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The rates of bile acid synthesis were calcu-
lated from bile acid pool size and turnover
rates in the 2 groups. Daily synthesis of bile
acids in normal mice was 0.56 mg: in choles-
tyramine-treated animals, 1.84 mg. Thus the
diet supplemented with 19 cholestyramine
caused a 3- to 4-fold increase in bile acid syn-
thesis or excretion. Determination of fecal
digitonide-precipitable sterols showed that
normal mice excreted 5.54 =+ 0.65 mg/day:
cholestyramine-treated mice, 7.58 + 1.14 mg/
day.

These increases in bile acid and sterol ex-
cretion account for the increased mobilization
rate of accumulated blood and liver choles-
terol in the mouse. However, it is not pos-
sible to tell whether excretion of just one or
of both fractions is responsible for the in-
crease in cholesterol mobilization. Although
there is evidence that accumulated liver cho-
lesterol is eliminated only after conversion to
bile acid(6,13), under certain circumstances
accumulated liver cholesterol can be elimi-
nated in the sterol fraction(6).

Summary. Dietary cholestyramine (MK
135) increased the rate of mobilization of
blood and liver cholesterol in mice. The bile
acid turnover rate in normal mice was 5 days,
in mice treated with 19 cholestyramine, 114
days, or 4 times as fast. Bile acid pool size
was 5.62 + 1.09 mg in normals, 4.58 =+ 0.65
in cholestyramine-treated mice. The pool was
shown to consist almost exclusively of cholic
acid and this spectrum was not altered by
cholestyramine. The daily rate of synthesis
of bile acids in normal mice was 0.56 mg,
1.84 mg in cholestyramine-treated mice. Digi-
tonin precipitable fecal sterol excretion was
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5.54 mg/day in normal mice, 7.58 mg/day in
mice treated with 19 MK 135. No conclu-
sion could be reached as to whether the in-
creased rate of mobilization of accumulated
cholesterol affected by MK 135 was due to
the increased excretion of either the fecal bile
acid or sterol fraction exclusively, or was at-
tributable to the excretion of both these frac-
tions.

We wish to acknowledge the excellent technical
assistance of Mrs. J. Bertasius. We also wish to
thank Merck Sharp and Dohme Research Labora-
tories for a generous gift of cholestyramine.

1. Beher, W. T., Baker, G. D., Beher, M. E,,
Vulpetti, A., Semenuk, G.. Proc. Soc. Exp. Biol. and
Med., 1964, v117, 738.

2. Beher, W. T., Beher,
Metabolism, 1966, v13, 181.

3. Gallo, D. G., Bailey, K. R, Sheffner, A. L,
Proc. Soc. Exp. Biol. and Med., 1965, vi20, 60.

4. Tennent, D. M., Hashim, S. A, Van Itallie,
T. B, Fed. Proc., 1962, v21, 77.

5. Huff, J. W., Gilfillan, J. L., Hunt, V. M., Proc.
Soc. Exp. Biol. and Med., 1963, v114, 352.

6. Beher, W. T., Baker, G. D.,, Anthony, W. L,
Am. J. Physiol,, 1960, v199, 736.

7. Abell, L. L., Levy, B. B,, Brodie, B. B., Kendall,
F. E, J. Biol. Chem., 1954, v208, 307.

8. Sperry, W. M., Webb, M., ibid., 1950, v187, 97.

9. Lindstedt, S., Norman, A., Acta Physiol. Scand,,
1956, v38, 121.

10. Semenuk, G., Beher, W. T, J. Chromatog.,
1966, v21, 27.

11. Strand, O., J. Lipid Res., 1963, v4, 305.

12. Kottke, B. A., Juergens, J. L., Bolmann, J. L,
J. Atherosclerosis Res., 1963, v3, 129.

13. Danielsson, H., Acta Physiol.
v48, 364.

M. E., Semenuk, G,

Scand., 1960,

Received April 6, 1966. PSE.BM. 1966, v122.

Effect of Sodium Salicylate on Magnesium Metabolism in the Rabbit.*
(31279)

JErrY K. AIKAWA AND JACQUELINE Z. REARDON
Department of Medicine, Universitv of Colorado School of Medicine, Denver

Mg?® administered parenterally in a tracer
dose is rapidly concentrated in tissues(1).
Tissue uptake of this isotope is facilitated by

* This work was supported by contract number

AT(11-1)-1343 between U.S. Atomic Energy Com-
mission and University of Colorado.

Mg® was supplied by the Hot Laboratory, Brook-
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the simultaneous administration of insulin
and glucose(2), thyroxine(3), or 2,4-dinitro-
phenol(4). It has been hypothesized that the
common denominator responsible for the ef-
fect of these agents on magnesium metabo-
lism might be the uncoupling of oxidative
phosphorylation.

Smith(5) has suggested that the uncoup-
ling of oxidative phosphorylation may also be
the mechanism responsible for the pharmaco-
logic action of salicylate, one of the most
commonly employed therapeutic agents. The
present experiments were performed in order
to study the effects of long- and short-term
administration of sodium salicylate on mag-
nesium metabolism in rabbits.

Experimental procedures. Animals. Nor-
mal domestic adult male rabbits, with initial
body weights between 2 and 4 kg, were kept
in individual stainless steel metabolism cages
and were fed a stock diet of compressed pel-
lets containing 0.115 meq/g of magnesium.
Tap water, containing 0.2 meq/l of magne-
sium, was given without restriction.

Isotope. Mg?®, with a specific activity of
more than 500 uc/meq Mg, was received as
MgCl, in physiologic saline solution. After
addition of 1 N NaOH to form a precipitate
of Mg(OH),, the mixture was centrifuged
and the supernatant fluid decanted off. The
precipitate was dissolved with 1 N H.SO,,
and a stock solution of Mg?® containing 0.01
to 0.02 meq/1 of magnesium was made up.

Radioactivity assay. Samples of plasma
and tissue were assayed for gamma-ray activ-
ity with a well-scintillation counter, a total of
10,000 counts being made on each sample.
All determinations were corrected for physical
decay.

Chemical determination of wmagnesium.
Serum, urine, and tissue magnesium deter-
minations were periormed by atomic-absorp-
tion spectrophotometry(6).

Preliminary observations. The lethal intra-
venous dose of sodium salicylate was found
to be 200 mg/kg.

Four rabbits were placed in individual plas-
tic spirometers, and the oxygen consumption
of each one was measured serially before and
after the interscapular administration of so-
dium salicylate, 20 mg/kg, twice a day for
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6 days. Each rabbit showed an increase in
oxygen consumption following initiation of
drug therapy, the maximum increase ranging
from 21 to 58%.

Plan of experiments. Exp. 1. In 14 rabbits,
external balance studies for magnesium were
performed for 8 days. Each morning before
the rabbits were fed, the body weight, total
food consumption, and 24-hour urine volume
of each animal were measured. Blood from
the marginal ear vein was collected into hep-
arinized test tubes. Findings obtained during
the first 2 days were considered as control
data. On the third day and for 5 days there-
after, each animal received 2 interscapular
doses of sodium salicylate diluted in distilled
water to a concentration of 40 mg/ml; each
injection contained 20 mg of sodium salicylate
per kg of body weight. On the eighth day,
immediately after the first dose of sodium
salicylate, 0.06 meq Mg tagged with Mg
was injected intravenously into each animal.
The animals were killed by exsanguination
exactly 4 hours after the injection of Mg?s,
and from each animal 2 aliquots of the tissues
listed in Table 1 were prepared for radioac-
tivity assay. Plasma was obtained at the
same time.

Exp. 2. Six rabbits, averaging 2.1 kg in
weight, were bled on day 1. On the next day
each animal received sodium salicylate, di-
luted in distilled water to a concentration of
150 mg/ml and given intravenously in a
dosage of 150 mg/kg; this was followed im-
mediately by an intravenous injection con-
taining 0.08 meq Mg tagged with Mg®8. Two
hours later sodium salicylate was again given
intravenously in the same dose as before.
The animals were killed 4 hours after the
injection of Mg>®, and their tissues were ana-
lyzed in the same manner as in Exp. 1.

The specific activities and relative specific
activity of the tissues and plasma were deter-
mined as follows:

Specific activity of tissue =
' cpm/g wet weight of tissue

meq/kg wet weight

Specific activity of plasma =
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TABLE I. Effect of Sodium Salicylate on Relative Specific Aetivity of Magnesium in Various
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Tissues 4 Hours After Intravenous Injeetion of a Tracer Dose of Mg™.

Relative specific activity (mean =+ standard error)

6 coutrol animals
receiving no

14 animals given
salicylate for 6 days,

6 animals given
salicylate, 300 mg/kg

salicylate 40 mg/kg 1.S. daily L.V. within 2 hr
Bone cortex 06 + 0041 .09 + .01 .09 + .01
Bone marrow 60 + .15 1.25 + .22 1.82 + .24%
Brain 11 + .01 19 + .01* 16 + .01
Adrenal 94 + 17 1.13 + .03 1.43 + .26
Appendix .69 + .03 1.03 += .10* .85 4 .07
Heart 115 + .05 2.05 + .15* 1.30 = .07
Kidney 1.16 = .04 2,27 + .15*% 1.58 + .13*
Liver 65+ .09 1.32 + .17 1.05 + .08*
Lung GR + .04 1.36 + .13* .94 + .08
Musele 06 + .01 A1 .01 .08 + .01
Pituitary 1.11 += .25 1.19 + .16
Skin 68 + .02 1.22 + .16 92 + .08
Spleen 84 =+ 15 1.07 = .12 96 + .13
Stomach 89 + .04 1.59 + .10* 91 + .11
Testis 86 4+ .12 1.07 = .06 .83 + .13
Serum (meq/1y 1 3% + 005 1.81 + .084 2.21 + .1€3%

* Statistically significant when compared with control values,

cpm/ml plasma
meq/] plasma

Relative specific activity —
specific activity of tissue

specific activity of plasma

Statistical methods. In the analysis of the
balance data, each animal served as its own
control. In the analysis of the tissue data,
the mean value for each tissue was determined
for both test and control groups. In both
cases, the significance of the difference be-
tween the test and control values was de-
termined by the “t” test, a “P” of less than
0.01 being considered significant(6).

Results. Exp. 1. During the 8 experimental
days, the animals gained in weight from a
mean value of 2.077 kg to 2.243 kg. Accord-
ing to the results of the external balance
study, the daily intake of magnesium was
equal to the amount excreted in urine and
feces.

In the rabbits receiving salicylate, the fol-
lowing tissues showed a significant increase
in relative specific activity (Table I); appen-
dix, brain, heart, kidney, lung, and stomach.
The magnesium content was significantly de-
creased in all of the tissues named above, as
well as in the adrenal gland, bone, cortex,
liver, muscle, skin, and testis (Table II).

t Standard error,

Exp. 2. In the animals receiving 2 large
doses of salicylate within 2 hours, there was
a significant increase in the relative specific
activity of the bone marrow, kidney, and
liver. The magnesium content of the follow-
ing tissues was significantly decreased: appen-
dix, bone cortex, brain, heart, kidney, liver,
and lung.

Comment. Administration of 300 mg of
sodium salicylate within 2 hours resulted in
a significant decrease in the magnesium con-
tent of many of the soft tissues as well as
the bone cortex. Administration of smaller
doses over a longer period results in even
greater reduction in the tissue magnesium
content. This facile depletion of tissue mag-
nesium by salicylate is surprising, since ani-
mals maintained on a magnesium-deficient
diet for a month still maintained a normal
concentration of magnesium in the soft tis-
sues(7). The increased relative specific activ-
ity in both of the present experiments is in-
dicative of increased turnover of magnesium
in many tissues, probably because of the
depletion of the tissue store.

The efflux and increased turnover of mag-
nesium were associated with increased oxida-
tion. Recent studies on intermediary metabo-
lism have revealed that salicylates, besides
uncoupling oxidative phosphorylation, also af-
fect transamination and dehydrogenation(8).
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TABLE II. Effect of Sodium Salicylate on Tissuc Mg Contents (meq/kg Wet Wt).

6 control animals
receiving no

salicylate for 6 days,

6 animals given
salieylate, 300 mg/kg

14 animals given

salicylate 40 mg/kg L.S. daily L.V. within 2 hr
Bone cortex 319.9 +10.001 261.5 +10.15* 271.3 + 8.65*
Bone marrow 10.8 = 1.46 6.2 + 1.01 6.9 + .90
Brain 12.6 +~ .35 9.2 + .19% 9.9 +~ .38*
Adrenal 12,5 + 1.32 8.4 + .37% 13.3 =+ 1.91
Appendix 20.3 + .59 14.2 = .73* 16.2 + .59*
Heurt 154 + .24 11.3 + .56% 13.4 + .31%*
Kidney 16.5 == .42 10.7 +~ .43*% 11.9 + .48*
Liver 16.8 = .60 9.5+ 1.01* 14.0 == .59%
Lung 11.5 += .43 7.5+ .39* 9.2 +- .29*%
Muscle 21.6 = .84 15.0 = 1.01* 19.9 + .22
Pituitary 153 + .85 15.0 == 1.37
Skin 5.2+ .37 2.8 + .16* 49 + .30
Spleen 175 + 1.70 13.7 + .65 17.0 + 2.55
Stomach 20.3 + .62 13.7 = .81% 17.1 - 1.48
Testis 11.8 + .34 9.4 + .44* 10.3 = .50

* Statistically significant when ecompared with control values.

The exact enzymatic mechanisms affecting
magnesium metabolism remain to be estab-
lished.

Summary. Intravenous administration of
sodium salicylate, 150 mg/kg twice within
2 hours to normal rabbits, resulted in a sig-
nificant decrease in the tissue magnesium
content of bone cortex, brain, appendix, heart,
kidney, liver, and lung. The turnover of mag-
nesium, as measured by Mg, was increased
in the bone marrow, kidney, and liver.

In animals given sodium salicylate in daily
doses of 40 mg/kg for 6 days, tissue mag-
nesium content was significantly decreased in
bone cortex, brain, appendix, adrenal, heart,
kidney, liver, lung, muscle, skin, stomach, and
testis. The relative specific activity was
increased in the brain, appendix, heart, kid-
ney, lung, and stomach. In rabbits, sodium

t Standard error.

salicylate depletes the tissues of magnesium
and increases the turnover of this element
in the body.
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Evidence for the Pentose Cycle in Nocardia corallina.* (31280)

OrLen Brownt anp J. B. Crark (Introduced by R. L. Wixom)
Department of Botany and Microbiology, University of Oklahoma, Norman

Nocardia coralling is a typical actino-
mycete which undergoes cyclic morphological
changes during normal growth; the mecha-
nisms behind these changes are unknown.
is to search for answers at the metabolic level.
One approach toward eventual explanations
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