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Abstract

Background/Aim: Cardiovascular diseases (CVDs) are the primary non-
communicable disease at the global level due to abnormal platelet aggregation by
fibrin forming clots in blood vessels called thrombus. The search for thrombolytic
drugs is largely carried out to treat thrombosis. Crude extract and dialysate
protease of Bacillus thuringiensis HSF1-12 is known to have thrombolytic activity
in vitro. The in vivo thrombolytic activity evaluation of concentrated protease of
the bacterium is yet to be done. This study aimed to evaluate in vivo thrombolytic
activity of concentrated protease produced by ultrafiltration of crude B
thuringiensis HSFI-12 protease using Rattus norvegicus as animal model.
Methods: Carrageenan was used as thrombosis induction agent in rats.
Intravenous injection of B thuringiensis HSFI-12 concentrated protease doses of
75, 150, 300, 600 pg/kg body weight (BW) was administered to rats, then
induction of carrageenan was given intravenously to the rats’ tails 30 min after
injection of B thuringiensis HSFI-12 protease concentrate. The average length of
the infarctareain the tail of the rat was shorter in the rats that were given various
doses of B thuringiensis HSFI-12 protease concentrate compared to the negative
control (rats induced by carrageenan 20 mg/kg BW).

Results: The PT examination results showed a prolonged PT time at 300 pg/kg
BW dose, while there was at risk of bleeding at 600 pg/kg BW dose. The activated
partial thromboplastin time (aPTT) examination results showed that time
elongation beyond the normal range did not occur in rats after treatment. The
amount leukocytes (WBC) and erythrocytes (RBC) after treatment were within
the normal range indicating that they did not affect the haemostasis mechanism,
while the platelet count (PLT) assay showed decrease in the number of platelets
(thrombocytopenia). However, after treatment the number of platelets (PLT)
showed a positive response as seen from an increase in values close to normal
range. As conclusion, induction of carrageenan conducted had successfully
caused thrombosis in R norvegicus’ tail used as the thrombosis model.
Conclusion: Concentrated protease of B thuringiensis HSFI-12 showed in vivo
antithrombotic potential with an effective dose of based on PT, aPTT and blood
count evaluation at 150 pg/kg BW.
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induction; In vivo thrombolytic test; Thrombolytic agent.
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Introduction

Cardiovascular diseases (CVDs) are a non-
communicable diseases with mortality rate
reaching 35 % in Indonesia.!* CVDs are mainly

caused by the formation of thrombus in the blood
vessels (thrombosis) due to an imbalance in the
formation of fibrin and fibrinolysis resulting in
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platelet aggregation by fibrin. Such aggregation
may continue to forming clots that can interfere
with blood flow.*® Fibrin can be hydrolysed by
fibrinolytic enzymes such as plasmin.”® Plasmin
acts in the breakdown of fibrin in blood clots, but
when plasmin cannot work normally, enzymatic
thrombolytic agent therapy is required.’*!

Commercial thrombolytic agents such as tissue
plasminogen activators (tPAs), urokinase (UK),
streptokinase (Sk) and nattokinase (NKk) have
the disadvantages of causing gastrointestinal
bleedingand allergicreactions, are expensive, low
specificityand also has shorthalf-life. Therefore, it
is necessary to develop new thrombolytic agents.
The expected thrombolytic agent is cheaper
and safer as they do not show antigenicity and
bleeding.!’'* Thrombolytic agents sourced from
bacteria are the most widely produced because
they have great biotechnological potential with
several advantages including fast growth, high
substrate specificity, abundant availability in
nature and low production costs. Thrombolytic
agents can be protease enzymes, which is known
to be safe to use, one of which produce by Bacillus
spp isolated from fermented products of the
digestive organs of sea cucumbers (Holothuria
scabra)’ The protease produced by the strain of
Bacillus spp HSFI-12 was then partially purified
through ammonium sulphate precipitation
followed by dialysis. It was found that in vitro
blood lysis activity of the dialysate protease of
strain Bacillus spp HSFI-12 was higher than its
crude protease and the activity was higher than
the commercial Nk as a positive control. This
shows that higher purity of the protease enzyme,
can cause the higher activity in lysing blood clots.
Based molecular and bioinformatics analysis
results, Bacillus spp isolate HSFI-12 was later
identified as Bacillus thuringiensis.**

In vivo activity and the antithrombotic
mechanism of action of the Bacillus thuringiensis
HSFI-12 protease was yet to be known.'* > In
vivo antithrombotic assays of protease enzymes
in experimental animals can be done on the
thrombosis model, for example thrombosis
model carried out by carrageenan induction in
rat’s tails.'® 7

This study aimed to evaluate the thrombolytic in
vivo activity of protease concentrates from the
crude enzyme B thuringiensis HSFI-12. Evaluation
of the antithrombotic activity in vivo includes
anticoagulant activity tests, namely prothrombin
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time (PT) and activated partial thromboplastin
time (aPTT) examinations, thrombolytic effects
(through examination of % thrombolysis by
measuring the tail length of thrombotic rats).
Other haematology assays that also evaluated
were leukocytes as white blood cells (WBC)
count, erythrocytes as red blood cells (RBC)
count and platelets (PLT) count.'

Methods

The materials used in this study included Bacillus
thuringiensis HSFI-12 bacterial isolate originated
from the fermented product of the digestive organ
of the sea cucumber (Holothuria scabra). The
isolate was obtained from previous studies,'® 1*
which had been stored in glycerol at -20 °C.

Animal and ethics statement

Eighteen male rats (Rattus norvegicus), stock
Wistar, aged 2-4 months (8-16 weeks), tail length
=13 cm weighing 200 g were used in study. These
rats were breed by Animal Test Laboratory,
Universitas Muhammadiyah Semarang, Central
Java, Indonesia. Selected animals were housed in
stainless steel cages in a ventilated room. Light/
dark regime was 12/12 h and living temperature
was (22 % 2) °C with relative humidity of (55 *
10) %. Standard compressed rat feed BR-1 and
drinking water were supplied ad libitum. Food
was given as much as 10 % body weight, which
is around 10-15 g/head/day. Ethical clearance
was approved by the Health Research Ethics
Commission (KEPK) Faculty of Public Health,
University of Muhammadiyah Semarang (No
634/KEPK-FKM/UNIMUS/2022). The rats were
allowed 7-days quarantine and acclimation
period prior to start of the study.

Bacterial subculture

Subculture of isolates was carried out as
confirmation test of Bacillus thuringiensis HSFI1-12
sample used. The media used were Nutrient Agar
(NA, Oxoid, UK), Blood Agar Plate (BAP, Oxoid,
UK). The next step included Gram staining test
and the protease production on Skim Milk Agar
(SMA, Oxoid, UK) media.™*

Enzyme production

Starter media used was Minimal Synthetic Medium
(MSM) with the addition of 1 % skim milk. Pure
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isolates were grown in Luria Bertani Agar (LBA,
Oxoid, UK) media containing 2 % skim milk.
The clear zone formed around the colony was
the parameter of the isolate’s ability to produce
proteases. A loop-full of bacterial isolate was put
into 300 mL of starter medium and incubated on
a shaker incubator at 37 °C for 24 h. A total of 10
% starter was inoculated into 300 mL of liquid
production medium and incubated for 48 h under
the same conditions as the starter. After 48 h, the
samples were then centrifuged at 6000 rpm for 30
minat4 °Cto separate bacterial cells. Supernatant
regarded as crude protease was separated and
then concentrated by ultrafiltration.'® 1

Enzyme activity and concentration assay

Enzyme activity was measured using the Takami
method (1989) with modifications.?’ Samples
were prepared by mixing 250 mL of 0.05 M
citrate buffer at pH 6, 250 mL of 2 % casein and
50 mL of enzyme solution, then incubated at
60 °C for 10 min. A total of 0.5 mL of 10 % 0.4
M TCA was added to it, then centrifuged at 4 °C
at 10,000 rpm for 10 min. The supernatant was
separated and 0.5 mL of it was reacted with
2.5 mL 0.4 M Na,CO, and 0.25 mL Folin reagent,
then incubated for 30 min at room temperature.
The absorbance was measured at A = 660 nm.
Blanks were made using an inactive enzyme
with the same reaction. One unit of protease
enzyme activity is defined as the amount of
enzyme that can produce 1 mmol of tyrosine
per minute under measurement conditions.'8-2°
Extract resulted from ultrafiltration of crude
protease was regarded as protease concentrate
was subjected to concentration analysis by the
modified Bradford method.?® 2!

In vivo experiment

The in vivo thrombosis induction on rat tail was
carried out using carrageenan (20 mg/kg BW)
(Sigma-Aldrich, St. Louis, USA). Rats were with
simple random sampling divided into 6 groups.
Group1(NoTreatment/NT),thosewithnoenzyme
supply and without carrageenan induction. Group
2 (Carrageenan Induction/CI/Negative Control),
rats induced by carrageenan at their dorsal tail
vein as a negative control. Protease concentrate
of B thuringiensis HSFI-12 in graded doses of 75,
150, 300 and 600 mg/kg body weight (BW) in
PBS 1x were intravenously injected to the lateral
tail vein of the rats (sequentially Group 3, 4, 5 and
6). After 30 min of intravenous injection of the
protease concentrate B thuringiensis HSFI -12, the
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rat tail was ligated, where carrageenan was then
induced by intravenous injection in the rat tail.
Ligation was removed after 15 min of induction.
These experiments were performed under
ether anaesthesia. The length of the burgundy-
coloured infarct area was measured after 24 h of
treatment by the protease thrombolytic agent of
B thuringiensis HSFI-12 as schemed in Figure 1.2

( )

Protease concentrate
injection (0.05 mL)
Tail vein

13cm —=

; Carrageenan injection
Protease concentrate injection (induction) spot
(0.05 mL)
. J
Figure 1: Schematic of the injection sites in the rat tail for in

vivo thrombosis evaluation after bacterial protease treatment?

The infarct area will increase over time and
stabilise at 24 h after carrageenan induction.??
Thus, 24 h was the point in time at which a
successful thrombosis model was created. The
thrombolytic activity of the B thuringiensis HSFI-
12 protease enzyme was measured using the
following formula (eq.1):8

Thrombus length on control rat's
tail-Thrombus length on treated rat's tail X 100%
Thrombus length on control rats tail

% Thrombolysis =

At the end of the study period, the rats were
euthanised. Organs and tails were harvested and
stored for subsequent research histopathological
studies targeting thrombus to develop a
concentrated protease effect generated by
crude Bacillus thuringiensis HSFI-12 protease
ultrafiltration.

Anticoagulation assay

PT and aPTT (TECO) coagulation tests were
performed after 2 h of carrageenan induction.
Blood samples were taken from the orbital
sinus of the eye of rats using micro haematocrit.
The blood that came out was accommodated
in Eppendorf tube containing 3.2 % sodium
citrate (9:1 v/v). Platelet-poor plasma (PPP) was
obtained by centrifugation of blood at 3000 rpm
for 10 min. A 25 mL of PPP was used in each
examination. The stopwatch was terminated
when a fibrin clot was formed.* ??
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Red blood cells, white blood cells and
platelet count assays

Whole blood samples were taken after 24 h
of carrageenan induction by etching micro
haematocrit into the orbital sinus of the rat’s
eye. The blood that came out past the end of
the micro haematocrit was accommodated in
an EDTA vacuum tube microtainer that already
contained the anticoagulant K,-EDTA.?> *¢ The
recommended amount of K -EDTA should be
around 1.5-2.2 mg/mL of blood. The whole blood
sample was then homogenised manually or
using a special mixer. Determination of the RBC,
WBC and PLT using a Haematology Analyzer as
previously reported was performed.?” 28

Statistics

IBM SPSS Statistic 26 programme was used to
analyse parameters. Normality data test was
calculated using the Shapiro-Wilk test. The
results of the normality test in each group were
normally distributed by showing a significant
value greater than 0.05 (p > 0.05). The Levene
test was used to test homogeneity as a condition
before using the One-way analysis of variance
(ANOVA) test. A significance value greater than
0.05 (p > 0.05) was indicated that the data were
homogeneous between groups. ANOVA test was
conducted to see whether there was a difference
of the test parameter (% thrombolysis and
haematology count assays (PT, aPTT, RBC, WBC,
PLT) in the treatment group (p < 0.05).2° Then the
post-hoc LSD was carried out to see if there was a
significant difference in the treatment compared
to the treatment control (NT or CI) (p < 0.05).3°

Results

Bacterial subculture

B thuringiensis HSFI-12 colonies were sub-cul-
tured and the result showed that the colonies
grew in uniform with no signs of contamination.
Observations on NA media showed colonies with
a circular shape with a diameter of 4 mm, entire
edge, convex elevation, smooth consistency and
milky-white in colour. Bacterial growth on BAP
media showed [B-haemolysis, characterised by
a clear or colourless zone around the colony be-
cause bacteria could dissolve all red blood cells.
Microscopic characterisation showed Gram-pos-
itive characteristics with bacilli-shaped purple
cells (Figure 2).
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Figure 2: Result of the protease production capacity test of
Bacillus thuringiensis HSFI-12 on solid media Skim Milk Agar
(SMA), on the 7th day of observation. A. Bacterial colony B.
Clear bacterial proteolytic zone.

Activity and concentration of obtained
concentrate protease

Results of activity test on B thuringiensis protease
from crude protease before and after ultrafiltra-
tion process is summarised in Table 1.

Table 1: Activity (U/mL) and concentration (ug/mL) of crude en-

zyme and ultrafiltration concentrate protease of Bacillus thuring-
iensis HSFI-12

Bacterial Enzym activity  Protein Concentration
protease sample (U/mL) (ug/mL)

Crude 4.6709 = 0.0023 100.5521 + 0.0041
Concentrate 9.3717 = 0.0034 268.4285 = 0.0014

In vivo thrombolysis assays of protease
concentrate

The results of carrageenan induction as swell-
ing and redness (of thrombus) seen as burgundy
in the tails of the rats in the CI/negative control
group (Figure 3 A). The results of administration
of the protease concentrate prior induction to
prevent thrombosis are shown in Figure 3 B-E.

Determination of effective dose of protease
concentrate to prevent thrombosis

The effective dose of bacterial protease to prevent
thrombosis was determined based on percentage
of reduction (%) in thrombus length (mm) of R
norvegicus’s tails. The results are shown in Table 2.
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Figure 3: Representation of different thrombus length (seen as
swelling and redness indicated by red arrows) in Rattus norvegi-
cus’ tails in a carrageenan-induced (20 mg/kg BW) thrombosis
model. Prior to carrageenan induction, the tails were treated
with varied dose of Bacillus thuringiensis HSFI-12 concentrated
protease obtained by ultrafiltration. (A) Negative control.

Table 2: Percentage of reduction in thrombus length of Rattus
norvegicus’s tails after the administration of varied dose of con-
centrated protease of Bacillus thuringiensis HSFI-12 as throm-
bosis prevention agent followed by carrageenan induction as
thrombosis model

Thrombus Thrombolysis
) GRS length (mm) percentag: (%)
3 Negative control (Cl) 9.0+£0.35 0+0.18
3 Cl+CP75 3.8 +0.36 58 +0.222
3 Cl+CP 150 1.9+0.15 79+0.21°
3 Cl + CP 300 1.0+0.10 89 + 0.152
3 Cl + CP 600 0.5+0.05 94 +0.172

N: number of rats; Cl = Carrageenan induction (20 mg/kg BW); CP = Concen-
trate Protease (ug/kg BW); ¢ significance difference of % thrombolysis with
negative control (p < 0.05);

Anticoagulant and blood count assay

The coagulation cascade was tested based on two
parameters, PT and aPTT. The safest dose of pro-
tease without affecting the aPTT of the treated
rats was also determined by comparing differ-
ence between aPTT values of the untreated and
treated rats (NT) group (Table 3).

Table 3: Haematology count results as part of antithrombosis in vivo assays in control and treatment
groups of Rattus norvegicus induced by carrageenan as thrombosis model

N Group PT aPTT WBC RBC PLT
(s) (s) (10%/uL) (10%/L) (103/pL)
3 NT (no treatment) 30=3 285x2 8.7+0.3 6.32 = 0.04 1022 +5
3 Negative control (Cl) 232 115+3 18.4+0.2 4.61+0.05 707 =6
3 Cl+CP75 24+ 1° 310+ 12 18.3 £ 0.4° 4.87 +0.04 561 + 2°
3 Cl + CP 150 33+12 349 x 220 15.8 £ 0.7° 4.96 + 0.03 658 + 2°
3 Cl + CP 300 38 + 320 381 + 30 1.8 0.2 5.20 + 0.02*° 798 =1
3 Cl + CP 600 41 + 200 403 + 22° 9.3+0.6 5.72 = 0.04 927 =3

Cl = Carrageenan induction (20 mg/kg BW); CP = Concentrate protease (Lig/kg BW); PT = Prothrombin time; aPTT = Activated
partial thromboplastin time; WBC = White blood cells; RBC = Red blood cells; PLT = Platelet/thrombocyte; a = significance
difference with Cl (p < 0.05); b = significance difference with NT (p < 0.05);

Discussion

B thuringiensis HSFI-12 bacterium as living object
in this study was confirmed to produce protease
enzymes as indicated by the formation of a clear
zone around the colonies on SMA media. The re-
sults were in line to those previously reported.”
1* Based on this, activity assays on protease pro-
duced by B thuringiensis HSFI-12 could be done.

For bacterial protease activity assays, the 5M
tyrosine standard with volume ranged from 0O -
5.4 uL was used to create the tyrosine standard
curve. The equation obtained from the tyrosine
standard curve, y = 0.1404x + 0.0411, was then

used to calculate the enzyme activity in the sam-
ple solution. Results of activity test on B thuring-
iensis protease showed that there was a 2-fold
increased value from crude protease before and
after ultrafiltration process. BSA standard solu-
tion was used to determine crude protease and
protease concentrate based on absorbance mea-
surement of at 595 nm according to Bradford
method.’®?° The results showed that compared
to the crude extract, the protein content of con-
centrate protease was higher more than twice by
268.4285 + 0.0014 pg/mL.
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As seen in Figure 3 after 24 h of 20 mg/kg BW
carrageenan induction, swelling and redness
(thrombus) were seen as burgundy in the tails of
the rats in the CI/negative control group, where-
as in the group given the protease concentrate
a dose of 75, 150, 300 and 600 g/kg BW 1 x PBS
there was decreased in swelling and redness.
The results showed that higher protease dose
of B thuringiensis HSFI-12, the greater thrombus
size reduction. The percentage of thrombolysis
increased following the increased dose of con-
centrated protease. All used doses caused signifi-
cantly different thrombolysis levels within the
Cl/negative control group, but not within the dos-
es of 300 ug/kg BW and 600 pg/kg BW. It means,
the most effective dose of protease B thuringien-
sis HSFI-12 to cause thrombolysis in carrageen-
an-induced rat tails is 300 pg/kb BW.

The results of coagulation cascade tests based on
PT and aPTT showed that the concentrated pro-
tease of B thuringiensis HSFI-12 could prolong PT
and aPTT. The results also showed that bacterial
protease brought significant antithrombotic ef-
fect by regulating the intrinsic and extrinsic co-
agulation pathways. The PT value was prolonged
with the increase in the protease dose, but the
difference was significant with the negative con-
trol starting at the B thuringiensis HSFI-12 prote-
ase dose of 150 pg/kg BW. Furthermore, only the
B thuringiensis HSFI-12 protease dose of 150 pg/
kg BW had the same PT value as the untreated/
normal rats (NT) group, therefore it can be con-
cluded that the best dose without disturbing the
PT time of the treated rats was 150 ug/kg BW.
For other coagulation factors, aPTT values be-
gan to be significantly different from the nega-
tive control at a B thuringiensis HSFI-12 protease
dose of 75 pg/kg BW and continued to increase
with increasing doses. Based on Table 3, the saf-
est dose of protease without affecting the aPTT
value of the treated rats was 75. It is because the
treatment produced aPTT value that was not sig-
nificantly different from that of the untreated/
normal rats (NT) group.

Haematology testes showed that induction of
carrageenan causes an increase in WBC value. A
significant decrease in WBC values only occurred
at a B thuringiensis HSFI-12 protease dose of 300
ug/kg BW, reaching the same WBC values as un-
treated rats. Therefore, the minimum protease
dose to restore WBC values in treated mice was
300 pg/kg BW. On the other hand, induction of
carrageenan decreased RBC and PLT values. The
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effective dose of B thuringiensis HSFI-12 prote-
ase that can significantly increase the RBC value
is 300 pg/kg BW, although the increase has not
yet reached the RBC value in untreated/normal
rats. The dose of B thuringiensis HSFI-12 protease
that could restore PLT values was the same as in
untreated rats starting with a dose of 300 pg/kg
BW. It can be inferred however, that a dose of B
thuringiensis HSF1-12 protease of 300 pg/kg BW
was the minimum dose used to restore WBC, RBC
and PLT values after rats were induced by carra-
geenan.

Overall results of this study demonstrated that
the number of leukocytes and erythrocytes were
in the normal range indicating that the provided
treatment did not affect the homeostasis mecha-
nism. Yet, the PLT caused a decrease in the num-
ber of platelets (thrombocytopenia tendency).
The effective dose of in vivo antithrombotic pro-
tease concentrate B thuringiensis HSFI-12 based
on the overall test results is 150 pg/kg body
weight with consideration of the risk of prolon-
gation of PT time at the least before bleeding. In
other words, at least 150 pg/kg BW concentrated
protease of B thuringiensis HSFI-12 obtained by
ultrafiltration method could prevent thrombus
caused by carrageenan induction in rat’s model.
The decrease in % thrombolysis reached 79 %
with the result that aPTT parameter did not ex-
tended beyond the normal range. The WBC and
RBC were in the normal range despite throm-
bocytopenia but the PLT after treatment gave a
positive response as seen from the increase in the
PLT approaching normal rat.?°

Routine blood tests were carried out in this study
to measure the health status of rats after being
treated with the protease concentrate B thuring-
iensis HSFI-12 with various doses. Blood parame-
ters are relevant in evaluating the risk of changes
in the haematological system to predict the safe-
ty of test animals.?>?2 For that reason, such exam-
ination was performed at the end of our experi-
ment with haematological data fell within normal
values for R norvegicus.*

Presented results showed that crude bacterial
protease can be concentrated to increase its cat-
alytic activity to improve its ability to prevent
thrombosis. An easy-to-use purification method
as a way to concentrate bacterial protease is the
membrane ultrafiltration method.?*-?° Ultrafiltra-
tion is a pressure-driven separation process that
functions to increase enzyme activity. During en-
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zyme purification, the basic consideration is to
produce a safe, cost-effective and high-value end
product using economical techniques.?*

A number of studies have reported that microbi-
al enzymes can be directly used as drugs, one of
which is as a lytic agent therapy to treat throm-
bosis. The genus Bacillus in particular, is the most
dominant and prominent source of protease pro-
duction. Bacilli and their proteases are receiving
renewed attention due to the increasing demand
in medical and industrial commodities. Present-
ed results along with the previous findings sup-
ported this by showing that intravenous injec-
tion proteases from the genus Bacillus on rat tails
could inhibit thrombus formation in vivo.'® 2% 2627
Toxicity tests, followed by pre-clinical and clini-
cal tests should be done before the B thuringiensis
HSFI-12 protease can be used as commercial an-
tithrombosis agent.

Research limitations

The study only focused on reducing thrombus
in the tail as a target for thrombosis and know-
ing the characteristics of antithrombotic activity
of Bacillus thuringiensis HSFI-12 protease con-
centrate in vivo on coagulation parameters (PT,
aPTT), WBC, RBC and PLT.

Conclusion

( )
Based on the results of the study, it can be con-

cluded that induction of carrageenan had suc-
cessfully caused thrombosis in R norvegicus
rat’s tail used as thrombosis model. Overall,
concentrated protease of B thuringiensis HSFI-
12 showed in vivo antithrombotic potential
based on PT, APTT and blood count evaluation
assays.

Acknowledgement

The authors gratefully acknowledge the support
from Ministry of Education, Culture, Research
and Technology of Republic of Indonesia
(Kemendikbud Ristek RI) through Grant of
Penelitian Tesis Magister (PTM) 2022.

Conflict of interest

None.

References

10.

11.

12.

13.

Roth GA, Mensah GA, Johnson CO, Addolorato G, Ammi-
rati E, Baddour LM, et al. Global burden of cardiovascu-
lar diseases and risk factors, 1990-2019: update from
the GBD 2019 study. ] Am Coll Cardiol 2020;76(25):2982-
3021.

Altaf F,Wu S, Kasim V. Role of fibrinolytic enzymes in an-
ti-thrombosis therapy. Front Mol Biosci 2021;8:680397.
doi:10.3389/fmolb.2021.680397.

Ashorobi D, Gohari P. Essential thrombocytosis. Stat-
Pearls [Internet]. 2021. [Accessed on 26 Jun 2021].
Available from: https://www.ncbi.nlm.nih.gov/books/
NBK539709/.

Chernysh IN, Nagaswami C, Kosolapova S, Peshkova AD,
Cuker A, Cines DB, et al. The distinctive structure and
composition of arterial and venous thrombi and pul-
monary emboli. Sci Rep 2020;10(1):1-2. doi:10.1038/
s41598-020-59526-x.

Frias ], Toubarro D, Fraga A, Botelho C, Teixeira ], Pedro-
sa ], et al. Purification and characterization of a throm-
bolytic enzyme produced by a new strain of Bacillus
subtilis. Microbiol Biotechnol 2021 Feb 28;31(2):327-37.
Swieringa F, Spronk HM, Heemskerk JW, van der Meij-
den PE. Integrating platelet and coagulation activation
in fibrin clot formation. Research and practice in throm-
bosis and haemostasis. Res Pract Thromb Haemost 2018
May 20;2(3):450-60.

Yao M, Yang Y, Fan ], Ma C, Liu X, Wang Y, et al. Produc-
tion, purification, and functional properties of microbial
fibrinolytic enzymes produced by microorganism ob-
tained from soy-based fermented foods: developments
and challenges. Crit Rev Food Sci Nutr 2022;1-26.

Banik S, Biswas S, Karmakar S. Extraction, purifica-
tion, and activity of protease from the leaves of Moringa
oleifera. F1000Research. 2018;7. doi:10.12688/f1000re-
search.15642.1.

Hidayati N, Fuad H, Munandar H, Zilda DS, Sulistyan-
ingtyas AR, Nurrahman N, et al. Potential of fibri-
nolytic protease enzyme from tissue of sand sea cu-
cumber (Holothuria scabra) as thrombolysis agent.
IOP Conf Ser Earth Environ Sci 2021;743(1):012007.
doi:10.1088/1755-1315/743/1/012007.

Hidayati N, Nurrahman N, Fuad H, Munandar H, Zilda
DS, Ernanto AR, et al. Bacillus tequilensis isolated from
fermented intestine of Holothuria scabra produces fi-
brinolytic protease with thrombolysis activity. IOP Conf
Ser: Earth and Environ Sci 2021;707(1):012008. doi:
10.1088/1755-1315/707/1/012008.

Ayanti BP, Ethica SN, Sulisytaningtyas AR, Dewi SS, Zilda
DS. Prospective purification and assay of thrombolytic
protease from Bacillus sp. hsfi-10 isolated from sand sea
cucumber for antithrombotic agent development. In 7th
International Conference on Biological Science (ICBS
2021) Amsterdam, Netherlands: Atlantis Press; 2022.
pp. 404-415.

Gupta M, Saxena S, Meshram V. Microbial clot busters:
an overview of source, production, properties and fibri-
nolytic activity. In: Bioactive Natural products in Drug
Discovery. Berlin, Germany: Springer; 2020. pp. 485-
516.

Kabense R, Ginting EL, Wullur S, Kawung NJ, Losung F,
Tombokan JL. Screening of the Proteolytic Bacteria Sym-
biont with Algae Gracillaria sp. Jurnal [lmiah PLATAX
2019 Jul 25;7(2):421-6.



236

14.

15.

16.

17.

18.

19.

Zafrida S, Ethica SN, Ernanto AR, Wijanarka W: Opti-
mization of crude protease production from Bacillus
thuringiensis HSFI-12 and thrombolytic activity its en-
zyme dialysate. Trends in Sciences 2022;19(23):1952.
doi.org/10.48048/tis.2022.1952.

Dewi OY, Ethica SN, Sukeksi A, Rakhmawatie MD,
Darmawati S. Prospective in vivo assays on the an-
tithrombotic potential of protease extracted from
Bacillus sp. HSFI-12. Atlantis Proceedings of the
7th International Conference on Biological Science
(ICBS 2021). 2021;22:394-403, 2022. doi:10.2991/
absr.k.220406.056.

Majumdar S, Dutta S, Das T, Chattopadhyay P, Mukherjee
AK. Antiplatelet and antithrombotic activity of a fibrin
(ogen) olytic protease from Bacillus cereus strain FF01.
Int ] Biol Macromol 2015 Aug 1;79:477-89.

Gogoi D, Pal A, Chattopadhyay P, Paul S, Deka RC,
Mukherjee AK. First report of plant-derived 3-sitosterol
with antithrombotic, in vivo anticoagulant, and throm-
bus-preventing activities in a mouse model. J. of Nat.
Products 2018 Nov 8;81(11):2521-30.

Nur'amaliyah LS, Zilda DS, NR Mubarik NR. Purification
and characterization of transglutaminase from Strepto-
myces sp. TTA 02 SDS 14. Squalen Bull March Fish Post-
harvest Biotechnol 2016;11(3):75-83.

Zilda DS, Kusumarini A, Chasanah E. Screening and pro-
tease characterization of thermo-acidophilic bacteria
P5-A from Tambarana hot springs. ] Postharvest and
Biotechnol 2008;3(2):113. doi:10.15578/jpbkp.v3i2.17.

Dewi et al. Scr Med 2023 Sep;54(3):229-36. M

20.

21.

22.

23.

24.

25.

26.

27.

Zilda DS, Fawzya YN, Uria AR. Identification of prote-
ase-producing bacteria isolated from Banyuwedang,
Bali, and characterization of its protease. Squalen
2018;13(3):101-8.

Junaidi Y, Pertiwiningrum A, Fitrianto NA. Semi purifi-
cation and identifications molecule protein weigh of al-
kaline protease enzyme from Bacillus cereus LS2B. Int ]
Bio-Science Bio-Technology 2017;9(3):89-100.

Kamiya S, Hagimori M, Ogasawara M, Arakawa M. In
vivo evaluation method of the effect of nattokinase on
carrageenan-induced tail thrombosis in a rat model.
Acta Haematol 2010;124(4):218-24.

Akhtar T, Hoq MM. Mazid MA. Bacterial Prote-
ase as thrombolytics and fibrinolytics. ] Pharm Sci
2017;16(2):255-69.

Razzaq A, Shamsi S, Ali A, Ali Q, Sajjad M, Malik A, et al.
Microbial proteases applications. Front Bioeng Biotech-
nol 2019;7:110.mdoi: 10.3389/fbioe.2019.00110A.
Danilova I, Sharipova M. The practical potential of
bacilli and their enzymes for industrial production.
Front Microbiol 2020 Aug 4;11:1782. doi: 10.3389/
fmicb.2020.01782.

Kapoor R, Harde H, Jain S, Panda AK, Panda BP. Down-
stream processing, formulation development and an-
tithrombotic evaluation of microbial nattokinase. |
Biomed Nanotechnol 2015 Jul;11(7):1213-24.

Nailufar F, Tjandrawinata RR, Suhartono MT. Thrombus
degradation by fibrinolytic enzyme of Stenotrophomon-
as sp. originated from Indonesian soybean-based
fermented food on wistar rats. Adv Pharmacol Sci
2016;2016:4206908. doi: 10.1155/2016,/4206908.



