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planned to analyze white and gray matter 
separately and from different brain areas. I t  
is the major advantage of our prolcedures that 
very small amounts of esters are required for 
analysis, 3 p1 being sufficient for a single chro- 
matogram, and as little as 10 pl for total 
analyses including hydrogenation and oxida- 
tion. Hence it is possible to analyze gray 
and white matter from several different brain 
areas from a small laboratory animal. 

Su.riz.mary. Gas chromatographic analysis 
of normal fatty acids according to chain 
length from CI0 through P4 and even-num- 
bered u hydroxy acids from C18 through CZ4 
was reported for samples from human and 
chicken brain. Separation of 2 5  resolved 
peaks representing saturated and unsaturated 
normal fatty acids was achieved by chrolma- 
tography of esters on a 10 foot diethylene gly- 
col polyester succinate column. Over half 
of these peaks were identified, tentative iden- 
tifications were given for remainder and their 

relative amounts in human and chicken brain 
fatty acids were reported. 

The authors are indebted to 1)r. H. P. Friedman 
of Carle Hosp. Clinic and Foundation, Urbana, Ill., 
who supplied sample of human brain, and to Evelyn 
Brown for technical assistance. 
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It was found(1) with the aid of gas-liquid 
chromatography (GLC) that total fatty acids 
of human bile constitute a complex mixture 
of several compounds. It was also shown that 
purified bile lecithin contains palmitic, stearic, 
ole& linoleic, and arachidonic acids, and 
small amounts of several other fatty acids. 
Fatty acids of the bile lecithin are asym- 
metrically distributed on the molecule and 
represent abolut 90% of total fatty acids of 
human bile. The lecithin of the bile may play 
an important rolle together with bile acids in 
holding cholesterol in solution (2,3). If leci- 
thin has a pronounced physiological action, 
differences in fatty acid composition of the 
bile lecithin might influence such a balanced 

* This work is part of investigations suppcrted by 
Swedish Medical Research Council. 

system. The purpose of this study was to in- 
vestigate which fatty acids are normally pres- 
ent in human bile and to see how these may 
vary in biliary disease. 

Methods. Matevial. Specimens of gall- 
bladder bile and hepatic bile were collected 
from different cases. Table I gives clinical 
data. Three cases with duodenal ulcer had 
no signs of biliary disease. The bile was col- 
lected into methanol and stoli:ed in a refriger- 
ator until analyzed. Fractionation and Gas- 
Liquid Chromatography: Total fat was ex- 
tracted with chloroform : methanol according 
to Folch ef al . (4) .  Total fatty acids were 
isolated after saponification and acidification, 
then methylated and submittled to analysis by 
gas-liquid chromatography as described pre- 
viously( 1 ) .  The lecithin from 3 different bile 
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TXBLE I. Clinical Diagnosis of 13 Patients, Ma&. hp Routiric I d o r a t o r y  Methods, X-ray 
Exaniiiiatioii niicl C'liiiical Fiiitlings during Opci-ation. 

Patient Rex Age Cli n i c d  ilia giio+i+ Gallbladder function 
H.J. 
U.L. 
X.B. 
M.S. 
V.J. 
J.TJ. 
E X .  
H .s. 
O.F. 
C.C. 

H.P. 

T.P. 

E.H. 

0 
8 
0 
0 
0 
0 
P 
0 
8 
0 

0 

0 

0 

Gnlll~laddcr occlusion by 
sto1w 

Ga1lbl:dilcr occlusioii bS tu- 
mor infiltration arouiid 
cp t i c  duct 

specimens from cases with gallstone disease 
(one with common duct stone without jaun- 
dice) was purified by silicic acid chromatogra- 
phy as described earlier(1). The purified 
bile lecithin was hydrolyzed through the ac- 
tion of snake venom phospholipase A ( C m -  
talzis adanzanteus). Fatty acids released by 
phospholipase A and those obtained after hy- 
drolysis of the lysdecithin formed from the 
bile lecithin were methylated and subjected 
to GLC. Other experimental procedures used 
have been described(5). Fatty acids are 
numbered as suggested by Insull c t  d . ( 6 ) .  
The category C20.t-'2 refers to a group of un- 
saturated fatty acids whose structure has not 
been determined. 

Specimens of bile from subjects 
without biliary disease and from subjects with 
varying biliary disease were analyzed. Con- 
tent of neutral fat + free fatty acids and of 
phosphollipids in the bladder bile specimens 
analyzed was in the range od 0.5 to about 1% 
(1,2). The  detailed results of analyses of 
fatty acids are shown in Table I1 and a sum- 
mary of the proportions of the 3 main groups 
of acids is given in Table 111. There is no 
significant difference in composition of total 
fatty acids of bile between patients without 
biliary disease and those with gallstone dis- 
ease, with or without complications. The re- 
sults of these analyses also indicate the very 

Results. 

good reproducibility of the methods used for 
extraction and gasliquid chromatography. 
'There is no difference in composition between 
total fatty acids of bile from gallbladders and 
those from hepatic bile. Because of the lim- 
ited cases studied (especially normals) i t  is, 
however, not possible to make definite con- 
clusions from our data. 

Analyses were also made od total fatty acids 
of bile specimens from 2 patients with oc- 
cluded gallbladder, one case caused by gall- 
liladder stone, with beginning resorption of 
bile pigments, and one case with white bile due 
to a common duct cancer above and around 
the cystic duct. In  both these cases there is 
a clear tendency to higher concentration oif 
heptadecanoic acid and stearic acid (Table 
IT). Total saturated fatty acids have in- 
creased from around 35 to 58% of total fatty 
acids. Furthermore, concentration of linoleic 
acid has decreased from 25  to about 8% of 
total fatty acids. Thus there are significant 
changes in proportions between saturated, 
mono-saturated and polyunsaturated fatty 
acids (Table HI). 

In Table I\' fatty acid compoisition of hu- 
man gallbladder bile lecithin from 3 patients 
with gallstone disesse is shown. The lecithin 
was purified by silicic acid column chroma- 
tography and hydrolyzed with phospholipase 
A. Fatty acids released by action of snake 
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I 1 . , J .  
T7.1,. 
*LH. 
1I.S. 
T.J. 
I,.T,. 
E.N. 
H.X. 
O.F. 
V.P. 
1I.P. 
T.P. 
E.H. 

21.0 
24.8 
2.5.11 
30.2 
31.1 
18.2 
23.(i 
2i..5 
2*5.9 
22.4 
25.6 
2 6.3 
19.2 

~~~~~~ 

venom phospholipase and fatty acids of the 
lysolecithin were determined with gas-liquid 
chromatography. In this way 2 different 
groups of fatty acids were obtained. Fatty 
acids freed by phospholipase A contained 
mainly unsaturated fatty acids and those of 
lysolecithin contained mainly saturated fatty 
acids. The predominating fatty acid of the 
lysolecithin was palmitic acid. According to 
new work of Tattrie( 7 )  it seems very likely 
that saturated fatty acids of lecithin are at- 
tached to the C-1 (alpha) ester position and 
unsaturated fatty acids are attached to the 
C-2 (beta) position. The reasons for this 
concept have been discussed ( 1 ) . The results 
give further support to the conclusion ( 1 ) that 
there are several different lecithins present in 
human bile. 

It is also apparent that fatty acid composi- 
tion is different in the 3 lecithin specimens 
analyzed. In  subject U. 0. there is an  in- 
creased amount of polyunsaturated fatty acids 
especially belonging to the C,c,.,, group. Fur- 
ther work is necessary to identify these fattjr 
acids. In  subject L.T. (with a common duct 
stone but without jaundice) the proportion 
of oleic acid was increased from about 24 to 

Study of the fatty acid coni- 
position of total biliary fatty acids of patients 
without biliary disease and patients with un- 
complicated gallstone disease showed no sig- 
nificant alteration which could indicate that 

47%. 
Disc24ssion. 

fatty acids excreted via the bile were essen- 
tially different from those of normal individ- 
uals. Because of the limited number olf nor- 
mal cases studied definite conclusions can not 
lw made. 

There is some indication that in patients 
with occlusion of the cystic duct and absorp- 
tion of the bile pigments the fatty acid pat- 
tern is definitely changed. There is a sig- 
nificant reduction in proportion of podyun- 
siturated fatty acids, especially linoleic acid, 
and a corresponding increase in proportion oif 
saturated fatty acids, mostly in the stearic 
acid concentration. These changes may be 
due to metabolic impairment of the lipid 
metabolism of the liver before occlusion of the 
cystic duct is complete. A partial reabsorp- 
tion of fatty acids from the bile or perhaps hy- 
drogenation of unsaturated fatty acids by 

TL\ 1:Id15 I V. Ii'iittj- Acit l  ('011i1)osition of Huoi:iii 
I i i l ( 5  1,clc.itliiii f i  oin 3 Patielits (U.O., L.T., arid 
S.11. ) .  IAc~citliiii KNS isolated by silicic column 
c 1 I I o I 1 I :it og 1 ' ;  I 1 I 1 I ,IT :I lid h >- clr olps ed by 17 ho spholip a. se 
.I (Ciolulris tatlumcinlus). F a t t y  acids were deter- 

uid cliromatography. Values ex- 
i tage of total  f a t ty  ac id  methyl 

( ' it(> ~cxpoc. tivr f rn  c tions. 

56 of total f a t t y  aciil in 
r t~ "I' w t i ve f I' :ic t i o n  of 
human bile lecithin 

Fa t ty  acids Fa t ty  acids 
freed from bile obtained a f -  

I.'.itt> : i c . i t l  

.ti .9 .ti 1.4 1.4 5.3 
.G .7 1.6 1.5 5.4 

15.1 8.4 17 .1  61.0 66.3 53.8 
.7 .7 2.7 2.1 2.7 

3.5 8.2 11.4 6.5 4.(i 

4..5 8.3 6.4 6.7 9.8 '.!I 
2 1.9 47.4 25.9 5.0 7.5 6.6 

31.0 32.0 32.1 3.1 1 .i 

1.5 
1.8 5.1 

<, <s 20.4 8.2 8.6 ">..) 

Is arc also design:ited by it 

tln:11 symbol giving chain lerigtlr and S o .  of dou?~Ie  
1 )o i id~ .  8uni of each column is less than 1 OO$% btl- 
( ~ a u w  tracc amounts  of u~tus~xal f a t ty  ncicls detected 
W ~ I T  omit ted froin f i i d  tabulation. 
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bacterial enzymes must, however, also be 
considered. 

Study of a few specimens of lecithin purified 
from the gallbladder bile of subjects with gall- 
stone disease encourages a wider study of 
fatty acid composition alf the lecithins of bile 
collected from subjects with various liver af- 
fections. I t  will be of interest to] compare 
fatty acid composition of the various lipids 
of the liver with corresponding fatty acids in 
the bile. This is now under investigation. 

1) Total fatty acids of human 
gallbladder bile and hepatic bile were ana- 
lyzed qualitatively and quantitatively by gas- 
liquid chromatography. The 3 major fatty 
acids in human bile are palmitic, oleic and 
linoleic acid, representing around 80% of to- 
tal fatty acids. 2 )  Analysis of composition of 
total fatty acids in uncomplicated gallstone 
disease failed to reveal any abnormality in 
this disease. 3)  In one subject with occluding 

Sumnzary. 

gallbladder stone and beginning absorption of 
bile pigments, and one subject with white bile, 
a reduction of the proportion of polyunsatu- 
rated fatty acids and an excess in saturated 
fatty acids were observed. 4) The significance 
of differences in relative concentrations of 
fatty acids of lecithins in subjects with gall- 
stone disease is discussed. 
_ _  ~ ~ 
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Metabolism of Arginine by Mouse Fibroblast, Strain L." (25781) 

LIONEL A. A ~ A N S Q N  .AND ~ % ~ I L L I A M  J. THOMAS 
(Introduced by David Kritchevsky) 

Wistar  Inst. of LAnafonzy and Biology, Philadelphia, Pa. 

I t  has recently been reported(1) that peri- 
odic additions of L-arginine to1 cultures of 
mouse fibroblast cells (Earle's strain L)  grow- 
ing in suspension obviated the need for a 
medium change for periods up to 10 days or 
more. During this time grolwth rate and via- 
bility were maintained a t  a high level. This 
report presents results which may explain the 
need for periodic addition of E-arginine for 
sustained growth of the L cells. 

JWcthods. Spinner cultures of L strain 
cells were set up as previously described( 1), 
using Eagle's basal medium. The bidaily ad- 
ditions of L-arginine-HC1, I,-citrulline and L- 
aspartic acid were such that final concentra- 
tion of the supplement was 0.2 micromole. 
h i  tial cell concentrations were approximately 

* This study supported by grants from Am. Cancer 
Scc. and U. S. Army Chemical Corps, Fort Detrick, 
Md. 

2 x 10; cells per ml. Samples were removed 
daily for estimations of cellular proliferation 
and viability and of ammolnia content of the 
growth medium. Free ammonia in the me- 
dium was determined as follows: The cells 
were removed by a short centrifugation; 1.0 
ml of the supernatant fluid was placed in a 
16 x 150 mm test tube fitted with an air inlet; 
2.0 ml of a saturated solution of potassium 
carbonate and 1 drop of octyl alcohol were 
added; the ammonia was driven off by vigo- 
rous aeration for 30 minutes into 4 ml of 1 N 
sulfuric acid ( 2 ) . Amolunt of ammonia 
trapped in the acid was determined by nessler- 
ization (3 ) . Chromatographic analysis of the 
reaction products was carried out with a newly 
available sulf onic acid type cation exchange 
resin paper, t which, according to Tuckerman 

t Thanks due to Robert W. Percival, Rohm and 
Haas Co., Philadelphia, for generous supply of Am- 
berlite IR-129 chromatographic paper. 


