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Description of Method.

urine, roughly measured, are thoroughly mixed with
1ely powdered calcium hydroxide, allowed to stand
rinutes with occasional stirring, and then passed
ry folded filter. This treatment removes carbonates
ites. To 25 cc. of the filtrate in a 125 to 150 ce.
clear glass' one adds 0.5 cc. of 1 per cent phenol-
lution,” and 0.2 N hydrochloric acid from a burette
ed not be measured) until the pink color just dis-
[ = approximately 8). 5 cc. of 0.02 per cent tro-
olution are then added. As the indicator solution is
horoughly mixed with the urine by shaking the tube;
ution is omitted some of the tropeolin OO may be
Finally 0.2 N hydrochloric acid is added from the
1 the red color equals that of a standard solution
.6 cc. of 0.2 N HCI, 5 cc. of tropeolin OO solution,
o a total volume of 60 cc. When the end-point is
sufficient water is added to the titrated solution to
lume equal to that of the 60 cc. standard solution
nilar tube as a color control.
ing the color of the titrated solution with that in the
is convenient during the titration to hold the two

e tubes of Pyrex glass made by the manufacturers for urea
s by the Van Slyke and Cullen technique. The tubes are
liameter, 200 mm. long, and uniform in size.
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568 Studies of Acidosis. XVI

tubes side by side between the thumb and fingers, the tube con-
taining the urine being the one held nearer to the tips of the
fingers where it can be easily shaken as the 0.2 N acid is run in
from the burette.

Sometimes it is desirable to use a similar technique for the
phenolphthalein end-point also. In this case a tube of urine
filtrate to which no phenolphthalein is added serves as a standard.

We have found that as the final end-point with tropeolin OO
is approached comparison of colors is somewhat facilitated by
placing the two tubes side by side in a comparator of the form
described by Dernby and Avery, although with practice the end-
point may be located within 0.1 cc. by merely holding the tubes
together as described above.

Calculation.

From the volume of 0.2 N HC] used to titrate from the end-
point of phenolphthalein to that of the tropeolin OO, the amount,
usually 0.7 cc., is subtracted which is utilized in a similar titration
of a control determination in which water is substituted for the
urine. The volume of 0.2' N HCI thus corrected represents the
approximate organic acid content of the urine sample, plus the
creatine and creatinine, and an amount of amino-acids ordinarily
negligible.

In order to calculate the results in terms of ce. of 0.1 N organic
acid per liter, the figure representing the cc. of 0.2 N HCI used i
the titration is multiplied by 80 (by —1%5.0—0 = 40 in order to trans-
fer figure from 25 cc. to 1,000 cc. of urine, and by 2 to change
" from 0.2 N to 0.1 N terms).

Correction for Creatinine.—A 0.1 M solution of creatinine (11.32
mg. per cc.) titrates in the above determination as a 0.1 N solu-
tion of organic acid. Therefore, in order to correct for the creat-
inine, the cc. of 0.1 N organic acid per liter calculated from the
above titration may be diminished by
mg. creatinine per liter urine mg. creatinine N per liter urine

i1.32 or by 3.2

The simplest way is to subtract the creatinine correction

directly from the ce. of 0.2 N acid used in the titration, and mul-
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ifference by 80. In this case the correction iss—lb as

 above; i.e., cc. correction =
ine per liter urine or P& creatinine N per liter urine

906 . 336
cc.
lused in titration ........................ooiiaL. 7.6
n found in blank analysis.................. 0.7 cc.
e correction for 500 mg. creatinine N per
: C 3 @ 1 2 [
Ine. orrection = 336 CC. = . iviriinnernnns .
[ correction...........ooiviiiiiiiiiiin. 1.9 cc.
| titration figure = 7.6 = 1.9...................... 5.7
anic acid per liter =80 X 5.7..................... 456.0

- 00 was preferred by us as indicator for the final
In neutral solution it gives nearly the same yellow
1e, but so much more intense that a water solution of
rochloric acid with the indicator can be used as a color
ithout the use of a comparator. Very dark urines
reater dilution, but such are not often encountered.
vantage of this indicator is that its maximum acid
reached even at pH 2.7, so that if too much HCI is
e titration the solution becomes redder than the
This particular advantage is possessed in much less
1e three indicators mentioned below as alternatives.
icators that may be used are methyl orange, tetra-
Isulfonephthalein (bromophenol blue, Clark and Lubs),
ylaminoazobenzene. To some eyes the color change
ese dyes may be more readily detected than that of
). The two azo dyes are not much different in color
lin OO0, both changing from yellow to red, but the
1 blue turns from blue to a clear yellow on acidifying,
a very different alternative. To the authors the tro-
nd-point appeared the most satisfactory, however.
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Theoretical Basis of Method.

The method is based on the following previously know

1. Relatively little strong mineral acid is required to
the hydrogen ion concentration of a water solution from
2 X 107% if the only electrolytes present are alkali salts o
acids, such as sulfates and chlorides.

2. If the salt of a weak acid is present, however, the ¢
of nearly a full molecule of hydrochloric acid for each mol
such salt is necessary in order to cause the above chang
drogen ion concentration. The organic acids known to ¢
normal and pathological urines, in amounts sufficient to b
titatively significant in the total acid excretion of th
belong to the class of weak acids whose salts behave in th
manner.

3. The only mineral acids found in significant amounts
which belong to the class of weak acids, and therefore fo!
which show the above behavior, are phosphoric and ¢
acids.

4. Very weak bases form salts which behave like thos
weak acids. Creatinine is titrated almost quantitati
changing the hydrogen ion concentration from 10-2 to 2
and creatine to about 60 per cent. Aside from the ti
amino-acids, these appear to be the only bases of this kind
in considerable amount in human urine.

Effect of the Different Organic Acids of the Urine on the T

The titration figure obtainable by titrating between t
drogen ion concentrations a solution containing the sal
acid of a known dissociation constant may be calcul:
follows:

From the law of mass action:

m B =24
H+* = hydrogen ion concentration in terms of norr
A’ = anion of acid.
k = dissociation constant of the acid.

HA = free, undissociated ‘acid.
BA = galt of the acid.
A = degree of dissociation of the salt into Na an
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he salt of the acid is present, and dilutions are of {
s used in titrations (0.1 to 0.01 M), the equation |
ctically
k  HA
2 H+ = - X —
@ N BA

the high dilutions encountered approaches unity,
proximate calculations be neglected.
n 1 may then be expressed as

3) Ht =k X =—~or— = —

tic acid £ = 1.8 X 10-%,
H equals 8, or Ht = 1 X 10-%, we therefore have
—8
f acetic acid HC, H0, _ 10 -1 .
BC; Hs0, 1.8 X 10* 1,800

301 parts, or 0.05 per cent, of the acid is free.

: HC, H;O
H = 2.7, H+ = 2 X 103 and we have EC,T:O:‘
- 200
518

[ of 2.7, therefore, 2%, or 99.2 per cent, of the aci

anging the hydrogen ion concentration of an acet
rom the slightly alkaline reaction of 10-2 N (or a pH
acid reaction of 2 X 10~ ( (pH = 2.7) approximat
on of 0.002 N HCI) therefore requires an amount
| in molecular equivalents to 99.15 per cent of the tc
esent.
- different acids which occur or may occur in hun
values in Table I are calculated. The values of !
are for 25° unless otherwise indicated.
ison of the results so calculated with those experim:
ined in titrating solutions of some of these acids is sat
s shown in Tables III, IV, and VI of the experimen
his paper. The conclusion seems justified that f
s carried out estimates certainly over 90 per cent of
ids of the urine, and presumably over 95 per cent, si1
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a higher titration value by 3 or 4 per cent is obtained for
acids excreted as ammonium salts. The data for carboni
phosphoric acids indicate the necessity for their removal |
the organic acids are titrated.

TABLE 1.
Calculated Titration Values of Weak Acids of the Urine.
* Acid free at p?:lpg:
Acids. Dissociation - determ
©[Ht =107 N [HY =2 X 107 fr:";"
pH =8 pH = 2.7 ol
per cent per cent per
Organic.
Urie*........covvvnen... 1.5 X107 0.5 99.9 of
Acetiot................. 1.8 X 1078 0.0 99.2 9
p-hydroxybutyrict....... 2.0 X 1075 0.0 99.0 9
Lactict........ooeeennn. 1.4 X107 0.0 93.5 9:
Acetoacetict............ 1.5 X 1074 0.0 93.1 9:
Citric§..... P 2.0 X 107 0.0 91.0 9]
Formic*................. 2.1 X 107 0.0 90.6 &
Hippuriet............... 2.2X107*|- 0.0 90.2 &
Mineral. ' .
H(NaHPO))|............| 2.0 X 1077 2.5 100 9
HMHCO)Y.......eeen....| 3.5 X 1077 4.2 100 9t
* His and Paul.
t Ostwald.

{ Henderson and Spiro.

§ Shown by Amberg and McClure to occur in amounts equivaler
to 70 cc. of 0.1 N acid in a normal 24 hour urine. The titration val
citric acid given in Column 5 are those directly determined by Sé
The constant is estimated from them.

|| Sérensen.

9 Kendall.

Effect of Weak Bases of the Urine on the Titration.

The amount of strong acid required to change the pE
solution of a weak base from 8 to 2.7 may be calculated fro
dissociation constant K,.
salt of base _ 10~ _  salt of base

free base Ht free base

K, = OH' X
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- of base” represents {

therefore, salt of base

]
= K,X 10 AtpH

) X 102
10-14
id by a given base !
ents the amount requ
"able II contains a lis
constants and the pr

=2 K, X I

TAB

culated Titration Values (
Basic dissociation

constant.

Ky -

H+

- pe
.. 0.0015 X 10~ 1
.| 1.81 X 1071*
..[ 3.57 X 107u*
4 1.6 X 107%%

-and Wood.

ed at 40°, Wood.
Kato, and Sosman.

o titrate each from pH
The constants are fi
ne and creatinine. I
om Table V, showing t
ases in the titration, a
both by observation :
on the results of the ti
‘is at the maximum ol
ilable data on the K,
lated results correspor
btained as do the dat
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ing consideration. The divergence is perhaps due to th
that Wood’s values for K, of creatine and creatinine were

mined at 40°, while the titration is performed at 20°.

evident, however, that practically all the creatinine is titra
organic acid. The amount of this substance excreted
between 13 and 27 mg. per kilo of body weight per 24

(Folin, 1905). The mean, 20 mg., would neutralize 1.8 cc.
N acid per kilo or 108 cc. for a 60 kilo individual.

Creatine when present titrates to about 60 per cent
organic acid; but it is excreted by adults only in conditions i
ing rapid autolysis of muscle tissue, and would therefore no
rule, require consideration.

Ammonia is titrated to the extent of 5 to 6 per cent, b
actual effect of the presence of organic acids as ammonium
than fixed alkal? salts is to make the results of the titratior
most of the acids approximate more closely the theoretical v
as shown in Table IV. The ammonium salts of the organic
titrate 2.3 to 4.6 per cent more completely than the sodium
not 6.2 per cent more completely, as would be theoretical
pected, and as is approximately realized for the ammoniun
of hydrochloric and sulfuric acids. The observed positive am
error is such as to make the results obtained with all but the
est organic acids approximate more closely to 100 per cent th
results obtained in the absence of ammonia. The tender
the ammonia error to correct the opposite error in the o
acid titration is enhanced by the fact that ammonia and o
acid excretion tend to run parallel, particularly when acid
tion is abnormally high, as in diabetic acidosis. For the re
therefore, that the ammonia correction is not great and i
nature actually to diminish, as a rule, the other error i
determination, it has seemed not only simpler but bett
attempt no correction for it in urine analyses.

Effect of Amino-Acids on the Titration.

Amino-acids if present in large amount would be disti
factors, as at an H* of 2 X 102 they bind with their NH, g
considerable amounts of acid. Glycocoll, which does not
much from the other monoamino-acids in this respect,
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molecule of HCI at this H*. The amount is calculated
/S .
id constant for glycocoll is 3.4 X 1071, the basic constant 2.9 X

calculated by Winkelblech from conductivity measurements.
acid constant we have by calculating as above:

Proportion of COé)H group

>Ol} of:e.e ;t ;_FCOO)H f;’;:, at estimated by titration from
- =2X N H+ =10-8to Ht = 2 X 10-3
er cent per cent per cent

96.7 100 3.3

inction of the NH; group is similarly calculated from the
1stant, K, = 2.9 X 102 = (OH)’ X an—de or
free glycine
'H.-NH. _ (OH)' _ 101
"H,-NH, HCl 2.9 X 1012 H+ X 2.9 X 1012

9
these values we calculate:

Proportion of NHagroup

Hs free at — NHa freeat estimated by titratin with
- 10— N Ht =2 X 10-3 N HCl from Ht = 10-5 to
. H+ = 2 X 10-3
er cent per cent per cent
100 63.3 36.7

tal consumption of HCL by both COOH and NH; groups
tration should be, according to the above calculation,
.367 = 0.40 molecule of HCI per 1 molecule of glycine
The actual amount observed by Soérensen was 0.385

ther monoamino-acids apparently bind similar amounts
The constants for leucine and alanine were determined
elblech as follows: leucine, K, = 3.1 X 107, K, =
)-12; glanine, K, = 9.0 X 107, K, = 3.8 X 1071,
g to these, leucine would require in the titration 0.38
of HCI; alanine 0.36, nearly the same as glycocoll. The
. Table VII for the mixture of all the monoamino-acids
from casein are in the same neighborhood (44 per cent).
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The amino-acid nitrogen constitutes 1 to 2 per cent o
total urinary nitrogen (Van Slyke, 1913-14; Henriques).
daily excretion of 14 gm. of nitrogen, 2 per cent would inc
200 cc. of 0.1 M amino-acids. The neutralizing power of su
amount of amino-acids in the titration would be about §
of 0.1 N hydrochloric acid.

Our knowledge of the nitrogenous constituents of the
indicates the presence of no weak bases, aside from thos
cussed, in quantities sufficient to affect markedly the or
acid titration under discussion, and the nitrogenous excr
products have been so thoroughly studied that it is unlikely
any quantitatively important substances with definitely
properties have been overlooked.

It therefore appears that in titrating the 24 hour urine
adult of average size for organic acids, as described in this
about 100 cc. of the 0.1 N organic acid estimated is in realit,
to creatinine and creatine, 80 cc. or less to amino-acids, an
remainder to organic acids.

EXPERIMENTAL.

Titration of Organic Acids in Water Solutions.—A 20 cc. pc
of each acid, of approximately 0.1 N contentration, was tit
in a 100 cc. test-tube with either 0.1 N sodium hydroxide «
N, ammonium hydroxide to neutrality with 0.5 cc. of 1 per
phenolphthalein. 1 cc. of 0.1 per cent tropeolin OO was
added, and the solution titrated.back with 0.2 N HCl to p}
using 0.002 N HCI solution as standard. The results are |
in Tables III and IV.

Titration of Weak Bases tn Water Solutions.—Solutions ¢
bases in 25 cc. portions were brought to pH 8 by addition of
NaOH or 0.2 N HCI until a barely visible pink color was rea
then tropeolin OO was added and the solution titrated to pk
The results are given in Table V.

Effect of Concentration of Phenolphthalein on its End-Po
Presence of Ammonium Salts.—The concentration of ph
phthalein to some extent affects the pH at which the pink
is just visible. If there is but little indicator present a gr
part of it must be in the colored form to give a perceptible
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TABLE III.
Titration of Sodium Salts of Organic Acids.
A - (B) ©) (D) Organic
the.::-gti
0.1¥ NaOH| 0.2 5 HC] Organic [oily titrat-
Acid. neu:r.;liu ‘%‘t::tknt? oszfﬁ'& determ.eldinod .befromn
acid to [pH 2.7 with corrected |“*300(C)  |PH 3t P
henol- | tro in | for blank. — 2.7
phthalein, (A) (fron;)’l‘uble
ce. ce. cc. per cent per cond
Blank................... 0.1 0.50 0.00
Acetic........... ....... 20.00 10.60 9.95 99.5 99.4
10.50
Citrie................... 19.86 9.30 8.88 89.4 91.0
9.356
Lactic................... 20.28 9.90 9.40 92.7 93.5
. 9.90 .
Hydrochloric............ 20.00 0.70 0.20 1.0
TABLE IV.
Titration of Ammonium Salts of Organic Acids.
(A) (B) © (D) ®) por-
A2,
oS5, | omses e
NILOH 0.2 » BOI| A tion |1t blei| (et
Add. o  geigtepeutral Tt lo3 HOI of organio .:ign'.g(;or percentage
prosent. |uo bhenol-| back o | “for 0%, |termined [jatedin | o salt
phthalein| pHZ2.7. lco. blank.[ 200 (D) |Table I +| NHiealt
stpHS @ oelzi for | titrated
NH4
present.
cc. cc. cc. ce. . per cent | per cent | per cend
Acgtic....... 19.68 | 20.51 | 10.70 | 10.25 ( 104.1 | 105.6 4.6
19.68 | 20.47 | 10.80
Citric....... 21.04| 21.55| 10.30 9.79 93.0 97.2 3.5
21.04 | 21.51| 10.27 ;
Lactic....... 20.06 | 20.96| 10.03| 9.50| 94.7| 9.7 2.3
20. 20.96 | 10.03
than when the total amount of indicator is greater. Conse-

quently the amount of extra alkali required to make a solution
of an ammonium salt show.pink with phenolphthalein is some-




TABLE V.
Observed Behavior of Weak Bases when Titrated from pH 8 to pH
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3T
: Propor- Proportion of
Base. ADORL It | ttrating | _Hon | caloulated an it
tion titrated. pté°§nto titrated. | constant (Table
pH 7.
gm. cc.0.8 N cc. per cent per cent
rea.............. 1.000 | 83.3 0.1 0.12 0.3
‘reatine.......... 0.200 ( 7.6 4.1 60.0 87.7
reatinine........ 0.100 | 4.41 4.32 97.8 76.0
.200 | 8.83 8.80 99.7
[onoamino-acids | 0.100 [ 7.37* | 3.25 44.2 | 36.0-40.0 for
from casein ... .. 0.200 | 14.63 6.37 43.5 cine, leucine
0.200 | 14.63 6.29 43.0 alanine.
mmonia (as * 12.50 0.67 5.4 6.2
(NH,)sSO,)...... 12.50 0.75 6.0
mmonia (as 9.82 0.53 54 6.2
NHCI).......... 0.52 5.3
* Calculated on a nitrogen content of 10.3 per cent. The prepar

as made by hydrolyzing casein with sulfuric acid, precipitating the |
ith phosphotungstic acid, and concentrating the filtrate to dryness u
:duced pressure after the phosphotungstic and sulfuric acids had

:moved.

TABLE VI.

Effect of Phenolphthalein Concentration on End-Point in Presence a
Ammonium Salts.

1 0.1~ N°0H phenotl)ifh’:h}:l(c:ilntg:g-apolnt"&%ﬂ 2.7. °If,:°'g:
0.05 M per cent titra
NH):804. pﬂtﬂ‘felx-n turE g:xgk- fo Minus 0.5 cc. fromgl
phthalein. Uncorrected. for end
correction.’ P
ce. ce. cc. cc. cc. per
25 0.1 0.85 1.42 0.92 7.
25 0.2 0.65 1.36 0.86 6.
25 0.5 0.45 1.20 0.70 5.
25 1.0 0.45 Too cloudy with
precipitated
phenolphthalein
to titrate.
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endent on the amount of indicator used. This is shown
sults in Table VI. It is desirable to use in performing
ions 0.5 cc. of 1 per cent phenolphthalein solution, as
rather than the indefinitely measured drop or two whlch
1 ordinary titrations.

TABLE VIl
Titration of Organic Acids Added to Urine.
0.2~ HCI
.1 N organic| used titAmv:i?:‘ﬁ;- °p',:‘|“‘2}’§‘flﬁ',?d“;md Proportion
aci in duplicate ure minus of added
dded to 100| titrations that for organic acid
ce. urine. of%a::me urinealone. | Found. Added. |determined.
cec. ce. cc. cc. cc. per cent
0 3.00
3.00
25 4.55 1.54 123 125 98.4
4.53
50 6.20 3.17 253 . 250 101.2
6.15
100 9.15 6.13 490 500 98.0
9.10
0 2.87
2.87
25 4.25 1.36 109 117* 93.2
4.20 .
50 5.50 2,68 214 236* 90.7
5.60
100 8.30 5.41 432 472* 91.6
8.25

1 N lactic acid used in this experiment had the factor 0.945.

m of Known Amounts of Organic Acids Added to Urine.—
ortions of a mixed sample of normal urine were mixed
ions of 25, 50, and 100 cc. respectively of acetic or lactic
ich mixture was then diluted to 200 cc., and 100 cc.
were treated as previously described for determination.
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“are given in Table VII. The results are essentially
8 those obtained with acetic and lactic acids in pure
ions.

id Exzcretion by Individuals with Normal Metabolism.

 given are sufficient only to indicate the usual excre-

nic acids; the possible normal variations, particularly

ual conditions, may be greater. The figures of Table
TABLE IX.

ir Ezcretion of Organic Acids by Normal Young Men.

24 hour urine.
Weight.
Volume, | 0,13 organio acids uncor-| otal N.

kg. ce. ce. cc. per kg. gm.
....... 54.4 1,000 492 9.0 9.3
....... 68.0 1,650 657 9.8 11.5
....... 68.0 976 |. 583 8.5 11.7
....... 62.1 1,500 531° 8.5 13.2
....... 68.0 1,150 412 6.1 7.8
....... 56.6 1,500 453 8.0 10.0
....... 68.4 1,000 490 7.2 8.7
....... 57.2 1,400 521 9.1 9.0
....... 82.6 1,100 748 9.1 15.5
....... 87.0 1,300 493 5.7 13.2
....... 56.2 1,100 420 7.5 11.2
....... 61.2 700 499 8.2 10.0
....... 56.6 1,300 547 9.7 12.1
....... 8.2

\tinine correction would reduce the total organic acid figure
c. per kilo.

rom afebrile heart patients, with apparently normal
. The day periods are from 6 a.m. to 6 p.m., the
ds from 6 p.m. to 6 a.m. The data of Table IX are
es of healthy young men. The figures indicate that
oxeretion of organic acids uncorrected for creatinine
1 about 280 to 750 cc. of 0.1 N acid per 24 hours,
6 to 11 cc. per kilo of body weight. The creatinine
reduces the figures to 240 to 600 and 4.7 to 9.6 cc.
A

L OF BIOLOGICAL CHEMISTRY, VOL. XLI, NO. 4
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Cc.o1N per kilo per 24hrs.
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n of Total Organic Acid Ezcretion with Acetone Bodies
Ezcretion tn Diabetes.

a given in Fig. 1 were obtained with the only case of
cidosis which we have studied since the organic acid
1ethod has been available. Although all the data are
ase, they nevertheless represent every stage of diabetic
rom the time when it was slight, with little ketonuria,
» point of coma, with tremendous ketonuria. The
18 a child of 2 years, weighing 8 kilos. The organic

TABLE X. .
d Ezcretion in a Non-Fatal Case of Methyl Alcohol Porsoning.
CO: Excretion per liter urine.
bound as|
Sante by, Total | o1y | 01x | 01 [tormined
100 ce. of Creatine.| Crestic |0.1%or| oiony | 1gotio | formic |0.1 % or
plasma. nine. | eise | bodies. | acid. acid. | ganic
. aocids.
ce. gm. gm. cc. cc. cc. cc. cec.
36.4 | 0.202 | 0.558 | 2,042 173 274 | 1,595
36.0 | 0.283 | 1.000 | 2,076 481 83 1,512
86.2 [ 0.535 | 0.800 | 1,377 143 30 130 | 1,074
76.7 | 0.300 | 0.590 | 262
0.180 | 0.538 | 129
0.137 | 0.557 | 141
220t
0.105 | 0.378 86
0.024 | 0.476 | 138
ed for creatine and creatinine.
“ “ “ “ estimated not determined.

s recorded in Fig. 1 are not corrected for creatine and
- 80 that they are higher than, though parallel to, the
ganic acid excretion. The ‘“total acetone bodies,”
butyric acid, acetoacetic acid, and acetone were deter-
the gravimetric method of Van Slyke (1917), the ammo-
ribed by Van Slyke and Cullen, and the titratable acid
thod of Folin (1903).

dent from the chart that the organic acids of the urine,
d by the technique outlined above, paralleled the ace-
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ly excretion with a high degree of accuracy thro
f the acidosis, the parallelism being more accuras
the ammonia, or even the ammonia plus titratabl
sears that the rise above the normal output in
retion may be used as an approximate measure
body excretion in diabetes, the determination of
ing as simple as that of ammonia and less influen
stors, such, in particular, as alkali administration.
ic Acid Excretion in Methyl Alcohol Poisoning.—T]
s X illustrate an acidosis caused by organic acid
e familiar acetone bodies. The data “represen!
ary work on methyl alcohol poisoning and are i
y for their interest in illustrating a hitherto unf
acidosis.

SUMMARY.

rganic acids present both free and as salts in ur
d by titrating between the hydrogen ion concent
ted by pH 8 and pH 2.7 respectively, after rem
tes and carbonates by means of calcium hydroxi
that the titration represents between 95 and 1
the organic acids present. It also includes weal
issociation constants fall within a range in the ne
10711, but of this class only creatinine, and at time
sear to be present in significant amounts in humar
werage 24 hour excretion of organic acids in t
young men was, per kilo of body weight, 8.2 ce. c
sorrected for creatinine, or approximately 6 cc. co
tinine; the extreme range was from 5.7 to 9.8 cc.
‘or creatinine. There appears to be little dif
day and night periods in rate of organic acid ex
from cases of methyl alcohol poisoning and d
vely are given as examples of acidosis due to
different types. In the case of methyl alcohol po
:he total organic acid excretion was due to formic,
[roxybutyric acids, but the greater part to acids
ature.

» case of diabetes, which progressed to coma, the
body excretion was accurately paralleled by the
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" the titrated organic acids. The parallelism was so close as to
indicate the probabilities (1) that organic acids other than the
acetone bodies are not excreted in significant amounts in diabetic
acidosis, and (2) that the easily performed organic acid titration
may be used for approximate estimation of the acetone bodies
in diabetic urine.
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Description of Method.

urine, roughly measured, are thoroughly mixed with
rely powdered calcium hydroxide, allowed to stand
rinutes with occasional stirring, and then passed
ry folded filter. This treatment removes carbonates
ates. To 25 cc. of the filtrate in a 125 to 150 ce.
clear glass' one adds 0.5 cc. of 1 per cent phenol-
lution,” and 0.2 N hydrochloric acid from a burette
ed not be measured) until the pink color just dis-
[ = approximately 8). 5 cc. of 0.02 per cent tro-
olution are then added. As the indicator solution is
horoughly mixed with the urine by shaking the tube;
ution is omitted some of the tropeolin OO may be
Finally 0.2 N hydrochloric acid is added from the
] the red color equals that of a standard solution
.6 ce. of 0.2 N HCI, 5 cc. of tropeolin OO solution,
o a total volume of 60 cc. When the end-point is
sufficient water is added to the titrated solution to
lume equal to that of the 60 cc. standard solution
nilar tube as a color control.
ing the color of the titrated solution with that in the
is convenient during the titration to hold the two

e tubes of Pyrex glass made by the manufacturers for urea
8 by the Van Slyke and Cullen technique. The tubes are
liameter, 200 mm. long, and uniform in size.

567
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tubes side by side between the thumb and fingers, the tube con-
taining the urine being the one held nearer to the tips of the
fingers where it can be easily shaken as the 0.2 N acid is run in
from the burette.

Sometimes it is desirable to use a similar technique for the
phenolphthalein end-point also. In this case a tube of urine
filtrate to which no phenolphthalein is added serves as a standard.

We have found that as the final end-point with tropeolin OO
is approached comparison of colors is somewhat facilitated by
placing the two tubes side by side in a comparator of the form
described by Dernby and Avery, although with practice the end-
point may be located within 0.1 cc. by merely holding the tubes
together as described above.

Calculation.

From the volume of 0.2 N HC] used to titrate from the end-
point of phenolphthalein to that of the tropeolin OO, the amount,
usually 0.7 cc., is subtracted which is utilized in a similar titration
of a control determination in which water is substituted for the
urine. The volume of 0.2' N HCI thus corrected represents the
approximate organic acid content of the urine sample, plus the
creatine and creatinine, and an amount of amino-acids ordinarily
negligible.

In order to calculate the results in terms of ce. of 0.1 N organic
acid per liter, the figure representing the cc. of 0.2 N HCI used i
the titration is multiplied by 80 (by —1%5.0—0 = 40 in order to trans-
fer figure from 25 cc. to 1,000 cc. of urine, and by 2 to change
" from 0.2 N to 0.1 N terms).

Correction for Creatinine.—A 0.1 M solution of creatinine (11.32
mg. per cc.) titrates in the above determination as a 0.1 N solu-
tion of organic acid. Therefore, in order to correct for the creat-
inine, the cc. of 0.1 N organic acid per liter calculated from the
above titration may be diminished by
mg. creatinine per liter urine mg. creatinine N per liter urine

i1.32 or by 3.2

The simplest way is to subtract the creatinine correction

directly from the ce. of 0.2 N acid used in the titration, and mul-
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ifference by 80. In this case the correction iss—l0 as

 above; i.e., cc. correction =
ine per liter urine or D& creatinine N per liter urine

906 . 336

cc.
lusedin titration ..................coiiiiiiial, 7.6
n found in blank analysis.................. 0.7 cc.
e correction for 500 mg. creatinine N per
: C H &0. 1 2 “®
ine. Correction = 336 CC. = hiivrnnnncnnns .
fcorrection..........ccoevitiiiiiiiiine.., 1.9 ce.
| titration figure = 7.6 = 1.9...................... 5.7
anic acid per liter =80 X 5.7.............oventn 456.0

- 00 was preferred by us as indicator for the final
In neutral solution it gives nearly the same yellow
1e, but so much more intense that a water solution of
rochlorie acid with the indicator can be used as a color
ithout the use of a comparator. Very dark urines
reater dilution, but such are not often encountered.
vantage of this indicator is that its maximum acid
reached even at pH 2.7, so that if too much HCl is
e titration the solution becomes redder than the
This particular advantage is possessed in much less
1e three indicators mentioned below as alternatives.
icators that may be used are methyl orange, tetra-
lsulfonephthalein (bromophenol blue, Clark and Lubs),
ylaminoazobenzene. To some eyes the color change
ese dyes may be more readily detected than that of
D). The two azo dyes are not much different in color
lin OO0, both changing from yellow to red, but the
1 blue turns from blue to a clear yellow on acidifying,
a very different alternative. To the authors the tro-
nd-point appeared the most satisfactory, however.
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Theoretical Basis of Method.

The method is based on the following previously know

1. Relatively little strong mineral acid is required to
the hydrogen ion concentration of a water solution from
2 X 107% if the only electrolytes present are alkali salts c
acids, such as sulfates and chlorides.

2. If the salt of a weak acid is present, however, the
of nearly a full molecule of hydrochloric acid for each mo
such salt is necessary in order to cause the above chang
drogen ion concentration. The organic acids known to .
normal and pathological urines, in amounts sufficient to |
titatively significant in the total acid excretion of th
belong to the class of weak acids whose salts behave in t}
manner.

3. The only mineral acids found in significant amounts
which belong to the class of weak acids, and therefore fo
which show the above behavior, are phosphoric and
acids.

4. Very weak bases form salts which behave like thos
weak acids. Creatinine is titrated almost quantitati
changing the hydrogen ion concentration from 10-3 to 2
and creatine to about 60 per cent. Aside from the ti
amino-acids, these appear to be the only bases of this kind
in considerable amount in human urine,

Effect of the Different Organic Acids of the Urine on the T

The titration figure obtainable by titrating between
drogen ion concentrations a solution containing the sal
acid of a known dissociation constant may be calcul
follows:

From the law of mass action:

(1) H* = k#
H+ = hydrogen ion concentration in terms of nor
A’ = anion of acid.
k = dissociation constant of the acid.
HA = free, undissociated ‘acid.
BA = galt of the acid.

A = degree of dissociation of the salt into Na an
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he salt of the acid is present, and dilutions are of the
s used in titrations (0.1 to 0.01 M), the equation he-
ctically

k _ HA

2 H+t = 2 X ==
(2 )xBA

the high dilutions encountered approaches unity, it

proximate calculations be neglected.
n 1 may then be expressed as

3) Ht =k X —or— = —

tic acid k = 1.8 X 105,

H equals 8, or H+ = 1 X 10-8, we therefore have in
—8

f acetic acid HG, H,0, _ _ 10 -1,

BC; Hi0; 1.8 X 10— 1,800

01 parts, or 0.05 per cent, of the acid is free.

One

' HC. H;O.
H = 2.7, Ht = 2 X 1073, and we have _ﬁ(ﬁ)}_ =
. = 200
1.8

[ of 2.7, therefore, 2%, or 99.2 per cent, of the acid ix

anging the hydrogen ion concentration of an aect:utc
rom the slightly alkaline reaction of 10-8 N (or a pH of
acid reaction of 2 X 10~ ( (pH = 2.7) approximat.Iv
on of 0.002 N HCl) therefore requires an amount of
| in molecular equivalents to 99.15 per cent of the totul
esent.
- different acids which occur or may occur in humin
values in Table I are calculated. The values of th«
are for 25° unless otherwise indicated.
ison of the results so calculated with those experimen-
ined in titrating solutions of some of these acids is satis-
5 shown in Tables III, IV, and VI of the experiment:!
his paper. The conclusion seems justified that il:c
s carried out estimates certainly over 90 per cent of tiic
ids of the urine, and presumably over 95 per cent, sinc
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a higher titration value by 3 or 4 per cent is obtained for
acids excreted as ammonium salts. The data for carboni
phosphoric acids indicate the necessity for their removal
the organic acids are titrated.

TABLE 1.
Calculated Titration Values of Weak Acids of the Urine.
* Acid free at p(r::lpg
Acids. Dissociation L4 deter;
constant. | 4+ m 10-vn [+ =2 X 107 ﬁ:;"’
pH =8 pH = 2.7 oH
por cent per cend per
Organic.
Urie®......ccviievennnns 1.5 X 10~¢ 0.5 99.9 9o
Acetiot.......oonvntn.. 1.8 X 10°% 0.0 99.2 0
g-hydroxybutyrict....... 2.0 X 10~ 0.0 99.0 o
Lactict.......cooveenn. 1.4 X 104 0.0 93.5 9.
Acetoacetict............ 1.5 x 107 0.0 93.1 9
Citric§..... P 2.0 X 104 0.0 91.0 9!
Formic®................. 2.1 X 107 0.0 90.6 o
Hippuriet............... 2.2X 1074 0.0 90.2 o
Mineral.
H(NaHPOJ)............ 20x1077| 25 100 9
HHECO:)T]..c.cevvvee....| 3.6 X 1077 4.2 100 9
* His and Paul.
t Ostwald.

} Henderson and Spiro.

§ Shown by Amberg and McClure to occur in amounts equivale:
to 70 cc. of 0.1 N acid in & normal 24 hour urine. The titration val
citric acid given in Column 5 are those directly determined by 88
The constant is estimated from them.

|| Sérensen.

9 Kendall.

Effect of Weak Bases of the Urine on the Titration.

The amount of strong acid required to change the pE
solution of a weak base from 8 to 2.7 may be calculated frc
dissociation constant K.
salt of base _ 1071 % salt of base

free base H+ free base

K, = OH' X
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- of base” represents the amount combined with acid.
acid combined with hase

therefore, salt of base, or N
free base

x

, = KyX 108, AtpH 2.7, or H* = 22 1073, the ratio

» -3

ﬂ- =2 K, X 10!, The diffierence between the
10— .

d by a given base ut pH S and that bound at pH
ents the amount requircd to titrate between the two
"able IT contains a list of the weak bases of the urine,
constants and the proportion of an equivalent of HC'

TABLE 11,
lculated Titration Values i (dryanie Bases of the Urine.

Prege rtion estinated
by tiraning with
Basic dissociation | ° st froe 1t ! HCT from
constant. Y =l
Kb ol =S T
. R — Culbene
Ht = 11 - 1 Ltoed CHserved
per cent pevoend ‘ gl el peroend
.1 0.0015 X 10~ 1 fiH) T [ N 02
1.81 X 10~u* 1) | T Thooau
3.57 X 107u* 100 1 7T
1.5 X 107%% [ 0o (I JA L0
-and Wood.

ed at 40°, Wood.
Kato, and Sosman.

o titrate each from pH ~ o pH 2.7, cadenlutod as above
The constants are fiin datz ohiuined a1 257 exeept
ne and creatinine. In Coluran 5 ve-ult- wre bronghe
om Table V, showing 1.« :inouni~ of HOE Bonnd Dy the
ases in the titration, a~ coined cxperinennally,
both by observation ::id coleulation. praeticallv with-
on the results of the tirrion even when the nrea con-
‘is at the maximum obw-crved i b e,
ilable data on the K, % crositine arnd vrestinme doono
lated results corresporiiing = closcly iy those exper-
sbtained as do the dat: o the cnbicy wabramees requir-
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ing consideration. The divergence is perhaps due to th
that Wood’s values for K, of creatine and creatinine were
mined at 40°, while the titration is performed at 20°,
evident, however, that practically all the creatinine is titra
organic acid. The amount of this substance excreted
between 13 and 27 mg. per kilo of body weight per 24
(Folin, 1905). The mean, 20 mg., would neutralize 1.8 cc.
N acid per kilo or 108 cc. for a 60 kilo individual.

Creatine when present titrates to about 60 per cent
organic acid; but it is excreted by adults only in conditions i
ing rapid autolysis of muscle tissue, and would therefore no
rule, require consideration.

Ammonia is titrated to the extent of 5 to 6 per cent, b
actual effect of the presence of organic acids as ammonium
than fixed alkalf salts is to make the results of the titratio:
most of the acids approximate more closely the theoretical 1
as shown in Table IV. The ammonium salts of the organi
titrate 2.3 to 4.6 per cent more completely than the sodiun
not 6.2 per cent more completely, as would be theoretica
pected, and as is approximately realized for the ammoniur
of hydrochloric and sulfuric acids. The observed positive am
error is such as to make the results obtained with all but the
est organic acids approximate more closely to 100 per cent th
results obtained in the absence of ammonia. The tende:
the ammonia error to correct the opposite error in the ¢
acid titration is enhanced by the fact that ammonia and o
acid excretion tend to run parallel, particularly when acid
tion is abnormally high, as in diabetic acidosis. For the re
therefore, that the ammonia correction is not great and i
nature actually to diminish, as a rule, the other error
determination, it has seemed not only simpler but bet
attempt no correction for it in urine analyses.

Effect of Amino-Acids on the Tilration.

Amino-acids if present in large amount would be dist
factors, as at an H* of 2 X 102 they bind with their NH,
considerable amounts of acid. Glycocoll, which does not
much from the other monoamino-acids in this respect,
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molecule of HCI at this Ht. The amount is calculated
7S
id constant for glycocoll is 3.4 X 10—, the basic constant 2.9 X

calculated by Winkelblech from conductivity measurements.
acid constant we have by calculating as above:

— Proportion of CObH grou
01'};:0.0 :t Hfoeﬂ f]':f_:" estimated by titration frone
- =2X N H+ =10-¢to H+ ~ 2 X 10-3
er cent per cent per cent
06.7 100 3.3

inction of the NH, group is similarly calculated from the
istant, K, = 2.9 X 102 = (OH)’ X M or
free glycine
'H-NH, _ _ oy _ 1074 -
"H,-NH; HCl 29 X 102 H+ X 2.9 X 10—

9
these values we calculate:

Proportion of NH: group

Hs free at — NH; free at estimated by titratin with
- 10— N Ht =2 X 103N HClfrom Ht = 10-5to
* Ht = 2 X 10-?
er cent per cenl per cent
100 63.3 36.7

tal consumption of HCLby both COOH and NH; groups
tration should be, according to the above caleulation,
).367 = 0.40 molecule of HC] per 1 molecule of glycine

The actual amount observed by Sorensen was 0.385

ther monoamino-acids apparently bind similar amounts
The constants for leucine and alanine were determined
elblech as follows: leucine, K, = 3.1 X 107, K, =
)-12; alanine, K, = 9.0 X 10, K, = 3.8 X 107%,
¢ to these, leucine would require in the titration 0.38
of HCI; alanine 0.36, nearly the same as glycocoll. The
 Table VII for the mixture of all the monoamino-acids

from casein are in the same neighborhood (44 per cent).
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The amino-acid nitrogen constitutes 1 to 2 per cent o
total urinary nitrogen (Van Slyke, 1913-14; Henriques).
daily excretion of 14 gm. of nitrogen, 2 per cent would inc
200 ce. of 0.1 M amino-acids. The neutralizing power of su
amount of amino-acids in the titration would be about §
of 0.1 N hydrochloric acid.

Our knowledge of the nitrogenous constituents of the
indicates the presence of no weak bases, aside from thos
cussed, in quantities sufficient to affect markedly the or
acid titration under discussion, and the nitrogenous exer
products have been so thoroughly studied that it is unlikely
any quantitatively important substances with definitely
properties have been overlooked.

It therefore appears that in titrating the 24 hour urine
adult of average size for organic acids, as described in this
about 100 cc. of the 0.1 N organic acid estimated is in realit,
to creatinine and creatine, 80 cc. or less to amino-acids, an
remainder to organic acids.

EXPERIMENTAL.

Titration of Organic Acids in Waler Solutions.—A 20 ce. pc
of each acid, of approximately 0.1 N concentration, was tit
in a 100 cc. test-tube with either 0.1 N sodium hydroxide «
N, ammonium hydroxide to neutrality with 0.5 cc. of 1 per
phenolphthalein. 1 cc. of 0.1 per cent tropeolin OO was
added, and the solution titrated.back with 0.2 N HCl to p}
using 0.002 N HCI solution as standard. The results are |
in Tables III and IV.

Titration of Weak Bases in Water Solutions.—Solutions ¢
bases in 25 cc. portions were brought to pH 8 by addition of
NaOH or 0.2 ¥ HCI until a barely visible pink color was rea
then tropeolin OO was added and the solution titrated to pk
The results are given in Table V.

Effect of Conceniration of Phenolphthalein on its End-Poi
Presence of Ammonium Salts.—The concentration of ph
phthalein to some extent affects the pH at which the pink
is just visible. If there is but little indicator present a gr
part of it must be in the colored form to give a perceptible
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TABLE 1I1.
Titration of Sodium Salts of Organic Acids.

@) - (B) © (i)} Or‘mm
0.15 NaOH| 0.2 x HCI nic | theoreti-
ot | G | Sy | IS R
.glg:g‘l)- pth2.‘l Y)l:h !or bh.nk 200 (C) y 2.7 P
p ein. 860 (A) (fron;)'l‘.ble
ee. ce. ec. per cent per cent
Blank................... 0.1 0.50 0.00
Acetic........... ....... 20.00 10.60 9.956 99.5 99.4
10.50
Citrie................... 19.86 9.30 8.88 89.4 91.0
9.35
Lactic................... 20.28 9.90 9.40 92.7 93.5
. 9.90 .
Hydrochlorie............ 20.00 0.70 0.20 1.0
TABLE IV,

Titration of Ammonium Salts of Organic Acids.

(A) (B) ©) (D) @®) | Propor-
A
retl:::l-l °me€*
NHOH cl kol bl avorags
» 00
Acid. 0.1 x acidlt® nlel:xt;al-oz.’:on b3 % M of gmic .:i?;.;(l’or peroentage
prosent. |5 "blenol-| back 8o | “for 5. |termined [“fatedin | o salt
phibalein | pH27. joo. blaak. 200 (D) |Table I +| NfTealt
oS @ | S| T
NH:
present.
cc. . ce. ec. . | percent | percent | percent
Acstic....... 19.68 | 20.51 10.70 | 10.25 | 104.1 105.6 4.Q
19.68 | 20.47 | 10.80
Citrie....... 21.04 | 21.55| 10.30 9.79 93.0 97.2 3.5
21.04 | 21.51 | 10.27 ;
Lactic....... 20.06 | 2096 10.03| 9.50| 94.7| 99.7| 2.3
20.06 | 20.96 | 10.03

than when the total amount of indicator is greater. Conse-
quently the amount of extra alkali required to make a solution
of an ammonium salt show.pink with phenolphthalein is some-
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TABLE V.
Observed Behavior of Weak Bases when Titrated from pH 8 to pH
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e
u .
b |AEogemt || TR | kb i
tion titrated. from | yiirated. | constant (Table
pHS8to
pH
om. cc. 08N cc, per cent per cent
Urea.............. 1.000 | 83.3 0.1 0.12 0.3
Creatine.......... 0.200| 7.6 4.1 60.0 87.7
Creatinine........ 0.100 | 4.41 4.32 97.8 76.0
0.200 | 8.83 8.80 99.7
Monoamino-acids | 0.100 | 7.37* | 3.25 44.2 | 36.0-40.0 for
from casein ... .. 0.200 | 14.63 6.37 43.5 cine, leucine
0.200 | 14.63 6.29 43.0 alanine.
Ammonia (as * 12.50 0.67 5.4 6.2
(NH,)s80,)...... 12.50 0.75 6.0
Ammonia (as 9.82 0.53 5.4 6.2
NHCD.......... 0.52 5.3

* Calculated on a nitrogen content of 10.3 per cent. The prepar
way made by hydrolyzing casein with sulfuric acid, precipitating the |
with phosphotungstic acid, and concentrating the filtrate to dryness t
reduced pressure after the phosphotungstic and sulfuric acids had

removed.

TABLE VI.

Eflect of Phenolphthalein Concentration on End-Point tn Presence ¢
Ammonium Salts.

1 015 NOR | phenh el oot e 1., | of ik
.05 u If;n%ell-“ turn :;i’nk to frotl':'ml
(N H)sS04. pﬂtha]ein. henol- Minus 0.5 cc. pht&
phthalein. Uncorrected. for  |end-
correction. P
cc. ce. cc. cc. cc. per
25 0.1 0.85 1.42 0.92 7
25 0.2 0.65 1.36 0.86 6.
25 0.5 0.45 1.20 0.70 5.
25 1.0 0.45 Too cloudy with
precipitated
phenolphthalein
to titrate.




D. D. Van Slyke and W. W. Palmer 579

endent on the amount of indicator used. This is shown
sults in Table VI. It is desirable to use in performing
ions 0.5 cc. of 1 per cent phenolphthalein solution, as
rather than the indefinitely measured drop or two whlch
1 ordinary titrations.

TABLE VIL.
Titration of Organic Acids Added to Urine.

0.2~ HCl 0.1 added id
2 orpeniel | | iraiod | pariir diloed urine | Fropocin
dded to 100| titrations | Urp TiBue acid
¢o. urine. |of 2&&“{‘“ urinealone. | Found. Added. |determined.
[N (-2 - N ce. cc. pcrmt
0 3.00
3.00
25 4.55 1.54 123 125 98.4
4.53
50 6.20 3.17 253 . 250 101.2
6.15
100 9.15 6.13 490 500 98.0
9.10
0 2.87
2.87
25 4.25 1.36 109 117+ 93.2
4.20 g
50 5.50 2.68 214 236* 90.7
5.60
100 8.30 5.41 432 472¢ 91.6
8.25

1 ~ lactic acid used in this experiment had the factor 0.945.

n of Known Amounts of Organic Acids Added to Urine.—
ortions of a mixed sample of normal urine were mixed
ions of 25, 50, and 100 cc. respectively of acetic or lactic
ich mixture was then diluted to 200 cc., and 100 ce.
were treated as previously described for determination.



Data from hospital patients.

TABLE VI,
Ezcretion of Organic Acids with Creatinine Correction.

Urine excretion.

0.2 x HCI used in 0.1 x organio acid content.
titrating from
, ) pH8topH27. Total. Por kilo.
Subject.|Weight Condition. Vol
Period. umu;. Crestinine N. A':gm 9;?:; Correot ?;0;3 Correst.
Duptionsen. | $855 | o [ed for | "o | edfor
t:’ol:ntr c;f::f’ nize. ”;}-’::‘ nine.
kg. Ars. cc. om. ch;l ec. ce. ce. re ee. rc.
Z 60 | Myocarditis, decompensation | 12 (day) 658 [ 0.240] 57 7.0,6.9 6.35 334 | 277
on admission, 12 (night) 946 | 0.261] 62 4.3,4.1 3.60| 272 | 210
24 1,604 | 0.501} 119 606 | 487|105 8.1
(§) 60 | Myoearditis, some decom- | 12 (day) 707 | 0,223 53 5.1,5.25 4.57| 258 | 206
pensgation, 12 (night) | 744 | 0.216( 51 50,5.0 440 262 | 211
24 1,451 | 0.439] 104 520 | 416 | 8.2 6.9
C 55 | Chronic sortic endocarditis, | 12 (day) 242 | 0.141] 34 |15.1,156.3 | 14.60] 282 | 248
12 (night) | 332 | 0.195 46 | 12.8 12.9 | 12.25 325 | 279
24 574 | 0.336{ 80 607 | 627 (11.0| 9.6
D 62 | Chronic myocarditis with | 12 (day) 647 | 0.226] 54 5.6, 5.7 5.05 261 | 207
decompensation. 12 (night) { 750 | 0.196{ 47 44, 4.3 3.75) 225 | 178
A4 1,307 | 0.422{ 101 486 | 385| 88| 7.0

08¢
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-are given in Table VII. The results are essentially
8 those obtained with acetic and lactic acids in pure
ions.

id Excretion by Individuals with Normal Metabolism.

given are sufficient only to indicate the usual excre-

nic acids; the possible normal variations, particularly

ual conditions, may be greater. The figures of Table
TABLE IX.

sr Ezcretion of Organic Acids by Normal Young Men.

24 hour urine.
Weight.
Volume, | 01X oreanio scide uncor- | potel N.
ko. ce. cc. cc. per kg. gm.

....... 54.4 1,000 492 9.0 9.3
....... 68.0 1,650 667 9.8 11.5
....... 68.0 976 |. 583 8.5 11.7
....... 62.1 1,500 531° 8.5 13.2
....... 68.0 1,150 412 6.1 7.8
....... 56.6 1,500 453 8.0 10.0
....... 68.4 1,000 490 7.2 8.7
....... 57.2 1,400 521 9.1 9.0
....... 82.6 1,100 748 9.1 15.6
....... 87.0 1,300 493 5.7 13.2
....... 56.2 1,100 420 7.5 11.2
....... 61.2 700 499 8.2 10.0
....... 56.6 1,300 547 9.7 12.1
....... 8.2

\tinine correction would reduce the total organic acid figure
c. per kilo.

rom afebrile heart patients, with apparently normal
. The day periods are from 6 a.m. to 6 p.m., the
ds from 6 p.m. to 6 a.m. The data of Table IX are
es of healthy young men. The figures indicate that
sxeretion of organic acids uncorrected for creatinine
1 about 280 to 750 cc. of 0.1 N acid per 24 hours,
6 to 11 cc. per kilo of body weight. The creatinine
reduces the figures to 240 to 600 and 4.7 to 9.6 cc.
A
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Cc. 01N per kilo per 24hrs.
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Fi1q. 1. Excretion in a case of diabetic acidosis.
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n of Total Organic Acid Ezcretion with Acetone Bodies
Ezxcretion in Diabetes.

a given in Fig. 1 were obtained with the only case of
cidosis which we have studied since the organic acid
nethod has been available. Although all the data are
ase, they nevertheless represent every stage of diabetic
rom the time when it was slight, with little ketonuria,
> point of coma, with tremendous ketonuria. The
28 a child of 2 years, weighing 8 kilos. The organic

* TABLE X.

d Excretion in a Non-Fatal Case of Methyl Alcohol Poisoning.

COs Excretion per liter urine.
bound as
Shata by, Total | g1y | ot | 0.1n |tomned
100 ce. of (Creatine. cn?::i' O.1Mor-| . ootons | lactic | formic |0.1or-
plasma. . .?is'.c. bodies. | acid. acid. | ganio
. acids.
ce. agm. om. ce, cc, (-2 cec. ce.
36.4 | 0.202 | 0.558 | 2,042 173 274 1,595
36.0 | 0.283 | 1.000 | 2,076 481 83 1,612
86.2 | 0.535 | 0.800 | 1,377 143 30 130 1,074
76.7 1 0.300 | 0.590 | 262
0.180 | 0.538 129
0.137 | 0.557 141
220
0.105 | 0.378 86
0.024 | 0.476 138
ed for creatine and creatinine.
“ “ “ “ estimated not determined.

s recorded in Fig. 1 are not corrected for creatine and
- 80 that they are higher than, though parallel to, the
ganic acid excretion. The ‘“total acetone bodies,”
butyric acid, acetoacetic acid, and acetone were deter-
the gravimetric method of Van Slyke (1917), the ammo-
ribed by Van Slyke and Cullen, and the titratable acid
thod of Folin (1903).

dent from the chart that the organic acids of the urine,
d by the technique outlined above, paralleled the ace-



384 Studies of Acidosis. XVI

tone body excretion with a high degree of accuracy thro
stages of the acidosis, the parallelism being more accura
that of the ammonia, or even the ammonia plus titratab

It appears that the rise above the normal output in
arid cxerction may be used as an approximate measure
acetone body excretion in diabetes, the determination of
avids lwing as simple as that of ammonia and less influer
other factors, such, in particular, as alkali administration

()rqanic Actd Excretion in Methyl Alcohol Poisoning.—T
of Tiable X illustrate an acidosis caused by organic acid
than the familiar acetone bodies. The data “represen
preliminary work on methyl aleohol poisoning and are i
here only for their interest in illustrating a hitherto un
type of acidosis.

SUMMARY,

The organic acids present both free and as salts in ur
extimated by titrating between the hydrogen ion concent
represcnted by pH 8 and pH 2.7 respectively, after rem
phosphites and carbonates by means of caleium hydroxi
appears that the titration represents between 95 and |
cent of the organic acids present. It also includes wea
whose dissociation constants fall within a range in the ne
haarl of 1011, but of this class only creatinine, and at tim
tine, uppear to be present in significant amounts in humas

The average 24 hour excretion of organic acids in |
healthy yvoung men was, per kilo of body weight, 8.2 cc. «
acid nncorrected for creatinine, or approximately 6 ce. cc
for creatinine; the extreme range was from 5.7 to 9.8 cec.
reeteil for creatinine. There appears to be little di
hi-tween day and night periods in rate of organic acid ex

2t from cases of methyl alcohol poisoning and c
re-peciively are given as examples of acidosis due to
aenls of different types. In the case of methyl alcohol pc
preri ol the total organic acid excretion was due to formic
w1l Lividroxybutyric acids, but the greater part to acids
ot nature.

[iv the case of diabetes, which progressed to coma, the
acetane body exeretion was accurately paralleled by the
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" the titrated organic acids. The parallelism was 80 close as to
indicate the probabilities (1) that organic acids other than the
acetone bodies are not excreted in significant amounts in diabetic
acidosis, and (2) that the easily performed organic acid titration
may be used for approximate estimation of the acetone bodies
in diabetic urine.
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