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served that the contractions of the ileum
began almost immediately on the addition
of the choline and were constant after
a relatively few contractions. If it were
necessary to acetylate the choline in order for
it to be active one might expect a delay fol-
lowed by a relatively long period of increasing
contractions. Second, by analogy to studies
of the action of choline and related com-
pounds on the heart of Venus mercenaria(8.
9) it seems also that the first possibility is
more likely. It thus appears that our results
are best explained by assuming that choline
and certain other compounds related to it
are capable per se of stimulating intestinal
muscle. The mechanism of this action may
be similar to the coenzyme theory proposed
by Welsh(10) to explain the mode of action
of acetylcholine. Accordingly. triethylcholine.
B-methyltriethylcholine and a-methyl- «-
hydroxymethylcholine have anticholine activ-
ity because they compete with choline for ac-
tive sites on the apoenzyme.

Summary. Choline-like and anticholine
activities of a series of compounds structur-

ally related to choline have been determined
using segments of rabbit ileum. Triethyl-
choline, B-methyltriethylcholine and a-me-
thyl- a-hydroxymethylcholine were competi-
tive inhibitors of choline in this tissue but had
choline-like activity on segments of jejunum.
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Elevations of the serum glutamic oxalo-
acetic transaminase (SGO-T) activity during
the course of rheumatic fever in children have
been noted previously(1). Despite the ir-
regular pattern of these elevations and the
absence of parallel alterations in the indices
of inflammation commonly used (erythrocyte
sedimentation rate, white blood cell count and
C-reactive protein) and in the clinical course
of the patients, it was suggested that the alter-
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ations of SGO-T were the result of myocardial
necros's during the course of rheumatic cardi-
tis. This enzyme is known to be present in
the heart in high concentration(2) and ele-
vation of its activity in the serum following
myocardial infarction in man(3) and in dogs
(4) has been described. Elevations of SGO-
T also occur in human(5) and murine(6) he-
patic diseases, but no clinical evidence of he-
patic disease was present in the rheumatic
fever patients studied and their liver function
tests were normal(1). Drugs such as digi-
talis and mercurial diuretics which are often
used in the treatment of patients with rheu-
matic fever were shown to have no effect on
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the SGO-T(3). Moreover, no alteration of
SGO-T was noted during the administration
of 4 to 6 g of aspirin daily for one week to a
group of non-rheumatic adults(1).

Despite this latter observation a possible
effect of aspirin upon the serum activity of
glutamic oxaloacetic transaminase in children
was suspected as a larger series of children
with rheumatic fever was subsequently
studied. The present investigation was under-
taken to explore this relationship. The activ-
ity of another enzyme, glutamic pyruvic
transaminase (SGP-T) was studied in the
sera of a group of patients in an attempt to
determine whether serum activity of another
transaminase in addition to SGO-T was affect-
ed by aspirin administration. In addition, since
glutamic pyruvic transaminase is found in the
liver in 6 times the concentration found in
the heart(7), it was hoped that the source of
the increased serum concentration of SGO-T
might be suggested by the results of simul-
taneous determinations of the two trans-
aminases. It has, in fact, been reported, in
contrast to the findings with SGO-T, that the
serum activity of glutamic pyruvic trans-
aminase (SGP-T) is increased only slightly
following myocardial necrosis in man. Simi-
lar elevations of the serum activities of both
enzymes are found in liver diseases(7).

Materials and methods. Twenty-three chil-
dren from the wards of Irvington House, a
hospital and convalescent home for children
with rheumatic fever, were studied. Their
ages ranged from 5 to 15.

Group 1: Of the 14 children included in
this group 12 received aspirin (acetyl salicylic
acid) and 2 sodium salicylate. None was
considered to have definite evidence of active
rheumatic fever: 7 had questionable disease
activity and 7 had no evidence of rheumatic
activity by all clinical and laboratory cri-
teria. Aspirin and sodium salicylate were ad-
ministered in daily dosages of 0.6 to 1 g per
15 Ib of body weight for a minimum of 4
weeks. The SGO-T was measured during a
short control period and then twice weekly
during the period of salicylate administration.

Group 2: The second group selected for
study of both SGO-T and SGP-T consisted of

9 children, 7 of whom had no clinical or lab-
oratory evidence of rheumatic activity. One
patient was studied during a mild clinical
rebound of rheumatic fever. The ninth pa-
tient had acute rheumatic polyarthritis with
no evidence of carditis. Aspirin was admin-
istered in a daily dose of 0.6 g per 15 Ib of
body weight for an average period of 16 days.
The dose was then increased to 1 g per 15 1b
of body weight until symptoms and signs of
toxicity occurred. At this time the aspirin
was discontinued.

The SGO-T and SGP-T activities were de-
termined twice weekly during a short control
period and during the period of aspirin ad-
ministration. The specimens of blood ob-
tained were allowed to clot at room tempera-
ture. The sera were then separated immedi-
ately and frozen and the determinations of
enzyme activity were performed within 3
days. Care was exercised to prevent hemoly-
sis since this has been shown to increase the
measured SGO-T activity(8). SGO-T activ-
ity was measured by the spectrophotometric
method of Karmen et al.(8). SGP-T activity
was measured by a similar method described
by Wréblewski and LaDue(7). By these
methods the normal range of activity of SGO-
T is 10-40 u/ml/min. and of SGP-T is 5-35
u/ml/min. Rises of SGO-T to 50 units or
more and of SGP-T to 45 units or higher are
considered to be significant.

Blood salicylate levels were determined
twice weekly using the method of Brodie,
Udenfriend and Coburn(9). C-reactive
protein was determined weekly by the capil-
lary precipitin method described by Anderson
and McCarty(10). Erythrocyte sedimenta-
tion rate was determined weekly by the Win-
trobe method(11). To rule out the possibil-
ity of a direct effect of aspirin upon the rate
of change of optical density of the reaction
mixture in the spectrophotometric methods
used, 2 series of experiments were done: A.
Solutions of aspirin in phosphate buffer (pH
7.4) were added to the reduced coenzyme I
to final concentrations of 10 to 60 mg % and
the optical densities of the solutions measured
for 10 minutes. B. Both sodium salicylate
and aspirin were dissolved in normal serum to
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TABLE I. Effect of Aspirin and Sodium Salieyl-
ate Administration on Serum Glutamic Oxaloacetic
Transaminase Activity,

Maximal
level of
Rheumatie Drug SGO-T
Patient activity administered (u/mb)
1 ? Aspirin 146
2 ? v 88
5 : . 128
4 No - 18
5 ? " <O
[ No 152
h " P
N < Dt
N .
1o )
11 !
2 No
13 Sodimmn salieviate Ton
14 ? - - <50

final concentrations of 3 to 40 mg 9¢. The
SGO-T and SGP-T activities of the sera were
measured and compared with those of the
same sera before the addition of these drugs.

Results. The effects of the administration
of aspirin and sodium salicvlate on serum
transaminase activities in the patients of the
2 groups studied are summarized in Tables
I and II. All patients had normal enzyme
activities in their sera in the control period.
before the administration of aspirin or of
sodium salicvlate. It is apparent that of 12
children in the first group receiving aspirin.
6 showed elevations of SGO-T to 30 units or
greater. The maximal rise was to a level of
146 units. Three of these patients had no

TABLE Il. Effect of Aspirin Administration on
Serum Glutamic Oxaloacetic and Serum Glutamic
Pyruvie Transaminases.

No. of days of
aspirin admin,
previous to Ist

significant rise Maximal level

Pa- Rheumatic
tient  aetivity  SGO-T SGP-T  SGO-T SGP-T
1* No ‘ 11 340 900
2 ” 10 14 180 140
3 ” 13 13 120 216
+ ” no rise  no rise  <H0 <45
b) v 13 13 G2 30
6 ” 2 22 64 45
7 " no rise  novrvise <50 <45
8 ? " ” <50 <45
9 Yes 6 6 74 76

* This patient suffered from infectious hepatitis
18 mo earlier.
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evidence of rheumatic activity and 3 were
considered to have possible activity.

One of the 2 children receiving sodium sali-
cyvlate showed an elevation of the SGO-T to
100 units. This patient did not have active
rheumatic fever. The concentration of SGO-
T in the other patient rose to 44 units, a
horderline value.

A typical case is illustrated in Fig. 1. J.G..
a4 patient convalescent from rheumatic fever
and without evidence of rheumatic activity
was maintained on aspirin, 1.2 to 2.4 g daily
for more than one month. The SGO-trans-
aminase first rose to an abnormal concentra-
tion 2 weeks after initiation of therapy. reach-
ing a peak of 93 units 26 days after the first
dose of aspirin. The SGO-T returned to a
normal value within 2 days after discontinua-
tion of the drug.

Table IT shows the simultaneous variations
of both SGO-T and SGP-T in the second
group of 9 children in whom aspirin was ad-
ministered until the appearance of toxic
symptoms.  Six of the children developed ele-
vations of both SGO-T and SGP-T. Maxi-
mal levels of 540 SGO-T units and 900 SGP-
T units were noted. These occurred in a pa-
tient who had had infectious hepatitis 18
months earlier. The shortest duration of as-
pirin administration resulting in significant
rises of either enzyme was 6 days. Twenty-
two days of continuous administration elapsed
before the first elevation in patient No. 6.
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whereas patient No. 7 received aspirin for 32
days with no detectable rise in the serum ac-
tivity of either transaminase, despite compar-
able dosages and serum salicylate levels. A
second transitory rise of one or both enzymes
was noted in 4 cases 3 to 10 days after cessa-
tion of aspirin therapy at a time when there
was no detectable salicylate in the patients’
sera (Fig. 2).

No consistent relationship between serum
salicylate levels and serum enzyme activities
was found. There was no evident correlation
between changes in the indices of inflamma-
tion (erythrocyte sedimentation rate, white
blood cell count and C-reactive protein) and
SGO-T or SGP-T.

No change in the rate of the transamina-
tion reaction of the test solutions or of the
optical density of reduced coenzyme I was
produced by the in vitro addition of aspirin or
of sodium salicylate. The concentrations of
salicylate tested encompassed the range of
concentrations measured in the sera of the
patients studied.

Discussion. Tt is clear that aspirin admin-
istration can influence the serum activity of
glutamic oxaloacetic and glutamic pyruvic
transaminases in children. For this reason
any increase in the serum activity of these
enzymes during the course of rheumatic fever
should be evaluated with great care when as-
pirin is employed in the therapy of these pa-
tients.

The mechanisms whereby this aspirin effect
is mediated are unknown at the present time.
A direct effect of aspirin upon the rate of the
transamination reaction in the test mixture
or upon the optical density of reduced co-
enzyme I is ruled out by the in vitro studies
mentioned. Among the several other possible
explanations the possibility of an increased
release of these enzymes from the liver as a
result of aspirin administration deserves con-
sideration. Experimental and clinical studies
have documented changes in hepatic function
and morphology following aspirin adminis-
tration(12). SGO-T has been shown to be
a sensitive and early indicator of hepatic
damage(5). Furthermore, the simultaneous
elevation of SGO-T and SGP-T is consistent
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with the possibility that the liver is the source
of the increase of the serum activity of these
enzymes.

Summary. The effect of aspirin and of
sodium salicylate administration on the serum
glutamic oxaloacetic transaminase activity in
14 children and its effect on both the serum
glutamic oxaloacetic transaminase and the
serum glutamic pyruvic transaminase in an
additional 9 children has been studied. Ele-
vations to abnormal levels were observed in
more than 50% of the cases. The importance
of this finding in relation to the interpretation
of the serum glutamic oxaloacetic trans-
aminase elevations in rheumatic fever is
pointed out and some possible underlying rea-
sons for this phenomenon are mentioned.

1. Nydick, 1., Tang, J., Stollerman, G. H., Wréb-
lewski, F., and LaDue, J. S., Circ., 1955, v12, 795.

2. Cohen, P. P, J. Biol. Chem., 1940, v140, 711.

3. LaDue, J. S., and Wréblewski, F., Circ., 1955,
v12, 161.

4. Nydick, I., Wréblewski, F., and LaDue, J. S,
ibid., 1955, v12, 161.

5. Wréblewski, F., and LaDue, J. S., Ann. Int.
Med., 1955, v43, 345.

6. Friend, C., Wréblewski, F., and LaDue, J. S, J.
Exp. Med., 1955, v102, 699.

7. Wrablewski, F., and LaDue, J. S., Proc. Soc.
Exp. BiorL. AND MED., 1956, v91, 569.

8. Karmen, A., Wroblewski, F., and LaDue, J. S,
J. Clin. Invest., 1955, v34, 126.

9. Brodie, B. B., Udenfriend, S., and Coburn, A. F,,



88 CorN O1L AND PrasmMa CHOLESTEROL

J. Pharm. and Exp. Ther.,, 1944, v80, 114.

10. Anderson, H. C, and McCarty, M., dm. J.
Med., 1950, v8, 445.

11. Wintrobe, M., Clinical Hematology, 2nd Ed.,
1946, p230.

12. Goodman, L., and Gilman, A., The Pharma-

cological Basis of Therapeutics, 1955, 2nd Ed., p286.
Lutwack-Mann, C., Biochkem. J., 1942, v36, 706;
Ritz, N. D., Samuels, L. T., and Adalis, G., J. Pharm.
and Exp. Ther., 1940, v70, 362; Troll, M. M., and
Menten, M. L., Am. J. Dis. Child., 1945, v69, 37.

Received July 30, 1956. P.S.E.B.M. 1956, v93.

Corn Oil and Hypercholesteremic Response in the Cholesterol-Fed Chick.*
(22672)

RicHArp J. JonEs, Oscar K. REiss,! ANpD SHELDON HUFFMAN,
Department of Medicine, The University of Chicago, Chicago, Ill.

Recently Ahrens(1,2), Kinsell(3,4,5,6) Methods. 1In each experiment, 40 8-week-

and Bronte-Stewart(7) and their cowork-
ers have reported unusual reductions of the
serum cholesterol in subjects receiving a for-
mula diet in which various vegetable oils. in
rather large quantities, were the main source
of fat. Ahrens, et al.,(2) demonstrated that
corn oil was the most effective of these agents
in maintaining a low level of serum choles-
terol. They also have shown a correlation
between the iodine number and the hypo-
cholesteremic effect of several vegetable oils.
and have postulated that the degree of un-
saturation of the fatty acids is responsible for
that effect. Meanwhile, we had noted a lower
level of serum cholesterol in cholesterol-fed
control chicks used to assay fractions of a
hypocholesteremic brain extract(8). This
difference could be related to the fact that we
had begun to use corn oil instead of cotton-
seed oil as a vehicle for the administration of
cholesterol in the atherogenic diet.

The following experiments were performed
in an effort to test the hypothesis that it is
the slightly higher level of unsaturated fatty
acids in corn oil which distinguishes it from
cottonseed oil in its effect on the cholesterol-
fed bird.
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old White Rock cockerels were divided into 4
dietary groups, each of which were offered
equal weights of the diets. Diet consumption
was estimated daily, body weight weekly.
Two birds losing weight and apparently ill
were excluded from the data. All of the diet
offered was eaten, except as noted below. The
chicks were bled from the alar vein at 2-week
intervals, and the plasma analyzed for serum
cholesterol by the method of Abell, et al.(9).
At termination of the experiments, the aortae
were examined for gross atherosclerotic
plaques and graded as described by Horlick
and Katz(10).

Experiment 1: To test the importance of the
relative proportions of oleic and linoleic acids
as they occur in corn oil as opposed to cotton-
seed oil, we used 2 “neo-fat” fatty acid prod-
ucts of Armour Chemical Division. Neo-Fat
105 consists of fatty acids redistilled from the
cottonseed oil; Neo-Fat 110 is also derived
from cottonseed oil fatty acids but fraction-
ated so as to approximate the same relative
proportions of palmitic, oleic and linoleic acids
as occur in corn oil. According to the produc-
ers, these 2 distillates had the same minor dif-
ference in iodine number seen between corn oil
and cottonseed oil, but neither had any myris-
tic acid, which is normally present in corn oil.
Each contained approximately 2% unsaponi-
fiable matter derived from cottonseed oil.
One group was fed 10% solvent extracted
corn oil (Mazola); the second group 10%
cottonseed oil (Puritan Oil, Procter and Gam-





