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Although a large body of data is available
on the total amino acid content of milk, there
is little information about the free amino
acids. Investigations on amino acid excretion
of infants showed that at least one, later
shown to be homocitrulline(1,2), must origi-
nate in milk, and it seemed possible that
other unusual amino acids might be present
in small amounts, either free or in proteins.
It was, therefore, of interest to examine the
free amino acids in milk for 2 reasons: first,
to see if there are any new or unique com-
ponents and, second, because some informa-
tion might be gained about the intracellular
environment of milk-secreting cells. This
note reports values for the concentration of
free amino acids in milk from 3 healthy,
nursing mothers under fasting conditions,
with concomitant measurements of the amino
acids in serum and urine collected at the
same time. Values obtained with cow’s milk
are also included.

Experimental procedures. Three mothers
were used as subjects; samples were collected
from subject A 4 weeks, and from K and S
3 months after delivery. They had not eaten
for 14 hours and their infants had not nursed
for 12 hours before the samples were taken.

* This work was supported in part by research
grant from Nat. Inst. of Arthritis and Metab. Dis.,
USPHS.

Milk was expressed manually and approxi-
mately 30 ml was obtained from each breast.
The milk was centrifuged immediately, the
lipid layer was removed and discarded, and
a protein-free filtrate was prepared with an
ARAFLO (Applied Research Corporation,
N. Y.) cell using nitrogen pressure. One drop
of 3 N HCl was added to a 10 ml sample
of the filtrate which was then concentrated
in vacuo at room temperature to a volume
of about 1 ml. This was made up to a vol-
ume of exactly 5.0 ml by addition of pH 2.2
citrate buffer, 0.2 N in Na* and stored at
—15° until the analyses were made. Blood
was drawn from the antecubital vein, allowed
to clot at room temperature for 7 hours, and
a serum filtrate was prepared for analysis in
the manner described for milk. The subjects
voided when they arrived at the laboratory,
and a urine sample was collected after the
blood was taken. The creatinine content was
determined and the urine was stored at —15°
until the analyses were made.

Milk was collected directly from Jersey
cows, with no attempt to regulate time of
collection, centrifuged just after collection to
separate lipids, and filtrates were prepared
immediately. In addition to pressure filtra-
tion, sulfosalicylic acid filtrates were prepared
by a modification of the method of Hamilton

(3).
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Amino acid analyses were made with a
Beckman/Spinco model 120 amino acid ana-
lyzer using the conditions described by
Spackman et al.(4). For analysis, 4 ml loads
of milk and serum filtrates from the women,
and amounts of urine which contained 2 mg
of creatinine were used. A 10 ml load of fil-
trate from cow’s milk was used. The results
of the analyses are presented in Table I.

Discussion. Because of the wide variation
of the amounts of individual amino acids
present in the different samples of milk and
the small number of subjects, the values for
each subject are listed, rather than an aver-
age. Factors which influence the variations
in the free amino acids in milk from the
same or different individuals provide an ob-
vious subject for research on milk formation.
Human milk contains a higher level of most
of the common free amino acids than does
cow’s milk. An exception is that cow’s milk
has much more glycerophosphoethanolamine,
phosphoethanolamine, and phosphoserine.
Values are not listed in Table I for glycero-
phosphoethanolamine and phosphoserine be-
cause they were not well separated with the
conditions used, and a standard sample of
glycerophosphoethanolamine was not avail-
able. It could be judged from the analyzer
record, however, that cow’s milk contained 2
to 4 times more of these components than
did human milk, perhaps because the dairy
cows have been bred selectively to produce
milk with increased amounts of lipids and
casein. The phospho compounds are of im-
portance for the synthesis of both substances.

A distinctive feature in the occurrence of
the common amino acids is the high level of
glutamic acid. It is improbable that a sig-
nificant proportion of this glutamic acid was
formed by hydrolysis of glutamine after the
milk was collected, because of the rapidity
with which samples were prepared for analy-
sis. Also, as shown by the values for the
ratio of concentration of amino acids in milk
to those in serum, glutamic acid is markedly
concentrated in milk. The presence of a high
level of free glutamic acid in milk might well
be beneficial, since glutamic acid occupies a
key position in the metabolism of amino acids
and provides a source of a-ketoglutaric acid
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for the tricarboxylic acid cycle. Free glu-
tamic acid would be especially useful in milk,
since digestive enzymes are not fully devel-
oped during early life, and an infant might
not have a ready supply of this important
metabolite,

Since the mammary gland is a modified
sweat gland and citrulline has been reported
to occur in large amounts in sweat(5), the
possibility that citrulline and also homocitrul-
line might occur in milk seemed likely. Citrul-
line has been reported also to be a compo-
nent of hair follicle protein(6). Deutsch and
Samuelsson(7) reported 1.3 mg per 100 ml
of free citrulline in cow’s milk, but in the
present work citrulline could not be detected
in human milk, and only a trace, less than
.015 mg per 100 ml, was present in cow’s
milk. Deutsch and Samuelsson used dialysis
to prepare their milk for analysis, and it is
possible that some bacterial contamination
might have been responsible for the presence

-of citrulline in their preparation. Alternative-

ly, a bacterial infection in the udders of the
cows could have led to its presence, or a spe-
cies difference could be responsible. In any
event, the virtual absence of free citrulline in
the samples of human and cow’s milk re-
ported on here is certain. This result sug-
gests that the origin of the citrulline in sweat
might be examined under conditions whereby
the action of microorganisms actually living
in skin could be eliminated as a possible
source for it. Free homocitrulline could not
be detected in either human or cow’s milk,
and all the observations made in this labora-
tory are in agreement with the finding of
Gerritson, et al.(2) that it is an artifact
formed during the processing of milk.

Because sweat contains a very high con-
centration of arginine and a high concentra-
tion of histidine(8), some concern was felt
because the basic amino acids were not pres-
ent in high concentration in the ultrafiltrates
used here, and the possibility was considered
that the basic amino acids might have been
bound by the phosphoproteins in milk so
that they did not appear in the ultrafiltrate.
To test this possibility, a sulfosalicylic acid
filtrate of milk was prepared(3). The pres-
ence of sulfosalicylic acid should free any
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amino acids which might be bound in this
fashion. A filtrate prepared in this manner
did not contain an increased amount of any
of the amino acids in human milk or of argi-
nine in cow’s milk. Histidine, however, must
be present in a bound form in cow’s milk,
since only a trace could be detected in the
ultrafiltrate, but an amount comparable to
that of many of the other amino acids was
present in the sulfosalicylic acid filtrate.

. No unexpected components could be de-
tected among the ninhydrin-positive sub-
stances of human milk. The samples of cow’s
milk, however, contained 3 unidentified mate-
rials: with the system of Spackman, Moore
and Stein(4) all were detected in the eluate
from the 50 cm column. One is a minor com-
ponent which emerges 7 ml before phenyl-
alanine and tyrosine, the major substance
emerges 18 ml before ornithine, and the re-
maining one is eluted with lysine. This last
material is detectable because it alters the
usual ratio of 570 mu to 440 mu absorption

Hypoglycemic Activity of 3,5 Dimethylisoxazole.
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given by lysine, and is not present in the sul-
fosalicylic acid filtrate.

Summary. The concentrations of the free
amino acids in human and cow’s milk are re-
ported.
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Although numerous chemicals and extracts
of biological materials have been reported to
possess oral hypoglycemic activity(1,2,3), the
discovery of an orally effective agent with an
insulin-like mechanism has remained an elu-
sive goal. Sulfonylureas and biguanides have
offered partial success but are not effective in
all diabetics. Therefore, the need still re-
mains for agents with oral activity vie dif-
ferent mechanisms with the possibility of a
broader spectrum of action than the presently
available oral agents.

This report describes the hypoglycemic ac-
tion of 3,5 dimethylisoxazole* (U-21221, Fig.
1) which is a highly potent orally active com-
pound with a mechanism of action different
from that of available antidiabetic drugs.

* Compound synthesized by Dr. J. B. Wright,
Chemistry Dept., The Upjohn Co.

CH3z O\N
CHz
FIG. 1. Strueture of 3,5 Dimethylisoxazole
(U-21221).

Methods. Blood sugar of intact rats. This
method has been described(5) and consists
of measuring ability of compounds to depress
blood sugar of glucose-primed fasted intact
rats 2 hours after treatment. Potency ratio
was calculated by standard USP method(4).

Oxidation of glucose-U-C** by intact rats.
This method(6) consists of intraperitoneal in-
jection of glucose U-C!* (1.4 uc) one-half
hour after oral administration of compound.
Animals were placed in glass metabolic units
and expired CO, trapped and sampled peri-
odically, precipitated as BaCO; and counted





