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Action of Choline on Lipid Phosphorylation in the Kidney, Heart

and Aorta.*
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Guy and Bertha Ireland Research Laboratory, Department of Biochemistry,
University of North Dakota School of Medicine, Grand Forks

Earlier studies with the aid of radioactive
phosphorus showed that administration of a
single dose of choline stimulated the turn-
over of liver phospholipids in animals main-
tained on low protein-high fat diet(1) or
low protein-low fat diet(2). These low pro-
tein diets produced a choline deficiency in-
volving the liver, kidney(3) and aorta(4,5).
The hemorrhagic kidney lesion was observed
“only in choline deficient weanling rats(3)
and a single dose of choline stimulated P32
uptake in this tissue(6). In the present in-
vestigation an attempt has been made to
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study the action of single dose of choline on
formation of phospholipids in the heart,
aorta and kidney of rats maintained on high
fat-low protein diets and in acute choline
deficiency by supplementation of the diet
with 1% guanidoacetic acid, methyl group
acceptor.

Methods. Male albino rats of Sprague-
Dawley strain, weighing 100-150 g were di-
vided into 2 series. The animals in Series
I were maintained on a low protein-high fat
(7) diet containing vitamin-free casein 5
parts, dextrin 28, sucrose 29, crisco 30, cod
liver oil 2, salt mixture 4, Ruffex 2 plus the
following vitamin mixture in mg per kilo of
ration; dextrin 9639, thiamin 8, riboflavin
8, pyridoxine 8, nicotinic acid 241, calcium
pantothenate 32, inositol 32, paraaminoben-
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zoic acid 32. This purified diet containing
5% vitamin free casein (Nutritional Bio-
chemicals Corp.) would represent approxi-
mately 0.16 g of methionine and 0.015 pg of
Vit. Byj2. In Series II rats were maintained
on similar diet supplemented with 1% guani-
doacetic acid for 2 weeks. Animals were fed
ad libitum. In each series, 4 to 6 rats were
housed in individual cages, with raised screen
bottoms.

At the end of the dietary regime, the rats
were stomach-tubed with a single dose of
choline (100 mg in 1 ml of water, control
animals received water). One minute later
all animals were injected intraperitoneally
with 1 ml of physiological saline containing
100 uc as NaH,P%*Q,. Six hours later the
animals were killed by decapitation and kid-
ney, heart and aorta were removed and acid-
soluble phosphorus and lipid phosphorus
fractionated. The acid-soluble phosphorus
was removed by extracting with 10% tri-
chloroacetic acid (TCA) containing 0.4
M MgCl,(8) and radioactivity(9) and phos-
phorus(10) were determined. The TCA
residue was covered with alcohol, and the
lipids extracted with ethanol in Soxhlet ex-
tractor for 8 hours, purified with chloroform
(9). On aliquots of the chloroform solution
radioactivity (9) and phosphorus were deter-
mined (10). Radioactivity was determined
with an ultra-thin window, gas flow geiger
tube (Tracerlab TGC-14). From these re-
sults and the radioactivity measurements,
the relative specific activities of the phospho-
lipids were calculated. The relative specific
activity is the ratio of the specific activities
of the phospholipid P to that of the acid sol-
uble P. The specific activity is defined as
counts per minute per aliquot (% of dose in-
jected) /mg of phosphorus per aliquot.

A control group of rats were injected with

%2 and sacrificed at 3, 6, and 10 hours later
to determine the time uptake of the isotope
by the liver, heart, kidney and aorta. The
acid-soluble and phospholipid P were ex-
tracted and radioactivity (9) and phosphorus
(10) were determined on each fraction.

Results. The time course of incorporation
of NaH,P%20, into liver, kidney, heart and
aorta phospholipids is shown in Table I. It
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TABLE I. Time Course of Incorporation of NaH,P®0, into Liver, Kidney, Heart and Aorta Phosplolipids.
Spee. activity

No. of
rats

Time after
adm. P, hr

2.84 + .08
3.55 + .08
6.42 + .59

.1

3.28 + .1
0

iy

(2]

2.19 +

7

17.30 = 1.4

10.07 += 2.4
16.40 ==

2
19.00 + 1.3
4.20 +2.3

2

32.80 + 1.2
25,6 4-1.0

11.85 + 1.9

Figures preceded by =+ sign indicate stand. dev.
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is apparent that 6 hour time interval after
administration of NaH,P320, corresponds to
the ascending part of the specific activity
time curve where synthesis of phospholipid
in the liver, kidney, heart and aorta occurs
to a degree greater than their breakdown.
The relative specific activity(11) expresses
the relationship between isotopic concentra-
tion in a compound and in its precursor(12).
Under the conditions of our experiments an
increase in formation of phospholipids may
be reasonably assumed when higher values
for relative specific activities are found.
Various factors, such as difference in the role
of absorption and in the equilibrium between
intra- and extra-cellular inorganic phos-
phorus with different specific activities may
conceivably produce changes in the specific
activity of the inorganic fraction. Compari-
son of the relative specific activity should
provide a means of reducing their cause of
error. Marinetti et ¢l.(13) have demon-
strated that the specific activity of the in-
dividual phospholipids of liver, heart and
kidney at the 6 hour interval corresponds to
the ascending part of specific activity time
curve for lecithin, phosphatidylethanola-
mine, sphingomyelin and phosphatidylserine.

Animals were fed a 329 fat-3% casein
diet to investigate the effects of a single dose
of choline on lipid phosphorylation in the
heart, aorta and kidney. It has previously
been shown that phospholipid turnover is
greater following a single dose of choline in
rats maintained on 32% fat-5% casein diet
than 5% fat-5% casein diet(14). The
stimulating effect of lipid phosphorylation
by a single dose of choline is some-
what related to the previous diet, for it
does not occur in experimental animals main-
tained on stock diet(Z). Apparently phos-
pholipid turnover in the liver of animals
maintained on a stock diet of 25% casein-
5% fat diet is at a maximum value and ad-
ministration of additional lipotropic agent
will not further stimulate lipid phosphoryla-
tion(15).

The effect of a single dose of choline on
lipid phosphorylation in the kidney, heart
and aorta is shown in Table II. To evalu-
ate the statistical significance of the results,
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TABLE II. Relative Speeific Activity of Tissuc
Phospholipids Following Single Dose of Choline.

Material No. of
admin.  rats Kidney Heart Aorta
Water 12 13.7+ 51 5.1 +1.0 10.9 +1.3
Choline 15 41.8 +12.6* 59 +1.3 144 +4.1t
+ 1% guanidoacetic acid in diet
Water 7 209+ 23 45+ .6 5614
Choline 8 38.5+10.9* 6.4 +1.2* 8.3 2.0

Test of significance was applied to difference be-
tween means of control and experimental values.
Probability for chance occurrence of this difference
was: * <0.01; 1 <0.02.

the ¢ test of significance(16) was applied to
the difference between mean for control re-
ceiving water and experimental values. It is
apparent that administration of a single dose
of choline stimulates lipid phosphorylation
in the heart and kidney.

This increase in lipid phosphorylation in
these tissues is probably a direct reflection of
phospholipid synthesis and not uptake of
plasma phospholipids. Liver is the principal
if not the sole tissue concerned not only with
synthesis of plasma phospholipids but also
with their removal(17). When radioactive
phospholipids are injected into a hepatecto-
mized animal very little is taken up by other
tissues(18). The phospholipids synthesized
in the kidney are not available to the plasma
in a hepatectomized animal.

This stimulation of phospholipid synthesis
by a single dose of choline becomes much
more exaggerated with a statistical signifi-
cant increase when a choline deficiency was
produced by administration in the diet of a
methyl group acceptor, guanidoacetic acid.
The kidneys of the animals fed the guanido-
acetic acid for 2 weeks developed a hemor-
rhagic appearance which is seen only in
dietary choline deficiency of weanling rats
(3). It has been demonstrated that a single
dose of choline stimulates lipid phosphoryla-
tion in the liver of rats fed a high fat-low
protein(1,6) and low fat-low protein(2) and
in cellular fractions of the liver, mitochon-
dria and nuclei of rats fed a low protein-low
fat diet(19). The results of our present ex-
periments on the kidney, heart and aorta
give further evidence that choline deficiency
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effects the phospholipids in these tissues.

Summary. 1. The lipid phosphorylation
affects of a single dose of choline were com-
pared in rats maintained on low protein-high
fat diet or similar diet supplemented with
methyl acceptor, guanidoacetic acid. 2. Ad-
ministration of a single dose of choline stim-
ulated lipid phosphorylation in the kidney.
heart and aorta.

1. Perlman, I, Chaikoff, 1. L., J. Biol. Chem.,
1939, v127, 211.

2. Artom, C., Cornatzer, W. E., ibid.,
779.

3. Griffith, W. H.,, Wade, N. J., ibid,,
567.

4. Kesten, H. D., Salecdo, J..
Nutrition, 1945, v29, 171.

5. Hartroft, W. S., Ridout, J. H,, Sellers, E. A.
Best, C. H,, Proc. Soc. Exp. Bior. axn Mep,, 1952,
v81, 384,

6. Petterson, J. M., Keevil, N. B., McHenry, E. W,
J. Biol. Chem., 1944, v153, 489,

7. Cornatzer, W. E,, Artom, C., ibid.,
775,

1947, v171,
1939, v131,

Jr., Stetten, D., J.

1949, V173,

HisTAMINE-DESTROYING FACcTOR DURING ANAPHYLACTIC SHOCK

8. Johnson, R. M., Dutch, P. H., ibid., 1951, v78,
662,

9. Artom, C., ibid., 1941, v139, 953.
10. Fiske, C. H.,, Subbarow, Y., ibid., 1925, v66,
375.

11. Hevesy, G., Enzymologia, 1938, v5, 138.

12. Zilversmit, D. B., Entenman, C., Fishler,M C,
J. Gen. Physiol., 1943, v26, 325.

13. Marinetti, G. V., Erbland, J., Albrecht, M,
Stotz, Elmer, Biochimica et Biophysica Acta, 1958,
v30, 543.

14. Snyder, F., Cornatzer, W. E.; Simonson, G. E,,
Proc. Soc. Exp. BroL. aNp MEb., 1957, v96, 670.

15. Artom, C., Liver Injury, Editor Hoffbauer,
F. W, p79, N. Y., Josiah Macy, Jr. Foundation,
1951,

16. Chambers, E. G., Statistical Calculation for
Beginners, N. Y. Cambridge Univ. Press, 1952, 2nd
cdition.

17. Entenman, C., Chaikoff, I. L. Zilversmit,
D. B, J. Biol. Chem., 1946, v166, 15.

18. Fishler, M. C., Entenman, C., Montgomery,
M. L., Chaikoff, I. L., ibid., 1943, v150, 47.

19. Cornatzer, W. E., Snyder, Fred, Proc. Soc. Exp.
Bror. aNpD MEb., 1957, v94, 363.

Received February 20, 1961. P.S.E.B.M., 1961, v107.
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Rose and Leger(1) reported that a sub-
stance capable of destroying histamine was
released in rabbits during anaphylactic
shock. Code and associates(2) demon-
strated such a substance, probably histam-
inase, in the blood of white rats during
anaphylactic shock. The present study was
done to determine whether a similar hista-
mine-destroying factor is released during
anaphylaxis in guinea pigs.

Methods and materials. A group of 22
guinea pigs (700 to 1100 g) of both sexes of
our mongrel laboratory strain was sensitized
by 4 subcutaneous injections of crystalline

* This investigation was supported in part by a
grant from Louis W. and Maud Hill Family Foun-
dation.

egg albumin given at intervals of 24 to 48
hours. The animals were used 3 weeks to 3
months after these sensitizing injections.

During the studies of anaphylaxis, the
animals were anesthetized by intraperitoneal
administration of pentobarbital sodium in a
dose of 3 mg per 100 g of body weight. A
catheter of No. 60 polyvinyl tubing was in-
serted into the right atrium wie the right
jugular vein for withdrawal of samples of
blood. After a control sample had been
taken, 2 mg of crystalline egg albumin in 0.3
ml of an isotonic solution of sodium chloride
was given via the catheter. Three to 5 min-
utes later, a specimen of blood was drawn
while the animal was in shock. All samples
of blood were drawn in a syringe that had



