
: rom a biological point of view keto-acids are not a 
Is, and each one of them has different characters and 
their determination in toto is of a limited use, and v 
d for new methods which would make them able to 
f these compounds. An a t tempt  at solving this proble 
FRONTALI AND TOSCHI 1,s, by using parti t ion chrom 
,4-dinitrophenylhydrazones of these compounds. 
7he first results were satisfactory and the method, 
cases, was adopted by  various workers 3-e. In this p 

etermination of keto-acids is reported; special attenti, 
mcuracy of the quanti tat ive determination of pyruvi 
;ical material. 

?ig. I gives the different positions of the yellow sp 
~zones of various keto-acids. The paper used was Sck 

Tuvm and a-keto-glutanc amd i 

QUALITATIVE ANALYSIS 

~ots of the 2,4-dinitropheny 
Schleicher-Schtill 2o43b and tt 

i i 

g R) n 12 13 15 16 17 
Fig. I .  Pos i t i on  on  the  p a p e r  of ke to -ac id  p h e n y l h y d r a z o n e  
i .  oxa losucc in ie  ; 2. a - k e t o g l u t a r i c ;  3. ~ -ke toad ip ic ;  4. oxa l  
acet ic ;  5. g lyoxyl ic ;  6. a -k e to ad ip i c ;  7. mesoxa l i c ;  8. p y r u v i  
9. a - k e t o - y - c a r b o x y v a l e r o l a c t o n e ;  Io.  d i m e t h y l p y r u v i c ;  I 
a-ketoisovaleric ; 12. ace tace t ic  ; 13. a - k e t o b u t y r i c ;  14. a -ke t  
v - m e t h i o b u t y r i c  ; 15. succinic  s e m i a l d e h y d e ;  16. levul inic;  i 
p h e n y l p y r u v i c  ; 18. p - o x y p h e n y l p y r u v i c ;  19- A c h r o m a t o g r a  
f rom r a t  b lood : A a -ke tog lu ta r i c ,  B p y r u v i c ,  C p y r u v i c  ( isomm 

Fi 
hydrazo 
set of solvents was: n-butanol/  
ethanol/water (4O/lO/5 ° by 
volume). The synthetic phenyl- 
hydrazones were dissolved in 
phosphate buffer (o.oi M, pH 
7.2) or in I N N H  a. Descending 
chromatography was used. 

We want to discuss here 
some questions abou t  the identi- 
fication of these compounds on 
the basis of their chromatogra- 
phic position, which, also in the 
most recent works on this sub- 
ject, are not yet  completely 
clear. When the synthetic phe- 
nylhydrazones are dissolved and 
put directly on the filter paper, 
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isomers and polymers of pyruvic  acid, as p-pyruvb 
olactone, bu t  they both showed a different R F from th 
We then sought for some evidence of the hypothesi  
;SON AND SHAPIRO 't, of an isomerisation of the mole 
, which has a double bond between C and N and v 
.anti isomerisation. A certain amount  of the syntheti(  
was dissolved in phosphate  buffer and divided in tw 
[irectly on the paper, gave one single spot. The seco 
xt ract ing procedures and chromatographed:  it gav  
results tha t  the isomerisation takes place during th( 

ylhydrazone. The spectrophotometr ic  analysis of the 
~, showed tha t  while the first spot has the same cu 
izone of pyruvic  acid, the second spot gives a quite ( 
~_nother keto-acid which gives more than one spot 
ylhydrazone gives only one. Two new spots appear  wh 
d th  a lower and one with a higher R~., but  the proce: 
n, probably  to the decomposit ion of the instable o.~ 
acids tried, only glyoxylic acid gave also two spots. 
?or the quant i ta t ive  analysis of pyruvic  acid, we hav 
aking into account  the small error due to a different 
,ounds. This is the reason why our present results giv 
in biological materials than  with the previously descI 

( lmerem curve. 
is oxaloacetic acid, while i 

when the keto-acid is extracte 
)rocess is probably  due to anoth  

oxaloacetic acid. Of the oth 

have put  together  the two spot 
absorption curve of the tu  

;ive a higher content  of py ruv  
scribed method.  

,LYSIS OF K E T O - A C I D S  IN  B I O L O G I C A L  M A T E R I A L S  

ast suitable deproteinizer for our purposes was found to l 
o a min imum the disturbing formation of emulsions durir 
ngstic acid solution is prepared just  before use by  mixin~ 
/3 N sulphuric acid (6o/2o/2o by volume). The proportic 
and deproteinizing solution is i :5 (w/v for solid tissues an 
Lre homogenized by  a Waring blendor with the calculate 
lution, or ground in a mor ta r  with quartz  sand. After  I 
-I filter paper  and a portion of the filtrate is used for t t  

:n),lhydrazine. 2o-3o ml of the filtrate are put  in a 50 r 
, provided with a well fitting ground stopper. I ml of o.2' 

phenylh3 
one with 
reason 
keto-acids 

For  
not takin 
compoui 
acid in 

Q U A N T I T A T I V E  A N A L Y S I S  

Deproteinization. The most  
tungst ic  acid, as it reduced to 
t h e  ether extraction. The tun 
water, lO% Na tungstate ,  2/3 
between biological material  and 
v/v  for blood). The organs are 
amount  of deproteinizing solution, 
the liquid is filtered through 
analysis. 

Reaction with dinitrophen),lh> 
test tube of 2.5 cm diameter  
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le spot as is shown in the figure. 
d of from their t)henylhydrazones,  
ormation in pheuylhydrazones  an 

described in the present work 
ts are not completely the same a 
me spot on the paper. 
I the case of pyruvic  acid: the firs 
zone, the second one has a higher 
~t behaviour,  and we first though 
ers. We therefore tried a fractiol 
raction gave us the same two spot 
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two layers is not  perfect, perhaps owing to a not ( 
,,n necessary to centrifuge the mixture.  
?emoval o/ether and drying o[ the residue. The ether s. 
warm water  bath,  at reduced pressure (water pump). 
red  with a warm air s t ream or in a vacuum desiccat( 
~artition between chloro[orm and ammonia. To the dry  
n t  of I N ammonia  is added, for instance I ml. Tt  
ately washed with the liquid, so as to bring in solu 
tied substance. Then equal amount  of chloroform is ad 
nixture is thoroughly  shaken and its walls once a~ 
~re is t ransferred then in a small centrifuge tube 
3nia solution contains the phenylhydrazones  of ket( 
graphy, whereas the chloroform contains phenylh} 
al phenylhydrazones .  
?hromatographic separation. A measured amount  of t t  
fl) is put  on a strip of paper  two or more cm wide 
the paper  Schleicher-Schiill 2o43b and the solvent:  t 

)uantitative determination. The paper containing t h e ,  
.rs and put  in a centrifuge tube. A measured amount  
eman, 4 ml if Beckmann  spect rophotometer  is used fl 
nplete ly  homogenized by stirring it with a glass r( 

,arazlne anct atmost all tr~ 

the ammonia  solution (usuall 
wide. Best results were obtaine 

n-butanol,  ethanol and ware 

spot is cut  to pieces with th 
of I N NaOH is added (8 n 

for the reading) and the pape 
rod. After  IO' the mixture  

'natant  solution is decanted and its light absorption & 

razones dissolved in NaOH have characteristic spectr( 
n be used for their identification s. The max imum absorptio 

450 m? ,  however, we prefer to read at 51o mt*, firstl 
~f phenylhydrazine  do not absorb at this wavelength, an 
pots of pyruvic  acid traces of another  phenylhydrazon~ 
velength, sometimes appear. 
similarly with NaOH, gave a very slight absorption und( 

~th the absorption was zero. 
ard curve is drawn of the phenylhydrazones  dissolved i 
ves are straight  between IO and 5 °/~g, tha t  is with th 
~ed, a conversion factor  can be calculated. Ins tead of usin 
nes, it is preferable to start  from known amounts  of ket( 

Chromat~ 
0.2 ml 
with 
(4O/lO/5O by volume). 

scissors 
if Colem~ 
is com 
centrifuged; the clear supernatant  
termined.  

Wavelength. Phenylhydrazones  
photometr ic  curves which can 
lies usually between 400 and 
because any  possible traces of 
secondly because near the spots 
which absorbs at  a lower wavelen 

The filter paper, t reated 
400 m/,, above this waveleng 

Standard curve. A standard  
I N NaOH,  and, as the curves 
quanti t ies most  commonly  used, 
the synthet ic  phenylhydrazones,  
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V HC1 is added, and the solution 
A U G E N 7 ) .  

placed the ethyl  acetate used in 
nylhydrazones  are bet ter  extracta 
ower temperature.  In  the same t 
curred, 5 ml of e thyl  ether  are adde 
t tent ion is paid not to open the t 
~, the loss of substance is immater! 
nt is removed by  using a pipette 
operation is repeated 4 or 5 time 
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Fig. 2. i.  BlacL 
of the first of t 

___ keto-acid from 
. spectrophoton- 
I spot obtained 
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' spectroi 
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he m e t h o d  of  LONG 9, w a s  r e s p e c t i v e l y  97.3 a n d  98 .  

[g. 3:  t h e  o p t i c a l  d e n s i t y  of k n o w n  a m o u n t s  of t h e  t 

ous  s o l u t i o n s  u s i n g  t h e  d e s c r i b e d  m e t h o d  are  comp,  

, r r e s p o n d i n g  a m o u n t s  of s y n t h e t i c  p h e n y l h y d r a z o n e s  

Recovery o / k n o w n  amounts o~ keto-acids /rom biologi, 
v ic  a n d  a - k e t o g l u t a r i c  ac id s  f r o m  d e p r o t e i n i z e d  r a t  

t r i ed .  5 - 1 o  m l  of r a t  b l o o d  w e r e  a d d e d  to  5 v o l u m e s  

o g of r a t  l i v e r  w e r e  h o m o g e n i z e d  in  a W a r i n g  b l e n d  
, .  i .  j l  1 .- • t - ~ _ 1 , ~ F l r~ l  p l z  

)O1; O D l ; a l n e G  I r o 1 T l  DIOO(1.  

9 8 . 9 % .  T h e  r e s u l t s  a re  r e p o r t  

t w o  k e t o - a c i d s  e x t r a c t e d  Ire 

) a r e d  w i t h  t h e  o p t i c a l  dens i  

l r azones .  T h e  r e c o v e r y  a v e r a g e s  94 '  

ical materials. T h e  r e c o v e r y  

b l o o d  a n d  l i v e r  h o m o g e n a t  

of t h e  d e p r o t e i n i z i n g  so lu t io  

b l e n d o r  ( s emimic ro )  w i t h  t h e  sai  

~ing s o l u t i o n .  T h e  f i l t r a t e  was  d i v i d e d  in  t w o  e q u a l  p o r t i o I  

n o u n t  of k e t o - a c i d  was  a d d e d ,  wh i l e  t h e  s e c o n d  was  us  

Mean Standard erro~ 
recovery °/o 

90.8 +. 2.1 

92, 4 !- 2.52 

96.0 -: I.o0 

97.4 :[~ 0.86 

Lount added. 

b y  t h e  

in  Fig .  

a q u e o u s  

of co r r e s  

Recover" 
p y r u w c  

were  

lO-2O 

p r o p o r t i o n  of  t h e  d e p r o t e i n i z l n  

to  one  of t k e s e  a k n o w n  a m o u n t  

Experiment 

Recovery of added pyruvic acid 
from rat  blood 

Recovery of added pyruvic acid 
from rat  liver 

Recovery of added a-ketoglutaric acid 
from ra t  blood 

Recovery of added a-ketoglutaric acid 
from rat  liver 

* Minimum ---. maximum amount  
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t h e m ,  to  r u n  t h e m  e h r o m a t o g r a p  

l h y d r a z o n e  e x t r a c t e d  f r o m  t h e  pa 

c u r v e  i n c l u d e s  t h e  lo., 

i i n e v i t a b l y  h a l ) p e n s  d 
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1 
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P s t a n c e s  u s e d  were  • N a  
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times are difficult to separate from those of pyruvic 

7 / /  

/ , / / / ' / /  

Standa rd  curves from known  solut ions of pyruvi(  
ophenylhydrazones  in N N a O H ;  . . . .  S tandard  curves frc 

and a-ketoglu tar ic  (2) acids ex t rac ted ,  chromatographied  

I I I I 
50 /sg 

pyruvic  (I) and  a-ketoglutar ic  (2) aci 
f rom known amoun t s  of pyruvic  ( 

~hied and  eluted from paper .  

ree spots which appear in chromatograms from biologic 
Lt blood, have the same spectrophotometric curves as 
etoglutaric acids submitted to the same procedures. As 
re perfectly identical. 
;is was carried out as follows. For each determination t~ 
[; they were killed by stunning, and the blood was collect( 
,eaker containing the deproteinizing solution, and weighe 
t of the hind legs were quickly removed and immediate 
~f solid CO2. The brain and liver were then weighed ar 
endor with 5 volumes of deproteinizing solution. After I 
ed and a known amount of the filtrate was treated wil 
and run chromatographically with the above describe 

n of these determinations are given in Table II.  The la 

10 

Fig. 3 - - - - -  
d in i t ro  

investigated whether the three 
material, as for instance rat 
mixture of pyruvic and a-keto 
shown in Fig. 2 the curves ar~ 

The quantitative analysis 
rats of about IOO g were used 
from the jugular veins in a beak, 
The brain, the liver and part 
frozen between two blocks of 
homogenized in a Waring blendor 
the four samples were filtered 
phenylhydrazine, extracted 
method. The results of seven 
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same keto-acids already present it 
in duplicate: the differences obse 

he recoveries are given in Table I. 
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5 417 
6 304 
7 173 

mean 2 _, 4 

a-ketoglutaric acid content  of ra t  organs {p 

t4z. 5 
2 68.5 
3 264 
4 r°4 
5 
6 
7 166 

mean t 49 

simplified method for the quant i ta t ive  determinat ion of k~ 
~raphy of their  2 ,4-dini t rophenylhydrazones is reported.  
¢. The identification of these compounds  on the filter pape: 
~unds which give more t han  one spot.  
~.. The method is described in detail, especially wi th  regard 
onten t  in biological material .  The recovery of these two keto-a 
ans, averages 94 %;  on the basis of these results a standar{ 
s curve, recovery from deproteinized extracts  of liver and 1: 

keto-acids by means of paper  ch~ 

)er is discussed, especially of th( 

to the pyruvic  and a-ketogluta  
keto-acids, s tar t ing from known aquee 

s tandard  curve can be drawn. Accordi 
blood averages 91.6 % for pyrux 

pyruvic and ketoglutaric acid content  of ra t  blood, muscle, li~ 

m6thode simplifi6e pour  la d6terminat ion des acides cdtoniques 
r papier  filtre de leurs dini t rophenylhydrazones .  
compos6s donnent  lieu g plus d 'une  tache ~. cause de l ' isom6risati 
a 6tudi6 en part iculier  le d6doublement  du phenylhydrazone  

hnique de la d6terminat ion chromatograph ique  des acides c6toniqu 
}articulier pour  ce qui r4garde l'acide pyruv ique  et a-cdtoglutariq~ 
:ecouvr4s b. par t i r  de solutions aqueuses  avec une moyenne de 94 0, 
Stablie de ces donn6es. D 'apr6s  cette courbe le rendement  ~ par~ 
6inis6s est  en moyen  91.6 % pour  l 'acide pyruv ique  et 96 7 % po 

}de les au teurs  out  ddtermin6 le contenu en acides py ruv ique  
oie et cerveau de rat .  

A 
matogra  

i. The 
compounds  

2. The 
acid content  in biolo 
solutions 
to this 
acid and 96. 7 % for a-ketoglutaric acid. 

3. Using this  me thod  the 1~ 
and brain is est imated.  

Les au teurs  exposent  une m6thode 
moyen  de la chromatographic  sur  pa~ 

i. On a t rouv4 que te r ra ins  
du deriv6 phenylhydrazone .  On 
l 'acide pyruvique .  

2. On expose en d6tail la techni{ 
dans les milieux biologiques, en particulie 
Ces deux acides c6toniques sen t  recouvr& 
Une courbe s tandard  peu t  &re 6tal 
du foie et du sang de ra t  d6prot6inis6s es 
l 'acide ~-c4toglutarique. 

3. E n  ut i l isant  cette m6thode 
c6toglutarique du sang, muscle, foie 
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d from rats  anes the t i zed  wi th  ethe~ 
se from ra ts  ki l led b y  s tunning,  al 
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~46 ~465 58 
5 ~ 20 2160 54 
i 407 2080 146 

347.5 248o 79 
- - 3000 233 

538 t83o 61 
388 217 ° 36 

335 217 o 95 

(/~g in ioo g 

9o.5 48o 33' 
44.2 832 I6 

585 4 6 
80.7 552 23 
- 578 231 

937 
r8 7 Io9o 28 

loo.6 722 28, 

SUMMARY 

R g S U M g  

ulier pour  
vr4s 

s est 

w e  h a v e  

chro- 

those 

Lric 
ueous 

:ling 
rruvic 

liver 

a u  

n&isa t ion  
de 

u e s  

u e .  

%. 
,artir 

l o u r  

et 



:AVALLINI, N. FRONTALI AND G. TOSCHI, Nature, 163 (1949) 2 
:AVALLINI, N. FRONTALI AND G. TOSCHI, Nature, 164 (1949) i 
:. ALTMANN, E.  M. CROOK AND S. P.  DATTA, Biochem. J., 49 
ELIGSON AND S. SHAPIRO, Anal. Chem., 24 (1952) 754. 
-. TULPULE AND V. N. PATWARDHAN, Nature, 169 (1952) 671  
". S. EL HAVARY AND R. H.  S. THOMPSON, Biochem. J., 53 (I 
• FRIEDEMAN AND G. E.  HAUGEN, J. Biol. Chem., 147 (1943) 
AVALLINI, Ricerca sci., 20 (195 o) 803. 
ONG, Biochem. J., 36 (1942) 807. 

  
Z U S A M M E N F A S S U N G  

B e s t i m m u n g s m e t h o d e  ftir Ke tosXuren  
A h y d r a z o n e n  ber ichte t .  
offe au f  G r u n d  ihrer  c h r o m a t o g r a p h i  
offe, die m e h r  als e inen Fleck erzeugen 
der q u a n t i t a t i v e n  c h r o m a t o g r a p h i s c h e n  
n u n t e r  be sonde re r  Ber i i cks ich t igung  
c k g e w i n n u n g  dieser zwei Ke tos / iu ren  al 
G r u n d  dieser  D a t e n  k a n n  m a n  eine S 

R t i c k g e w i n n u n g  aus  en te iwe i ss ten  E x  
ie Brenzt raubens~iure ,  u n d  zu 96. 7 ~o J 

ode wurde  der  Geha l t  an  B r e n z t r a u b e  
eh i rn  von  R a t t e n  b e s t i m m t .  

R E F E R E N C E S  

568. 
792. 
(1951) L ~  

671. 
(1953) 340• 

(1943) 415 . 

Receiv 

: chromato-  

~ird u n t e r  

von  Keto-  
tubens~kure 
wiisserigen 
au fbauen .  

Leber  u n d  
lutars~.ure. 
~etoglutar-  

tth, 1953 


