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Identification of phytochemical, 
antioxidant, anticancer 
and antimicrobial potential 
of Calotropis procera leaf aqueous 
extract
Armin Ahmad Nejhad 1, Behrooz Alizadeh Behbahani 1*, Mohammad Hojjati 1, 
Alireza Vasiee 2 & Mohammad Amin Mehrnia 1

Since the dawn of civilization, people have turned to plants as a safe and efficient form of treatment 
for a variety of diseases. It has long been known that Calotropis procera has the potential to treat 
a number of diseases. In this study, the C. procera leaf aqueous extract was obtained using the 
maceration method, and p-coumaric was found to be the main compound. The extract was rich in 
phenols (174.82 mg gallic acid equivalent/g) and flavonoids (1781.7 µg quercetin equivalent/g). The 
extract had high antioxidant properties, as indicated by the  IC50 values obtained for 2,2-diphenyl-
1-picrylhydrazyl (DPPH) (366.33 μg/mL) and 2,2′-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid 
(ABTS) (169.04 μg/mL), as well as the ferric ions reducing antioxidant power (FRAP) (1.67 μg ascorbic 
acid equivalent/g of the extract). The cytotoxicity of the extract was evaluated against the survival of 
HT 29 cells, and the  IC50 was found to be 236.87 μg/mL. The most resistant and sensitive strains to the 
extract were Escherichia coli and Staphylococcus aureus, respectively. The morphological changes of 
these strains were demonstrated through scanning electron microscopy and confocal laser scanning 
microscopy. The C. procera extract could be therefore used as an antioxidant, antimicrobial, and 
anticancer agent.

The public has become increasingly concerned about the toxic effects of synthetic and chemical additives, which 
are used for their antimicrobial, antioxidant, and flavoring properties. In response to this concern, researchers 
have been exploring natural alternatives to these additives. One promising option is the use of natural plant 
extracts, which contain a wide range of flavoring, antimicrobial, antioxidant, and anticancer substances.

Calotropis procera, also known as Stabregh in Iran, is a plant from the Apocynaceae  family1. It is also known 
by various other names such as Aiton, Sodom apple, Milkweed, Calotrope, Giant milkweed, Indian milkweed, 
Wild cotton, Rubber tree, Usha, Aak, and  Madar2–7. This plant can be found in tropical areas and southern coasts 
of Iran, North Africa, Middle East Asia, and Southeast Asia on coastal sand  dunes4,7. All parts of the plant (root, 
stem, leaf, and flower) have various uses in industries such as food processing, pharmaceuticals, fuel production, 
textile, paper production, rubber production, plant treatment, and synthesis of  nanoparticles6,8. It is also widely 
used in traditional medicine systems in the treatment of skin diseases, leprosy, asthma, rheumatism, malaria, and 
traditional  indigestion5,9. The plant contains compounds such as flavonoids, phenolics, steroids, cardenolides, 
tannins, terpenoids, saponins, alkaloids, and terpenoids, which have bactericidal, fungicidal, insecticidal, anti-cell 
toxicity, anti-inflammatory, and antioxidant  properties4. The antioxidant, antibacterial, antifungal, anti-inflam-
matory, anticancer, antidiabetic, and antimalarial properties of C. procera and its extracts have comprehensively 
been reviewed by  Dogara10. In West Africa C. procera extract is used to coagulate milk and produce cheese. 
Moreover, one of the significant uses of C. procera latex is its effectiveness in treating hair loss and dental  issues5.

Phenolic compounds are the most important antioxidant compounds of plant extracts. They inactivate 
hydroxide and peroxide radicals through electron donation, which can cause cytotoxicity and cancer when they 
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react with human body cells. In addition, plant extracts contain antimicrobial compounds that are a suitable 
alternative to antibiotics, which have developed resistance to a wide range of them in recent  years11.

The characteristics of the C. procera plant have not been fully investigated so far. Therefore, this study aims 
to investigate the plant’s characteristics due to its importance in the food industry. This work differs significantly 
from other existing research articles as it provides a comprehensive analysis of the full biological characteristics 
of the aqueous extract of the native C. procera plant. This includes its chemical constituents, antioxidant activity, 
anti-cancer effect, antimicrobial effect, and mechanism of action of its antimicrobial activity, all in one place. In 
this study, the chemical composition of C. procera extract was analyzed using high performance liquid chroma-
tography (HPLC) and Fourier transform infrared spectroscopy (FTIR) tests. The total phenol content (TPC), 
total flavonoid content (TFC), total beta-carotene content, antioxidant properties, and antimicrobial effect of 
the extract were also measured. The cytotoxicity factor of the extract was measured to evaluate its anticancer 
property. Finally, the effect of the extract on the structure of Escherichia coli and Staphylococcus aureus was inves-
tigated using scanning electron microscopy (SEM) and confocal laser scanning microscope (CLSM). This study 
aims to explore the potential applications of C. procera as a novel platform for the treatment of various diseases.

Material and methods
Chemicals, microorganisms, and culture media. The DPPH (2,2-diphenyl-1-picrylhydrazyl), Folin-
Ciocalteu reagent, gallic acid, ABTS (2,2′-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)), potassium per-
sulfate, and dimethyl sulfoxide (DMSO) were purchased from Merck Co. (Darmstadt, Germany). The strains 
of Listeria monocytogenes, Bacillus cereus, Salmonella typhimurium, S. aureus, E. coli, Shigella dysentery, and 
Staphylococcus epidermidis were obtained from National Center of Biological and Genetic Resources of Iran. 
Mueller Hinton broth (MHB), Mueller Hinton agar (MHA), nutrient agar (NA), and tryptic soy broth (TSB) 
were purchased from Difco Laboratories (Detroit, MI, USA).

Inoculum development. The preparation of stock culture of pathogenic bacteria was done using MHB 
and NA culture media. L. monocytogenes strains were inoculated in TSB culture, while other strains were grown 
on agar slants from their own culture medium for 24 h at 37 °C. After incubation, the cultures were kept at 4 °C12.

Preparation of C. procera leaf extract. The C. procera plant was collected from its habitat in the south 
of Iran and was identified by Dr. Kazem Negaresh at the herbarium center of Agricultural Sciences and Natural 
Resources University of Khuzestan (herbarium code, KHAU319). The experimental field study was conducted 
in compliance with relevant institutional guidelines and regulations. The initial preparation of the plant leaf 
involved washing, drying (under suitable temperature and humidity conditions in the shade), and grinding 
using a laboratory mill. The maceration method was then conducted by soaking the plant in water (1:10 ratio; 
w/v) for 24 h at ambient temperature with stirring. The extract was separated from the plant using filter paper, 
and centrifugation and evaporation were performed with a rotary. The resulting extract was kept at 4 °C for 
further  analysis11.

Phenolic profile by HPLC. According to a previous study by Yeganegi et al.13, the extract’s polyphenol con-
tent was determined by HPLC (Knauer, Germany) using a C18 column (4.6 mm ID × 150 mm (5 µm) and a UV 
detector (at 350 nm) as follows. Elution profile: A = 0.15% phosphoric acid in  H2O–MeOH 77:23 (v/v, pH = 2); 
B = MeOH. Isocratic: 0–3.6 min 100% A; gradient: 3.6 min 100% A-linear- 24.0 min; 80.5% A-isocratic-30 min 
linear- 60 min; 51.8% A-linear-67.2 min; 100% B; flow rate: 1.0 ml/min. The injected volume was 20 µL. The 
relative retention indices were computed due to the low reproducibility of the retention times in HPLC chroma-
tograms. By comparing the relative retention indices of the peak with those that had already been published and 
by co-injecting naringenin, quercetin, kaempferol, apigenin, and rutin, the peak identity was confirmed. From 
the HPLC peak areas, the percentage composition of the extracts was determined.

Functional group analysis by FTIR. The FTIR spectrum was collected for sample at room temperature in 
the 400–4000  cm-1 range by a FTIR spectrophotometer (Perkin Elmer, USA)14.

Measurement of TPC and TFC. The TPC and TFC of the extract were determined using the method 
described by Behbahani et al.11. A mixture containing 20 µL of extract (concentration: 10 g/L), 2 mL of distilled 
water, and 100 µL of Folin-Ciocalteu reagent was prepared. After 3 min, 300 µL of sodium bicarbonate solution 
was added to the mixture, which was then stirred for 2 h. The absorbance of the sample was recorded at 765 nm 
in a spectrophotometer (Sigma3, 30k). A standard curve was drawn using gallic acid (0–500 mg/L). The final 
TPC value was reported in terms of mg gallic acid (GAE)/g of  extract11.

To measure the TFC, 1 mL of the crude extract concentration was mixed with 1 mL of 2% methanolic alu-
minum chloride, kept for 15 min at room temperature in the dark, and the absorbance values of the samples 
were measured at 430 nm. The quercetin was used to draw the standard curve, and TFC value was reported as 
μg quercetin (QE) equivalence/g of dry weight of  extract11.

Beta-carotene content. The beta-carotene content of the sample was measured using HPLC (Knauer, 
Germany, a C18 column (4.6 mm ID × 150 mm (5 μm)), with a UV detector (at 350 nm))15.

Antioxidant activity evaluation. DPPH free radical scavenging assay. The procedure described by 
Yeganegi et al. (2018) was used to determine the antioxidant activity of the extract. A methanolic solution of 
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the extract was prepared to reach a concentration of 1 mg/mL, and then diluted to a range of 10–500 μg/mL. 
Solutions of 1 mL methanol containing 0.2 mM DPPH were made, and 1 mL of each extract concentration was 
added. The samples were placed in the dark for 30 min at 24 °C, and the absorbance of the extract and blank 
samples (all components of the reaction without extract) was measured at 517 nm. The antioxidant activity was 
calculated using the following formula:

where A sample and A blank indicate the absorption of extract sample and blank sample, respectively. The antioxidant 
activity of the extract was compared to that of natural and synthetic antioxidants, vitamin C and tert-Butylhy-
droquinone (TBHQ), using the  IC50  value13. The  IC50 value represents the concentration of the sample capable 
of inhibiting 50% of free radicals and is calculated using the slope equation of the radical scavenging activity 
(RSA) curve.

ABTS free radical cation scavenging assay. The extract’s ability to inhibit ABTS radicals was measured using 
the protocol of Labiad et al. (2017). Vitamin C and TBHQ were used as controls. A free radical solution (7 mM 
ABTS, 2.4 mM potassium persulphate) was prepared and left in the dark for 14 h at 24 °C. Extract samples (200 
µL; 10–500 μg/mL) were added to the free radical solution (2 mL) and mixed completely. After 30 min, the 
absorbance of the samples was read at 734 nm and the ABTS free radical scavenging activity was reported in 
terms of  IC50

16.

Ferric reducing antioxidant power (FRAP) assay. The FRAP assay was used to measure the extract’s antioxidant 
power. A solution containing 0.2 M phosphate buffer (2.5 mL; pH 6.6) and potassium ferricyanide (2.5 mL; 1% 
w/v) was prepared and charged with the extract and incubated at 50 °C for 20 min. The reaction was stopped 
by adding trichloroacetic acid (2.5 mL; 10% w/v) and centrifugation (1000×g for 10 min) was then conducted. 
A mixture consisting of 2.5 mL of supernatant, 2.5 mL of deionized water, and 0.5 mL of 0.1% chloride was 
prepared and after 30 min, the absorbance of the sample was read at 700 nm. The FRAP of the extract was 
reported in terms of ascorbic acid equivalent (mg AAE/g of extract). Vitamin C and TBHQ were used as positive 
 controls16.

Cytotoxicity studies. The MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) assay was 
used to measure the cytotoxicity of the extract against the HT29 cell line (IBRC cell number C10097, National 
Center for Genetic and Biological Resources of Iran). The cells were cultivated in DMEM medium with 10% 
fetal bovine serum and penicillin/streptomycin followed by incubation at 37 °C, 95% humidity, and 5% carbon 
dioxide. Cells (100,000 cells) were added to wells and different doses of extract (, 12.5, 25, 50, 100, 200, 400, and 
800 μg/mL), the DMEM culture medium, and 200 µL of fetal bovine serum were added to each well. The cell 
proliferation was measured using the MTT method after 24 h of incubation as follows: 30 µL of MTT solution 
with a concentration of 5 mg/mL was added to each of the wells, and the plates were incubated for 3 h in a carbon 
dioxide incubator, and the absorbance of the medium was read at 570 nm using an ELISA reader (ELX 808, Bio 
Tek Instruments, USA). The cell viability curve was drawn using control  cells17.

Antimicrobial activity evaluation. Disc diffusion agar (DDA) and well diffusion agar (WDA) meth-
ods. In the DDA method, different concentrations of the extract were prepared and sterilized. The discs were 
immersed in the extract and then placed in the culture medium inoculated with target bacteria. The medium 
was incubated at 37 °C for 24 h. The inhibition zone (IZ) around the discs was measured as an indicator of anti-
microbial activity. Ciprofloxacin antibiotic was used as a positive  control11.

In the WDA procedure, the microbial suspension was inoculated in the MHA culture medium and distributed 
uniformly. Wells with a diameter of 6 mm were created on the medium and 20 µL of each extract concentration 
was added to the wells. The medium was incubated at 37 °C for 24 h and the IZ was reported as an indicator of 
antimicrobial activity of the  extract11.

Minimum inhibitory/bactericidal concentration (MIC/MBC). The MIC and MBC were measured using the 
microdilution method according to the National Committee for Clinical Laboratory Standards (NCCLS). The 
method involved preparing a primary culture of pathogenic bacteria at a concentration of 1.5 ×  108 CFU/mL 
and diluting the extract containing DMSO (up to 1 mg/mL) with MHB. Bacteria were added to each well of 
a 96-well plate and 125 µL of the extract was poured into each well. The plate was incubated for 24 h at 37 °C. 
Triphenyltetrazolium chloride (25 µL; 5 mg/mL) was added to each well and the formation of a dark red color, 
indicating the growth of microorganisms, was checked. The concentration of the extract in which no color 
change was observed was considered as the MIC. The contents of each well (100 μL) where no color change was 
observed were cultured on MHA and incubated at 37 °C for 24 h. The minimum dilution that prevented growth 
was considered as  MBC11.

Evaluation of the structure of E. coli and S. aureus. To evaluate the effect of the C. procera extract on the struc-
ture of E. coli and S. aureus, SEM (LEO 1450 VP model, Germany) images were prepared. After strain cultiva-
tion and incubation, the sample was centrifuged and washed using 0.1 M sodium phosphate buffer (pH 7) and 
polycarbonate filter to remove impurities. The strain was fixed with glutaraldehyde and was placed at 4 °C for 2 
h. Distilled water and ethanol were used for final washing, and the sample was dried in vacuum. Finally, a gold 
layer was placed on the sample and SEM images were  prepared18.

I% =

(

Ablank−Asample/Ablank

)

× 100
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The effect of C. procera extract on the biofilm formation of E. coli and S. aureus was evaluated using a CLSM 
based on the method of Bandara et al. (2013). Presterilized flat bottom six-well plates (Iwaki) and plastic cover-
slips (Thermanox plastic coverslips; Nulge Nunc International, Rochester, NY, USA) were  used19.

Statistical analysis. Statistical analysis was performed using one-way analysis of variance (ANOVA) with 
SPSS software (version 17, SPSS Inc., Chicago, IL). Means were further classified using Tukey as a post test. P 
values of 5% were considered significant.

Results
Phenolic profile of the extract. Table 1 presents the results related to the components of the C. procera 
extract. The main substances identified were catechin, rutin, p-coumaric acid, caffeic acid, luteolin, and kaemp-
ferol. The highest concentration was found for p-coumaric acid (396.2 μg/g DW) while the lowest concentration 
was accounted for rutin (142.4 μg/g DW).

FTIR spectrum of the extract. The chemical bonds in the extract compounds were analyzed using FTIR 
(Fig. 1). The stretching vibrations of  CH2 groups in alkanes were identified at a peak of 541  cm−1. A peak in 
the wavenumber range of 1000–1332  cm−1 indicates the presence of C–O bonds in alcohols, carboxylic acids, 
esters, and ethers. The signal at 1476  cm−1 is attributed to the C=C stretching vibrations of an aromatic  ring8,20. 
The peak at 1685  cm−1 is associated with the C=O vibrations of aldehyde groups. The C–H stretching vibra-
tions, that is often related to alkaline compounds in the extract, were found at 2955  cm−118. Peaks in the range 
of 3000–3500  cm−1 are related to the stretching vibrations of hydroxyl (O–H) groups, which may be associated 
with alcohol groups or carboxylic  acids17.

TPC, TFC, and beta-carotene content. The results of TPC and TFC of the extract are provided in Fig. 2. 
The TPC of the extract was found to be 174.82 ± 3.60 mg GAE/g of DW. Moreover, the TFC value for the C. 
procera extract was 1781.7 ± 7.64 µg QE/g of DW. Also, the amount of beta-carotene of the extract was calculated 
to be 2.26 ± 0.05 mg/100 g.

Antioxidant potential. The antioxidant potential of C. procera extract was evaluated by examining its 
DPPH/ABTS radical scavenging activity and FRAP assay (Fig. 3). The graph related to the antioxidant activity 
of the extract, vitamin C (natural antioxidant), and TBHQ (synthetic antioxidant) in DPPH method is given in 
Fig. 3a. The  IC50 values for extract, vitamin C, and TBHQ samples were 366.33 ± 10.5, 62.64 ± 3.5, and 59.67 ± 3.4 
μg/mL, respectively. This indicates that the antioxidant activity of vitamin C and TBHQ is 5.8 and 6.13 times 
higher than that of the extract, respectively. Also, as the concentration of the extract increased, its antioxidant 

Table 1.  The main composition of C. procera crude extract obtained by HPLC.

Phenolic compounds Concentration (µg/g DW)

Catechin 275.2

Rutin 142.4

P-Cumaric acid 396.2

Caffeic acid 308.2

Luteolin 295.6

Kaempferol 157.9

Figure 1.  FTIR spectrum of C. procera extract.
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Figure 2.  Total phenolic content (TPC) and total flavonoid content (TFC) of C. procera extract.
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activity increased significantly (p < 0.05). There was no significant difference between the antioxidant activity 
of control samples, but they both differ significantly from the main sample (p < 0.05). The results related to the 
evaluation of antioxidant activity based on ABTS free radical scavenging are shown in Fig. 3b. As the concentra-
tion of the sample increased, its antioxidant activity also increased significantly, indicating a direct relationship 
between the concentration of the extract and its scavenging activity. Also, the antioxidant activity of vitamin C 
and TBHQ was significantly higher than that of the plant extract. The  IC50 values for extract, vitamin C, and 
TBHQ samples were 169.04, 62.64, and 59.67 μg/mL, respectively. This indicates that the antioxidant activity of 
vitamin C and TBHQ was 2.70 and 2.83 times higher than that of the extract, respectively. The FRAP method 
was also used and its results are shown in Fig. 3c. The FRAP values for extract, vitamin C, and TBHQ samples 
were 1.67 ± 0.02, 1.3 ± 0.033, and 1.36 ± 0.026 µg AAE/g, respectively.

Cytotoxic activity. Figure 4 shows the results related to the cytotoxicity of different concentrations of the 
extract. The survival rates of HT 29 cells in the presence of extract concentrations of 1, 12.5, 25, 50, 100, 200, 
400, and 800 μg/mL extract were 99.76, 84.00, 73.19, 62.27, 53.11, 35.29, 18.81, and 5.19%, respectively. The  IC50 
value was calculated to be 236.87 ± 1.46 μg/mL. As shown in Fig. 4, the survival rate of cancer cells decreased as 
the concentration of the extract increased.

Antibacterial activity. The antimicrobial effect of the C. procera extract against the target bacteria was 
evaluated by the WDA, DDA, MIC, and MBC methods. Figure 5 shows the results of the DDA method. There 
was a significant difference between various concentrations of the extract (p < 0.05) and as the concentration of 
the extract increased, the IZ also increased. Moreover, the IZ of chloramphenicol antibiotic was significantly 
higher than that of the extract concentrations. The range of IZ created by the extract around the strains was 
between 0 (E. coli samples at concentrations of 20 and 40 mg/mL and S. typhimurium at 20 mg/mL) to 14.2 
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Figure 4.  Cytotoxic effect of various concentrations of C. procera extract on survival of HT29 cell line.
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mm (S. aureus at a concentration of 80 mg/mL extract). E. coli (Gram-negative bacteria) and S. aureus (Gram-
positive bacteria) strains had the highest and lowest resistance to the extract, respectively.

In the WDA method, as shown in Fig. 6, the IZ created for E. coli was lower than for other strains. The lowest 
IZ for this strain was found in the presence of 20 mg/mL of the extract (p < 0.05). The highest IZ of 14.9 mm at a 
concentration of 80 mg/mL was established against S. aureus, resulting in an IZ range between 0 and 14.9 mm. 
As the concentration of the extract, the rate of inhibition against bacterial growth also increased significantly 
(p < 0.05). The results obtained from both methods are similar, indicating the effective antimicrobial activity of 
this extract.

Table 2 presents the MIC and MBC results of the C. procera extract. The results showed that S. aureus and S. 
epidermidis strains, with an MIC of 16 mg/mL, had the lowest resistance to the extract. On the other hand, E. 
coli and S. typhimurium strains, with an MIC of 128 mg/mL, had the highest resistance to the C. procera extract. 
The MBC value for E. coli (< 512 mg/mL) was higher than for other strains, while the lowest value was obtained 
for S. aureus and S. epidermidis (128 mg/mL).

Structural changes of extract-treated strains. Antimicrobial compounds typically kill microorgan-
isms by altering their structure and damaging their vital components. E. coli and S. strains, which had the highest 
and lowest resistance to the C. procera extract, respectively, were selected to evaluate the extract’s effect on their 
structure. The SEM images of E. coli showed that its normal rod structure is distorted (Fig. 7a). In the treated 
strain, the cell wall is damaged, torn, and perforated (Fig. 7b). Overall, it can be concluded that in E. coli, the 
extract increased cell permeability, destroyed membrane integrity, cut cell membrane, released cytoplasmic con-
tents, and caused cell death. S. aureus is cocci-shaped and appears as clusters (Fig. 7c). In the image of S. aureus 
treated with extract (Fig. 7d), its cell structure was found to be changed and perforated, and its contents was 
released. The rupture of the cell wall can also be observed.

The CLSM was used to prepare images of control and treated E. coli and S. aureus strains. In the images 
obtained for both strains, a large number of green dots indicating living cells can be seen in the untreated 
samples (Fig. 8a,c). However, after treatment with the extract, the number of green dots (living cells) decreased 
significantly (Fig. 8b,d).
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Figure 6.  The average IZ (mm) of C. procera aqueous extract against pathogenic bacteria, based on WDA 
method (Different letters (a–d) in each strain show significant difference at p < 0.05).

Table 2.  MIC and MBC of the aqueous extract of C. procera for some pathogenic bacteria.

Bacteria MIC (mg/mL) MBC (mg/mL)

L. monocytogenes 32 256

B. cereus 32 256

S. typhimurium 128 512

S. aureus 16 128

E. coli 128 > 512

Sh. dysenteriae 32 512

S. epidermidis 16 128
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Discussion
The C. procera extract was obtained using water extraction, as its main compounds, polyphenolic and flavonoid 
compounds, are polar and highly soluble in water. This is consistent with results reported in the  literature21,22. 
Similarly, Song et al. (2019) and Sulaibi et al.2,8 reported that p-coumaric acid is one of the main constituents of C. 
procera. Another study detected kaempferol-3-O-rutinoside flavonoids (41.3 mg), isorhamnetin-3-O-rutinoside 
(27.4 mg), and quercetin-3-O-rutinoside (18.6 mg) in the C. procera extract, with kaempferol being identified 
as the main component of the  extract4. The presence of rutin, kaempferol, and quercetin has also been reported 
in the organic extract of C. procera23. Previous studies have shown that flavonoids and polyphenols are the main 
constituents of C. procera9. A study of C. procera essential oil from Saudi Arabia and Egypt revealed the presence 
of 90 compounds, including mainly terpenes (sesquiterpenes and diterpenes), hydrocarbons, aromatics, and 
 carotenoids5. This difference in compounds could be due to various factors such as climatic conditions, cultivation 
area and methods, plant species, and extraction methods. Also, the presence of the phenolic acids (caffeic acid 
and p-coumaric acid), and flavonoids (catechin, rutin, quercetin, and kaempferol) have been reported in Piper 
betle L., Amaranthus gangeticus, and Lepidium draba  extracts24–26. According to the type of bonds identified in 
the FTIR spectrum of the sample and HPLC results, the presence of phenolic, carboxyl, benzene ring, propyl, 
aldehyde, cyclohexene, terpenoids (monoterpenes, sesquiterpenes and oxygenated derivatives), and phenylpro-
panoids was confirmed.

Phenolic compounds are known for their antioxidant properties; they can chelate redox-active metal ions 
and inhibit free radical chain reactions by preventing the conversion of hydroperoxides to reactive oxyradicals, 
which can then inactivate free radicals. Flavonoids are also known for their ability to scavenge free radicals by 
forming complexes with metal  ions27,28. In line with our study, the leaf and skin solvent extracts of C. procera 
contained TPC of 20.41-100.18 mg GAE/g of DW and TFC of 18.33–92.92 mg catechin equivalent/g of  DW29. 
The TPC and TFC of the C. procera extract were found to be in the moderate range when compared to extracts 

Figure 7.  SEM images of E. coli (a), treated E. coli with C. procera extract (b), S. aureus (c), and treated S. aureus 
with C. procera extract (d).
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of some other plants, such as the methanol extract of Ferulago angulata (TPC of 72.33 mg GAE/g and TFC of 
35.31 mg QE/g)30 and the hexane extract of Thymus satureioides (TPC of 97.9 mg GAE/g and TFC of 92.144 mg 
QE/g)31. Gholamshahi and Salehi  Sardoei32 reported different TPC values for various parts of the plant, with 
the leaf having the highest TPC value (9.8 mg GAE/g of DW). Many factors can affect the amount of TPC and 
TFC, including extraction method, type of extracting solvent, weather conditions, cultivation method, type of 
plant, and different parts of the  plant33. The presence of high amounts of biological molecules such as phenolic 
compounds and flavonoids has industrial and medicinal benefits, allowing for large-scale production of these 
plants and makeing agricultural business more  competitive24. According to a study by Al-Rowaily et al. (2020), 
a high level of carotenoids was found in the C. procera  extract5.

When oxygen is used to create cellular energy, a redox process occurs that releases free radicals, such as the 
hydroxyl radical, hydrogen peroxide, and super oxide  anion10. The antioxidant properties of plant extracts were 
evaluated using various indices in several model systems to ensure their effectiveness. The C. procera extract 
obtained in this study demonstrated significant antioxidant activity. The  IC50 value for leaf, fruit, flower, and 
latex C. procera extract based on DPPH radicals inhibition test was reported as 1.7, 0.21, 0.27 and 0.43 mg/
mL,  respectively1. Samani et al.17 achieved 63.69 and 64.33% free radical inhibition using DPPH and ABTS at 
a concentration of 1000 ppm of thyme essential oil. This difference in amount could be due to the extraction of 
the extract from different parts of the plant and the extraction  method1,34,35. Secondary metabolites, particularly 
plant phenols and carotenoids, form a large group of compounds that act as primary  antioxidants11. These agents 
have a high redox potential that enables them to act as scavengers, hydrogen donors, and single-electron oxygen 
scavengers. Studies have shown that excessive production of hydroxyl radicals, superoxide anions, and hydrogen 

Figure 8.  CLSM images of E. coli (a), treated E. coli with C. procera extract (b), S. aureus (c), and treated S. 
aureus with C. procera extract (d).
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peroxide can cause damage to protein oxidation and lipid peroxidation in living tissues and DNA  cells36. In 
general, a plant’s antioxidant activity is determined by the amounts of its antioxidant compounds; plants with 
more phenolic compounds have higher antioxidant  activity37,38. Additionally, antioxidant activity increases with 
increasing sample concentration, which is consistent with the findings of Ismail and  Hong39. According to the 
results obtained from comparing the extract sample with vitamin C and TBHQ, the extract could be used as a 
substitute for synthetic antioxidants that have adverse effects on human health.

By the year 2030, it is predicted that there will be 26 million new cases of cancer and 17 million cancer-related 
 deaths10. As a result, there is always a need for the development of novel anticancer drugs that are efficient and 
affordable. Considering the importance of medicinal plants in reducing cytotoxicity and their effect in decreas-
ing carcinogenesis, the MTT method was used to measure the detoxification activity of the C. procera extract. 
Mathur et al. (2009) examined the cytotoxicity of methanol (CM), hexane (CH), water (CW), and ethyl acetate 
(CE) extracts of C. procera on Hep2 cells using the MTT method. They reported that the CE sample was the 
most potent growth inhibitor (96.3%) at 10 μg/mL, while the CM and CH samples had milder cytotoxic effect 
of 72.7 and 60.5%, respectively. The CW extract did not show any cytotoxic effect. The  IC50 of CM, CH, and CE 
was calculated to be 10 µg/mL40. Oliveira et al. (2007) studied the cytotoxic activity of laticifer proteins (LP) 
recovered from the latex of C. procera and found significant cytotoxicity with  IC50 values ranging from 0.42 to 
1.36 µg/mL against SF295 and MDA-cell  lines41. Since there is a direct relationship between antioxidant and 
anticancer activity, the cytotoxic effect is increased as the levels of antioxidant compounds such as polyphenols, 
carotenoids, and tannins are increased. Antioxidant compounds play an important role in human health by 
inhibiting free radicals and chelating toxic  compounds14.

Even though the pharmaceutical industry is consistently producing new antibiotics, the number of microor-
ganisms that are resistant to chemical antimicrobial drugs poses a serious threat to the management of infectious 
 diseases42,43. As a result, new, highly resistant bacterial strains appear, which is extremely dangerous, especially 
for people with weakened immune systems. In order to create bioactive antimicrobial agents with low toxicity, a 
wide spectrum, and good pharmacokinetics that can be used in clinical settings without requiring any chemical 
modification, natural plant products serve as a constant source of  inspiration10,44–48. Recently, there has been a 
push to promote the use of plants as complementary medicines for treating infectious diseases. These plants can 
serve as suitable substitute for preservatives in the industry, reducing both their toxic effects on the body and 
production costs. Nenaah et al. (2013) reported that the IZ created by C. procera extract against bacteria ranged 
from 8.5 to 28.5 and from 10.5 to 30 mm against fungal strains. They found that the methanolic extract of C. 
procera had better antimicrobial activity than other samples, with an IZ ranging from 9.5 to 22.5 mm, while 
ether and chloroform petroleum extracts showed no antibacterial activity in some  cases4. Yesmin et al. (2008) 
reported that the crude methanolic extract of C. procera at a concentration of 500 µg/mL produced moderate 
antibacterial activity against S. aureus and S. epidermidis using the WDA, with the IZ values ranging from 6 
to 22  mm49. Similarly, Kareem et al. (2018) reported that ethanol extracts of C. procera leaves and latex had 
moderate antimicrobial effects against E. coli bacteria, with an IZ of 14.1  mm50. Neenah and Ahmad (2011) 
investigated the antimicrobial activity of C. procera extract and reported MIC and MBC values of 0.25 mg/mL 
and 0.75 mg/mL against the investigated microorganisms, respectively. The MIC of almost all plant extracts 
against pathogenic bacteria has been reported to range from 0.04 to 0.32 mg/mL51. Rigano et al. (2009) reported 
significant antimicrobial activity for flavonoids such as quercetin and  kaempferol52. Antimicrobial activity of 
the extract against E. coli and P. aeruginosa (MIC 90 µg/mL) and Aspergillus fumigatus (MIC 130 µg/mL) has 
also been  reported41. Additionally, Saddiq et al.53 examined the antimicrobial activity of C. procera ethanolic 
extract using the WDA assay and MIC against six pathogenic microbial strains (Candida albicans, Aspergillus 
fumigatus, S. aureus, Bacillus subtilis, E. coli, and Klebsiella pneumonia). The extract was found to be significantly 
activity against S. aureus, K. pneumonia, and E. coli, with inhibition zones of 18.66 mm, 21.26 mm, and 21.93 
mm, respectively. The MIC of the plant extract was found to range from 0.60–1.50 mg/mL, indicating that it is 
a moderate inhibitor of B. subtilis53.

The antimicrobial activity of a plant extract is generally attributed to the chemical compounds present in 
the plant mixture. The maximum effectiveness of a medicinal plant may result from the interaction of several 
different constituents rather than from the presence of just one main active  ingredient34,50. The main reason for 
the differences in antimicrobial activity is the varying amounts of secondary metabolites in the plant, which can 
be influenced by factors such as species and extraction  methods14. Gram-positive bacteria have a single cell wall 
structure, while Gram-negative bacteria have a multi-layered cell wall structure, making them more resistant to 
antimicrobial  compounds54,55. The antimicrobial activity of plant flavonoids against different microbial species 
has become increasingly important in recent years. The antimicrobial effect of plant extracts is generally due to 
phenolic compounds with free hydroxyl groups, such as flavonoid compounds, which can act in several ways: 
forming bonds with extracellular and soluble proteins, glutamate and phosphate of bacteria; altering cellular 
peptidoglycan; disrupting bacterial membrane permeability; inhibiting vital enzyme pathways; binding to the 
active site of enzymes; forming hydrogen bonds with enzymes; and altering enzyme  metabolism4,56.

The extract caused significant changes in the structure of E. coli and S. aureus. Similar observations were made 
by Moghayedi et al. (2017), who found that treated E. coli had an incomplete and deformed shape with an absent 
cell wall under the effect of  extract57. Alizadeh Behbahani and colleagues (2020) demonstrated that the essential 
oil of Cinnamomum zeylanicum could damage E. coli cell membranes and facilitate intracellular compound leak-
age, as evidenced by the presence of deformed and sunken cell shapes in the SEM  images18. Shikonin treatment 
of L. monocytogenes resulted in reduced biofilm adhesion, altered biofilm morphology, and disruption of biofilm 
architecture, as verified by light microscopy and field-emission scanning electron  microscopy58. In general, the 
antimicrobial compounds of the extract (polyphenols, tannins, and carotenoids) altered the natural structure of 
bacteria, leading to dysfunction and ultimately cell death.
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Conclusion
The study aimed to investigate the potential of C. procera leaf aqueous extract in terms of its phytochemical 
compounds, antioxidant, anticancer, and antimicrobial properties. According to the results obtained from HPLC 
and FTIR, the main compounds of C. procera extract were catechin, rutin, p-coumaric acid, caffeic acid, luteolin, 
and kaempferol. The extract has good antioxidant effect and high antimicrobial power, especially against Gram-
positive bacteria. The most resistant strain was E. coli and the most sensitive was S. aureus. The morphology of 
these bacteria was affected by the extract, as shown by examination through SEM and CLSM. In general, this 
study showed that the C. procera plant has the potential to be used in the food and medicine industry due to 
its antioxidant, anticancer, and antimicrobial properties. However, the aqueous extract of C. procera should be 
subjected to bio-guided fractionation in order to isolate the active ingredients responsible for the corresponding 
biological activity.
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All data relevant to the study are included in the article.

Received: 20 April 2023; Accepted: 5 September 2023

References
 1. Gholamshahi, S., Vakili, M. A., Shahdadi, F. & Salehi, A. Comparison of total phenols and antiradical activity of flower, leaf, fruit 

and latex extracts of milkweed (Calotropis procera) from Jiroft and Bam cities. Int. J. Biosci 4, 159–164 (2014).
 2. Al Sulaibi, M. A., Thiemann, C. & Thiemann, T. Chemical constituents and uses of Calotropis procera and Calotropis gigantean: A 

review (Part I–the plants as material and energy resources). Open Chem. J. 7, 1–15 (2020).
 3. Quazi, S., Mathur, K., Arora, S. & Wing, P. Calotropis procera: An overview of its phytochemistry and pharmacology. Indian J. 

Drugs 1, 63–69 (2013).
 4. Nenaah, G. Antimicrobial activity of Calotropis procera Ait. (Asclepiadaceae) and isolation of four flavonoid glycosides as the 

active constituents. World J. Microbiol. Biotechnol. 29, 1255–1262 (2013).
 5. Al-Rowaily, S. L. et al. Essential oil of Calotropis procera: Comparative chemical profiles, antimicrobial activity, and allelopathic 

potential on weeds. Molecules 25, 5203 (2020).
 6. Wadhwani, B. D., Mali, D., Vyas, P., Nair, R. & Khandelwal, P. A review on phytochemical constituents and pharmacological 

potential of Calotropis procera. RSC Adv. 11, 35854–35878 (2021).
 7. Kaur, A., Batish, D. R., Kaur, S. & Chauhan, B. S. An overview of the characteristics and potential of Calotropis procera from 

botanical, ecological, and economic perspectives. Front. Plant Sci. 12, 690806 (2021).
 8. Song, K., Zhu, X., Zhu, W. & Li, X. Preparation and characterization of cellulose nanocrystal extracted from Calotropis procera 

biomass. Bioresour. Bioprocess. 6, 1–8 (2019).
 9. Moustafa, A., Ahmed, S., Nabil, Z., Hussein, A. & Omran, M. Extraction and phytochemical investigation of Calotropis procera: 

Effect of plant extracts on the activity of diverse muscles. Pharm. Biol. 48, 1080–1190 (2010).
 10. Dogara, A. M. A systematic review on the biological evaluation of Calotropis procera (Aiton) Dryand. Fut. J. Pharm. Sci. 9, 16. 

https:// doi. org/ 10. 1186/ s43094- 023- 00467-3 (2023).
 11. Behbahani, B. A., Shahidi, F., Yazdi, F. T., Mortazavi, S. A. & Mohebbi, M. Use of Plantago major seed mucilage as a novel edible 

coating incorporated with Anethum graveolens essential oil on shelf life extension of beef in refrigerated storage. Int. J. Biol. Mac-
romol. 94, 515–526 (2017).

 12. Survase, S. A., Annapure, U. S. & Singhal, R. S. The effect of medium supplementation with second carbon source and amino acids 
for enhanced production of cyclosporin A. Curr. Trends Biotechnol. Pharm. 4, 764–773 (2010).

 13. Yeganegi, M. et al. Equisetum telmateia extracts: Chemical compositions, antioxidant activity and antimicrobial effect on the 
growth of some pathogenic strain causing poisoning and infection. Microb. Pathog. 116, 62–67 (2018).

 14. Behbahani, B. A., Noshad, M. & Falah, F. Study of chemical structure, antimicrobial, cytotoxic and mechanism of action of Syzygium 
aromaticum essential oil on foodborne pathogens. Potravinarstvo 13, 875 (2019).

 15. Zengru, W. & Tongming, J. Determination of β-carotene in different pumpkin varieties by HPLC. Acta Agric. Boreali-Sinica 13, 
141–144 (1998).

 16. Labiad, M., Harhar, H., Ghanimi, A. & Tabyaoui, M. Phytochemical screening and antioxidant activity of Moroccan Thymus 
satureioïdes extracts. J. Mater. Environ. Sci. 8, 2132–2139 (2017).

 17. Samani, E. S., Jooyandeh, H. & Behbahani, B. A. Investigation on the chemical composition, bioactive functional groups, antioxi-
dant potential and cell toxicity (HT29) of Shirazi thyme essential oil: A study in laboratory scale. Iran. Food Sci. Technol. Res. J. 18, 
203 (2022).

 18. Alizadeh Behbahani, B., Falah, F., Lavi Arab, F., Vasiee, M. & Tabatabaee Yazdi, F. Chemical composition and antioxidant, antimi-
crobial, and antiproliferative activities of Cinnamomum zeylanicum bark essential oil. Evid. Based Complem. Alternat. Med. 2020, 
1–8 (2020).

 19. Bandara, H., Cheung, B. P., Watt, R. M., Jin, L. J. & Samaranayake, L. P. Secretory products of E. scherichia coli biofilm modulate 
C. andida biofilm formation and hyphal development. J. Investig. Clin. Dent. 4, 186–199 (2013).

 20. Albayrak, G., Demir, S., Kose, F. A. & Baykan, S. New coumarin glycosides from endemic Prangos heyniae H. Duman & MF 
Watson. Nat. Product Res. 37, 227 (2021).

 21. Abarca-Vargas, R., Peña Malacara, C. F. & Petricevich, V. L. Characterization of chemical compounds with antioxidant and cytotoxic 
activities in bougainvillea x buttiana holttum and standl,(Var rose) extracts. Antioxidants 5, 45 (2016).

 22. Abdul Razak, M. et al. The effects of varying solvent polarity on extraction yield of Orthosiphon stamineus leaves. J. Appl. Sci. 12, 
1207–1210 (2012).

 23. Oraibi, A. I. & Hamad, M. N. Phytochemical investigation of flavanoid of Calotropis Procera in Iraq, Isolation and identification 
of rutin, quercitin and kampferol. J. Pharm. Sci. Res. 10, 2407–2411 (2018).

 24. Sarker, U. & Oba, S. Polyphenol and flavonoid profiles and radical scavenging activity in leafy vegetable Amaranthus gangeticus. 
BMC Plant Biol. 20, 1–12 (2020).

 25. Purba, R. A. P. & Paengkoum, P. Bioanalytical HPLC method of Piper betle L. for quantifying phenolic compound, water-soluble 
vitamin, and essential oil in five different solvent extracts. J. Appl. Pharm. Sci. 9, 033–039 (2019).

 26. Ouissem, B. S. et al. HPLC analysis and antioxidant properties of algerian Lepidium draba ethyl acetate extract. J. Biol. Active Prod. 
Nat. 8, 265–271 (2018).

 27. Iqbal, S., Younas, U., Chan, K. W., Zia-Ul-Haq, M. & Ismail, M. Chemical composition of Artemisia annua L. leaves and antioxidant 
potential of extracts as a function of extraction solvents. Molecules 17, 6020–6032 (2012).

https://doi.org/10.1186/s43094-023-00467-3


12

Vol:.(1234567890)

Scientific Reports |        (2023) 13:14716  | https://doi.org/10.1038/s41598-023-42086-1

www.nature.com/scientificreports/

 28. Iqbal, S. et al. Proximate composition and antioxidant potential of leaves from three varieties of Mulberry (Morus sp.): A compara-
tive study. Int. J. Mol. Sci. 13, 6651–6664 (2012).

 29. Mehmood, T. et al. Pharmaceutical potential and phenolics profiling of leaves and bark of Calotropis procera in relation to extrac-
tion solvents. Pharm. Chem. J. 54, 631–641 (2020).

 30. Ghasemi Pirbalouti, A., Izadi, A., Malek Poor, F. & Hamedi, B. Chemical composition, antioxidant and antibacterial activities of 
essential oils from Ferulago angulata. Pharmaceutical Biol. 54, 2515–2520 (2016).

 31. Ismaili, H. et al. In vivo topical anti-inflammatory and in vitro antioxidant activities of two extracts of Thymus satureioides leaves. 
J. Ethnopharmacol. 91, 31–36 (2004).

 32. Gholamshahi, S. & Salehi Sardoei, A. Phenolic compounds and antioxidant activity of plant milkweed (Calotropis Procera). Eco-
phytochem. J. Med. Plants 7, 77–86 (2019).

 33. Mutlu-Ingok, A., Devecioglu, D., Dikmetas, D. N., Karbancioglu-Guler, F. & Capanoglu, E. Antibacterial, antifungal, antimyco-
toxigenic, and antioxidant activities of essential oils: An updated review. Molecules 25, 4711 (2020).

 34. Yesmin, M. N., Uddin, S., Mubassara, S. & Akond, M.-E. Antioxidant and antibacterial activities of Calotropis procera. AM-Eurasian 
Agric. Environ. Sci. 4, 550–553 (2008).

 35. Loonker, S., Qadri, W. A. & Singh, J. Antioxidant activity (in-vitro) of Calotropis procera extract from arid regions of Rajasthan. 
Int. J. Curr. Res. Rev. 7, 55 (2015).

 36. Liang, T., Yue, W. & Li, Q. Comparison of the phenolic content and antioxidant activities of Apocynum venetum L. (Luo-Bu-Ma) 
and two of its alternative species. Int. J. Mol. Sci. 11, 4452–4464 (2010).

 37. Bai, N. et al. Flavonoids and phenolic compounds from Rosmarinus officinalis. J. Agric. Food Chem. 58, 5363–5367 (2010).
 38. Arumugam, P., Ramamurthy, P. & Ramesh, A. Antioxidant and cytotoxic activities of lipophilic and hydrophilic fractions of Mentha 

spicata L. (Lamiaceae). Int. J. Food .erties 13, 23–31 (2010).
 39. Ismail, A. & Hong, T. S. Antioxidant activity of selected commercial seaweeds. Malays. J. Nutr. 8, 167–177 (2002).
 40. Mathur, R., Gupta, S. K., Mathur, S. R. & Velpandian, T. Anti-tumor studies with extracts of Calotropis procera (Ait.) R. Br. root 

employing Hep2 cells and their possible mechanism of action (2009).
 41. de Oliveira, J. S. et al. In vitro cytotoxicity against different human cancer cell lines of laticifer proteins of Calotropis procera (Ait) 

R. Br.. Toxicol. Vitro 21, 1563–1573 (2007).
 42. Ghadimi, S., Heshmati, A., Azizi Shafa, M. & Nooshkam, M. Microbial quality and antimicrobial resistance of staphylococcus 

aureus and escherichia coli isolated from traditional ice cream in Hamadan City, West of Iran. Avicenna J. Clin. Microbiol. Infect. 
4, 39781–39781. https:// doi. org/ 10. 17795/ ajcmi. 39781 (2017).

 43. Sureshjani, M. H., Yazdi, F. T., Mortazavi, S. A., Behbahani, B. A. & Shahidi, F. Antimicrobial effects of Kelussia odoratissima 
extracts against food borne and food spoilage bacteria" in vitro. J. Paramed. Sci. 5, 115–120 (2014).

 44. Behbahani, B. A., Shahidi, F., Yazdi, F. T. & Mohebbi, M. Antifungal effect of aqueous and ethanolic mangrove plant extract on 
pathogenic fungus" in vitro". Int. J. Agron. Plant Prod. 4, 1652–1658 (2013).

 45. Falah, F., Shirani, K., Vasiee, A., Yazdi, F. T. & Behbahani, B. A. In vitro screening of phytochemicals, antioxidant, antimicrobial, 
and cytotoxic activity of Echinops setifer extract. Biocatal. Agric. Biotechnol. 35, 102102 (2021).

 46. Alizadeh Behbahani, B., Falah, F., Vasiee, A. & Tabatabaee Yazdi, F. Control of microbial growth and lipid oxidation in beef using 
a Lepidium perfoliatum seed mucilage edible coating incorporated with chicory essential oil. Food Sci. Nutr. 9, 2458–2467 (2021).

 47. Heydari, S., Jooyandeh, H., Alizadeh Behbahani, B. & Noshad, M. The impact of Qodume Shirazi seed mucilage-based edible coat-
ing containing lavender essential oil on the quality enhancement and shelf life improvement of fresh ostrich meat: An experimental 
and modeling study. Food Sci. Nutr. 8, 6497–6512 (2020).

 48. Tanavar, H., Barzegar, H., Alizadeh Behbahani, B. & Mehrnia, M. A. Investigation of the chemical properties of Mentha pulegium 
essential oil and its application in Ocimum basilicum seed mucilage edible coating for extending the quality and shelf life of veal 
stored in refrigerator (4° C). Food Sci. Nutr. 9, 5600–5615 (2021).

 49. Yesmin, M. N., Uddin, S. N., Mubassara, S. & Akond, M. A. Antioxidant and antibacterial activities of Calotropis procera Linn. 
Am. Eurasian J. Agric. Environ. Sci. 4, 550–553 (2008).

 50. Kareem, S., Akpan, I. & Ojo, O. Antimicrobial activities of Calotropis procera on selected pathogenic microorganisms. Afr. J. 
Biomed. Res. https:// doi. org/ 10. 4314/ ajbr. v11i1. 50674 (2008).

 51. Nenaah, E. & Ahmed, M. Antimicrobial activity of extracts and latex of Calotropis procera (Ait) and synergistic effect with refer-
ence antimicrobials. Res. J. Med. Plant 5, 706–716 (2011).

 52. Rigano, D., Conforti, F., Formisano, C., Menichini, F. & Senatore, F. Comparative free radical scavenging potential and cytotoxicity 
of different extracts from Iris pseudopumila Tineo flowers and rhizomes. Nat. Prod. Res. 23, 17–25 (2009).

 53. Saddiq, A. A., Tag, H. M., Doleib, N. M., Salman, A. S. & Hagagy, N. Antimicrobial, antigenotoxicity, and characterization of 
calotropis procera and its rhizosphere-inhabiting actinobacteria: In vitro and in vivo studies. Molecules 27, 3123 (2022).

 54. Nooshkam, M. et al. Antioxidant potential and antimicrobial activity of chitosan–inulin conjugates obtained through the Maillard 
reaction. Food Sci. Biotechnol. 28, 1861–1869 (2019).

 55. Shahidi, F., Tabatabaei Yazdi, F., Nooshkam, M., Zareie, Z. & Fallah, F. Chemical modification of chitosan through non-enzymatic 
glycosylation reaction to improve its antimicrobial and anti-oxidative properties. Iran. Food Sci. Technol. Res. J. 16, 117–129 (2020).

 56. Treutter, D. Significance of flavonoids in plant resistance and enhancement of their biosynthesis. Plant Biol. 7, 581–591 (2005).
 57. Moghayedi, M. et al. Improving antibacterial activity of phosphomolybdic acid using graphene. Mater. Chem. Phys. 188, 58–67 

(2017).
 58. Li, J. et al. Antibiofilm activity of shikonin against Listeria monocytogenes and inhibition of key virulence factors. Food Control 

120, 107558 (2021).

Acknowledgements
The authors would like to express their sincere gratitude to the Vice-chancellor for Research and Technology of 
Agricultural Sciences and Natural Resources University of Khuzestan for supporting this study.

Author contributions
A.A.N.: Conceptualization, investigation, writing—original draft; B.A.B.: conceptualization, resources, supervi-
sion, methodology, writing: review and editing; M.H.: conceptualization, resources, supervision, methodology, 
writing: review and editing; A.V.: investigation, methodology, writing—review and editing; M.A.M.: investigation, 
methodology, writing—review and editing.

Competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to B.A.B.

https://doi.org/10.17795/ajcmi.39781
https://doi.org/10.4314/ajbr.v11i1.50674


13

Vol.:(0123456789)

Scientific Reports |        (2023) 13:14716  | https://doi.org/10.1038/s41598-023-42086-1

www.nature.com/scientificreports/

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2023

www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Identification of phytochemical, antioxidant, anticancer and antimicrobial potential of Calotropis procera leaf aqueous extract
	Material and methods
	Chemicals, microorganisms, and culture media. 
	Inoculum development. 
	Preparation of C. procera leaf extract. 
	Phenolic profile by HPLC. 
	Functional group analysis by FTIR. 
	Measurement of TPC and TFC. 
	Beta-carotene content. 
	Antioxidant activity evaluation. 
	DPPH free radical scavenging assay. 
	ABTS free radical cation scavenging assay. 
	Ferric reducing antioxidant power (FRAP) assay. 
	Cytotoxicity studies. 

	Antimicrobial activity evaluation. 
	Disc diffusion agar (DDA) and well diffusion agar (WDA) methods. 
	Minimum inhibitorybactericidal concentration (MICMBC). 
	Evaluation of the structure of E. coli and S. aureus. 

	Statistical analysis. 

	Results
	Phenolic profile of the extract. 
	FTIR spectrum of the extract. 
	TPC, TFC, and beta-carotene content. 
	Antioxidant potential. 
	Cytotoxic activity. 
	Antibacterial activity. 
	Structural changes of extract-treated strains. 

	Discussion
	Conclusion
	References
	Acknowledgements


