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Influence of Unsaturation on Fibrinolytic Activity of 
Salts of Fatty Acids. (32416) 

M. J. SURGALA, E. D. BEESLEY, AND R. R. BRUBAKER* 
(Introduced by G .  G .  Wright) 

Biological Sciences Laboratory, Fort Detrick, Frederick, M d .  

W i u m  salts of long chain saturated fatty 
acids have been reported to accelerate bload 
clotting and artificial thrombus formation in 
vitro( 1,2) and to cause m i v e  thrombosis 
and death in dogs(3,4). Unsaturated fatty 
acids are relatively inactive. We have found 
recently that sodium salts of long chain fatty 
acids can induce lysis of bovine fibrin films, 
and in this case it appeared that the un- 
saturated acids were more a t i v e  than the 
saturated. No lysis occurred on heated plates. 
These preliminary findings are confirmed and 
extended in the present report. 
Materials and methods. Fibrin films were 

prepared by dissolving Armour bovine fibrin- 
ogen (2.5 mg/ml) and Parke, Davis bovine 
thrombin, ~bpical (50 NIH units/ml) in so- 
dium borate buffer pH 7.7(5). Fibrinogen 
solutions were sterilized by filtration and 10 
ml volumes were added to 8.5 cm Petri dishes. 
With the plates on a ,level surface, 0.5 ml of 
thrombin solution was added dropwise to the 
fibrinogen while the mixture was gently 
swirled to #assure thorough distdbution. 
Highly pmified fatty acids were purchased 
from Applied Science h h a t o r i e s ,  State C d -  
lege, Pa. They were converted to their sodium 
cn- potassium salts by gentle warning with 
sodium (test no. 1) or poltassium (tests 2-5) 
hydroxide and were adjusted to pH 8.1 with 
HCI. Two-fold dilutions of the fabty acids 
in sodium borate buffer were placed on filbrin 
films in 0.02 ml mounts.  The l m t  cm- 
centration which cawed liquefaction siufficient 
for complete perforation of the fibrin film 

*Present address: Dept. of Microbiology, Michigan 
State Univ., East Lansing, Michigan. 

FIG. 1. Lysis of unheated bovine fibrin by sodium 
myristate. (A) 20 mM, (B) 10 mM, (C) 5 m M ,  (D) 
2.5 mM, (E) 1.25 mM, (F) 0.63 mM. 

after incubation at  37°C for at least 4 hours 
was taken as (the end poirk (Identical results 
were obtained with oleate when the system 
was adjusted to pH 7.4). 

Results and discussion. Fig. 1 shows the 
activity of 2-fdd dilutions of sodium myris- 
tate. At concentrations of 20, 10, 5, 2.5 and 
1.25 mM, 0.02 ml amounts placed on the 
fibrin film caused complete perforation of the 
film. Liquefaction caused by 0.63 mRI mn- 
centration was insufficient to perforate the 
film. 

Saturated fatty acids having 16, 18, 20, 22  
and 24 carbons were compared with acids 
with one unsaturated bond (Table I). Pal- 
mitic and palmitoleic acids appear to !be 
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TABLE I. Influence of Unsaturation on Fibrinolytic Activity. 

Active concentration, mM - -T 0s t NO .---PA- 7 

Fa t ty  acid 1 2 3 4 5 

Palmitate C16 : 0 5 .3 .3 
Palmitoleate C16 : 1 .5 .3 .3 
Stearate C18 : 0 .6 1 1 

Elaidate C18 : 1 .06 .2 .2 
Arachidate C2.0 : 0 1 5 1 
Eicosenoate C210 : 1 .08 

> l o  Behenate C22 : 0 > 10 
Erueate C22 : 1 .03 
Lignocerate C24 : 0 > 10 
Nervonate C24 : 1 .08 

Oleate C18 : 1 .2 .06 .2 .08 

.04 
> 10 

.02 

equally active. Presence of one umtumited 
bond in C18 and C20 acids increases activity 
roughly 1Q-fold. Presence of one unsaturated 
bond in C22 and C24 acids increases activity 
well over 1 00-fold. 

The data in 'I'dble I1 suggest bhat allthough 
one unsaturatd bond increams advi ty ,  fur- 
ther unsatumtion may dearease it. 

In  Table TI1 it a n  be seen that saturated 
fatty acidis of chain lengths 12 to 20 are 
fi brinol y tic. 

In the present study, the ability of certain 
long chdn fatty acids )to caw fibrinolysis 
has been studied only on bovine fibrin film. 
Any conclusiom concerning the impntance 
of these findings will of course require fur- 
tber study in other assay systems. In his 
investigations of nanmzymatic activation of 
human pliasminogen by various organic com- 
pounds, von Kaulla(6) found cmtarin short 
chain saturated fatty lacids to be active; testis 
with unsatuirated and long chain fatty acids 
were not ireported. Although, in our work, 
the inactivity of long chain fatty acids on 
heated fibrin fi lm suggests that the lysris of 
unheated films may be caused by activation 

TABLE 11. Influence of Polyunsaturation. 

Active concentration, mM 
c = T M t  NO.-\ 

Fa t ty  acid 1 2 3  4 5 

Oleate C18:l  .2 .06 ,2 .08 
Elaidate C18 : 1 .06 .2 .2 
Linoleate C18:2 .2 .5 .3 10  
Linolemate C18 : 3 .1 .6 .6 
Eicwenoate C20 : 1 .08 
Arachidonate C20 ; 4 1 1  

TABLE 111. Influence of Chain Length on Activ- 
i ty of Saturated Fa t ty  Acid Salts. 

Active concentration, mM 
(-Test No.? 

Fa t ty  acid 1 2 3 4 
~~ 

Laura t e c12 5 10 3 10 
Myristate C14 1 .6 3 1 
Pmtadecanoate C15 1 6 3 
Palmi tate C16 5 .3 .3 
Stearate C18 .6 1 1 
Nonadecanoate 019 6 3 1 
Arachidate C2,O 1 5 1 
Behenate 022 > l O  >10 > l O  

of pl'lasminogen, we have not ruled out a 
direct nmenzymatic dissolution of fibrin as 
in the case of surfaotants( 7) .  

Active linterest in fibrinolysis caused by 
fatty acilds seems justified because fatty acids 
are reported to cause significant effecb on 
b l d  clotting syistmns in vivo. For example, 
a lethal intravenous infwion of fatty acids 
in dogs is m i a t a d  w&h mas~vt? throm- 
bosis if s t d c  acid is injected(3), and with 
pulmonary edema and hemorrhage in the case 
of oleic acid (8). In  man, ingestion uf linolenic 
acid can reduce elevated thrombotic tendency 

A role of plasminogen activatar in pre- 
venlting formation of thrombi was suggested 
to Gans( 10) by the finding that increased 
plasminogen activatar occurs as early as 
does hypwmagulability followinlg intravenous 
administration of endotoxin to dogs. Man 
and a n i d  have great mpacity for effecting 
rapid changes physiologidly in plasma con- 
cent!rations of fatty acids, fatty acid com- 
pounds and fatty acid binding materials as 

( 9 )  - 
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well as of bdh fibrinolytic and thrombotic 
inhibitors. Various changes also occur in 
pathologic stakes. It seem treasonable to sus- 
pect a pocsible role of fatty acids in regula- 
tion of fibrin formation and digestion. 

Summary. We (have found 'that sodium or 
potassium salts of some long chain fatty acids 
induce fibrinolytic activity on unheated bo- 
vine fibrin films. The inlfluence of chain length 
and unsaturation on abililty to induce fibrina- 
lysis has been studied. Unsaturated fatty 
acids seem to be more aotive than the satu- 
rated compounds. The presence of one un- 
saturated bond appears to make little differ- 
ence in activity of C16 fatty acids. In Cl8  
and C2O acids, i t  increases d v i t y  roughly 
10-fold. In  C22 and C24 acids, i t  increases 
aotivity more than 10Gfold. A possible role 
of fatty acids in regulation of fibrin foma- 
tion and digestion is suggested. 
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Paraffin oils and hydrocarbons have been 
found to be absorbed and metabolized when 
supplied with the diet (1,2). The ingestion of 
such ails has been asscyciarkd with a decrease 
in Ithe absorption of carotene, fat soluble vita- 
mins, and other nuitrienb(3-8). Mineral oil 
enhanced the development of essential fatty 
acid deficiency(9) and citused growth re- 
tardation, alopecia, priapism and even death 
in rats when fed at the 10% level( 10). How- 
ever, User et aZ(l1) found that rats fed 
petroleum exhibitted none of these problems. 
The gross and microscopic a p p r a n c e  of the 
t isues and organs rma.ined normal. 

In addition to small quantities of minerd 
oil used for medical purposes, food additives, 
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and food packaging materials in mast coun- 
tries, mineral oils, such as (praffin oil and 
transformer and spindle oils are used l i~s adul- 
teranks in cooking oils, particularly in India. 
In certain cases, the d lb le  oil may *be adul- 
terated w-ith as much as 90% of mineral oil. 
In the present study, the influence of ingested 
mineral oils such as paraffin ail, U.S.P.; tmns- 
former and spindle oils on the growth rate 
and lipid class composition of Ithe liver lipid 
in rats was investigated. Since edible oils 
addtera td  ~ t h  mineral oil would dm be 
heated during the process of cwking and 
frying, the effect of mildly thermally oxidized 
minwrail oils admixed with the fjr& edible 
oil was investigated. 

Materials and methods. Eight groups each 
consisting of 4 male weanling rats (Hultz- 
main Strain) were fed ad libitum fw 4 weeks 
a purified diet containing 10% by weight 


