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(Received for publication January 12, 1948)

In the first paper of this series (1) it was
demonstrated in vivo in humans that the normal
response to active carbohydrate metabolism, as in
the postabsorptive period for glucose, or after
injection of insulin, is a lowering of blood citric
acid levels.

In the studies presented below, the nature of the
citric acid response curve in abnormal conditions is
explored with the hope of throwing more light on
the nature of the mechanism linking citric acid
metabolism with glucose removal from the blood
stream.

When abnormalities occurred they were ap-
parent during the first three hours of this test.
For this reason and for the convenience of the pa-
tient, we discarded the six-hour test and substi-
tuted a three-hour test, seeking the contour of the
first half of the citric acid curve.

1 Presented in part at the Meeting of the American
Chemical Society, New York City, Sept. 15, 1947.

In order to see the effect of a disturbed insulin
balance on citric acid levels we applied this study to
diabetic adults. A large majority of diabetics ex-
hibited a citric acid response which was not mark-
edly different from that of the normal. A few
typical examples are illustrated in Figure 1.

In some diabetics, however, the diabetic state
was complicated by an abnormal citric acid re-
sponse. This abnormality took the form of a
rapidly rising level of citric acid which did not fall
during the test period.

Another form of abnormality observed, was a
sharp rise for the first hour followed by a lowering
of the citric acid level to a minimum. These ab-
normal results were observed in cases of diabetes
which were difficult to control with insulin therapy.
These patients also had neurological symptoms,
abnormal electro-encephalograms, and tended to
go into insulin shock readily. The following
curves obtained illustrate this type of response
(Figure 2).
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The rise of citric acid levels in certain pathologi-
cal conditions raised the problem as to whether
citric acid concentration would ever rise to a
level where it would seriously affect the calcium
ion concentration and, therefore, interfere with
the normal action of calcium ion on muscle (2)
and the oxidative system (37). It was therefore
decided to study the citric acid response in children
with symptoms of convulsions. Among the child-
ren studied in this group, six were encountered
whose glucose tolerance curves were non-diabetic,
but whose citric acid response was abnormal.
This took the form of:

/
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ACID RESPONSE

(1) a continuous rise in citric acid levels dur-
ing the test (Figure 3, Case I)

(2) a rise followed by a delayed return to the
fasting level (Figure 3, Cases II and IV)

(3) a rise above the fasting level, followed by a
lowering to a minimum below the fasting
level (Figure 3, Case III).

The curves for four of these convulsives are shown
in Figure 3.

One newborn child with typical symptoms of
tetany (i.e., carpopedal spasm, etc.), but with a
total calcium not much below the normal range,
was studied.
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This child had a total blood calcium level of 8
mg. %, but a citric acid level of 9.7 mg. %o. This
would approximate an increase in citric acid of
from about three to five times over the normal
range. The calcium level of 8 mg. %o could not
explain the tetany. Calculations showed that if
such a rise of citric acid concentration were to oc-

cur in the spinal fluid the increase in citrate level
would cause a drop in calcium ion of 39%o, which
should be of physiological significance. These
calculations were done for spinal fluid for it has
been demonstrated that the calcium ion concen-

tration in spinal fluid is controlled by the concen-

tration of citrate alone, the protein effect being
slight (8). Citric acid levels in spinal fluid are

higher than that in the serum (9).

DISCUSSION

Figures 1 and 2 indicate that diabetics may be
classified in accordance with their citric acid level
response to administration of glucose.

It should be noted that the severity of the dia-
betic curve is no index of the citric acid response.

In the diagrams above, Figure 2, Case I has a

mild form of diabetes but an abnormal citric acid
response. Case II exhibits a more severe form
of diabetes and a response similar to Case I.
Case III with severe diabetes exhibits a mild devi-
ation from the normal. Case IV has a most ab-
normal citric acid response although her form of
diabetes seems to be less severe than Case II or

III. Case IV during her stay in the hospital was

in shock or coma most of the time, and was ad-
mitted for a possible brain tumor, for which there
were found to be negative clinical findings. This
would indicate that the lowering of citric acid
levels in the human on administration of glucose
is not proportionately related to the patient's in-
sulin response. Of pertinent interest is the ob-
servation of Stoppani that administration of glu-
cose alone to depancreatinized dogs causes a rise
in citric acid levels (10).

It is probable that in severe diabetes a substantial
portion of the citric acid in the serum rises from
fat metabolism via acetoacetic acid with the aid
of citrogenase in the presence of oxalacetic acid
from the oxidative cycle (11-13). This mecha-
nism would make it possible for citric acid levels to
build up even though the formation of substantial

amounts of pyruvic acid were blocked by lack of
insulin.

The curves for those convulsive children (Fig-
ure 3), where the glucose tolerance curves seemed
to be essentially normal but the citric acid levels
tended to rise during the tests, are of interest.
These observations and the observations on dia-
betics with abnormal insulin-citric acid response
may be interpreted as signifying that normal in-
sulin equilibrium or abnormal insulin equilibrium
is no indicator of the ability of the body to metab-
olize citric acid. Certain convulsive children ex-
hibit evidence of abnormality in citric acid metab-
olism only. Abnormality in citric acid metabolism
may, therefore, be interpreted as due to an abnor-
mality in the function of the oxidative cycle.

The reasoning for this conclusion is based on
experiments in vitro and in vivo with malonic
acid, a specific inhibitor for the succinoxidase sys-
tem. Addition of malonic acid to tissue in vitro
will cause a rise in citric acid (14, 15). Injection
of malonic acid into normal dogs causes a rise in
citric acid serum levels (10). Thus, the condition
in these patients with abnormal citric acid response
might be compared to that in the animals with an
inhibited oxidative cycle.

In the light of our studies it is suggested that a
more intimate study of the oxidative cycle of pa-
tients with convulsive seizures of unknown origin
and of diabetics with abnormal response to insulin
therapy should be a fruitful method of attack on
these problems.

Citric acid level response to oral administration
of glucose may serve as an indicator in detecting
in vivo changes of a portion of this system.

It has been demonstrated that the diffusible
calcium changes in convulsions in children (16).
That citric acid forms an un-ionized calcium com-
plex is based on sound experimental evidence.
Shelling and Maslow (17) demonstrated that in
convulsions induced by administration of sodium
citrate in massive doses, the diffusible calcium rose
to a high level. They drew the conclusion that
calcium forms a poorly ionized complex with citric
acid. A number of years later Shear and Kramer
(18) demonstrated by conductivity measurements
that such was the case. In 1934 Hastings et al.
(7, 19) studied this problem quantitatively. They
drew the conclusion that calcium formed a poorly
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dissociated complex with citric acid in the blood
and spinal fluid. Similar observations were made
with magnesium ions.

From the findings on the infant in tetany, one
would expect that some cases of tetany may be ex-
plained by abnormally high citric acid levels.
However, it must be stressed that this is probably
not the case in the convulsive seizure as usually
observed in convulsives. In these cases an im-
paired or inhibited oxidative system should be
investigated as a possible cause.

SUMMARY

1. A study of citric acid levels in response to
glucose administration was made in humans where
abnormal glucose metabolism was suspected.

2. Most diabetics show no apparent deviation
from the normal citric acid level response curve
on administration of glucose orally.

3. Certain diabetics, with neurological symp-
toms, show abnormalities in their citric acid re-
sponse to the administration of glucose.

4. Some children with symptoms of convulsive
seizures show abnormal citric acid response curves,
but non-diabetic glucose tolerance curves.

5. Citric acid levels can rise in pathological con-
ditions to levels where calcium ion concentration
can be significantly affected.
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