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Synthetic Activators of Fibrinolysis which Table L. Fibrinolysis (clot lysis} by salicylic acid derivatives. Effect
Possess Anticoa gul ant Property of modifications of substituents on activity

During the search for better thrombolytic agents it was ; .
observed that certain synthetic organic compounds when ~ Compound Activity  Clot dis-
dissolved and incubated with human plasma resulted ina  Structure Name at0.0M Scf’tu“gfh
marked fibrinolytic and caseolytic activity . The fibrino- ?nc?;;)a-
Iytic activity generated in the presence of these com- tion
pounds is quite stable in contrast to that induced by en-
zymes. This was, at least partially, explained by the
destruction of antiplasmin?®, There is a clear-cut relation- COONa
ship between the chemical structure of the compounds and OOH

0

their fibrinolysis-inducing ability?3% One essential re-

quirement for a synthetic compound for producing

fibrinolytic activity appears to be a large asymmetric

anion carrying one hydrophilic side chain and certain

hydrophobic substituents. It was found that some substi- I/ OH
O

salicylic acid Na 0.2 traces

p-methylsalicylic 0.07 partial

tuted salicylic acid derivatives are in the test tube quite aN
ack a

active ‘fibrinolysis-inducers’. For serial testing, a newly ~
developed procedure was used?®. The method is based on CH,
the ability of a solution of the compounds in buffered

saline (pH 7.4) to lyse on incubation preformed clots ob- COONa

tained by recalcification of human citrated plasma. E))OH S-ethoxysalicylic 0.08 complete
e
(o)
i
CH

Table I shows that by systematic modification of sub- acid Na®

stituents of the salicylic acid molecule increasingly more
active compounds are derived. The modifications eventu-
ally produced a more than fifty-fold increase of activity 2
as compared with the mother compound. It can be as- (I:'HS
sumed that further research will yield compounds with

higher activity and a therapeutic potentiality as thrombo- COONa

thetic organic compounds requires serial testing at H ;?l‘;’y“c acid
various molarities, because there is an optimal range of a
concentration above or below which they do not induce n H,

fibrinolytic activity. Ortho-thymotic acid sodium salt

illustrates this phenomenon. It has a range of fibrinolysis- OH

inducing activity from 0.03 to 0.01M for the majority of ¢ OC\OONa 2-hydroxy-p- 0.02 complete
3
O

lytic agents.
The assessment of the fibrinolytic potentiality of syn- (OjOH 3-isopropyl- 0.02 complete
~ S
C
2~
CH C

plasma clots. With some plasma clots the effective range cymene-3»
may extend to 0.04 or drop to 0.008M with others. carboxylic acid
Ortho-thymotic acid sodium salt also provides a striking /Cli Na®
example of the close relationship between structure and CH; CH,
fibrinolysis-inducing ability; shifting of its hydroxyl
group from ortho- to para-position produces a totally COONa
ineffective compound. CH, OH
Plasma containing o-thymotic acid sodium salt at ap- (oj o-thymotic acid Na  0.01 complete
propriate concentrations clots after recalcification and a ~c
structurally normal clot (thrombelastogram) results. -
These clots lyse on incubation. c
Ortho-thymotic acid sodium salt exhibits well an in-
teresting property which is common to all synthetic COONa

organic fibrinolysis-inducing compounds (so far ob- (joﬂ
(o]
-
o
cH

H
~
H, CH,

5-benzyloxy- 0.008 complete

served): it exerts a concentration-dependent anticoagu- salicylic acid Na®

lant effect which varies to some extent from plasma to

plasma. A representative anticoagulant and fibrinolysis
experiment with o-thymotic acid sodium salt using the 3
plasma of a healthy donor is shown in Table 1I. The con-
centration-depandent anticoagulant and fibrinolytic ef- E)

COONa

OH 5+{2’-chloro 0.004 complete
1 K. N. voNn KAULLA, Chemistry of Thrombolysis: Human Fibrino- G) ::lr: zyll.o :‘g)i.d Na®
Iytic Enzymes (C. C. Thomas Publisher, Springfield 1963). o~ cylic ac
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fect is clear-cut. The plasma used was purposely not
diluted by the recalcification technique used?,

Synthetic organic compounds which exhibit both
fibrinolytic and anticoagulant activity are bound to have
therapeutic potentialities and call for further investiga-
tion. Their mechanism of action is unknown except to say
that it cannot be demonstrated that the compounds
directly activate purified human plasminogen, and yet an
activation of the fibrinolytic system of human plasma

Table 11. Anticoagulant and clot-dissolving properties of o-thymotic
acid sodium salt

mg compound Mol Recalcification Clot dis-
per ml plasma time (min) solution
after24h
incuba-
tion
4.3 0.02 63 complete
3.87 0.018 19 complete
3.44 0.016 10 complete
3.0 0.014 6 complete
2.58 0.012 4.30 partial
2.15 0.1 4 none
1.72 0.008 4 none

Cardiac Mitochondrial NADH,-Cytochrome ¢
Reductase and Cytochrome Oxidase after
Cardiopulmonary By-Pass in Dog!

During and after extracorporeal circulation procedures,
cardiac mitochondrial succinate dehydrogenase activity?,
and oxygen consumption rate measured by the differences
between coronary arterial and venous oxygen content of
blood ® are decreased. Also, certain changes in the physico-
chemical properties of the actin-myosin system are ob-
served following heart-lung by-pass procedures® in the
dog. However, the possibilities of metabolic derangements
in cardiac sarcosomes are numerous®. Thus, it is necessary
to investigate the possible changes of mitochondrial func-
tion at the NAD-NADH, to cytochrome ¢, and at cyto-
chrome ¢ to oxygen. The cardiac mitochondrial NADH,-
cytochrome c reductase and cytochrome oxidase activities
are studied®7 after partial heart-lung by-pass.

Methods. A method of cardiac mitochondrial extraction
is reported elsewhere®. The details of isovolemic and nor-
mothermic partial cardiopulmonary by-pass perfusion
procedures have also been reported previously 4. A total of
15 dogs of both sexes, weighing 14 to 20 kg each, are
anesthetized with chloralose (80 mg/kg). Of these, 10 dogs
are used as the experimental group. Cardiac mitochondrial
cytochrome oxidase is measured according to a modified
method of Smrtu?. The rate of oxidation of NADH, by
cytochrome ¢ (probably mediated by the NADH,-cyto-
chrome ¢ reductase of MAHLER et al.®) is studied by a
macro-oxygen electrode (Clark type), a specially designed
magnetic stirring reaction chamber contained within a
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occurs. The compounds are poorly active or non-active
in bovine, cat, dog, rabbit, or rat plasma. As a working
hypothesis, it is assumed that the fibrinolysis-inducing
synthetic compounds inhibit (or neutralize) an antiacti-
vator of the plasminogen system. They are furthermore
capable of inhibiting the clotting process at a yet un-
determined level®.

Zusammenfassung. Derivate von Salicylsdure aktivieren
im Reagenzglas das fibrinolytische System des menschli-
chen Plasmas und iiben eine gerinnungshemmende Wir-
kung aus. Durch planmissige Verdnderungen der Sub-
stituenten des Salicylsduremolekiils gelang es, in zuneh-
mendem Masse Verbindungen mit steigender fibrinoly-
tischer Aktivitit aufzufinden. Die gerinnungshemmende
und fibrinolytische Wirkung wird am Beispiel der
ortho-Thymotinsdure erldutert.
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temperature-controlled water bath (a total capacity of
300 ml), and recorded on a Beckman 160 Physiological
Gas Analyzer (Palo Alto, Calif. USA). The water in the
bath is circulated by a Haake thermoregulator and pump.
The reaction chamber contains 0.05M phosphate buffer,
pH 7.4, 2-10-3M cytochrome ¢, and 1.2-10-3M
NADH, in a final volume of 4.4 ml, equilibrated for 10
min at 25°C. The reaction is started by adding 0.1 ml of
mitochondrial suspension (protein concentration of 2.08
to 3.4 mg per ml, pH 7.4, in 0.17 37 phosphate buffer and
0.25M sucrose solutions), and the oxidation rate of
NADH, is measured for 10 min®,

Results and discussion. The present study suggests that
the cardiac mitochondrial cytochrome oxidase and the
rate of NADH, oxidation by cytochrome c (probably
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