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Phospholipid Analysis of Cellular Fractions of the Liver Following 
Administration of Single Dose of Choline." (26632) 

W. E. CORNATZER AND DUANE G. GAL LO^ 
Guy and Bertha Ireland Research Laboratory, Department of Biochemistry, University of 

North Dakota School of Medicine, Grand Forks 

Liver mitochondria, nuclei and microsomes 
are composed of 16-32% of phospholipids on 
a dry weight basis ( 1,2). These intracellular 
units contain enzymes which can oxidize 
fatty acids and other metabolites ( 3 ) .  Cho- 
line-containing phospholipids (lecithins) are 
probably an integral part of an enzyme sys- 
tem necessary for oxidization of fats and 
fatty acids since this is only phospholipid, ex- 
cept phosphatidylinositol which is lipotropic. 
The lipotropic effect of lecithins appears to 
act on the metabolism of fatty acids in the 
liver, rather than enhancing their mobiliza- 
tion in the form of plasma phospholipids(4). 
There is a progressive decrease in concentra- 
tion in the whole liver of the lecithins and a 
diminished ability of the liver to synthesize 
these phospholipids in the dog(5) or rat(6) 
maintained on a choline-deficient diet. Diets 

*Supported in part by grants from U. S. Atomic 

t Present address, Mead Johnson, Evansville, Ind. 
Energy Comm. and Nat. Inst. Health. 

low in protein reduce the level of total liver 
phospholipids ( 7,8). Administration of a 
single dose of choline stimulated lipid phos- 
phorylation as shown by the increase of ra- 
dioactive uptake of P32 (9 , 1 0 , l l )  which OC- 

curs primarily in the lecithin fraction ( 12) ,  
involving mitochondria and nuclei ( 13 ) . In 
view of the above findings, experiments were 
undertaken to determine the phospholipid 
analysis of various cellular fractions of liver 
following administration of a single dose of 
choline in an attempt to ascertain the role of 
these lipids in mitochondria and nuclei. 

Methods. Male albino rats of the %star 
strain weighing 100- 1 10 g were maintained 
on 5% casein-5% fat diet(l0) supplemented 
with 1% guanidoacetic acid (a  methyl group 
acceptor) for 2.5 weeks and divided into 2 
groups. To one group various single doses of 
choline in 1 ml of water (8, 40, 75 and 150 
mg) was administered by stomach tube and 
the animal sacrificed 6 hours later. A single 
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dose of 150 mg of choline in 1 ml was admin- 
istered to the other group and the animals 
sacrificed at  0, 3,  6, 10 and 18 hours later. 

Three additional groups of rats were main- 
tained on a dietary regime of 5c/r, casein-S% 
fat( l o ) ,  25% casein-5% fat( 14) and stock 
diet, Dakota Maid Fox Feed: (30% protein- 
5% fat) and sacrificed at  the end of 4 weeks. 

The livers were quickly removed, weighed 
on a Sartorius Balance. In most cases it 
was necessary to pool 2 livers for analyses. 
The liver was minced in an iced beaker and 
diluted J0-fold with cold 0.88 11 sucrose. 
The mince was homogenized in a Potter-El- 
vehjem type tissue grinder with Teflon pestle 
for approximately 4 minutes in an ice bath. 
forced through a No. 20 gauge hypodermic 
needle to remove stroma. and centrifuged in 
a Servall Angle Centrifuge (Type RR- 1 ) , 
according to a modification of the procedures 
of Hogeboom et al.(15) and Griffiths and 
Pace( 16) for separation of the cellular frac- 
tions by differential centrifugation. Nito- 
chondria fraction: An aliquot of the homo- 
genate was centrifuged at  1,000 >’ G for 15 
minutes to remove nuclei. The supernatant 
was then centrifuged at  10,000 x G for 30 
minutes and the mitochondria precipitate was 
washed twice with cold 0.15 11 YaC1 and 
finally recentrifuged at  10,000 CJ for 20 
minutes. The mitochondria fraction was 
then treated with 10% trichloroacetic acid 
(TCA) containing 0.4 M MgCL( 1 7 )  to re- 
move the acid-soluble phosphorus and was 
then recentrifuged at  10,000 x G for 10 
minutes. The precipitate was washed with 
5% TCA containing 0.4 >I llgC12 and re- 
centrifuged at 10,000 X G for 15 minutes. 
The mitochondria precipitate was then cov- 
ered with ethanol for dehydration for 6 hours 
and then washed quantitatively into Soxhlet 
extracting thimbles with ethanol. Xuclear 
fraction: An aliquot of the homogenate was 
recentrifuged at  10,000 X G for 30 minutes. 
The precipitate was washed with cold 0.15 M 
NaCl and lOv, and 5% TClA solutions and 
recentrifuged. The precipitate represents nu- 
clei and mitochondria. The value of the nu- 

4 North Dakota State Mill and Elevator Co., 
-- - __ - -- 

Grand Forks. 

clei component was obtained by difference. 
Homogenate fraction: The homogenate frac- 
tion was precipitated by addition of 10% 
TCA. centrifuged at  1,000 X G for 15 min- 
utes, washed with 5% TCA and recentri- 
fuged. The lipids from the cellular fractions 
were extracted with 95% ethanol for 6 hours 
in Soxhlet continuous extractors. The lipids 
were purified with chloroform( 18). Lipid 
J’(  19). lecithin and cephalin (20) were deter- 
mined on aliquots of the chloroform solution. 
Histological examination showed that the 
mitochondria and nuclear fractions, obtained 
corresponded in appearance and staining 
properties with those described by Claude 
( 2 1 ) and Hogeboom ( 15). 

Results. Table I shows the effect of 
dietary protein level on total lipid P, lecithin 
I’ and cephalin of mitochondria, nuclei and 
homogenates. To evaluate the significance 
of results, the t test of significance(22) was 
applied to the difference between mean of 
controls and experimental values. The data 
show that a reduction of protein concentra- 
tion in the diet produces a statistically sig- 
nificant decrease in total lipid P, lecithin P 
and cephalin P in liver mitochondria. There 
is a statistically significant decrease in leci- 
thin P of nuclei and homogenates of liver of 
the animals fed the 5% casein diet as com- 
pared to the 30% protein. These data indi- 
cate that the lipid P concentration in mito- 
chondria is directly related to dietary protein 
intake. This observation is in agreement 
with the studies carried out on feeding vari- 
oils proteins and analyzing total lipid phos- 
phorus; the quantity and quality of dietary 
protein determines phospholipid content of 
the liver cell (7,8,23). 

The effect of a single dose of choline a t  
various time intervals on the phospholipids of 
mitochondria, nuclei and homogenates in 
choline deficient animals is shown in Table 
11. I t  is apparent that administration of a 
single dose of choline by stomach tube in- 
creases total lipid P and lecithin P concen- 
tration in the liver in 3 hours. There is a 
statistically significant increase in total lipid 
1’ and lecithin 1’ at  3, 6, 10 and 18 hours in 
the mitochondria following administration of 
a single dose of choline when the animals 
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have been made choline deficient by admin- 
istration of a methyl group acceptor, 1 
guanidoacetic acid in the diet. 

The effect of smaller doses of choline on 
total lipid 1’. lecithin P and cephalin I’ in 
mitochondria, nuclei and homogenates is 
shown in Table 111. I t  is apparent that ad- 
ministration of single dose of 40 mg of cho- 
line in 6 hours produces a statistically signi- 
ficant increase in concentration of total lipid 
P and lecithin P in liver mitochondria. This 
increase of lecithin P concentration in the 
mitochondria following administratior! of 
single dose of choline gives further proof that 
the composition of these cellular units is af- 
fected by dietary intake. Recently Hartroft 
(24)  has shown that liver mitochondria have 
an oblong or oval profile in electronmicro- 
graphs but their shapes become rounded in 
profile in early choline deficiency. In later 
stages of choline deficiency a striking in- 
crease in size of these mitochondria was ob- 
served. 

1. The effect of a single dose 
of choline on total lipid phosphorus. lecithin 
P, and cephalin P of mitochondria. nuclei and 
homogenates of the liver was studied in cho- 
line deficient rats. 2. Administration of sin- 
gle dose of choline 40, 7 5  and 150 mng signifi- 
cantly increased in  6 hours the total lipid 1’. 
and lecithin P concentration of liver mito- 
chondria. 3.  A statistically significant in- 
crease in total lipid P and lecithin I’ of liver 
mitochondria and homogenates occurred in 3 ,  
6, 10 and 18 hours following administration 
of a single dose of choline. 4. Diets low in 
protein reduce the level of total lipid I). leci- 
thin P and cephalin P in liver mitochondria. 
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