


CHEMICAL COMPOSITION AND BIOLOGICAL ACTIVITIES OF CALOTROPIS GIGANTEA (L.) DRYAND OLEORESIN


ABSTRACT
Calotropis gigantea (L.) Dryand., commonly known as Giant calotrope, is traditionally used in the treatment of bronchitis, asthma, leprosy, eczema, and elephantiasis. This study aimed to determine the phytochemical composition and biological activities of its leaf oleoresin (GCLO) and root oleoresin (GCRO). The plant material was subjected to cold percolation extraction using acetone, and chemical components were identified by GC-MS analysis. Both GCLO and GCRO demonstrated strong herbicidal effects on radish seeds (Raphanus raphanistrum subsp. sativus) and moderate to good antifungal activity against Aspergillus niger and Penicillium chrysogenum. Comparative phytochemical analysis revealed that methanamine, n-butylidene (12.6%), 1-propen-2-ol acetate (11.8%), 1,4-diacetyloxy-2,3-dicyanobenzene (9.5%), 3-[n-acetyl-4-acetylanilino] propionic acid (8.3%), pentane (8.1%), 4-hydroxybutanoic acid (7.4%), and 5-ethyl-2,4-dimethylisoxazolidine (6.6%) were the major constituents in GCLO. In GCRO, the predominant compounds were n-butylidene-methanamine (13.6%), 2-methylbutane (10.8%), 1-methylpiperazine (9.5%), ethanethioic acid, S-pentyl ester (8.4%), 3-methyl-2,4-pentanedione (7.8%), S-[4-cyanophenyl]-N,N-dimethylthiocarbamate (7.2%), 2-acetylamino-3-(3,4,5-trimethoxyphenyl) (6.8%), 1-methylaziridine (5.9%), and pentane (5.8%). The significant herbicidal and antifungal properties of both oleoresins demonstrate their potential as excellent sources for the development of environmentally beneficial biopesticides that may eventually substitute synthetic pesticides.
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 Introduction
Calotropis gigantea (L.) Dryand. commonly known as giant calotrope, is a tropical shrub belonging to the family Apocynaceae. It can grow to impressive heights of around 4 m (approx. 13 feet). The shrub features clusters of waxy, either white or lavender colored blooms. Five angular petals make up each flower, which also has a little "crown" in the middle that contains the stamens. The sepals or petals in a whorl of Calotropis exhibit valvate aestivation, which is when they contact the edges without overlapping. The plant has milky latex-releasing stems and round, light green leaves. This latex contains various compounds such as cardiac glycosides, fatty acids, and calcium oxalate. Notably, the roots of Calotropis gigantea contain a specific compound called Calotropone. Calotropis gigantea is a significant medicinal plant found in tropical and subtropical regions worldwide. It has a rich ethnopharmacological history, with various traditional uses in folk medicine for ailments such as wounds, inflammation, rheumatism, skin diseases, and gastrointestinal disorders. GC-MS analysis has identified 46 active compounds in giant calotrope, with 24 found in the leaves and 22 in the sap (Sharma et al., 2016; Arya et al., 2022). The fruit of giant calotrope contains a compound of the cardenolide type (Parhira et al., 2016) while the flower contains alkaloids, tannins, phenols, flavonoids, sterols, anthraquinones, proteins, and quinones (Dhivya et al., 2016; Rajamohan et al 2014). These compounds have potential medicinal uses, such as in dysentery medicine (Singh et al., 2015). Giant calotrope is commonly used in traditional Asian medicine (Parhira et al., 2016; Singh et al., 2015). Recent research has also suggested that this plant has potential antibacterial properties and can help prevent tooth decay caused by bacteria like Streptococcus and Lactobacillus sp. (Ningsih et al., 2019; Arya et al., 2023). The secondary metabolites of plants can be influenced by geographical factors. Plants growing in high salinity environments are predicted to have higher levels of secondary metabolites such as phenols and terpenes (Smirnoff et al., 1985).  Giant calotrope can adapt to various environments, from plateaus to coastal regions and soils with high lime content. The coastal areas in particular are known for hosting many Giant calotrope plants, and this research aims to analyze the differences in Giant calotrope samples from various locations. Over the years, researchers have shown a growing interest in investigating the chemical composition of different plant parts and their pharmacological activities.
Materials and Methods
        Plant Material
The plant material of Giant calotrope (Calotropis gigantea (L.) Dryand.) was collected from district-Gaya (Altitude:111m, Latitude: 24.7914° N, and Longitude: 85.0002° E) Bihar, India in the month of March, 2023. 
       Oleoresin preparation
The collected plant part were washed and shade- dried at room temperature (25±2°C) for 15 days. After the drying process, the plant material was ground into a coarse powder. The powdered sample were subjected to extraction with acetone using the cold percolation method. Subsequently, the oleoresin obtained was filtered and concentrated utilizing a rotary evaporator at 40 oC. The resulting oleoresin was weighted to calculate yield percentage and stored at controlled temperature of 4°C for further analysis. The yield percentages were 4.8% (w/w) for leaf oleoresin (GCLO) and 3.9% (w/w) for root oleoresin (GCRO).
      GC-MS analysis
The chemical composition of the acetone oleoresin obtained from the Calotropis gigantea plant was performed using gas chromatography-mass spectrometry (GC-MS) with a Perkin Elmer GCMS-SQ8 instrument. The analysis utilized a PE-5 column with dimensions of 30 m × 0.25 mm and an inner diameter of 0.25μm. The injector temperature was set to 280 °C, employing a split ratio of 50:1. Helium was used as the carrier gas with a flow rate of 1.0 mL/min. By analyzing their mass spectrum fragmentation patterns and retention index (RI) values, the components of the oleoresin were determined. The obtained mass spectra were compared with the NIST14.lib MS library and relevant literature data to validate the presence of the detected compounds.
       Herbicidal activity assay
The herbicidal activity of GCLO and GCRO was assessed at various concentrations (250 to 1000 uL/mL) against hybrid radish (Raphanus raphanistrum sub sp. Sativus) seeds. The evaluation was conducted using a method developed by Sahu and Devkota (2013). In order to measure the inhibition of seed germination, the acetone oleoresin was diluted in a 1% Tween-20 aqueous solution to create different concentrations (ranging from 250 to 1000 uL/mL) solution. To ensure the sterility of the radish seeds, they were initially treated with a 5% sodium hypochlorite solution for a duration of 15 minutes. Seven sterilized radish seeds were then placed in each petri dish, with filter papers at the bottom to maintain adequate moisture for germination. Next, 4 mL of the respective concentrations of the acetone oleoresin were added to the petri dishes, and the seeds were acceptable to germinate in an incubator at a temperature of 25±1°C for a period of 24 hrs. The experiment was concluded once all the seeds in the control group had germinated. The herbicidal activity of the acetone oleoresin was evaluated by comparing its effects to both the control group and the standard herbicide (Pendimethalin) and by using formula.
% Inhibition =100 × (1- St/Sc)
Where,
St – no. of seeds germination in treatment; Sc – no. of seeds germination in control
         Antifungal activity assay
The antifungal activity was evaluated against Aspergillus niger and Penicillium chrysogenum using the poisoned food technique (Kuta, 2008). Fungal cultures were obtained from the Microbial Type Culture Collection (MTCC), Chandigarh, India, and maintained on potato dextrose agar (PDA) slants at 4°C. The oleoresins were dissolved in acetone:water (1:1 v/v) to prepare stock solutions and then serially diluted to obtain final concentrations of 2, 4, 8, 16, and 32 mg/mL. Sterile PDA medium was amended with appropriate volumes of oleoresin solutions to achieve the desired concentrations and poured into sterile Petri plates. A 6 mm mycelial disc from 7-day-old fungal cultures was inoculated at the centre of each plate. Plates containing medium with solvent only served as negative control, while fluconazole (6 mg/mL) was used as positive control. All treatments were performed in triplicate and incubated at 28±1°C for 5-7 days. Fungal growth was measured as colony diameter, and percent mycelial growth inhibition was calculated as:
% Inhibition = {1 - (Rc-Rt/Rc)} x 100 
where, 
Rc = growth of control; Rt = radial growth of treatment 
     Determination of minimal inhibitory concentration (MIC)
The minimum inhibitory concentrations (MICs) of oleoresins was determined by broth dilution method (Saratha and Subramanian, 2010; Han et al., 2022). In order to create the stock solution with a concentration of 100 mg/mL, the plant oleoresins were dissolved in 50% acetone. The final concentrations were 2, 4, 8, 16, and 32 mg/mL after being serially diluted twice. In the test tubes containing potato dextrose broth (PDB) medium, were inoculated with 10 μL of fungal spore suspension (10⁶ spores/mL) and incubated at 28°C for 5-7 days. Only PDB medium with 50% acetone and fungal inoculum were present in the control. The inoculum is slightly reduced at MIC, which are defined as the lowest concentration of oleoresins.
       Statistical analysis
The mean± standard deviation of three parallel measurements was used to determine the experimental results. Statisticians determined the average values and standard deviation. Data were analyzed using one-way analysis of variance (ANOVA) followed by Duncan's multiple range test (DMRT) at p < 0.05 significance level using SPSS software version 20.0 (IBM Corp., USA). IC₅₀ values were calculated using regression analysis in Microsoft Excel 2016.
Result and Discussion
[bookmark: _Hlk140450230]         Comparative compositional variability of GCLO and GCRO
In the current investigation, the chemical composition of GCLO and GCRO was found to vary both qualitatively and quantitatively. The GC/MS analysis found that 13 compounds made up 87.9% of the total oleoresin composition in GCLO and that 88.1% of the total oleoresin in GCRO were composed of 12 constituents. N-Butylidene-Methanamine predominated in both oleoresins, accounting for 12.6% in GCLO and 13.6% in GCRO, respectively. 1-propen-2-ol, acetate (11.8%),  was the dominating constituent in GCLO followed by benzene, 1,4-diacetyloxy-2,3-dicyanobenzene (9.5), 3-[n-acetyl-4-acetylanilino] propionic acid (8.3%), pentane (8.1%), 4-hydroxy butanoic acid (7.4%), 5-ethyl-2,4-dimethylisoxazolidine (6.6%), 4-piperidone  (5.4%),  bis- (1,1-dimethylethyl) nitroxide (5.2%),  1-methylpiperazine, (4.3%), 2-hexanone (3.2%), 2,3-pentanedione  (3.1%),  methyl isobutyl ketone  (2.4%) besides other minor constituents whereas, in GCRO, 2-methylbutane (10.8%) is the major component followed by 1-methylpiperazine (9.5%), ethanethioic acid, S-pentyl ester (8.4%), 3-methyl- 2,4-pentanedione (7.8%), s-[4-cyanophenyl]-N,N- dimethylthiocarbamate (7.2%), 2-acetylamino-3-(3,4,5-trimethoxyphenyl) (6.8%), 1-methylaziridine (5.9%), pentane (5.8%), acetamide (4.9%),  1-bromo-2-butanone (4.8%), acetamide oxime (2.6%) besides other minor constituents. Variations in the amount of percent contribution for the major and minor constituents were observed in the investigation of the oleoresin composition of GCLO and GCRO.  The detailed comparative chemical composition of GCLO and GCRO is presented in Table 1.
Table 1: Comparative chemical composition of GCLO and GCRO
	S. No
	Compound Identified
	RI
	% Composition 

	
	
	
	GCLO
	GCRO

	1
	Methanamine, n-butylidene
	832
	12.6
	-

	2
	1-Propen-2-ol, acetate
	606
	11.8
	-

	3
	1,4-Diacetyloxy-2,3-dicyanobenzene
	379
	9.5
	-

	4
	3-[n-acetyl-4-acetylanilino] propionic acid
	326
	8.3
	-

	5
	[bookmark: _Hlk137418177]Pentane
	700
	8.1
	-

	6
	[bookmark: _Hlk137418224]4-Hydroxybutanoic acid
	594
	7.4
	-

	7
	[bookmark: _Hlk137418255]5-Ethyl-2,4-dimethylisoxazolidine
	569
	6.6
	-

	8
	4-Piperidone
	513
	5.4
	-

	9
	Bis(1,1-dimethylethyl) nitroxide
	540
	5.2
	-

	10
	1-Methylpiperazine 
	588
	4.3
	-

	11
	2-Hexanone
	534
	3.2
	-

	12
	2,3-Pentanedione
	520
	3.1
	-

	13
	Methyl isobutyl ketone
	510
	2.4
	-

	14
	n-Butylidene-methanamine 
	853
	-
	13.6

	15
	2-Methylbutane
	714
	-
	10.8

	16
	1-Methylpiperazine
	713
	-
	9.5

	17
	Ethanethioic acid, S-pentyl ester-
	384
	-
	8.4

	18
	3-Methyl-2,4-pentanedione
	365
	-
	7.8

	19
	S-[4-cyanophenyl]-N, N-dimethylthiocarbamate
	302
	-
	7.2

	20
	2-Acetylamino-3-(3,4,5-trimethoxyphenyl)
	344
	-
	6.8

	21
	1-Methylaziridine
	675
	-
	5.9

	22
	Pentane
	595
	-
	5.8

	23
	Acetamide
	516
	-
	4.9

	24
	1-Bromo-2-butanone
	532
	-
	4.8

	25
	[bookmark: _Hlk137421530]Acetamide oxime
	504
	-
	2.6

	
	Total %
	87.9
	88.1


GCLO= Giant Calotrope leaf oleoresin; GCRO= Giant Calotrope root oleoresin; RI=Retention index
     Herbicidal activity
     Inhibition of seed germination 
The acetone oleoresin of Giant calotrope exhibits herbicidal activity in a dose-dependent manner. The seed germination inhibition by the acetone oleoresin was determined at different concentrations (250, 500, 750, and 1000 µL/mL). In GCLO, recorded percent inhibition values, from lowest to highest concentration, were 60%, 67.33%, 79.33%, and 94.00% and in GCRO the percent seed germination inhibition values reported as 59%, 64.66%, 80.66%, and 92.00% respectively (Table 5). In order to assess the relative herbicidal activity, the IC50 value of the acetone oleoresin was calculated. The IC50 value represents the concentration at which 50% inhibition of seed germination is achieved. For the Giant calotrope acetone oleoresin, the IC50 value was observed as GCLO (73.03±4.83µL/mL) > GCRO (100.94±18.95 µL/mL) (Table 2).
Table 2: IC50 value for Seed germination
	S. No.
	Sample name
	IC50 values (µL/mL) 
	Mean IC50 values (µL/mL) ±SD

	
	
	I
	II
	III
	

	1
	GCLO
	74.78
	76.75
	67.56
	73.03±4.83

	2
	GCRO
	80.27
	105.04
	117.52
	[bookmark: _Hlk137728430]100.94±18.95


GCLO= Giant Calotrope leaf oleoresin; GCRO= Giant Calotrope root oleoresin
    Root length inhibition 
The percentage root length inhibition was determined when 100% germination was observed for different concentrations of acetone Giant calotrope oleoresin (250-1000 µL/mL). In GCLO, the recorded percentage root length inhibition was measured as 60%, 65.33%, 78.66%, and 94.66%, while in GCRO, the % root length inhibition was measured as 59.00%, 58.00%, 79.00%, and 91.00% respectively (Table 5). To evaluate the relative herbicidal activities of the samples, the IC50 value of acetone Giant calotrope oleoresin was determined as GCLO (99.54±32.43 µL/mL) > GCRO (160.12±31.11 µL/mL). The IC50 value serves as a measure to compare the inhibition of root growth among the samples (Table 3; Fig. 2).
Table 3. IC50 value for root length
	S. No.
	Sample name
	IC50 values (µL/mL) 
	Mean IC50 values (µL/mL) ±SD

	
	
	I
	II
	III
	

	1
	GCLO
	63.02
	125
	110.61
	99.54±32.43

	2
	GCRO
	153.68
	132.74
	193.96
	160.12±31.11


      GCLO= Giant Calotrope leaf oleoresin; GCRO= Giant Calotrope root oleoresin
      Shoot length inhibition 
 	The percentage shoot length inhibition was determined when 100% germination was observed for different concentrations of Giant calotrope acetone oleoresin, ranging from 250 to 1000 µL/mL. In GCLO, the inhibition percentage for shoot length were recorded as 58.00%, 66.33%, 80.66%, and 92.33% while in the case GCRO the percent inhibition of shoot length was observed as follows: 58.66%, 67.33%, 79.66%, and 93.00% respectively (Table 5). The IC50 value, which represents the concentration required for 50% inhibition, was calculated as GCRO (89.54±28.94 µL/mL) > GCLO (105.47±32.91 µL/mL) (Table 4 and Fig. 1). The IC50 value is used to assess the relative herbicidal activities, with higher IC50 values indicating lower herbicidal activity. 
Table 4: IC50 value for shoot length
	S. No.
	Sample name
	IC50 values (µL/mL) 
	Mean IC50 values (µL/mL) ±SD

	
	
	I
	II
	III
	

	1
	GCLO
	78.82
	95.33
	142.27
	105.47±32.91

	2
	GCRO
	56.30
	109.12
	103.21
	89.54±28.94


GCLO= Giant Calotrope leaf oleoresin; GCRO= Giant Calotrope root oleoresin
[image: ]
GCLO= Giant Calotrope leaf oleoresin; GCRO= Giant Calotrope root oleoresin
Fig. 1:  Graphical representation of IC50 values for herbicidal activity
Table 5: Percent inhibition of seed germination, root and shoot length by GCLO and GCRO against Raphanus raphanistrum subsp. Sativus
	[bookmark: _Hlk137477533]S. No.
	Sample name
	% Inhibition of seed germination
	% Inhibition of root length
	% Inhibition of shoot length

	
	
	250 µL/mL
	500 µL/mL
	750 µL/mL
	1000 µL/mL
	250 µL/mL
	500 µL/mL
	750 µL/ml
	1000 µL/mL
	250 µL/mL
	500 µL/mL
	750 µL/mL
	1000 µL/mL

	1
	GCLO
	60.00±1.73c
	67.33±2.08b
	79.33±1.15a
	94.00±2.00a
	60.00±2.00c
	65.33±2.51b
	78.66±1.52a
	94.66±2.88a
	58.00±2.64c
	66.33±1.52b
	80.66±1.15a
	92.33±0.57a

	2
	GCRO
	59.00±1.00c
	64.66±0.57b 
	80.66±1.15a
	92.00±1.00a
	59.00±1.00c
	58.00±2.00c
	79.00±2.64b
	91.00±1.73a
	58.66±2.08c
	67.33±2.51b
	79.66±2.08a
	93.00±2.64a

	3
	Pendimethalin
	100 ± 0.0
	100 ± 0.0
	100 ± 0.0
	100 ± 0.0
	100 ± 0.0
	100 ± 0.0
	100 ± 0.0
	100 ± 0.0
	100 ± 0.0
	100 ± 0.0
	100 ± 0.0
	100 ± 0.0


Values are expressed as mean ± SD (n=3). Different superscript letters within columns for each sample indicate significant differences at p < 0.05 (Duncan's multiple range test). GCLO= Giant Calotrope leaf oleoresin; GCRO= Giant Calotrope root oleoresin
     Antifungal activity
   Two phytopathogenic fungi (Aspergillus niger and Penicillium chrysogenum) were subjected to varied doses of GCLO and GCRO (2-32 mg/mL) to test their antifungal activity. The antifungal activity and MIC values of the oleoresins is shown in (Table 6& 7; Fig. 2,3) as a percentage of the investigated fungi mycelial growth inhibition. The maximum antifungal potential was shown by GCRO (4.7±0.01 mg/mL and 5.2±0.03 mg/mL) against Aspergillus niger and P. chrysogenum at higher dose (32 mg/mL). Fluconazole (5.5±0.02) was shown to have the strongest antifungal action against A. niger, followed by GCRO (4.7±0.01 mg/mL) and GCRO (5.2±0.03 mg/mL) at 32 mg/mL concentration. At the similar concentration the order of antifungal activity of the oleoresin against P. chrysogenum was observed as follows: Fluconazole (5.5±0.02) > GCRO (5.2±0.03mg/mL)> GCLO (4.8±0.03 mg/mL). 
               Table 6: Percent growth inhibition by GCLO and GCRO against Aspergillus niger and Penicillium chrysogenum
	Sample
	Concentration
(mg/mL)
	Percent growth inhibition

	
	
	Aspergillus niger
	Penicillium chrysogenum

	GCLO
	2
	3.2±0.02e
	2.3±0.02e

	
	4
	3.6±0.03d
	2.9±0.01d

	
	8
	4.0±0.01c
	3.2±0.03c

	
	16
	4.6±0.02b
	3.8±0.03b

	
	32
	5.0±0.03a
	4.8±0.03a

	GCRO
	2
	2.2±0.04e
	2.8±0.02e

	
	4
	2.9±0.01d
	3.4±0.02d

	
	8
	3.2±0.01c
	3.9±1.03c

	
	16
	4.1±0.02b
	4.5±0.05b

	
	32
	4.7±0.01a
	5.2±0.03a

	Fluconazole
	6 
	5.5±0.02
	6.3±0.02


Values are expressed as mean ± SD (n=3). Different superscript letters within columns for each sample indicate significant differences at p < 0.05 (Duncan's multiple range test).  GCLO= Giant Calotrope leaf oleoresin; GCRO= Giant Calotrope root oleoresin

[image: ]
        GCLO= Giant Calotrope leaf oleoresin; GCRO= Giant Calotrope root oleoresin
                        Fig. 2: Percent growth inhibition by GCLO and GCRO against Aspergillus niger 
[image: ]
                       GCLO= Giant Calotrope leaf oleoresin; GCRO= Giant Calotrope root oleoresin
                     Fig. 3: Percent growth inhibition GCLO and GCRO against Penicillium chrysogenum
Table 7: Minimum inhibitory concentration (MIC) of GCLO And GCRO against test fungi
 
	Sample
	MIC (mg/mL)

	
	Aspergillus niger
	Penicillium  chrysogenum

	GCLO
	8 
	16

	GCRO
	16
	8

	Fluconazole
	0.006
	0.006



Discussion
GC-MS analysis revealed distinct organ-specific chemical profiles, with n-butylidene-methanamine as the predominant compound in both GCLO (12.6%) and GCRO (13.6%). GCLO contained 13 identified compounds (87.09% of total composition), while GCRO contained 12 compounds (88.10%), demonstrating significant qualitative and quantitative variation between plant parts. Both oleoresins exhibited dose-dependent herbicidal activity against radish. GCLO showed superior herbicidal potential with lower IC₅₀ values for seed germination (73.03±4.83 µL/mL) and root inhibition (99.54±32.43 µL/mL) compared to GCRO (100.94±18.95 and 160.12±31.11 µL/mL, respectively). This enhanced activity may be attributed to GCLO-specific compounds including 1,4-diacetyloxy-2,3-dicyanobenzene (9.5%) and 3-[n-acetyl-4-acetylanilino] propionic acid (8.3%), which are known to interfere with plant growth regulation (Rice, 1984). Antifungal assessment revealed organ-specific efficacy patterns. GCRO exhibited greater activity against P. chrysogenum (5.2±0.03% inhibition at 32 mg/mL), while GCLO was more effective against A. niger (5.0±0.03% inhibition at 32 mg/mL). MIC values ranged from 8-16 mg/mL, comparable to reported values for other medicinal plant extracts (Han et al., 2022; Saratha and Subramanian, 2010). The presence of nitrogen-containing compounds (piperazine, aziridine derivatives) likely contributes to the observed antifungal activity through membrane disruption mechanisms (Murray et al., 1995).
These findings align with previous reports of organ-specific phytochemical distribution in Calotropis species (Singh and Javed, 2015; Sharma et al., 2016) and support the traditional use of this plant in pest management. The demonstrated biological activities highlight the potential of C. gigantea oleoresins as environmentally benign biopesticide sources, though further research involving compound isolation, field efficacy trials, and formulation development is warranted.
Conclusion
The leaf and root oleoresins of Calotropis gigantea possess distinct phytochemical profiles with significant herbicidal and antifungal activities. GCLO exhibited superior herbicidal activity against radish seed germination and root growth, while GCRO showed enhanced activity against P. chrysogenum. The major bioactive compounds identified n-butylidene-methanamine, piperazine derivatives, and various organic acids and esters, provide a chemical basis for the observed biological activities. These findings support the traditional use of C. gigantea in pest management and highlight its potential as a natural biopesticides source. Further research assessing efficacy against problematic weeds and phytopathogens under field conditions is warranted to facilitate commercial formulation development.
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