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Fibrinolysis VI. Activity of Aspergillin O (Mold Fibrinolysin) in vitro*
(27185)

MusTtaFA Karaca,! MARIO STEFANINI,?

Franco Soarprd aND Rose H. MELE

Joseph Stanton Memorial Laboratories and Deparitment of Medicine, Tufts University
School of Medicine, Boston, Mass.

The preparation of Aspergillin O has been
described(1,2). Some of its physico-chemi-
cal properties(2) and activity in vivo as a
fibrinolytic agent in animals(3) and man(4)
are being reported. The present study de-
scribes the effects on human plasma in vitro
and other properties of the agent.

Materials. Aspergillin O used in these
studies was supplied by the Connaught Lab-
oratories, University of Toronto. Its per-
centage chemical composition was as follows:
ash, 5; nitrogen, 7.68; hexoses, 45.3; hex-
osamine, 0.5. Its activity was 2,000 units/
mg as described from this laboratory(1). The
material was dissolved in borate buffer (pH
7.4) to final concentrations of 200, 100, 50,
25 and 12.5 y/ml, Blood, collected from “nor-
mal” individuals into Silicone-coated test
tubes using 1/10 volume of sodium citrate
3.8% as anticoagulant, was centrifuged at
1,200 rpm/4°C/10’ to obtain platelet-rich
plasma and at 4,000/4°C/30’ to obtain plate-
let-poor plasma. To obtain serum, normal
blood was allowed to clot, incubated at 37°C
for 3 hours and finally centrifuged at 2,000
rpm/4°C/10’.  Commercial bovine fibrino-
gen (Armour & Co.) was used to prepare fib-
rin plates for studies of the fibrinolytic ac-
tivity of Aspergillin O. Other materials are
described in the text.

Methods. The activity of Aspergillin O on
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the blood coagulation mechanism was studied
with technics previously described, as fol-
lows: clotting time of recalcified plasma(5);
partial thromboplastin time test(6); throm-
bin generation test(7); thromboplastin gen-
eration test(8); prothrombin time of plasma
(5, using 1/10 dilution of plasma with sa-
line) ; plasma prothrombin concentration(9);
labile factor(10), stable factor(9) and Stuart
factor(11) activity; plasma fibrinogen level
(5); plasma antithrombin (ITI) activity
(12).

Clotting time of recalcified plasma, plasma
prothrombin time and concentration, activity
of labile, stable and Stuart factors, plasma
fibrinogen level were determined immediately
and 60 minutes after mixing one volume of
diluted Aspergiilin O with 9 volumes of plate-
let-poor plasma at 37°C. In 'the partial
thromboplastin time test, one volume of
diluted Aspergillin O was added to 9 volumes
of plasma (platelet-poor) in Silicone-coated
test tube. This was shaken at room tempera-
ture for 5 and 1/10 ml of the mixture was
used as the plasma reagent in the test. In
the thrombin generation test, one volume of
diluted Aspergillin O was mixed with 9 vol-
umes of platelet-rich plasma (300,000 plate-
lets/cu mm). The test tube was incubated
at 37°C for 5, and 0.6 ml of the mixture was
used as the plasma reagent. In the thrombo-
plastin generation test, 0.2 ml of absorhed
normal plasma, 0.2 ml of serum, 0.2 ml .of
cephalin complex (0.03% in saline), 0.1 ml
of buffered saline and 0.1 ml of Aspergillin O
solution were transferred rapidly to a test
tube. 0.2 ml of 0.25 M CaCl, was added im-
mediately and the test carried out by the ori-
ginal technic. To investigate the effect on na-
tive human thromboplastin, Aspergillin O was
added 5’ after mixing the other reagents. The
test was then carried out as usual. In the
antithrombin IIT ‘test, 75 y of Aspergillin O
in 0.5 ml volume were added to an equal vol-



302 AcTtiviTy oF AspErcILLIN O in vitro

{DIGESTED)

THROMBIN UNITS

s
300
. 2501
TS rom
ontAGL
s om 260
:).'SO
£
2
3 o¢
H
H
]
S s \ \ ~
! ~
il 2 3 A
\
T T T Y T —7 T Y
3 g %0 ™ 100 s 50 75 200

@ ESPERGILLIN O 7, m:

THROMBIN UNITS (GENERATED)

2 N
H
i 5
. : S0 ym B
N 100 m «
N\~ 200 2m H
conTROL
SV wm
Nz vm
' T T T T T T T
" (3] o “w 3 30 i 20r
@ asrERGILLIN 3. 7
£00+ i
500+
.
4004
3%
300
— - 2 .
200 .- o z 4
.- =
.= C— PR
’/ o — £
Ad _— e /
/ ElL
I ) ‘
00 A - p
z
P 3
I 5 .
T T T T
FEI T T T T T T T
@ s 30 4 60 2 s0 7 100 128 180 gl 200
INCUBATION TIME ~ MINUTES ASPERGILLIN 0,7 /mi

FIG. 1. Effeet of Aspergillin O on generation of thromboplastin in vitro (see text). Avg
results of 5 experiments for each study.

FIG. 2. Effect of Aspergillin O on gencration of thrombin in vitro (see text). Avg results
of 5 experiments for each study.

FIG. 3. Antithrombin activity of Aspergillin O and its inhibition by human serum (see
text). Avg results of 5 experiments for cach study, Curve 1: Mixture of thrombin and Asper-
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ume of thrombin solution containing 2,000
NIH units/ml. The ability of the mixture
to clot a standard solution of fibrinogen (300
mg%) was then tested immediately and 15,
30", 60’ later. To test the inhibitory activity
of normal serum cn the antithrombin activity
of Aspergillin O, the same volume and con-
centration of Aspergillin O was incubated
with an equal volume of serum at 37°C for
60’. The reagent was then added to equal
volume of thrombin solution and the clotting
ability of the mixture evaluated after 15’
and 60’ of additional incubation. A mixture
of serum and of thrombin represented the
control.

Fibrinolytic activity of Aspergillin O was
investigated using heated and non-heated
plates, with a modification of the technic of
Astrup and Muellertz(13). 0.05 ml of each
dilution of Aspergillin O was transferred onto
the fibrin plate, which was then incubated at
37°C for 6 hours. Details of the method as
well as calculations of results have been de-
scribed(13). Caseinolytic activity was tested
by the method of Norman(14) using a 2%
solution of casein and esterase activity by the
method of Brown(15) using benzoylarginine
methyl ester (BAMe) and benzoylarginine
ethyl ester (BAEe) as substrates. To inves-
tigate the inhibitory effect on the fibrinogeno-
lytic activity of Aspergillin O, normal human
serum was added to a 1% solution of bovine
fibrinogen in veronal buffered saline (pH
7.3), to final volumes of 2.5, 5, 10 and 20%.
Nine volumes of the fibrinogen-serum mix-
ture were then incubated with one volume of
Aspergillin O solution at 37°C for 60’. The
fibrinogen level was then determined with
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the tyrosine method, To study the inhibition
of fibrinolysis, 2.5, 5 and 10% volumes of
serum were added to a solution of fibrinogen
containing 350 mg%. The serum-fibrinogen
mixture was then clotted by addition of
thrombin (as for the preparation of standard
fibrin plates). 0.5 ml of Aspergillin O at the
desired solution was transferred onto the se-
rum-fibrin plates. These were incubated at
37°C for 6 hours, when the area of lysis was
calculated. Borate buffer instead of serum
was used in the control plates.

Results. The effects of Aspergillin O on
the coagulation mechanism in vitro seemed
related to the concentration used. At con-
centrations higher than 50 y/ml the material
accelerated the clotting time of recalcified
plasma (especially with short periods of in-
cubation) and the partial thromboplastin
time, while it inhibited the generation of
thromboplastin (Fig. 1) and of thrombin
(Fig. 2). The activity of prothrombin and
of labile factor and concentration of pro-
thrombin were depleted slightly. Activity of
stable and Stuart factor was unaffected (Ta-
ble I). The activity of thrombin was in-
hibited drastically, an effect reversed in part
by addition of human serum (Fig. 3). At
concentrations lower than 50 y/ml Aspergil-
lin O did not affect appreciably any of the
clotting constants,

The fibrinogenolytic activity of Aspergillin
O varied with its concentration, and with the
medium used as source of fibrinogen. Purified
fibrinogen preparations were digested actively
by Aspergillin O even at minimum concentra-
tions, an effect inhibited by human serum
(Fig. 4). Platelet-poor plasma was also used

gillin O. Curve 2: Mixture of thrombin, Aspergillin O and human serum. Curve 3: Mixture

of thrombin and serum.,

FIG. 4. Fibrinogenolytie activity of Aspergillin O and its inhibition by human serum. Line

C is a control study (see text). Curves 1, 2, 3, 4 and 5 represent results with mixtures contain-
ing diluted solution of fibrinogen, Aspergillin O at standard concentration and increasing voi-
umes of human serum (0, 2.5, 5, 10, 20% volume respectively). When platelet-poor plasma rep-
resented the course of an optimum amount of fibrinogen as well as of inhibitory agents, fibrino-
genolytic activity of Aspergillin O was minimum (curve 6). Avg results of 3 experiments for
each study. Figure shows the increasing inhibition of fibrinogenolytic activity of Aspergillin O
by added serum and maximum inhibition by human plasma.

FIG. 5. Fibrinolytic activity of Aspergillin O and its inhibition by human serum. Fibrin
plates were heated (curve 1) or non-heated (curve 2). Other heated plates contained human
serum in 2.5% (curve 3 ), 5% (curve 4£) and 109 volume (curve 5). Addition of increasing vol-
umes of serum resulted in progressively greater inhibition of fibrinolytie activity of Aspergillin
O. Avg results of 3 experiments for each study.

FIG. 6. Caseinolytic and esterase activity of Aspergillin O. Casein, bemoylargmme methyl
ester (BAMe) and benzoylarginine ethyl ester (BAEe) were used as substrates (see text).
Avg results of 3 experiments with each substrate.
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TABLE 1.

AcTiviTy oF ASPERGILLIN O in vitro

Effect of Aspergillin O ut Various Coneentrations on Plasma Coagulation Faectors

In Vitro.*
Clotting time Prothrom- Activi
of reealeified bin time Ackivity————
Cone. of Masma, see.t of plasma  Prothrom-  Labile Stable Stuart Partial
Aspergillin (1/10 dil.), bincone.,, factor factor factor thro{nboplas-
0, v/ml 0 60° see, -% ~  tin time, sec.
0} 180 190 26 100 90 100 75 400
125 180 200 30 00 80 110 80 210
25 180 205 30 85 ] 110 80 160
50 144 210 30 85 70 110 80 135
100 140 215 30 85 65 100 75 95
200 110 185 40 80 60 80 70 95

* Avg results of 5 experiments, using normal human platelet-poor plasma (unless indicated
in the text). Values given are those at the end of 1 hr on inecubation of plasma with Aspergillin
0.

t Under column 0 are values taken immediately after mixing of plasma and Aspergillin O.
1 This tube contained borate huffer instead of Aspergillin O and represented the control.

to supply an optimum concentration of fibrin-
ogen and of inhibitors of Aspergillin O. The
activity of the material was minimum under
this experimental condition.

The fibrinolytic activity of Aspergillin O
increased in proportion to its concentration.
The agent does not activate the fibrinolytic
system and is inhibited by components of
plasma and serum. Accordingly, its fibrino-
lytic activity was higher on the heated than
on the non-heated fibrin plates and was in-
hibited again by addition of serum to the fib-
rin plates (Fig. 5). Finally, Aspergillin O
also exhibited strong caseinolytic and esterase
activity (Fig. 6), in direct relation to its
concentration.

Discussion and conclusions. At adequate
concentrations, Aspergillin O has significant
fibrinolytic, caseinolytic and esterase activity
with only negligible effects on the mechanism
of blood coagulation. The fibrinolytic activ-
ity is detectable clearly even in the presence
of plasma or serum, which inhibit strongly
the activity of Aspergillin O. These conclu-
sions correlate well with findings in vive(4),
where, with maximum concentrations of 7 to
10 y/ml of blood, Aspergillin O induces evi-
dence of clot lysis without untoward effects
on the coagulation mechanism.

Summary. 1. Aspergillin O is a material
obtained from cultures of Aspergillus oryzae
B-1273 which, at high concentrations and in
vitro, depletes slightly the activity of pro-
thrombin and labile factor, accelerates
slightly the clotting time of recalcified plasma
and the partial thromboplastin time. At

lower concentrations, it does not affect appre-
ciably the activity or concentration of various
factors or constants of the blood clotting
process, while still exhibiting marked proteo-
lytic, esterase and fibrinolytic activity. 2.
Its activity is inhibited by addition of plasma
or serum.

1. Stefanini, M., Adamis, D. M., Soardi, F., Hor-
ace, J. F., Marin, H. M., Mele, R. H., Lancet, 1959,
v2, 443. .

2. Stefanini, M., Karaca, M., Adamis, D. M., Mele,
R. H, Scand. T. Lab. and Clin. Invest., in press.

3. Marin, H. M., Stefanini, M., Soardi, F., Mueller,
L., J. Lab. and Clin. Med., 1961, v58, 47.

4, Karaca, M., Stefanini, M., Mele, R. H., ibid.,
in press.

5. Quick, A. J., The hemorrhagic disorders and the
physiology and hemostasis, C. C Thomas, Publ,
Springfield, Ill., 1942.

6. Rodman, N. F., Barrow, E. M., Graham, J. B,
Am. J. Clin. Path., 1958, v29, 525.

7. Pitney, W. R,, Dacie, J. V., J. Clin. Path.,
1953, v6, 9.

8. Biggs, R., Douglas, A. S., ibid., 1953, Vo, 23.

9. Owren, P. A., Aas, K., Scand. J. Clin. Lab. In-
vest., 1951, v3, 201.

10. Wolf, P., J. Clin. Path., 1953, v6, 34.

11. Hougie, C., Barrow, E. M., Graham, J. B,
J. Clin. Invest., 1957, v36, 485.

12. Seegers, W. H., Miller, O. K., Andrews, B. E,,
Murphy, C. R., Am. J. Physiol., 1952, v169, 700.

13. Soardi, F., Stefanini, M., Stump, D., Marin,
H. M., Surg., Gynecol. and Obstet., 1960, v111, 135.

14. Norman, P. S, J. Exp. Med., 1957, v106, 423.

15. Brown, E. M., J. Lab. and Clin. Med., 1960,
v55, 616.

Received September 18, 1961. P.S.E.B.M., 1962, v109.



