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Summary. Antibody formation, which is
inhibited by 500 r of total body x-irradiation
into the rat, can be restored partially by spleen
homogenates injected soon after irradiation.
No striking difference in the degree of re-
covery is observed when spleen cells from rats
stimulated earlier with a different antigen are
used in place of “normal” spleen cells.

1. Taliaferro, W. H., and Taliaferro, L. G.. J. Im-
munol., 1951, v66, 181.

2. Fitch, F. W.. Barker, P.. Soules, K. H.. and
Wissler, R. W., J. Lab. and Clin. Med., 1953, v42.
598.

3. Jacobson, L. O, Robson. M. J.. and Marks.
E. K., Proc. Soc. Exp. Bror. axn Mkp., 1950, v73.
145.

4. Wissler, R. W., Robszon, M. J., Fitch, F., Nelson.
W., and Jacobson, L. O. J. Lmmunol., 1933, v70,
379.

3. Cole, L. J., Fishler, M. C.. Ellis. M. E., and
Bond, V. P., Proc. Soc. Exp. Bioi. axp Mep., 1052,
v80, 112.

6. Smith, W. W., Marsten. R. Q.. Ruth, H. J.. and

LiroTrOPIC AND LIPIDE PHOSPHORYLATION

Cornfield, J., Am. J. Physiol., 1954, v178, 288.

7. Lorenz, E., Congdon, C., and Uphoff, D., Radiol.,
1032, v38, 863.

8. Ford, C. E,, Hamerton, J. L., Barnes, D. W. H,,
and Loutit, J. F., Nature, 1956, v177, 452.

9. Nowell, P. C,, Cole, C. J., Habermeyer, J. G,
and Roan, P. C., Cancer Res., 1956, v16, 258.

10. Jaroslow, B. N, and Taliaferro, W. H., J. Infect.
Dis., 1936, v98, 75.

11. Smith, ., and Ruth, H. J., Proc. Soc. Exr.
Bior. axp MEDp., 1955, v90, 187.

12. Rowley, D. A, J. Immunol., 1950, v64, 289.

13. Wissler, R. W, Fitch, F. W, La Via, M. F,, and
Gunderson, C.. J. Cell. and Comp. Physiol., 1957,
Suppl.

14. La Via, M. F., Barker, P. A, and Wissler,
R. W., J. Lab. and Clin. Med., 1956, v46, 237.

15. Wissler, R. W., Frazier, L. F,, Soules, K. H,,
Barker, P., and Bristow, E. C. IIL, Arch. Path,
1036, v62, 62.

16. Cannon, P. R, Wissler, R. W, Woolridge,
R. L., and Benditt, E. P., Ann. Surg., 1944, v120, 514.

Received September 3, 1957. P.S.E.B.M,, 1957, v96.

Comparative Lipotropic and Lipide Phosphorylating Effects of Choline,

Betaine, and Inositol.*

(23573)

Frep SNYDER, W. E. CorNATZER AND GENEVIEVE E. SIMONSON
The Guy and Bertha Ireland Research Laboratorv, Department of Biochemistry,
University of N. Dakota Medical School, Grand Forks

It has been concluded that lipotropic action
is more specific than stimulation of lipide
phosphorylation since evidence showed that
those substances which exert a marked lipo-
tropic action also stimulate the formation of
phospholipides, but that other substances
stimulating phosphatide turnover may not
necessarily cause a lipotropic effect(1). The
lipotropic effect of choline, betaine, and inosi-
tol under specific dietary regimes is well
known(2). However, the present study is, to
our knowledge, the first to compare the lipo-
tropic and phospholipide turnover actions of
these compounds under identical experimental

* Supported by grants from Lipotropic Research
Fn. and Amer. Cyanamid Co. Preliminary report
presented at 126th meeting of American Chemical
Society.

conditions. These conditions include the
feeding of low protein-low fat and low protein-
high fat diets to the experimental animals.
Methods. Male albino rats of Sprague-
Dawley strain weighing 141 = 43 g were di-
vided into 2 groups. Group I: Ninety-nine
rats. 26 of which served as controls, were
maintained on a 5% casein-5% fat diet(3)
or a 5% casein-32% fat diet(4) for a dura-
tion of 3 weeks. The animals were fed ad
libitum. At the end of the dietary regime,
the rats were stomach-tubed with a single
dose of lipotropic agent (0.4 mM in 1 ml
H.O). All animals were then injected intra-
peritoneally with 1 ml of physiological saline
containing 4 uc of P32 as NaH,PO,. Six hours
later the animals were killed by decapitation.
The liver was removed, rapidly weighed, and
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TABLE 1. Effect of a Single Dose* of Choline,
Betaine or Inositol on Total Liver Lipides and
Lipide Phosphorylation.

Lipotropic No.of Totallipides, Relative

agent rats g specific activity

5% casein—59% fat diet

None 11 84 + .37 186 + .038

Choline 11 .59 + .15 282 + .050t

Betaine 11 .59 + .28 .230 = .073%

Inositol 10 .76 .38 193 =+ .034%
5% casein—32% fat diet

None 15 2.06 + .74 255 + .028

Choline 12 1.68 + .96 374 + .057¢

Betaine 14 1.44 + .67 .284 =+ 057

Inositol 15 1.61 =+ .66 251 + .049

*0.4 mM administered by stomach tube. No.
preceded by + are stand. dev. Test of significance
was applied to difference between means of con-
trols, saline, and experimental values. The P prob-
ability for chance occurrence of this difference
was:

t <.01;  <.05.

divided into 2 fractions. From one fraction,
acid soluble phosphorus was removed by ex-
tracting with 10% TCA containing 0.4 M
MgCle(5), and radioactivity and total P(6)
were determined. The other fraction was cov-
ered with alcohol, and the lipides extracted
with alcohol-ether and purified with chloro-
form(7). Radioactivity(7), phosphorus(6),
and the weight of total lipides were deter-
mined on aliquots of the chloroform solution.
As a measure of phospholipide turnover, spe-
cific and relative specific activities(8) were
calculated. Group II: 59 additional animals
were used to study the lipotropic actions of
choline, betaine, and inositol when 100 mg/
rat of each of these compounds was supple-
mented daily to a 5% casein-5% fat and to a
5% casein-329% fat ration(3,4) for 2 weeks.
Fifteen of the rats served as controls. At the
end of the dietary regime, all animals were
injected intraperitoneally with P32, and after
6 hours the animals were sacrificed by decapi-
tation. The liver, after being rapidly re-
moved and weighed, was divided into an acid
soluble and phospholipide fraction for analy-
ses as described above.

Results. The effects of single doses of
choline, betaine and inositol are summarized
in Table I. To evaluate the statistical signi-
ficance of the results, the t test of significance
(9) was applied to the difference between the
means for control and experimental values.
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Choline exerted a pronounced increase in
phosphatide turnover in.animals maintained
on either diet, whereas equal molar doses of
betaine and inositol demonstrated an increase
in the rate of phospholipide synthesis in
rats receiving the 5% casein-5% fat diet.
This increase was considerably lower than
that observed for choline under these experi-
mental conditions. It is also apparent that
the phospholipide turnover rates in animals
receiving the 329% fat diet was higher than
that of those receiving the lower percentage
fat diet. Although there was a decrease in
liver fat in all the treated animals of Group
I, the reduction was not significant over the
control rats.

Only the total lipide data (Table II) from
Group II are.reported, since dietary experi-
ments of this nature (in which smaller amounts
of the active substances are ingested in divided
doses) tend to show little change and consid-
erable variation in the rate of synthesis, even
though a slight change in the rate may cause
a significant difference in tissue composition
over a period of time(3). Choline and beta-
ine produced an equally effective lipotropic
response at the dietary dose levels used when
supplemented to either diet. However, inosi-
tol produced this response only in the low
protein-low fat diet.

Discussion. These results are in agreement
with the evidence presented by workers who
have conducted separate studies of these com-

TABLE II. Effeet of Dietary* Supplements of
Choline, Betaine or Imositol on Total Liver Lip-
ides.

Lipotropic agent No.ofrats  Total lipides, g
5% casein—5% fat

None 7 49 + .13
Choline 7 .32 + .08t
Betaine 7 .33 + .05¢
Inositol 6 .33 + .09}
5% cascin—32% fat
None 8 90 + .65
Choline 8 .28 + .05t
Betaine 8 32 +.07¢
Inositol 8 75 + .38

* 100 mg/rat/day. No. preceded by + are stand.
dev. Test of significance was applied to difference
between means of controls and experimental val-
ues. The P probability for chance occurrence of
this difference was:

t <.02; § <.05.
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pounds(2). Our study supports the concept
that lipotropic action is more specific than
that of lipide phosphorylation. Under those
dietary conditions which led to a marked re-
duction in total liver lipides by a lipotropic
agent, a corresponding increase in phospho-
lipide synthesis was observed when the agents
were administered as ‘“acute” massive doses
by stomach tube. Inositol, on the other hand,
failed to exert any lipotropic response supple-
mented to the high fat diet and the adminis-
tration of the “acute” single dose to animals
on this diet caused no increase of the phos-
pholipide turnover rate.

The equal effectiveness of all 3 agents in
reducing the total lipides on the low casein-low
fat diet is thought, on the basis of the recent
work by Young ef al.(10), to be due to the
high dietary dose levels employed. At lower
doses, however, these investigators reported
the betaine to choline ratio necessary to pro-
duce a given fat level to be 3:1.

The order of effectiveness of single doses of
the agents, in regard to lipide phosphoryla-
tion, under either dietary condition employed
was the same, i.e., choline > betaine > inosi-
tol. This greater stimulation by choline
might well be expected, since choline itself is
a part of the lecithin molecule. The results
indicate that the transmethylation mechanism
involved when a single dose of betaine is ad-
ministered, is not nearly so effective as the
administration of an equal molar dose of
choline, even though the number of methyl
groups available is the same. A reason for
the low stimulation of phospholipide synthe-
sis by inositol may have been the fact that
inositol phosphatides represent a small per-
centage of the total liver phospholipides(11).
Therefore, any increase in this portion would
correspondingly have a small effect on the
overall phospholipide turnover rate as meas-
ured by our methods.

Summary. The lipotropic and lipide phos-
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phorylating effects of choline, betaine, and
inositol were compared in rats maintained on
low protein-low fat or low protein-high fat
diets. All 3 agents (100 mg supplements/
rat/day) were equally effective in causing a
significant reduction of total lipides over con-
trols in animals maintained on the low pro-
tein-low fat diet. Only choline and betaine
supplements caused a substantial reduction of
total liver fat in rats maintained on the high
fat diet. Phospholipide synthesis was in-
creased when choline, betaine, or inositol was
administered as a single dose (0.4 mM) to
animals maintained on the low protein-low fat
diet. The order of effectiveness upon turn-
over rate was choline > betaine > inositol.
Both choline and betaine, when administered
as single doses, stimulated lipide phosphory-
lation in rats on the high fat diet, but inositol
did not.

1. Artom, C., and Cornatzer, W. E., J. Biol. Chem.,
1948, v176, 949,

2. McHenry, E. W., and Patterson, J. M., Physiol.
Revs., 1944, v24, 128.

3. Artom, C,, and Cornatzer, W. E., J. Biol. Chem.,
1947, v171, 779.

4. Cornatzer, W. E., and Artom, C., ibid., 1949,
v178, 775.

5. Johnson, R. M., and Dutch, P. H,, Proc. Soc.
Exp. Bror. ANp MED., 1951, v78, 662.

6. Fiske, C. H., and Subbarow, Y., J. Biol. Chem.,
1925, v66, 375.

7. Artom, C., ibid., 1941, v139, 953.

8. Cornatzer, W. E,, Gallo, D. G., and Davison,
J. P, Proc. Soc. Exp. BioL. AND MED., 1953, v84, 103.

9. Chambers, E. G., Statistical Calculations for
Beginners, N. Y., Cambridge Univ. Press, 1952, 2nd
edition.

10. Young, R. J., Lucas, C. C,, Patterson, J. M,,
and Best, C. H., Can. J. Biochem. and Phys., 1956,
v34, 713.

11. Marinetti, G. V., Witter, R. F.; and Stotz, E,,
J. Biol. Chem., 1957, v226, 475.

Received September 5, 1957. P.S.E.B.M., 1957, v96.



