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Abstract 

The phytochemical profiles of Senna auriculata revealed the presence of crude protein, 15.60% and 16.56% in the leaf 
and flower, respectively.  The methanolic extracts of S. auriculata showed the presence of secondary phytochemicals, 
such as alkaloids, flavonoids, terpenoids, saponins, tannins and quinones in the leaf, and alkaloids, flavonoids, 
polyphenols, saponins, cardiac glycosides and quinones in the flower. There were different secondary metabolic 
compounds (totally 27 in leaf and 25 in flower) were detected through the GC-MS analyses. The methanolic extracts of 
S. auriculata showed antibacterial activity against Pseudomonas aeruginosa, Escarichia coli, Bacillus subtilis and
Staphylococcus aureus better than that of the positive control, Ampicillin. The methanolic extracts of S. auriculata leaf
and flower inhibited the growth, produced leakage of intracellular compounds and apoptosis of these bacteria.

Keywords: Senna auriculata; Crude Protein; Phytochemicals; Secondary Metabolites; Anti-Bacterial Activity; 
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1. Introduction

There are 40 million people affected worldwide due to non-communicable diseases, such as stroke, heart attack, 
peripheral artery diseases, coronary artery disease, deep vein thrombosis, congenital heart disease etc. These are 
typically long-lasting, often caused by a combination of genetic, physiological, environmental, and behavioral 

factors. These are collectively responsible for 74% of all deaths worldwide [1, 2]. Therefore, the extensive use of 
medicinal plants to discover new therapeutics or active pharmacological compounds is the urgent need to tackle 
challenging non-communicable diseases. India has a great heritage of traditional systems of medicines like Ayurveda, 
Siddha, and Unani, where hundreds of medicinal plants are being used to treat various diseases with their known 
ethnopharmacological evidence.  

Avartaki, Senna auriculata (L.) Roxby, synonym, Cassia auriculata (L.), Family, Fabaceae or Leguminosae. It is commonly 
known as Tanner’s (Senna/Cassia) and Mature Tea Tree in English. This shrub is widely spread in India, covering its 
southern, westerns, and central dry zones and also in Sri Lanka [3-5]. It is a common traditional and Asian beverage 
nutritional plant which is widely used in Indian traditional medicine (Ayurveda, Siddha and Unani systems). Almost all 
the parts of this plant, such as leaves, flowers, unripe fruits, seeds, barks, and roots have been reported for their 
medicinal uses. Traditionally, it has been used in the treatment of diabetes, asthma, rheumatism, dysentery, skin disease, 
and metabolic disorders [6-8].  

In India, the mixture various parts of S. auriculata are used as ‘‘Avarai Panchaga Choornam” which is employed for the 
management of blood glucose level, urinary infections, conjunctivitis, and ophthalmia [9, 10].  Another preparation of 
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beverage is called ‘‘kalpa herbal tea” containing S. auriculata (dried flowers) as its major component which is widely 
consumed by people who are suffering from diabetes, urinary tract diseases, and constipation [10, 11].  Likewise, S. 
auriculata leaves have been used for treating ulcers, skin disease, leprosy, and herpetic eruption. The roots and flowers 
of this plant have shown alexeteric and anti-diabetic properties too [7, 12].    

The principal phytochemicals in S. auriculata are alkaloids, anthraquinone, flavone glycosides, sugar, saponins, phenols, 
terpenoids, triterpene, flavonoids, tannins, steroids, palmitic acid, linoleic acid, benzoic acid 2-hydroxy methyl ester, 1-
methyl butyl ester, resorcinol, α-tocopherol-β-D-mannosidase, epicatechin, ferulic acid, quercetin-3-O-rutinoside, 
quercetin, proanthocyanidin B1 etc. [13]. The extracts from its different parts and their isolated compounds possess a 
wide range of pharmacological activities such as antidiabetic, antioxidant, anti-inflammatory, antihyperlipidemic, 
hepatoprotective, nephroprotective, cardioprotective, anti-atherosclerotic, anticancer, antimutagenic, antimicrobial, 
antiulcer, antipyretic, anthelmintic, immunomodulatory, antifertility, anti-venom, and anti-melanogenesis. 

The secondary phytochemicals of plants have numerous pharmacological benefits [14, 15]. Phytoconstituents such as 
alkaloids, glycosides, flavanoids, and triterpenes have been reported in methanolic extract of S. auriculata. The ethanolic 
extract of S. auriculata flowers and buds exhibited in vitro antioxidant and anti-diabetic properties [16]. However, 
reports on some other important biological properties of S. auriculata are limited [17].  In the present study, we aimed 
to investigate the primary (the proximate composition) and secondary phytochemicals, the secondary metabolites and 
their bioactive principles, and antimicrobial capacity of the methanolic extract of flowers and leaves of S. auriculata. 

2. Materials and methods     

2.1. Collection of plant material and authentication 

The plant material (Figure 1) taken from Bharathiar University campus was identified as Senna auriculata by the 
Botanical Survey of India, Coimbatore (BSI/SRC/5/23/2024-25/Tech/191). The leaves and flower samples of S. 
auriculata were separated and dried under shadow. The fully dehydrated (well-dried) leaves and flower were ground 
well using a mechanical blender into fine powders and kept in airtight containers with proper labeling for further use.  

 

 

 

 

 

Scientific classification 

Kingdom: Plantae 

Phylum:Tracheophyta 

Class: Equisetopsida 

Order: Fabales 

Family: Fabaceae 

Genus: Senna 

Specie: auriculata (L.) Roxb 

Figure 1 Specimen of Senna auriculata with leaves and flowers 

2.2. Analyses of primary phytochemicals (the proximate compositions) of S. auriculata leaves and flowers 

The powdered samples of S. auriculata were subjected to proximate composition analysis (crude protein, crude fat, 
crude fiber, total ash, moisture, sand and silica, calcium, phosphorous, total salt, and gross energy [18-20].   
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2.3. Methanolic extractions of S. auriculata leaf and flower 

The powdered samples of S. auriculata leaf and flower (75g each) were taken and packed in whatman No. 1 filter paper 
and put into soxhlet apparatus.  The extracts were successively soaked with 300 ml (1:4 w/v) of a polar solvent, 
methanol (99.9% purity, Changshu Yangyuan Chemicals, China), individually and separately for 6-9 h each (30 to 36 
cycle) until a clear colorless solution was obtained.  The extracts were filtered by using double layered muslin cloth and 
concentrated at 40-50 °C using rotary vacuum evaporator (ROTAVAP).  The concentrated extracts obtained were 
vacuum-dried under 40°C and used for further investigation. The vacuum-dried extracts obtained appeared as dark 
green, gummy solid. 

 
Soxhlet extraction 

 
Rotary evaporator 

 
Ultra-Cryostat 

 
Gummy solid of S. auriculata leaf and flower 

Figure 2 Preparation of solvent extractions of S. auriculata leaf and flower 

2.4. Qualitative analysis of preliminary secondary phytochemicals 

The qualitative tests were used to identify the presence of specific constituents. The extracts were subjected to analysis 
to detect the presence of following biomolecules, such as Alkaloids, Flavonoids, Terpenoids, Polyphenols, Saponins, 
Tannins, Cardiac Glycosides, and Quinones using the standard qualitative procedures [21].    

2.5. Analysis of secondary phytochemical metabolites  

The methanolic extracts of S. auriculata leaf and flower were subjected to Gas Chromatography-Mass 
Spectrophotometric (GC-MS) analysis (Thermo GC-trace ultra ver-5.0; Thermo MS-DSQ-II; ZB 5-MS capillary standard 
non-polar column (30 mts, 0.25 mm id, 0.25 μm film) for identification of different secondary phytochemical metabolic 
compounds, at South India Textile Research Association (SITRA), Coimbatore, Tamil Nadu, India.  

The relative percentage constituent was expressed as a percentage with peak area normalization. Peaks resolved with 
the relative abundance of 0-100 were considered major compounds. To show the minor peaks, the chromatogram was 
magnified. Identification of various components present in these extracts was assigned by the comparison of their 
retention indices and mass spectra fragmentation patterns with those stored in the computer library and also with 
published literature. National Institute of Standards and Technology (NIST4) and WILEY9 [22] online library sources 
were used for matching the identified components.  
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2.6. Antibacterial efficiency of methanolic extract of S. auriculata leaf and flower 

2.6.1. Antibacterial activity 

Agar well diffusion assay was applied to determine the antibacterial activity of methanolic extract of S. auriculata leaf 
and flower. Bacterial culture was uniformly spread using an autoclaved cotton swab on a sterile Luria-Bertani agar 
(Himedia, India), and wells (7 mm diameter) were punched with a sterile cork-borer. The methanolic extract of S. 
auriculata (1mg/ml) was added into the wells and incubated at 35 ± 1 °C for 24 h. Inhibition zone was measured in mm 
with a ruler from the well to the end of the clear zone. Ampicillin (100µg/ml) was used as a positive control. 

2.6.2. Growth curve analysis 

The effect of methanolic extract of S. auriculata leaf and flower on the growth kinetics of Pseudomonas aeruginosa, 
Escherichia coli, Bacillus subtilis, and Staphylococcus aureus was monitored by optical density measurements [23]. The 
newly prepared S. auriculata leaf and flower extracts were diluted into 1mg/1ml in the 96 microtiter plates using 
nutrient broth. Each well was inoculated with 10 μL of overnight grown bacterial cultures, and then incubated at 37 °C 
for 20 h. The optical density was measured at 620 nm with an interval of 2 h in a microplate reader. Growth curves were 
plotted by taking the average of three replicates of each culture at each concentration of S. auriculata.  

2.6.3. ROS production 

The intracellular ROS production in bacterial cell was determined by staining the cell with DCFH-DA (Dichloro-dihydro-
fluorescein diacetate), which oxidized into fluorescent dichlorofluorescein (DCF) [24]. The cells were inoculated and 
growth in 96-wells plate for 24h. After treatment with a concentration (1mg/ml leaf/ flower extract of S. auriculata, the 
cells were given 100μL of DCFH-DA for 10 min under dark condition. Then the cells were gently washed with phosphate 
buffer solution (PBS) and the intensity of green fluorescence was estimated based on the excitation (485 nm) and 
emission (520nm) wavelengths using spectro-spectrofluorometer. The generated ROS was observed under 
fluorescence microscopy equipped with excitation sources, appropriate filters for fluorescein isothiocyanate (FITC) and 
a digital camera.   

2.6.4. Live/dead bacterial (BacLight) assay 

The bacterial strains (106 CFU/mL) were treated with the concentration (1mg/ml) of methanolic extract of S. auriculata 
and incubated for 60 min. The cells were centrifuged for 6000 ×g at 5 min at 4 °C and the pellet was rinsed with PBS. 
The cells were stained with SYTO 9 and PI for 15 min in the dark and images were acquired by fluorescence microscope. 
SYTO 9, a green fluorescent dye, enters all cells, while PI, a red fluorescent dye, only enters cells with damaged 
membranes. Baclight L-7012 kit (Invitrogen, Carlsbad, CA, USA) was used.  

3. Results  

3.1. Preliminary phytochemicals of S. auriculata leaf and flower 

Table 1 Proximate composition of primary phytochemicals and mineral contents of S. auriculata leaf and flower 

Parameter (% on dry wt. basis) Leaf Flower 

Moisture   9.99 7.70 

Crude Protein 15.60 16.56 

Crude Fibre 8.63 8.94 

Ether Extract (crude fat) 2.66 2.45 

Total Ash 4.84 4.95 

Total nitrogen free content 58.28 59.40 

Acid Insoluble Ash (Sand and Silica) 0.13 0.16 

Calcium 0.60 1.79 

Phosphorus 0.20 0.37 

Salt 0.33 0.47 

Gross Energy (kcal/kg) 3809 3901 
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The present study revealed that the leaves and flowers of S. auriculata contain a significant amount of primary 
phytochemical constituents (Table 1). The flower contains more quantity of crude protein 16.56% than that of the leaf 
15.60%.  The content of calcium was also found to be higher in the flower (1.79%) than that of the leaf (0.60). The energy 
level was higher in flowers (3901 kcal/kg) than that of the leaf (3809 kcal/kg).  The total nitrogen free content was also 
higher in the flower (59.40%) than in the leaf (58.28%) of S. auriculata. In contrast the moisture content was higher in 
the leaf over the flower.  

3.2. Quality of secondary phytochemicals of S. auriculata leaf and flower 

Table 2 Qualitative detection of secondary phytochemicals present in the methanolic extract of S. auriculata leaf and 
flower 

Secondary Phytochemicals Leaf   Flower   

Alkaloids +++ ++ 

Flavonoids ++ +++ 

Terpenoids +++ - 

Polyphenols - + 

Saponins ++ ++ 

Tannins + - 

Cardiac Glycosides - + 

Quinones ++ + 

+, Poor presence; ++, Moderate presence; +++, Luxurious presence; -, Absence 

The methanolic extract of leaf powder of S. auriculata showed occurrence of six primary phytochemical compounds, 
such as alkaloids, flavonoids, terpenoids, saponins, tannins and quinones.  Among these, alkaloids and terpenoids were 
luxuriantly present. The flavonoids, saponins and quinones were found to be moderately present. Tannins were poorly 
present (Table 2). The methanolic extract of flower powder of S. auriculata also showed occurrence of six primary 
compounds, such as alkaloids, flavonoids, polyphenols, saponins, cardiac glycosides and quinones. Of which, flavonoids 
alone were found to be present luxuriantly. The alkaloids and saponins were found to be moderately present. The 
polyphenols, cardiac glycosides and quinones were poorly present (Table 2). 

3.3. Secondary phytochemical metabolic compounds of S. auriculata leaf and flower  

The GC-MS analysis of the methanolic extract of S. auriculata leaf showed   presence of twenty-seven secondary 
phytochemical metabolic compounds (Fig. 3 and Table 3). Similarly, in the flower extract, there were twenty-five 
secondary phytochemical metabolic compounds (Fig. 4 and Table 4). All secondary phytochemical metabolic 
compounds present in the leaf and flower of S. auriculata possessed bioactive properties (Tables 3 and 4).   
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Figure 3 GC-MS chromatogram of the methnolic extract of S. auriculata leaf 

Table 3 Secondary phytochemical metabolic compounds detected in the methanolic extract of S. auriculata leaf 

Sl. No. RT  Compounds Molecular 
Formula 

Biological Properties  

  (by literature only) 

1.  4.809 Cyclohexene, 1-methyl- C7H12 Anti-inflammatory and antimicrobial 
activity 

2.  5.042 Benzaldehyde C7H₆O Antioxidant and antimicrobial activity 

3.  6.131 Benzyl Alcohol C7H8O Antimicrobial and antifungal activity 

4.  6.987 Cyclohexane, 1,4-dimethyl- C8H16 Antimicrobial activity 

5.  10.997 Tetradecane C14H30 Antimicrobial and antifungal activity 

6.  11.964 Benzene, 1-(1,5-dimethyl-4-hexenyl)-
4-methyl- 

C15H22 Antioxidant, anti-inflammatory, and 
antimicrobial activities 

7.  12.264 Di-epi-. alpha. -cedrene-(I) C15H24 Antimicrobial activity 

8.  12.441 Dodecane C12H26 Antibacterial and antifungal activity 

9.  13.041 2-Tetradecene, (E)- C₁₄H₂₈ Antimicrobial activity 

10.  13.808 Ar-tumerone C15H20O Anti-inflammatory, antioxidant, and 
anti-angiogenic effects 

11.  14.663 2-Propenoic acid, 3-(4-
methoxyphenyl)-, ethyl ester 

C12H14O3.  Antioxidant and anti-inflammatory 

12.  14.930 Bromoacetic acid, hexadecyl ester C18H35BrO2 Antimicrobial and Antibacterial activity 

13.  15.552 1,2-Benzenedicarboxylic acid, bis(2-
methylpropyl) ester 

C16H22O4 Antioxidant and anticancer Activities 
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14.  16.352 n-Hexadecanoic acid C₁₆H₃₂O₂ Antioxidant and anti-inflammatory 

15.  16.641 3-Eicosene, (E)-  C20H40 Antimicrobial activity 

16.  17.518 Eicosane C20H42 Antifungal, neuroprotective, and anti-
inflammatory effects 

17.  21.429 Phytol C20H40O Antimicrobial, cytotoxic, antioxidant, 
autophagy-and apoptosis-inducing, 
anti-inflammatory activity 

18.  17.774 9,12,15-Octadecatrienoic acid, (Z, Z, 
Z)- 

C18H30O2 Antioxidant, Anti-inflammatory, anti-
asthma, antimicrobial activity 

19.  17.930 Octadecanoic acid C18H36O2 Antimicrobial, anti-inflammatory, and 
antioxidant activities 

20.  18.952 Docosane, 11-decyl- C32H66 Antioxidant and antimicrobial activities 

21.  20.318 Heptadecane C17H36 Anti-inflammatory and antimicrobial 
activity. 

22.  20.874 Dodecanoic acid, phenylmethylester C19H30O2 Antioxidant, and antimicrobial activity. 

23.  21.585 3-Eicosene, (E)- C20H40 Antimicrobial, antiviral and anti-
inflammatory 

24.  22.196 Nonadecane C19H40 Antioxidant, Antimicrobial and Anti-
diabetic activity 

25.  22.307 Squalene C30H50 Antioxidant and antitumor activity 

26.  22.885 1-Hexacosanol C26H54O Anti-inflammatory and antimicrobial 
activity. 

27.  23.407 1,2-Bis(trimethylsilyl)benzene C₁₂H₂₂Si₂ Antioxidant, antimicrobial activity 

 

 

Figure 4 GC-MS chromatogram of the methnolic extract of S. auriculata flower 
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Table 4 Secondary phytochemical metabolic compounds detected in the methanolic extract of S. auriculata flower 

Sl. No. RT Bioactive compounds  Molecular 
Formula 

Biological properties  

(by literature only) 

1.  4.820 Oxirane, 2-methyl-3-propyl-, trans- C6H12O Antioxidant activity 

2.  6.164 Benzyl Alcohol C7H8O Antimicrobial, antifungal, and local 
anesthetic effects 

3.  7.009 Cyclohexane, 1-ethyl-1-methyl- C9H18 Antimicrobial and Antioxidant activity 

4.  14.485 Phenol, 5-(1,5-dimethyl-4-hexeny... C15H22O Antimicrobial, Antitumorand 
Antiinflamatory  activity 

5.  15.319 Bicyclo[3.1.1] heptane, 2,6,6-tri... C10H18 Anti-inflammatory, Antioxidant activity 

6.  15.552 1,2-Benzenedicarboxylic acid, bi... C8H6O4 Anticancer and antioxidant activity 

7.  15.785 Oxirane, hexadecyl- C18H36O  Anti-inflammatory, and antineoplastic 

8.  15.963 7,9-Di-tert-butyl-1-oxaspiro (4,5... C17H24O3.  Antioxidant, antimicrobial and 
antiinflamatoryactivity 

9.  16.341 n-Hexadecanoic acid C₁₆H₃₂O₂ Antioxidant, antimicrobial  and 
Antiinflamatoryactivity 

10.  17.474 Heneicosane C21H44 Antioxidant activity 

11.  17.763 9,12-Octadecadienoic acid (Z, Z)- C18H32O2 Antioxidant, Antimicrobial and   
Anticancer activity 

12.  17.929 9,17-Octadecadienal, (Z)- C18H32O Antimicrobial, antioxidant and anti-
inflammatory activity 

13.  19.729 Triphenyl phosphate C18H15O4P Antioxidant and genotoxicity activity 

14.  19.951 1,19-Eicosadiene C20H38 Antimicrobial activity 

15.  20.151 9,12-Octadecadienoic acid (Z, Z)- C18H32O2 Antioxidant and anticancer activity 

16.  20.318 Eicosane C20H42 Antioxidant, antifungal and anticancer 
activity 

17.  21.429 Campesterol C28H48O Antioxidant, antimicrobial  and Anti 
inflammatoryactivity 

18.  21.585 1-Heptadecene C₁₇H₃₄ Antibiotic activity 

19.  21.718 1,19-Eicosadiene C20H38 Antimicrobial activity 

20.  22.307 2,6,10,14,18,22-Tetracosahexaene... C24H38 Antioxidant and Anticancer activity 

21.  22.596 1-Heptacosanol C27H56O Antimicrobial activity 

22.  22.673 gamma. -Sitosterol C₂₉H₅₀O Anticancer, Anti-inflammatory and 
Antioxidant activity 

23.  22.873 Heptadecane, 2,6,10,15-tetramethyl- C₂₁H₄₄ Antimicrobial and Antioxidant activity 

24.  23.329 1,2-Bis(trimethylsilyl)benzene C₁₂H₂₂Si₂ Antimicrobial, Antioxidant, Anti-diabetic 
and Anti-inflammatory activity 

25.  23.629 Silane, 1,4-phenylenebis [trimethyl- C12H22Si2. Antioxidant, Anti-diabetic, Anti-
inflammatory and Antibacterial activity 
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3.4. Antibacterial activity of the methanolic extract of S. auriculata leaf and flower 

3.4.1. Assessment of zone of inhibition of leaf and flower extracts against bacteria 

 

Figure 5 Zone of inhibition against P. aeruginosa, E. coli, B. subtilis, and S. aureus (left to right in top and down) by 
diffusion of S. auriculata leaf and flower extracts (1mg/ml) on agar well plates 

Figure 5 revealed that the methanolic extract of S. auriculata leaf and flower (1mg/ml) showed greater zone of inhibition 
than that of the positive control, Ampicillin (10µg/ml), against all the bacterial species tested (P. aeruginosa, E. coli, B. 
subtilis, and S. aureus). The methonolic extract of S. auriculata flower extract exhibits greater inhibitory zone than that 
of the leaf extract, particularly against E. coli followed by B. subtilis, P. aeruginosa and S. aureus.  

3.4.2. Growth Kinetics of bacteria against methanolic extract of S. auriculata leaf and flower  

Figure 6 revealed bacterial growth regulation by the methanolic extracts of S. auriculata leaf and flower, in which the 
flower extract showed better control of growth of all the four bacteria, such as P. aeruginosa, E. coli, B. subtilis, and S. 
aureus than that of the leaf extract. The control which was not subjected to leaf and flower extracts showed 
proportionally higher growth rate of all the four bacterial species, duration dependent.  
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Figure 6 Growth kinetics of P. aeruginosa, E. coli, B. subtilis, and S. aureus against methanolic extracts of S. auriculata 
leaf and flower 

3.4.3. ROS production in different bacteria treated with methanolic extracts of S. auriculata leaf and flower 
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Figure 7 The intracellular ROS production in different bacteria staining with DCFH-DA after treatment with a 
concentration (1mg/ml) of methanolic extract of S. auriculata leaf and flower. The green fluorescence colour indicates 

generated ROS 

Figure 7 depicts ROS production in different bacterial cells treated with methanolic extracts of S. auriculata leaf and 
flower. The ROS production was detected in all four bacterial species treated with leaf and flower extracts of S. 
aeuriculata, which was found to be higher in E. coli and S. aureus as well. This was followed by B. subtilis and P. 
aeruginosa. Among the two extracts, the flower showed more efficient ROS production than that of the leaf. No ROS 
production was detected in untreated controls.   

3.4.4. Live/dead bacterial (BacLight) assay against the methanolic extract of S. auriculata leaf and flower  

Figure 8 depicts the methanolic extract of S. auriculata leaf and flower resulting in destabilized membrane integrity and 
production of cell death, which was detected by penetration of PI into the dead or damaged cells with compromised 
membranes and fluoresces red/brown. The intensity of red/brown colour seems to be greater in flower extract treated 
bacteria than that of the leaf of S. auriculata. SYTO 9 produced fluoresce green in live bacteria, the untreated control. 
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Figure 8 The live and dead bacteria are stained with SYTO 9 and PI after being treated with (tests) and without 
(control) a concentration (1mg/ml) of methanolic extract of S. auriculata leaf and flower. The green fluorescence color 
indicates live bacteria of untreated control, and the red/ brown colour indicates dead bacteria due to the treatment of 

leaf and flower extracts 

4. Discussion 

S. auriculata is one of the plants with great medical properties.  It’s leaves, flower, root, bark, and seed exhibit various 
potential biological activities due to presence of proteins, polysaccharides, alkaloids (pyrrolizidine alkaloids, suspected 
of hepatotoxic properties), flavonoids, saponins, phenols, and tannins [25-27].  In the present study, the leaf and flower 
of S. auriculata possessed such property. It has antioxidant and anti-inflammatory properties due to presence of phenols 
(rhein, chrysaphanol, kaempferol, aloeemodin, and glycosides), tannins, and terpenoids (sitosterol, stigmasterol, and 
campesterol) [25]. It has hormonal action also due to the presence of steroids. It possesses laxative effects due to 
presence of anthraquinones glycosides (sennosides A, B, C, and D), anthraquinones (alatinone and alatonal), cardiac 
glycosides (sennapicrin), steroids, and terpenoids (sitosterol, stigmasterol, and campesterol). It has fatty acids (oleic, 
palmitic, and linoleic acids, fatty acid esters and fatty acid amide), amino acids, and other metabolites, such as 3-O-
methyl-D-glucose, α-tocopherol-β-D-mannoside, resorcinol, n-hexadecanoic acid, 13-octadecenal, (Z)-,  1,2,3,4-
tetrahydroisoquinolin-6-ol-1-carboxylic acid, benzoic acid 2-hydroxy methyl ester, 1-methyl butyl ester, epicatechin, 
ferulic acid, quercetin-3-O-rutinoside, quercetin, proanthocyanidin B1. Other compounds present in Cassia/Senna are 
stigmasterol, lupeol acetate, chrysophanol, emodin, coumarin, proteins, cytoprotective agents, antioxidants, cardio 
protectants etc., [28, 29]. Supare and Patil [30] have reported the presence of glycosides, flovonoids, saponin, alkaloid, 
tannin, protein, carbohydrates, gum and phenolic compounds in Cassia tora. Various compounds including phenolics, 
terpenoids (triterpene, and diterpene alcohols), alkaloids and phytol present in plants possessed biocidal activity [31-
34]. The presence of 3-O-Methyl-d-glucose (48.50%), α- Tocopherol-β-D-mannoside (14.22%), Resorcinol (11.80%), n-
Hexadecanoic acid (3.21%) and 13-Octadecenal, (Z)-(2.18%) was elucidated in the methanolic extract of C. auriculata 
leaf [35].       

The following specific plants possessed certain specific bioactive compounds, which worked against specific diseases. 
The in vitro cytotoxic potential of melosuadimins (monoterpenoidbisindole alkaloids) from Melodinus suaveolens 
against three colorectal cancer cell lines exhibited marked anti-proliferative activity, inducing apoptosis and G2/M cell 
cycle arrest [36]. Nudifloids O and P (diterpenoids) from Callicarpa nudiflora showed inhibitory activities on NO and IL-
1β production in the LPS-stimulated RAW 264.7 macrophage cells. Nudifloids P showed potent inhibitory activities 
against IL-1β and NO production [37]. Phenolics present in leafy vegetables having anti-diabetes properties by 
inhibiting α-glucosidase, α-amylase, lipase, acetylcholinesterase and β-glucuronidase [48].  Pentacyclic Triterpene Acid 
present in Cecropia angustifolia Roots possessed anti-diabetes property [49]. Ethanolic extract of P. fistulosus (Tinda) 
leaves contains phenols, flavonoids, terpinoids, alkaloids, tannins, steroids, and carbohydrates. These compounds have 
the potential of reducing oxidative stress and have a variety of medical uses, including psychopharmacological activity 
[40].  Therefore, now-a-days, many modern medications are made from Senna/Cassia are used to treat a variety of 
illnesses and chronic conditions. S. auriculata root is used in decoctions against fevers, diabetes, diseases of the urinary 
system and constipation. The leaves have laxative properties. The dried flowers and flower buds are used as a substitute 
for tea in case of diabetes patients. It is also useful in the treatment of various ailments and chronic diseases such as 
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asthma, conjunctivitis, ulcerative colitis, cancer (colorectal carcinoma, renal calculi, larynx cancer, and breast cancer, 
causing apoptosis in MCF-7 and Hep-2 cells due to triterpene glycosides present in flavonoids and procyanidins, 3-O-
beta-D-xylopyranoside), kidney, liver disease, hyper melanosis, inflammation, ulcers, fever, psoriasis, viral infection, 
helminth infection, hepatitis, rheumatism, dysentery, skin disease,  metabolic disorders and infertility [26, 27, 29, 41, 
42].  

According to Deshpande et al., [43], C. auriculata possessed significant antioxidant activity due to presence of rich source 
of phytochemicals such as natural phenol, flavonoids, saponins compounds and vitamins (A, C, and E). Therefore it could 
be useful for preparation of nutraceuticals to treat various diseases and its complications in animals as well as humans 
including anti-hyperglycemic and anti-hyperlipidemic [44]. Since C. auriculata has potential hypoglycemic properties, 
it can be used for treating diabetes (insulin-dependent and non-insulin-dependent diabetes, diabetic retinopathy, 
diabetic peripheral neuropathy etc.) in humans [45, 46].  S. auriculata also has antibacterial (Vibrio cholera, 
Staphylococcus aureus and E. coli), anti-fungal (Candida albicans, Candida tropicalis and Aspergillus niger), anti-
inflammatory, and wound healing properties [25, 26], which exhibited positive effects on neuro, renal, and liver support 
[44]. In the present study, the leaf and flower of S. auriculata showed good antibacterial activity, and greatly reduced 
the growth of bacteria. 

The presence of many bioactive phytocomponents in S. auriculata might have a very important medicinal value, which 
has to be proved further through isolation and purification of specific bioactive components.  Since S. auriculata 
possessed phytopharmacological properties, it is an ingredient in several formulations of traditional/home remedies 
including Ayurveda and Siddha [36]. The promising natural cures have advancements therapeutically/immunologically. 
Therefore S. auriculata may be an invaluable asset in complementary and alternative medicine for a range of medical 
ailments in the forms of ecofriendly artistry and antimicrobial soap to nourish the skin to overcome skin acne, eczema 
and psoriasis as it has anti-peroxidative, anti-tanning, and anti-ageing activities, and it also provides pleasant natural 
scents and promoting relaxation through aromatherapy [26, 29, 47].    

It has been reported that another species of Senna is used in the treatment of typhoid, diabetes, malaria, asthma, 
ringworms, tinea infections, scabies, blotch, herpes, and eczema. It also displayed  anti-bacterial, anti-oxidant, anti-
fungal, dermatophytic, anti-cancer, hepatoprotective, anti-lipogenic, anti-convulsant, anti-diabetic, anti-hyperlipidemic, 
anti-malarial, anthelmintic, and anti-viral activities could be due to the array of secondary phytochemicals and their 
metabolites, such as tannins, alkaloids, flavonoids, terpenes, anthraquinone, saponins, phenolics, cannabinoid alkaloids, 
reducing sugars, steroids,  volatile oils, 1,8-cineole, caryophyllene, limonene, α-selinene, β-caryophyllene, germacrene 
D, cinnamic acid, pyrazol-5-ol, methaqualone, isoquinoline, quinones, Ethane,1,1-Diehoxy, Diethyl Phthalate, 3-O-
Methyl- D-Glucose, n- Hexadecanoic acid, 1-butanol,3-Methyl, Resorcinol etc., present in different parts of the Senna 
plants [48, 49]. Senna plant is also a key ingredient in detergents (foaming and surface-active agents), molluscicides and 
pesticides [48]. S. auriculata seed has been reported to use for biodiesel production [50].  The secondary metabolites of 
Senna contributed to the pronounced wound healing and antibacterial, antifungal and anticancer activities [51-56]. It 
has been reported that C. auriculata derived silver nanoparticles served as a novel male contraceptive agent 
[57].Therefore, the genus, Senna has a wide range of natural pharmaceutical properties. Its application needs studies 
for specific ailments. 

5. Conclusion 

In this study, the leaf and flower of S. auriculata showed very good primary and secondary phytochemical properties. It 
exhibited antibacterial activity, ROS production and apoptotic potential. Therefore, it can be taken to the pharmaceutical 
industry for the development of natural products to treat different ailments. For which in vitro studies on cell lines and 
in vivo studies on animal models are warranted. 
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