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Summary
Mycobacterium tuberculosis (Mtb) is a persistent threat to human 
life and a challenge to global public health. The pathogen’s antibiotic 
resistance has become a serious problem, prompting the development 
of nanotechnology-based medicines to prevent multidrug resistance 
in microorganisms. The present study aimed to synthesize silver 
nanoparticles (AgNPs), using leaves extracts of Achillea millefolium, 
Artemisia campestris and Hedera nepalensis to analyze their anti-
mycobacterial potential. The biosynthesized silver nanoparticles 
were harvested and characterized through UV visible spectroscopy, 
Field Emission Scanning Electron Microscopy (FESEM) and Energy 
Dispersive X-ray spectroscopy (EDX). The FESEM analysis showed, 
that selected plant-based silver nanoparticles were spherical in shape 
with a diameter ranging from 50 nm to 80 nm. Energy Dispersive X-ray 
spectroscopy revealed that constitute elements of silver nanoparticles 
are Ag, C, O, Cl and Ca. The biosynthesized AgNPs exhibited sig- 
nificant antibacterial potential against Mycobacterium tuberculosis. 
At a concentration of 50 μL Hedera nepalensis exhibited the highest 
growth inhibition at 97.33%, followed by Artemisia at 95%, whereas 
the percentage growth inhibition of Achillea millefolium at 50 μL 
concentration was 72.33% as compared to the Rifampicin (RIF) i.e., 
40%. Fluorescence microscopy confirmed visible growth inhibition 
in both experimental and controlled cultures. Hedra nepalensis 
and Artemisia campestris showed promising potential to inhibit the 
growth of mycobacteria populations, indicating their potential for the 
development of novel nanomedicine to treat tuberculosis effectively.

Key words: Tuberculosis; medicinal plants; silver nanoparticles; 
anti-mycobacterial potential.

Introduction 
Tuberculosis (TB) is a contagious disease that is a leading cause of 
illness and mortality. It is caused by airborne Mycobacterium tuber- 
culosis. It can manifest as both pulmonary and extra-pulmonary 
forms, though the global population exhibits a higher ratio of pul-
monary tuberculosis cases. In 2020, TB caused the death of 1.5 mil-
lion people. Worldwide, TB is the thirteenth main reason of death 
and the second most deadly disease after COVID-19 (NatarajaN  
et al., 2020). In 2020, an estimated 10 million people contracted TB 
worldwide, including 5.6 million men, 3.0 million women and 1.1 mil- 
lion (World HealtH orgaNizatioN Global Tuberculosis, 2020). 
Eight nations, namely India, Indonesia, China, Philippines, Pakistan, 
Nigeria, Bangladesh, and South Africa, accounted for two-thirds of 
the new TB cases, according to the World Health Organization’s data 
from 2019 to 2020. In Pakistan, TB is a prevalent infectious disease 

that widely affects the population in rural and underdeveloped re-
gions. Patients with active pulmonary TB are the primary source of 
contamination, and the majority of people infected with M. tubercu-
losis have asymptomatic latent TB infections (LTBI) (taHseeN et al., 
2020). It is estimated that approximately 2 billion individuals world-
wide harbor latent tuberculosis infection (LTBI), rendering them sus-
ceptible to the potential reactivation of the disease (dye et al., 1999; 
diel et al., 2013).
There is a persistent need for improvement and greater green assess-
ment of the latest TB tablets and shorter remedy regimens. No new TB 
drug instructions have been developed or authorized for drug-prone 
TB since the introduction of the modern-day 6-month four-drug com-
bination the 1970s. The lack of coordinated drug improvement and 
new combinations has led to the introduction of fixed-dose combina-
tions of two (isoniazid and rifampicin), three (isoniazid, rifampicin, 
and pyrazinamide) and four (isoniazid, rifampicin, pyrazinamide, and 
ethambutol) tablets (lieNHardt et al., 2011; HuaNg et al., 2023).
Plant-based drugs have been used historically for disease control, 
but their extensive use has substantially increased in the last decade. 
By the end of 20th century, 170 natural medicines have gained re- 
putable recognition. Medicinal plants are a reliable and an indispens-
able source of natural bioactive compounds. According to WHO, ap-
proximately 80% of the world’s population is still relies on the use of 
medicinal plants for their primary healthcare and for the development 
of a myriad of medicines (Haq et al., 2004; WHo, 2022). Currently, 
more than 40% of pharmaceutical formulations are derived from 
natural ingredients. These include commercially available medicines 
such as digoxin, chloroquine quinine, lumefantrine, atovaquone, as-
pirin and artemisinin (Woodley et al., 2021; WHayNe et al., 2018).
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Azad Jammu and Kashmir (33°45’16’’N 73°56’38’’E) have a di-
verse range of plants with significant medicinal properties. With the 
growing concern for human health, the significance and utilization of  
medicinal plants are extended due to their clean availability, lesser 
side effects and less cost. There is a need to explore the potential of 
natural medicines compared as alternative to synthetic drugs.
Achillea millefolium, also known as yarrow or common yarrow, is a 
flowering plant belonging to the Asteraceae family. It is distributed 
in temperate areas of the Northern Hemisphere in Asia, Europe, and 
North America. The plant typically grows from May to July. Achillea 
millefolium leaves are used as treatment to remedy TB, belly pain, 
and fever. It is reported to be utilized on jaundice, hepatitis, typhoid, 
fever, and tuberculosis disorders (aHmad et al., 2017).
Artemisia campestris, commonly known as wormwood, is an exten-
sive species of the sunflower family, Asteraceae. It is widely distri-
buted in Eurasia and North America. Artemisia campestris extracts 
have a significant capacity for remedy of tuberculosis infections, and 
it also contain bactericidal compounds (martiNi et al., 2020).
Hedera nepalensis (Himalayan ivy, chang chun teng) is a perennial 
plant that belongs to the genus Hedera. It is native Nepal and Bhutan, 
as well as Afghanistan, Pakistan, India, China, Laos, Myanmar, 
Thailand, and Vietnam, at altitudes of approximately 1000-3000 
m. Plants can reach heights of 30 m, with easy leaves starting from  
2-15 cm long, and yellow vegetation. Hedera nepalensis is notably 
utilized in conventional Chinese remedy to deal with rheumatism 
by enhancing blood circulation, decreasing congestion, and assuag-
ing pain (He jiNg, 1978). The Hedera Linn. plant extract contains 
numerous secondary metabolites with anticancer, anti-diabetic, and 
antioxidant properties (saleem et al., 2014; He et al., 2023; Xia  
et al., 2023).
The versatility of plant-based metallic nanoparticles makes them 
some of the most promising diagnostic and therapeutic entities in 
modern medicine. Recently, there has been significant increase in 
the biosynthesis of metallic nanoparticles (MNPs) from medicinal 
plants that are essential in the development of theragnostic (Xulu 
et al., 2022). The use of plant-based nanoparticles attracted the at-
tention of researchers due to their cost-effectiveness, rapidity, and 
safety (KoWsHiK et al., 2003). In the field of drug delivery, nano-
particles (NPs) with antimicrobial properties have garnered signi-
ficant attention for their potent bactericidal effects and resistance  
to metallic ions. (Kumar and aNtHoNy, 2016). Nanoparticles of 1 to  
10 nanometer in size connect to the outer overlaying of molecules, 
significantly reducing permeability of membrane and cellular respira-
tion pathways. Nanoparticles are furthermore successful in infiltrat-
ing microbes as a result imposes greater incorporation in the DNA 
resulting in degradation (ramar et al., 2015). Particularly in the dis-
cipline of health science and therapeutics, silver nanoparticles are re-
ported with great potential. Silver is a robust anti-microbial agent and 
dangerous to dwelling cells. Silver has the capacity to disrupt mole- 
cular walls of microbes, preventing microbial growth and interrupting 
molecular mechanisms because of their ability to interact with large 
molecules within the cells (DNA and proteins) (Vazquez-muñoz  
et al., 2017). The synthesis of nanomedicines targeting Mycobacterium 
tuberculosis holds promise in combating the deadly disease of tuber-
culosis and reducing cases of multiple drug resistance in patients. The 
present study aims to synthesize silver nanoparticles from selected 
medicinal flora of Azad Jammu and Kashmir, characterize them using 
advanced techniques and evaluate their antimycobacterial potential 
for treating tuberculosis. 

Materials and methods
Collection of plant sample
For the green synthesis of silver nanoparticles (AgNPs) from plant 
material, the plant species Achillea millefolium, Artemisia campestris 

and Hedera nepalensis were collected from forests of Azad Jammu 
and Kashmir (33°29’59’’N 73°52’51’’E).

Preparation of plant extract
Leaves and stems were shade-dried and crushed into a fine powder. 
The powdered material was dissolved in autoclaved distilled water at 
a ratio of 1:10 (10 g solute/ 100 mL solvent). The solution was put on 
the shaker for 48 h for constant stirring and shaking. This thoroughly 
dispersed the plant material within the water. After 48 h, each crude 
extract (Achillea millefolium, Artemisia campestris and Hedera nepa-
lensis) was filtered thrice, once with the gauze strainer and twice with 
Wattman No 1 Filter paper until no suspended particle was seen in 
the obtained extract. The obtained extract was then further purified by 
using a Rotary Evaporator apparatus. The extra water was evaporated 
by adjusting the temperature to 90 °C for 45-50 min until a pure vis-
cous extract was obtained, which was stored in falcon tubes for later 
use at room temperature.

Green synthesis of Silver Nanoparticles
Preparation of 2.5 mM silver nitrate stock solution
For the synthesis of AgNPs, the 2.5 mM stock solution of silver  
nitrate was prepared as follows: for each 2.5 mM solution 0.424 6 g 
silver nitrate salt (Sigma Aldrich, Germany) was dissolved in 1000 mL  
autoclaved distilled water, stored in ambered bottle in dark place for 
24 h. After 24 h, the stock is ready to use for further synthesis of 
nanoparticles from the prepared extract (PirtarigHat et al., 2019).

Green synthesis of AgNPs from plant extracts
The reaction for the green nanoparticles synthesis is set by dissolving 
5 mL of plant extract into 45 mL of 2.5 mM silver nitrate solution, 
in a tinted covered falcon tube to avoid any exposure to the light. 
The pH of the solution is adjusted to 12 by adding NaOH. The color 
change due to oxidation was observed. The containers were kept in 
dark for 24 h, after that the suspended AgNPs were ready for extrac-
tion (gHaffari-mogHaddam et al., 2014).

Extraction of silver nanoparticles
After 24 h the suspended nanoparticles are collected via centrifuga-
tion for 10 min at 12000-14000 rpm. The supernatant is discarded, 
and pellet was rinsed with distilled water again centrifuged and dried 
in a dry oven. After drying the pellet is crushed into fine powder 
for further assay and stored in dark containers at room temperature 
(gHaffari-mogHaddam et al., 2014).

Characterization of silver nanoparticles 
The synthesized silver nanoparticles were characterized by Spectro-
photometry, Field Emission Scanning Electron Microscope (FESEM), 
Energy Dispersive Spectroscopy (EDS) and Fourier transform infra-
red spectroscopy (FTIR).

Spectrophotometric analysis for full spectra reading
After 24 h of the reaction of plant extract with 2.5 mM silver nitrate,  
the samples were observed for the synthesis of suspended nano - 
par ticles, for full spectra reading and the spectrophotometric analy-
sis was performed at wavelength 300-800 nm. Using 2.5 mM silver  
nitrate stock solution as reference, the optical density (OD) and 
maximum peaks in the range was observed at 1X, 2X and 3X dis-
tilled water dilution of silver nitrate with plant extract (sastry et al.,  
1997).
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Field emission scanning electron microscope (FESEM) character-
ization
For SEM analysis the fine crushed dried nanoparticle material was 
prepared by subjecting to sputtering. The sputter coating of the 
samples was done before working with SEMs to obtain high quality  
images. The sputter coating of silver nanoparticles was done by using 
SAFEMATIC compact coating unit CCU-010 at pressure 5.0e-2mbar 
with Au-Pd 60/40 as coating material. After the sputter coating, the 
samples were subjected to beam of electrons and the images were 
obtained at different resolutions which revealed the shape, size, and 
structure of silver nanoparticles (jagtaP et al., 2013).

Energy dispersive Spectroscopy (EDS) 
Energy Dispersive spectroscopy was done along with the FESEM, 
MIRA3 TESCAN has Oxford EDS detector. Each nanoparticle sam-
ple was subjected to EDS detector to obtain the elemental content and 
composition (jagtaP et al., 2013).

Fourier Transform Infrared (FTIR) Characterization
For FTIR spectroscopic analysis, sample was prepared by grinding  
1 mg of dried biosurfactant with 100 mg of KBr and pressed at 7500 kg  
pressure with hydraulic press to acquire transparent pellet. Pellets for 
nanoparticles were made by the same procedure and analyzed with 
FTIR spectrometer at the range of 500-4000 cm−1 with the resolution 
of 4 cm−1 (fariq and yasmiN, 2020).

Antimycobacterial Assay
Preparation of AgNPs stock solution
The 100 mg stock solution was prepared by suspended 100 mg Silver 
Nanoparticles in 10 mL of autoclaved distilled water. The stock is 
stored in dark and used for antimycobacterial activities (sriKar  
et al., 2016).

Preparation of Bacterial Media
For 1200 mL of Lowenstein-Jensen (LJ) media), 2.7 g L asparagine, 
1.8 g potassium di hydrogen phosphate, 0.45 g magnesium citrate, 
0.18 g magnesium sulphate are mixed well with 450 mL of distilled 
water and 9 mL glycerol on a magnetic stirrer and autoclaved. 0.3 g 
malachite green was dissolved in 15 mL distilled water and mixed 
with 750 mL of egg homogenate with the help of beads shaker. The 
autoclaved salt solution, malachite green and egg homogenate are 
mixed well, and 5-6 mL of media is poured into universal media tube 
bottles. After pouring of media, the media tubes are cooked on 85 °C 
for 2 h on slop oven, to create slope for the growth to be visible. After 
2 h the media is fully cooked and placed in incubator for sterility test. 
After 24 h of sterility test, the visible color change or growth was not 
observed. The LJ media was ready to use for further cultures and sub 
culturing (Kassaza et al., 2014).

Antimycobacterial Activity
The inoculum of Mycobacterium tuberculosis was obtained from 
State reference Tuberculosis laboratory (SRL), National TB control 
Program (NTP), Mirpur Azad Kashmir, 10250 Pakistan. One loop 
full of the bacterial load was picked with the help of inoculating loop 
under Biosafety cabinet, ensuring all personal protection of BSL-3  
and suspended in 5 mL of autoclaved distilled water and mixed  
properly through vortex mixer.
From the inoculum, 50 μL was picked using micropipette and the la-
belled universal culture tubes containing 5 mL media were inoculated 
drop by drop. After the inoculation, AgNPs solution for each plant 
was inoculated only in experimental tubes with the 50 μL concentra-

tion. The lids were closed and placed in the incubator for 2–3 weeks 
at 37 °C. After the required growth time period of MTB, the optical 
density was measured. The procedure was repeated for 40 μL, 30 μL,  
20 μL concentrations of silver nanoparticles for the percentage growth 
inhibition activity of silver nanoparticles at different concentrations 
(sriKar et al., 2016).

Measurement of Optical Density
Growth inhibition in percentage of pathogenic strains was calculated 
by measuring absorbance values at 600 nm in Spectrophotometer.

Percentage of inhibition of growth = (Ap – An / Ap) ×100
Whereas

Ap = Absorbance of pathogenic strain, and 
An = Absorbance of strain + nanoparticles.

For this loop full of strain colonies obtained from each culture were 
suspended in 5 mL of 70 percent ethanol to ensure the safe transfer of 
pathogen outside of biosafety cabinet (sriKar et al., 2016).

Fluorescence Smear Microscopy for Acid Fast Bacilli (AFB)
For fluorescent microcopy, the slides were stained with auramine. 
The smear of droplet of culture was made on glass slides, which were 
heat fixed. After heating, auramine dye was poured over the slides 
and kept for 20 min. After 20 min, the slides were rinsed with water 
and acid alcohol was poured for 2 min, rinsed and the counter stain 
methylene blue was poured for one minute. After that the slides were 
rinsed with water, dried, and examined.
Auramine staining was done on smear slides prepared from both con-
trol and experimental culture inoculum and observed under 40× and 
100× lenses of fluorescence microscope to observe morphology of 
MTB colonies (may et al., 2019).

Subculture for Cell Viability 
After 2-3 weeks of the culture for antimycobacterial assay, the loop-
ful of colonies (if any) were picked from both control and experimen-

Fig. 1:  Generalized pathway for different assays performed for antimyco-
bacterial properties of AgNPs.
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tal cultures and subculture to observe cell viability for 2-3 weeks. 
After which the visible growth will confirm that the inoculum cells 
were viable or not (sriKar et al., 2016).

Statistical Analysis
All data was presented as the mean value of three independent repli- 
cates ± the standard error (SE). Statistical study was carried out by 
Completely Randomized One-Way Analysis of Variance (ANOVA) 
test using Statistix Software, version 10 at a 1 percent significance 
level (P < 0.01) (fraimaN and fraimaN, 2018).

Results 
In the present study silver nano particles of Achillea millefolium, 
Artemisia campestris and Hedera nepalensis were synthesized and 
characterized. 

Physical Appearance
The initial color of the reaction mixture of 2.5 mM Silver Nitrate with 
plant extract showed a pale-yellow color, after 24 h oxidation and 
formation of oxides, the color changed to dark brown (Fig. 2).

Ultraviolet Visible Spectroscopy
The biosynthesis of AgNPs was detected by measuring the ab-
sorbance within the range of 300-700 nm, at different pH and tem-
perature conditions. Two sharp peaks appeared at 445 nm and around  
465 nm of UV visible spectrum that showed the AgNPs biosynthesis 
and this range was reported as “surface Plasmon resonance band” of 
biosynthesized AgNPs (Fig. 3).

Field Emission Scanning Electron Microscope (FESEM)
SEM was performed to determine size and surface morphology of 
silver nanoparticles.  The silver nanoparticles of Achillea millefolium 
were found spherical between size of 50 nm to 80 nm. FESEM image 
of round, circular shaped silver nanoparticles of Artemisia campestris 
is showing the size of 63-68 nm (Fig. 4).

Energy Dispersion X- ray Spectroscopy (EDS) Analysis
Through Energy Dispersion X-ray Spectroscopy, the crystalline  
nature of silver nanoparticles was determined. The nano-crystals of 
silver exhibited a classical optical peak of absorption at 3 keV owing 
to Surface Plasmon Resonance (SPR). The maximum absorption peak 
at 3 keV depicted that these biosynthesized NPs were mostly com-
prised of Ag which displayed crystalline nature. It can be observed 
that the silver content was high in the silver nanoparticles along with 
the presence of chlorine, oxygen and aluminum, calcium. The higher 
content of silver suggests the production of silver nanoparticles. The 
caping agents are plant materials (Fig. 5).

445 nm

465 nm

445 nm449 nm

b)a)

c

Fig. 2: The color change can be observed after the reaction between the plant 
extracts and silver nitrate at pH 11-12 due to oxidation and formation 
of suspended Silver Nanoparticles.

Fig. 3: 2.5 mM silver nitrate stock solution as reference, the OD and maximum peaks in the range of 300-800 nm were observed. Two sharp peaks appeared at  
445 nm 449 nm and around 465 nm of UV Visible spectrum confirming the synthesis of suspended AgNPs of (a) Achillea millefolium, (b) Artemisia 
campestris, (c) Hedera nepalensis.
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Fourier Transform Infrared (FTIR) Characterization 
Various functional groups of the biomolecules were observed from 
the analysis. In case of Achillea millefolium silver nanoparticles, the 
IR peaks at 2951.19 refers and corresponds to -CH3 functional group, 
IR peak at 1614.47, 829.42 and 1454.38 corresponds to aromatic 
compounds of the functional groups which could be terpenes and 
carotenoids (Fig. 6). Similarly, the peak at 1217.12 corresponds to  
alcoholic functional group. In case of Hedera nepalensis silver nano- 
particles, IR peak at 3425.69 corresponds to -OH group of phenols. 
The IR peak at 2087.05 corresponds to aromatics functional groups 
of terpenes likewise, IR peak at 1643.41 also corresponds to phe-
nolics and flavonoids group of plant metabolites (Fig. 6). In case of 
Artemisia campestris silver nanoparticles, the IR peak at 2997.43, 
2397.60 corresponds to alkanes functional groups, 1614.47, 14158.30 
corresponds to aromatics such as artemisinin a terpene presents in 
Artemisia campestris. The IR peak at 1084.74 corresponds to -OH 
group referring to alcohols (Fig. 5).

Antimycobacterial Activities
The percentage growth inhibition was observed for each silver 
nanoparticle suspension at different concentration. For negative 
control, a subculture of Mycobacterium tuberculosis was used. For 
positive control Rifampicin, which is the WHO standard treatment 
for Tuberculosis. The percentage growth inhibition of Rifampicin 

(RIF) at 50 μL is 40.00±0.58. For the concentration of 30 μL of  
silver nanoparticles suspension the percentage growth inhibition of 
Artemisia campestris is 33.00±0.58. The growth inhibition percent-
age of Achillea millefolium at 30 μL concentration was 69.00±0.58 
and the inhibition of Hedera nepalensis was 47.67±0.33.
The concentration of 40 μL of silver nanoparticles suspension was 
used for the percentage growth inhibition of MTB culture. For the 
concentration of 40 μL of silver nanoparticles suspension, the per-
centage growth inhibition of Artemisia campestris is 36.00±0.577. 
The percentage growth inhibition of Achillea millefolium at 40 μL 
concentration is 54.00 ± 1.155 and the inhibition of Hedera nepa-
lensis is 46.67±0.882. The concentration of 50 μL of silver nano- 
particles suspension was used for the percentage growth inhibition of 
MTB culture. For the concentration of 50 μL of silver nanoparticles 
suspension, the percentage growth inhibition of Artemisia campestris 
was 95.00±0.577. The growth inhibition of Achillea millefolium at  
50 μL concentration was estimated 72.33%±0.333 and the inhibition 
of Hedera nepalensis was observed 97.33%±0.33 (Fig. 7). The maxi-
mum growth inhibition was observed at 50 μL concentration, in case 
of Hedera nepalensis denoted by H the maximum value of 97.33 
was observed. Artemisia campestris (A) showed the growth inhibi-
tion of 95. The percentage growth inhibition of Rifampicin (RIF) was 
40.00±0.58.
Analysis of Variance (ANOVA) was employed to find the variation 
of different concentrations biosynthesized silver nanoparticle suspen-

Fig. 4: (Left to right) FESEM image of silver nano particles of A. millefolium showing size of nanoparticles between the range of 75-78 nm, Artemisia camp-
estris showing the size of 63-68 nm, Hedera nepalensis of size 57 nm.

Fig. 5: (Left to right) EDX image of silver nano particles of A. millefolium, Artemisia campestris Hedera nepalensis. The major element found is Ag confirming 
the Silver Nanoparticles, other constitute elements are C, O, Ca, Cl and Al respectively.
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sions to inhibit growth of Mycobacterium tuberculosis strain. Their 
grand mean values and critical values ranged from 54.667 to 67.111 
and 1.67 to 15.33 respectively while the P values of Hedera nepa-
lensis and Achillea millefolium silver nanoparticle suspensions were 
equal to 0.00 as indicated in Tab. 1 which depicted the highly signifi-
cant variation (P=0.001) among different concentration of biosynthe-
sized AgNPs to which MTB strains were exposed.

Cell Viability Assay
The subcultures of previously treated strains with silver nanopar-
ticle suspensions showed no progress in growth of the colonies of 
Mycobacterium tuberculosis after 3 weeks of inoculation and incuba-
tion at 37 °C. This confirmed the antimycobacterial activities of silver 
nanoparticles synthesized by different plants in current study.

Fluorescence Microscopy
The fluorescence microscopy was used to visualize the bacterial load 
on both the control and experimental cultures and the morphology of 
the bacterium after the application of silver nanoparticles. The bacte-
rial load was visibly lower in the slides observed, after the application 
of silver nanoparticles on the culture (Fig. 8). The proposed mecha-
nism of action of AgNPs on AFB (ramar et al., 2015) is shown in 
Fig. 9.

Discussions
Bio-nanotechnology has emerged as connection between nanotech-
nology and biotechnology for producing biosynthetic and environ-
mentally friendly technology for production of nanomaterials. Silver 

a)

b)

c)

Fig. 6: The FTIR results of a) Achillea millefolium b) Artemisia campestris c) Hedera nepalensis.

Tab. 1: Analysis of Variance (ANOVA) showed variation for inhibition 
of Mycobacterium strain using different concentrations of silver 
nanoparticle suspensions.

Silver Nanoparticles MSE MS con GM CV

Achillea millefolium 0.83 3667.00** 54.667 1.67
Artemisia campestris 105.778 638.778 67.111 15.33
Hedera nepalensis 0.78 2517.44** 63.889 1.38

*Shows significant variation based on the p value, **shows highly significant 
variation based on the p value.
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Fig. 7: Percentage growth inhibition of silver nanoparticles against 
Mycobacterium tuberculosis.

Fig. 8: (a) Auramine staining fluorescence micrograph of control culture 
smear, (b, c, d) micrograph of culture smear treated by silver nano 
particles of Achillea millefolium, Artemisia campestris Hedera nep-
alensis.

conditions. The rate of synthesis was almost non-existant in acidic 
conditions, and was found to be maximum at pH 13. These results 
are consistent with those documented by (Kredy, 2018) where an in-
crease in AgNPs synthesis was observed with increasing temperature 
and alkaline conditions. alVes et al. (2022) examined the combined 
effects of pH, time, and temperature on AgNPs mycosynthesis and 
found that higher temperatures (90 °C) and basic pH (9 and 12) were 
more favorable for the synthesis of smaller, monodisperse AgNPs.
The role of AgNPs in bactericidal process is unexplained till now, 
although several mediated hypotheses are exploitable in previous 
studies. It could be argued that AgNPs have the potential to adhere 
and penetrate the cell wall of the strain. The configuration of small 
holes in the cell membrane of bacteria causes the escape of cytoplas-
mic liquid from cell membrane ultimately cell life gets compromised 
(aHmad et al., 2020; XiaNg et al., 2023; li et al., 2019). Another pos-
sible reason is the release of ions from NPs which can suppress the ac-
tivities of catalysts responsible for respiration and disrupts respiratory 
series, ultimately generating reactive oxygen species. These Reactive 
oxygen species might cause oxidation pressure to the strain and, as 
a result, all activities stop ultimately resulting incell death (ramar 
et al., 2015; yi et al., 2018). Our results demonstrate that the silver 
nanoparticles of selected plants showed peaks associated with the dif-
ferent compounds or metabolites with potential medicinal properties. 
Furthermore, the nature of interaction between microorganisms and 
metal atoms can be exposed by understanding the structural changes 
in the molecular binding.
Our findings showcased that bio-synthesized AgNPs showed signifi-
cant anti-mycobacterial activities against tuberculosis-causing bacte-
ria. Silver nanoparticles are a promising solution to this problem due 
to their broad-spectrum antimicrobial properties (taNg et al., 2018; 
yi et al., 2023). roy et al. (2019) studied anti-bacterial properties of 
Euphorbia acruensis synthesized AgNPs concluding that plant latex 
had no concern with anti-bacterial action, but the AgNPs synthesized 
from latex exhibited maximum bactericidal potential with increase in 
AgNPs concentration. AgNPs have reportedly been proposed as novel 
antimicrobial agents with anti-bacterial, anti-biofilm, anti-fungal, and 
anti-viral properties. AgNPs’ potent antibacterial action makes them 
effective against germs that are resistant to multiple drugs (MDR) 
(tufail and liaqat, 2021). Our results showed significance of silver 
nanoparticles synthesized by the green route, the silver nanoparticles 
synthesized by selected flora found to possess anti mycobacterial 
properties.
At 50 μL the maximum growth inhibition was observed by Hedera 
nepalensis up to 97.33% and Artemisia campestris showed the growth 
inhibition of 95%. The growth inhibition of Achillea millefolium at  
50 μL concentration has been estimated up to 72.33% as compared 
to the Rifampicin (RIF) with 40%. The minimum percentage growth 
inhibition was observed at 30 μL by Artemisia campestris was 33%. 
The results for Hedera nepalensis and Achillea millefolium were 
highly significant p value P < 0.01. Both Hedera nepalensis and 
Achillea millefolium have shown promising results against myco-
bacteria when compared to commonly used synthetic drugs against 
tuberculosis. The percentage of growth inhibition was directly pro-
portional to the concentration of silver nanoparticles. The conclusions 
of roy et al. (2019) displayed high agreement with our results where 
there is an increase in bactericidal potential with increasing concen-
tration of AgNPs. Bezza et al. (2020) also displayed high agreement 
with our findings that AgNPs have strong antibacterial activity and 
may be used to treat bacteria that are resistant to many drugs by acting 
indiscriminately on the lipopolysaccharide layer of Gram-negative 
and the peptidoglycan layer of Gram-positive bacteria. The visible 
growth inhibition was confirmed by Fluoresce microscopy.
These biosynthesized AgNPs hold promising potential in the syn - 
thesis of nano-medicine against tuberculosis. Nanoparticles smaller 
than 10 nm combine with bacteria to induce electrical effects that 

Fig. 9: Proposed mechanism of action of AgNPs on AFB (ramar et al., 
2015).

has long been known for its strong antibacterial potential. The di-
mensions of nanoparticles are much smaller as compared to that of 
most natural structures; hence, nanoparticles might be beneficial for 
both in vitro and in vivo biomedical research field. The synthesis of 
AgNPs increased greatly with increasing temperature and in alkaline 
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increase the reactivity of the nanoparticles. Consequently, it has 
been confirmed that the size-dependent bactericidal activity of silver 
nanoparticles exists (rai et al., 2007). The geometry of the nano- 
particles also affects their antibacterial activity, as demonstrated 
by research on how differently shaped nanoparticles limit bacterial 
growth. Pal et al. (2007) reported that truncated triangular nano-
particles containing 1 μg of silver exhibit bacterial suppression. 
On the other hand, 12.5 μg of total silver content is required for 
spherical nanoparticles. The rod-shaped particles require a total silver 
concentration of 50–100 μg. Therefore, the impacts of variously 
shaped silver nanoparticles on bacterial cells are distinct.

Conclusions
The anti-mycobacterial properties of synthesized silver nanoparticles 
from Hedera nepalensis and Artemisia campestris were estimated 
against the mycobacteria respectively. Both the plants exhibited 
strong anti-mycobacterial properties even at using 50 μL quantity 
showed growth inhibition. The growth inhibition of MTB culture in-
creased with the concentration of silver nanoparticle suspension. The 
results may be valuable in the synthesis of nano-medicine to combat 
MTB infection, allowing for more targeted drug delivery with en-
hanced efficiency and efficacy. 
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