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Abstract: Humans are experiencing serious health issues like myocardial infarction and diabetes. Thrombosis is the 
reason of myocardial infarction that may cause death. Bioactive compounds or enzymes can be used to dissolve the clot. 
Whereas diabetes is a disorder of metabolism in which the level of glucose in blood becomes high. It can be controlled 
by inhibiting α-amylase enzyme. The current project was, therefore planned to investigate the thrombolytic, α-amylase 
inhibitory and cytotoxic (to access drug safety) potentials of the organic and aqueous bioactive fractions of Bacillus 
clausii KP10. The cytotoxicity was assessed with hemolytic assay, α-amylase inhibition assay was done by using DNS 
and in-vitro thrombolytic effect was checked with human blood. In our experiments, the maximum hemolytic activity 
was shown by ethyl acetate fraction (12.64%). Results were compared with standard Triton X-100 which showed 
91.61% hemolytic activity whereas all other fractions showed least cytotoxic activity. The extracts were also evaluated as 
thrombolytic agents as correlated to streptokinase (73.83%). All the extracts showed clot lysis activity, among which 
water soluble fraction exhibited maximum (35.16%) clot lysis activity. In our experiment methanol soluble fraction of B. 
clausii KP10 showed maximum 26.49% α-amylase inhibitory activity. Results were analyzed statistically through 
analysis of variance (ANOVA). 
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INTRODUCTION 
 
When accumulation of blood occurs inside a blood vessel 
it causes thrombosis. It obstructs the blood circulation in 
body. Platelets and fibrins are used by the body to form 
blood clot after injury to avoid loss of blood. Blood clots 
can be formed even when a blood vessel is not injured 
(Ali at el., 2013). Thrombosis is a main reason for 
complications that may cause death. Streptokinase is a 
fibrinolytic enzyme that is widely used to dissolve the clot 
(Basta et al., 2004). Streptokinase can break the unbound 
plasminogen to form plasmin. It is used as a useful and 
low-priced thrombolytic medicine for the treatment of 
myocardial infarction (Nikhil and Amit, 2007) and 
pulmonary embolism (Ali at el., 2013). According to a 
report given by WHO 17 million people die due to 
intravascular thrombosis every year. Thrombolytic agents 
have been used to treat the blood clot over the years. The 
Bacillus species produce fibrinolytic enzymes. They are 
capable of treating the thrombus (Yuan et al., 2012). 
Nattokinase is produced by Bacillus subtilis. Many other 
microorganisms also produce enzymes that have 
significant thrombolytic potential e.g staphylokinase 
produced by Staphylococcus aureus and Streptokinase 
produced by Streptococcus hemolyticus (Peng et al., 
2005). 

Diabetes mellitus is a disorder of glucose metabolism. It 
increases the glucose level in blood that leads to 
hyperglycemia. Treating hyperglycemia is a major 
challenge which may reduce by the use of oral 
hypoglycemic medicines such as biguanides, insulin 
secretagogues and -amylase inhibitors (Kazeem et al., 
2013). All these drugs have good effects and control the 
disease but they also induce a gastrointestinal side effect 
that limits their use in a preventive approach. In small 
intestine inhibitors of -amylase hold up the carbohydrate 
break down and reduce the blood glucose excretion after 
meal (Kwon et al., 2007). α-Amylase is an important 
enzyme that is present in the pancreatic juice and saliva. It 
breaks the big insoluble starch particles into small soluble 
particles (Afifi et al., 2008). The inhibition of -amylase 
can be an important approach to lower the blood glucose 
level. There is need to find enzyme inhibitors from natural 
sources because synthetic inhibitors are associated with 
numerous gastrointestinal side effects (Bhutkar and Bhise, 
2012). It is well known that in infectious diseases too, 
hemolysis occurs as a side effect of medicines (Sharma 
and Sharma, 2001). The bioactive fractions obtained from 
microbes may prevent the hemolysis. The membrane of 
erythrocytes can be affected by utilization of bioactive 
compounds from microbes and plants. So there is need to 
analyze the hemolytic potential of the bioactive microbial 
and phytocompounds (Zohra and Fawzia, 2014).  

*Corresponding author: e-mail: zahidmushtaquaf@uaf.edu.pk 



Cytotoxic, α-amylase inhibitory and thrombolytic activities of organic and aqueous extracts of Bacillus clausii KP10  

Pak. J. Pharm. Sci., Vol.33, No.1, January 2020, pp.135-139 136 

The above contention encourages the alternative 
techniques for screening of bioactive compounds from 
microorganisms to overcome the serious health problems 
like thrombosis and diabetes. Hence, the main objective 
of the research is to screen the potential of bioactive 
fractions extracted in organic and aqueous solvents of B. 
clausii KP10 by different thrombolytic, cytotoxic and α-
amylase inhibitory assays. 
 
MATERIALS AND METHODS 
 
Selection of bacterial species 
Locally isolated and identified strain of alkalophillic 
Bacillus clausii KP10 by our research group was used in 
the research as a source of microbial biomass from where 
bioactive fractions were extracted and evaluated through 
bioassays (Erum et al., 2017).  
 
Media preparation and bacterial culturing 
Nutrient agar and nutrient broth (MERCK) was used to 
grow bacterial cultures (Muller et al., 2016). Then the 
bacterial cell mass was obtained when centrifuged at 
10,000 rpm for 10 minutes at 4°C to obtain extracts of 
bioactive fractions. Cell mass was dried, weighed and 
used for extraction of biologically active agents. 
 
Extraction of bioactive compounds 
a) Soxhlet extraction  
The Soxhlet extraction was done by using 5 g of dry cell 
mass of B. clausii KP10 on soxhlet apparatus. 12 hours of 
extraction process at 78°C, followed by 30 minutes 
solvent rinse and 30 min solvent evaporation. Absolute 
ethanol was used for extraction. The extract was dried and 
weighed. Then dissolved it with DMSO and used for 
further bioactive potential (Li et al., 2014). 
 
b) Isoprenoid quinones and polar lipids extraction  
Chloroform and methanol mixture was shown to provide 
efficient extraction of isoprenoid quinone and polar lipids, 
and the procedure described by Minnikin and others was 
used for the extraction of bacterial polar lipids and 
isoprenoid quinones (Minnikin et al., 1984). 
 
c) Protein extraction  
2 g organism dry cell mass and 4 mL protein extraction 
buffer (PEB) (10 mM Na2HPO4, 15mM NaH2PO4, 100 
mM KCl, 2 mM EDTA, 1.5% polyvinylpoly pyrrolidone 
(PVPP), 1 mM phenyl methyl sulfonylfloride (PMSF) and 
2 mM thiourea) were mixed carefully. The cell suspension 
was sonicated for 5 min. The supernatant was filtered 
after centrifugation (12000 rpm) at 4°C for 20 minutes, to 
remove debris present in it. The filtrates were placed at -
4°C in sterilized tube. By using BSA (bovine serum 
albumin) as standard curve the protein contents of 
Bacillus clausii KP10 were estimated 
spectrophotometrically by Bradford method (Mushtaq et 
al., 2017). 

d) Extraction and fractionation using different organic 
and aqueous solvents  
Method for solvent extraction was described by Nisa 
(2011). Accordingly 5 g dry cell mass of Bacillus clausii 
KP10 was used for extraction. Extraction was done by 
mixing the dry cell mass of Bacillus clausii KP10 in 
methanol followed by continuous stirring for overnight 
and centrifuged. Further, the crude methanol extract was 
partitioned with different aqueous (water) and organic 
solvents (n-hexane, chloroform, ethyl acetate and 
methanol) depending upon the increasing order of polarity 
of solvents. Carefully separated the layers, dried and 
weighed them. Then dissolved in DMSO and stored at 4 
°C for further bioactivity assays. 
 
α -Amylase inhibition assay 
A 250 µL volume of extracts of B. clausii KP10 (0.5 
mg/mL) and 250 µL of -amylase solution (0.5 mg/mL) 
(prepared in 0.02 M sodium phosphate buffer of pH 6.9) 
was placed in a tube. The mixture of extracts and -
amylase solution was incubated at 25˚C for 10 minutes. 
Then, 250 µL of 1% starch solution (prepared in 0.02 M 
sodium phosphate buffer pH 6.9) was added. 500 µL of 
DNS (dinitrosalicylic acid) was added to discontinue the 
reaction after incubation at 25˚C for 10 minutes. The 
tubes were placed in boiling water for further incuabtion 
for 5 minute. After incubation in boiling water, tubes were 
cooled down to room temperature. Then, 5 mL of distilled 
water was added in tubes to dilute the reaction mixture. 
The absorbance was recorded at OD 540 nm (using 
spectrophotometer). Distilled water (as a control) was 
used instead of extract. The -amylase inhibitory activity 
was estimated as percentage inhibition: 
%Inhibition = [(Abscontrol – Absextracts)/ Abscontrol] × 100 
(Kazeem et al., 2013). 
 
Hemolytic activity  
The cytotoxic studies of the Bacillus clausii KP10 
extracts were carried out by hemolytic activity (Powell et 
al., 2000). A 3 mL volume of blood (freshly obtained) was 
added in heparinized tubes to avoid coagulation. Mixed 
lightly and placed into a sterilized centifuge tube. 
Centrifuged for 5 minutes at 13000 rpm. The supernatant 
was discarded and 5 mL of chilled (4˚C) sterile isotonic 
PBS (phosphate buffer saline, pH 7.4) solution was used 
for the washing of Red Blood Cells. The 20 μL (0.5 
mg/mL) of B. clausii KP10 extracts and fractions were 
placed in 2 mL microcentrifuge tubes and 180 μL of 
diluted Red Blood Cells (RBCs) suspension was added. 
After incubation (for 35 minutes at 37 ˚C) and agitation 
(10 minutes) the tubes were placed on ice for 5 minutes. 
Then centrifuged the tubes for 5 minutes at 13000 rpm 
and 100 μL supernatant (taken after centrifugation) was 
placed in microcentrifuge tubes and diluted with 900μL of 
phosphate buffer saline. All microcentrifuge tubes were 
kept on ice. Then 200 μL mixture from each 
microcentrifuge tubes was added into ELISA plates. 
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Triton X-100 (0.1%) was used as a positive control and 
PBS as a negative control. The absorbance (A) was 
checked at 576 nm on ELISA reader (Powell et al., 2000).  
Hemolytic activity was calculated with the help of 
following formula:  
 
Lysis of RBCs (%) = {(Asample –ANegative control)/APositive 

control} ×100 
 
Thrombolytic activity  
Thrombolytic activity was performed with little 
modifications by following the method described by 
Prasad et al., (2006). Blood samples were collected from 
different blood banks of Government hospitals of 
Faisalabad. Blood was drawn from veins of healthy 
human volunteers. Took 500 μL blood into pre-weighed 
microcentrifuge tubes. Each pre-weighed tube was 
labeled and 100 μL (0.5 mg/mL) of B. clausii KP10 
extracts were added to the tubes. Streptokinase (100 μL) 
was used as a positive control and DMSO (100 μL) was 
used as a negative control. All microcentrifuge tubes were 
incubated overnight at 37°C and observed for clot lysis 
and following calculations were done;  
Percentage of clot lysis = [{Difference (amount of 
lysis)}/weight of whole clot] ×100  
%age clotlysis = W /W1×100 
 

STATISTICAL ANALYSIS  
 
The data was analysed statistically through analysis of 
variance (ANOVA) (Oliveira, 2015). One way ANOVA 
was performed on all main effect means from hemolysis 
data, α-amylase inhibitory data and thrombolytic data. 
Data were then compared with pair wise comparison 
statistically (Powell et al., 2000). The software Statistix 9 
was used for one way ANOVA. 
 

RESULTS 
 
The bioactive fractions were obtained from B. clausii 
KP10 includes Isoprenoid quinone, polar lipids and 
methanol and water soluble fraction and yields were 566, 
30 and 90 mg/mL of DMSO respectively. 140 mg/mL 
crude ethanolic extract was obtained from Soxhlet 
extraction that was dissolved in DMSO. Crude methanolic 
extract, n-hexane extract, chloroform extract, ethyl acetate 
extract, methanol soluble fraction and water soluble 
fraction with yields of 580, 100, 80, 60, 150 and 30 
mg/mL of DMSO respectively were obtained. 218 µg/mL 
of total crude protein was estimated. 0.5 mg/mL of each 
sample was used for thrombolytic, hemolytic and α-
amylase inhibition assay. Streptokinase was used as a 
positive control for comparison in thrombolytic activity 
that showed 73.83% clot lysis. When clots were treated 
with DMSO as negative control, it showed negligible clot 
lysis. The in vitro thrombolytic activity study exposed that 
water soluble fraction exhibited 35.16% clot lysis. The 
thrombolytic activity showed by the bioactive fractions of 

B. clausii KP10 is shown in table 1. In our project 
chloroform extract of B. clausii KP10 exhibited 18.88% 
clot lysis activity. The percentage of weight loss of clot 
after use of extracts obtained from B. clausii KP10 was 
taken as the prospective indication for thrombolytic 
activity. It can be used for the treatment of myocardial 
infarction. Maximum hemolytic activity was shown by 
Ethyl acetate fraction (12.64%). Results of all samples 
were compared with standard Triton X-100 only (as a 
positive control) which showed 91.61% hemolytic 
activity. The hemolytic activity shown by the bioactive 
fractions of B. clausii KP10 is shown in table 2. It showed 
that all the bioactive fractions of Bacillus clausii KP10 
are safe for medicinal use because they do not damage the 
red blood cells. Methanol soluble fraction of B. clausii 
KP10 showed 26.49% α-amylase inhibitory activity. It 
can be used for the control of diabetes. It will help to 
lower the blood glucose level. The α-amylase inhibition 
shown by the bioactive fractions of B. clausii KP10 is 
shown in table 3. Ethanolic extract exhibited 24.52% α-
amylase inhibition. In our experiment the methanol 
extract of B. clausii KP10 showed 19.26% -amylase 
inhibitory activity. Water soluble fraction showed 23.49% 
-amylase inhibitory activity. All explained results 
showed that B. clausii KP10 extracts may be potential 
candidates for the treatment of thrombus and diabetes. 
 
Table 1: Percentage clot lysis activity by bioactive 
fractions of B. clausii KP10 
 

Sr. No. Sample Name %age clot lysis ± S.D 
1 Ethanolic Extract 16.83I±0.14 
2 Methanolic Extract 23.36D±0.30 
3 n-Hexane Soluble 

Fraction 
20.40F±0.43 

4 Chloroform Soluble 
Fraction 

18.88G±0.12 

5 Ethyl acetate Fraction 27.58C±0.31 
6 Methanol Soluble 

fraction 
13.77K±0.13 

7 Water Soluble 
Fraction 

35.16B±0.11 

8 Isoprenoid Quinone 22.77E±0.11 
9 Polar Lipids 17.62H±0.28 

10 Methanol & Water 
Soluble Fraction 

9.73L±0.19 

11 Protein Extract 15.33J±0.40 
12 Streptokinase (+ve) 73.83A±0.15 

%age hemolysis= Mean, S.D= Standard deviation. Means 
having similar alphabets are statistically non-significant 
(P>0.05). 
 
DISCUSSIONS 
 

Microbes play a vital role for the benefit of mankind, they 
cover the basic health needs in developing countries. 
Moreover, microbes may offer a new source for 
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thrombolytic compounds, α-amylase inhibitors and may 
prevent the cytotoxicity. Therefore, the thrombolytic, 
cytotoxicity and α-amylase inhibition activities of 
bioactive fractions of B. clausii KP10 were evaluated. The 
bioactive fractions were obtained from B. clausii KP10 
includes Isoprenoid quinone, polar lipids and methanol 
and water soluble fraction. The in vitro thrombolytic 
activity study exposed that water soluble fraction 
exhibited maximum clot lysis. In a study conducted by 
Sayeed et al. (2014), the thrombolytic potential of 
Trevesia palmate methanolic fractions (n-hexane, 
chloroform, ethyl acetate, methanol soluble, and aqueous 

soluble fractions) were studied. Ethyl acetate fraction 
exhibited maximum clot lysis activity (44.30%). In 
research work ethyl acetate fraction exhibited maximum 
(27.58%) thrombolytic activity. Chloroform extracts of 
fruits and leaf extracts S. dulcis showed maximum 
thrombolytic activity (25.30%) (Islam et al., 2013). In our 
project chloroform extract of B. clausii KP10 also 
exhibited clot lysis activity (18.88%). The triterpenoids 
saponins from Lepidium aucheriboiss showed hemolytic 
activity (48.09%) at 1 mg/mL concentration (AL-Khuzaie, 
2014). The microbial peptide ESF1B exhibited 73% 
hemolytic activity (Powell et al., 2000). In our work ethyl 
acetate fraction exhibited maximum hemolytic activity. 
But the results showed that the fractions are safe for 
medicinal purpose, as they will not damage the RBCs. 
Methanol soluble fraction of B. clausii KP10 showed 
maximum α-amylase inhibitory activity (26.49%). It will 
help to reduce the blood glucose level. The ethanolic 
extract prepared from the leaf of Croton bonplandianum 
showed significant α-amylase inhibitory activity with an 
IC50 value of 17.22±0.05 (Keerthana et al., 2013). An 
extract was prepared from Andrographis paniculata by 
using ethanol; it exhibited 11.3% α-amylase inhibitory 
activity (Subramanian et al., 2008). In our project 
ethanolic extract also exhibited α-amylase inhibition 
(24.52%). The methanolic extract of S. obtusifolia that 
showed 16.67% -amylase inhibitory activity 
(Anisuzzaman et al., 2014). In our experiment the 
methanol extract of B. clausii KP10 showed -amylase 
inhibitory activity (19.26%) and water soluble fraction 
showed activity (23.49%). Water soluble extract of 
Morinda lucida leaf showed maximum activity 9.99% 
(Kazeem et al., 2013). All above discussions showed that 
B. clausii KP10 extracts may be potential candidates for 
the treatment of thrombus that may lead to myocardial 
infarction and high glucose level in blood that causes 
diabetes. 
 

CONCLUSIONS 
 
The organic and aqueous extracts of Bacillus clausii 
KP10 showed thrombolytic, α-amylase inhibitory and 
cytotoxic activities. Based on this primary research, more 
investigations are needed to examine the bioactive agents 
which are responsible for the extract’s activities as well as 
their mechanisms of action. 
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