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In a recent paper r it was shown that certain amino-acids 
readily undergo oxidation at the ordinary temperature when 
treated with hydrogen peroxide and a trace of ferrous sulphate. 
The products of the reaction were found to be aldehydes and 
acids containing one less carbon atom than the parent acid, 
together with ammonia and carbon dioxide. In the case of 
glycocoll, it was found that glyoxylic acid was formed in addition 
to the other oxidation products, namely formaldehyde, formic 
acid, ammonia, and carbon dioxide. It was therefore of interest 
to inquire whether glyoxylic acid did not occur in the animal 
body as an intermediate product of metabolism. A paper upon 
this subject has already appeared by Eppinger 2 to which 
reference will be made later. 

It was obviously a question of importance to know what sub- 
stances in addition to glycocoll yield glyoxylic acid as a result 
of oxidative changes. The first substances to be tried were 
creatin and creatinin. Both of these substances are readily 
oxidized by hydrogen peroxide and ferrous sulphate and yield 
as products, glyoxylic acid, formaldehyde, formic acid, methyl- 
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1 This Journal, i, p. 171, 1906. 
9 Eppinger, Beifr. a. chew. Physiol. cc. Pathol., vi, p. 492, 1905. 
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272 The Formation of Glyoxylic Acid 

guanidin, and carbon dioxide. The larger portion of the for- 
maldehyde is converted into formic acid by the further action 
of a part of the hydrogen peroxide. The changes are exactly 
similar in the case of creatinin. The formation of methylguani- 
din from creatin on boiling with mercuric oxide was long ago 
observed by Dessaignes 1 and a similar reaction occurs with cre- 
atinin when treated with potassium permanganate.2 In an act- 
ual experiment creatinin was dissolved in water and a small 
excess over the calculated amount of hydrogen peroxide solu- 
tion added together with a trace of ferrous sulphate. The per- 
oxide solution was allowed to stand over night and then distilled, 
A small amount of formaldehyde was found in the distillate and 
could be detected by means of the Lebbin and other reactions 
even when only a few milligrams of creatinin were oxidized. 
On acidifying with sulphuric acid and redistilling, the distillate 
was found to contain formic and glyoxylic acids,3 the latter 
substance giving an intense reaction when treated with tryp- 
tophan or indol or skatol and concentrated sulphuric acid? 
The residue was freed from sulphuric acid by means of barium 
carbonate and the filtrate acidified with hydrochloric acid 
and ther. concentrated to small bulk on the water bath. 
On precipitation with gold chloride solution, beautiful shining 
yellow crystals of the gold salt of methylguanidin were easily 
obtained. 

From the results already obtained it was considered probable 
that other substituted acetic acids would yield glyoxylic acid 
upon oxidation and accordingly glycollic acid, sarcosin, betain, 
and hippuric acid were treated with hydrogen peroxide and 
ferrous sulphate in the same way as glycocoll and creatin. 

Under the special condition6 of the experiment the first two 
acids are readily oxidized but yield only minute traces of gly- 
oxylic acid, while, on the other hand, betain and hippuric acid 

f  Dessaignes, Liebig’s Ann. d. Chew., xcii, p. 407, and xcvii, p, 340, 
9 Neubauer, ibid., cxix, p, 46. 
* The formation of glyoxylic acid may be found to be a useful confir- 

matory test for the presence of creatin, creatinin, or glycocoll. The re- 
action is delicate and easily carried out, but it is necessary to avoid the 
presence of other substances which yield traces of the acid. 

4 Hopkins and Cole, Proc, Roy. SOL, lxviii, p. PI, rgor. 
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are attacked with the greatest difficulty but, notwithstanding, 
they yield definite traces of glyoxylic acid. 

Glycollic acid on oxidation with the peroxide yields mainly 
formaldehyde, the larger part of which is further oxidized to 
formic acid : 
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Sarcosin in similar fashion yields the same products together 
with methylamin : 
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In each case the formic acid was identified as the lead salt 
while the methylamin was converted into the platinum salt. 
It should be noted that formic acid interferes considerably with 
the color reactions for the detection of glyoxylic acid and should 
be removed as completely as possible. 

In the case of the oxidation of hippuric acid and betain, the 
bulk of the substance was recovered unchanged at the end of the 
experiment, but the formation of small quantities of glyoxylic 
acid was readily demonstrated. 

It is of interest to note too that a little glyoxylic acid is also 
formed when dextrose or peptone is treated with excess of hy- 
drogen peroxide and a trace of ferrous sulphate. 

From the foregoing results it is clear that there are a number of 
substances of biochemical importance, in addition to those al- 
ready known, which by gentle oxidation at low temperatures 
yield glyoxylic acid, and it was therefore of interest to try to 
detect the acid among the products of metabolism. 

The isolation of traces of glyoxylic acid in complicated mix- 
tures such as tissue extracts is by no means easy. In pure 
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solutions, the usual methods made use of have depended upon 
the formation of the calcium salt or of the phenylhydrazone of 
the acid, while qualitatively the anilin oxalate test described 
by Perkin and Duppa * and especially the reactions with skatol, 
indol, and tryptophan described byHopkins have been chiefly 
employed. The phenylhydrazone of glyoxylic acid is not very 
well suited for the identification of small quantities of the acid, 
and preliminary experiments have shown that a more satisfactory 
method may be found in the formation of a very sparingly sol- 
uble crystalline substance obtained by acting upon glyoxylic 
acid with amidoguanidin. The substance crystallizes from water 
in beautiful needles which contain water of crystallization and 
which are very soluble in both acids and alkalies. It is apparently 
identical with the substance obtained by Thiele and Dralle 2 by 
heating chloralamidoguanidin with water, and has also been 
obtained by Doebner.3 It has the formula: 

NH1 - C(NH) -NH - N = CH - CO,H 
Its melting-point is not very sharp, but after drying at IOOO C to 
remove water of crystallization it melts at about 155~ C. 

It may be said at once that by the employment of one or other 
of the above methods, it has been possible to obtain evidence of 
the existence of glyoxylic acid in animal tissues and secretions, 
and also in media of various kinds in which bacteria or mould 
have grown. For reasons which will be mentioned later, it is 
not, however, certain that the glyoxylic acid is produced in all 
cases by the organism. Eppinger* has recently employed the 
reaction with indol for the detection of glyoxylic acid in urine and 
has carried out the test in many cases by direct addition of 
strong sulphuric acid to 3-5 C.C. of the urine which has previously 
been mixed with an indol solution. A red color was supposed 
to indicate the presence of glyoxylic acid. It is certain that this 
method is useless for the purpose for which it was employed. 
The presence of nitrates and nitrites in the urine, which was long 
ago recognized by Wolffius s and by Schonbein,” must obviously 

1 Perkin and Duppa. Bw. d. dezctsch. them. Gesellsch.. xix, p. 595. 
2 Liebig’s Ann. d. Chem., cccii, p. afg. 
1 Ibid., cccxv, p. f ,  1901. 
4 Eppinger, Beitr. s. &em. Physiol. u. Path., vi, p. 491, 1905. 
‘ Wolffius, Diss., Dorpat, x861. 
6 Schbbin, Journ. f. prakt. Chews., xcii, p. 156; xciii, 463. 
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interfere with the test, since the red color of nitroso-indol 
would simulate that possibly produced by glyoxylic acid. In 
addition, the action of strong sulphuric acid upon undiluted 
urine gives rise to color changes which render almost impossible 
the observation of any effect due to the presence of minute quan- 
tities of glyoxylic acid. Eppinger makes the statement that 
skatol cannot be substituted for indol in the direct testing of 
urines for glyoxylic acid, and suggests that substances must be 
present in the urine which prevent the reaction. As a matter 
of fact, however, the skatol reaction is even more sensi- 
tive than that with indol, and the observation of Eppinger 
serves only to show that the red colors obtained by him in the 
direct testing of urines were simply due to nitroso-indol 
and not to glyoxylic acid.1 Eppinger also tried to obtain gly- 
oxylic acid in the distillate from urines acidified with phosphoric 
acid, but states2 that its separation in quantity by this means 
was not successful, owing, it is suggested, to the affinity of the 
glyoxylic acid for urea or other unknown substances. This 
explanation, however, is hardly satisfactory, for, if the glyoxylic 
acid undergoes condensation with urea, the presence of the re- 
sulting product-allantoin-can no longer be regarded as evi- 
dence of the occurrence of glyoxylic acid in the urine; while, on 
the other hand, urea salts of volatile acids are extremely readily 
hydrolyzed even by water, and no difficulty would be found in 
detecting the acid in the distillate. 

As a result of many experiments, it has been found that it is 
possible to obtain a substance from urine which gives many of 
the reactions for glyoxylic acid, but the quantity is extremely 
small. If fresh urine or an extract of liver, muscle, or blood which 
has been roughly freed from proteid3 be distilled with a little 
phosphoric acid,4 a weak acid distillate is obtained which 
often gives the skatol and indol tests directly. Experiments 
were made to determine the best method of concentrating very 
weak glyoxylic-acid solutions. Concentration of the free acid 
on the water-bath was obviously impossible, as was also the use 

1 Cf. Inada, Be&. a. them. Physiol. u. Path., vii, p. 473, 1905. 

’ Lot. cit., p. 496. 
$ Acetic acid must not be used for the coagulation. 
4 Sulphuric acid should not be used, as even comparatively pure acid 

may give enough nitrous acid to interfere with the reaction. 



276 The Formation of Glyoxylic Acid 

of the sodium or potassium salts. Addition of excess of am- 
monia and subsequent evaporation resulted in great loss of acid, 
which was not completely avoided by evaporation in vacua at 
45O C. The method eventually used was to add small quantities 
of calcium bicarbonate solution to the distillate and then to slowly 
concentrate. From most tissces a solution was readily ob- 
tained which gives not only the skatol and indol reaction but 
also the reaction with trypt0phan.r The reaction with tryp- 
tophan is not so delicate as the skatol test,2 but I believe that a 
positive result with this test is of more value than any of the 
other color reactions. 

Assuming that traces of glyoxylic acid do occur in the urine, 
it is of interest to know what significance can be attached to the 
fact, Eppinger has suggested that the presence of glyoxylic 
acid may be of clinical significance and has commonly obtained 
positive results in cases of dysentery, typhoid, and also after alco- 
hol consumption. Although it is clear that glyoxylic acid may 
be regarded as an intermediate product of metabolism the origin 
of these traces of glyoxyl$ acid is by no means clear. In the 
first place, as has already been shown, creatin and creatinin 
readily yield glyoxylic acid on oxidation with hydrogen per- 
oxide. Schonbein 3 in 1864 was able to detect hydrogen per- 
oxide in the urine and it is therefore open for one to account for 
the presence of glyoxylic acid in the urine in a much more simple 
way than that suggested by Eppinger, namely by the simple 
oxidation of creatinin by oxidizing agents present in the 
urine. What is true for creatinin also holds for creatin, 
glycocoll, hippuric acid, alcohol, etc. If a normal urine be 
taken and hydrogen peroxide be added, with or without the 
addition of a catalyst, considerable quantities of glyoxylic acid 
are readily formed. The glyoxylic acid is apparently derived 
mainly from the creatinin, and possibly glycocoll, since hippuric 
acid, peptone, or sugar yield relatively much smaller quantities. 

1 The tryptophan for these experiments was kindly furnished by Miss 
M. L. Foster who prepared it by the tryptic digestion of casein. 

7 The color reaction between skatol and glyoxylic acid is still percep- 
tible even when the solution (a-3 c.c.) contains only one hundredth of 
a milligram of acid. The sulphuric acid used should be as free as possible 
from oxides of nitrogen. 

8 Schbnbein, Joum. f. prakt, Chew, xcii, p. 168, 1864. 
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Another point which seems to have been insufficiently considered 
is the fact that many substances readily undergo auto-oxidation 
with the production of traces of glyoxylic acid. The fact that 
acetic acid commonly contains glyoxylic acid has been made clear 
by Hopkins, and many chemicals in an ordinary state of purity, 
such as lactic acid, aceton, alcohol, etc., show traces of glyoxylic 
acid when carefully tested. In the course of making controls in 
experiments in which organisms were grown upon media con- 
taining glycocoll and creatinin together with inorganic salts, 
I have observed that the solutions prepared from substances 
containing no glyoxylic acid, when sterilized and preserved 
under aerobic conditions, quickly yield traces of a substance 
which is not to be distinguished from glyoxylic acid by any of 
the reactions suitable for the detection of minute quantities. 

For example, nutrient media containing about 0.5 per cent, 
of glycocoll or creatinin, together with. traces of inorganic salts 
(sodium chloride, magnesium sulphate, calcium chloride, and 
potassium phosphate), although remaining perfectly sterile gave 
strong reactions for glyoxylic acid shortly after their preparation.1 

Subsequently it was found that the formation of glyoxylic 
acid from glycocoll was readily shown if a solution of glycocoll 
was simply evaporated on the water-bath, with a little calcium 
bicarbonate solution to preyent loss of free acid. On acidifying 
and distilling the residue from such an experiment there is no 
difficulty in detecting glyoxylic acid in the distillate. 

From these results it is concluded that it still is an open question 
as to how far one is justified in assuming the previous existence 
of glyoxylic acid in tissues which have been subjected to chemical 
manipulations which might easily result in the production of 
glyoxylic acid as a result of the auto-oxidation of other sub- 
stances normally present in the tissues. It is clear that the ex- 
perimental difficulties of deciding the question are considerable, 
for since glyoxylic acid is not only a very reactive substance but 
is also a comparatively strong poison, one would not expect a 
large quantity of such a substance to be present at any particular 
time. The idea of the formation of an aldehyde acid as an in- 

1 Further experiments upon the auto-oxidation of amido-acids will be 
undertaken. Some preliminary results indicate that the action of light 
is of influence in the process. 
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termediate product of metabolism is in many respects attractive 
and it is possible that further experiments will enable us to reach 
a definite decision. 

In conclusion I wish to express my thanks to Professor Her- 
ter, to whom I am indebted for the opportunity of carrying out 
the foregoing work and from whom I have received much helpful 
criticism. 

CONCLUSIONS. 

I. Creatin and creatinin readily yield large quantities of gly- 
oxylic acid on oxidation with hydrogen peroxide. Smaller 
amounts are also obtainable from glycollic acid, sarcosin, 
betain, and hippuric acid. 

2. A substance giving the reaction of glyoxylic acid is 
readily formed by the auto-oxidation of aqueous solutions of 
glycocoll, creatin, and creatinin. 

3. Although small quantities of glyoxylic acid may be iso- 
lated from blood, liver, and muscle, from urine, and from culture 
media in which bacteria or moulds have grown, it is not certain 
that it is a direct product of cell metabolism. 

4. The test proposed by Eppinger for the detection of gly- 
oxylic acid in urine is unreliable. 

5. The presence of traces of glyoxylic acid in the urine may 
be accounted for by the oxidation, of creatinin. Addition of 
hyrogen peroxide to urine gives rise to the formation of a con- 
siderable quantity of glyoxylic acid. 


