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That insulin hypoglycemic therapy in mental
patients lowers the level of amino acids in the
blood has been pointed out in a previous publica-
tion (1). Some investigators have reported that
insulin and carbohydrate administrations decrease
protein metabolism (2, 3, 4). In the preceding
paper, it was pointed out that glutamine might
play a role in intermediary nitrogen metabolism
and experiments were reported which demon-
strated the presence of a glutamine-like substance
(GLS) 1 in spinal fluid and blood serum and
plasma, with many indications that this substance
is most likely glutamine.

This paper deals with the effect of insulin hypo-
glycemia and of carbohydrate administration upon
the level of this substance in the blood.

METHODS

The patients studied were all mentally ill persons who
were receiving insulin hypoglycemic therapy. With the
patients in a post-absorptive state, venous blood was
drawn from the anterior cubital vein prior to insulin
administration, and then at various intervals thereafter.
The blood was collected under oil in some of the earlier
studies; however, subsequent experiments indicated that
this was an unnecessary precaution.2 The serum or
plasma was separated by centrifuging after having been
kept in the ice-box for about one-half hour following its
collection. The protein was precipitated in a concen-
tration of 10 per cent trichloroacetic acid. The quantity
of the glutamine-like substance in the filtrate was de-
termined by Conway's micro-diffusion method (6), de-
scribed in the previous paper. All determinations were
carried out in duplicate or triplicate. It was pointed out
in the preceding paper that the glutamine-like substance
splits off completely its "amide" nitrogen as ammonia
when heated in 10 per cent trichloroacetic acid for 1

1 (GLS) will be used as an abbreviation for glutamine-
like substance in this paper.

2 The ammonia formed in shed blood, as reported by
Conway (5), from adenosine, does not affect the de-
terminations since we corrected for it in the blanks, prior
to hydrolysis.

hour and 15 minutes at 700 C., and that any ammonia
split off on more prolonged heating is due to some other
substance, or substances, which hydrolyzes more slowly,
as, for example, urea. Each determination, therefore, was
carried out after acid hydrolysis at 70° C., for 1 hour and
15 minutes and 2 hours and 30 minutes. This procedure
acted as an additional check upon each determination.
The very small difference between the ammonia liberated
during the 2 intervals was used as a correction. As will
be seen from the previous paper, this small difference
may be due in whole or in large part to the decomposition
of urea.

Concommitant blood sugar determinations, using the
Folin-Wu method (7), were made on each blood speci-
men. (This represents fermentable and non-fermentable
reducing substances in the blood.)

OBSERVATIONS

In Table I are shown the effects of insulin ad-
ministration on the level of the glutamine-like sub-
stance in the blood serum. In columns marked
determinations (I) and (II) are given the am-
monia liberated after 1 hour and 15 minutes, and
2 hours and 30 minutes of acid hydrolysis, respec-
tively. The next column, marked corrected de-
termination (III), represents the ammonia liber-
ated by the glutamine-like substance and is ob-
tained by subtracting the small difference (II
minus I) from (I). The' reason for this was
given above in the section on methods. If one
considers the ammonia in column III as derived
from the "amide" nitrogen of glutamine, one can
obtain the glutamine equivalent by multiplying by
10.4 the figures in column III. This is shown in
column IV.

It will be seen from Table I that the initial
post-absorptive level of the glutamine-like sub-
stance in the blood (expressed as glutamine
equivalent per 100 ml. of serum) varies in dif-
ferent patients. Following insulin administration,
the level gradually drops as the hypoglycemic
state proceeds toward the period of hypoglycemic
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TABLE I

The effect of insulin hypoglycemia upon the leel of the glutamine-like substance in the blood serum of mental patients

Ammonia-N liberated per 100 ml.
of serumt Glutamine

Patient Time with Blood equivalent
and S Dose of relation to sugar per 100 ml.
case e insulin insulin per Det- termi- Corrected of serum Remarks

number injection 100 ml. nation nation determi-
nation nation nation

(I) (II) (III) (IV)

units mgm. mgm. mgm. mgm. mgm.
M. S. F. 175 Before 87 0.70 0.72 0.68 7.1

1 2 hours 70 0.72 0.76 0.68 7.1
4j hours 41 0.53 0.59 0.47 4.9 No coma.

F. F. F. 25 Before 98 0.82 0.78 8.1$
2 Ij hours 30 0.81 0.86 0.76 7.9 Hypoglycemic symptoms.

2j hours 37 0.59 0.63 0.55 5.7 Coma.

M. C. M. 115 Before 85 1.00 1.02 0.98 10.2
2 hours 37 0.70 0.78 0.62 6.4

3 4 hours 32 0.49 0.43 4.5$ Sweating, confused.
i hour* 91 0.47 0.53 0.41 4.3 100 grams glucose orally,

10 grams glucose intra-
venously.

M. D. M. 50 Before 102 0.93 0.99 0.87 9.0
4 2 hours 26 0.69 0.76 0.62 6.4

4 hours 27 0.61 0.66 0.56 5.8 Stupor.
i hour* 107 0.66 0.60 6.2$ 50 grams glucose orally,

10 grams glucose intra-
venously.

M. O'C. F. 50 Before 91 0.96 1.02 0.90 9.4
5 2 hours 23 0.55 0.60 0.50 5.2 Confused.

3 hours 28 0.49 0.56 0.42 4.4 Coma.
IJ hours 113 0.50 0.54 0.46 4.8 100 grams glucose orally,

10 grams glucose intra-
venously.

S. G. F. 50 Before 82 0.84 0.92 0.76 7.9
6 2 hours 24 0.57 0.63 0.51 5.3 Stupor.

4 hours 35 0.45 0.49 0.41 4.3 Coma.
j hour* 143 0.60 0.63 0.57 5.9 125 grams glucose orally.

M. D. F. 100 Before 0.80 0.81 0.79 8.2
7 2 hours 0.55 0.59 0.51 5.3 Hypoglycemia, sweating.
3l hours 0.50 0.52 0.48 5.0 Coma.

* This represents the time following the administration of glucose. The patients were all awake and relieved of
their hypoglycemia when these blood specimens were taken.

t Determination (I) represents the ammonia nitrogen liberated after acid hydrolysis for 1 hour and 15 minutes, and
Determination (II) that obtained after hydrolysis for 2 hours 30 minutes. Corrected Determination (III) is obtained
by subtracting the small correction [(II) - (I)] from (I).

Column IV is obtained by multiplying the values in column (III) by 10.4. The ammonia nitrogen being considered
as the amide nitrogen of glutamine.

t Since Determination II was not available for making the correction, the correction from the other figures in the
series was used.

coma. It will be noted that case 1, although re-,

ceiving the largest -dose of insulin (175 units),
showed only a slight drop in the level of the blood
sugar 2 hours after the injection of insulin, at
which time there was no change in the level of
the glutamine-like substance. After 41/2 hours,
however, the level of both dropped appreciably.
It would appear also from cases 1 and 2 that the
level of the blood sugar drops sooner than that of

the (GLS). In cases 3, 4, 5, and 6, in which the
level of the (GLS) was determined from ½2 hour
to 1½2 hours after glucose was administered in or-
der to bring the patient out of the hypoglycemic
state, it will be observed that the level of (GLS)
still remained appreciably depressed although
there was a slight tendency for it to rise in all of
these cases except case 3.

As will be seen from Table II, the administra-

578



EFFECT OF INSULIN AND GLUCOSEON iGLUTAMINE" IN BLOOD

TABLE II

The effect of glucose administration without insulin upon the level of the glutamine-like substance in the blood serum

Ammonia-N liberated per 100 ml. of serumt

Patientand Time in relation -______- _____ Glutamine equivalentPatient and Sex to glucose Blood sugar |per 100 ml. of serum
case number administration* per 100 ml. Determintion Determination doretemntion

(I) (II) (III) (IV)

mgm. mgm. mgm. mgm. mgm.
E. K. M. Before 104 1.03 1.08 0.98 10.2

8 1 hour 154 0.88 0.91 0.85 8.9
2 hours 89 0.83 0.87 0.79 8.2
31 hours 62 0.82 0.90 0.74 7.7

R. S. M. Before 92 0.97 1.01 0.93 9.7
9 1 hour 173 0.83 0.89 0.76 7.9

2 hours 121 0.69 0.77 0.61 6.3
3* hours 88 0.67 0.73 0.61 6.3

* 75 grams of glucose given orally to each patient in post absorptive state.

tion of glucose without insulin also tends to de-
press the level of (GLS) in the blood. However,
this is not as marked as that resulting from insulin
administration. Apparently, where .the level of
the (GLS) has been appreciably depressed dur-
ing insulin hypoglycemia, the administration of
glucose does not produce any additional depres-
sion in the blood level of this substance. These
effects are similar to those reported in a previous
paper (1) regarding the level of the amino acids
in the blood under similar conditions.

Since the cases receiving insulin did not receive
any food until noon, it was necessary to control
the effect of this prolonged post-absorptive period.
From Table III it will be seen that a comparable

TABLE III

Effect of the post-absorptive state on the level of the glutamine-
like substance in the blood serum

Ammonia-N liberated per
100 ml. of serumt Glutamine

Patient Time ____-________equivalent
and case Se Pot per 100 ml.
number* atve Determi- Deteri Cooectted of serumm-determi-nation nation nation

(I) (II) (III) (IV)

E. K. hours mgm. mgm. mgm. mgm.

8 M. 16 0.99 1.08 0.90 9.4
19 1.05 1.12 0.98 10.2

R. S.
9 M. 16 0.97 1.01 0.93 9.7

19 0.95 1.03 0.87 9.1

* These patients are the same as those used for tests in
Table II. Although these control observations were made
on different days from those for Table II, note the simi-
larity of the figures with those before glucose administra-
tion in Table II.

t See legend for Table I.

t See legend for Table (I).

post-absorptive period without insulin had practi-
cally no effect upon the level of the (GLS) in the
blood, thus showing that the period of fasting is
not a factor in the phenomena observed.

DISCUSSION

These studies clearly indicate that carbohydrate
administration and insulin hypoglycemia depress
the level of the (GLS) in the blood, the effect of
the latter being very much more marked. The ef-
fect of insulin on the blood sugar level is more
rapid than that on the level of the (GLS). It will
also be noted that the (GLS) in the blood reaches
a minimum level of about 4 mgm. of glutamine
equivalent per 100 ml. of serum. When glucose
in large amounts is administered during the in-
sulin hypoglycemia, no further depression in the
level of (GLS) occurs (cases 4, 5, 6, Table I);
in fact, there is a tendency for the level to rise.

Some in vitro studies seem to indicate that in-
sulin may have a direct specific effect on protein
metabolism. Bach and Holmes (8) found that
urea formation and carbohydrate synthesis from
some amino acids, by normal rat liver slices in
vitro, is depressed by the addition of insulin. They
concluded on the basis of their studies that one of
the actions of insulin is to suppress glyconeogene-
sis by inhibiting the oxidative deamination of gly-
cogenic amino acids. Stadie, Lukens and Zapp
(9), in similar in vitro experiments, also demon-
strated the inhibitory action of insulin on oxidative
deamination. However, they found that this ac-
tion was limited to the unnatural d-isomers of the
amino acids investigated.
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It may be of interest to attempt an interpreta-
tion of our findings on the basis of these in vitro
studies. It would appear that several mechanisms
may be involved. The administration of carbo-
hydrate, perhaps aided by one of the actions of
insulin, depresses protein metabolism, and thereby
decreases the supply of amino acids in the meta-
bolic mixture which is the source of the amino
groups which are necessary for the synthesis of
the (GLS). The specific direct action of insulin
on protein metabolism depresses the oxidative de-
amination of the unnatural d-isomers of amino
acids occurring in the metabolic mixture, thereby
decreasing the supply of deaminated amino groups
for the formation of (GLS). This action of in-
sulin produces the most marked effect since it
would interfere with the formation of the (GLS)
even if the supply of amino acids were adequate.
This phase of the problem of the effect of the ad-
ministration of amino acids is now under investi-
gation. We have found thus far that certain
amino acids raise the level of (GLS) in the blood.
This work will be reported later.

Krebs (10, 11) has shown that the enzyme
glutaminase will not synthesize glutamine in vitro
if a source of energy such as glucose is not present
in the substrate. Since in the hypoglycemic state
the supply of glucose via the blood stream is in-
adequate, the synthesis of glutamine by various
organs like the brain, kidneys, and retina may be
depressed. This could account for the slight rise
in the level of the (GLS) following the alleviation
of the hypoglycemic state by the administration of
glucose (cases 4, 5, 6, Table I). However, as will
be seen from the table, the main specific inhibiting
effect. of insulin continues, even though the level
of the blood sugar is brought back to normal.

Since, according to Stadie and his co-workers
(9), the oxidative deamination of the natural
isomers of the amino acids is not inhibited by in-
sulin, this could be a source of amino groups for
the formation of some of the (GLS) during the
hypoglycemic period.

The coma occurring during the prolonged hypo-
glycemia does not appear to be due to inhibition
of the formation of (GLS), since the patients can
be brought out of coma by the administration of
glucose while the level of (GLS) in the blood
remains depressed. This, however, does not pre-
clude the possibility that the effect on protein me-

tabolism by the specific action of insulin and the
hypoglycemic state may play some role in the in-
sulin shock therapy of mental patients.

Since other hormones (4, 12 to 15), and also
some of the vitamins (16, 17), apparently play a
role in protein metabolism, their relation to the
formation of the glutamine-like substance will be
the object of subsequent investigations.

SUMMARY

1. It has been shown that insulin and also
carbohydrate administration lower the level of a
glutamine-like substance (GLS) present in the
blood.

2. This effect of insulin is more marked than
that due to carbohydrate administration.

3. The effect of insulin on the level of (GLS)
continues after the insulin hypoglycemia is al-
leviated by glucose.

4. Some possible mechanisms which may ex-
plain the observations are discussed and plans for
further investigations are indicated.
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