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The colour reaction between creatinine, picric acid and alkali, also called the Ja /~ 
reaction 1, after its discoverer, was the basis for the elaboration of the quantitative 
colorimetric method of O. FOLIN 2, s, 4, 5, e. This reaction is not specific, since it is 
influenced by several substances present in the reaction mixture (e.g., in urine and 
serum). 

Many  of these substances  are themselves  Jaffa-posi t ive:  g lycocyamidine ~, s, 9, 10, It, hydan-  
toin g, lo, 1,, it, methylhydantoinlS,  to, 1,, acetonO,  14, s, s, 10, xs, acetoacet ic  acid 16, 9, 10, is, pyruvic  
acidXL is, laevulic acid 1°, 17 acetylacetonOT, and e thy l  ace toaceta te  s, 1T. I ta l ian  authors  TM discuss 
Jaffa-posi t ive subs tances  in connect ion  wi th  adrenaline,  glutathione,  t r y p t o p h a n  and his t idine;  
o ther  au thors  were no t  a t  all  able to show the  Jaff6-posit ive behaviour  of t r y p t o p h a n  xD, so, t7 and  
his t idinOI,  zt and pho tomet r i c  es t imat ions  carried ou t  wi th  his t idine 1~ show ra ther  t h a t  i t  is pract ical ly 
Jaff6-negative.  Jaffa-posi t ive behaviour ,  especially alter heating, is usually ment ioned  in the  cases of 
glucosO, S, la, fructose g, as, lactose 9, x0, galactoseto  arabinosOO Dopal0  glucosamine*, x,, t0  the  
lactoue of homogent is ic  acid xo, glycylglycine anhydride*,  x0* and uric acid t. t0. According to o ther  
authorsl t ,  x7, x4 Jaffa-posi t ive bebaviour  is shown by  the  major i ty  of the  substances  ment ioned  in 
t he  cold only af ter  some time. Other  subs tances  only  influence the  kinetics of the  react ion tz, s0, t , ,  t4, 15. 
hist idine,  glucose, adrenaline,  ascorbic acid, guanidine carbonate ,  d imethylguanid ine  hydrochlor ide,  
and diketopiperazine.  Fur the rmore  a larger number  of various compounds  1°, 0, ts, t0, t7 was examined  
wi th  respect  to Jaffa-posi t ive behaviour,  wi th  posi t ive  and negat ive results which i t  is no t  necessary 
to discuss since their  occurence in blood serum is improbable .  Among others,  the  following compounds  
were shown to be Jaff6-negat ive:  glycine, alanine, leucine, tyrosine,  cystine, cysteine,  proline, 
asparagine,  g lutamine,  urea, arginine,  glycine ester, etc. 

Under these circumstances the analytical values for creatinine in biological material 
actually represent apparent crea~inine only (apparent creatinine = creatinine + non- 
creatinine component). 

Somc modif icat ions of the  original me thod  a t t e m p t e d  to e l iminate  the  influence of the chromogen  
(non-creat inine component)  by  specific enzymic  des t ruc t ion  of creat inine using Corynebacterium 
urea/aciens2S, 27 as well as, to some ex ten t  only, by  absorpt ion of creat inine on LLOYD'S reagent  
(followcd by elution according to O. H. GAE~LER zs or H. BoRsooK 91) or by  its conversion into the  
Jaffa-negat ive b is -3 .N2-hydroxymethyl -crea t in in~  0, st. 

* W. WEXSSE AZCD C. TROPP xz not iced  Jaff6-posit ive behaviour  in the  cold. J .  SCHORMOLL~-R 
AND H. MOHR ~7 carried ou t  quan t i t a t ive  es t imat ions  photometr ica l ly  and  their  calculat ions gave 
quant i t ies  t h a t  were so small  as to  cause t h e m  to consider glycylglycine anhydr ide  to  be pract ical ly  
Jaff$-negative.  This was also shown by  A. F. RICHT'~R n .  
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The attempt to elaborate an exact c}wmical method and to ascertain all interrelations in the 
complicated medium of the biological material has previously caused both E. ABDERH,'d.DXS AND 
S. BUADZE tl, and K. DmR AND H. L. SCHADE s0, to ascertain the influence of various substances on 
the course of the reaction. According to these authors histidine tt and guanidine compounds to inhibit 
the reaction (histidine lowers the amount of creatinine found up to 2o%), whereas glycylgiycine 
anhydride t° increases this amount; tryptophan and aspartic acid t° do not interfere. This problem 
was studied more systematically by A. F. RICHTER and coworkers st'-u, tl, t s - ~  who, especially 
by accurate study of the kinetics of the Jaffa-reaction, showed an activating effect of adrenaline and 
ascorbic acid and  an inhibiting effect of histidine and glucose. Experiments carried out with beef 
serum showed furthermore that 2O~o of the apparent creatinine is accounted for by the Jaff6-poaitive, 
non-creatinine component which, according to the authors, cannot be accounted for by a n y  of the 
known Jaffa-positive substances occurring primarily in physiological media. 

One can therefore  sum up the  present state of the  p rob lem as follows: the  colour  
reac t ion  of c rea t in ine  is influenced 

1. ind i rec t ly  b y  cer ta in  subs tances  showing e i ther  smal l  Jaf fd-posi t ive  behav iou r  
or none a t  all, but ,  wha teve r  the  case m a y  be, causing ac t iva t ion  or  inh ib i t ion ;  

2. b y  Jaff6-posi t ive  subs tances  (one or  more),  which would  suffice to  expla in  
d i rec t ly  and  q u a n t i t a t i v e l y  i ts  colour  i n t ens i ty  a n d  the  a m o u n t  of the  non-crea t in ine  
component .  The  exis tence of such a compound  has  no t  ye t  been doub ted .  

Since up  to now all  expe r imen t s  were mos t ly  d i rec ted ,  wi th  more  or less success, 
t owards  the  effect of the  m u t u a l  in te rac t ion  of compounds  a c c o m p a n y i n g  creat in ine ,  
we dec ided  to s t u d y  the second poss ib i l i ty ,  i.e. 

a) to make sure whether blood serum does contain, in addition to creatinine, a substance 
exhibiting any marked Jaffa-positive hehaviour; 

b) to identi/y this substance. 
The app l i ca t ion  of the  m e t h o d  of p a p e r  c h r o m a t o g r a p h y  as  e l a b o r a t e d  b y  R. 

CONSDEN, A. H. GORDON, AND A. J .  P. MARTIN s6 a p p e a r e d  to  be ideal  for th is  p rob lem.  
The  p a p e r  c h r o m a t o g r a p h y  of c rea t in ine  was descr ibed,  or  a t  least  re fer red  to  b y  C. E.  
DENT aT, b y  R. G. WESTALL ~, a n d  more ex tens ive ly  b y  G. A. MAW ~*, te 

Using collidine or sec. butanol G. A. MAW could detect creatinine and creatine (after its con- 
version to creatinine) in quantities down to i /zg. He confined his biological material to urine and 
muscle extracts. Under the interfering substances he found glycocyamidine, pyruvic and acetoacetic 
acid, all Jaff6-positive, but having very different rates of colour formation with sodium picrate. The 
detection of these substances has not been attempted in biological material. 

The  crea t in ine  con ten t  of b lood is roughly  h und re d  t imes  less t han  t h a t  of urine.  
Hence i t  follows t h a t  the  d i rec t  use of se rum is, in our  case, imposs ib le ;  even if we 
neglect  the  poss ib ly  t roublesome in ter ference  of p ro te ins  t h a t  have  no t  been removed ,  
i t  would  be necessary  to place  a large a m o u n t  of ma te r i a l  (lOO-5OO/zl, which b y  i tself  
would  be inconvenient)  on the  p a p e r  to de tec t  c rea t in ine  a t  al l  in such smal l  quan t i t i e s  
b y  a colour react ion.  Therefore  we concen t r a t ed  the  se rum af te r  depro te in iza t ion  to 
a/10 of i ts original  vo lume and  this  solut ion was p laced  on the  paper .  The  a m o u n t  of 
c rea t in ine  t r ea ted  in this  m a n n e l  (7.5/~g to 15/~g in 75/ ,1  - -  or ac tua l ly  less) gave us 
some ce r t a in ty  tha t  even different  Jaff6-posi t ive substances ,  if these could  be expec ted  
to  be present ,  would show themselves  under  such c i rcumstances .  

A. PAPER CHROMATOGRAPHY OF BLOOD SERUM 

I.  DEPROTEINIZATION 

Depro te in iza t ion  of se rum is a p rob l em of f u n d a m e n t a l  impor t a nc e  18, sx. F r o m  a 
n u m b e r  of methods ,  ultra/iltration was se lec ted  as a r e l a t i ve ly  ideal  and  chemica l ly  
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mildest method, although even here the loss of certain substances by stronger adsorption 
in the pores of the ultrafilter cannot be entirely excluded. 

a. Depvoteinization o/serum by ultra/iltration 
For ultraliltration membrane filters were used which were prepared by immersing the filter 

paper in a collodion solution and their permeability was tested by means of dye-stuff solutions 40 
(congo-red, neutral-red, methylene-blue). 

The best result was obtained with an ultralilter prepared by double immersion into 40/o collodion; 
after repeated washing not only proteins but also practically all peptides were retained, whereas 
under the same conditions the ultrafilter once immersed already allows a small part  of the peptides 
to pass. The use of 2~o collodion was found to be unsuitable. 

The pvepaTation o/serum/or chromatography 
xo ml of serum diluted to the threefold volume were ultraffltered in the Bechhold apparatus 

under a pressure of 3 to 5 atm N 2 (velocity 5 to xo ml of liquid per hour). For more perfect washing 
of crystalloids three portions of water (each portion = approximately 3 ° m l )  were added until the 
final volume of the ultrafiltrate had become xoo to x xo ml. The qualitative test  for the presence of 
proteins in the filtrate by means of trichloroacetic acid was negative, but  strongly posit ivein the 
residue on the filter. 

The ultraflltrate was then evaporated to dryness in a vacuum (4 o° to 5 °0 C) and to the yellowish 
residue x ml of distilled water was added; the mixture was then quantitatively transferred as far as 
possible into a microtest-tube and centrifuged, The clear supernatant (PH 8-9) over the insoluble 
residue was decanted and used for chromatography*. 

Although ultrafiltration by means of membrane filters was the most convenient 
method of those tried by us (dialysis, electrodialysis, ultrafiltration by means of a 
BERKEFELD filter covered with collodion) a further attempt was made to replace it by 
deproteinization by chemical reagents and in this manner to eliminate, at the same 
time, the possibility of possible changes in the solution during this somewhat tedious 
operation. From a number of deproteinizing agents acetone was selected, chiefly for its 
quick and perfect deproteinization ability. The criterium of its suitability was the com- 
parison of the chromatogram of the "acetone filtrate" (Ac-filtrate) with the parallel 
chromatogram of the "ultrafiltrate" using the latter as standard. 

b. Deproteiniaation o~ serum with acetone 

Io ml of serum were slowly precipitated with xoo ml of redistilled acetone (reducing substances 
were removed by boiling it with KMn04); the protein precipitate was centrifuged and vigorously 
shaken with a further 5 ° m l  of acetone. This operation was repeated once more. 

The Ac-filtrate is worked up in a manner analogous to tha t  used in the case of the ultrafiltrate. 
After centrifuging the insoluble, markedly yellow residue forms an upper layer in the liquid which 
has the usual colloidal appearance with a faint milky opalescence; the PrI of dissolved fraction is 
about 7. 

2. CHROMATOGRAPHY OF THE SOLUBLE FRACTIONS OF THE ACETONE-FILTRATE 

AND THE ULTRAFILTRATE 

a. Chromatography/rom a mixture o~ butanol-acetic anid-water 

Reagents: n-butanol (b.p. x x 7 ° C) ; 
glacial acetic acid; 
picric acid recryst, according to S. R. BENSDXC~X; 7-5 ml of sat.solution diluted with 
water to r o m l ;  
3% NaOH. 

* The insoluble residue, chiefy  that  which was obtained in the course of the acetone depro- 
teinization procedure, has, after a few preliminary at tempts at  chromatography on paper strips, 
been left open for further investigation. Although it was not always possible to obtain consistent 
results, the presence of one or two Jaff6-positive substances (one of which may be creatinine) appears 
to be probable. 
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For  mutual  comparison of the  chromatograms a volume of 3 ° m l  of serum was taken, which, 
af ter  dividing it  into three parts,  was deproteinized as follows :- 

ia. by  ultrafil tration with collodium filter (4%) ~ c e  immersed; 
xb. by" ultrafil trat/on with collodium filter (4%) once immersed; 
2. by  acetone. 

For one-dimensional chromatography W h a t m a n  No. x filter strips of the approximate  dimensions 
2 cm × 30 cm were used. Of each fraction 25 #1, 5o pl and 75/zl were placed on the  filter paper  and 
to shorten the t ime of drying the evaporation of water was accelerated by  blowing a strong current  
of air from a venti lator  underneath  the strips, For chromatography the samples were p/pet ted 
within 2 hours and the filter papcr strips placed in a glass cylinder (C. E. Dssz4~). As a medium 
from which the chromatograms were run  we used the mixture  n-butanol-acetic acid-water (BuAc- 
mixture) in the  ratio 4o: io : 5o respectively, according to S. M. PA~TRIDOE 4s' ~4 the upper layer of 
which, obtained after shaking and separation, was used in the trough. 

After Io to I2 hours the chromatography was interrupted and the paper strips were developed 
after  IO minutes  drying in air by fine spraying with alkaline picrate:  a freshly prepared mixtureof  
x pa r t  3 %  NaOH -~- I par t  picric acid solution (the concentrations of both  components were chosen 
in accordance with the work of R. W. BONSNES AND H. H. TAUSSK~ on the quant i ta t ive  est imation 
of creatinine, al though all experiments carried out  with a preparat ion of synthet ic  creatinine with 
gradually varying concentrations of picric acid and alkali gave approximately equal results; for 
application to biological material  we natural ly  always tried to avoid the use of strong alkali). 

The chromatograms of all three samples obtained by  various deproteinization methods showed 
an absolutely identical location of the spots (Fig. la). 

An informative experiment  on the removal of salts by  means of exchange resins (Wofatit  K 
and M) did not  give ideal results and Zeocarb. 215 and Deacidite as used by S. M. PARTRIDGE t8 
were unfor tunately unobtainable.  Nevertheless, in the majori ty  of sera all the inorganic salts sett led 
at  approximately I/7 of the entire length of the chromatogram and never exceeded I/e of this  distance, 
if perfectly purified, redistiUed water was used for dissolving the residue after evaporation (Chemically 
Pure Water,  Abbot  Lab,)*. 

T h e  i d e n t i t y  of  t h e  A c - f i l t r a t e s  a n d  u l t r a f i l t r a t e s ,  d e m o n s t r a t e d  in  t h e  ca se  of 

s e v e r a l  s a m p l e s  of b l o o d  s e r u m ,  f i na l l y  d e c i d e d  u s  to  u se  a c e t o n e  d e p r o t e i n i z a t i o n  o n l y ;  

t h e  e n t i r e  p r o c e s s  is s h o r t e n e d  b y  t h i s  p r o c e d u r e  (up  t o  2 days )  a n d  f u r t h e r m o r e  t h e  

n e u t r a l  r e a c t i o n  of  t h e  s o l u b l e  f r a c t i o n  p r e v e n t s  s u c h  p o s s i b i l i t i e s  of  c h a n g e s  as  m i g h t  

o c c u r  in  t h e  a l k a l i n e  m e d i u m  of t h e  d i s s o l v e d  f r a c t i o n  of  t h e  u l t r a f i l t r a t e .  

The extraction of the dry mat te r  by half the amount  mentioned above or, on the  contrary,  by  
three t imes more water did not  show any  difference in the chromatographic pa t te rn  from t h a t  of 
Fig. Ia. 

The extent  to which the concentrat ion of acetic acid has any  effect on the  separation of the  
substances was examined by  using the three-component  system butanol-acetic acid-water in the 
ratios:  a. 4o : IO : 5o  

b. 20 : 1o : 5o  
(in the  case of the ratio 2o : 2o : ~ no separation was obtained even after  addit ion of a large amount  
of water). This effect makes the appearance of the chromatogram, obtained with n-butanol  aione, 
still more pronounced. 

b. Ch~,oma~ogra~hy #,ore butanol, amylalcohol, and its isomers in all samples of sera show only the  
presence of one main spot of larger size (RF (x5 ° C} ~--- o.I3). The salts do not  move a t  all and form 
a circle around the spot where the sample has  been placed. In  the  case of higher concentrat ions 
(5o to IOO pl) the main spot slowly merges with the area of the inorganic salts (similar concentrat ions 
chromatographed from BuAc-mixture under  similar circumstances immediately showed two dist inctly 
separated spots). The chromatography from these solvents is therefore ra ther  problematic for the 
solution of the given problem, since the resolution of the individual  components, if occurring a t  all, 
is evidently poor. 
¢. Ch~'o,u~tog~,aphy #,ore other solvents did not  give any  bet ter  results than  those obtained with the 
BuAc-mixture. 

In  the case of ¢hloro/orm spot II ,  jus t  above the  solvent front, was only visible in one of three 
cases and was ra ther  indist inct ;  more interest ing is the intense orange colouring of spot I I I  in the  
solvent front,  which itself was somewhat brownish. In  the  case of the  remaining two samples, the 
colouring of these par ts  was not  a t  all decisive. The chloroform front  on the blank strip was not  

" After the conclusion of our study, our a t ten t ion  was drawn by C. E. DsNT to the  desalting 
apparatus.  
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coloured at all. The orange-red spot I round the starting point indicates the presence of a substance 
which has no movement in this solvent (e.g., creatinine). 

Spot I, appearing in benzyl alcohol runs only when higher concentrations of serum are used, 
merges with the main spot II (very probably creatinine) and appears to originate from a different 
substance. 

s-Collidine (mixture with z.4-lutidine), m-cresol, phenol, methylenechloride, a mixture o/ pyridine 
and amyl alcohol (with water i : i : ~ and without water), butanol-ethanol (x : i : x), decalin, bromo- 
]orm, benzene, toluene, xylene, petroleum ether, and ethyl acetate* were not very suitable for the sepa- 
ration of Jaff6-positive substances in blood serum. 

d. Conclusion 

In exper iments  tha t  led to the identif ication of substances,  chromatography  from 
BuAc-mixture  was used throughout .  The appearance of the chromatogram with a 
sample of 75/A is shown in Fig. Ia. The spots I (unknown component, RF (,50 cl = 0.20) 
and  I I  (supposed creatinine, R F uso cl = 0.38) become colomed immediate ly  after 
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Fig. i. Chromatogram of Ac-filtrate of serum: 
a. from BuAc-mixture (40 : io : 5 0 )  

b. from BuAc-mixture (2o : Io : 50) 
c, from n-butanol. 

development  with alkaline picrate. The unknown  component  is located at about  one- 
half of the creat inine distance from the place of admin is t ra t ion  of the sample:  when 
the fronts of inorganic salts reached this position, as happened in earlier experiments,  
spot I moved along with it and was found close to this front. Spot  I I I  becomes coloured 
after 3 to 6 hours,  when it is very fa int ly  visible (seen be t te r  against  the light) and  is 
therefore unimpor tan t  for the solution of our p r o b l e m . I T h e  dark band close the front 
of the solut ion solvent  corresponds to cholesterol, as was shown by means  both  of the 
SALKOWSKI and  LIEBERMANN-BuRCHHARDT reactions carried out directly on the chro- 
ma togram.  

Here it is impor tan t  to remember  tha t  volatile JaffE-positive compounds,  which may  
be present  in serum, are removed dur ing evaporat ion of the Ac-filtrate as well as dur ing  
the placing of the sample on the filter paper. 

* All the solvents were saturated with water 
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B. E X A M I N A T I O N  O F  T H E  J A F F I ~ - P O S I T I V E  C O M P O N E N T S  

I .  THE IDENTIFICATION OF CREATININE 

The identity of spot I I  with creatinine was confirmed by  two methods:- 
a. by reaction with 3.5-.~initrobenzoic acid (3.5-DNB) ; 
b. by chromatography with an addition o~ synthetic creatinine. 

The  reaction with  3.5-DNB, recommended  main ly  for its g rea t  sens i t iv i ty ,  was  carried o u t  on  
the  chromatogram wi th  t he  soluble f rac t ion of Ac-f i l t ra te  (75/A) by  s p r a y i n g  wi th  the reagent  men-  
t ioned (recrystal l ized accord ing  to A. I-'. JANSEN, W. SOMBROEK, a n d  E. C. NoYoNs 4e) in a concen-  
t r a t i on  of o.3 g/5 ml ethanol  + 5 ml  of zO~/o N a O H ;  i t  is important  a l ways  to  have  the  so lu t ion  
freshly prepared, on  s t a n d i n g  for some  t ime  a prec ip i ta te  of the  Na-sa l t  begins  to fo rm (addi t ion  
of alcohol  s o m e w h a t  increases  i ts solubil i ty) .  T he  place of localized c rea t in ine  is s h o w n  by  a d i s t i nc t  
blue-vio let  colour ing of spo t  II which  a t t a i n s  a m a x i m u m  wi th in  a few seconds  and then s lowly  fades.  
The  reac t ion  is sens i t ive  and permits  de tec t ion  of o. 5 pg  to i /~g of creatinine.  

The  Weyl reaction, based  on t he  fo rma t ion  of a red to reddish-v io le t  colour  b y  creat inine  and 
sodium nitroprusside in alkal ine medium,  was  found  to be m o s t  su i t ab le  wi th  a n  x ~/o a q u e o u s  so lu t ion  
of sodium nitroprusside wi th  which  a spo t  of syn the t i c  creat inine was  sprayed.  After  drying  the  
colour  was  deve loped with  5 % N a O H ;  .5/~g creat inine could be de tec ted  by  a d i s t i nc t  orange-pink 
colour,  t pg was  very  faint ly  vis ible  and the colour  d i sappea red  af te r  a tew seconds.  

However ,  the appl icat ion of WEYL'S reac t ion  to t h e  de tec t ion  of c rea t in ine  on  the  c h r o m a t o -  
gram of sera was  a comple te  failure, probably  because  of the effect of  t races  of acet ic  acid in the  
fibres of t he  filter pape r  (BuAc-mix tu re ! )  which  causes  the  colour  to t u r n  f rom orange- red  in to  
yel low.  

The  spo t  of synthe t i c  creat inine  added in c o n c e n t r a t i o n s  of 2. 5 ~g  a n d  5 ILg to  the  soluble  
f ract ion of t he  Ac-f i l t ra te  placed on t he  filter pape r  (4 ° pl and 75 1,1) exac t l y  coincided wi th  spo t  II .  

2. THE UNKNOWN COMPOUND 

a. Examination o/ synthetic products/or Jaffa-positive behaviour 
The Jaff6-positive behaviour of compounds was frequently investigated by various 

authors, usually under different conditions (temperature, sodium carbonate instead of 
alkali, etc.). Since the results obtained depend entirely on these factors it was necessary 
to check several data under such conditions as were used in the development of the 
chromatograms. 

From the possible substances we mainly selected blood components with the ex- 
ception of those that only form part of the erythrocytes and are not contained in the 
plasma (serum): glutathione, ergothioneine, pyrocatechol, hydroquinone, bile acids, 
oxalic acid, formic acid, trimethylamine, guanidine, methylguanidine, acetone, aceto- 
acetic acid, and 3-hydroxybutyric acid. Because of their very small concentration in sera 
adrenaline, indicane, acetylcholine, bilirubine, and urobiline were excluded. Citrulline 
and rhamnose were not available. Fatty acids and phospholipids were not considered 
in these experiments. On the other hand, glycocyamidine, hydantoin and methyl- 
hydantoin, although their existence in the serum has not yet been ascertained, were 
also tried. 

All three substances  were prepared synthet ica l ly .  G l y c o e y a m i d i n e  and m e t h y l h y d a n t o i n  were  
on ly  obta inable  in very  small  amounts  so that  the  a m o u n t s  placed on the  filter paper  were  very  
slight.  All three compounds  are Jaff6-posit ive,  their colour increases  with the  t ime and at ta ins  an 
intens ive  orange-red shade wi th in  a few hours.  

Spot reactions. The  compounds  were placed on the  paper  ( W h a t m a n  No.  t) and the  colour 
react ion was  deve loped  by  spraying  with alkal ine  picrate  of the  usual  concentrat ion .  

The compounds used, as well as a review of the results, are recorded in Table I. 
Paper chromatography. From the substances included in Table I some cannot be 

the unknown component found in the Ac-filtrates as they are either Jaff6-negative or 

Re/erenees p. 222/223. 
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too  f a i n t l y  pos i t i ve  to  be  seen in a m o u n t s  t a k e n  for p a p e r  c h r o m a t o g r a p h y  (h i s t amine ,  

ty ros ine ,  g lucosamine ,  f ruc tose ,  h i s t id ine) .  

O n l y  t hose  c o m p o u n d s  were  used  for p a p e r  c h r o m a t o g r a p h y  wh ich  in t h e  g i v e n  

c o n c e n t r a t i o n  r ange  h a d  d i s t i nc t  J a f f6 -pos i t i ve  b e h a v i o u r  w i t h o u t  r e g a r d  as to w h e t h e r  

t he i r  co lou r  a p p e a r e d  i m m e d i a t e l y  or  a f t e r  s o m e  t ime .  I t  was  our  t a sk  to  f ind t he i r  

m o v e m e n t  (RF values)  f r o m  B u A c - m i x t u r e  a n d  the re fo re  to  e x c l u d e  f r o m  f u r t h e r  

e x a m i n a t i o n  t hose  c o m p o u n d s  t h e  loca t ion  of wh ich  in the  f i l ter  pape r ,  us ing  the  g i v e n  

so lven t ,  d id  n o t  co inc ide  w i t h  t h a t  of t he  u n k n o w n  c o m p o u n d .  

Uric acid (20/zg and 4 ° / ,g)  - - indis t inc t  chromatogram from BuAc-mixture. Only after several 
days a very faint colour was observed; at about t[~ there was a pale spot (inorg. component). 

Ascorbic acid from BuAc-mixture, even in the maximal concentration of 24 #g, was hardly 
visible at all. R F (xs.~ o c) - -  o.41, close to creatinine. 

Glucose in a concentration of 600/~g separated from BuAc-mixture in the highest part of the 
chromatogram. A very slow colour was observed, only appearing after 3 ° minutes. 

Pyruvic acid is the most interesting compound observed in the study of this problem. 
In chromatography from BuAc-mixture the synthetic pyruvic acid "Merck" (in an amount of 

x2 /~g) divided into 4 spots situated at nearly equidistant points. A short t ime after development 
spot I I I  appeared and the very weak spot I;  after 6 hours the following colouring was observed: 
i .  very weak to weak, II.  very weak, III .  weak, IV. weak. After several days spot I and I I I  had nearly 
disappeared and only spots II  (now somewhat more intensively coloured) and IV stayed permanently. 

Likewise even sodium pyruvate  "Merck-for scientific purposes" could not be shown to be a 
perfectly homogeneous substance; at higher concentrations (6o ttg) spot I I I  slowly merges with spot I. 

RI~ values of individual spots measured at 15 ° C :- 

- - - - -  free acid 

I o.I 4 
II 0.36 
III  o.5I 
IV ! o.(~) 

f 

Na-salt 

o.I 3 

o.5I 

Chromatography of the free acid from n-butanol itself shows the presence of two unseparated 
spots. 

Hydantoin, methylhydantoin, and creatinine separated very well from n-butanol (a) and to a 
l e s ser  extent from BuAc-mixture (b): 

a b 

Creatinine ( R F  (l~ ° C)) o. 15 0 . 4 4  
Hydantoin ,, 0.28 0.46 
Methylhydantoin ,, 0.46 o.61 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Glycocyamidine from BuAc-mixture merges with the creatinine spot; Ry(ts o C) = °.43- 
(See also 16). 

Conclus ion  

N o n e  of t h e  l a s t - n a m e d  s u b s t a n c e s  s h o w e d  a n y  i d e n t i t y  w i t h  t h e  u n k n o w n  c o m -  
p o n e n t  j u d g e d  b y  i ts  loca t ion  on the  f i l ter  p a p e r  (Fig.  2). 

As the Jaffd-negative substance creatin', approaches the RF of the unknown serum component 
m o r e  closely than any other substance considered up till now, and the possibility of partial anhy, 
drization of creatine during the procedure (by acetic acid during chromatography, during drying- 

Re/erences p. 222/223. 
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etc.), is mentioned by G. A. ]~[AW sg, parallel chromatograms on one strip of Whatman No. i paper 
were run in the following manner :- 

a. 3o jug creatine, 
b. 3o/~g creatine + 5 /~g creatinine from BuAc-mixture. After slowly drying in air (1o to 

x5 minutes), the part  containing a. was cut off and placed in a drying chamber at  Ioo°- I I5  ° C for 
about io minutes and afterwards developed with alkaline picrate: intensively orange-red spot 
(creatine -+ creatinine) of R F (xs* c) = 0.36; part  b. was developed with alkaline picrate in a normal 
manner and showed only a spot of creatinine of RF~ x5 o cI = 0-45- 

If we compare the location of hydantoin and methyl-hydantoin on the chromatogram from 
butanol with the appearance of the chromatogram of the Ac-filtrate from the same solvent, we 
believe we can confirm other observations that  these compounds are practically absent from serum, 
or at  least not detectable by the Jaff$ reaction. 

The presence of glycocyamidine could not be either confirmed or disproved with certainty ; but 
later experiments with glycocyamidine added to the soluble fraction of the Ac-filtrate before chro- 
matography seem to provide evidence against its existence in serum with the assumption, of course, 
already made in the case of hydantoin and methylhydantoin. 

The sensitivity of the JaflCreaction for ascorbic acid is too low to enable its detection in serum 
by this manner, even in maximal concentrations. 

1 

o o  
J 
I 

x 2 3 

e Q  
5 6 

o O  

4 ) 

Fig. 2. "Model chromatogram" of synth.products from BuAc-mixture 
i. Glucose 
2. Creatinine 
3. Na-pyruvate 
4. Methylhydantoin 
5. Glycocyamidine 
6. Hydantoin 
x. Approximate localization of the unknown component of serum 

The presence of four spots in the chromatogram of pyruvic acid or its sodium salt seems to be 
due rather to the lack of purity of the preparation, although its source (e.g., "Merck-for scientific 
purposes") does not favour this explanation. 

Any explanation ascribed to the action ot acetic acid contained in the solvent mixture on 
pyruvic acid, causing its polymerization, etc. seems to be ruled out by the occurrence of at  least 
two spots, even when butanol without acetic acid is used. 

In comparing the positions and appearance of the spots given by chromatography of the acid 
and its salt, pyruvic acid most probably seems to be located in the spot III  in both cases. This has 
been confirmed by subsequent polarographic estimation. 

Our observations are interesting considering the observation of G. A. MAw who does not 
mention any multiplicity of spots in the chromatography of pyruvate. This could be explained by 
the superior purity of his preparation. Sec. butanol, as used by G. A. MAw, was not availaLle to us. 
No less interesting is his remark tha t  p~ruvic acid did not give bands when present in amounts much 
less than too/~g. We were able to detect spot III  when chromatographing only 6/~g of the acid or 
of its salt. The appearance of several spots requires some further elucidation* although these experi- 
mental results of this partial problem were of no fundamental importance for the solution of our 
main problem. 

b. Identif ication o / u n k n o w n  compound 

Since  t h e  u n k n o w n  c o m p o u n d  d i d  n o t  s e e m  to  be  e i t h e r  an  a m i n o a c i d  or  a s u g a r  

( n e g a t i v e  n i n h y d r i n e  a n d  A g N O s - r e d u c t i o n  t e s t s  on  t h e  p l ace  of  t h e  loca l i zed  s p o t  on  

* The case might be analogous to that  of aspartic and glutamic acid, where further research 
has been suggested by C. E. DENT. 

Re[erences p. 222[223. 
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the serum chromatogram), we decided to reinvestigate pyruvic acid (sodium salt) owing 
to its problematic behaviour during chromatography. 

A chromatogram from BuAc-mixture with a mixture of 5/~g creatinine + x2 pg sodium pyruvate 
was started, and then pyruvic acid located itself under the creatinine spot. 

An unsolved problem which led to the identification of the unknown component, 
howevel, remains the behaviour of pyruvate added to the soluble fraction of the Ac- 
filtrate used for chromatography. 

Against all assumptions and known experience in paper chromatography, the Na-salt now 
located itself above the creatinine spot in  one line with the unknown substance. 

This far-reaching influence on the RF due to the complicated medium of the serum 
has led us to carry out analogous experiments with hydantoin, methylhydantoin and 
glycocyamidine. 

Chromatography from BuAc-mixture as well as from butanol itself merely supported the results 
of the preceding experiments on the chromatography of these individual substances. 

From this it  seems to follow tha t  the case mentioned above can be considered to be an indication 
of a specific property of pyruvic acid (its sodium salt) ; the formation of a complex of pyruvic acid 
with some substance or system of substances in the complex medium of the applied sample cannot 
be excluded, this complex exhibiting a different R F. The presumed complex ought to be sufficiently 
labile to hydrolyse in water, as is indicated by the polarographic investigation discussed below. 
Another possibility is the change of the partition coefficient of pyruvie acid caused by the presence 
of other substances. 

To prove definitely the identity of the unknown substance with Na-pyruvate, water 
eluates of two untreated spots obtained by chromatography of 75/~1 of Ac-filtrate, were 
examined polarographically as well as by spectrophotometry of the corresponding 2. 4- 
dinitrophenylhydrazone. 

I .  POLAROGRAPHY* 

The eluate (total volume 0.8 ml) gained in the manner stated above was examined polarographi- 
cally in a carbonate buffer of PH xL The curves were recorded from -o.8 V, at h = 26 cm Hg-level, 
t I = 3.o sec, 3.8 ¥ accumulator, x cm corresponds 0.55 ~A. 

I 2 3 

Fig. 3. Polarography of the unknown component from eluates of spots on chromatograms:- 

I. Solution tested 
2. Sample + o.t ml of solution of sodium pyruvate corresponding to 2.2/~g pyruvic acid 
3, Sample + o.2 ml of solution of sodium pyruvate corresponding to 4.4 ~g pyruvic acid 

* The polarographic estimations were kindly carried out by P. ZUM•N by his own, still unpublished 
method. 

Re/e,,ences p. 2:2/3:3. 
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2. SPECTROPHOTOMETRY 47 

2 ml of the eluate in distilled water was warmed for 2o minutes at  55 ° C after addition of 0. 5 ml 
of a solution of hydrazine reagent (2. 7 g hydrazine hydrochloride + 30 ml water -~ zoo ral m e t h y l  
alcohol -~- 25 ml 36~o HC1) to eliminate ketoglutaric and oxalacetic acids* possibly present. After 
addition of I ml of a o.i ~/o solution of 2.4-dinitrophenylhydrazine in 2N-HC1, the mixture was left 
to stand for zo minutes, and shaken with 7 ml of xylene added from a pipette;  the xylene extract  
was then itself shaken with 6 ml of a zo ~/o soda solution, to 5 ml of which was added 5 ml of 2N-NaOH 
and the mixture examined with a COLEMAN spectrophotometer. 

100 

.I  

i J i l 

44OO 

\ 

f i I ,  , #  

4000 5200 

Fig. 4. Spectrophotometry of 2.4-dinitrophenyl hydrazone from eluates of spots of the unknown 
component on chromatograms 

T h e  m a x i m u m  of  a b s o r p t i o n  of  t h e  u n k n o w n  c o m p o n e n t  (4400 A) c o r r e s p o n d s  

e x a c t l y  to  m a x i m u m  of t h e  s y n t h e t i c  N a - p y r u v a t e  t r e a t e d  in t h e  s a m e  m a n n e r .  

SUMMARY 

L A method for the detection of Jaffd-positive substances in human blood serum using the 
technique of paper ~a~itio~ chromatography is described. 

2. A partial solution of the problem of apparent  creatinine has been furnished by identification 
of pyruvaJe as a second Jaff6-positive compound beside creatinine in a water-soluble fraction of 
acetone-filtrate of sera; this finding was confirmed polarographically as well as spectro~ho~metrically. 

Up till now the quantitative significance of this substance has not been considered in connection 
with this problem. 

3. ARer a few preliminary experiments, paper chromatography of the insoluble residue of 
acetone-filtrate of serum has been left open for further investigation. 

* Modification by K. SrAvtK ~ D  ~. MICHALEC u. 

Re/e~,e~qces ~. 2~12~3. 
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I t  seems likely tha t  the final solution of the problem of apparent creatinine will cover both 
possibilities which were discussed in the introduction, irrespectively of whether the chromatographic 
investigation of the insoluble fraction might show the presence of some new unknown Jaffd-positive 
component. 

R~SUM~ 

x. Une m6thode a 6td ddcrite pour la ddtection de substances dans le sdrum sanguin humain 
donnant une rdaction de Jaffd-positive. Elle utilise la technique de la chromatographie de partition 
sur papier. 

2. Une solution partieUe du probl6me de la crdatinine apparente a dt6 donnde par l 'identifieation 
de l'aeide pyruvique (sel de ga)  comme second eonstituant ~ rdaction de Jaffd positive, ~ c6td de la 
crdatinine, dans la fraction soluble du filtrat ~ l 'acdtone du sdrum. Cette identification a dtd eonfirmde 
par polarographie ainsi que par la mdthode de photom~trie spectrale. 

Cette substance n'avait  jamais dtd eonsiddrde en relation avec ce probl~me, du moins en ce qui 
eoncerne son importance quantitative. 

3. Apr~s quelques essais pr~liminaires, la ehromatographie sur papier du rdsidu insoluble du 
filtrat ~ l'aedtone du s~rum a dtd laiss6e de c6td pour des recherches ult~rieures plus ddtailldes. 

I1 semble probable que la solution finale du probl6me de la crdatinine apparente sera fournie 
par la combinaison des deux possibilit~s envisagdes dans l'introduction, quel que soit le rdsultat des 
recherches ultdrieures sur la prdsenee, daus la fraction insoluble, d 'un composd inconnu ~. rdaction 
de J affd-positive. 

ZUSAMMENFASSUNG 

L Es wurde eine Methode fiir die Auifindung von Jaffd-positiven Stoflen in mensetflichem 
Blutserum beschrieben, die die Technik der Verteil**ngschromatographie auf Papier gebraucht. 

2. Einen Beitrag zum Problem des scheinbaren Kreatinins bildet die Identifikation der Bren,- 
traube~s~ure (ihres Na-Salzes) als des zweiten Jaff6-positiven Bestandteiles neben Kreatinin in der 
16slichen Fraktion des Aceton-filtrates yore Blutserum. Dieser Befund wurde durch die polaro- 
graphische und spektrophotometrische Untersuchung best~tigt. 

Dieser Stoff wurde bisher yon keinem der Forscher in Betracht gezogen, die sich mit diesem 
Problem yore Standpunkte der quantitativen Untersnchungen aus beseh/~ftigten. 

3. Die Verteilungschromatographie des unl6slichen Riickstandes des Acetonfiltrates wurde 
naeh einigen Vorversnchen zur weiteren ausfiihrlichen Untersuchung offengelassen. 

An der vollkommenen L6sung des Problems des scheinbaren Kreatinins werden gewiss beide 
M6glichkeiten teilnehmen, die in tier Einleitung besprochen wurden. Dies gilt aueh fiir den Fall, class 
die chromatographische Bearbeitung der unl6sliehen Fraktion die Anwesenheit eines neuen unbe- 
kannten Jaffd-positiven Stoffes anzeigen sollte. 
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