in sweat  of subjec ts  wi th  r h e u m a t o i d  ar thr i t i s  
and  of s p o r t s m e n  before and  af ter  m u s c u l a r  effort ha s  been s tudied.  His t id ine  was e s t ima ted  
by  paper  c h r o m a t o g r a p h y .  T he  resul ts  will be publ i shed  elsewhere. 
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On the mechanism of the intestinal absorption of sugars x 

The  cu r ren t  hypo the se s  on t he  m e c h a n i s m  of "ac t ive"  t r an spo r t  of suga r  in t he  in tes t ine  pos tu la te  
an  enzymic  modif icat ion of t he  sugar  molecule  a t  e i ther  ca rbon  a tom i or 6 b y  phosphory la t ion  2 
or a t  ca rbon  a t o m  i by  m u t a r o t a t i o n  s. W i t h  respect  to t he  hypo thes i s  of phosphory la t ion ,  the  
recen t  e x p e r i m e n t s  of SOLS 4 on the  subs t r a t e  specificity of t he  hexok inase  of in tes t ina l  mucosa  
clearly d e m o n s t r a t e  t h a t  th is  e n z y m e  c a n n o t  par t ic ipa te  direct ly in "active" t r anspor t .  However ,  
by  t he  m e t h o d s  used,  t he  par t ic ipa t ion  of a different e n z y m e  of phosphory la t ion  could no t  be 
disproved.  

I t  occurred to us  t h a t  direct  t e s t  of the  va l id i ty  of these  hypo theses  could be m a d e  by  
the  use  in absorp t ion  e x p e r i m e n t s  of model  c o m p o u n d s  lacking the  hydroxy l  func t ion  a t  carbon 
a t o m s  I or 6 and  incapable  of undergo ing  phosphory la t ion  or mu ta ro t a t i on .  Accordingly,  1-deoxy 
glucose,  i - deoxy  mannose ,  and  6-deoxy glucose were chosen as tes t  compounds .  Glucose and  


