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(of cholic acid effects by hyodeoxycholic acid 
suggests that the latter substance acts as an 
antimetabolite of cholic acid. Although gen- 
eral increases or decreases in metabolic rate 
.would have similar effects on cholesterol mo- 
bilization, we have shown(4,7) that under our 
experimental conditions, the metabolic rate 
remains constant. 

It was hoped that the effects of hyodeoxy- 
cholic acid in the mouse could be duplicated 
jin other species, but in preliminary studies in 
the rat, this substance was ineffective a t  equi- 
valent dosage levels. 

Sunzwzary. The effects of cholic and hyo- 
deoxycholic acids on mouse liver and carcass 
cholesterol mobilization were investigated. 
Cholic acid inhibited liver cholesterol mobili- 
zation, while hyodeoxycholic acid promoted a 
rapid elimination of accumulated liver cho- 

lesterol. Hyodeoxycholic acid reversed the 
inhibition caused by cholic acid. Neither of 
these substances effected the rate of carcass 
cholesterol mobilization. 
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The fibrindytic system of man is the sub- 
.ject of increasing interest(1). While activa- 
tors such as streptokinase have been studied 
extensively, inhibiting agents have received 
1 

relatively little attention. E-amino-n-caproic 
acid (E-ACA) was first mentioned in this con- 
rlection in 1957 by Japanese worliers who de- 
scribed it, as an anti-plasmin agent( 2 ) .  I t  
was shown subsequently by Ablondi c t  uZ.(3) 



and Allijaersig et d ( 4 )  that the primary ac- 
tion of this compound is to inhibit plasmino- 
gen activation. It is of interest that 3Iiillertz 
( 5 )  had reported earlier that lysine and orni- 
thine are also inhibitors of plasniinoqen acti- 
vation. -\ systematic study of aliphatic amino 
compounds seemed desirable. An irz zlitro 
system for studying plasniinogen activation 
was utilized for this purpose. 

A Iatcrials mid rri(>thods. - 1  i i i i i io  c-orlipoltnds. 

The coiii p o u n d s tested were o 1) t ;t i n e d from 
commercial sources. They were amino acids 
and diamines with a carbon chain of 3 to S 
C*'s: 1) 3 C-'ss: b-alanine. 2 )  4 ("s: I l L - ~ ~ ,  
IlL-/3 and -,-aniinobutyric acid and putre+ 
cine - 2 HC'l. 3 )  5 ("s: 1-aminovaleric acid 
HCl. A-aniinolevulinic acid - HCl (niethJ-1 
ester). L-glutamic acid. ornithine * 2 HC'l. 
(L+ 1 -arginine * HC.1 and cadairerine * 2 W('1. 
4 )  6 C's: mminocaproic acid ( E-AC'X) . IIL- 
norleucine and L-lysine HCI. and 5) 8 C's: 
cl,-aminocaprylic acid. The E-ACA used here 
was a commercial preparation from I,. Light 
CL C'o. Ltd. .  C'olnbrook. England. On high 
voltage electrophoresis it was homogeneous. 
Constituents of in vitro sy s t rn i s :  Rovine fibri- 
nogen with a coagulability of 97-98,? was 
prepared according to R lomb~ck  and Rloni- 
back ( 6 ) .  The  thrombin used was throni- 
bin Roche (Topostasin ) . .A preparation 
of human plasminogen + proactivator was 
obtained from Kabi, Stockholm. I t  had 
been prepared by Kline's modification 
of Christensen and Smith's procedure from 
human plasma Fraction I11 and contained 
0.2 casein unit/mg. Human plasmin was 
a preparation of spon taiieously ac ti- 
vated human plasniinogen n-ith 0.2 casein 
unitjmg. A highly purified streptokinase 
preparation containing 500 unitsipg nitrogen 
was supplied also by Kabi, Stockholm. Sjrs- 
l c i i i  for  tpstincg ii?hihition oj  pltIsiizii?oy:'Cn o(-- 
t ivat inn.  The inhibitor!. effect of E-AC~\ and 
related substances on plasminogen acti1.a tion 
by streptokinase was tested in a clot sj,steni 
a t  p H  7.4 and 37°C. Each tube contained 
the following components in their order of ad- 
dition: 0.1 ml plasminogen solution (0.1 mg ' 
ml O.C)O/c, Na('1) + 0.5 ml Tris buffer o f  pH 
7.4 and ionic strength 0.15 containing a suf- 
ficient amount of the compound to  be tested 

to give final concentrations shown in Table 1 
$- 0.2 ml of O.S$$o bovine fibrinogen in Tris 
buffer +- 0.1 ml streptokinase solution ( S O  
units in1 0.97; S a C l )  + 0.1 ml thrombin 
solution (20 N.I.H. units/ml 0.9% NaCl) .  
Lysis time was determined from the time 
streptokinase was added, I n  absence of in- 
hibitors an  average lysis time of 10 minutes 
was obtained. In  absence of inhibitors and 
.;treptol;inase no dissolution of the clot was 
obtained within 48 hours. .lizti-pZasmin as- 
s t z j l .  The  anti-plasmin activity of the com- 
pounds was assayed by incubation with spon- 
taneously activated human plasminogen and 
determining degree of inhibition produced. 
f'lasmin aliquots (0.4 ml containing 1.6 casein 
units) were incubated with 0.1 ml of a 10 ' 

solution of the compound for 10 minutes 
a t  37°C'. Each sample was then assayed for 
residual plasmin on heated fibrin plates (sub- 
jected to 85°C' for 45 minutes) as described 
by Nilsson and Swedberg( 7 ) .  The result was 
expressed as percentage inhibition of the ori- 
ginal plasmin solution. 

Rcsul ts .  Activity of the various com- 
pounds, in order of potency as inhibitors of 
plasminogen activation, is shown in Table I. 
E-ACA, the reference compound, was most po- 
tent. Only one other substance, h-amino- 
valeric acid, showed activity a t  a concentra- 
tion of 10 :; 31. A-aminolevulinic acid and 
(t,-aniinocaprylic acid had significant activity 
a t  5 x 10 q': RI. y-aminobutyric acid and lysine 
at 10 $1 and putrescine, cadaverine and oirni- 
thine only a t  5 x 10 M. Even a t  the latter 
concentration, no inhibitory activity was 
found with the other compounds tested. 

S o n e  of the substances were anti-plasmin 
agents as measured by the procedure described 
under methods. 

Dist-ussion. The  results indicate that ali- 
phatic amino acids with a carbon chain length 
of 4 to 8 are inhibitors of plasminogen activa- 
t ion .  maximal activity residing in the 6-carbon 
coiiilmmd. E-ACA. Tha t  the terminal posi- 
tion for the amino group is critical is shown by 
the fact that whereas y-aminobutyric acid has 
significant activity, (x.  and ,@-aminobutyric acid 
do  not. Furthermore, E-ACA is a potent in- 
hibitor whereas (1-aminocaproic acid (norleu- 
cine) is inactive. A function for the carboxyl 



~ N R I B I T O R S  O F  PLASMINOGEN ACTIVATION 53 5 

16 
I 5  
11 
1" 
10 
12 

Y 
10 

9 

group as well is shown by the fact that addi- 
tion of an amino group in the a-positions of 
C-AC'A ( IL, c-diaminocaproic acid or lysine) 
and h-aminovaleric acid ( a ,  h-diaminovaleric 
acid or ornithine) results in considerable re- 
duction of activity. Also, replacement of the 
carboxyl groups of the 4 and 5 carbon amino 
acids with amino groups (the diamines, pu- 
trescine and cadaverine) results in lessened 
activity . 

E-ACA appears to be a promising agent for 
clinical trial in fibrinolysis associated wj th 
various diseases or with use of streptokinase 
for treatment of thromboemboljc episodes. 
Preliminary clinical studies in this labolratory 
confirm this impression. In  addition to pos- 
sible use of such compounds as therapeutic 
agents, the question arises whether any of 
them may play a role in physiologic or path- 
ologic fibrinolysis and thrombosis. The  2 
most potent substances, E-ACA and A-amino- 
valeric acid have not been found in animal tis- 
sues. However, the latter compound has been 
i~eported by Fosdick and Piez(8) to be pres- 
ent in saliva of patients with periodofltitis, 
presumably as a product of bacterial putre- 
faction. Local production of this inhibitor of 
jibrinolysis might account in part for the in- 
dolent characteristics of this disease. I t  is 
iinlikely that naturally-occurring compounds 

such as A-aminolevulinic acid and 7-amino- 
butyric acid occur in a sufficient concentra- 
tion in any tissue to exert an inhibiting effect. 

C'onclusio~zs. Several aliphatic amino com- 
pounds are inhibitors of activation of plas- 
minogen by streptokinase in vitro. The most 
potent of these are amino acids with a carbon 
chain length of 4 to 8 and with the amino 
group in the omega position. The significance 
of these findings is discussed. 
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