


Comprehensive analysis of phytochemicals, antimicrobial activity, and in vivo toxicological profile of whole plant aqueous extract of Coix lacryma-jobi (L.)



ABSTRACT
Coix lacryma-jobi (L.), a plant of Poaceae family having common names of Job's tears or adlay, has been popular as a medicinal plant specially the wild variety is widely used to treat various disease by the tribal population of Purulia district. There is dearth of sufficient knowledge regarding the efficacy and toxicity of the aqueous extracts of the plant and hence the current study was conducted. Phytochemical analysis of the aqueous whole plant was conducted such as total phenolics, flavonoid content, the antioxidant status DPPH, ABTS GC-MS and UV-vis studies were performed. Simultaneously antibacterial efficacy was conducted with gram-positive and gram-negative bacteria. Further, to test the toxicological effects, in vivo studies were conducted on mice with 200mg/kg, 500mg/kg and 800mg/kg b.wt doses of plant extract taking into consideration of enzymatic activity and histology of certain tissues such as kidney, liver and spleen. 
Total phenolic contents obtained were 292.82mg GAE/gm extract and total flavonoid contents were 20.97 mg of quercetin equivalent/gm extract, GC-MS analysis showed presence of 6 compounds among which germanicol and phenol,2,4-bis(1,1-dimethylethyl) being prominent, result of ABTS and DPPH assay showed good level of antioxidant activity of the extract and possess potent antibacterial property against gram positive (Staphylococcus epidermidis) bacteria with minimum inhibitory concentration 3mg/ml. In vivo toxicological evaluation indicated that 200mg/kg body weight dose of Coix lacryma-jobi (L.) extract had no negative effect on the organs than other two doses i.e. (500, and 800 mg/kg body weight) had slightly negative effects on the relative organs or body weight, or on enzyme activities (p<0.001) these doses were selected based on LD 50 which was about 2000 mg/kg body weight. In summary, the wild form of Coix lacryma-jobi exhibits potential as a herbal source of antibacterial and antioxidant compounds, as well as a possible helper for cholesterol control.  To avoid any potential harmful effects, its use should be restricted to small dosages. To fully realize the plant's medicinal potential, future research should focus on isolating particular bioactive compounds and examining their mechanisms of action.
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1. INTRODUCTION
According to the World Health Organization, almost 80% of rural residents worldwide rely on herbal treatments as homoeopathic medicines for their primary medical care because they are readily available, effective, and particularly affordable when compared to contemporary medications (Das et al. 2017). Only 7000–7500 medicinal plants are employed by traditional practitioners, despite the fact that some 20,000 medicinal plants have been identified for their therapeutic qualities (Srivastava and Misra 2024). The inventory is incomplete and many plants with potential medical uses have not yet been identified. There are two main varieties of an annual millet Coix lacryma-Jobi L., a member of Poaceae family; one wild and one cultivated in parts of Asia. It is also known by the popular names adlay, coix, or Job's tears. The hard-shelled, round, pearly white structures of the wild variety of Coix lacryma-jobi var. lacryma-jobi are generally used as beads to make necklaces, rosaries, and other items. Coix lacryma-jobi var. ma-yuen is a soft-shelled, medicinally utilised variation that is farmed as a cereal crop (Patel et al. 2017). Cultivated variety of Job's tears is a very well known medicinal plant and have been shown to have a variety of biological activities, including the following: scavenging of free radicals or antioxidant (Kuo et al. 2001), anti-inflammatory (Huang et al. 2009), anti-tumour (Kuo et al. 2001; Chung et al. 2010; Li et al. 2011), hypoglycemic (Lin et al. 2010), anti-obesity (Kim et al. 2007), anti-allergic (Hsu et al. 2003; Chen et al. 2012), hypolipidemic (Yu et al. 2011), hypocholesterolemic (Wang et al. 2012), hormonal regulation (Hsia et al. 2009), prebiotic activity (Chiang et al. 2000), anti-ulcer (Chung et al. 2011), anti-mutagenic (Chen et al. 2011), prevention of osteoporosis (Yang  et al. 2008), and antimicrobial effect (Ishiguro et al. 1993). Many ethnomedicine practitioners of Purulia district use wild variety of this plant to control blood cholesterol level, breast tumour and inflammation. In the present study, phytochemical screening of wild variety of Coix lacryma-jobi reveals a rich array of bioactive compounds which potentially contribute to its therapeutic properties. The exploration of these constituents extends to evaluating their effects in various pharmacological contexts, including their impact on enzymatic activity and histopathological changes in Swiss albino mice. This research aims to provide a comprehensive analysis of the whole plant extracts of Coix lacryma-jobi, particularly focusing on its safety and efficacy as a potential medicinal resource. 
2. MATERIAL AND METHODS
3. Authentication of the plant.
2.1 Preparation of plant extract
Whole plant was washed and dried in incubator at 35○ C then grinded to fine powder which was extracted with distilled water, ethanol and also with methanol using Soxhlet apparatus. The solvents were evaporated by freeze dryer to obtain crude plant extracts.
2.2 UV-VIS spectrum analysis
For UV-Vis analysis 5 gm powdered plant material was extracted with 25ml water. Obtained extract was centrifuged at 3000 rpm for 10 min and was filtered through Whatman’s filter paper. Next the sample was further diluted to 1:10 with ethanol. The diluted sample was scanned at wavelength ranging from 200 to 1100 nm (Kalaichelvi and Dhivya. 2017).
2.3 GC-MS
Gas chromatography-mass spectrometry (GC/MS) analysis of the entire plant extract from Coix lacryma-jobi was performed using a gas chromatograph linked to a mass spectrophotometer fitted with an HP-5MS fused silica capillary column (dimensions: 0.25 mm × 30 m × 0.25 μm; Model No: Agilent 190915-433). For GC/MS identification, the electron ionization was executed at ionization energy of 69.9 eV. Pure helium gas (99%) served as the carrier, flowing steadily at 1 ml/min. 5μl volume of the sample dissolved in GC-grade ethanol was injected at an average linear velocity of 37 cm/sec. The column was initially set at 50°C for 5 minutes, and then gradually increased to 280°C, completing the GC run in a total of 28 minutes.
Identification of bioactive compounds 
2.4 Determination of total phenolic contents
500µl of plant extract was mixed with equal amount of Folin- Ciocalteu reagent. After 5 min, 5 ml of 7% Na2CO3 was added and the mixture was allowed to stand for 1 hour at room temperature. The absorbance of the mixture was measured at 750 nm. Standard calibration curve for gallic acid in the range 20-100µg/ml was prepared in the same process and results were expressed as mg gallic acid equivalent (GAE)/gm (Kim et al. 2013).
2.5 Determination of total flavonoid contents
To determine the total flavonoid content the protocol of aluminium chloride colorimetric postulated by Zhishen et al. 1999 was followed. In a 10 ml volumetric flask, 4 ml of distilled water and 1 ml of plant extract of various concentrations or standard solutions (20, 40, 60, 80, and 100 μg/ml) was added. After five minutes, 0.3 ml of 10% AlCl3 was added to the flask along with 0.30 ml of 5% NaNO2. 2ml of 1M NaOH were added after five minutes, and then distilled water was added to make the volume to 10 ml. After through mixing, absorbance at 510 nm was measured in comparison to the blank (distilled water). Quercetin equivalents (QE) in gram were used to represent the overall flavonoid content. 

2.6 Determination of antioxidant using DPPH assay
The antioxidant activity of the extract was determined using the DPPH free radical scavenging assay. Each test tube was contained 50µl of ethanolic plant extracts in concentrations from 1 to 5 mg/ml. 5ml of 0.004% solution of DPPH was mixed with the each tube content. The mixture was then vortexed and incubated in room temperature for 30 min in dark place and then absorbance was read at 517nm using spectrophotometer. 80% methanol was used as blank and ascorbic acid was used as standard for comparison (Nithianantham et al. 2011).
2.7 Determination of antioxidant using ABTS assay
37.5 mg Potassium persulfate was dissolved in 1 ml distilled water. Then 44µl of the prepared potassium persulfate solution was mixed with solution of 9.7mg ABTS and 2.5 ml distilled water. The mixture was allowed to incubate for about 15 hr. at room temperature in the dark place. After incubation 1 ml of the mixture was added to 88ml of 50% ethanol to prepare ABTS working solution. After that 25 µl of plant extract was mixed with 250µl of ABTS working solution and allowed to stand for 4 min then the absorbance was read at 734nm. Ascorbic acid was used as standard (Re et al. 1999).
2.8 Antibacterial activity
Crude extract of Coix lacryma-jobi (L.) was prepared using and distilled water. The stock solutions were prepared at a concentration of 10 mg/mL in 1% dimethyl sulfoxide (DMSO). For antibacterial screening, six bacterial strains obtained from the Microbial Type Culture Collection (MTCC) were used: Bacillus cereus (MTCC 1272), Staphylococcus epidermidis (MTCC 3382), Staphylococcus aureus (MTCC 9542), Bacillus subtilis (MTCC 1789), Shigella flexneri (MTCC 1457) and Aeromonas caviae (MTCC 6541). Bacterial suspensions were standardized to match the 0.5 McFarland standard prior to inoculation (Sarker et al. 2007).
The minimum inhibitory concentration (MIC) was determined using the agar well dilution method (Wiegand et al. 2008). Briefly, the stock extracts were serially diluted with 1% DMSO to prepare concentrations ranging from 0.5 to 7mg/mL. A 100 μL volume of standardized bacterial inoculum was inoculated into wells prepared in the agar medium containing different concentrations of the extracts. Tetracycline served as the positive control, while 1% DMSO was used as the negative control. All plates were incubated at 37 °C for 24 hours. The MIC was recorded as the lowest concentration of the extract that inhibited visible bacterial growth. Each assay was carried out in triplicate to ensure reproducibility.
2.9 Experimental animal model and treatment protocol
Swiss albino mice weighing approximately 25 ± 2 g were divided into various groups of five mice each receiving various doses of Coix lacryma-jobi whole plant extract (200, 500, 800 mg/kg body weight). Mice were housed under controlled environmental conditions at 25ºC and 12-hour cycles of light and dark, and they had full access to food and water. The experiments were conducted under the supervision of IAEC-SKBU registered under CCSEA, Govt of India [(1973/GO/Re/S/17/CPCSEA date 8/2/2023). Mice received daily oral administrations of the plant extract for 6 weeks. Group I: Control groups received equivalent volumes of distilled water as distilled water was used as vehicle.  Group II, Group III and Group IV received 200, 500, 800 mg/kg. b.wt of plant extracts. All animal experiments were carried out under the supervision of approved researchers in compliance with the Government of India's 1995 Animal Ethics Guidelines, specific Indian laws on the "Protection of Animals," and the "Principles of laboratory animal care" (NIH publication No. 85-23, amended in 1985).   CLART (Centre for Laboratory Animal Research and Training), Govt. of West Bengal, Buddha Park, Kalyani, West Bengal, provided mice, which were then acclimated for a week.   
2.10 Histopathological Examination
At the end of the treatment period, mice were sacrificed, and tissues (e.g., liver, kidney, spleen) were collected, fixed in Bouin’s fluid, and embedded in paraffin. Sections were stained with Hematoxylin and Eosin for microscopic examination of histopathological changes.
2.11 Biochemical analysis
Serum was collected for the assessment of enzyme activities indicative of liver and kidney function (e.g., ALT, AST, ALP, and GGT). Enzyme activity assays were conducted using commercially available kits, following the manufacturer's instructions. Glucose levels were measured using a glucose oxidase method. Serum creatinine was determined using the Jaffe method. This involved the reaction of creatinine with picric acid in an alkaline medium, forming a colored complex. The intensity of the color, proportional to the creatinine concentration, was measured spectrophotometrically. Total cholesterol was measured enzymatically using commercially available kit.
2.12 Statistical analysis
Data were analyzed using one-way ANOVA followed by Dunnet’s test for multiple comparisons. A p-value < 0.05 was considered statistically significant.
4. RESULTS
The UV-VIS profile aqueous whole plant extract of Coix lacryma-jobi was taken at 200nm to 1100nm wavelength due to the sharpness of the peaks and proper baseline. The profile showed the peaks at 665nm, 610nm, 535nm, 409nm, 268nm and 218nm with the absorption 1.445, 0.349, 0.286, 2.771, 1.655, 3.037 (Figure 1).
[image: ]Figure 1. UV-vis analysis of ethanolic whole plant extract of Coix lacryma-jobi.
      








 



Table 1 displayed the result of GC-MS analysis on the Coix lacryma-jobi whole plant extract which comprises of 6 compounds which has narrow to large % peak area. 1,2-Benzenedicarboxylic acid, butyloctyl ester has a large epak area of 33.06% followed by Coumatetralyl isomer-2 ME 26.3%, followed by germanicol 20.44%, Stigmasterol 11.48%. .

Table 1. GC-MS analysis of whole plant extract of Coix lacryma-jobi .
	No.
	RT
	Name of the compound
	Molecular Formulae
	Molecular Weight
	Peak Area %

	1
	9.92
	Phenol,2,4-bis(1,1-dimethylethyl)
	C14H22O
	206
	4.03

	2
	13.85
	9-Octadecenylsuccinic acid
	C22H40O4
	368
	4.69

	3
	14.78
	Germanicol
	C30H50O
	426
	20.44

	 4
	15.41
	1,2-Benzenedicarboxylic acid, butyloctyl ester
	C20H30O4
	334
	33.06

	5
	15.90
	Coumatetralyl isomer-2 ME
	C20H18O3
	306
	26.30

	6
	17.50
	Stigmasterol
	C29H52O
	416
	11.48



In the present investigation, the commonly accepted assays viz DPPH and ABTS were used for the evaluation of antioxidant activity of plant extracts. The total phenolic contents and flavonoid contents were also determined. The results of these analyses are given in Fig. 2, Fig.3 and Table 2 respectively. These findings collectively highlight the potential of Coix lacryma-jobi as a valuable source of natural antioxidants.
Figure 2. Absorbance of different concentrations of plant extract and ascorbic acid in DPPH assay of antioxidant activity.                                                                       






Figure 3. Absorbance of different concentrations of plant extract and ascorbic acid in ABTS assay of antioxidant activity.                                                                       







Table 2. Total phenolic content and total flavonoid content of whole plant extract of Coix lacryma- jobi (L.)
	Total Phenolic Content
	Total Favonoid Content

	292.82mg GAE/gm extract
	20.97 mg of quercetin equivalent/gm extract



The minimum inhibitory concentrations of aqueous whole plant extract of Coix lacryma-jobi against the selected test organisms are presented in Table 3. Aqueous whole plant extract of Coix lacryma-jobi showed potent antibacterial property against gram positive bacteria Staphylococcus epidermidis (MTCC 3382) with minimum inhibitory concentration (MIC) 3mg/ml. Tetracycline was used as standard antibiotic and DMSO was used as solvent for crude extract. In contrast, no inhibitory effect was observed against B. cereus (MTCC 1272), B. subtilis (MTCC 1789), S.flexneri (MTCC 1457) and A. caviae (MTCC 6541), as the extracts failed to suppress their growth even at the highest tested concentrations (Figure 4).
Table 3. Minimum Inhibitory Concentration (MIC) of whole plant extract of Coix lacryma-jobi against test organisms
	Test Organism
	Extract Type
	MIC (mg/mL)

	S. epidermidis (MTCC 3382)
	Aqeuous extract 
	3.0

	B. cereus (MTCC 1272)
	—
	No effect

	B. subtilis (MTCC 1789)
	—
	No effect

	S.flexneri (MTCC 1457)
	—
	No effect

	A.caviae (MTCC 6541)
	—
	No effect


Figure 4. Effect of aqueous whole plant extract of Coix lacryma-jobi L. against various test microbes. 
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)The LD50 of the aqueous whole plant extract of Coix lacryma-jobi (L.) was found to be about than 2000mg/ kg b.w. and treated mice showed signs of toxicity such as reddish eyes, inactive, sluggishness, and convulsion. Remarkable weight loss was observed in mice groups receiving 500 mg/kg b.w. and 800 mg/kg b.w. doses by the sixth week of administration. Mice group treated with 200 mg/kg b.w. dose showed no observable changes in physical activities and appearance. Significant changes in enzymatic activities (SGPT, SGOT, GGT and ALP) in serum and liver tissue indicated potential physiological changes due to extract administration (Figure 5 and 6). There was a dose-dependent increase in serum glucose level. Higher doses, especially 800 mg/kg b.w. significantly raised blood glucose level which suggests the plant extract has a hyperglycemic effect (Figure 7). The elevated creatinine levels in the blood serum of mice treated with increasing doses of the plant extract indicated a dose-dependent toxic effect. (Figure 8). A dose-dependent change was also clearly noted in total cholesterol content in serum following administration of plant extract at a dose of 200, 500, and 800 mg/kg body weight compared to untreated control group (Figure 9). Furthermore, histopathological evaluations revealed various changes in the liver, kidney and spleen of mice treated with different doses of aqueous extract of Coix lacryma-jobi (L.) including hemorrhage, infiltration of inflammatory cells, necrosis indicated the toxic effect of the extract on these organs (Figure 10). B
A


Figure 5. Comparisons of various enzyme activity in serum of control mouse against mouse treated with various doses of aqueous whole plant extract of Coix lacryma-jobi L (200 mg/kg b.w., 500 mg/kg b.w. and 800 mg/kg b.wt).

Figure 6. (A) Correlation matrix of changes different enzyme activity level in serum (B) Principal Component Analysis (PCA) of enzyme activity level in serum in control and treated mouse with different doses of aqueous whole plant extract of Coix lacryma-jobi. (C) Correlation matrix of changes different enzyme activity level in liver tissue (D) Principal Component Analysis (PCA) of enzyme activity level in liver tissue in control and treated mouse with different doses of aqueous whole plant extract of Coix lacryma-jobi.

Figure 7. The bar graph demonstrates a dose-dependent increase in serum glucose levels following administration of plant extract at a dose of 200, 500, and 800 mg/kg body weight compared to the control group.







Figure 8. The bar graph demonstrates a dose-dependent increase in serum creatinine levels following administration of plant extract at a dose of 200, 500, and 800 mg/kg body weight compared to the control group.







Figure 9. The bar graph demonstrates a dose-dependent changes in total cholesterol level in serum following administration of plant extract at a dose of 200, 500, and 800 mg/kg body weight compared to the control group.





Figure 10.  (A) H&E (200x) - stained kidney section of control mouse showing normal renal cortex and glomeruli. (B) H&E (200x) - stained kidney section of mouse treated with the aqueous whole plant extract of Coix lacryma-jobi at 200 mg/kg showing normal structure. (C) H&E (200x) - stained kidney section of mouse treated with the aqueous whole plant extract of Coix lacryma-jobi at 500 mg/kg showing necrotic foci (NF) and leukocyte infiltration (LI). (D) H&E (200x) - stained kidney section of mouse treated with the aqueous whole plant extract of Coix lacryma-jobi at 800 mg/kg showing diminished and distorted glomeruli. (E) H&E (200x) - stained liver section of control mouse showing normal hepatic structure. (F) H&E (200x) - stained liver section of mouse treated with the aqueous whole plant extract of Coix lacryma-jobi at 200 mg/kg showing no significant changes. (G) H&E (200x) - stained liver section of mouse treated with the aqueous whole plant extract of Coix lacryma-jobi at 500 mg/kg showing steatosis (S), infiltration of inflammatory cells (I) and haemorrhage and congestion (H&C). (H) H&E (200x) - stained liver section of mouse treated with the aqueous whole plant extract of Coix lacryma-jobi at 800 mg/kg showing congestion (C), haemorrhage (H), mild necrosis (N) and the activation of kupffer cell (K). (I) H&E (200x) - stained spleen section of control mouse showing normal structure with normal lymphoid follicles and well defined red pulp and white pulp. (J) H&E (200x) - stained spleen section of mouse treated with the aqueous whole plant extract of Coix lacryma-jobi at 200 mg/kg showing well defined splenic section.  (K) H&E (200x) - stained spleen section of mouse treated with the aqueous whole plant extract of Coix lacryma-jobi at 500 mg/kg showing diffuse white pulp (DW). (L) H&E (200x) - stained spleen section of mouse treated with the aqueous whole plant extract of Coix lacryma-jobi at 800 mg/kg showing ill defined spleen section with distorted red pulp (DR).



5. DISCUSSION AND CONCLUSION
Coix lacryma-jobi is a white-flowered annual flowering plant that is indigenous to Asia, including Indonesia. Traditional foods like porridge are frequently prepared with grains from hanjeli plants (Hussein et al. 2016). Thousands of people have also taken Coix lacryma-jobi to enhance their innate healing capacities (Diningrat et al. 2020). Examining the phytochemical components of Coix lacryma-jobi (L.) and evaluating its toxicological, antibacterial, and antioxidant qualities were the goals of the study. GC-MS analysis revealed presence of important bioactive chemicals, including germanicol, stigmasterol and phenol-2, 4-bis (1, 1-dimethylethyl). Germanicol has the ability to specifically inhibit the growth of two human colon cancer cells (Hu et al. 2016). It is well known that phenol-2, 4-bis (1, 1-dimethylethyl) possess antibacterial and anti-inflammatory properties (Mujeeb et al. 2014; Costantino et al. 1993). Numerous studies have shown that stigmasterol can lower serum LDL levels (Baker et al. 2009). Using the ABTS and DPPH tests, the extracts showed good free radical scavenging capacity and robust antioxidant activity. In plant extracts, phenol-2, 4-bis (1, 1-dimethylethyl) was found to be a strong free-radical scavenger that greatly reduced DPPH (Zhao et al. 2020).  The antibacterial assessment revealed that aqueous whole plant extract of Coix lacryma-jobi effective primarily against Gram-positive cocci, particularly S. cereus and B. subtilis, were resistant to the extracts tested. In vivo toxicity studies on female Swiss albino mice indicated that the plant extract at a dose of 200 mg/kg BW was non-toxic, while higher doses (500 and 800 mg/kg BW) resulted in slight adverse effects on organs such as the liver, kidney and spleen. Histopathological examinations confirmed these findings, showing mild to moderate changes at higher doses which was in agreement with other investigators (Das et al 2017). The biochemical analysis of serum enzymes further suggested dose-dependent physiological impacts. 
Conclusion :  the wild variety of Coix lacryma-jobi can be used as a natural source of antioxidants and antibacterial agents and also be used to control cholesterol level. However, its use should be limited to lower doses to avoid potential toxic effects. Future studies should focus on isolating specific bioactive compounds and understanding their mechanisms of action to fully harness the medicinal potential of this plant.
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