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ABSTRACT 

To evaluate the inhibition and the in vitro interaction of the pathogens with the plant extracts, various solvent extracts of 

Tinospora cordifolia, Ocimum sanctum, Piper nigrum were screened for antimicrobial activity using agar well diffusion 

method. A synergistic inhibitory activity by the combination of aqueous extracts of the three plants against Salmonella, 

Shigella and P. aeruginosa was observed. The chloroform extracts in combination also showed maximum inhibition against 

E. coli but ethanolic extract in equimolar concentration showed maximum inhibition against Staphylococcus aureus. All 

these plant extracts were tested for heavy metal (HM) content as they are often contaminated during the growth, 

development and processing. O. sanctum and P. nigrum contained the maximum HM content while T. cordifolia contained 

less HM. The plants extracts in combination also showed low contamination with heavy metal which is a positive indication 

for their potential use in combating infections. These results indicate that plant extracts in combinations are less 

contaminated with heavy metals but they are very potent in fighting emerging pathogens. 

 

Keywords: Antimicrobial, heavy metal, Tinospora cordifolia, Ocimum sanctum, Piper nigrum, Minimum inhibitory 

concentration, plant extract. 

 

 

INTRODUCTION 

Medicinal plants are an attractive source to obtain a variety 

of drugs in developed countries. 
[1]

 According to World 

Health Organization, more than 80% of the world’s 

population relies on traditional medicine for their primary 

healthcare needs. 
[2]

 Traditionally, medicinal plants were used 

in primary health due to their comparatively less side effects. 
[3]

 Based on the ethno pharmaceutical research, many new 

promises of potential high yielding new anti infective agents 

have emerged. 
[4]

 Medicinal plants are important source for 

the confirmation of pharmacological properties and can be 

natural composite sources that act as new agent against 

pathogens.  

Many medicinal plants have been exploited for their useful 

constituents for screening antimicrobial properties.
 [5]

 

Ocimum sanctum (family Lamiaceae), Holy basil, or tulasī, is 

an aromatic plant possessing medicinal properties against 

malaria, dengu fever, cough and cold 
[6]

 antibiotic and 

antimalarial activity 
[7]

, hyperglycemic, hypolipidemic and 

antioxidant property 
[8]

, hepatoprotective, renoprotective and 

neuroprotective activities. 
[9]

 The main chemical ingredients  
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in this plant are eugenol, carvacrol, methyl eugenol and 

caryophyllene. 
[10] 

This plant is reported to exhibit 

antibacterial activity. Aqueous extract of fresh leaves of O. 

sanctum showed inhibition against Escherichia coli, Proteus, 

Staphylococcus aureus, Staphylococcus cohni and Klebsiella 

pneumonia.
 [11]

 Ethanolic extract of O. sanctum exhibited a 

wider inhibition zone against Streptococcus mutans. 
[12]

 

Antibacterial activity of methanol and aqueous extract of O. 

sanctum showed zone of inhibition against E.coli, P.mirabilis 

and S. aureus.
 [10]

 The antibacterial activity of aqueous 

extract, chloroform extract, alcohol extract and oil obtained 

from leaves of O. sanctum reported activity against the 

selected bacteria like E. coli, P. aeruginosa, S. 

typhimurium and S. aureus. Among them, the chloroform 

extract was reported to exhibit the best activity. 
[13]

 

Piper nigrum, black pepper, is a flowering vine (family 

Piperaceae), cultivated for its fruit, which is usually dried and 

used as a spice and seasoning.  A close relative of the same 

plant, Piper longum, contain piperine, piper longamine, 

volatile oil, resin, gums and fatty oil.
 [14]

 Black pepper is used 

to treat vertigo, asthma, chronic indigestion, colon toxins, 

obesity, sinusitis, congestion, fever, paralytic, arthritic 

disorders, diarrhea and cholera. 
[15]

 P. longum was reported 

as a strong antibacterial agent against B. cereus and E. coli 
[16]

, gram positive bacterial stains such as Steptococcus 

faecalis, Steptococcus pyogens and two gram negative 
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bacteria such as E. coli and Salmonella paratyphi A. Hot 

ethyl acetate extract of P. nigrum was reported to inhibit E. 

coli, B. subtilis but found to be less active for S. aureus. 
[17]

 

The acetone and dichloromethane extract of P. nigrum also 

inhibited growth of gram positive bacteria like S. aureus, B. 

cereus, and S. feacalis.
 [15]

 Ethyl acetate extract of P. nigrum 

showed inhibition against S. aureus, P. aeruginosa and V. 

cholera.
 [18] 

The ethanolic extract of P. nigrum showed 

maximum inhibition activity against a wide range of bacteria. 
[19]

   

Tinospora cordifolia (Family Menispermaceae) is known to 

produce diverse classes of pharmacologically active 

compounds.
 [20]

 In traditional medicine, it has been used in 

treatment of jaundice, rheumatism, urinary disorder, skin 

diseases, diabetes, anemia, inflammation, and allergic 

condition.
 [21]

 The pharmacological activity of T. cordifolia is 

related to several classes of secondary metabolites like 

alkaloids, glycosides, diterpenoid lactones, steroids, 

sesquiterpenoids, and aliphatic compounds specifically 

Cordifolioside A
 [22]

, Tinosporin, Columbin and Tinosporin 

acid. 
[23] 

The methanolic extract of T. cordifolia from the 

whole plant show significant dose dependent antibacterial 

activity against the gram negative microbes, especially V. 

cholera, Shigella dysenteriae, E. coli and gram positive 

bacteria like Bacillus sp. and S. aureus. 
[24] 

The aqueous 

extracts of T. cordifolia also inhibits both gram positive and 

gram negative bacteria like Klebsiella pneumonia, E. coli, M. 

luteus, S. pneumoniae, S. aureus, B. cereus, L. acidophilus. 
[25]

 Using disc diffusion method, the antibacterial activity of 

the aqueous, ethanol and chloroform extracts from the stems 

of T. cordifolia  was reported to show inhibition studied 

against E. coli, Proteus vulgaris, Enterobacter faecalis, S. 

typhi (Gram-negative), S. aureus and Serratia marcescens 

(Gram-positive). The ethanolic extract was most active.
 [23]

 

However, the use of herbal medicines has come under 

scrutiny due to their perceived long term toxicity among 

other considerations. The causes of the toxicities, which 

could be attributed to the chemical and mineral contents of 

various plants. They are also linked to the source of the 

material.
 [26]

 Medicinal plants have been cited as a potential 

source of heavy metal toxicity to both humans and animals.
 

[27] 
Because of the widespread presence of heavy metals in 

the environment, their residues also reach the plant and are 

assimilated into medicinal plants. The most common heavy 

metals related to human toxicity include lead, mercury, 

arsenic, and cadmium. Therefore, the world health 

organization recommends that medicinal plants, which form 

the raw materials for most herbal remedies, should be 

checked for the presence of heavy metals. Some metals like 

zinc, iron, copper, chromium and cobalt are toxic only at 

higher concentrations, while others like lead, mercury and 

cadmium are exclusively toxic. 
[28] 

Increasing use of 

traditional medicines is of special concern because they are 

not rigorously regulated. 
[29]

    

To date, synergistic study of plant extracts in combination is 

very limited and it should be conducted so that any 

synergistic activities may reverse the bacterial resistance. 
[30]

 

The aim of the present study was to evaluate the 

antimicrobial properties of the plant extract singly and in 

combination and also characterize the impact of heavy metal 

contamination on the antimicrobial activity. 

 

MATERIALS & METHODS 

Collection of plant material 
The whole plant of O. sanctum & T. cordifolia were collected 

from Malaviya National Institute of Technology college 

campus, Jaipur during the month of February, 2014. Piper 

nigrum was collected from the local market. They were 

authenticated by Prof. Uma Kant of Rajasthan University, 

Jaipur. The herbariums are preserved in our laboratory for 

future reference.  

Extraction  
Green leaves of O. sanctum suitable for extraction were 

plucked. Leaves of O. sanctum & stem of T. cordifolia were 

washed under running tap water followed by sterilized 

distilled water wash. The plant materials were dried in shade 

for one week & then powdered with the help of mortar & 

pestle and preserved in air tight bottles for further use. 5 g of 

powdered plant material was thoroughly mixed with 200 ml 

of various solvents (distilled water, ethanol, methanol and 

chloroform) in separate beakers and extracted using soxhlet 

apparatus. The extracts were filtered using muslin cloth 

followed by filtration with Whatman No. 1 filter paper to 

obtain a clear filtrate. The filtrate was concentrated using 

rotary vacuum evaporator (IKA model RV 10). Filtrate was 

evaporated to near dryness to obtain a final concentration of 

25 mg/ml. For further studies, the extract was reconstituted 

with 10 ml of solvent. Each solution was stored at 4°C in 

sterilized tubes until further use.  

Microorganism 
E. coli (MTCC-40), Pseudomonas aeruginosa (MTCC-424), 

Salmonella sp. (MTCC-3215), Shigella flexneri (MTCC-

1457), Staphylococcus aureus (MTCC-3160) were purchased 

from Microbial Type Culture Collection (MTCC), Institute of 

Microbial Technology (IMTech), Chandigarh, India. The 

microorganisms were maintained in nutrient agar at 4°C until 

the assays were carried out. The cultures were checked for 

purity and biochemical tests were carried out. The cultures 

were grown in liquid medium at 37°C and maintained on 

agar slants at 2-8°C. The media, growth and incubation 

conditions are described in Table 1. 
Table 1: Media and incubation condition of standard reference bacterial 

strains 

Bacterial 

Strain 

Incubation 

Conditions 

Microbiological 

Media Used 

Reference 

method 

E. coli 
37°C, 18-24 h; 

Aerobic 
MacConkey Agar 

IS: 5887 Pt1-
1976 [31] 

Pseudomonas 

aeruginosa 

37°C, 18-24 h; 

Aerobic 
Milk Agar 

IS:13428 

2005[32] 

Salmonella sp. 
37°C, 18-24 h; 

Aerobic 

Deoxycholate 

Citrate Agar 

IS: 5887 Pt.3-

1999[33]. 

Shigella  
flexneri 

37°C, 18-24 h; 
Aerobic 

Deoxycholate 
Citrate Agar 

IS: 5887 Pt.7 - 
1999[34] 

Staphylococcus 

aureus 

37°C, 18-24 h; 

Aerobic 
Baird Parker Agar 

IS: 5887 Pt2-

1976[35] 

 

Agar cup diffusion assay: Petri Dishes containing 30 ml of 

cooled and molten agar media were seeded with 100µl 

inoculum of the respective microorganism. To each tube, 

approximately 3 × 10
5
 CFU/ml of actively growing bacterial 

cultures in the log phase was inoculated and media was 

allowed to solidify. After solidification of the media, wells of 

4 mm diameter were cut with the help of sterilized core 

borer. Wells were marked with the related solvent extract 

name (E= Ethanol; C= Chloroform; D= Distilled Water; X = 

Mixture of E + D + C). 100µl of each extract was poured in 

the respective well and the plates were incubated at 37°C 

overnight. For combinations, equal amount of 1 ml extracts 

were added, mixed well in a test tube and from that 100µl 
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was aliquoted to the respective wells. Negative control was 

prepared using solvents (Negative Control = Media + 

Solvent). Media containing microorganism were used as a 

positive control (Positive Control = Media + microorganism). 

The antibacterial activity for each of the extracts evaluated 

was expressed in terms of the average of the diameter of zone 

of inhibition (in mm.). 

Analysis of metal ions using ICP-MS: Fresh plant materials 

were collected in separate polythene bags. These plant 

samples were washed with running tap water followed by 

distilled water. The samples were accurately weighed, dried 

in oven at 60°C for 48-72 h and later powdered using mortar 

pestle. 500 mg of these samples were digested separately by 

pressurized digestion in a microwave heated system (SINEO 

microwave, China) with nitric acid, hydrogen peroxide and 

distilled water in the ratio 5:1:1 at 180°C. The heating 

programme was conducted in three steps of different time 

scale (130°C for 10 minutes, 150°C for 5 minutes and 180°C 

for 25 minutes with power of single vessel (W/w)-400 at 

pressure of 0.2 MPa; total time 40 minutes) and at constant 

power supply of 400 watts. The final extracts were filtered 

and made up to 50 ml with Milli Q water. 

This digestion method is suitable for the determination of 

volatile elements since the process is completed in a doubly 

closed system. All samples were analyzed thrice for Al 

(Aluminium), Ni (Nickel), Se (Selenium), Ag (Silver), Hg 

(Mercury), Fe (Iron), As (Arsenic), B (Boron), Ba (Barium), 

Cd (Cadmium), Co (Cobalt), Cr (Chromium), Cu (Copper), 

Mn (Manganese), Pb (Lead) and Zn (Zinc) using ICP-MS 

(XSERIES 2, Thermo scientific, USA) with external 

calibration. The ICP-MS was operated at RF forward power 

of 1400 W, cool gas flow rate of 13 L/min, intermediate gas 

flow rate of 0.7 L/min, nebuliser gas flow rate of 0.98 L/min, 

and dwell time of 10 ms/peak. 
[36]

 Sample blanks were run 

after every five determinations.  

The heavy metals content obtained from ICP MS analysis in 

mg/L were converted into mg/Kg using Temminghoff and 

Houba’s formula.
 [37]

   

{(a - b) × v}                                                                                                                                                                                                                  

w 

Where, a is the concentration of the heavy metal in the 

sample (mg/L); b is the concentration of the heavy metal in 

the blank (mg/L); v is the total volume of digest (mL) and w 

is the weight of the plant material (g). Counts were recorded 

and analyte concentration was calculated with Plasma lab 

software.  

Data analysis: The data from the antimicrobial activity and 

heavy metal contamination from the samples analyzed in 

replicate were evaluated for equality of their mean values ± 

standard deviation. All analyses were performed with 

statistical software SPSS version 20 by one way analysis of 

variance with Turkey’s posthoc tests at p≤0.05. The p values 

were considered to be statistically significant when p<0.05. 

 

RESULT AND DISCUSSION  

Antimicrobials of plant origin have enormous therapeutic 

potential. They are effective in the treatment of infectious 

diseases while simultaneously mitigating many of the side 

effects that are often associated with synthetic antimicrobials.
 

[38] 
In the present study, three medicinal plants were evaluated 

for their antibacterial potential against gram positive and 

gram negative bacteria and also evaluated for their 

synergistic effects on the microorganisms by various 

combinations of extracts. Data from the crude extracts of in 

different solvents are presented in the Table 2.  

In the present investigation, it was found that T. cordifolia 

used singly against microorganisms in various solvent and 

aqueous extracts, showed less activity than in combination 

except for P. aeruginosa with chloroform extract. 

Surprisingly, this trend was also common with the other two 

plants. They also did not show any inhibition when the 

extract was used in combination. On single use of the various 

extracts at 25 mg/ml concentration in different solvents, 

Shigella showed maximum inhibition by the ethanolic extract 

of T. cordifolia followed by chloroform extract of P. nigrum 

and ethanolic extract of O. sanctum. All the three herbs are 

known for their antimicrobial properties specially to combat 

fever. 
[10-13, 15, 17-19, 23-25]

 

Results showed that the most active solvent was distilled 

water since water extracts inhibited a total of five bacteria 

viz. Salmonella, Shigella, E. coli, P. aeruginosa and S. 

aureus. Ethanol and chloroform were found to be less 

effective and methanol was completely inactive against all 

the microorganisms. P. aeruginosa (Gram negative 

bacterium) was found to be the most resistant microorganism 

and showed the minimum inhibition against microorganisms 

in various solvent and in various combinations tested. Both 

Salmonella and Shigella, showed their highest susceptibility 

and maximum inhibition when all the three extracts (T. 

cordifolia, P. nigrum and O. sanctum) interacted to give a 

synergistic effect. S. aureus (gram positive bacterium) was 

the most susceptible bacterium and there was maximum 

inhibition in ethanolic extract of the mixture of all the three 

plants (T. cordifolia, P. nigrum and O. sanctum). E. coli 

(gram negative bacterium) showed maximum susceptibility 

and was inhibited by mixture of extracts (T. cordifolia and O. 

sanctum; T. cordifolia and Piper nigrum and T. cordifolia, P. 

nigrum and O. sanctum) in chloroform solvent. Contrary to 

our report, Bhatt et al., 2012; 
[39]

 found methanolic extract of 

Ocimum sanctum highly potent against E. coli.  

Based on the growth inhibition zone diameter obtained by 25 

mg/ml plant extract concentration, bacterial strains were 

divided into three categories, resistant (>3), intermediate 

(>5), and susceptible (>10). When these extracts were used in 

combination, their antimicrobial activity increased. Similar 

reports of synergistic role of microbial inhibition on 

combined usage of plant extracts were also reported by many 

earlier workers.
 [40-42] 

It was noted that when T. cordifolia was 

present in the mixture, the effect of inhibition was more 

pronounced. In case of Salmonella and Shigella, the 

maximum inhibition was shown by the aqueous mixture of 

all the three extracts (8±0.57; 8±1.29). Salmonellae are a 

group of Gram-negative food borne pathogenic bacilli that 

can cause a wide spectrum of diseases both in animals as 

well as humans.
 [43] 

Shigellosis caused by Shigella is an 

invasive disease of the human colon which is particularly 

prevalent among children of the developing world. 
[44] 

This 

aqueous mixture of three plant extracts can be focus for 

further study to design a novel drug against these two gram 

negative bacteria. The chloroform extract of the various 

combinations containing T. cordifolia showed the maximum 

inhibition against E. coli (7±1.73 in T. cordifolia and O. 

sanctum; 7±1.25 in T. cordifolia and P. nigrum; 7±0.81 in T. 

cordifolia, P. nigrum and O. sanctum).  Lunavath et al., 

(2012)
 [45]

 also reported that T. cordifolia showed high 

activity across E. coli, P. aeruginosa and S. aureus and 
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suggested that the aqueous and chloroform extracts showed 

moderate antibacterial activity. E. coli strains colonizing the 

small intestines produce enterotoxins, the major cause of 

diarrheal disease in humans and animals.
 [46]

 The ethanolic 

extract of T. cordifolia, P. nigrum and O. sanctum exhibited 

the maximum inhibition (6 ± 0.01) against S. aureus. 

Staphylococcus aureus causes a spectrum of human infection 
[47]

 from minor skin infections, such as pimples, impetigo, 

boils (furuncles), cellulitis folliculitis, carbuncles, scalded 

skin syndrome, and abscesses, to life-threatening diseases 

such as pneumonia, meningitis, osteomyelitis, endocarditis, 

toxic shock syndrome (TSS), bacteremia, and sepsis. Piperine 

from P. nigrum is reported to have pharmacological and 

antimicrobial effects. 
[48] 

Essential oil from Ocimum sp. 

containing eugenol, carvacrol, methyl eugenol, 

caryophyllene, is responsible for various antimicrobial 

properties.
 [49] 

Preliminary phytochemical screening of T. 

cordifolia revealed the presence of alkaloids, carbohydrates, 

glycosides, saponins and flavonoids responsible for the 

antimicrobial activity. The arabinogalactan present in 

aqueous extract of T. cordifolia stem has also been shown to 

produce immunological activity.
 [50] 

Probably all these 

secondary metabolites from the three plants contribute to 

provide a synergistic effect and greater inhibition for the 

microbes under investigation. It was further noticed that 

those extract combinations with T. cordifolia showed better 

inhibition and susceptibility to various pathogens. This study 

supports the traditional use of T. cordifolia and indicated that 

it contains some major bioactive compounds inhibiting the 

growth of microorganisms thereby proving very effective 

source of derived drugs.  

It is clear from the above results that different extracts show 

varying degree of antimicrobial activity against gram positive 

and gram negative bacteria. These plants in combination 

have great antimicrobial properties and can act as 

antimicrobial agents. Since these extracts inhibit disease 

causing microorganisms, they can be used for treatment of 

infectious diseases caused by resistant microorganisms. Such 

screening can lead to successful prediction of the active 

compounds responsible for the antimicrobial activity. Further 

work is needed to isolate the active component from the plant 

extracts to carry out pharmaceutical studies. 

In the second part of the study, the concentration of the 

metals were evaluated from the digested extracts of T. 

cordifolia, Ocimum sanctum and Piper nigrum singly and 

also in various combinations. According to WHO 

recommendations (1998)
 [51]

, medicinal plants which form the 

raw materials for the finished products may be checked for 

the presence of heavy metals and the regulated limit of toxic 

metals like lead (Pb), Cadmium (Cd), and arsenic (As) 

amounts to 10.00 mg/kg, 0.03 mg/kg and 1.0 mg/kg 

respectively. 

The amount of heavy metals in the plants was analyzed to 

show the potential threat of their effects to the animals and 

human beings who consume them as such or their derived 

products. This study reports the investigation on the presence 

of fifteen (15) elements Al, Cr, Mn, Fe, Co, Ni, Cu, Zn, As, 

Se, Ag, Cd, Ba and Pb (Table 3) in the plant extracts.  

 
Table 2: Antimicrobial activity of plant extract in different solvents 

Solvent Microorganism 
T. cordifolia 

(A) 

Piper nigrum 

(B) 

Ocimum sanctum 

(C) 
A + C B + C A + B A+B+C 

Streptomycin  

(25mcg/disc) 

Distilled 

water 

Salmonella 1 ± 0.5 3 ± 0.5 1 ± 0. 1 7 ± 1.25 5 ± 0.96 5 ± 0.81 8 ± 0.57 11 ± 1.52 

Shigella 1 ± 1.15 1 ± 0.58 1 ± 1.15 6 ± 0.95 5 ± 0.81 8 ± 1.73 8 ± 1.29 10 ± 0.57 

E. coli 2 ± 1.5 3 ± 1.29 4 ± 3.1 6 ± 0.57 3 ± 1.9 5 ± 1.41 6 ± 1.25 10 ± 1.0 
P. aeruginosa 1 ± 0.5 2 ± 0.5 2 ± 1.70 3 ± 0.5 3 ± 0.57 3 ± 0.50 3 ± 0.57 11 ± 1.73 

S. aureus 2 ± 1.25 3 ±1.5 5 ± 2.62 4 ± 0.57 3 ± 0.57 4 ± 0.95 2 ± 0.95 10 ± 0.57 

Ethanol 

Salmonella 1 ± 0.57 3 ± 0.81 3 ± 3.36 3 ± 1.73 3 ± 0.81 3 ± 0.57 4 ± 0.57 11 ± 0.57 
Shigella 5 ± 0.89 5 ± 0.70 7 ± 0.54 4 ± 1.82 4 ± 0.81 6 ± 1.50 6 ± 1.50 10 ± 1 

E. coli 3.2 ± 0.44 4 ± 1.30 3 ± 1.94 5 ± 0.50 6 ± 0.95 4 ± 0.95 4 ± 0.81 10 ± 0.57 

P. aeruginosa 3 ± 1.78 4 ± 1.51 4 ± 0.89 3 ± 0.57 3 ± 0.81 2 ± 0.5 3 ± 0.95 10 ± 1.52 
S. aureus 3 ± 1.51 4 ± 2.64 5 ± 1.51 4 ± 0.50 5 ± 1.00 5 ± 0.95 6 ± 0.01 11 ± 1.15 

Chloroform 

Salmonella 2 ± 0.70 4 ± 1.30 3 ± 0.70 4 ± 0.57 3 ± 0.57 4 ± 0.95 4 ± 0.95 11 ± 1.52 

Shigella 5 ± 1.14 6 ± 1.64 6 ± 1.00 5 ± 0.50 2 ± 0.5 2 ± 0.81 3 ± 1.00 12 ± 0.57 
E. coli 4 ± 0.89 4 ± 1.51 5 ± 0.83 7 ± 1.73 6 ± 0.81 7 ± 1.25 7 ± 0.81 12 ± 057 

P. aeruginosa 4 ± 0.70 1 ± 1.41 3 ± 0.70 NI NI NI NI 12 ± 1.15 

S. aureus 3 ±1.09 3 ±1.14 5 ± 0.83 3 ± 0.50 3 ± 0.95 3 ± 0.50 3 ± 0.57 11 ± 2.51 

Methanol 

Salmonella NI NI NI NI NI NI NI NI 

Shigella NI NI NI NI NI NI NI NI 

E. coli NI NI NI NI NI NI NI NI 
P. aeruginosa NI NI NI NI NI NI NI NI 

S. aureus NI NI NI NI NI NI NI NI 

*Mean of three values ±Standard deviation; NI= No inhibition was observed 

 
Table 3: Metal contents in medicinal plants used for the antimicrobial activity 

Metals T. cordifolia (A) P. nigrum (B) O. sanctum (C) A+C B+C A+B A+B+C 

Al 10.39 ± 0.50 32.14 ± 0.64 419.92 ± 1.74 108.54 ± 1.61 204.69 ± 1.3 26.87 ± 1.37 67.20 ± 0.34 

Cr 0.22 ± 0.02 0.38 ± 0.09 0.88 ± 0.13 0.55 ± 0.23 0.53 ± 0.07 0.36 ± 0.02 0.42 ± 0.09 

Mn 5.64 ± 0.26 74.29 ± 1.97 20.39 ± 1.48 12.41 ± 0.64 32.42 ± 0.83 32.58 ± 0.81 22.49 ± 1.62 

Fe 11.97 ± 1.72 43.63 ± 1.91 354.49 ± 1.55 38.08 ± 1.80 81.45 ± 1.44 52.17 ± 1.67 50.72 ± 1.85 

Co 0.02 ± 0.00 0.04 ± 0.03 0.20 ± 0.08 0.10 ± 0.00 0.12 ± 0.03 0.03 ± 0.00 0.08 ± 0.00 

Ni 0.16 ± 0.02 1.36 ± 0.08 1.16 ± 0.12 0.67 ± 0.07 1.19 ± 0.02 0.66 ± 0.03 0.80 ± 0.14 

Cu 5.53 ± 0.21 11.97 ± 1.47 6.64 ± 0.66 6.31 ± 0.24 9.70 ± 0.81 8.70 ± 0.26 7.34 ± 0.27 

Zn 10.63 ± 0.10 6.08 ± 1.21 15.01 ± 0.66 12.54 ± 0.35 9.55 ± 1.19 8.37 ± 0.10 11.09 ± 1.35 

As 0.01 ± 0.00 0.03 ± 0.02 0.07 ± 0.06 0.04 ± 0.00 0.04 ± 0.01 0.02 ± 0.00 0.04 ± 0.02 

Se 0.02 ± 0.002 0.08 ± 0.031 0.02 ± 0.021 0.02 ± 0.005 0.05 ± 0.03 0.06 ± 0.01 0.04 ± 0.04 

Ag 0.08 ± 0.05 0.05 ± 0.02 0.09 ± 0.05 0.15 ± 0.05 0.18 ±0.03 0.07 ± 0.02 0.35 ± 0.47 

Cd 0.01 ± 0.00 0.005 ± 0.00 0.01 ± 0.00 0.01 ± 0.00 0.01 ± 0.00 0.01 ± 0.00 0.01 ±  0.00 

Ba 8.70 ± 0.13 51.75 ± 1.19 61.82 ± 1.97 43.01 ± 0.38 54.99 ± 1.64 24.43 ± 0.90 37.71 ± 0.50 

Pb 0.15 ± 0.05 0.07 ± 0.01 0.60 ± 0.05 0.39 ± 0.13 0.28 ± 0.13 0.08 ± 0.04 0.20 ± 0.003 
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All the extracts were found to contain very high amount of 

detectable levels of Al and Fe. O. sanctum leaf digest showed 

419.92 mg/kg of Al, whereas the mixture of all the three 

plant digests showed only 67.20 mg/kg Al. 

There is no known physiological role for aluminum within 

the body and hence this metal may produce adverse 

physiological effects. The impact of aluminum on neural 

tissues is well reported. 
[52]

 From the Table 3 it is clear that 

the micronutrients present in the extracts could serve as a 

good dietary source for essential micronutrients but they 

probably do not pose any serious hazards.
 [53]

    

Chromium was highest in O. sanctum (0.88 mg/kg) and least 

in T. cordifolia (0.22 mg/kg). But all the samples were within 

the maximum safe limit of 2 mg/kg for chromium. O. 

sanctum also contained highest amount of arsenic (0.07 

mg/kg) but it did not cross the WHO limit of 0.3 mg/kg.
 [51]

 

Supraoptimal levels of arsenic are often fatal leading to toxic 

symptoms include periphereal polyneuropathy, liver 

cirrhosis, visual disturbance, and blindness. 
[54]

   

Lead is considered very harmful for plants, animals, and 

particularly for microorganisms. 
[55] 

It has no physiologic 

role. The highest level of lead occurred in Ocimum sanctum 

digest (0.39 mg/kg), but did not exceeded the WHO standard 

of 10 mg/kg for lead in raw materials for herbal medicines. 

Levels of lead beyond the permissible values or long term 

use of these plants could lead to toxicity characterized by 

colic, anemia, headache, convulsions and chronic nephritis of 

the kidneys, brain damage, and central nervous system 

disorders. 
[56]

   

The highest levels of mercury (0.007 mg/kg) were found in 

combination of the entire three plant digest but were less than 

the permissible value of 5 mg/kg. Mercury levels in humans 

were above the allowable values and were associated with 

male infertility, inhibition of endogenous antioxidant 

enzymes, and brain damage among others.
 [57]

   

The level of cadmium in all the plant samples was less than 

the level of WHO recommended value of 0.3 mg/kg. 

Cadmium levels above permissible values may result in 

irreversible kidney damage.
 [58]

 The mineral and elements 

Fe
2+

, K
+
, Mn

2+
, Zn

2+
 and Cu

3+
 has been classified as essential 

elements. This investigation confirmed that all the plant 

extracts were rich in iron, manganese, copper, zinc and 

barium (Table 3). Thus, human activities in the areas from 

the places of plant collection did not lead to the accumulation 

of arsenic and mercury in the soils. A correlation between the 

antimicrobial activity and the heavy metal content was also 

investigated. The study clearly shows that both T. cordifolia 

and the mixture of the three plants contained fewer amounts 

of heavy metals. Ocimum sanctum and P. nigrum contained 

maximum contamination with heavy metals and showed least 

antimicrobial activity. This mixture shows least 

contamination of heavy metals and probably this may be the 

reason for its highest intensity of inhibition for antimicrobial 

activity. Our findings support the view that the medicinal 

plants should be collected from areas not contaminated with 

heavy metals. It is therefore advised that, the metal content in 

medicinal plants should be checked for purity considering the 

levels of heavy metals before their use for pharmaceutical 

purposes. 

From the above result, it can be concluded that different plant 

extracts in different solvents showed varying degree of 

antimicrobial activity against bacteria. The extracts in 

combination contained heavy metals below the permissible 

limits and hence can be used as potential candidates for 

screening against pathogens. The results also justify the 

synergistic use of Tinospora cordifolia, Ocimum sanctum and 

Piper nigrum plant extracts as a potential antimicrobial 

agents for the therapy of infectious diseases caused by 

pathogens. This mixture can be the probable candidate for 

further screening for novel drug. 
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