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FIG. 1. Effect of ouabain on Fe®™ uptake by
rabbit reticulocytes.

tained in 10 experiments. Consequently, it is
concluded that the Na-K ATPase system is
probably involved in iron transport in rabbit
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reticulocytes, thus providing further evidence
of the widespread function of this system in
transport processes.

Summary. Uptake of Fe™ by rabbit re-
ticulocytes in the presence of ouabain was
inhibited. From such evidence it is concluded
that the Na-K ATPase system is probably
involved to some degree in iron transport in
rabbit reticulocytes.
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Serum Cholesterol Reduction by Para-Aminosalicylates in Man.,
1-131 Triolein Absorption Studies.* (29931)
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It has been reported from this laboratory
that oral administration of neomycin reduced
significantly the concentration of serum cho-
lesterol in man(1,2,3). Following this find-
ing, the effect of 17 additional antibacterial
drugs on the serum cholesterol level of pa-
tients has been studied. Several antibacterial
drugs were found to affect serum cholesterol
to varying degrees(3,4). Of these, oral ad-
ministration of para-aminosalicylic acid at
daily doses of 8 to 12 g was most effective,
and reduced serum cholesterol concentrations
significantly (average fall: 25%) in each of
15 patients(3). Similar results from other
laboratories have been published(5,6,7), and
Tygstrup, Winkler and Jorgensen reported
that oral administration of para-aminosalicy-
lates resulted in significantly lower serum
cholesterol levels than intravenous adminis-

*Supported by grant H-7188 from Nat. Inst.
Health, USP.H.S.

tration of the drug in 9 patients(7,8). They
also noted a moderate increase of fecal tri-
glyceride excretion following oral adminis-
tration of the drug. The possibility that the
serum cholesterol-lowering effect of PAS may
depend on its local action in the gastrointesti-
nal tract had to be considered, particularly in
the context of evidence reported earlier from
this laboratory, showing that the cholesterol-
reducing effect of neomycin depends exclu-
sively on its activity within the gut(3).

Oral administration of para-aminosalicylic
acid (acid PAS) has been reported to cause
more severe gastrointestinal symptoms than
sodium para-aminosalicylate (sodium PAS)
(9), and it has been shown that absorption
of the acid compound is slower than that of
the sodium salt(9). In the present study the
effect of acid and sodium PAS on serum cho-
lesterol concentration of a group of patients
is reported. The effect of administration of
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these compounds on the absorption and fecal
excretion of I-131 labeled triolein was also
studied.

Comparative effect of acid and sodium PAS
on serum cholesterol concentrations. Mate-
rial and methods. Fourteen hospitalized pa-
tients were studied in 23 experimental periods
of 5 to 19 weeks duration. Six male and 8
female patients ranged in age from 19 to 63
years. All of the patients had pulmonary tu-
berculosis and were hospitalized in a tubercu-
losis hospital. At the time of the study they
were afebrile, out of bed, and had normal
liver and kidney function tests. They con-
sumed a regular hospital diet, in which about
38 to 45% of the total calories were derived
from fat. They were given 300 mg of oral
isoniazid daily and 1 g of intramuscular
streptomycin twice weekly throughout the
study, including control periods. This medi-
cation has no effect on the concentration of
serum cholesterol, either solely or in associ-
ation with PAS administration(3). Medica-
tions known to influence serum cholesterol
levels, or other antibacterial drugs were not
given. Only those patients who previously
showed a good tolerance to administration of
PAS were selected for the study. At the be-
ginning of the experiments, the patients had
been maintained on oral PAS for periods
varying between 2 and 8 months. Total se-
rum cholesterol concentrations were deter-
mined once a week in the fasting state by the
method of Abell et @/(10). Control serum
cholesterol levels were determined for 8 weeks
or longer, after the interruption of PAS ad-
ministration. Patients were weighed weekly
and blood counts, tests of urine, blood urea
nitrogen, serum bilirubin and cephalin floc-
culation were carried out periodically.

Twelve g of sodium PAS was given orally
to 14 patients daily for 5 to 14 weeks. Nine
g of acid PAS, whose PAS content is approxi-
mately equivalent to 12 g of the sodium salt,
was given to 4 patients for 6 to 19 weeks,
and 5 subjects were given 12 g of acid PAS
for periods varying between 9 and 12 weeks.
Each patient who was given acid PAS was
subsequently maintained on the sodium salt,
to compare the effect of the two compounds.
The medication was given in 3 equal daily
doses either as tablets or as weighed powder.
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Results. The results of administration of
PAS are included in Table I. In 9 experi-
ments, following oral administration of the
acid compound, average total serum choles-
terol concentrations fell in each patient by
15 to 35% (average fall: 29%), which is in
agreement with previous results(2,3). How-
ever, following the daily oral administration
of 12 g of sodium PAS, only 7 of the 14 pa-
tients showed a significant decrease of the
average total serum cholesterol level by 11
to 26% (average fall: 19%), whereas in the
remaining 7 patients the change was not sta-
tistically significant. Fig. 1 shows the com-
parative effect of the acid and sodium com-
pounds, suggesting that at equimolar doses
acid PAS had a more marked reducing effect
on serum cholesterol levels than the sodium
salt,

No serious side effects were observed, al-
though the change to acid from sodium PAS
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FIG. 2. Absorption of I-131 triolein (whole
blood activity in 9, of dose given) during control
period and following oral administration of acid
and sodium PAS, in M. T. 32 Q.
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(and standard deviation)

of 14 Patients.

TABLE I. Effect of Oral Administration of Acid and Sodium PAS on Average Total Serum Cholesterol Concentration
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initiated somewhat more frequent minor gas-
trointestinal complaints. The weight of the
patients remained within 3 1b variation
throughout the study, except in 3 subjects
whose weight increased by 5 to 9 Ib with no
apparent relationship to the level of serum
cholesterol or to the effect of PAS. Hemato-
poietic, hepatic and renal functions were not
altered.

1-131 Triolein absorption studies. Mate-
rial and methods. Nine patients were studied,
all of whom were included in the previous
study group. A total of twenty I-131 triolein
absorption tests were carried out. The study
was repeated twice in 7 patients and 3 times
in 2 patients, each test during different ex-
perimental periods. The following experi-
mental program was carried out: a test was
done after at least 4 weeks of oral sodium
PAS administration in 7 patients and acid
PAS administration in 4; repeat absorption
tests were done subsequently during control
periods when the patient’s cholesterol concen-
tration had returned to pre-treatment levels.

The patients were given 10 drops of Lu-
gol’s solution USP on the day preceding the
test, and once each day thereafter for 72
hours. After an overnight fast a capsule con-
taining 50 to 100 microcuries of I-131 trio-
lein was given orally and regular feeding and
medication schedules were resumed. Blood
was collected serially during 24 hours, and
stool was obtained in 24-hour periods in sepa-
rate containers for 72 hours after the begin-
ning of the experiment. Whole blood radio-
activity was read against standards in 4 ml
aliquots, and per cent absorption was calcu-
lated from standard blood-volume charts. To-
tal fecal radioactivity was determined on a
measured aliquot from each of the 24-hour
stool specimens, homogenized in a blender.

Results. The results of the I-131 triolein
absorption tests are shown in Table II. In 6
instances the tests were carried out after a
significant fall of serum cholesterol levels had
occurred following administration of oral
PAS. The average absorption of radioactivity
in these cases was 9.5 and 8.3% during con-
trol and PAS periods respectively, whereas
the total 72-hour fecal elimination was 5.6%
of the administered dose during both control
and PAS periods. The difference in absorp-
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TABLE II. Results of I-131 Triolein Absorption Tests in 6 Patients After Significant Redue-
tion of Serum Cholesterol Levels, and in 5 Patients with no Change in Serum Cholesterol
Concentrations, as Compared to Control Periods.

Average % absorption
(and range)

Average 72 hr stool activity
(and range)

Control PAS Control PAS
Serum cholesterol reduced 9.5 8.3 5.6 5.6
(5.5-14.5) (6.8-10.2) (1.3-11.0) (1.4-11.3)
p>.2 p>5
Serum cholesterol not reduced 10.9 11.9 2.2 8.1
(7.0-15.2) (7.5-17.2) (0.1- 4.3) (2.6-19.5)
p>.4 p>.05

tion was not statistically significant. In an
additional 5 experiments the tests were car-
ried out during the administration of sodium
PAS with no significant alteration of serum
cholesterol levels, and were compared to con-
trol results. In these cases the average radio-
activity absorptions were 10.9 and 11.9%
and fecal eliminations were 2.2 and 8.1%
respectively during control and PAS periods.
The differences were not statistically signifi-
cant. Fig. 2 shows absorption curves in pa-
tient M.T. 32 F.

Discussion. There is no evidence available
to explain the mechanism of the serum cho-
lesterol-reducing effect of PAS, or the reason
for the difference between the activity of the
acid and sodium compounds. It has been re-
ported(7,8) that the fall of serum cholesterol
levels was slower and less pronounced during
intravenous than during oral administration
of the drug. This suggests that, as in the case
with neomycin(3), the serum cholesterol re-
ducing effect of PAS may depend on its ac-
tivity within the gastrointestinal tract. Acid
PAS being less readily absorbed than the so-
dium salt(9), this theory may possibly ex-
plain the difference in the activity of the two
compounds.

Nonetheless, the possibility that the effect
of PAS on serum cholesterol is due to its
presence in the systemic circulation cannot
be ruled out. However, the knowledge accu-
mulated on the effect of the drug on serum
cholesterol seems to indicate that it may be
dependent on its presence within the gastro-
intestinal tract, rather than in the systemic
circulation.

Tygstrup, Winkler and Jorgensen reported
the occurrence of a slight degree of steator-
rhea during oral PAS administration(7,8).

They stated, however, that it was of such
mild intensity that it probably played no role
in the cholesterol reducing activity of the
drug. In the present report it is clear that
absorption and fecal excretion as measured
by I-131 triolein were not different during
PAS and control periods, therefore, it seems
highly unlikely that the mild degree of stea-
torrhea occasionally occurring could be re-
sponsible for the activity of PAS on serum
cholesterol levels. The accuracy of the I-131
triolein absorption test has been criticized
(11,12). It is, however, generally accepted
that the fecal elimination of the label is a
reasonably reliable indicator of fat absorp-
tion and checks well with chemical controls
(13,14).

One of the working theories in this labora-
tory is that neomycin lowers serum cholester-
ol levels by modifying the character of the
intestinal bacterial flora, as has been reported
previously (3). There is reason to believe
that a number of other antibacterial sub-
stances may act alike(3,4). If PAS can ulti-
mately be proven to act on serum cholesterol
by a similar mechanism, one may then deal
with a group of chemically unrelated com-
pounds, which would possibly include other
substances as well, influencing serum choles-
terol levels possibly through their action upon
the intestinal bacterial flora. If the intestinal
flora then is of importance in regulating se-
rum cholesterol levels, it is possible that the
character and the changes of the flora are the
direct mediator of the effect of a group of fac-
tors on serum cholesterol designated as “en-
vironment.” The well known epidemiologic
data, concerning differences of serum choles-
terol levels among different populations of
various parts of the earth, may then be due,
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in part, to environmentally induced differ-
ences in the character of the intestinal bac-
terial flora.

Summary. Daily oral administration of 9
and 12 g of acid PAS to 7 patients in 9 ex-
perimental periods of 6 to 19 weeks duration
resulted in significant reductions of the aver-
age total serum cholesterol concentration in
each subject by 15 to 35%. The average fall
for the group was 29%. Daily oral admin-
istration of 12 g of sodium PAS to 14 pa-
tients for 5 to 14 weeks was followed by a
significant fall of average total serum choles-
terol levels in only 7 patients by 11 to 26%.
The average fall for these subjects was 19%.
The remaining 7 patients showed no statis-
tically significant variation of serum choles-
terol following administration of oral sodium
PAS. The absorption and fecal elimination
of I-131 triolein was studied during the ad-
ministration of PAS in a total of 20 experi-
ments. In 6 patients 1-131 triolein absorption
tests were carried out during control periods
and after the reduction of serum cholesterol
levels by the administration of PAS. Five
patients, in whom oral administration of so-
dium PAS failed to alter the concentration of
serum cholesterol, were subjected to I-131
triolein absorption tests during control peri-
ods and following oral administration of so-
dium PAS. There was no significant differ-
ence between control and PAS periods in the
average whole blood radioactivity and in the
72-hour fecal elimination of radioactivity in
either of the two groups. It was thus con-
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cluded that the absorption of dietary triglyc-
erides was not significantly altered by oral
administration of the drug. The possible
mechanisms by which administration of PAS
lowered the concentration of serum cholester-
ol were discussed.

The authors are indebted to Dr. Harry H. Epstein,
Triboro Hospital, Jamaica, N. Y., who kindly made
available patients for study.
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Unlike adult mouse or rat brain, the im-
mature neural tissues of the newborn animal
are highly sensitive to ionizing radiation and
susceptible to Coxsackie B virus infection.
Susceptibility of mature brain is increased
following ionizing radiation, This increase
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