
492 ThE JOURNAL op THE A~EI~ICAN OIL CHEMISTS' SOCIETY VOL. 42 

53. Overman, R. t~., and A. K. Davis, Ibid.  168, 641 (1947).  
54. Curtis, n .  J., and K. S. Cole, J.  Cell. Comp. Physiol. 19, 135 

(1942).  
55. Hodgkin, A. L., Biol. Rev. Cambridge Philos. Soc. ~6, 339, 

(1951) .  
56. Bolingbroke, V., and 2/L Maizels, J.  Physiol. (Lend.)  149,  563 

(1959) .  
57. Grunfest, H., "Electrochemistry in Biology and Medicine," Ed. 

Shedlovsky, T., John Wiley and Sons, Inc., New York, 1955, p. 141. 
58. Hodgkin, A. L., A. F. Huxley and B. Katz, J.  Physiol. (Lond.) 

116, 424 (1952).  
59. Hodgkin, A. L., and A. t~. Huxley, Ibid.  p. 473. 
60. IIodgkin, A. L., and A. F. Huxley, Ibid.  p. 449. 
61. Hodgkin, A. L., and A. E. Huxley, Ibid.  p. 497. 
62. Hodgkin, A. L., and A. F. Huxley, Ibid.  117,  500 (1952).  
63. Judah,  J. D., and .K. Ahmed, Biol. Rev. 89, 169 (1964).  
64. Shanes, A. M., "The Biology of Myelin," Ed. Korey, S. R., 

Hoeber-Harper,  New York, 1959, p. 173. 

65. Davison, A. N., Symposium on nemyelinating Diseases, New 
York Acad. Sc., New York, January ,  1964. 

66. Stoeckenius, W., "The Interpretat ion of Ultrastructure,"  Aca- 
demic Press, New York, 1961, p. 349. 

67. Chapman, D., Symposium on Quantitative Methodology in Lipid 
Research, Penn State University, August, 1964. 

68. Chapman, D ,  Chemical Reviews 69, 433 (1962) .  
69. Thompson, E. B., and Marian W. Kies, Symposium on Demye- 

linating Diseases, New York Acad. Sci., January,  1964. 
70. Willbrandt, W., "Membrane Transport  and Metabolism," Ed. 

Kleinzeller, A., and A. Kotyk, Academic Press, New York, 1961, p. 388. 
71. Cohen, G. N., and J. ~Ionod, Butt.  Rev. 21, 169 (1957).  
72. Sols, A., Bull. See. Chlm. Biol., 89, suppl. I I ,  3. 
73. Mitchell, P., "Membrane Transport  and Metabolism," Ed. Klein- 

zeller, A., and A. Kotvk, Academic Press, New York, 1961, p. 22. 
74. Crane, R. K., I). Miller and I.  Bihler, Ibid.  p. 439. 
75. Quastell, Y. I-I., Ibid.  p. 512. 
76. Christensen, H., Ib id .  p. 510. 

Lipid Class and Fatty Acid Composition of Intact 
Nerve and During Wallerian Degeneration 

Peripheral 

J. F. BERRY, W. H. CEVALLOS, 1 and R. R. WADE, JR., Division of Neurology 
University of Minnesota, Minneapolis 

Abstract 
Lipid extraets from normal cat, chicken, and 

beef sciatic nerve were fract ionated into their 
components by combinations of silicie acid, Flori- 
sil, DEAE-eellulose, or silieic acid-silicate column 
chromatography. 

The constituent f a t ty  acids of total lipid ex- 
tracts  and of individuaI lipid classes were qual- 
i tatively and quanti tat ively determined as their 
methyl esters by gas chromatography. 

These methods were also applied to lipid ex- 
tracts  f rom cat sciatic nerve undergoing Wal- 
ierian degeneration at 8, 16, 32, and 96 days af ter  
section and to chicken sciatic nerve undergoing" 
demyelination due to organophosphate poisoning. 

All f a t ty  acids were markedly decreased in the 
total Iipids of eat sciatic nerve at 96 days af ter  
section and most of these were decreased at 32 
days. As early as 8 days af ter  section 16:0, 
16:1, 18:2, 20:0, and 20:4 showed decreases, 
while 18:0, 18:1, 22:1, 22:5, 22:6, and 24:1 did 
not begin to show decreases until  16 days after  
section. The decreases in fa t ty  acids were con- 
sidered to be due to inereased catabolism, de- 
creased synthesis, or increased removal of fa t ty  
acids from nervous tissue. The fa t ty  acid con- 
tent of the total lipids of chicken nerve under- 
going demyelination resembled that  of eat sciatic 
nerve between 1.6 and 32 days af ter  section. 

Myelin lipids, sphingomyelin, cerebrosides, and 
phosphatidyl  ethanolamine (PE)  began to de- 
crease as early as 8 days af ter  section in cat 
seiatie nerve. Phosphatidyl  serine (PS)  also de- 
creased at this time. Cholesterol, lecithin, and 
ethanolalnine plasnlalogen did not begin to de- 
crease until  16 days af ter  seetion and phospha- 
t idyl inositol (PI )  did not decrease until  32 days 
af ter  section. Triglyeerides decreased markedly 
at 8 days after  section gradually returnillg to 
normal by 96 days. This was accompanied by a 
transient  increase in free fa t ty  acids and mono- 
glycerides. Cholesterol esters and lysoleeithin in- 
creased markedly at 8 days af ter  section and 
were higher than normal levels even at 96 days 
af ter  section. 

1Biochemistry Research Division, Sinai Hospital of Baltimore, Inc., 
Baltimore, Md. 

In chicken sciatic nerve undergoing demyelin- 
ation af ter  organophosphate poisoning, cerebro- 
side was the only myelin lipid which decreased 
in amt, while cholesterol esters and diglyeerides 
increased. 

Sphingomyelin and eerebrosides e o n t a i n i n g  
16:0, 18:0, 18:1, 18:2, 20:0, 22:0, 23:0, 24:0, 
24:1 seemed to be most susceptible to degradation 
or interference in synthesis in degenerating nerve. 
For  the most part ,  these fa t ty  acids were ob- 
served to increase in cholesterol esters, free fa t ty  
acids, and, in some instances, triglyeerides. 

The changes in various lipid classes and their 
constituent fa t ty  acids are discussed ill relation 
to various cellular changes which accompany 
degeneration. 

Introduction 

T 
HERE ARE DESCRIBED in the l i terature many detailed 

studies of the lipid compositions of brain in 
various animal species and in recent years increasing 
at tention has been focussed on such studies making 
use of modern methods of lipid chemistry. However, 
there are relatively few reports on the lipid compo- 
sition of peripheral  nerve. Studies on peripheral 
nerve are of interest beeause an experimentM pe- 
ripheral nerve demyelination which follows a repro- 
ducible course can be induced in laboratory animals 
by a relatively simple operative procedure. 

Ea r ly  studies on the lipid composition of peripheral 
nerve were reported by Falk (1), Randall (2), 
Schmidt et al. (3), Johnson e t a l .  (4), Brante  (5), 
and a more recent s tudy by McCaman and Robins 
(6). These investigations all made use of indireet 
procedures involving hydrolysis of lipids with sub- 
sequent colorimetrie estimation of water-soluble hy- 
drolysis products. The only reports involving isola- 
tion of tipids are those of Webster on the plasmalogen, 
cephalins, leeithin, sphingomyelin, and lysolecitbin 
content of sciatic nerve (7,8). 

Classical studies on the lipid composition of a pe- 
r ipheral  nelwe undergoing Wallerian degeneration 
are those of Johnson et al. (9),  Bu t t  et al. (10), and 
of Brante  (5). These authors applied the terms 
"mye l in  l ip ids"  and " shea th  typieM lipids,"  re- 
spectively, to describe the group of lipids wMeh 
decline rapidly  in conch in degenerating nerve (chol- 
esterol, cerebroside, sphingomyelin).  MeCaman and 
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Robins (6) have more recently confirmed these early 
findings. Indi rec t  methods were employed in all 
these investigations. 

At tempts  to refine the information on the inorganic 
P ~  incorporat ion into the lipids of degenerat ing pe- 
r ipheral  nerve were made by Magee et al. (11) using 
the early techniques of Dawson (12) and by Miani 
(13) using the newer method of Dawson (14). These 
methods involve the hydrolyt ic  deacylation of phos- 
pholipids and chromatographic  separat ion and identi- 
fication of the water-soluble phosphate esters. Rossiter 
(15) has indicated the need for applicat ion of modern 
direct methods to reinvestigate the lipid composition 
of per ipheral  nerve. 

Kline et al. (16), P r i t ehard  and Rossiter (17), and 
Majno and Karnovsky (18) have reported on the 
increased incorporat ion of C~4-acetate into the fa t ty  
acids of degenerat ing nerve, and, in part icular ,  the 
phospholipid f a t ty  acids. No differentiation of lipid 
type or specific f a t ty  acid was made. The f a t ty  acid 
composition of sciatic nerve lipids has been reported 
by Baker  (19) and by Bar t ley  et al. (20). Only 
the f a t t y  acids f rom alkali-liabile lipids were reported 
and the amide-bound f a t ty  acids of the sphingolipids 
were not included. No reports  have appeared  on the 
fa t ty  acid composition of degenerat ing nerve al though 
there is an isolated repor t  (21) on the f a t ty  acid 
composition of degenerat ing white mat te r  in the 
brain f rom a multiple sclerosis patient.  

The present  investigation was designed to isolate 
and quant[ tate the lipid classes of normal  per ipheral  
nerve and that  undergoing Waller ian degeneration 
af ter  section and to determine the f a t t y  acid compo- 
sition of the isolated lipid classes. A pre l iminary  
repor t  of this work has been presented (22). 

Experimental Procedure 
Surgical Technique and Extrac t ion  of Tissue 

The r ight  sciatic nerve was cut at  the level of 
the greater  t rochanter  of the femur.  The proximal 
s tump was ret racted and sutured to the overlying 
nmscle to minimize the possibility of regeneration. 
Af te r  vary ing  periods of degeneration, animals were 
sacrificed by decapitat ion and the segment of nerve 
distal to the site of operation was removed. At  the 
same time, a similar length of the lef t  sciatic nerve 
was removed to serve as a control. Each  nerve was 
s t r ipped of f a t t y  and connective tissue and the nerve 
was rap id ly  weighed. Pr ior  to extraction, the nerve 
was cut into small pieces. In  the case of beef nerve, 
freezing in liquid nitrogen followed by  pulverization 
was helpful  to subdivide the tissue. 

Small  nerve sample (rat,  eat, chicken) were ex- 
t racted with 20 volumes of chloroform-methanol 2/1 
in a conical homogenizer (Kontes Glass Co.). Large 
samples (beef nerve) were more conveniently ex- 
t racted in a blendor. Subsequent extract ion of the 
residue with chloroform-methanoI-HC1 (200/100/1)  
or chloroform-methanol 2/1 sa tura ted  with aqueous 
ammonia  failed to extract  any  addit ional  lipid. In  
the case of beef nerve lipids p repared  as described 
by Rouser et al. (23), only 0.3% of total  lipid was 
extracted by CHC13-MeOH satura ted  with ammonia. 

In  earlier studies with cat and chicken nerve, the 
lipid extracts  were made to 0.0015 N with respect 
to HgC12 and acidified to 0.5 N with HCI  in order 
to convert  plasmalogens to free aldehydes and the 
corresponding lysophosphatide. I t  is now prefer red  
to ca r ry  out such procedures on individual  pure  lipid 
fractions. 

With  small nerve samples lipid extracts were par-  
t i t ioned against  0.2 times their  volume of 0.9% NaC1 
(24). No loss of lipid could be detected af ter  this 
extraction. Losses in gangliosides might  be expected 
(25). However,  some investigators (26) have failed 
to find gangliosides in per iphera l  nerve. Under  acidic 
conditions, no other lipids passed into the saline- 
methanol phase. Under  neutra l  conditions and af ter  
incubation of nerve homogenates in an aqueous sys- 
tem, 0.2% of the free f a t ty  acids may be carried into 
this phase bound to protein. With  large volumes of 
extracts  such as are obtained f rom beef nerve, it is 
preferable  to remove nonlipid mater ial  on a cellulose 
column (27). The chloroform phase was filtered and  
dried over solid anhydrous  sodium sulfate and evapo- 
rated to dryness on a ro ta ry  evaporator  under  vac- 
uum. Beef nerve lipid extracts  were processed as 
described by Rouser et al. (23). 

All solvents used were redistilled and deoxygenated 
before use by gassing with prepurified nitrogen having 
no more than  6 p p m  of oxygen. A few seconds of 
cavitation with a sonieator is useful to degas solvents 
pr ior  to nitrogenation. 

Fract ionat ion  of Lipids 
Silicic acid p repared  by  the method of Horn ing  

et al. (28) was used for  the initial f ract ionat ions 
of eat and  chicken nerve lipids. Since the neutra l  
lipids compose half  to three fourths of the lipids of 
these tissues, respectively, this was a for tunate  choice. 
Even with beef nerve lipid which contains only a th i rd  
of its total  l ipid as neutra l  lipid, enormous volumes 
of solvent were necessary to remove neutra l  l ipid 
f rom DEAE-cellulose columns prior  to f ract ionat ion 
of the phospholipids and glycolipids. Fo r  the com- 
plete elution of neutra l  lipids of beef nerve f rom 
silieie acid only half  the volume of solvent was re- 
quired as was necessary with DEAE-cellulose con- 
raining the same lipid load. 

Column chromatography  was carried out in 1.8 × 
20 em columns of the type described by Hirseh and 
Ahrens (29). The following fraet ionat ion scheme 
was used for  cat and chicken nerve. Lipids were 
applied to the column in hexane. Free  aldehyde 
was eluted with 150 ml hexane, cholesterol ester with 
150 ml 1% ether in hexane, tr iglyeerides with 500 
ml 4% ether in hexane, free f a t ty  acids with 200 
ml 8% ether in hexane, cholesterol (which may  con- 
tain some overlap of free f a t t y  acids) with 600 nil 
15% ether in hexane, diglyceride with 200 mt 30% 
ether in hexane, monoglyceride with 200 ml 80% 
ether in hexane. The column was then washed with 
150 ml CHCla. A mixture  of eerebrosides, sulfatides, 
phosphat idyl  ethanolamine ( P E ) ,  phosphat idyl  serine 
(PS) ,  and phosphat idyl  inositol (P I )  was eluted 
with 600 ml 20% MeOH in CHCla. In  earlier studies, 
a port ion of this eluate was chromatographed on a 
Florisil  column as described by Kishimoto and Radin 
(30) for  the separat ion of cerebrosides. The remain-  
ing components of this f ract ion were then separated 
on a silieic acid-silicate column (27). This mixture  
is now more conveniently separated on a DEAE-cel t -  
ulose column in which eerebrosides are eluted with 
7 column volumes of CHCla /MeOH 9:1, P E  with 8 
column volumes of CHCla /MeOH 7:3, phosphat idyl  
inositol with C H C l a / H A e  3/1 + 0.05M ammonium 
acetate, phosphat idyl  serine with the same solvent + 
0.1M ammonium acetate, and sulfatide with the same 
solvent + 0.2M ammonium acetate (23). 

The silicie acid column was then t rea ted  with 600 
ml 25% MeOH in CHCla which elutes lysophospha- 
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TABLE I 
t~elative Fatty Acid Composition 

of Total Lipids from Normal Sciatic Nerve 
Total lipid extract methylated and fatty acid methyl esters 

separated by GLC (details in text)  

N o r m a l  n e r v e  (relative % ) a  

Fatty Rat  Cat Chicken 
acid 

1 2 : 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 4 : 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 4 : 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 5 : 0  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 6 : 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 6 : 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 7 : 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 7 : 1  . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 8 : 0  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 8 : 1  . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 8 : 2  . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 8 : 3  .. . . . . . . . . . . . . . . . . . . . . . . . . .  
2 0 : 0  . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2 0 : 1  .. . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 0 : 4  . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2 2 : 0  . . . . . . . . . . . . . . . . . . . . . . . . . .  

2 2 : 1  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 2 : 5  . . . . . . . . . . . . . . . . . . . . . . . . . .  

2 2 : 6  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 3 : 0  . . . . . . . . . . . . . . . . . . . . . . . . .  
2 4 : 0  .. . . . . . . . . . . . . . . . . . . . . . . . . .  
2 4 : 1  . . . . . . . . . . . . . . . . . . . . . . . .  

2S:9 
3.2 
1 , I  
1.3 
8.3 

45 .0  
11 .4  

1.0 

oi  
1.3 
0.8 

0.6 
3.5 
0.7 
1,2 

14 .9  
6.6 
0.9 
2.3 
9.6 

23 .0  
10.5  

1.4 
0.8 
3.1 
2 .8  
0 .6  

4.0 

2.3 
2.8 

0 .03 
1.8 
0.4 
0 .3  

2 9 . 8  
6 .4  
0 .5  
0 .1  
6.3 

39 .6  
6.6 

0.5 
0.4  
0 .1  
2 ,3  
0.2 
0 .2  
0,1 
0.5 
2 .8 
2 .1 

aValues are given for trace conlponents which are less than 1 %  
of the totaI onIy when these were  noted to undergo changes in de- 
g e n e r a t i n g  nerve. 

tidyl ethanolamine. The column was stripped with 
MeOtt and the eluate applied to a silicic acid-silicate 
column (27) for the separation of lecithin and sphin- 
gomyelin. 

Column eluates were collected as 10-ml fractions 
and analyzed for cholesterol by the method of Hand 
and Dam (31), glycerol by the method of Van Handel 
and Zilversmit (32), ester bonds by the method of 
Snyder and Stevens (33), phosphorus by the method 
of Bartlett (34), and relative amts of ninhydrin 
positive substances visualized by the method of Rouser 
(35). Aldehyde was estimated by the method of 
Gray and McFar]ane (36) and carbohydrate by an 
a-naphthol procedure (37). Recoveries of lipid from 
columns averaged 99%. 

Aliquots of fractions were monitored by paper 
chromatography using silieie acid-impregnated paper 
and solvent systems and conditions described by 
Rouser (38). This monitoring procedure is now 
usually carried out by thin-layer chromatography 

T A B L E  II 
Fatty  Acid Content of Total Lipids from 
Normal and Degenerat ing Sciatic N e r v e  

Total lipid extract methylated and fatty  acid methyl esters separated 
by GLC (details in text ) .  Underlined figures are significantly different 
from valnes expressed for normal nerve,. 

Mg of fatty ac id /nerve  a 

Fatty ! 
acid 

1 2 : 0  
1 4 : 0  
1 4 : t  
1 5 : 0  
1 6 : 0  
1 6 : 1  
1 7 : 0  
1 7 : 1  
1 8 : 0  

1 8 : 1  
1 8 : 2  
1 8 : 3  
2 0 : 0  
2 0 : 1  
2 0 : 4  
2 2 : 0  
2 2 : 1  
2 2 : 5  
2 2 : 6  
2 4 : 0  
2 4 : 1  

Cat (days after section) Chicken 

0 8 16 32 96  N o r m a l  D e g e n e r a t i n g  ~ 

9.7  0 .6  0.1 0 .8  1 .5  
5 .0  4 .2  9.0 2.5 2 .6  
1 .0  2 .6  2.3 0.3 0.2 
1 .7  3.2 2.8 0.3 0.2 

2 1 . 5  13,2  10 .9  13.1  8,6 
9.5 4.3 6.5 3 .0  5 .6  
1.3 1.6 1.2 0,2 0.1 
3.3 2 .2  2.2 0 .4  0.3 

13.8 12 .7  6.4 5.2 3.0 
33.1  28 .2  21 .2  19.1  12 ,6  
15.1  6.6 5.5 3.2 6.0 

2 .0  1.5 0 .6  2 .9  3.8 
1.2 0 .3  0.7 2 .9  0 .1  
4 .5  5 .0  3.1 0 0 .2  
4 .0  2 .6  2 .6  2 .4  1.9 
0.8 1.8 0.9 0 .5  0.2 
2.3 2.2 5.2 0 0,5 
2 ,0  3 .1  1.0 0.5 0,9 
5.8 4.9  2.7 1.5 2 .7  
3 .3  3 .9  2.2 0.2 0 .2  
4 .0  4 .2  1.8 0.2 0.2 

0 . 0 4  0 .08  
2.1 0.5 
0.5 0 .07  
0.4 0.5 

34 .9  18 .9  
7,5 1 .6  
0 .6  0.2 
0.1 0.1  
7.4 4 .5  

46 .3  24 .5  
7.7 4.2 

0 , 6  0.2 
0.5 0,3 
0 .1  0 .2  
2 .7  5.4 
0.2 0 .01  
0.2 0 .05  
0.1 0.2 
3.3 1.6 
2.5 0,8  

is less 

(TLC) using ctfloroform/methanoi/water 65/25/4  
for phospholipids and glycolipids and hexane/ether/ 
acetic acid 80/20/1 for neutral lipids. This procedure 
offers the additional convenience of quantitation if 
the sulfuric acid/dichromate charring reaction is 
used in combination with a densitometer (39). 

Methylation and Gas Chromatography 
Total lipid extracts of pooled lipid fractions from 

column eluates were transmethylated under prepuri- 
fled nitrogen in culture tubes with screw caps and 
Teflon liners at 65C in 5 111t methanol with 0.5 ml 
conc HC1 and 0.2 ml of 2,2-dimethoxypropane. Meth- 
ylations were carried out for 2 hr in the case of 
neutral lipids and 4 hr in the case of phospholipids. 
The methyl esters of fatty acids were extracted with 
n-hexane, washed with water, dried and stored under 
nitrogen. It is useful to check the methylation pro- 
cedure with authentic quantitatively prepared stand- 
ards and to check the completeness of methylation 
by TLC. The amt of nlethyl esters may be determined 
gravimetrically or by the hydroxamate procedure 
(33). 

The methyl esters were chromatographed on the 
Barber-Colman instrument with an argon ionization 
detector using two types of column. Identities of 
methyl esters were established by comparing the 
retention times with those of authentic standards at 
different temps and with those of the identified methyl 
esters from menhaden oil (40). Representative col- 
umns used were 6 ft 9% Apiezon L on 60-80 mesh 
siliconized Chromosorb W at 215C and 36 lb/sq in. 
or 15% diethylene glycol succinate polyester on 80- 
100 mesh siliconized Chromosorb W at 175C and 
25 lb/sq in. Detector linearity and relative detector 
response for different tool wts were checked on pre- 
pared quantitative mixtures from Applied Science 
Laboratories or on standards supplied by the National 
Heart Institute. 

Methyl esters were finally saponified in 1 ml 1N 
KOH in methanol, reextracted and rechromatographed 
in order to correct for nonmethyl ester peaks such 
as the dimethyl acetals of aldehydes (41). 

Peak areas were estimated by triangulation. Sam- 
ples of all solvents before and after passing through 
silicic acid and in corresponding volumes to those 
actually used for extraction and elution were carried 
through the entire procedure to minimize artifacts 
appearing on gas chromatographs from minor im- 
purities. 

Results and Discussion 
Total ~'atty Acids 

Table I shows the relative fatty acid composition 
of total lipids from normal sciatic nerve for rat, 
cat, and chicken nerve. Rat nerve contains relatively 
more 16:0 (palmitate) and 18:1 (oleate) than cat 
nerve, while cat nerve contains relatively more 14:0 
(myristate), 16:1 (palmitoleate), 24:0 (lignoeerate), 
and 24:1 (nervonate). The species difference in the 
latter two acids may be related to the lower content 
of sphingomyelin in rat nerve (3). Baker (19) re- 
ported that sdatie nerve lipids contained little or 
no fatty acids of chain length greater than 20 carbons. 
In the studies reported by Baker, the mildly alkaline 
conditions used would reveal only ester-linked fatty 
acids but not the longer chain amide-linked fatty 
acids characteristic of eerebroside and sphingomyelin. 

Chicken nerve appeared to be similiar to cat nerve 
in its content of patmitate a n d  oleate, but similar 
to cat nerve in its content of palmitoleate, lignoeerate, 
and nervonate. The species difference in the relative 

a Values not given for trace components where fatty acid 
b Organo-phohphate poisoned. 

than 1% of total and did not undergo significant change. 
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TABLE llI 
Lip id  Composi t ion of Normal  Cat, Chicken, and  Beef Sciat ic  Nerve 

I ~ ' r a e t i o n  

Neutral lipids ................................. 

Lech i th in  + 
Sph ingomye l in  ............................. 

Cerebrosides  .................................... 

Phospha t idy l  
e thanolamine  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Phospha t idy l  ser ine + ohos- 
pha t idy l  i n o s i t o l . .  

Sulfatide .......................................... 

S o u r c e  

CttCla eluate of silicic acid or D E A E  cellulose ................ 

Cat nerve 

]~eOII etuate of si l ieic acid ................................................ 

CI{CI~/t~[eOtt 4 / 1  eluate from silicie acid followed by 
CHCI~/MeOH 9 / 1  eluate  f rom D E A B  cellulose or CHCl~/  
MeOH 4 / 1  + 1 .5% HsO from siticic ac id-s i l i ca te  ............ 

CHCla /h IeOH 4 / 1  eluate  f rom silicie acid followed by 
OHCla /MeOH 9 / 1  eluate f rom D E A E  cellulose or  CHC18/ 
MeOtI  4 / 1  eluate  from sil icie ac id-s i l i ca te  . . . . . . . . . . . . . . . . . . . . . . . .  

CI-ICls/lVie0t~ 4 / 1  eluate f rom silicie acid and CI:ICla/ 
MeOI-I 1 / 4  eluate f rom silicic acid or C t ICB/3 / I eOt I /  
Nlls/N:~IdAC ela t ion  f rom D E A E  cellulose . . . . . . . . . . . . . . . . . . . . . . . .  

CHCIs /N:e0 t{  4 / 1  eluate f rom silicic acid followed by 
C I t C l a / M e 0 I : I / N t t a / N I I d A C  eluate  f rom D E A E  cell- 
ulose . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

54.7 

17.8 

7.2 

12.7 

10.1 

3/Ig/100 mg tota l  l ip id  

Chicken nerve  

78.2 

6.1 

6.7 

4.7 

1.7 

0.5 

Beef nerve  

35.2 

32.7 

5.4 

7.9 

7.1 

2.4 

f a t t y  acid composition of the per iphera l  nerve lipids 
may  be related to a different na tura l  diet of these 
species (42-44). 

Tables expressing the relative f a t t y  acid compo- 
sition were useful for  comparisons between species. 
However,  misleading results arise when relative f a t t y  
acid compositions are compared under  conditions 
when the total amt  of f a t t y  acids is changing, e.g., 
degenerat ing nerve. The fact  tha t  the relative con- 
t r ibut ion of a f a t ty  acid to the total  f a t t y  acids re- 
mains unchanged dur ing degeneration may  mask the 
fact  tha t  it is decreasing at  the same rate  as the 
total  f a t ty  acids. 

Table I I  shows the f a t t y  acid content of the total  
l ipid extract  f rom normal  and sectioned eat sciatic 
nerve and normal  and organophosphate poisoned 
chicken sciatic nerve. 

I n  lipid extracts  of cat sciatic nerve all the f a t ty  
acids were decreased to a greater  or lesser extent at 
96 days af ter  section. Pr incipal  differences between 
groups of f a t ty  acids occurred in relation to the 
time when decreases began. As ear ly as 8 days af ter  
section, 16:0, 16:1, 18:2, 20:0 and  20:4 show de- 
creases, while 18:0, 18:1, 22:1, 22:5, 22:6, and 24:1 
did not begin to show decreases unt i l  16 days a f te r  
section. By  32 days a f te r  section, all f a t t y  acids 
decreased except 12:0, 18:3, 20:0, and 22:0 and even 
12:0 and 22:0 showed trends at  this time. These de- 
creases in f a t ty  acids may  be due to increased 
catabolism, decreased synthesis, or increased removal 
f rom nervous tissue. There appear  to be differences 
in susceptibili ty of different f a t t y  acids. The t ran-  
sient increases of 14:1 and 22:0 at  8 days a f te r  
section aild of 12:0, 14:0, 14:1 at  16 days af ter  sec- 
tion may be related to contributions f rom invading 
cells or may  represent  an accumulat ion of short  chain 
intermediates in a synthetic sequence. This might  
also account for  the restoration of 20:0 to normat  at  
16 and 32 days. The peculiar  decrease of 18:3 at  
16 days and restoration to normal  levels even at 96 
days may  have been related to dilution of this f a t t y  
acid at 16 days by lipids f rom invading cells not 
containing this acid. 

The f a t t y  acid content of the total  l ipid extract  
f rom chicken sciatic nerve presented a picture of 
change which resembled the period intermediate be- 
tween 16 and 32 days af ter  section in eat sciatic 
nerve. Interest ingly,  in chicken sciatic nerve under-  
going' demyelination, none of the f a t t y  acids were 
found to increase. However,  chicken nerve undergoing 
demyelination induced by  organophosphate poisoning 
did not show the prol i ferat ive celIular changes found 
in sectioned nerve (45). 

Lipid Composition 

Table I I I  compares the lipid composition of normal  
nerve f rom eat, chicken, and beef sciatic nerve. I t  
is of interest  to compare the data  for  beef nerve 
with tha t  repor ted for  beef brain (27). Major  d i g  
ferences are the relat ively larger  amt  of neut ra l  l ipid 
in beef nerve and the larger  amt  of lecithin and 
sphingomyelin.  In  beef nerve, cerebrosides were 
about one th i rd  and phosphat idyl  ethanolamine about 
one half  the level found in beef brain. The distribu- 
tion of lipid classes in extracts  of cat and chicken 
sciatic nerve differed f rom tha t  of beef sciatic nerve 
pr inc ipal ly  in the relatively larger  amt  of neutra l  
lipid in eat nerve and even more so in chicken nerve. 
This is correlated with relatively smMler amts  of 
total  phospholipids in cat and chicken nerve than  in 
beef nerve. In teres t ing variat ions in the distr ibution 
of lipid classes are the relat ively higher content of 
"cephalin" phospholipids (PE,  PS, and P I )  in cat 
nerve as compared to the other two species. There 
is no indication as to whether these species differences 
in lipid class distr ibution may  be correlated with 
species differences in myelin composition. 

Table I V  shows the results of analyses of the lipid 
class distr ibution of cat sciatic nerve a t  various times 
a f te r  section and of chicken nerve undergoing dem- 
yelination due to organophosphorus poisoning. I n  
some instances, par t icu lar ly  with 96 days sectioned 
nerve, i t  was necessary to pool several nerves to ob- 
tain detectable amts of some of the rap id ly  disappear-  
ing lipids. 

T h e s e  results with cat nerve compare favorably  
with those of Johnson et al. (9) with regard  to the 
increase in cholesterol ester and the decrease in free 
cholesterol, sphingomyelin,  and cerebroside, and the 
sudden decrease in tr iglyceride at  8 days. The t ran-  
sient decrease in tr iglyeerides is paralleled by a 
sudden increase in free f a t t y  acids and in mono- 
glyeerides, which suggests a lipase-like action. This 
phenomenon was also observed in organophosphate 
poisoned chicken nerve undergoing demyelination. 
The increase in cholesterol ester was also observed 
in chicken sciatic nerve where there was no prolifera-  
tive cell reaction (45) which suggests tha t  invading 
cells may  not in all eases, be responsible for  chol- 
esterol esterification. 

This remains a topic of controversy since Johnson 
et al. (9) suggested tha t  f a t t y  acids arising f rom 
breakdown of lipids were utilized in the format ion  
of cholesterol esters. Johnson et M. (46) were unable 
to demonstrate  the format ion of cholesterol esters 
when degeneration was allowed to proceed in vitro. 
This would suggest tha t  the prol i ferat ive cell reaction 
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T A B L E  I V  
D i s t r i b u t i o n  of L i p i d  Classes in  E x t r a c t s  f rom 

N o r m a l  a n d  D e g e n e r a t i n g  Cat  a n d  Chicken  Sc ia t i c  N e r v e  

M g / n e r v e  -4- S. E .  ~ . a  

Choles terol  es te rs  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T r i g l y c e r i d e s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
F r e e  f a t t y  ac ids  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Cholesterol  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Dig lyee r ide s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
IV[onoglyeerides . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
E t h a n o l a m i n e  

p lasmalogen  a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P h o s p h a t i d y l  

e t h a n o l a m i n e  e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P h o s p h a t i d y l  

inos i to l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
L e c i t h i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Sph ingomye l in  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Cerebros ide  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P h o s p h a t i d y l  s e r ine  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Lyso lec i th in t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

To ta l  l ipid we igh t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
F r e s h  ne rve  we igh t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
N u m b e r  of d e t e r m i n a t i o n s  . . . . . . . . . . . . . . . . . . . . . .  

C a t  ( g a y s  a # e r  s e c t i o n )  b 

0 8 16  32 96 Normal  

0 . 0 3 - > 0 , 0 0 7  2 .4 ->0 .5  16 .7  11 .6 ->1 .6  1.8 
5 0 . 1 - > 6 . 2  19 .0 ->4 .0  35 .7->0 .3  26 .1 ->7 .1  43 .4  

1.2->0 .4  2.5->0 .3  2 .5  0 .5->0ol  0 .3  

23.8_+_2.3 18.5--+0.3 12 .2  6 ,4->1.3 1.5 
1.6->0.3  2.4->0 .3  1.4 1.0-----0.1 0 .6  
1.0->0 .1  2 .2->0 .5  1.1 0 . 9 - > 0 . i  0 .5  

12 .2->1.6  10.6--+4.7 4.3 2 .5->1.0  1.2 

6.0--+0,7 3.5  1.9 0 .5  0 .4  

2,2-----0.4 2 .4->0 .5  2.5 0 .6->0.1  0.9 
1 2 . 8 ± 1 . 7  1 7 . 2 ± 2 . 5  6.2 5 .9->2.7  0.5 
12 ,8 ->0 .7  6,4->0.3 5.1 1 .7->0.4  0.2 
10 ,4 ->0 ,6  6.3 5.1 1 .5->0.6 0.2 
1 2 . 4 ~ 1 . 3  3.6 1.2 1.3 1.2 

0.03~--:~'0.03 1.7-4-0.5 1.1 0 .3->0.1  0.3 

144 .0  114 .0  101 .0  66 .0  54 ,0  
730 .0  8 9 0 . 0  920 .0  1 0 8 0 . 0  850 .0  

10 4 2 4 2 

1.4 
149,2  

14.9  

7.7 
9.9 

9 .7  

1.4 

6.8 
7.4 

15 .6  
4.1 
4 .6  

234 .3  

C h i c k e n  c 

D egene ra t [ng  b 

34 ,8  
107 .5  

15.1  

15 .0  
13,2  

11 .2  

3.9 

1i:; 
5.5 
4 .4  
4 .4  
1.4 

231 .2  

a S t a n d a r 4  e r r o r  of the  mean.  Not g iven  where  only two d e t e r m i n a t i o n s  were  c a r r i e d  out. 
b U n d e r l i n e d  va lues  a re  s ign i f i can t ly  d i f fe ren t  f rom n o r m a l  (p -va lue  less than  0 . 0 2 ) .  
e2 ne rves  pooled for  each.  Resu l t s  expressed  as r a g . / 2  ne rve .  
a D e t e r m i n e d  as lyso-phophat idyl  e t h a n o l a m i n e  a f t e r  mi ld  ac id  t r e a t m e n t .  
~S tab le  to mi ld  ac id  t r ea tmen t .  
* I so l a t ed  a f t e r  t r e a t m e n t  w i th  mild  acid.  

was necessary for cholesterol ester formation. On 
the other hand, McColl and Weston (47) found that  
administrat ion of cortisone to prevent  the prolifera- 
tive response had no effect on the lipid changes in 
degenerating nerve. 

In chicken sciatic nerve, the only complex lipid 
characteristic of myelin which was markedly de- 
creased was eerebroside. 

In  addition to the myelin lipids described by John- 
son et al. (9) which decrease rapidly after  sectioning 
the nerve were ethanolamine plasmalogen, phospha- 
t idyl ethanolamine, and phosphatidyl  serine which 
decrease markedly from 8 to 32 days af ter  section. 
These lipids were not estimated individually in the 
earlier studies of Johnson et al. (9) and Brante  (5). 
The rapid decline in ethanolamine plasmalogen and 
phosphatidyl  ethanolamine lend support  to the sug- 
gestion of Webster (7) and MeMurray (48) that  
these are myelin lipids. This finding had its his- 
tochemieal precedent in 1932 with Guyon (49) who 
made use of the Schiff reagent to demonstrate the 
disappearance of the aldehyde group as myelin was 

resorbed. Brante  (5) described an alkali-stable lipid 
which was isolated from the "cephalin" fraction 
and which did not contain choline. He termed this 
material  cephalin B and proposed that  it might be 
a ceramide phosphoric acid. The cephalin B fraction 
increased markedly during Wallerian degeneration 
at 8-16 days af ter  section while sphingomyelin was 
declining. I t  was suggested that  this might be due 
to a cleavage of choline from sphingomyelin or a 
failure to incorporate it. Other workers (50-55) 
have reported on the presence of alkali-stable, mild 
acid-stable glyeeryl ether form of p h o s p h a t i d y l -  
ethanolamine which behaved like eephalin B in its 
properties. In the present study, glyeeryl ether 
forms of phosphatidyl ethanolamine would be re- 
ported as phosphatidyl ethanolamine stable to mild 
acid. There is no indication of the twofold increase 
observed by Brante  (5) although this change could 
be easily masked by changes in the diacyl form of 
phosphatidyl  ethanolamine. This is supported in 
studies on the phosphatidyl  ethanolamine from beef 
sciatic nerve (56) which showed that  19.5% was 

T A B L E  V 
F a t t y  Acid  Composi t ion of Cholesterol  E s t e r s  a n d  

F r e e  F a t t y  Acids  of Cat  Sc ia t i c  N e r v e  a 

~g p e r  n e r v e  

Cholesterol  es te rs  F r e e  f a t t y  ac ids  

Days  a f t e r  sect ion D a y s  a f t e r  sect ion 

8 16 32 96  Normal  8 16  32 96 

1 2 : 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 4 : 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 4 : 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 5 : 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 5 : 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 6 : 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 6 : 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 7 : 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 7 : 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 8 : 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 8 : 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 8 : 2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 8 : 3  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 0 : 4  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 2 : 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 2 : 5  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 2 : 6  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 4 : 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 4 : 1  . . . . . .  

2 6 . 4  116~9 313 .2  
1 3 4 , 4  2 0 0 4 . 0  1 1 4 8 . 4  2116 

16.8  4 6 7 . 6  4 6 4 . 0  7,2 
4 8 0 . 0  1135 .6  6 4 9 . 6  1 1 7 . 0  
132 .0  165~,B 3 2 4 . 8  111 .6  
4 2 2 . 4  1419 ,5  9 9 7 . 6  2 2 5 . 0  

58 .8  1 1 5 . 0  40 .0  16 .5  13 ,2  
85 .2  2 4 5 . 0  2 0 7 . 5  5 5 . 5  B7.8 
38 .4  75 .0  65 .0  14 .0  11 .7  
63 .6  2 5 5 . 0  197 .5  3 3 . 5  18 .3  
34.8  137 .5  195 .0  4 4 , 0  7.2 

177 .6  4 7 5 . 0  3 2 0 . 0  46 .5  4 7 , 7  
70 .8  150 .0  192 .5  25 ,5  2 1 . 6  
40 .8  122 .5  112 .5  11.0  10.5  
28 .8  70 .0  72 .5  27 .0  7.8 

102 .0  177 .5  160 .0  28 .5  12.0  
2 2 6 . 8  5 0 0 . 0  187 .5  70 .5  28.2  

79.2  75 .0  97 .5  2 2 . 5  21 .9  
19.2 25 .0  45 .0  16 ,0  1.8 
24 .0  90 .0  135 .0  20 .0  7.8 
54 .0  17 .5  90 .0  6,0 1.5 
19.2 2 2 . 5  32 ,5  17 .0  7.8 
30.0  12.5  42 .5  14,0  22 .5  
12.0  7.5 20 .0  19 ,5  6.6 
12.0  7.5 32 ,5  9 ,5  3.0 

1 1 0 . 4  1018 .7  3 3 6 , 4  91 .8  
43 .2  2 2 8 7 . 9  1183 .2  6 8 . 4  
57 .6  434 .2  812 .0  117 .0  

3 2 6 . 4  1085 .5  4 9 8 . 8  99 .0  
136 .8  1419 .5  1 6 1 2 . 4  190 .8  

50 .4  283 .9  2 3 2 . 0  1 8 5 . 4  
7.2 317 .3  2 7 8 . 4  37 .8  

91.2  784 .9  324 .8  27 .0  
7.2 150 .3  69 .6  1216 

16.8  317 .3  3 5 9 . 6  45 .0  
33 .6  434 .2  777 .2  163 .8  
12.0  150.3  522 .0  21 .6  

9.6 150 .3  116 .0  14 .4  

a I n  Table  V - X I ,  va lues  r e p r e s e n t  the  p roduc t  of r e l a t ive  p e r c e n t a g e  of a f a t ty  ac id  in  a g iven  l ip id  class and  we igh t  of tha t  l ip id  class 
pe r  ne rve .  Va lues  cor rec ted  for  n o n f a t t y  ac id  po r t ion  ag ree  closely w i t h  those ob ta ined  f rom in jec t ion  of a k n o w n  a l iquot  of co lor imet r ica l ly  
q u a n t i t a t e d  methyl  esters .  E a c h  v a l u e  is t he  mean  of a t  leas t  f o u r  d e t e r m i n a t i o n s .  
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T A B L E  VI 

F a t t y  A c i d  C o m p o s i t i o n  of  T r i g l y c e r i d e s  a n d  
D i g l y c e r i d e s  of  C a t  S c i a t i c  N e r v e  a 

~ g / n e r v e  

T r i g l y c e r i d e s  D i g l y c e r i d e s  

D a y s  a f t e r  s e c t i o n  D a y s  a f t e r  s e c t i o n  

0 8 1 6  3 2  9 6  0 8 16  32  9 6  

12 :O .......................... 
14:0 .......................... 
14:1 .......................... 
1 5 : 0  . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 5 : 1  . . . . . . . . . . . . . . . . . . . . . . . . .  
1 6 : 0  . . . . . . . . . . . . . . . . . . . . . . . . .  
1 6 : 1  . . . . . . . . . . . . . . . . . . . . . . . . . .  
17:0 . . . . . . . . . . . . . . . . . . . . . . . . .  
1 8 : 0  . . . . . . . . . . . . . . . . . . . . . . . . .  
1 8 : 1  . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 8 : 2  . . . . . . . . . . . . . . . . . . . . . . . . .  
1 8 : 3  . . . . . . . . . . . . . . . . . . . . . . . .  
2O :O . . . . . . . . . . . . . . . . . . . . . . . . .  

2 0 : 1  . . . . . . . . . . . . . . . . . . . . . . . . .  
2 0 : 4  . . . . . . . . . . . . . . . . . . . . . . . .  
2 2 : 0  . . . . . . . . . . . . . . . . . . . . . . . . .  
2 2 : 1  . . . . . . . . . . . . . . . . . . . . . . . .  
2 2 : 5  . . . . . . . . . . . . . . . . . . . . . . . . .  
2 2 : 6  . . . . . . . . . . . . . . . . . . . . . . . . .  
2 4 : 0  . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 4 : 1  

1 6 0 3 . 2  4 7 5 . 0  6 4 2 . 6  7 0 4 . 7  3 9 0 . 6  
2 6 5 5 . 3  1 0 6 4 . 0  3 1 0 5 . 9  1 4 0 9 . 4  2 5 1 7 . 2  

6 0 1 . 2  3 9 9 . 0  8 5 6 . 8  3 9 1 . 5  9 9 8 . 2  
1 2 5 2 . 5  8 3 6 . 0  1 7 4 9 . 3  4 1 7 . 6  7 8 1 . 2  

9 0 1 . 8  4 5 6 . 0  1 8 9 2 . 1  5 2 2 . 0  5 2 0 . 8  
9 0 1 8 . 0  3 3 4 4 . 0  3 6 7 7 . 1  3 5 4 9 . 6  7 4 6 4 . 8  
3 7 5 7 . 5  8 3 6 . 0  2 4 2 7 . 6  1 4 8 7 . 7  1 6 0 5 . 8  
1 1 5 2 . 3  4 7 5 . 0  1 2 4 9 . 5  4 1 7 . 6  
3 7 0 7 . 4  1 3 6 8 . 0  2 4 2 7 . 6  1 4 8 7 . 7  2 3 0 0 . 2  

1 2 0 2 4 . 0  4 1 8 0 . 0  5 3 9 0 . 7  5 9 7 6 . 9  1 0 1 1 2 . 2  
5 6 6 0 . 0  1 1 5 9 . 0  2 6 0 6 . 1  1 4 3 5 . 5  5 5 9 8 . 6  
1 0 5 2 . 1  1 9 0 . 0  4 2 8 . 4  1 8 5 3 . 1  7 8 1 . 2  

4 0 0 . 8  1 3 3 . 0  4 6 4 . 1  2 0 8 . 8  1 3 8 8 . 8  
3 4 0 6 . 8  1 6 1 5 . 0  2 2 8 4 . 8  3 9 1 5 . 0  

7 5 1 . 5  4 1 8 . 0  9 6 3 . 9  6 5 2 . 5  8 6 8 . 0  
9 5 1 . 9  2 0 9 . 0  3 2 1 . 3  6 7 8 . 6  3 4 7 . 2  

2 1 0 4 . 2  7 0 3 . 0  1 0 7 1 . 0  1 3 8 3 . 3  3 9 0 . 6  
9 0 1 . 8  1 5 2 . 0  4 9 9 . 8  1 2 0 0 . 6  4 3 4 . 0  

3 1 5 6 . 3  4 3 7 . 0  1 1 0 6 . 7  1 2 0 0 . 6  1 7 7 9 . 4  
2 0 0 . 4  5 7 . 0  3 5 7 . 0  6 2 6 . 4  3 0 3 . 8  
2 5 0 . 5  3 8 . 0  4 6 4 . 1  3 9 1 . 5  3 9 0 . 6  

7 8 . 4  3 6 . 0  4 .2  2 5 . 0  1 9 . 2  
1 1 3 . 6  2 3 0 . 4  1 5 2 . 6  7 5 . 0  4 4 . 4  

4 4 . 8  3 3 . 6  4 2 . 0  4 3 . 0  6 .0  
1 3 4 . 4  2 2 5 . 6  1 0 7 . 8  7 1 . 0  4 6 . 2  

6 2 . 4  1 2 0 . 0  1 0 9 . 2  5 2 . 0  2 7 . 0  
2 5 7 . 6  3 1 6 . 8  1 7 9 . 2  1 0 7 . 0  1 1 3 . 4  

9 6 . 0  2 1 1 . 2  1 0 6 . 4  5 2 . 0  3 5 . 4  
3 8 . 4  1 3 9 . 2  5 7 . 4  4 8 . 0  2 2 . 2  

1 2 0 . 0  1 9 4 . 4  8 5 . 4  5 4 . 0  3 7 . 2  
2 0 6 . 4  3 3 3 . 6  6 3 . 0  1 3 0 . 0  6 1 . 2  

6 8 . 8  4 5 . 6  3 5 . 0  2 9 . 0  5 5 . 8  
2 2 . 4  5 0 . 4  3 9 . 2  2 8 . 0  9 .0  
2 8 . 8  4 . 8  1 9 . 6  2 6 . 0  7 .2  
3 2 . 0  1 6 . 8  2 3 . 8  2 4 . 0  1 2 . 6  
5 1 . 2  6 9 . 6  9 1 . 0  2 2 . 0  4 .2  
2 0 . 8  2 . 4  2 5 . 2  3 1 . 0  1 0 . 8  
2 5 . 6  1 4 . 4  2 9 . 4  4 . 0  3 . 6  
2 8 . 8  2 1 . 6  3 2 . 2  1 4 . 0  2 6 . 4  

6 .4  7 .2  1 2 . 6  1 8 . 0  9 . 0  
2 8 . 8  7 .2  1 6 . 8  3 6 . 0  3 7 . 2  
1 7 . 6  4 0 . 8  9 .8  1 3 . 0  9 . 0  

a S e e  f o o t n o t e  t o  T a b l e  V .  

present as the diaeyl fo rm,  77.6% as the plasmalogen 
form, and 2.8% as the glyeeryl  ether form. 

A curious increase in lysolecithin was noted in 
cat sciatic nerve af ter  section. The fact  tha t  this 
observation was more prominent  at  8 days af ter  sec- 
tion suggests a parallel  with monoglycerides ra ther  
than with a decrease in lecithin. In  fact, a suggestion 
of an increase in lecithin was noted at  8 days. This 
may  have been related to an increase in available 
diglyeeride precursor.  However,  it is not clear f rom 
this s tudy whether this lysoleeithin occurred nat- 
ura l ly  in degenerat ing nerve or whether this arose 
f rom mild acid t rea tment  of a choline plasmalogen. 

F a t t y  Ac ids  o f  I n d i v i d u a l  L i p i d  F r a c t i o n s  

Tables V through X I  show the f a t ty  acid compo- 
sition of individual  lipids f rom cat sciatic nerve. 
Pr incipal  differences in the composition of any  nerve 
lipid fractions which can be compared to other studies 
on brain (57) or spinal cord (58) are in the sphingo- 
lipids. Cat nerve had a relatively higher content of 
20:0, 22:0, 24:1 acids than  were reported for  brain. 

Table V shows the changes in the composition of 
the cholesterol esters and free f a t ty  acids at  various 
periods af ter  section. The free fa t ty  acids reflected 
the pa t t e rn  noted with the total  f a t ty  acids at 96 

days af ter  section in that  the amt  of all of the free 
f a t t y  acids showed a decrease f rom tha t  found in 
normal  nerve. Many of the free f a t ty  acids were 
also decreased at 32 days af ter  section. Most of the 
free f a t t y  acids are increased in amt  at 8 days and 
16 days a f te r  section. Since this was not the case 
with the total  f a t t y  acids (Table I I ) ,  these f a t t y  
acids must  be arising either f rom breakdown of spe- 
cific lipids or f rom a lack of utilization of these 
f a t t y  acids for  the synthesis of specific lipids. The 
increased amt  of free f a t t y  acids found at 8 days 
af ter  section could easily be accounted for  by the de- 
creased amt  of f a t t y  acids in the tr iglycerides (Table 
VI ) .  Free  f a t t y  acids which decrease at 8 days af ter  
section are 22:0, 22:6, 24:0, and 24:1. The only 
l ipid class in which all of these acids increase is 
the cholesterol esters. I f  these acids arise f rom tri- 
glycerides, in par t ,  they must  be converted to chol- 
esterol esters directly by a transesterification mech- 
anism which does not involve the intervention of 
free f a t t y  acids. 

I f  it is assumed that  free f a t t y  acids present  in 
normal  nerve provide the direct major  source of 
f a t t y  acids in cholesterol esters in 8-day sectioned 
nerve, none of the free f a t t y  acids are present  in 
sufficient quant i ty  to account for the amt  of the 

T A B L E  ~rII 

Fatty A c i d  C o m p o s i t i o n  of  S p h i n g o m y e l i n s  
and C e r e b r o s i d e s  of  C a t  S c i a t i c  N e r v e  a 

/~g p e r  n e r v e  

1 2 : 0  . . . . . . . . . . . . . . . . . . . . . . . . .  
1 4 : 0  . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 4 : 1  . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 5 : 0  . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 5 : 1  . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 6 : 0  . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 6 : 1  . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 7 : 0  . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 7 : 1  . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 8 : 0  . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 8 : 1  . . . . . . . . . . . . . . . . . . . . . . . . . .  
18:2 . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 8 : 3  . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 0 : 0  . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 0 : 1  . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 0 : 4  . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 2 : 0  . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 2 : 5  . . . . . . . . . . . . . . . . . . . . . . . .  
2 2 : 6  . . . . . . . . . . . . . . . . . . . . . . . . .  
2 3 : 0  . . . . . . . . . . . . . . . . . . . . . . . . .  
2 4 : 0  . . . . . . . . . . . . . . . . . . . . . . . . .  
2 4 : 1  . . . . . . . . . . . . .  

S p h i n g o m y e l i n s  C e r e b r o s i d e s  

D a y s  a f t e r  s e c t i o n  D a y s  a f t e r  s e c t i o n  

O 8 16  32  9 6  0 8 1 6  32  9 6  

1 8 7 . 2  6 3 . 0  6 6 . 3  3 0 . 0  3 . 6  
1 3 5 . 2  1 7 6 . 4  2 8 0 . 5  6 0 . 0  5 . 4  

5 2 . 0  5 0 . 4  7 1 . 4  1 5 . 0  1 .8  
1 3 5 . 2  1 4 4 . 9  1 5 8 . 1  1 6 . 5  3 .8  

7 2 . 8  6 9 . 3  1 4 7 . 9  1 8 . 0  2 . 4  
4 7 8 . 4  3 0 8 . 7  3 2 6 . 4  1 0 3 . 5  3 3 . 6  
1 8 7 . 2  1 5 7 . 5  1 1 2 . 2  2 5 . 5  5 .6  

8 3 . 2  6 9 . 3  1 1 2 . 2  1 5 . 0  1 .2  
5 2 . 0  8 8 . 2  1 4 7 . 9  2 7 . 0  0 . 8  

6 6 5 . 6  3 2 7 . 6  2 2 4 . 4  1 0 5 . 0  1 5 . 2  
5 7 2 . 0  3 9 6 . 9  1 5 8 . 1  1 1 8 . 5  4 4 . 4  
1 1 4 . 4  6 3 . 0  1 1 7 . 3  3 7 . 5  8 . 4  

1 0 . 4  4 4 . 1  2 5 . 5  1 3 . 5  1 .0  
3 9 5 . 2  2 0 1 . 6  1 6 8 . 3  4 5 . 0  1 .0  
2 2 8 . 8  6 9 . 3  2 5 . 5  9 . 0  0 . 6  
1 4 5 . 6  3 7 . 8  2 2 4 . 4  1 2 . 0  4 . 0  
9 4 6 . 4  5 0 4 . 0  3 7 7 . 4  1 1 2 . 5  2 . 2  
1 7 6 . 8  1 8 . 9  3 5 . 7  7 .5  4 5 . 8  

2 0 . 8  5 6 . 7  3 5 . 7  3 4 . 5  0 .2  
1 8 7 . 2  4 4 . 1  8 1 . 6  2 8 . 5  0 . 4  

2 6 3 1 . 2  1 6 2 5 . 4  1 2 6 4 . 8  3 1 2 . 0  1 4 . 0  
2 9 2 2 . 4  1 4 7 4 . 2  7 8 5 . 4  3 6 9 . 6  8 .0  

7 6 . 8  1 1 5 . 2  2 0 . 4  3 2 . 3  2 1 . 4  
1 1 5 . 2  2 9 4 . 4  2 3 9 . 7  8 8 . 4  1 3 . 2  

3 8 . 4  8 9 . 6  6 6 . 3  2 2 . 1  9 . 8  
2 5 . 6  1 5 3 . 6  8 6 . 7  3 5 . 7  1 5 . 4  
2 5 . 6  2 1 7 . 6  9 1 . 8  5 6 . 1  8 .0  

1 0 8 8 . 0  7 6 8 . 0  8 0 5 . 8  2 8 5 . 6  3 9 . 4  
1 1 5 . 2  1 4 0 . 8  2 6 0 . 1  3 5 . 7  8 . 0  

3 8 . 4  1 0 8 . 8  5 1 . 0  3 4 . 0  5 .2  
2 5 . 6  7 6 . 8  6 1 . 2  2 0 . 4  3 . 4  

1 2 2 8 . 8  7 0 4 . 0  5 0 4 . 9  2 0 5 . 7  1 8 . 8  
8 1 9 . 2  2 4 9 . 6  3 2 6 . 4  1 0 0 . 3  2 1 . 4  
1 2 8 . 0  8 9 . 6  1 0 7 . 1  7 3 . 1  9 .2  

1 2 . 8  4 4 . 8  1 6 . 3  3 4 . 0  1 .8  
8 5 7 . 6  4 8 6 . 4  2 3 9 . 7  6 9 . 7  1 .2  

3 8 . 4  1 9 . 2  4 5 . 9  6 .8  7 .0  
1 0 2 . 4  6 4 . 0  5 1 . 0  3 2 . 3  6 .2  

1 3 1 8 . 4  6 0 8 . 0  3 8 2 . 5  8 8 . 4  1 .0  
1 9 . 2  1 0 7 . 1  2 0 . 4  4 . 0  

6 4 . 0  6 .4  5 1 . 0  2 5 . 5  3 .2  
1 7 9 . 2  5 6 . 1  1 5 . 3  

1 8 1 7 . 6  7 2 3 . 2  5 6 1 . 0  9 0 . 1  " 2 . 4  
4 3 9 0 . 4  1 4 3 3 . 6  9 5 8 . 8  2 6 6 . 9  1 .2  

a S e e  f o o t n o t e  t o  T a b l e  V .  
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TABLE VIII 
F a t t y  Ac id  Composi t ion of Lec i t h in s  a n d  

P h o s p h a t i d y l  Inos i to l s  of Cat  Sc ia t i c  iNerve a 

ttg per nerve 

L e c i t h i n  P h o s p h a t i d y l  inosi tol  

D a y s  a f t e r  sec t ion D a y s  a f t e r  sec t ion 

0 8 16 32 96  0 8 16  32 96  

3 9 5 , 6  12 ,4  11.8  2 0 . 0  63 .8  4 5 , 6  82 .5  
7 2 2 . 4  179 .8  100 ,3  66 .0  112 .2  2 4 2 . 4  2 0 2 . 5  

86 .0  24 ,8  17.7  20 .0  48 .4  64 .8  55 .0  
2 7 5 . 2  68.2  53 .1  29 .5  105 .6  103 .2  115 .0  
2 7 5 . 2  37 .2  29 .5  17 .0  96 .8  132 .0  1 0 7 . 5  

4 7 3 0 . 0  1295 .8  1 6 9 9 . 2  95 .5  4 2 6 . 8  3 6 7 . 2  2 9 7 . 5  

1 2 ; 0  . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 4 : 0  . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 4 : 1  . . . . . . . . . . . . . . . . . . . . . . . . .  
1 5 : 0  . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 5 : 1  . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 6 : 0  . . . . . . . . . . . . . . . . . . . . . . . . .  
1 6 : 1  . . . . . . . . . . . . . . . . . . . . . . . . .  
1 7 : 0  . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 7 : 1  . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 8 : 0  .. . . . . . . . . . . . . . . . . . . . . . .  
1 8 : 1  .. . . . . . . . . . . . . . . . . . . . . . . .  
1 8 : 2  .. . . . . . . . . . . . . . . . . . . . . . . . .  
1 8 : 3  . . . . . . . . . . . . . . . . . . . . . . . . .  

2 0 : 0  . . . . . . . . . . . . . . . . . . . . . . . . .  

20:1 . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 0 : 4  . . . . . . . . . . . . . . . . . . . . . . . . .  
2 2 : 0  . . . . . . . . . . . . . . . . . . . . . . . . .  
2 2 : 1  . . . . . . . . . . . . . . . . . . . . . . . . .  
2 2 : 5  . . . . . . . . . . . . . . . . . . . . . . . . .  
2 2 : 6  . . . . . . . . . . . . . . . . . . . . . . . . .  
2 3 : 0  .. . . . . . . . . . . . . . . . . . . . . . . . .  
2 4 : 0  .. . . . . . . . . . . . . . . . . . . . . . . .  
2 4 : 1  

3 8 . 4  
1 2 8 . 0  

25 .6  
64 .0  
38 .4  

4 1 3 4 . 4  
3 5 8 . 4  4 9 8 . 8  1 6 7 . 4  1 9 4 . 7  4 1 , 5  

51 .2  2 9 2 . 4  49 ,6  59 .0  8 .0  
2 5 . 6  1 0 3 . 2  49 .6  41 ,3  13 .0  

1 3 3 1 . 2  1 9 4 3 . 6  7 5 6 , 4  6 3 7 . 2  32 .5  
3 6 0 9 . 6  2 8 7 2 . 4  1 2 3 3 . 8  1 0 3 8 . 4  47 .0  

4 3 5 . 2  4 8 1 . 6  3 2 8 . 6  359 .9  15 .0  
9.0 5.2 6.2 123 .9  3.5 

89 .6  3 4 4 . 0  105 .4  76 .7  1.5 
1 6 6 . 4  2 5 8 . 0  142 .6  53.1  13 .5  
166 .4  3 4 4 . 0  2 7 2 . 8  1 9 4 . 7  10 .0  
1 1 5 . 2  6 5 3 . 6  179 .8  1 2 9 . 8  15 .5  

89 .6  1 0 3 . 2  1 1 1 . 6  59 .0  
2 8 1 . 6  68 .8  55 .8  41 .3  21 .0  
1 4 0 . 8  17.2  117 .8  106 .2  15 ,0  
1 0 2 . 4  86 .0  55.8  17 .7  17 .5  
2 3 0 . 4  791 .2  341 .0  182 .9  3.0 
9 9 8 . 4  2 2 3 6 . 0  644 .8  4 7 7 . 9  15 .0  

19 .8  18 ,0  
36 .0  4 6 , 8  
10.2 9.9 
21 .0  16.2  
2 1 . 6  4 .5  
97.2  2 0 8 , 8  

101 .2  1 0 8 . 0  1 4 7 . 5  18 .6  3 7 . 8  
46 .2  60 .0  2 7 . 5  10.8  2 ,7  
19 .8  96 .0  52 .5  16,8  5 .4  

2 0 9 . 0  1 7 2 , 8  3 2 0 . 0  97 ,2  1 2 3 . 3  
715 .0  6 8 8 . 8  6 0 7 . 5  84.0  190 .8  

85 .8  84 ,0  47 .5  40 .8  56 .7  
11 .0  7.2 15 .0  .... 2 .7  
52 .8  14 ,4  35 .0  8.4 2 ,7  
4 8 . 4  62 .4  62 .5  10.2  8.1 
37 .4  2 6 . 4  67 .5  24 .6  62 .1  
9 9 . 0  2 1 . 6  47 .5  4 .8  3 .6  
15 .4  12 .0  62 .5  6.6 9 .9  
30 .8  31 .2  22 .5  28 .8  6 5 . 7  
26 .4  .... 40 .0  8.4 9 .9  
15 .4  7.5 16.8  1.8 
28 .6  16,8 37.5  6.0 8,I 

6.6 .... 72 .5  13.2 27 .0  

a S e e  footnote  to Table  V. 

corresponding cholesterol ester formed, with the 
exception of 12:0, 14:1, 18:1, 18:2, 18:3, 22:0, 22:5 
and 24:1. I f  it is assumed that free fat ty acids 
present in 8-day sectioned nerve are a direct major 
source of fa t ty  acids in cholesterol esters in 16-day 
sectioned nerve, even these exceptions are ruled out 
because of insufficient quantities. 

Oleie acid appears to be the only free fa t ty  acid 
which decreases at 16 days after section and this 
corresponds to a decrease in the a n t  of this fat ty 
acid in the total lipid (Table II) .  

Two patterns apepared in the fatty acids of the 
cholesterol esters. Fa t ty  acids which decreased in 
a n t  from 16 to 32 days after  section appeared to 
be more rapidly mobilized. Fa t ty  acids which con- 
tinued to increase at 32 days were 12:0, 17:1, 18:1, 
22:5, 22:6 and 24:0 and these appeared to be more 
slowly mobilized. All of these acids also remained 
above the levels found at 8 days after section even 
at 96 days. 

The cholesterol esters may not be formed in situ 
but may be carried in by invading or proliferating 
cells and the differences in fat ty acid composition 
may be related, in part, to the differential cell pop- 
ulation at a given period of degeneration. 

Table VI shows the changes in the fatty acid 
composition of the tri- and diglycerides at various 
periods after section. All triglyceride fatty acids 
decreased at 8 days after section. If  tMs is a lipolytic 
reaction, triglycerides containing 12:0, 14:1, 18:0, 
20:0, 20:1, 22:0, 22:1, and 24:0 must be degraded 
completely to monoglyeeridcs since these diglyeeride 
fat ty  acids also decreased at 8 days, but increased 
in the monoglyceride (Table X).  However, these 
fat ty acids also increased in lecithin (Table VII I )  
at 8 days which might be explained if some of these 
diglycerides were diverted into the synthesis of leci- 
thin according to the pathways elaborated by Ken- 
nedy (59). Interestingly enough, of the other gly- 
cerophosphatides which might arise from diglycerides 
(PE, PS, or PI ) ,  neither PE nor PS showed increases 
in these fatty acids at 8 days (Table IX).  Only 
PI  showed modest increases in 14:1 and 20:1 at 8 
days after section. Triglycerides containing 18:3 
were degraded only to diglyeerides since this acid 
increased in the diglycerides and decreased in the 
monoglycerides. These dig]yeerides containing 18:3 
appeared not to be readily converted to lecithin. 
When triglyeeride resynthesis was established at 16 
days after section, 14:0, 14:1, 20:4, 24:1 increased 

T A B L E  IX 
F a t t y  Acid  Composi t ion of P h o s p b a t l d y l  

E thano lamin .e  and  P h o s p h a t i d y l  Se r i ne  in  Oat  Sc ia t i c  N e r v e  a 

~g Dec nerve 

P h o s p h a t i d y t  c t h a n o l a m i u e  P h o s p h a t i d y l  se r ine  

Days  a f t e r  sect ion D a y s  a f t e r  sect ion 

0 8 16  32 96 0 8 16 32 

1 2 : 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 4 : 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 4 : 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 5 : 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 5 : 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 6 : 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 6 : 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 7 : 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 7 : 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 8 : 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

18:1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 8 : 2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 8 : 3  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 0 : 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 0 : 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 0 : 4  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 2 : 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 2 : 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2 2 : 5  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 2 : 6  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 3 : 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 4 : 0  .............. ~ . . . . . . . . . . . . . . . . . . . . . . . . . .  
24:1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

54 ,0  10 .5  41 .8  14.0  4.0 
2 6 4 . 0  154 .0  64 .6  17 .5  14.8 

42 .0  31 .5  17 .1  5.0 3.6 
54 .0  119 .0  77.9  10.0  4 .8  
96 .0  112 .0  4 7 . 5  10 .5  5.6 

7 5 6 . 0  4 0 6 . 0  2 2 2 . 3  33 .5  62 ,8  
2 0 4 . 0  63 ,0  76 .0  7.5 9.2 
3 4 8 . 0  3 8 . 5  4 7 . 5  3 .5  2,0 

90 .0  45 .5  70 .3  9.5 2.0 
906 .0  553 .0  2 8 6 . 9  138 .5  54.0  

1 9 0 8 . 0  1 1 1 6 . 5  5 5 8 . 6  114 .5  122 .4  

1 3 6 . 4  
74 .4  
4 9 . 6  
4 9 . 6  
37 .2  

4 4 6 , 4  
1 1 1 , 6  

37 .2  
24 .8  

3 7 5 7 . 2  
5 0 7 1 . 6  

57 .6  4 2 . 9  
194 .4  26 .4  57.2  

3 2 . 4  16.8  15 ,6  
79.2  24 .0  32 .5  
93 .6  15.6  4 5 . 5  

1 9 0 . 8  72 .0  1 2 3 . 5  
1 0 0 . 8  33 .6  35 .1  

57 .6  8 .4  33 .8  
61 .2  12.0 2 3 . 4  

820 .8  4 3 3 . 2  144 .3  
1159 .2  255 .6  2 1 1 , 9  

93 .6  18.0  24 .7  
21 .6  6.0 9,1 
8 6 . 4  13,2  44 ,2  
90 .0  4 4 . 4  4 6 . 8  
68 .4  4 .8  11 .7  
90 ,0  28 .8  3 2 . 5  
72 .0  43 .2  
28.8 4.8 ~,7 
43.2  12 .0  9.1 
lO.8 5,a 
68.4 ~s.o 7.s 
36.0  18.0  31 ,2  

2 0 4 . 0  98 .0  60 .8  12 .0  
30 ,0  31 .5  13.3  4 .5  
72.0  4 2 . 0  62 .7  1O.0 

1 2 0 , 0  70 .0  60 .8  10 .0  
1 6 8 . 0  98 .0  58 .9  19.0  

84 .0  4 9 , 0  51,3  13 .0  
60 .0  35 .0  36 .1  

2 4 6 , 0  143 .5  13.3  11 .5  
126 ,0  73 .5  51.3  ] 2 , 5  

96 ,0  7.0 .... 1.5 
78 .0  28 .0  36 .1  4 .5  
72 .0  59 .5  36 .1  7.5 

32 .8  5 5 8 . 0  
1.6 161 .2  
1.2 1 9 8 . 4  
2 ,0  2 2 3 . 2  
3.2 3 5 9 . 6  

1 3 , 2  2 7 2 . 8  
7 4 . 4  

57 .6  1 9 8 . 4  
4,0 2 1 0 . 8  
2.8 1 3 6 . 4  
2.0 161 .2  
2.8 111 .6  

a See footnote  to T a b l e  V. 
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TABLE X 
F a t t y  Acid Composi t ion  of ~4onoglyceride 

a n d  Lysolec iOdn in  Cat  Sc ia t i c  Nerve  a 

~g p e r  n e r v e  

~ o n o g l y c e r i d e  Lyso lec i th in  

D a y s  a f t e r  sec t ion D a y s  a f t e r  sect ion 

0 8 16 32 96 0 8 16  32 

1 2 : 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 4 : 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 4 : 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 5 : 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 5 : 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 6 : 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 6 : 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I 7 : 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 
1 7 : 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 8 : 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 8 : 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 8 : 2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 8 : 3  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 0 : 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2 0 : 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2 0 : 4  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2 0 : 5  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 2 : 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 2 : 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 2 : 5  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 2 : 6  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 3 : 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 4 : 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 4 : 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

64 .0  1 1 4 . 4  4.4 
119 .0  2 8 6 . 0  145 ,2  

62 .0  112 .2  29 ,7  
50 .0  1 5 8 . 4  83 .6  
37 .0  9 4 . 6  71 .5  

170 .0  3 8 0 . 6  145 ,2  
69 .0  1 4 9 . 6  73 .7  
30 .0  1 3 2 . 0  51 .7  
27 .0  1 2 3 . 2  27 .5  
53.0  1 5 8 . 4  49 ,5  
62.0  121.0 41.8  

64.8  13.5  
1 0 2 . 6  64 .0  

34 .2  12 .0  
56 .7  2 8 . 5  
45 .0  15 .0  

1 2 7 . 8  75 ,0  
4 5 . 9  4 0 . 5  
24 .3  8,0 
37 .8  25 .5  
49 .5  29 .5  

103 .5  58 .0  
38 .7  27 .0  
20 .7  8.5 
18.0  9.5 
18 .9  8.0 
22 .5  10 .0  
18 .9  52 .5  
18 .0  5.0 
37 .8  3.5 
24 .3  14 .0  
13 .5  1.5 
16.2  18 .0  
24 .3  8.5 
16.2  22 .0  

45 .0  50 .6  16.5  
30 .0  2.2 26 .4  
17.0  92 .4  46 ,2  
19 .0  50 ,6  13.2 
27 .0  55 .0  80.3  
2 5 . 0  4 1 . 8  9,9 
2 4 . 0  57 .2  26 ,4  

6.0 39 .6  23 .1  
33 .0  15 .4  40 .7  
33 .0  15 .4  4 .4  
28 .0  4 .4  20 .9  
2 0 . 0  59 .4  16.5  
24 .0  4 8 . 4  12,1 

1,1 147 .9  2 6 . 4  12.3 
4 .6  1 5 8 . 1  112 .2  39 .3  
1.7 8.5 20 .9  2 3 . 4  
1.7 73 .1  57 .2  20 .1  
1.3 1 0 5 . 4  3 7 . 4  18.0  
5 .4  3 1 6 . 2  2 4 6 . 4  55 .8  
0 ,9  68 .0  75 .9  8.1 
0.9 79 .9  18 .7  12 .0  
0 .5  52 .7  31 .9  14 .1  
4 .4  1 2 2 . 4  97 .9  18.3  
3.7 2 0 5 . 7  132 .0  26 .4  
1.1 25 .5  15 .4  11 .7  
0.5 13 .6  7.7 6.9 
0.2 57 ,8  4 4 . 0  2.1 
0.2 2 5 . 5  13 .2  7.8 
0.3 15 .3  27 .5  9.3 
0 .5  2.2 2 .1  
0 .9  73 .1  24 .2  3.3 

62 .9  27~5 2.1 
o . i  13 .6  29 .7  4 .5  
0.4 27 .2  36 .3  8 .1  
0 .5  49 .3  9.9 1.8 
0.8 1 1 0 . 5  18 .7  3.3 
0 .5  54 ,4  53 .9  2 .7  

a See footnote to T a b l e  V. 

in the triglyceridcs. This is accompanied by cor- 
responding changes in the di- and monoglycerides. 

Table VII shows the fatty acid composition of 
the myelin ]ipids, sphingomyelin and cerebrosides, 
of eat nerve during degeneration. Decreases in some 
fat ty acids were apparent as early as 8 days after 
section. Similarities between the two lipid classes 
were the decreases at all time periods of sphingo- 
myelins and cerebrosides containing 16:0, 18:0, 18:1, 
18:2, 20:0, 22:0, 23:0, 24:0, and 24:1. Cerebrosides 
containing 16:1, 20:1 and 22:5 apepared to be less 
stable during degeneration than did the correspond- 
ing sphingomyelins; while sphingomyelins containing 
20:4 and 22:6 appeared to be less stable than the 
corresponding cerebrosidcs. The early decreases in 
longer chain fat ty acids in both lipid classes were 
balanced by increases in short chain, odd carbon 
number, or some polyunsaturated fat ty acids which 
might tend to lower the melting point of these 
sphingolipids. 

Tables VIII,  IX, X, and XI show the fat ty acid 
compositions of lecithin and PI, PE and PS, mono- 
glycerides, lyso PE, and lysolecithin, respectively, 
in cat sciatic nerve at varying periods after section. 

TABLE XI 
F a t t y  Acid  Composi t ion of Lysophospha t i dy l e thano l amine  

in  Cat  Sc i a t i c  N e r v e  a 

#g  per n e r v e  

Days  a f te r  sect ion 

0 8 16 32 96 

1 2 : 0  ............ 
1 4 : 0  ............ 
14:1 ............ 
1 5 : 0  . . . . . . . . . . . .  

1 5 : 1  ............ 
1 6 : 0  ............ 
1 6 : 1  ............ 
1 7 : 0  ............ 
17:1 ............ 
1 8 : 0  ............ 
1 8 : 1  ............ 
1 8 : 2  ............ 
1 8 : 3  ............. 
2 0 : 0  ............ 
2 0 : 1  . . . . . . . . . . . .  

2 0 : 4  ............ 
2 0 : 5  ............ 
2 2 : 0  ............ 
2 2 : 1  ............ 
2 2 : 5  ............ 
2 2 : 6  ............ 
2 3 : 0  ............ 
2 4 : 0  ............ 
2 4 : 1  . . . . . . . . . . .  

2 4 4 . 0  190 .8  81 .7  37 ,5  42 .0  
4 1 4 . 8  8 3 7 . 4  3 0 9 . 6  2 3 0 . 0  4 5 . 6  
195 .2  3 2 8 . 6  60 .2  35 .0  19 .2  

97 .6  3 7 1 . 0  1 3 7 . 6  4 5 . 0  16 .8  
1 0 9 , 8  4 5 5 . 8  103 .2  52 .5  18 ,0  

1207 .8  1 4 3 1 . 0  5 3 7 . 5  3 3 0 . 0  2 3 2 . 8  
2 5 6 . 2  5 1 9 . 4  2 5 3 . 7  52 .5  42 .0  
109 .8  1 0 6 . 0  86 .0  4 2 . 5  7,2 

73,2  180 .2  94 .6  47 .5  3,6 
683 ,2  837 .0  3 8 7 . 0  2 7 7 . 5  150 .0  

5 8 9 2 . 6  2 6 7 1 . 2  1247 .0  5 4 0 . 0  3 0 7 . 2  
3 7 8 . 2  2 3 3 . 2  1 0 7 . 5  1 2 7 . 5  64 ,8  

61 .0  21 .2  2 1 . 5  2 7 , 5  8.4 
1 0 9 . 8  2 5 4 . 4  55 ,9  62 .5  8.4 
2 9 2 . 8  1 4 8 . 4  98 .9  70 .0  4 .8  
3 5 3 . 8  3 1 8 . 0  2 4 0 . 8  3 0 5 . 0  24 .0  

48 .8  53 .0  17.2  55 .0  12 .0  
183 .0  2 4 3 . 8  90.3  37 .5  12,0  

61.0  159 .0  94 .6  17 .5  56 .4  
2 4 4 . 0  2 4 3 . 8  90 .3  87 .5  194 .4  
7 1 9 . 8  2 5 4 . 4  81 .7  4 7 . 5  1.2 
1 7 0 . 8  53 .0  3 4 . 4  6.0 
1 4 6 . 4  3 3 9 . 2  1 0 7 . 5  4 2 . 5  2 .4  
2 6 8 , 4  4 0 2 . 8  55 .9  2 2 . 5  1,2 

a See footnote  to Tab le  V. 

It would appear that lecithin containing 18:1 and 
18:3 was not formed from diglycerides containing 
these acids since these acids increased in the di- 
glycerides (Table VI) at 8 days after section without 
a corresponding increase in these fat ty acids in 
lecithin. 

In general, the fatty acid changes in the other 
lipids differed chiefly in the time that decreases 
were observed. These differences might relate to a 
difference in susceptibility to degradation of lipids 
with a specific fat ty acid composition, a difference 
in susceptibility to removal of specific lipids from 
the tissue, a difference in susceptibility of synthesiz- 
ing systems for specific ]ipids, or dilution of a spe- 
cific lipid class by invasion or proliferation of cells 
rich in the same lipid class with a different fat ty 
acid composition. This latter explanation might be 
expected if the observation of an increase in a spe- 
cific fatty acid in a given lipid class were accom- 
panied by an increase in the fatty acid in the total 
lipids (e.g., 14:1 and 22:0 in lecithin and the total 
lipids). At 96 days and, in many cases, at 32 days 
after section these changes could be related to a 
decrease in the corresponding fatty acid in the total 
lipids. The decreases observed in fatty acids in the 
total lipids could be explained by a decrease in fatty 
acid synthesis, an increase in fat ty acid catabolism, 
or an increased removal of the fat ty acids from the 
tissue. 

Although such experiments are necessarily descrip- 
tive and do not offer concrete conclusions about the 
metabolism of individual fat ty acids in nerve during 
degeneration, they offer many useful leads for me- 
tabolic experiments involving the use of isotopically 
labelled precursors and for the selection of substrates 
for specific enzyme experiments. 
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Abstract 
There is now reasonable agreement on the se- 

quence of physiological and biochemical events 
leading to fibrin formation, and phospholipids 
are an impor tant  par t  of this process. The phos- 
phatides are ordinari ly provided by platelets, and 
it appears that  a l ipoprotein complex is respon- 
sible for this activity. The anatomic site of this 
complex is not known, but  evidence is presented 
that  it may be a proper ty  of the platelet mem- 
brane. Methods for the s tudy of platelet lipids 
including fa t ty  acids and aldehydes are described, 
and include silicic acid column and paper  chro- 
matography,  as well as thin-layer and gas-liquid 
chromatographic procedures. These are also be- 
ing utilized in studies of subcellular platelet par- 
ticles, where only limited amts of biological ma- 
terial are available for study. I t  is stressed that  
experimental  results obtained from studies on iso- 
lated tipids should be interpreted with a certain 
degree of caution. I t  is unlikely that  they are 
available as such in in r ive  coag~ulation, and the 
drastic procedures used for their  extraction and 
isolation may alter their  basic physiological 
properties. 

I N r~ECE'~,~T YEARS, the role of Iipids in blood coagula- 
tion has been better  understood, and there appear  

to be two main reasons for  this increase in our know- 
ledge. First ,  the sequence of protein interactions lead- 
ing to the formation of a fibrin clot has been fur ther  
elucidated (1). Secondly, advances in research have 

enabled us to characterize the specific lipids involved 
in the coagulation mechanism. Our thinking has prob- 
ably been fu r the r  clarified by the realization that  
there are three physiological events that  should be 
dealt with separa te ly- -a t  least for  the time being. 
They are:  a) blood coagulation; b) hemostasis; c) 
thrombosis. The tendency in the past to think of these 
as a single ent i ty has led to confusion. For  example, 
an increase in plasma lipids or postprandial  lipemia 
was equated with a "hypercoagu lab le"  state. This 
was presumed to be directly related to thrombosis. 
Arterial  thrombi histologically resemble hemostatic 
platelet plugs in that  there is a white " h e a d "  consist- 
ing of relatively intact platelets. Venous thrombi, 
Oil the other hand, more closely resemble clots as 
formed in the test tube. That  is, they consist of a 
mixture of fibrin, entrapped red cells and leukocytes, 
as well as platelets. These are the so-called " r e d "  
thrombi. Thus, it is inlportant to realize that lipids 
may not play a role in thrombosis and hemostasis, 
but  may only be important  for  coagulation. These 
concepts have been discussed in detail in recent re- 
views of the subject  (2-4) .  

Current  Theory of Coagulation 
Figure  I shows the sequence of events leading to 

the formation of fibrin. Contact with a fore ign  sur- 
face, such as damaged endotheIium or the cut edge 
of a blood vessel appears to activate Hageman factor. 
This in tu rn  activates PTA  and a pa t tern  of biochem- 
ical t ransformations appears to ensue, which involves 
the activation of a previously inactive coagulation 


