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Abstract 

Objective:   

Hemostasis is the natural process causing the blood to stop flowing out from damaged 

blood vessel following an injury. This involves the coagulation process activating the 

coagulation mechanism to form fibrin clot. Cytotoxicity is the ability of an agent to destroy 

the living cells.  The current work was aimed to study the thrombolytic and cytoprotective 

potential of Moringa oleifera leaves extract through in vitro assays.  

Material and Methods:  

M. oleifera leaves extract was tested for thrombolytic activity against human blood clots 

through clot lysis assay using streptokinase as standard thrombolytic agent. For evaluation 

of cytoprotective potential of the aqueous leaves extract, hemolytic assay was performed 

using washed human erythrocytes. Distilled water and Triton X-100 was used as negative 

and positive controls, respectively.  

Results:  
Current study results showed significant (p<0.05) clot lysis activity against blood clots but 

the percent clot lysis by M. oleifera extract (42.74±1.8%) was lower than that of standard 

streptokinase (79.4±2.6%). No significant (p>0.05) hemolysis was observed in M. oleifera 

leaves extract (6.58±1.02%) treated red cells and distilled water (2.84±0.78%) while 

remarkably significant (p<0.05) hemolysis of washed red cells incubated with triton X-

100 (86.04 ± 4.87 %) was observed. 

Conclusion: 

The study indicated that M. oleifera leaves have therapeutic potential against blood clots 

with less cytotoxic effect on human erythrocytes. Hence, this plant might be used as 

cardioprotective and membrane stabilizing agents in pharmaceutical preparations after 

proper screening and analysis of bioactives present in aqueous extract of this plant.  
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INTRODUCTION 

Coagulation is the process through which circulated blood in fluid state changed to a gel 

causing the blood to form clot. This results in hemostasis by which blood stops flowing 

out from damaged blood vessels following the repair mechanism (Vaidya et al., 2011). 

The dissolution of blood clots through pharmacological means is called thromolysis that 

works by stimulating fibrinolytic mechanism by plasmin through the infusion of plasmin 

activating protein called tissue plasminogen activator (tPA). Streptokinase is an 

anticoagulant normally used for the treatment of myocardial infarction (Sikri and Bardia, 

2007, Jainul et al., 2013). Some other beneficial drugs like tissue plasminogen activator 

and urokinase are used to treat thrombosis (Vaidya et al., 2011). 

Thrombotic disease results due to clotting of blood responsible for impaired body function 

which ultimately leads to death. The most common disease resulting due to blood clot is 

the cardiovascular disease and is most common in USA. According to an estimate, 2.3 and 

4.3 million deaths were recorded in USA and Europe, respectively due to cardiovascular 

diseases (Kumar et al., 2012). Thrombotic diseases are commonly documented in children 

mainly in newly born babies (Sohaimy et al., 2011).  

Thrombolytic activity of drugs against coagulation has been measured through several 

methods. Among these, in vitro clot lysis model is considered the best method which 

utilizes different thrombolytic medicines such as urokinase, tissue plasminogen activator 

(t-PA) and specially streptokinase (Basta et al., 2004). The best thrombolytic agent is 
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streptokinase but in certain conditions like myocardial infarction, the most effective agent 

is tissue plasminogen activator (t-PA) (Kent et al., 2004). 

Plants are being used since ancient time to treat and manage various disorders due to the 

presence of variety of bioactive compounds. A large portion of synthetic drugs are being 

synthesized from medicinal plants and are used for clinical purposes. Moringa oleifera is 

an important plant having multiple medicinal potential used for therapeutic purpose (Atif 

et al., 2013). The leaves of this plant have been used as cardioprotective, antiinflamatory, 

radioprotective, antioxidant, diuretic and antitumor agent (Kumarasamyraja et al., 2012).  

The present research was aimed to study the thrombolytic potential and cytotoxic activity 

of M. oleifera leaves extract. 

 

MATERIALS & METHODS 

Procurement of plant material and preparation of extract 

For the study, M. oleifera leaves were obtained from Botanic Garden of Agriculture 

University Faisalabad. The leaves were cleansed with distilled water, dried under shade 

and grinded into fine powder using grinder. Powdered material (100 g) was used for 

extraction using distilled water as solvent with the help of an orbital shaker (Gallenkamp, 

UK) for 72 hours. The extract was filtered through filter paper (Whatman No. 1) and rotary 

evaporated under reduced pressure at 45-50°C to collect concentrated extract. The 

prepared extract was weighed for the calculation of percentage yield by dividing the 

extract weight with dried powdered weight and then multiplied by 100 (Riaz et al., 2017). 

Thrombolytic activity by clot lysis method 

For clot preparation, 500 μL of blood collected from human volunteers was transferred to 

the pre-weighed microcentrifuge tubes and allowed to clot. Within a heat-controlled 

incubator, the blood contained microcentrifuge tubes were incubated for 45 min at 37°C. 

Following 45 min incubation, blood clot was settled down at bottom of tubes and carefully 

removed the serum to avoid disrupting the clot. Clot contained tubes with serum removed 

were weighed again to calculate the percentage clot lysis. 

Then in vitro clot lysis activity was carried out following the protocol described by 

Rahman et al. (Rahman et al., 2013) in which aqueous leaves extract (100 µL) was 

transferred into the micro-centrifuge tubes, using distilled water and streptokinase as 

negative and positive controls, respectively. Clot dissolving capacity was noted after 

incubating the micro-centrifuge tubes for 90 min at 37°C. Following incubation, dissolved 

clot along with plant extract, distilled water and streptokinase in respective tubes was 

carefully removed from the tubes and the tubes containing un-dissolved clot were weighed. 

The clots weight before and after lysis by the plant extract, distilled water and 

streptokinase were calculated in percentage. 

Cytotoxic activity by hemolytic assay 

The cytotoxic potential of M. oleifera leaves extract was evaluated by hemolytic assay as 

described by Powell et al. (Powell et al., 2000). Human blood (3 mL) was taken into a 15 

mL capacity falcon tube followed by washing three times with chilled Phosphate Buffered 

Saline (PBS) through centrifugation for 5 min at 1000g. Cell suspension was prepared by 

diluting the washed cells with PBS. RBCs suspension (180 µL) was added into 2 mL 

eppendorf tubes with 20 µL of plant extract and mixed gently. After 5 min of 

centrifugation, supernatant (100 µL) was diluted by adding chilled sterile PBS (900 µL) 

in a test tube. As negative and positive controls, PBS and Triton X-100 were used, 

respectively. Absorbance was measured in triplicate at 576 nm using microplate reader 

BioTek, µ-QuantTM Winooski VT, USA and percent hemolysis was calculated. 

Percent hemolysis = (At-An)/(Ac-An)100. Here: At is the test sample absorbance, An is 

control absorbance (saline control), Ac is the control absorbance (DMSO). 

Statistical analysis 

The obtained data are presented as mean ± SD of three replicate measurements and 

expressed as percentages. Graphs were constructed using Microsoft Excel 2007 for 

windows. 
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RESULTS & DISCUSSION 

Since ancient times, herbal preparations are used for therapeutic purposes against various 

diseases. The interest in using the herbal medicines has been renewed through the 

discovery of plant derived drugs which are effective for the cure of certain diseases. 

Approximately, 30% of pharmaceutical products are derived from plants worldwide. A 

large number of researchers conducted the studies plants and natural food sources to find 

out their beneficial effects as antithrombotic agents like anti-platelets and anticoagulants 

against cardiac diseases. Published studies reported the thrombolytic potential of plants 

based drugs against stroke and coronary diseases (Ratnasooriya et al., 2008). Herbal 

preparations in appropriate doses may prove a better and alternative option for the 

treatment of various ailments. However, the major concern with the plant based medicinal 

preparation is their toxicities but the development of lethality assays make this possible to 

successfully bio-monitor the cytotoxicity of plants materials (Krishnaraju et al., 2006). 

The current study aimed to evaluate the thrombolytic and cytotoxic potential of M. oleifera 

leaves extract. The aqueous extract of M. oleifera leaves gives percent yield of 4.8g/100g 

dry weight. The results of thrombolytic and cytoprotective potential of the aqueous extract 

of M. oleifera leaves and tested controls through clot lysis and hemolytic assays were given 

in Table 1.  

Table 1. Thrombolytic and Cytotoxic potential of aqueous leaves extract of M. 

oleifera and tested controls. 

Sample 
Thrombolytic activity    

(% clot lysis) Mean±SD 

Hemolytic activity      (% 

hemolysis) Mean±SD 

M. oleifera leaves extract 42.74 ± 1.8 6.58 ± 1.02 

Streptokinase (SK) 79.4 ± 2.6 ---- 

Distilled water 4.7 ± 0.321 2.84±0.78 

Triton X-100 ---- 86.04 ± 4.87 

The thrombolytic assay results showed that the addition of streptokinase (SK) as positive 

control causes 79.4±2.6 % clot lysis after incubation at 37°C for 90 min while the M. 

oleifera leaves extract showed 42.74±1.8% clot lysis. Negligible clot lysis (4.7±0.32%) 

was observed when the blood clot was incubated with 100 µL sterile distilled water. 

Significant (p<0.05) variation in clot lysis percentage was found in M. oleifera leaves 

extract, streptokinase (SK) and Distilled Water treated blood clots. The clot lysis activity 

of leaves extract, streptokinase and distilled water is shown in Table 1. The thrombolytic 

activity of the plant extracts might be a function of the bioactive metabolites found in 

plants. Fuentes et al (Fuentes et al., 2014) reported that plants extract possess thrombolytic 

activity because of the presence of bioactive compounds such as flavonoids, phenolics and 

saponins. The possible mechanism of the thrombolytic potential of studied plant extractive 

might be due to its ability to degrade the fibrin clot. 

Cytotoxic activity of M. oleifera aqueous leaves extract was determined through hemolytic 

assay. Significant (p<0.05) variation in percent hemolysis was observed in M. oleifera 

leaves extract, distilled water and triton X-100 treated red cells. Less cytotoxic potential 

of M. oleifera leaves extract was observed when the aqueous extract was incubated with 

washed red cells. On treating the washed red cells with aqueous leaves extract, only 

6.58±1.02% lysis was observed while 86.04±4.87% lysis of red cells was observed when 

incubated with Triton X-100 as the positive control. Distilled water as negative control 

causes only 2.84±0.78% hemolysis of washed red cells. The hemolytic activity of leaves 

extract, streptokinase and distilled water is given in Table 1. 

Herbal preparations may be used as thrombolytic agent to treat patients affected with 

atherothrombotic diseases. The current study is preliminary research and through 
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investigations is required to explore the pharmaceutical and medicinal potential of this 

plant. The result of clot lysis assay indicated that good thrombolytic activity was shown 

by test samples at concentration of 10mg/mL. The thrombolytic activity of leaves extract 

was found to be directly proportional to the extract concentration and time of incubation, 

and it may increase with the increase in extract concentration. It can be concluded that  the  

leaves extract of M. oleifera  due  to  its  moderate thrombolytic  activity may be  used  to  

design  anti-thrombolytic  agent.  Further research is needed for the isolation of bioactive 

compounds from this plant and to thoroughly study the biological and pharmacological 

activities of this plant more precisely and accurately. The utilization of M. oleifera in folk 

medicine suggests that it can be used as a safe and economic alternative to allopathic 

medicines for the treatment of infectious diseases. Hence, further research is required to 

pinpoint the particular phytobioactives with potential thrombolytic and cytoprotective 

activities and for the better understanding of its actions scientifically. 

CONCLUSION 

The study concluded that M. oleifera leaves extract have cardioprotective and 

cytoprotective potential as observed through clot lysis activity and hemolytic activity that 

might be due to the presence of phytobioactives as secondary metabolites of this plant. So, 

further studies are required to explore the phytochemical composition and the bio-

pharmacological activities of this plant.  
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