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Abstract: Thrombosis and inflammation are interrelated pathological processes that play a central role in the 
development of cardiovascular complications. This study evaluated the thrombolytic and membrane stabilizing 
activities of the bark of Murraya koenigii and the stem of Tinospora crispa, two widely used medicinal plants with 
recognized traditional medicinal value. Crude methanolic extracts of both plant materials were first prepared. 
These extracts were then subjected to solvent–solvent partitioning to yield petroleum ether, dichloromethane, ethyl 
acetate, and aqueous fractions. Thrombolytic potential was investigated using an in vitro clot lysis assay, while 
membrane stabilizing activity was assessed through hypotonic solution and heat-induced hemolysis models 
employing human erythrocytes. The ethyl acetate fraction of M. koenigii bark exhibited the highest thrombolytic 
activity among the tested samples, whereas fractions derived from T. crispa stem demonstrated moderate clot lysis. 
In membrane stabilization assays, M. koenigii bark extracts showed strong inhibition of hypotonic solution–
induced hemolysis, while T. crispa stem fractions were more effective against heat-induced hemolysis. The 
observed bioactivities varied across solvent fractions, indicating the influence of solvent polarity on the 
distribution of active constituents. These findings support the traditional use of M. koenigii and T. crispa and 
suggest their potential as sources of plant-derived thrombolytic and membrane stabilizing agents for managing 
inflammation-associated thrombotic disorders. 
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1. Introduction 

Medicinal plants constitute an essential component of traditional healthcare systems and remain a major 
source of bioactive compounds for modern drug discovery [1]. In developing countries such as Bangladesh, plant-
based remedies continue to be extensively used for the prevention and management of various chronic diseases 
due to their accessibility, cultural acceptance, and perceived safety [2]. Consequently, scientific validation of 
medicinal plants traditionally used in Bangladesh has gained increasing attention as a rational approach for 
identifying novel therapeutic agents. 

Thrombosis is a critical pathological process underlying numerous cardiovascular and cerebrovascular 
disorders, including myocardial infarction and ischemic stroke [3]. It results from an imbalance in the hemostatic 
system and is closely associated with inflammatory responses and oxidative stress. Inflammatory mediators 
contribute to endothelial dysfunction, platelet activation, and fibrin deposition, thereby promoting thrombus 
formation [4,5]. Although several thrombolytic drugs such as streptokinase and tissue plasminogen activator are 
clinically available, their use is often limited by adverse effects, high cost, bleeding complications, and 
immunogenic reactions [6]. These limitations highlight the need for safer and more affordable thrombolytic agents, 
particularly from natural sources. 

Membrane stabilization represents an important mechanism underlying anti-inflammatory activity. Erythrocyte 
membrane stabilization models, including hypotonic solution and heat induced hemolysis assays, are widely used to 
assess the ability of compounds to protect cellular membranes from stress-induced damage [7]. Stabilization of 
erythrocyte and lysosomal membranes prevents the release of inflammatory enzymes and mediators, thereby 
contributing to the attenuation of inflammation and inflammation-associated thrombotic events [7,8]. Therefore, 
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simultaneous evaluation of thrombolytic and membrane stabilizing activities provides meaningful insight into the 
cardiovascular and anti-inflammatory potential of medicinal plants. 

Murraya koenigii (L.) Spreng. is a medicinal plant widely distributed in Bangladesh and traditionally used for 
the treatment of inflammation, metabolic disorders, gastrointestinal disturbances, and cardiovascular ailments [9,10]. 
Previous phytochemical investigations have identified a range of bioactive constituents, including carbazole 
alkaloids, flavonoids, phenolics, and terpenoids, which are associated with antioxidant, anti-inflammatory, 
antiplatelet, and cardioprotective effects [11,12]. Despite these reported activities, the thrombolytic and 
erythrocyte membrane stabilizing properties of the bark of M. koenigii have not been sufficiently explored. 

Tinospora crispa (L.) Hook. f. & Thomson is another important medicinal plant available in Bangladesh, 
traditionally used in folk medicine for the management of fever, inflammation, diabetes, rheumatism, and 
infectious diseases [13,14]. The stem of T. crispa is particularly valued for its therapeutic applications. 
Phytochemical studies have reported the presence of diterpenoids, alkaloids, glycosides, and phenolic compounds, 
many of which exhibit anti-inflammatory, antioxidant, immunomodulatory, and vascular protective activities [14]. 
However, scientific evidence regarding the thrombolytic potential and membrane stabilizing activity of T. crispa 
stem remains limited. 

The bark of M. koenigii and the stem of T. crispa were deliberately selected for the present investigation 
based on both ethnomedicinal relevance and phytochemical considerations. In traditional medicinal practices, the 
bark of M. koenigii is commonly employed in decoctions for the management of inflammatory conditions, 
circulatory disorders, and pain-related ailments, suggesting the presence of bioactive constituents with vascular 
and membrane-protective properties. Likewise, the stem of T. crispa is the most frequently utilized plant part in 
folk medicine and traditional formulations, where it is valued for its anti-inflammatory, antipyretic, and blood-
purifying properties. From a phytochemical perspective, bark and stem tissues are known to accumulate higher 
levels of structural secondary metabolites, including alkaloids, phenolics, and diterpenoids, which are often 
associated with thrombolytic and membrane stabilizing activities. Furthermore, leaves and roots of these plants 
have been relatively well explored in previous studies, whereas the bark of M. koenigii and stem of T. crispa 
remain comparatively under-investigated, justifying their selection for the present study. 

Therefore, this study aimed to evaluate and compare the thrombolytic and membrane stabilizing activities of 
crude methanolic extracts and solvent fractions of M. koenigii bark and T. crispa stem. The findings are expected 
to provide scientific support for their traditional medicinal use and identify potential bioactive fractions for further 
pharmacological investigation. 

2. Materials and Methods 

2.1. Plant Material Collection 

Fresh plant materials of Murraya koenigii and Tinospora crispa (L.) Hook.f. & Thomson were collected from 
the campus of University of Dhaka, Bangladesh, during December 2024 to January 2025. Botanical identification of 
both species was confirmed by a taxonomist at the Bangladesh National Herbarium, where voucher specimens were 
deposited under accession numbers 46310 (M. koenigii) and 40929 (T. crispa). The collected plant materials were 
thoroughly cleaned to remove extraneous matter before experimental use. The stem was cut into small pieces and 
samples were then subjected to shade drying for several days, followed by oven drying at a controlled temperature 
not exceeding 40 °C to prevent thermal degradation of bioactive constituents. Dried materials were subsequently 
pulverized into coarse powder using a mechanical grinder and stored in airtight containers until extraction.  

2.2. Preparation of Crude Extract 

Approximately 400 g of powdered bark and stem material from each plant were separately immersed in 
methanol (1.5 L) in amber-colored glass containers. The mixtures were kept at ambient temperature for 17 days 
with intermittent agitation to ensure effective solvent penetration and extraction. After maceration, the extracts 
were filtered initially through cotton wool and then through Whatman No.1 filter paper to remove particulate 
matter. The resulting filtrates were concentrated under reduced pressure using a rotary evaporator at low 
temperature to obtain crude methanolic extracts, which were preserved at 4 °C for subsequent analyses. The 
percentage yield of the crude methanolic extract was calculated relative to the dried plant material and found to be 
9.8% (w/w) for M. koenigii bark and 7.6% (w/w) for T. crispa stem. 
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2.3. Solvent–Solvent Fractionation 

Fractionation of the crude methanolic extracts was performed using a modified Kupchan partitioning protocol 
to obtain fractions of varying polarity [15]. Briefly, 5 g of each crude extract was dissolved in 10% aqueous 
methanol and successively partitioned with petroleum ether, dichloromethane, and ethyl acetate. The remaining 
aqueous portion was retained as the final fraction. Each solvent fraction was separately concentrated under reduced 
pressure to dryness. From 5 g of crude methanolic extract, petroleum ether (0.42 g, 8.4%), dichloromethane (0.68 
g, 13.6%), ethyl acetate (1.12 g, 22.4%), and aqueous (2.58 g, 51.6%) fractions were obtained. The overall recovery 
was approximately 96%, with minor losses attributed to solvent handling and concentration steps. A schematic 
diagram of the fractionation is presented in Figure 1. 

 

Figure 1. Schematic representation of the modified Kupchan Partitioning of crude extract of bark of Murraya 
koenigii and stem of Tinospora crispa. 

2.4. Ethical Approval and Consent 

The study protocol involving human blood samples was reviewed and approved by the Institutional Ethical 
Review Committee of the University of Information Technology and Sciences (UITS), Bangladesh (Approval No.: 
UITS/PHARM/IEC/2025/21). Venous blood was collected from healthy adult volunteers after obtaining written 
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informed consent, in accordance with the principles outlined in the Declaration of Helsinki. All participants were 
free from anticoagulant therapy and known hematological disorders at the time of sample collection. 

2.5. Evaluation of Thrombolytic Activity 

The thrombolytic potential of the extracts and fractions was evaluated using an in vitro clot lysis model 
developed by Prasad et al. [16]. Venous blood samples (5 mL) were collected from six (n = 6) healthy adult 
volunteers (aged 22–30 years) with no history of anticoagulant use or bleeding disorders. Aliquots of 1 mL blood 
were transferred into pre-weighed sterile microcentrifuge tubes and incubated at 37 °C for 45 min to allow clot 
formation. Following clot formation, serum was carefully aspirated without disturbing the clot, and the tubes were 
reweighed to determine clot mass. Each clot-containing tube received 100 µL of test sample solution (10 mg/mL), 
resulting in a final assay concentration of 10 mg/mL for all extracts and fractions. Streptokinase (30,000 IU) was 
used as the positive control, while distilled water served as the negative control. The tubes were incubated at 37 °C 
for 90 min to facilitate clot dissolution. After incubation, released fluid was removed, and tubes were weighed 
again. The percentage of clot lysis was calculated using the following equation: 

Clot lysis %
Weight of released clot

Initial clot weight
  100 

2.6. Hypotonic Solution–Induced Hemolysis Assay 

Membrane stabilizing activity was assessed using a hypotonic solution–induced hemolysis method developed 
by Sonter et al. [17]. A suspension of human erythrocytes was prepared and mixed with hypotonic saline (50 mM 
NaCl) in 10 mM phosphate-buffered saline (pH 7.4). Test samples were added to the reaction mixtures to achieve 
a final concentration of 1.0 mg/mL in the assay system, while acetyl salicylic acid (0.10 mg/mL) was employed 
as a reference standard. The same final concentration was used for all extracts and fractions. The mixtures were 
incubated under controlled conditions, followed by centrifugation. The absorbance of the supernatant was 
measured spectrophotometrically, and the percentage inhibition of hemolysis was calculated as: 

Inhibition of hemolysis %
OD1 OD2

OD1
  100 

where OD1 represents the absorbance of the control and OD2 denotes the absorbance of the test sample. 

2.7. Heat-Induced Hemolysis Assay 

The protective effect of the extracts on erythrocyte membranes under thermal stress was evaluated using a 
heat-induced hemolysis model [17]. Reaction mixtures containing erythrocyte suspension and test samples were 
incubated at elevated temperature, while parallel sets were maintained at room temperature. Following incubation, 
the samples were centrifuged, and the absorbance of the supernatants was recorded. The percentage inhibition of 
hemolysis was calculated using the following formula: 

Inhibition of hemolysis % 100   1
OD2 OD1
OD3 OD1

  

where OD1, OD2, and OD3 correspond to absorbance values of unheated control, heated test sample, and heated 
control, respectively. 

2.8. Statistical Analysis 

All experiments were performed in triplicate (n = 3 independent measurements per sample), and results are 
expressed as mean ± standard error of the mean (SEM). Statistical analysis and graphical presentation were carried 
out using GraphPad Prism software (version 9.5.0). Comparisons between each test sample and the negative control 
were performed using Student’s t-test (two-tailed). A value of p < 0.05 was considered statistically significant. 

3. Results 

3.1. Thrombolytic Activity 

The thrombolytic activity of the crude methanolic extracts and their solvent-partitioned fractions obtained 
from the bark of Murraya koenigii and the stem of Tinospora crispa was assessed using an in vitro clot lysis assay. 
Streptokinase, used as a positive control, produced extensive clot dissolution, whereas distilled water resulted in 
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minimal clot lysis, confirming assay reliability. Among the M. koenigii samples, the ethyl acetate fraction exhibited 
the highest thrombolytic activity (42.04 ± 0.84%), which was significantly higher than the negative control (p < 
0.001) and also markedly greater than the other solvent fractions. The methanolic extract and petroleum ether 
fraction showed moderate but statistically significant clot lysis (p < 0.01), while the dichloromethane and aqueous 
fractions demonstrated lower yet significant activity (p < 0.05). In the case of T. crispa stem, the aqueous fraction 
(31.10 ± 0.56%) and dichloromethane fraction (25.13 ± 1.66%) showed significant thrombolytic activity compared 
to the negative control (p < 0.01). The methanolic extract exhibited moderate activity (p < 0.05), whereas the 
petroleum ether fraction did not show a statistically significant effect (ns). The thrombolytic activities of all 
extracts and fractions are presented in Figure 2. 

 

Figure 2. Thrombolytic activity (% clot lysis) of different fractions of crude methanolic extract of (A) bark of 
Murraya koenigii and (B) stem of Tinospora crispa. Data are expressed as mean ± SEM (n = 3). Statistical 
comparisons were performed against the negative control (Blank: distilled water) using Student’s t-test (two-tailed). 
Significance levels are indicated as ** p < 0.01; *** p < 0.001; ns = not significant. ME = Methanolic extract; PE 
= Petroleum ether; DCM = Dichloromethane; EA = Ethyl acetate; AQ = Aqueous fraction; SK = Streptokinase. 

3.2. Hypotonic Solution–Induced Hemolysis 

The membrane stabilizing potential of the extracts was first evaluated under hypotonic stress conditions. In 
this model, the methanolic extract and aqueous fraction of M. koenigii bark showed strong inhibition of erythrocyte 
hemolysis of 92.65 ± 1.91% and 78.31 ± 0.65%, respectively, as compared to 71.79 ± 0.40% inhibited by acetyl 
salicylic acid (0.10 mg/mL). The petroleum ether, dichloromethane, and ethyl acetate fractions of M. koenigii also 
exhibited notable membrane stabilization, albeit at lower levels. 

In contrast, the extracts and fractions derived from T. crispa stem demonstrated comparatively lower 
inhibition of hemolysis in the hypotonic solution model. Mild membrane stabilizing activity was observed in the 
dichloromethane (34.52 ± 1.41%) and ethyl acetate fractions (25.43 ± 1.43%), whereas other fractions showed 
minimal protection. The results are summarized in Table 1. 

3.3. Heat-Induced Hemolysis 

In the heat-induced hemolysis assay, several fractions from both plant species displayed significant 
membrane protective effects. The ethyl acetate and petroleum ether fractions of M. koenigii bark showed 
pronounced inhibition of heat-induced erythrocyte lysis of 44.46 ± 1.34% and 32.61 ± 1.01%, comparable to the 
standard acetyl salicylic acid (41.84 ± 0.41%). Other fractions demonstrated moderate activity. 

For T. crispa stem, the dichloromethane and ethyl acetate fractions exhibited the highest inhibition of heat-
induced hemolysis of 45.18 ± 1.34% and 44.56 ± 1.01%, respectively, while the remaining fractions showed weak 
to moderate effects. A detailed comparison of membrane stabilizing activities under heat-induced conditions is 
provided in Table 1. 
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Table 1. Membrane stabilizing activities of bark extracts of M. koenigii and stem extracts of T. crispa. 

Plant species Fraction Hypotonic Solution–Induced 
(% Inhibition) Heat-Induced (% Inhibition) 

M. koenigii 

ME 92.65 ± 1.91 27.29 ± 0.76 
PE 41.81 ± 0.62 32.61 ± 1.01 

DCM 49.99 ± 0.90 22.34 ± 0.79 
EA 62.46 ± 0.94 44.46 ± 1.34 
AQ 78.31 ± 0.65 18.38 ± 0.64 

T. crispa 

ME 14.23 ± 0.82 52.00 ± 1.65 
PE 6.92 ± 0.41 12.94 ± 0.88 

DCM 25.43 ± 1.43 45.18 ± 1.34 
EA 34.52 ± 1.41 44.56 ± 1.01 
AQ 9.33 ± 0.37 7.55 ± 0.56 

ASA - 71.79 ± 0.40 41.84 ± 0.41 
Note: ME = Methanolic extract; PE = Pet-ether; DCM = Dichloromethane; EA = Ethyl acetate; AQ = Aqueous fraction;  
ASA = Acetyl salicylic acid. 

4. Discussion 

Thrombotic disorders are frequently associated with inflammatory processes and oxidative stress, creating 
an interdependent pathophysiological cycle that accelerates vascular injury [18]. The present study investigated 
the thrombolytic and membrane stabilizing properties of M. koenigii bark and T. crispa stem extracts, two widely 
available plants with longstanding ethnomedicinal relevance. 

The notable thrombolytic activity observed in the ethyl acetate fraction of M. koenigii bark suggests that 
semi-polar phytoconstituents play a dominant role in fibrin clot dissolution. Previous phytochemical studies have 
reported that M. koenigii contains carbazole alkaloids, flavonoids, and phenolic compounds, several of which are 
known to interfere with platelet aggregation and coagulation pathways [19,20]. The moderate thrombolytic activity 
detected in T. crispa fractions may be attributed to essential oils and polyphenolic compounds that influence 
hemostatic balance indirectly. 

Membrane stabilization assays provide valuable insight into the anti-inflammatory potential of test 
substances by evaluating their ability to protect erythrocytes against physical and osmotic stress [21]. In the 
hypotonic solution-induced model, M. koenigii bark extracts demonstrated superior membrane stabilizing effects 
compared to T. crispa stem. This strong protection against osmotic lysis indicates an enhanced capacity to preserve 
membrane integrity, possibly through interactions between polyphenolic compounds and membrane proteins or 
phospholipid bilayers [22]. 

Despite its ethnomedicinal relevance, several T. crispa stem fractions exhibited relatively low membrane 
stabilizing activity in the hypotonic solution–induced hemolysis model. Notably, the methanolic extract (14.23%) 
and petroleum ether fraction (6.92%) showed weak protection against osmotic stress. The hypotonic hemolysis assay 
primarily reflects the ability of test substances to counteract membrane rupture caused by osmotic imbalance, a 
process often associated with the presence of polar or amphipathic phytoconstituents such as flavonoids and phenolic 
acids. The limited activity of these T. crispa fractions may therefore indicate a lower abundance, reduced accessibility, 
or weaker membrane affinity of such compounds in the stem, particularly within non-polar and crude extracts. 

In contrast, T. crispa stem extracts exhibited greater efficacy in the heat-induced hemolysis model than in 
hypotonic conditions. Heat-induced membrane damage primarily involves protein denaturation and disruption of 
lipid organization, suggesting that certain constituents of T. crispa may be more effective in stabilizing membrane 
proteins under thermal stress [23]. This differential activity between hypotonic and heat-induced assays highlights 
the presence of distinct bioactive components acting through different protective mechanisms. 

The combined thrombolytic and membrane stabilizing activities observed in this study are pharmacologically 
significant, as membrane stabilization can suppress the release of inflammatory mediators that contribute to thrombus 
formation. The fraction-dependent nature of the observed effects underscores the importance of solvent polarity in 
isolating biologically active constituents and supports the rationale for further bioassay-guided fractionation. 

Overall, the findings support the traditional use of M. koenigii and T. crispa in managing inflammation-
related disorders. However, while M. koenigii bark exhibited consistently strong thrombolytic and membrane 
stabilizing activities, the effects of T. crispa stem were more variable and generally weaker, particularly in the 
hypotonic hemolysis model. Nevertheless, selected T. crispa fractions demonstrated promising activity against 
heat-induced hemolysis, indicating their potential as sources of lead compounds for the development of safer, 
plant-derived thrombolytic and anti-inflammatory agents. 



J. Med. Nat. Prod. 2026, 3(1), 100002 https://doi.org/10.53941/jmnp.2026.100002  

7 of 8 

5. Conclusions 

The present study demonstrates that the bark of Murraya koenigii exhibits consistently strong thrombolytic 
and membrane stabilizing activities across multiple solvent fractions, particularly in the hypotonic solution–
induced hemolysis model. In contrast, the stem of Tinospora crispa displayed variable and generally weaker 
membrane stabilizing activity, with limited effects observed in the hypotonic model but comparatively better 
protection against heat-induced hemolysis in selected fractions. These findings suggest that while certain fractions 
of T. crispa stem show pharmacological promise, its overall activity in erythrocyte membrane stabilization assays 
is less pronounced than that of M. koenigii. Further bioassay-guided investigations are warranted to isolate and 
characterize the specific constituents responsible for the observed model-dependent effects. 
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