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	 This investigation aimed to evaluate in vitro antioxidant and antimicrobial activity 
from the methanolic extracts of tissue-cultured and field-grown parts of Nothopodytes 
nimmoniana. Antioxidant activity of the plant parts was measured by Di-phenyl-picryl-hydrazyl 
(DPPH) radical, reducing power, and hydrogen peroxide assays. Antimicrobial activity of plant 
extracts was evaluated by the well diffusion method and the MIC values determined against 
different pathogens such as Escherichia coli, Staphylococcus aureus, Klebsiella pneumonia, 
Pseudomonas aeruginosa, and Candida albicans. The DPPH assay showed overall strong 
antioxidant activities from the suspension culture and fruit callus culture with an IC50 value. 
Antimicrobial activity against 4 bacteria and 1 fungus was evaluated through the well-diffusion 
method and by determining the minimum inhibitory concentration (MIC). The suspension 
culture and fruit callus showed better antimicrobial activity than other plant parts. The zone 
of inhibition showed maximum values in suspension culture and fruit callus extract against 
Candida albicans. The study implies that suspension culture and fruit callus culture of plants 
showed the greatest values because of the enhancement of the alkaloid compound camptothecin 
and other compounds like phenolics and flavonoids.
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	 Plant parts and plant-derived drugs 
have been used in the health care system since 
ancient human civilization.1 Natural antioxidants 
are mostly found in plants, which also create a 
variety of secondary metabolites with antioxidant 
properties and potential medicinal applications. 
Several complicated illnesses are prevented and 
treated with medication formulations based on 
antioxidants.2 Due to oxidative stress, free radicals 

are produced, and vital vitamins and enzymes are 
depleted, leading to oxidative illnesses. Examples 
of free radicals include the hydroxyl radical, the 
nitric oxide radical, singlet oxygen, hydrogen 
peroxide, the superoxide anion radical, the 
hypochlorite radical, and other lipid peroxides. All 
these free radicals have the potential to interact with 
small molecules such as biological membranes, 
nucleic acids, proteins, enzymes, and other small 
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molecules to cause cellular damage. Also, these 
free radicals play a role in a variety of medical 
conditions, including diabetes, cancer, neurological 
illnesses, and inflammatory diseases.3

	 Antioxidants protect the human system 
by cooperatively and synergistically scavenging 
free radicals. Vitamins, alkaloids, phenolic acids, 
flavonoids, terpenoids, tannins, lignins, stilbenes, 
coumarins, quinones, betalains, amines, and other 
metabolites with high antioxidant activity are only 
a few of the free radical-scavenging compounds 
found in plants.4 Therefore, intensive research is 
being carried out on natural antioxidants.
	 Natural products are still one of the main 
sources of new medication compounds today. 
They are derived from a wide range of animal 
species, plants, eukaryotic microbes, prokaryotic 
bacteria, and plants. The majority of antibacterial 
compounds that have been found so far come 
from microbial and plant sources. Because of this, 
finding new antibiotics is a particularly crucial 
goal.5 In vitro testing of extracts and pure medicines 
as possible antimicrobial agents has been done for 
antibacterial activity.
	 One of the most effective cancer treatments 
of the twenty-first century is camptothecin (CPT), a 
monoterpene indole alkaloid.6 DNA topoisomerase 
I is the biological target of camptothecin, and 
various analogues have been produced as possible 
therapeutics. The complete cure of lung, breast, 
uterine, and cervical cancers has been demonstrated 
to be possible with CPT.7 Currently, topotecan 
and irinotecan, two water-soluble camptothecin 
compounds, have been used to treat ovarian and 
colorectal cancer, respectively.8 Camptotheca 
acuminata, a Chinese deciduous tree, is where CPT 
was initially found. Nothapodytes nimmoniana (N. 
nimmoniana) was discovered to have the highest 
concentration of CPT (0.3% w/w).9

	 A little tree known as N. nimmoniana 
(J. Graham) Mabberly (Family Icacinaceae), 
formerly known as Nothapodytes foetida Sleumer 
and Mappia foetida Miers, is found in numerous 
areas of the Western Ghats of India, certain areas 
of Assam, the Himalayan foothills, Ceylon, Burma, 
and Thailand.10 When synthetic sources are not 
present, the exploitation of naturally occurring 
populations of N. nimmoniana from the Western 
Ghats, India, supplies the world’s demand for CPT 

(US$4045 million in 2002). As a consequence, 
the species population in the Western Ghats has 
decreased by almost 20% just in the past ten 
years.11, 12

	 Therefore, in the present study, we have 
prepared extracts from different plant parts like 
leaves, stem, stem bark, roots, and fruit, as well 
as in vitro parts like callus culture and suspension 
culture extracts of N. nimmoniana and evaluated 
them as antioxidants and antimicrobials.

Material and methods

Drugs and Chemicals
	 The chemicals used in the experiments 
were of analytical grade. Ascorbic acid, potassium 
ferricyanide, and ferric chloride were procured 
from Sigma Chemicals, Mumbai, India. DPPH 
was purchased from Hi Media Chemicals Ltd., 
Mumbai, India. Nutrient Agar Media, Nutrient 
Agar Broth, SDA and DMSO.
Collection of plant material
	 P lant  mater ia l  of  Nothapodytes 
nimmoniana was collected from Mahabaleshwar, 
Pune (Maharashtra), in the month of February. 
Different plant parts like fruits, leaves, stems, roots, 
and stem bark were collected for this study. The 
plant parts (leaves and fruits) were identified by 
the National Institute of Science Communication 
and Information Resources, New Delhi, India. 
NISCAIR/RHMD/Consult/2021/3823-24-2.
Extraction of natural and in-vitro grown plant 
material
	 The Nothopodytes nimmoniana plant 
material was collected, cleaned well, divided into 
distinct components (roots, leaves, stems, and 
fruits), and dried at 55ºC in an air dryer for 48 
hours. Separate dried plant pieces were ground into 
powder using a mortar and pestle until they could 
pass through a 20-mesh filter and then packaged in 
plastic bags. In a conical flask, 2 g of the powdered 
substance were combined with 50 ml of methanol 
and kept in a probe sonicator (Labman Pro-250) 
for the extraction of biomarker compounds. The 
sonication process was maintained at three variable 
conditions: 40-50p C, 05:05 pulse for 15 min; 40-
50p C, 02:02 pulse for 20 min; and 40- 50p C, 07:07 
pulse for 10 min. Vacuum-dried extract was then 
diluted in methanol to create a variety of dilutions.
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Quantitative assessment of phytoconstituents
Determination of total phenolic content
	 Total phenolic levels were determined 
using the colorimetric method13 and Tannic acid 
as standard, with a slight modification of the 
tannic acid concentration diluted into several 
concentrations of 10-100ìg/ml. 1 mL of extract or 
each standard solution was added 1.5 ml of Folin-
Ciocalteu reagent, and after 5 minutes added 1.5 
mL of 75% NA2CO3 and distilled water up to 10 
mL were added. The mixture was incubated for 30 
minutes in dark conditions at room temperature. 
After incubation, the absorbance was measured 
using a UV-Vis spectrophotometer at 765 nm. 
The total phenolics of methanolic extract were 
calculated using the Tannic acid calibration 
curve. The results were expressed as Tannic acid 
equivalent (GAE) mg/g extract.
Determinations of flavonoid content
	 Total flavonoid levels determined by 
the colorimetric method13 using quercetin as a 
standard refer to the procedure that was modified 
for its quercetin concentration. standard quercetin 
dissolved with methanol diluted to concentrations 
of 25, 50, 75, and 100 ìg/ml. 1 ml of each 
concentration of quercetin standard solution and 
extract, mixed with 4 mL of distilled water and 
0.3 ml of 5% Na2NO3. After 5 minutes, 0.3 ml 
of 10% AlCl3 was added, and after 6 minutes of 
incubation, the samples were2 ml of NaOH (1 M) 
was also added to make up 10 ml vol. by volumetric 
flask by 2.4 ml distilled water. After incubation, 
the absorbance was measured using a UV-Vis 
spectrophotometer at 510 nm. Total flavonoids 
of the methanolic extract were calculated using 
the quercetin calibration curve. The results were 
expressed as quercetin equivalent (QE) mg/g 
extract.
Antioxidant studies
Determination of 1, 1-diphenyl-2-picryl hydrazyl 
(DPPH) radical scavenging activity
	 Based on the scavenging of stable 
DPPH free radicals, the antioxidant activity was 
determined.13 Various concentrations (100–500 
ìg/mL) of methanolic extracts were added to 1 mL 
of a 0.004% methanol solution of DPPH. 2 ml of 
methanol was added to give a final working volume. 
The blank sample consisted of 2ml ml of methanol, 
while the control consisted of 2 ml of methanolic 
DPPH only. The absorbance of samples, blank, and 

control was measured at 517 nm using a UV-Vis 
spectrophotometer (Labman). The mixed solution 
was incubated at room temperature in the dark 
for 30 minutes. The percent of DPPH scavenging 
activity was measured as

Scavenging activity (%) = (Absorbance of 
control sample - Absorbance of test sample) / 

(Absorbance of control) x 100
Determination of reducing power
	 From the stock solution, sample solutions 
comprising 10–100 g extracts were created. A 1 mL 
aliquot of the extract was combined with 1 mL of 
1% (w/v) potassium ferricyanide and 1 mL of 0.2 
M phosphate buffer with a pH of 6.6. The mixture 
was incubated at 50°C for 20 minutes. The mixture 
was centrifuged at 3000 rpm for 10 minutes after 
adding 1 mL of 10% w/v trichloroacetic acid. 1 
mL of the supernatant was mixed with 0.2 mL of 
a 0.1% (w/v) ferric chloride (FeCl3) solution and 1 
mL of distilled water. A UV-Vis spectrophotometer 
was used to measure the absorbance at 700 nm. 
The reducing power of ascorbic acid as a standard 
was also determined. The results were expressed as 
absorbance values. The increased absorbance of the 
reaction mixture indicates an increase in reducing 
power.14

Determination of H2O2 radical scavenging 
activity
	 The extract’s capacity to scavenge H2O2 
was established. H2O2 solution (0.6 mL, 40 mM) 
was added to 100 ìl (0.1 ml) of extract samples or 
standards (10–100 ìg/mL). A solution of H2O2 was 
prepared in 50 mM PBS (pH 7.4) and diluted with 
4 ml PB. The H2O2 concentration was determined 
spectrophotometrically at 230 nm. The absorbance 
was measured after 10 minutes against a blank 
(PBS without H2O2) and a control (PBS with 
H2O2).

15 The antioxidant activity of the extracts 
was expressed as IC50.
Antimicrobial activity16

Antibacterial activity of the plant extracts
Well diffusion technique
Preparation of test compound
	 The test extracts were evaluated for their 
antimicrobial properties, and amoxicillin was used 
as a standard test substance. During 24 hours at 
37°C, all four pathogens were cultured in nutrient 
broth. Leaves, roots, stems, stem bark, fruits, 
and in vitro-grown callus and suspension culture 
extracts were prepared in DMSO solutions. The 
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Drug concentration was prepared as 100mg/ml for 
the antimicrobial test.
Bacterial inoculum preparation
	 The antibacterial potency of each plant 
extract was evaluated using four bacterial strains: 
Escherichia coli (MTCC 40), Staphylococcus 
aureus (MTCC 740), Klebsiella pneumoniae 
(MTCC 109), and Pseudomonas aeruginosa 
(MTCC 741). The bacterial strains were provided 
by MTCC, the institute of microbial technology 
(IMTECH), Chandigarh. On Nutrient agar slants, 
each bacterial strain was subcultured for an 
entire night at 35–37°C. The bacterial inoculum 
was collected using 5 ml of sterile saline water, 
disciplined for absorbance at 580 µm using a 
spectrophotometer, and diluted to achieve a viable 
cell count of 107 CFU/ml.
Evaluation of antimicrobial activity
	 The nutrient agar, about 20 mL, was 
melted, cooled, and then placed into sterile petri 
plates. 100ìl of all four pathogens were swabbed 
on Nutrient agar plates. In every agar plate, a 5-mm 
well was made. The well was filled with 100ìg/
ml test compound and Amoxicillin (0.1 mg/ml), 
and it was then incubated at 37oC for 24-48 hours. 
The zone of inhibition was observed surrounding 
the wells on the plates. Using the well diffusion 
technique, the most potent plant extracts were 

identified with high antibacterial activity at 10 mg/
ml.
Determination of minimum inhibitory 
concentrations (MIC) and Minimum bactericidal 
concentration (MBC)
	 The MIC is defined as the minimum 
antimicrobial drug concentration that suppresses 
microbiological growth after 24 hours of incubation. 
The minimum concentrations of plant extract that 
showed invisible growth (from the inhibition zone 
of MIC plates) were collected as streaks, and they 
were then subcultured into nutrient agar plates. 
The plates were checked for bacterial growth 
corresponding to plant extract concentration after 
24 hours of incubation at 35 °C. The minimum 
bactericidal concentration (MBC) was defined as 
the plant extract concentration that did not show 
any bacterial growth.
Antifungal activity
Well diffusion technique
Preparation of test compound 
	 As fluconazole has the capacity to stop 
the growth of all infections, it was chosen as the 
standard test substance. A fungal strain of Candida 
Albicans was grown in Sabouraud dextrose broth 
at 28-30ºC for 3-5 days. The leaves, root, stem, 
stem bark, fruits, and in vitro-grown callus and 
suspension culture extracts were taken and prepared 

Fig. 1. Calibration Curve of Standard (Tannic acid)
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Table 1. Total phenolic content in different 
samples of N. nimmoniana

Samples	 Total Phenolic Content 
	 (TPC) mg/g

Leaves	 0.22
Roots	 0.32
Stem	 0.47
Stem Bark	 0.52
Fruits	 0.68
Callus	 0.89
Suspension culture	 0.93

Fig. 2. Calibration Curve of Standard (Quercetin)

Table 2. Total Flavonoid content in different 
samples of N. nimmoniana

Samples	 Total Flavonoid 
	 Content (TFC)mg/g

Leaves	 0.09
Stem	  0.11
Stem bark	 0.16
Roots	 0.24
Fruits	 0.35
Callus	 0.76
Suspension Culture	 0.82

in DMSO solution. The Drug concentration was 
prepared at 100mg/ml for antifungal testing.
Fungal inoculum preparation
	 The antifungal potency was evaluated 
using the fungal strain Candida Albicans (MTCC 
183). The fungal strain was provided by the 
Institute of Microbial Technology (IMTECH), 
Chandigarh. A fungal strain was subcultured 
overnight at 28-30ºC for 3-5 days on Sabouraud 
Dextrose agar plates.
Evaluation of antifungal activity
	 In sterile petri dishes, 20 mL of molten 
and cooled Sabouraud dextrose agar medium was 
added. On agar plates, a loopy fungus strain was 
swabbed. In every agar plate, a 5-mm well was 
made. Fluconazole and 100 g/ml test compounds 
were added to the well and incubated there for 3-5 
days at 28–30 ºC. The plates were observed for 
an inhibitory zone surrounding the wells on the 

plates. Using the well diffusion technique, the most 
potent plant extracts that demonstrated significant 
antifungal activity at 100 mg/ml were identified.
Determination of minimum inhibitory 
concentrations (MIC) and Minimum fungicidal 
concentration (MFC) 
	 MIC is defined as the minimum 
concentration of an antifungal dose that suppresses 
microbial growth after 3-5 days of incubation. 
Swabbed fungal inoculum was subcultured onto 
Sabouraud Dextrose agar plates using the lowest 
concentrations of plant extract, which established 
invisible growth (from the inhibition zone of MIC 
plates). For 3-5 days, the plates were incubated at 
28–30 °C, then checked for fungus development. 
The minimum fungicidal concentration (MFC) was 
chosen as the concentration of plant extract on the 
freshly infected agar plates that did not show any 
fungal growth.
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Table 3. DPPH radical scavenging activity of extract of N. nimmoniana

Samples			  Concentration (µg/ml)) and % Inhibition	
	 10	 20	 30	 40	 50	 IC50 
						      (µg/ml)

Std. Ascorbic 	 51.06±0.03**	 64.78±0.03**	 72.01±0.02**	 89.54±0.02**	 91.57±0.01**	 40.02
acid
Leaves	 15.84±0.01	 18.14±0.03	 20.36±0.04	 22.8±0.01	 24.27±0.02	 47.52
Stem	 13.34±0.01	 15.94±0.02	 17.55±0.01	 20.3±0.02	 22.56±0.03	 48.09
Stem bark	 8.01±0.01	 12.07±0.03	 14.41±0.02	 16.57±0.03	 18.62±0.02	 47.52
Roots	 18.29±0.02	 20.19±0.04	 23.98±0.01	 24.27±0.03	 26.97±0.02	 48.39
Fruits	 22.94±0.02	 25.28±0.01	 28.32±0.02	 29.96±0.03	 30.72±0.04	 45.44
Fruit callus	 27.68±0.09	 38.11±0.07*	 44.16±0.05*	 51.94±0.03**	 62.07±0.04**	 43.09**
Suspension 	 35.04±0.04*	 42.7±0.01*	 53.48±0.08**	 66.77±0.03**	 79.55±0.02 **	 42.58**
Culture

Values are given as mean ± S.D. ** Significant at pÂ0.01, * Significant at pÂ0.05. p-value was calculated by comparing with 
control by ANOVA followed Dunnett’s test, values are expressed as ± SEM.

Fig. 3. DPPH scavenging activity of extracts of N. nimmoniana

Results and Discussion

Determination of Phyto-constitute content
Total Phenolic Content (TPC)
	 Tannic acid calibration curves as standard 
phenol compounds are presented in Figure. From 
the results of the Tannic acid calibration curve 
obtained a regression equation y = 0.0021x - 0.0331 
with R² = 0.9336. The curves with a value of R2 
close to one are linear.
	 The total phenolic content of plant extracts 
and tissue culture extracts was determined as TAE/g 

extract. The callus and suspension cultures showed 
the maximum phenolic content of 0.89mg/g and 
0.93mg/g, respectively. Among plant parts, stem 
bark extract and fruit extract showed the maximum 
phenolic content of 0.52mg/ml and 0.68 mg/ml, 
respectively. Summarised in Table no. 1.
Total Flavonoid content estimation
	 Quercetin calibration curves as standard 
phenol compounds are presented in Figure. From 
the results of the Quercetin calibration curve 
obtained a regression equation y = 0.013x + 0.0026 
with R² = 0.9931.
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Table 4. Reducing power activity of methanolic extract of N. nimmoniana

Extracts			  Concentration (µg/ml) and Absorbance 
	 10	 25	 50	 75	 100

Std. Ascorbic acid	 0.097±0.01	 0.137±0.03	 0.243±0.07	 0.349±0.04	 0.471±0.02
Leaves	 0.06±0.07	 0.108±0.01	 0.116±0.02	 0.254±0.02	 0.259±0.03
stem	 0.022±0.03	 0.103±0.06	 0.165±0.05	 0.213±0.01	 0.262±0.07
Stem bark	 0.025±0.02	 0.094±0.04	 0.162±0.01	 0.202±0.02	 0.244±0.01
Roots	 0.035±0.05	 0.103±0.04	 0.221±0.01	 0.262±0.02	 0.263±0.00
Fruits	 0.038±0.01	 0.065±0.03	 0.126±0.06	 0.134±0.04	 0.243±0.05
Fruit callus	 0.067±0.02	 0.093±0.07	 0.126±0.03	 0.269±0.01*	 0.320±0.04**
Suspension Culture	 0.071±0.04	 0.117±0.07	 0.134±0.01	 0.278±0.02*	 0.392±0.01**

Values are given as mean ± S.D. (n=3) ** Significant at pÂ0.01, * Significant at pÂ0.05. p-value was calculated by comparing 
with control by ANOVA followed Dunnett’s test, values are expressed as ± SEM.

Fig. 4. DPPH Scavenging activity and their IC 50 values

	 The total Flavonoid content of plant 
extracts and in vitro culture extracts was determined 
as QE/g extract. The callus and suspension cultures 
showed maximum flavonoid content of 0.76mg/g 
and 0.82 mg/g, respectively. Among the plant parts, 
roots extract and fruits extract have maximum 
phenolic content of 0.24mg/ml and 0.35 mg/ml, 
respectively.
Antioxidant activity 
Determination of DPPH radical scavenging 
activity
	 In the DPPH method, the absorbance 
was measured at 517 nm. A lower absorbance 
of the reaction mixture indicates higher free 
radical scavenging activity. Measuring the 

decrease in absorbance at 517 nm allows for a 
quantitative estimation of the reduction of DPPH 
radicals, widely used to evaluate the free radical 
scavenging effect of natural antioxidants. 17 The 
results of absorbance and % inhibition showed 
a decrease in concentration of DPPH radical 
due to the scavenging ability of the extract and 
standard ascorbic acid as a reference compound. 
The antioxidant capacity of N. nimmoniana is 
summarised in Table 3. The greatest capacity to 
scavenge the DPPH radical was confirmed for the 
extracts of suspension culture and fruit callus. It 
was significantly lowered in suspension culture 
(35.04%, 42.7%, 53.48%, 66.77%, 79.55%), and 
fruit callus extract (38.11%, 44.16%, 51.94%, 
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Table 5. H2O2   radical scavenging activity of methanolic extract of N. nimmoniana

Extracts			  Concentration (µg/ml) and % Inhibition	
	 10	 25	 50	 75	 100	 IC 50 
						      (µg/ml)

Std. Ascorbic 	 38.33±0.02	 45.1±0.04	 52.95±0.00	 62.89±0.03	 66.26±0.05	 40.26
acid
Leaves	 6.71±0.07	 11.69±0.04	 17.62±0.01	 26.93±0.05	 32.79±0.07	 49.64
Stem	 7.55±0.07	 10.55±0.05	 15.2±0.05	 24.92±0.04	 30.83±0.02	 49.89
Stem bark	 15.93±0.07	 29.05±0.01	 34.92±0.01	 40.94±0.03	 51.59±0.03	 48.85
Roots	 18.74±0.04	 23.07±0.01	 29.08±0.02	 34.98±0.01	 52.64±0.01	 47.25
Fruits	 19.13±0.02	 25.13±0.03	 34.82±0.07	 41.19±0.03	 52.76±0.06	 46.36
Fruit Callus                  	26.29±0.04	34.16±0.03	 36.96±0.05	 43.18±0.05*	 58.76±0.01**	 43.19**
Suspension 	 27.97±0.02	 39.53±0.02	 42.27±0.06*	 50.19±0.01*	 60.5±0.05**	 41.81**
Culture

Values are given as mean ± S.D. (n=3).** Significant at pÂ0.01, * Significant at pÂ0.05. p-value was calculated 
by comparing with control by ANOVA followed Dunnett’s test, values are expressed as ± SEM.

Fig. 4. Reducing potential of standard and methanolic of N. nimmoniana

62.07%) at different concentrations. The IC50 
values of suspension culture and fruit callus culture 
exhibited significant values of 43.09 mg/ml and 
42.58 mg/ml, respectively. A hydrogen ion or an 
electron may be required for the stable free radical 
DPPH to change into a constant diamagnetic 
molecule. The methanolic solution of DPPH 
displays a strong absorbance at 517nm due to odd 
electrons.
Determination of reducing power
	 A molecule’s potential antioxidant action 
may be strongly suggested by the reducing power of 

the chemical. When the Fe3+ ferricyanide complex 
was reduced to the ferrous form (Fe2+) during the 
reducing power assay, reductants (antioxidants) 
were present in the tested samples. The content 
of N. nimmoniana extracts in the reaction mixture 
was measured by measuring the absorbance at 740 
nm, and this linearly increased. The absorbance 
gained with increasing concentration for both the 
standard ascorbic acid and sample extracts in the 
reducing power experiment. The reducing power 
was shown by absorbance in a concentration 
dependent manner. The suspension culture and fruit 
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Fig. 5. H2O2 radical scavenging of standard and the methanolic extracts of N. nimmoniana

Fig. 6. H2O2 radical scavenging activity and IC 50 (µg/ml)

callus culture exhibited high reducing powers of 
0.278, 0.392, 0.269, and 0.320 in 75µg/ml and 100 
µg/ml concentrations, respectively. summarised in 
Table no. 4.
Determination of H2O2 radical scavenging 
activity
	 The H2O2 radical itself is not extremely 
reactive, but it can occasionally be hazardous 
to cells because it causes the cell to produce the 
OH radical. The H2O2 radical was considerably 
scavenged by N. nimmoniana extracts in a 
concentration-dependent manner. The percentage 

inhibition of suspension culture and fruit callus 
culture extract significantly exhibited scavenging 
activity, respectively (42.27%, 50.14%, 60.5%), 
(43.18%, 58.76), as summarised in Table 5. The 
IC50 values of suspension culture and fruit callus 
culture extract both significantly exhibited 41.81 
µg/ml and 43.19 µg/ml respectively.
Antibacterial activity of the plant extracts18

Well Diffusion Technique
	 The antibacterial activity was determined 
against strains of Gram-negative bacteria such 
as E. coli, Staphylococcus  aureus, Klebsiella 
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Table 6. Zone of Inhibition: Using different part of Nothopodytes nimmoniana

Test Samples		                  Zone of Inhibition in mm
	 E.coli	 S. aureus	 K. pneumonie	 P. aeruginosa

Amoxicillin (Standard)	 30±0.0 	 37±0.0 	 35±0.0 	 17±0.0 
Leaves	 21±0.0 	 14±0.0 	 23±0.0 	 10±0.0 
Stem	 19±0.0 	 20±0.0 	 22±0.0 	 12±0.0 
Stem bark	 18±0.0 	 17±0.0 	 20±0.0 	 11±0.0 
Roots	 20±0.0 	 14±0.0 	 19±0.0 	 11±0.0 
Fruits	 23±0.0 	 25±0.0 	 28±0.0 	 12±0.0 
Fruit Callus 	 25±0.0 	 28±0.0 	 22±0.0 	 14±0.0 
Suspension Culture	 27±0.0 	 30±0.0 	 20±0.0 	 15±0.0 

Fig. 7. Zone of Inhibition Leaves extracts and Stem bark extracts against (A) E. coli (B) Staphylococcus aureus 
(C) Klebsiella pneumoniae (D) Pseudomonas

Fig. 8. Zone of Inhibition Fruits extracts and Stem extracts against (A) E. coli (B) Staphylococcus aureus (C) 
Klebsiella pneumoniae (D) Pseudomonas

pneumoniae, and Pseudomonas aeruginosa. 
The results revealed that all plant extracts 
exhibited various levels of potential efficiency 
in inhibiting the growth of bacteria. The zones of 

inhibition as observed on the plates revealed that 
suspension culture and Fruit callus culture showed 
significant inhibitory activity against E. coli and 
Staphylococcus aureus, moderate inhibitory activity 
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Fig. 9. Zone of Inhibition Roots and Fruit Callus extracts against (A) E. coli (B) Staphylococcus aureus (C) 
Klebsiella pneumoniae (D) Pseudomonas

Fig. 10. Zone of Inhibition suspension culture extracts 
against (A) E. coli (B) Staphylococcus aureus (C) 

Klebsiella pneumoniae (D) Pseudomonas

Table 7. Determination of Minimum inhibitory Concentration (MIC) and 
Minimum bactericidal concentration (MBC)

Test 			   MIC (mg/mL) 				    MBC (mg/mL) 
Samples	 E. coli	 S. aureus	 K. pneumonie	 P. aeruginosa	 E. coli	 S. aureus	 K. pneumonie	 P. aeruginosa

Amoxicillin 	 2mg/ml	 2mg/ml	 1mg/ml	 5mg/ml	 -	 -	 -	 -
(Std)
Leaves	 5mg/ml	 5mg/ml	 1mg/ml	 2mg/ml	 -	 -	 -	 -
Stem	 5mg/ml	 5mg/ml	 5mg/ml	 2mg/ml	 -	 -	 -	 -
Stem bark	 5mg/ml	 5mg/ml	 5mg/ml	 5mg/ml	 2mg/ml	 -	 -	 -
Roots	 5mg/ml	 5mg/ml	 5mg/ml	 5mg/ml	 -	 -	 -	 -
Fruits	 5mg/ml	 5mg/ml	 5mg/ml	 5mg/ml	 -	 -	 -	 -
Fruit Callus	 2mg/ml	 1mg/ml	 2mg/ml	 2mg/ml	 5mg/ml 	 2mg/ml 	 -	 -
Suspension 	 2mg/ml	 0.1mg/ml	 2mg/ml	 0.1mg/ml	 5mg/ml 	 5mg/ml 	 -	 -
Culture

against Pseudomonas aeruginosa, and the lowest 
inhibitory activity against Klebsiella pneumoniae. 
The standard Amoxicillin results in a 30 mm, 
37 mm, 35 mm, and 17 mm zone of inhibition 

against E. coli, Staphylococcus aureus, Klebsiella 
pneumonia, and Pseudomonas aeruginosa. The 
suspension culture showed good inhibition zones of 
27 mm, 30 mm, and 15 mm, whereas the fruit callus 

culture showed good inhibition zones of 25 mm, 
28 mm, and 15mm against E. coli, Staphylococcus 
aureus, and Pseudomonas aeruginosa. Only fruit 
extracts showed a good inhibition zone of 28 mm 
against Klebsiella pneumonia, as shown in Table 
6. (Figure 7-10)
Determination of Minimum inhibitory 
concentrations (MIC) and Minimum bactericidal 
concentration (MBC)
	 The standard and test sample concentrations 
for MIC were 0.1 mg/ml, 0.5 mg/ml, 1mg/ml, 2mg/
ml, and 5mg/ml. The suspension culture sample 
shows the minimum inhibition concentration for E. 
coli (2 mg/ml), Staphylococcus aureus (0.1 mg/ml), 
Klebsiella (2 mg/ml), and Pseudomonas (0.1 mg/
ml). The suspension culture sample also showed 



2110Shrivastava et al., Biomed. & Pharmacol. J,  Vol. 16(4), 2099-2112 (2023)

Table 8. Zone of Inhibition: Using different part of 
Nothopodytes nimmoniana

Test Samples	 Zone of Inhibition in mm
	 Candida Albicans

Fluconazole (Standard)	 27±0.0 
Leaves	 10±0.0 
Stem	 18±0.0 
Stem bark	 14±0.0 
Roots	 19±0.0 
Fruits	 15±0.0 
Fruit Callus	 21±0.0 
Suspension Culture	 24±0.0 

Fig. 11. Zone of Inhibition extracts of leaves (A), stem (B), roots (C), stem bark (D), fruits (E), fruit callus (F), 
and suspension culture (G), extracts against Candida Albicans

Table 9. Determination of Minimum inhibitory 
Concentration (MIC) and Minimum fungicidal 

concentration (MFC) 

Test Samples	 MIC (mg/ml) 	 MFC (mg/ml) 
	                          Candida Albicans

Fluconazole (Standard)	 4mg/ml	 -
Leaves	 6mg/ml	 -
Stem	 6mg/ml	 -
Stem bark	 6mg/ml	 -
Roots	 4mg/ml	 -
Fruits	 4mg/ml	 -
Fruit Callus	 4mg/ml	 6 mg/ml.
Suspension Culture	 2mg/ml	 6 mg/ml.

MBC for E. coli (5 mg/ml) and Staphylococcus 
aureus (5 mg/ml). The Fruit callus sample shows 
the minimum inhibition concentration for E. coli 
(2 mg/ml), Staphylococcus aureus (2 mg/ml), 
Klebsiella (2 mg/ml), and Pseudomonas (2 mg/
ml). The Fruit callus sample also showed MBC 
for E. coli (5 mg/ml) and Staphylococcus aureus 
(5 mg/ml). Among the four bacterial strains, E. coli 
and Staphylococcus aureus showed great potency 
at low concentrations of the drug compound. 
Comparatively to suspension culture and fruit 
callus culture, the other plant extracts show the 
minimum inhibition concentration (MIC) for 
all four pathogens at high concentrations, as 
summarised in Table 7.
Antifungal activity
	 The standard Fluconazole resulted in 
a 27-mm zone of inhibition against Candida 
albicans. The suspension culture and Fruit callus 

exhibited good inhibition zones of 24 mm and 21 
mm, whereas leaves, stem, stem bark, roots, and 
fruit extract showed inhibition zones of 10 mm, 18 
mm, 14 mm, 19 mm, and 15mm. Summarised in 
table no. 8.
	 The zones of inhibition as observed in the 
plates revealed that N. nimmoniana Fruit callus and 
suspension culture were shown good inhibitory 
activity against Candida albicans. Whereas stem 
and roots extracts showed activity against Candida 
albicans (Shown in Figure 11).
Determination of Minimum inhibitory 
concentrations (MIC) and Minimum fungicidal 
concentration (MFC) 
	 T h e  s t a n d a r d  a n d  t e s t  s a m p l e 
concentrations for MIC were 0.5 mg/ml, 1 mg/
ml, 2mg/ml, 4 mg/ml, and 6mg/ml. The minimum 
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inhibitory concentration (MIC) for Candida 
albicans is shown in the leaf extract (6 mg/ml), 
stem extract (6 mg/ml), stem bark extract (6 mg/
ml), root extract (4mg/ml, fruit extract (4mg/ml, 
callus sample (4 mg/ml), and suspension culture 
sample (2 mg/ml). The minimum fungicidal 
concentration (MFC) for Candida albicans shown 
in fruit extracts and fruit callus samples is 6 mg/
ml. Table No. 9

Conclusion 

	 In this research, it was observed that 
Nothopodytes nimmoniana methanolic extracts 
were obtained from the different plant parts and 
from in vitro callus and plant cell suspensions. 
All extracts showed antioxidant and antimicrobial 
activity, but fruit callus and suspension culture 
showed the highest antioxidant and antimicrobial 
properties. The reducing power of the suspension 
culture and fruit callus culture was enhanced with 
the increase in concentrations. The fruit callus 
culture and cell suspension culture showed higher 
concentrations of total phenolics and flavonoids, 
contributing to antioxidant and antimicrobial 
activity compared to normal extracts of other parts 
of the plant. This study indicates that the plant 
fruit and suspension cultures contain increased 
concentrations of compounds contributing to 
antioxidant and antimicrobial activity, which could 
be used for MDR bacterial and fungal infections 
and the development of useful natural compounds.
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