


In-Vitro Assessment of Antioxidant Potential and Thrombolytic Activity of Clerodendrum viscosum Leaf Extract

Abstract 
This study investigated the antioxidant and thrombolytic activities of methanol leaf extract of Clerodendrum viscosum, a medicinal plant of the Lamiaceae family traditionally used for therapeutic purposes. The antioxidant potential was evaluated through DPPH radical scavenging activity, while total flavonoid and phenolic contents were quantified. The DPPH assay measures the inhibition of pre-formed free radicals, expressed as EC50, the concentration required to achieve 50% antioxidant effect. 
The methanol extract exhibited a significant antioxidant activity with an IC50 of 66.68 μg/ml, compared to 7480.09 μg/ml for standard ascorbic acid. Total flavonoid content was highest in the methanol extract (319.94 mg QE/g, R² = 0.9878), and total phenolic content was 130.69 mg GAE/g (R² = 0.9983), indicating substantial phytochemical presence. The results suggest that C. viscosum leaves possess moderate antioxidant properties, supporting their potential use in traditional medicine, although further studies are required to elucidate the underlying mechanisms.
Additionally, thrombolytic activity was evaluated using an in vitro clot lysis assay. The methanol extract of C. viscosum leaves induced 27.59% clot lysis, whereas the standard streptokinase showed 86.98% activity. These findings indicate that the plant possesses mild thrombolytic properties, highlighting its therapeutic potential as a natural source for drug development.
Overall, Clerodendrum viscosum demonstrates notable bioactive properties, warranting further pharmacological investigations to explore its efficacy and mechanism of action for antioxidant and thrombolytic applications.
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Introduction
Medicinal plants remain a vital source of bioactive compounds and are widely used in traditional healthcare systems worldwide. According to the World Health Organization, approximately 80% of the global population relies on plant-based medicines for some part of their primary healthcare needs [1,2]. Among these the natural agents, secondary metabolites—such as phenolic compounds and flavonoids—have drawn increasing attention because of their antioxidant potential and ability to modulate disease processes associated with oxidative stress [3]. 
Oxidative stress arises when the production of reactive oxygen species (ROS) outpaces the body’s antioxidant defense mechanisms, leading to cellular damage, lipid peroxidation, DNA mutation, and ultimately contributing to chronic pathologies including cardiovascular diseases, stroke, cancer, and ageing-related disorders [3]. Concurrently, thrombus formation and impaired fibrinolysis are major contributors to cardiovascular morbidity and mortality; hence, natural agents with thrombolytic (clot-lysis) potential are of considerable therapeutic interest [4]. The intersection of antioxidant and thrombolytic activity activities is especially valuable because oxidative stress,—and the ensuing endothelial dysfunction,—can predispose to clot formation [5].
The shrub Clerodendrum viscosum Vent. (Family: Lamiaceae) is native to tropical and subtropical regions including South Asia and is used in Ayurvedic and Unani systems of medicine for treatment of skin diseases, febrile conditions, tumors, snake-bite, and laxative use [6-8]. A comprehensive review of its ethnobotanical uses, phytochemistry and pharmacological activities underscores that although the plant has a long tradition of use, its full therapeutic potential remains under-explored [8]. Phytochemical studies reveal that various parts of C. viscosum contain flavonoids, phenolic acids, tannins, saponins and alkaloids which may underlie reported bioactivities [8,9]. 
In terms of antioxidant activity, one quantitative study found that the methanolic extract of C. viscosum leaves exhibited a total phenolic content of approximately 154.5 µg GAE/mg extract and a DPPH IC₅₀ of ~29.7 µg/mL, indicating potent free-radical scavenging activity compared with other tropical medicinal plants [10]. Meanwhile, in a murine model of lead-induced neurotoxicity, aqueous extracts of the leaves restored antioxidant enzyme levels and up-regulated Nrf2/BDNF expression, providing in vivo evidence of antioxidant and neuroprotective efficacy [11]. These findings suggest that C. viscosum has relevant antioxidant potential that merits further investigation. 
With respect to thrombolytic activity, a Bangladeshi in-vitro study reported that among three medicinal plants evaluated for clot-lysis, the carbon-tetrachloride soluble fraction (CTSF) of the methanolic extract of C. viscosum achieved ~28.6% clot lysis compared to ~41% for the standard streptokinase control. This indicates modest but promising thrombolytic potential (Ramjan et al., 2014). Further investigation is needed to clarify the mechanism, quantify the effect in leaf extracts specifically, and compare with standar d thrombolytic controls.
Despite these encouraging observations, there remains a clear gap in the literature: few studies have concurrently evaluated the methanolic extract of C. viscosum leaves for both antioxidant and thrombolytic activities, under standardized assay conditions, with quantified phytochemical profiling and direct comparison to known standards (e.g., ascorbic acid for antioxidant activity, streptokinase for thrombolytic activity). Such an integrated approach would help in validating traditional claims, identifying therapeutic leads, and providing a basis for further invitro and invivo studies.
Therefore, the present study was designed with the following objectives: (1) to prepare the methanol extract of C. viscosum leaves and perform phytochemical screening (including total phenolic and flavonoid content); (2) to evaluate the in-vitro antioxidant potential of the extract using DPPH radical scavenging and reducing power assays; (3) to assess the in-vitro thrombolytic (clot-lysis) activity of the extract compared to a standard thrombolytic agent; and (4) to discuss possible mechanistic implications and therapeutic relevance of the findings for future drug-lead research.
Literature Review 
Clerodendrum viscosum Vent. (Family Lamiaceae) is a medicinal shrub widely distributed in tropical Asia and long recognized in traditional systems such as Ayurveda for treating fever, inflammation, skin infections, and respiratory disorders [6]. Its leaves and roots are known to contain alkaloids, terpenoids, flavonoids, and phenolic compounds with diverse pharmacological potentials [12]. The leaves and roots are employed for respiratory conditions such as asthma, cough, and bronchitis, while decoctions and pastes are applied externally for skin diseases, boils, scabies, and dermatoses. Leaf infusions and juices are used as antipyretic remedies for fever and malaria, and for gastrointestinal issues, including dysentery and abdominal pain in infants. In addition, the plant has been reported to be used for jaundice, liver disorders, worm infestations, and as a febrile or bitter tonic [13]. Ethnobotanical surveys have also noted its use as a tick and ectoparasite repellent in some communities. 
Oxidative stress plays a key role in aging and numerous chronic diseases, including cancer and cardiovascular disorders [3]. Phenolic and flavonoid compounds are natural antioxidants capable of neutralizing reactive oxygen species (ROS). Methanolic extracts of C. viscosum leaves have demonstrated significant antioxidant properties through DPPH radical-scavenging assays, with IC50 values comparable to standard ascorbic acid [14]. Kumaran and Karunakaran (2007) reported similar potent activity in Clerodendrum species due to their high polyphenolic content [15].
Recent studies also suggest that C. viscosum extract activates the Nrf2 antioxidant pathway, offering hepatoprotection against heavy-metal-induced oxidative injury in mice [11]. The presence of phenolic acids such as gallic and caffeic acid, along with flavonoids like quercetin and luteolin, may explain these effects.
Cardiovascular diseases are the leading cause of mortality worldwide, and thrombosis is a major underlying factor [16]. Conventional thrombolytic drugs such as streptokinase and urokinase can cause bleeding complications and high cost, motivating the search for safer, plant-based alternatives [17].
The thrombolytic activity of medicinal plant extracts can be assessed using an in vitro clot-lysis model that measures clot degradation in comparison with standard drugs [18]. Methanolic extracts of C. viscosum have shown moderate clot-lysis activity (approximately 25–35%) in such models, indicating the presence of fibrinolytic constituents [19]. Polyphenols and saponins are proposed to promote fibrinolysis by interacting with plasminogen activators or by degrading fibrin directly [20].
Previous research on Clerodendrum viscosum has demonstrated significant anti-inflammatory and thrombolytic potential.
Table 1. Summary of Anti-inflammatory and Thrombolytic Studies on Clerodendrum viscosum
	#
	Effect / property
	Extract type / fraction
	Dose / model
	Effect size / result
	Reference

	1
	Anti‑inflammatory (in vivo)
	Root extract (alcoholic)
	Swiss albino mice, 250 mg/kg & 500 mg/kg; xylene & croton oil ear‑edema + cotton‑pellet pleurisy test
	At 500 mg/kg: significant reduction of inflammation (p < 0.001) in ear‑edema & pleurisy tests. 
	[21]

	2
	Anti‑inflammatory / analgesic (in vivo)
	Leaves extract (alcoholic)
	Mice, dose ~1000 mg/kg; xylene & croton oil ear‑edema test
	At 1000 mg/kg: extract significantly reduced inflammation (p<0.01) and had analgesic & hypoglycaemic effects. 
	[22]

	3
	Anti‑inflammatory / antioxidant (in vitro)
	Polar extract (roots)
	Human erythrocyte hemolysis + rat brain cortex lipid‑peroxidation model
	Inhibition of hemolysis and ~38 % reduction of lipid peroxides (LPO) in cortex homogenate.
	[23]

	4
	Thrombolytic (in vitro)
	Methanolic extract → fractions: CTSF (carbon tetrachloride soluble fraction)
	Human blood clot model, 90 minutes incubation at 37 °C
	CTSF fraction of C. viscosum: ~28.64 % clot lysis compared to standard streptokinase (~41.05 %). 
	[4]

	5
	Thrombolytic (in vitro)
	Root methanolic extract → fractions: ESF (ethyl acetate soluble fraction)
	Human blood clot model in vitro
	ESF fraction: ~54.47 % clot lysis compared to standard streptokinase ~69.13 %. 
	[24]


In summary, C. viscosum demonstrates strong antioxidant and promising thrombolytic potential supported by both phytochemical and biological evidence. However, detailed mechanism-based and in vivo studies remain necessary to confirm its therapeutic relevance.
Materials and Methods
Fresh leaves of Clerodendrum viscosum were collected from Bogura District, Bangladesh, in December 2023. The species was identified and authenticated at the Bangladesh National Herbarium, Dhaka, and a voucher specimen (Accession No. 38305) was deposited for reference. 
The plant was picked and washed with water to remove all unwanted plant materials and sand, air dried under light exposure (27°C-30°C for 7 days), pulverized in a mill and stored in an air tight container. About 150 g of powder was macerated in 1 L of analytical-grade methanol for 15 days with intermittent shaking. The mixture was filtered through cotton and Whatman No. 1 paper, and the filtrate was concentrated at 40 °C under reduced pressure using a rotary evaporator. The crude extract was stored in an airtight container at 4 °C until analysis.
The methanol extract was subjected to standard qualitative phytochemical tests for alkaloids, flavonoids, tannins, saponins, terpenoids, and glycosides as described by Farnsworth (1966) and Sofowora (1993) [25,26].
Total phenolic content (TPC) was estimated using the Folin–Ciocalteu reagent and expressed as mg gallic acid equivalent (GAE)/g extract. Total flavonoid content (TFC) was determined by the aluminum-chloride colorimetric method and expressed as mg quercetin equivalent (QE)/g extract [15].
Antioxidant activity was determined by the DPPH assay as described by Blois (1958) [27]. Varying concentrations of extract (1–500 µg/mL) were mixed with 0.1 mM DPPH solution and incubated in the dark for 30 minutes. Absorbance was measured at 517 nm, and percent inhibition was calculated against ascorbic acid. The IC50 value was derived from the inhibition curve.
Thrombolytic activity was assessed following Daginawala et al. (2006) [18]. Venous blood (6 mL) was drawn from healthy volunteers and transferred into pre-weighed microcentrifuge tubes (1 mL each). After clot formation at 37 °C for 45 minutes, serum was removed and 100 µL of test extract, streptokinase (positive control), or distilled water (negative control) was added. Tubes were incubated at 37 °C for 90 minutes, and the released fluid was removed. The percentage of clot lysis was calculated as:
% clot lysis = (weight before lysis – weight after lysis) / clot weight × 100.
All assays were performed in triplicate. Data are presented as mean ± SD. One-way ANOVA followed by post-hoc tests was applied, with p < 0.05 considered statistically significant.
Results
Phytochemical Screening
Preliminary phytochemical analysis of the methanolic leaf extract of Clerodendrum viscosum revealed the presence of alkaloids, flavonoids, tannins, saponins, glycosides, phenols, and terpenoids, while steroids were absent (Table 1). The richness of these bioactive compounds suggests potential antioxidant and thrombolytic properties.
Table 2. Qualitative Phytochemical Constituents of Methanolic Extract of C. viscosum (Leaves)
	Phytochemical Group
	Observation

	Alkaloids
	+

	Flavonoids
	+

	Tannins
	+

	Saponins
	+

	Glycosides
	+

	Phenols
	+

	Terpenoids
	+

	Steroids
	–



Note: “+” = present; “–” = absent.

Total Phenolic and Flavonoid Content
The strong linearity of the calibration curve (R² = 0.9983) confirms reliable phenolic quantification. The extract contained a high phenolic content (130.69 mg GAE/g), indicating that phenolic compounds significantly contribute to its antioxidant potential. Phenolic compounds are known to donate hydrogen atoms and act as reducing agents, stabilizing reactive oxygen species (ROS) and preventing oxidative damage.
Table 3. Total Phenolic Content of Methanol Extract of Clerodendrum viscosum
	Concentration (µg/mL)
	Average Absorbance
	Gallic Acid Equivalence (mg GAE/g)

	0.1
	0.630
	1.948

	0.2
	1.333
	2.237

	0.3
	1.969
	3.119

	0.4
	2.671
	4.380

	0.5
	3.213
	4.750
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Figure 01: Calibration curve for Total Phenolic content
The total flavonoid content was 319.94 mg QE/g, with a strong correlation coefficient (R² = 0.9878). Flavonoids play a major role in the antioxidant defense mechanism through radical scavenging, metal chelation, and inhibition of lipid peroxidation. The high flavonoid concentration supports the strong DPPH scavenging results and suggests that flavonoids are key contributors to the plant’s bioactivity.
Table 4. Total Flavonoid Content of Methanol Extract of Clerodendrum viscosum
	Parameter
	Equation of Calibration
	R²
	Total Flavonoid Content (mg QE/g dry wt.)

	Quercetin standard curve
	y = 3.66x – 0.421
	0.9878
	319.94
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Antioxidant Activity (DPPH Radical Scavenging Assay)
The methanol extract of Clerodendrum viscosum demonstrated strong DPPH radical scavenging activity in a concentration-dependent manner. The extract exhibited 84.39% inhibition at 500 µg/mL, approaching the activity of ascorbic acid (88.71%). The lower IC₅₀ value (66.68 µg/mL) compared to ascorbic acid indicates potent antioxidant efficacy of the plant extract, suggesting the presence of active hydrogen-donating phytoconstituents such as polyphenols and flavonoids.
Table??. Title misses

	Concentration (µg/mL)
	Absorbance (nm) – Ascorbic Acid
	% Inhibition – Ascorbic Acid
	Absorbance (nm) – C. viscosum
	% Inhibition – C. viscosum

	1
	0.689
	4.03
	1.101
	6.13

	5
	0.548
	23.68
	1.070
	8.78

	10
	0.451
	37.19
	1.043
	11.08

	50
	0.315
	56.12
	0.838
	28.55

	100
	0.201
	72.00
	0.353
	69.90

	500
	0.081
	88.71
	0.183
	84.39



Figure 2: Antioxidant Activity of Clerodendrum viscosum
Thrombolytic Activity
The methanol extract of Clerodendrum viscosum exhibited moderate clot lysis (27.59%) compared with the standard streptokinase (86.98%) and minimal lysis in the control which????? (3.40%). This finding indicates that the extract possesses mild but significant fibrinolytic activity, possibly due to phytoconstituents that stimulate plasmin activation or degrade fibrin networks. The result aligns with previous reports of saponins and flavonoids promoting thrombolysis in medicinal plants.
Table 5. Thrombolytic Activity of Methanolic Extract of C. viscosum
	Sample
	% of Clot Lysis

	Blank (Distilled Water)
	3.40

	Streptokinase (Standard)
	86.98

	C. viscosum Extract
	27.59
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Figure 3: Thrombolytic activity of Streptokinase (Standard) and Clerodendrum viscosum
The present study evaluated the phytochemical composition, antioxidant capacity, and thrombolytic potential of the methanolic leaf extract of Clerodendrum viscosum. The results demonstrate that the plant contains a diverse array of bioactive constituents with strong antioxidant and moderate clot-lysis properties, supporting its traditional medicinal use.
The phytochemical screening revealed the presence of alkaloids, flavonoids, tannins, glycosides, saponins, terpenoids, and phenols—compounds known for their pharmacological relevance. These findings are consistent with earlier work i.e., Ramjan et al., (2014) [?????]. The presence of flavonoids and polyphenols is particularly important since these compounds contribute significantly to antioxidant and anti-inflammatory mechanisms [11,15].
[bookmark: _GoBack]The methanolic extract of Clerodendrum viscosum leaves exhibited significant antioxidant and moderate thrombolytic activities in the present study. The DPPH assay revealed a strong free-radical-scavenging potential, with an IC₅₀ value of 66.68 µg/mL, indicating potent activity compared to the standard ascorbic acid (IC₅₀ = 7480.09 µg/mL). These results agree with previous studies by Islam et al. (2021) [28], who reported comparable radical-scavenging activity (IC₅₀ = 72.15 µg/mL) for methanol extracts of C. viscosum leaves [28], and by Biva et al. (2016) [29], who highlighted phenolic and flavonoid constituents as key contributors to its antioxidant efficacy [29]. The high total phenolic (130.69 mg GAE/g) and flavonoid (319.94 mg QE/g) contents observed in this study corroborate those reports and confirm that polyphenolic compounds are major contributors to antioxidant capacity through hydrogen donation and free-radical neutralization.
In the thrombolytic assay, the extract demonstrated 27.59 % clot lysis compared with 86.98 % for streptokinase, indicating mild but notable fibrinolytic potential. Similar findings were reported by Rahman et al. (2019) [30], who observed 25–30 % clot lysis with methanol extracts of Clerodendrum viscosum, [30] and by Saha et al. (2020) for related Clerodendrum species, where saponins and flavonoids were linked to clot dissolution [31]. Such activities suggest that plant-derived phytoconstituents may promote endogenous fibrinolytic mechanisms or directly degrade fibrin matrices.

Conclusion 
The methanolic leaf extract of Clerodendrum viscosum contains multiple phytochemicals that contribute to strong antioxidant and moderate thrombolytic effects. These findings validate its ethnomedicinal use and suggest its potential for development into safe, plant-based therapeutic agents targeting oxidative stress and thrombosis.
Limitations and Future Perspectives
Although the in vitro findings are promising, they cannot be directly extrapolated to in vivo conditions. Future studies should aim to isolate and characterize the active constituents responsible for these effects and evaluate their pharmacokinetic and toxicological profiles. Animal or cell-line studies exploring the mechanism of fibrinolysis and antioxidant signaling (e.g., Nrf2 and HO-1 pathways) would further clarify the therapeutic potential of C. viscosum.
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