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Abstract

The stemming extensive manipulation in regard to native merchandise synthetic substances
intergalactic lays directed to detect the unprecedented composites including pharmacological
assets. Natural foodstuffs, moreover in their natural form or afterward crude abstraction of their
energetic constituents and discovered as irreplaceable sources aimed at drug design. Medicinal
plants shows a foremost protagonist in relation to the dispensation of medical management,
predominantly amongst a-few rural populace concerning in India. Ethnomedicine prepared using
plant extracts and their bioactive composites have been exploited for the dealing of numerous
diseases. Our study was designed to nanotechnology based preparation of ethnomedicine and
assessing the butchery activity including antibacterial commotion, of carefully chosen medicinal
plant lonidium Suffruticosum used for the control of many diseases. The leaves of the selected
plants were collected, shadow dried, crushed and further nano size powdered by mixer mill and
then liquidity extracted through maceration process. The prepared nano leaf powder was nano
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characterized by using UV, XRD, SEM, and DLS as well as subjected to phytochemical tests,
butchery activity such as antibacterial, antifungal schedules were evaluated. The ethnomedicine
of lonidium Suffruticosum was most active in contradiction of tested bacterial and fungal strains.
The ethnomedicine consists of alkaloids, saponins, phenols, flavonoids, and tannins. These
phytochemicals in nano powder form leaf material used to prepare ethnomedicine is to empathetic
their tackles of action.
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1.Introduction

Plants produce an enormously rich variety of specific secondary metabolites encompassing an
massive number of energetic and complementary phyto compounds. Humans hold distinct
pharmacological acquaintance of the healing properties of plants. The utilization of plant extracts,
based ethnomedicine comprising hundreds of biochemicals as medicinal agents[1]. The
conversion of traditional ethno-pharmaceuticals into nano medicine and its invention has
shadowed a modern technical pathway, abetted through nano techniques for the isolation and
characterization of medicinal particles [2-4].Some nanotechnology researchers recognized by
means of incessant ethnomedicinal exploration, through the energetic phyto compounds arising
subsequent extensive application of nanotechnology based analysis and testing [5-9]. In current
years, actionable phytochemical substances were determined using various nano techniques (High
energy ball-milling, XRD,TEM,SEM, Zeta potential, DLS etc.,[ 10-14]. Also, tracked by the proof
of identity that the plants comprising the active components, recognized by present or reputed
ethnopharmacological materials[15]. Nanotechnology has sustained to harvest extensive
consideration completed its earlier limited periods owing through its widespread as well as
beneficial claims in plant systems [16]. Nano techniques offers some dais in advance of effort at
atomic and super molecular range referring to plant nanomaterial, in the range between 1 to100
nanometre [17]. This prospect facing brand new progressive plant based ethano products from
previously traditional ones, with improved functions, physical and biological characteristics[18].
Nanotechnology have formed the motivation enroute for the incessant attention to plant science
research area , specifically in relation to of ethno-nanomedicine[19]. Therefore, nanonization of
plant biomaterial products give the impression and could be an imminent nanomedicine.
Intrinsically, one of the distinguished instances of nano biomaterials acknowledged significant
consideration into current years and have to be extensively used is plant created nanocomposites
and nanomedicines [20]. In our work, we have discussed the nanotechnical ideas and methods,
from traditional ethnomedicine in to nano ethnomedicine as a novel drug discovery approach using
lonidium Suffruticosum , leaf extract an applicable to natural medicine products. Due to its
biological actions, including antioxidant, anti-inflammatory, antimicrobial, and cancer control
activities, it is considered as a hypothetical herbal medicine and also cast off as a traditional
medicine.
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Anti-diabetic s
Antitussive
Figure 1. Some beneficial activity of lonidium Suffruticosum
2.Impedimental Methods
2.1.Plant material collection The

renewed lonidium Suffruticosum leaves were placid around Gundur village arid area near
Tiruchirappalli, Tamilnadu ,India. The plant were identified by Dr.N.Vidhya Rani, a Private
siddha medicine expert.

Fig 2. Collected lonidium Suffruticosum
plant leaves with flower

2.2. Nano Dispensation of leaf material



Acta Biomed 2025; Vol. 96, N. 1: ISSN: 0392-4203 | eISSN: 2531-6745 117

The picked leaves subsequently rinsed through distilled water and dried in shadow and
methodically homogenized as a crude powdery dirt and placed in a airtight bottles. The crude leaf
powder consists of coarse micro sized particles. To get fine nano emulsion form of ethnomedicine
20 gram of crude leaf powder was taken and feed inside the mixer mill jars (Mixer mill MM -
500 Nano), Retsch scientific Inc., Allee, Germany. The MM -500 Nano mixer mill is a
compressed, multipurpose bench-on component. It has been technologically advanced and
particularly for wet and dry cryogenic crushing 500 gm trial substantial within few seconds.
Through an all-out 30-40 Hz frequency, it produces plentiful energy to yield particles in the
nanoscale range.
2.3. Nanotechnological Characterization
The prepared nano powder extract of leaves were encompassed with various characterization
techniques including UV-spectroscopic analysis, X-ray diffraction (XRD), SEM and (DLS..It
divulges and recognizes chemical conformations, crystal edifices, and photoelectric features of
nano powder extract .All the characterization parameters related laboratory works were carried
outin STAR Researchers academy, Chennai, Tamilnadu, India.
(a) Morphology referring to leaf Powder particles
The leaf particles surface morphology of powder extracts were detected by using SEM (Scanning
Electron = Microscope(Hitachi S-4000).The particle nano structure was resolute by electron
dispersion at the particle surface .
(b) Particle size Determination by XRD method
The equipped powder extract of leaves were used to determine the particle size using ™
EQUINOX 100 X-ray Diffractometer( Thermo Scientific). Each obtained peak position were
interpreted with Scherrer Equation:

Dp=(0.94X1) /P X Cos6)
Whereas, Dp (Average Crystallite size), B (Line broadening in radians), 6 ( Bragg angle), A (X-
Ray wavelength) and further the equation used in the determination of size of crystallites (grains)s
in the form of powder.
(c) Ultraviolet visible spectroscopic analysis
This analysis was carried out by using a UV-Vis spectrometer (Lambda Model: 950,Perkin Elmer,
USA) with a range girth of 2 nm, with a 10mm cuvette cell at 37°.
The lonidium Suffruticosum extract examined underneath the UV visible light source at the
wavelength vacillating around 300 to 750 nm to confirm the formation of nanoparticles. The nano
leaf powder extract was mixed with pure distilled water in 1:3 ratio and centrifugated at 6000 rpm
enroute for 30 minutes and riddled over Whatman No. 1 filter paper. Some sample filtrates were
used for UV-VIS Spectroscopic analysis.
(d )Analysis of DLS - Dynamic light scattering
The nano sized particle dispersion in liquid form and polydispersity index leaf material were
evaluated by DLS method (Malvern Nano system).Some limitations working for the analysis
comprised a wavelength of 633 nm, Rl(refractive index) liquid medium is 1.1.32, temperature
22 °C, viscosity of liquid medium 0.87873 and light scattering angle 173.
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2.4. Qualitative phytochemical assessment
For qualitative phytochemical guesstimate of lonidium Suffruticosum leaf powder extracts
were executed using typical procedures, for the finding of medicinally important flavonoids,
tannins, amino acids, steroids, alkaloids, terpenoids, saponin, and phenols.
2.5. Preparation of Ethnomedicine
The 100g nano  powder form of lonidium Suffruticosum  leaves underwent further
corresponding extraction by means of maceration upto 24 hours further distillation about
30 minutes under chamber temperature around 30-32 °C and boiled at water bath at 100° C,
categorized in favour of hot and cold concoction. The prepared extracts were mixed in 90%
ethanol and the resultant ethnomedicine kept near to 4 °C in refrigerator until further laboratory
work.
2.6. Carnage activity against human pathogen
The butchery activity of nanotech assisted ethnomedicine was tested against some human bacterial
pathogens together with Salmonalla Typhi, Staphylococcus aureus, Shigella and Klebsiella
Pneumonia, along with the standard allopathic antibiotics were assessed using Kirby-Bauer well
diffusion assay. For the facilitation of diffusion by prepared ethnomedicine in inoculated medium
of the plates with 6mm diameter wells were encumbered with Img/ml ethnomedicine sideways
with positive and negative controls by means of a micro pipette. The positive rheostat delimited
Img/ml tetracycline while the negative control pure distilled water. All the plates were categorized
and allowed nurturing for 24 hrs at 37 °C. At the end of incubation, the zones of inhibitions were
compared to matching the butchery activity against tested bacterial pathogens were measured in
mm.
2.7. Carnage activity against plant pathogen
The prepared solution form of ethnomedicine application on plant pathogen was conceded out on
home garden rose plants they were 6 months old. The lonidium Suffruticosum nano extract based
ethnomedicine was diluted by means of pure fresh water at a ratio of 100 ml of ethnomedicine in
1 liter. The prepared ethnomedicine spraying was carried out using a Hand-Sack sprayer on the
black spot infected rose plants. It is most prevalent and severe disease, instigated through a fungal
species Diplocarpon Rosae, and it is easily induced black spot on leaves. The preliminary signs
leads to minor black colored spots on upper and lower parts of the leaves, finally the leaves fall
off. In our experiment, spraying was carried out on experimental rose plants infected with black
spot disease, not carried out for control plant. Application was repeated on experimental plants
every 2 days up to 10 trails. The results were observed.
2.8. Statistical analysis
The research outcome data attained from our work has been articulated by mean (+ SD error ).
Data comprises graphs, plotting all are confirmed by means of Version 5.0, Graph Pad Prism
Software (San Diego, CA, USA).
3.Results
The mixer milled leaf powder particles were categorized to fix their morphology in addition to size
through Scanning Electron Microscope (SEM). Each resultant SEM images shape were gotten
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which are shown in Fig. 3 and the shape of the leaf particles from place to place look like a
spherical or spheroid shape. Likewise, the predictable typical particles size were roughly 21 to 32
nm.

Fig 3. SEM image display the trajectories of leaf powder nano particles

The crystallite of the nanosized leaf powder particles using lonidium Suffruticosum leaf extract
was inspected over X rays diffractions (Fig. 4). Determined nanoparticles size of the leaf powder
was premeditated by Scherrer equation: (D =kA/Bcos). The angle of diffraction regarding the
(111) lattice planes respectively. The approximate size of the crystallites (grains) were flinch about
30 nanometre range. The lattice limitations for the leaf powder nanoparticles were stubborn to be
¢=0.4086 nm.
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Fig 4 XRD pattern of nanoparticles present in leaf powder display peaks such

as 111, 200, 220, and 311are confirmative to crystallite points

UV-Vis spectrophotometric study was approved for the prime examination of leaf nanoparticles
. The absorbance of green coloured plant extract solution was investigated for one week. The
absorption spectrum of the nano meter at room temperature showed in Fig. 5 and the spectral
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range was established from 200 nm to 800 nm. The determined peak wavelength was detected at
376 nm, it confirms that the solution form of leaf extract consists of polydisperse nano particles.
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Fig 5. UV-Vis absorption spectra of leaf nanoparticles in aqueous medium
By using  DLS- Dynamic light scattering technique the size of dispersal silhouette of
nano particles present in any solution or suspension can be determined. By the way of our study
the mean nanoparticles size dispersal in suspension(ethnomedicine), exposed that size referring to
ball milled leaf based liquid form nanoparticles assumed the size range around 39 to 44 nm. The
fig. 6, clearly shows, that the leaf nanoparticles suspension had diverse sizes of nanoparticles.
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Fig 6. Dynamic light scattering ((DLS) shows leaf nano particle size in solution
In solution or suspension form particle under going Brownian moment are shown on the X- axis
(red), characteristic examples of a well-fit autocorrelation curve (green).The intensity of light
scattering is taken as a consideration in Y-axis. The nano technology pragmatic preparation of
ethnomedicine shows potent therapeutic effects. It is due to the presence of valuable
phytochemicals in lonidium Suffruticosum.. In phytochemical determination alkaloid (reddish
brown), Tannins (bluish black),flavonoids( yellowish), saponins(foam or froth) and phenol
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derivatives(white precipitate) were identified. The identified phytochemicals exhibited in Table

1 and Fig .7 respectively.

gy
]
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Fig.7- Phytochemical determination (A) Alkaloids(B)Tannins
(C) Flavonoids (D) Saponins and (E) Phenolics

Table 1
Phytochemicals | Methods Observation Results
Alkaloids Wagner’s test Reddish brown Presence of alkaloids
Tannins Ferric chloride test | Blackish blue Presence of tannins
Flavonoids Ammonia test Yellowish Presence of flavonoids
Saponins Foam test Foam formation | Presence of saponins
Phenolics Gelatin test White precipitate | Presence of phenolics

The butchery activity such as anti-microbial consequence of prepared ethnomedicine exibits
constructive result, while equated to tetracycline assayed as standard or control antibiotics . The
Doubled distilled water, used as a negative control did not show the inhibition zone. The inhibition
zone of standard antibiotics tetracycline shows 12 mm diameter(Table 2; Fig 8).The butchery
activities of prepared ethnomedicine lonidium Suffruticosum counter to bacterial pathogenic
strains and resulting inhibition zones were paralleled with antibiotic Tetracycline. The
ethnomedicine shown more active antimicrobial proficiency and butchery activity against,
Staphylococcus aureus, Klebsiella Shigella

comparatively analysed to the standard antibiotics.

Pneumonia, and Salmonalla Typhi when
Table 2

Butchery activity against Human pathogens

Test pathogens | Negative control | Positive Control Ethnomedicine
(solvent only) | (tetracycline)

S.aureus. Nil 18 mm 16mm

K.pnumoniae Nil 14mm 12mm

S.typhi Nil 16mm 14mm

Shigella Nil 21mm 18mm
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Statistical study: Mean frequency of 3 changed evaluates

Fig 8. Butchery activity of ethnomedicine against selected human pathogens. The culture plates
confirms susceptible inhibitory zones. (a) S.aureus, (b) K.pnumoniae , (¢) S.typhi and (d) Shigella
Ethnomedicine spray treatment on black Sopot leaves had a significant impact on the degeneration
of black spots on leaves indicates P value = 0.03. Almost, 99 % leaf black spots disappeared and
normal condition was reimbursed in all infected leaves (Fig 10), when equated to the normal
uninfected plants. The results showing that the ethnomedicine were found to be significant
(P<0.05) in clampdown of black spot development at advanced level.

Fig 9.Liqufied Ethnomedicine
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Fig 10(a). Rosa indica leaves infected by black spot disease (before treatment),
, , _ v

-

Fig 10 (b). Step by step recovery of black spot disease infected leaves into normal condition
after 14 days treatment of ethnomedicine spray

4.Discussion

Nanotechnology partakes noteworthy progress over the usage of assets built on nanomaterials.
Plants have the capability to convert as a nanomaterials, which canister to e changes the
composition and structure [21]. Nanoparticle amalgamation by means of many plant portions for
example leaf, flower, roots, and fruits [22 ]. The conversion of plant materials into nano material
and nano ethnomedicine has develop challenging research extent owing to its immense application
in numerous fields including medicine and disease control. The preparation of ethnomedicine
using nanotechnology synthesis to avoiding poisonous chemicals, eco-friendly, and cost efficiency
engrossed countless researchers on the way to it [23]. Usage of plant portions and its biotic
activities increases the efficacy of nanoparticles. Such plant based nanoparticles advantageous in
medicinal ground due its butchery activity against cancer cells, bacterial cells and also have
antiviral activities. This chattels correspondingly imperative in drug delivery, diagnosis of disease
and as a biomarkers [24].These properties were revealed by the ethnomedicine prepared by us
using nanotechnology. Apart from the methods above-mentioned, we have used another approach
employed to advance the solubility, bioavailability of unwell water-soluble plant material based
drugs is mixer milling. This milling technique useful to reduce size reduction of leaf material mad
about nanonized particles.

High - energy ball milling including our technique so called mixer milling is a component process,
wherever mechanical energy is functional to materially break down rough particles to more atomic
level nano particles. Henceforth, is observed as a “top—down” method in the production of fine
nano particle [25]. As effectively every one drug can be mashed to fine particles irrespective of its
soluble properties in liquid based or non-liquid based solvents[26,27] The acceptable size nano
medicinal particles are created after their liquified molecular status and appropriate solvents/non-
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solvents of the drug necessity to be prepared [28]. Leaf powder nanoparticles appear green in
colour in liquefied medium as a outcome of surface plasmon ambiences[29 ]. Similar vicissitudes
in colour in the same way been detected in previous studies [30 ]. This was signified by expansion
of the peak which showed the development of poly dispersed leaf nanoparticles due to slow
reduction rates carried out by the phytochemical constituents.

The SEM, XRD, and DLS analysis of leaf nanoparticles were seen that particles of dwarf size and
spherical shapes. Similar results were attained in circumstance of different leaf extracts[31].The
phytochemicals such as flavonoid, tannin being act as reducing and capping agents[32]. Neem,
Banana, and Hibiscus extracts formed almost spherical nanoparticles. In this study, the butchery
activity in relation to antimicrobial property shown inhibition zones with all-out antibacterial
activity of the prepared test ethnomedicine sample. Results attained in preceding studies[33], also
sustenance the antibacterial potential of ethnomedicine. The butchery activity against the fungus
of Rosa indica plants obtained wide-ranging meaningfully (p <0.05) with each treatment.

The prepared ethnomedicine were causing butchery activity associated with antibiotic resistance.
The ethnomedicine efficiently inhibited the expansion of all tested bacterial and fungal strains.
The ethnomedicine caused the cell membrane deformation. The membrane devastation is ascribed
to the nano size and the spherical shape of leaf nanoparticles, which existing a larger surface
zone[34]. The nanoparticles have the properties to facilitating better superficial reactions contrary
to target organisms including bacteria and fungi [35].

In the stretch that crude ethnomedicine have coarse big size medicinal particles they cannot
penetrate the pathogens cell matrix, the nano particles cross the bacterial and fungal cell matrix
and express the noticeable butchery activity by destruction of the cell membrane [36]. The same
results were confirmed in the present study, due to the preparation of nanosized ethnomedicine.
5.Conclusion

By using lonidium Suffruticosum plant ethnomedicine was successfully obtained from bio
reduction of leaf biomaterial . The leaf powder nanoparticles have been properly characterized by
means of UV-vis spectroscopy, SEM, XRD and DLS analysis. Results represented the
ethnomedicine unchanging nature and microbial killing property, these ethnomedicine may be
well exploited in industrial and therapeutic purposes. However, plant based ethnomedicine
approval and utilization necessitate more comprehensive research. This study acquaint with
nanotechnology based preparation of ethnomedicine as antibacterial and antifungal agents. The
medicinal features of the ethnomedicine with nano sized bio particles can be used as a potential
forthcoming antibacterial and antifungal therapeutic. Therefore, it is suggested that upcoming
studies proceeding on such ethnomedicine should be protracted to embrace in vivo mockups and
medicine wellbeing researches.

Ethic Approval: Our study procedures have no any ethical issues.

Acknowledgements: We are thankful to all of our Institutional staff members for their constant
encouragement throughout the study.

Funding: Funding for the research, authorship, and/or publication of this article was not received
from any organizations.



Acta Biomed 2025; Vol. 96, N. 1: ISSN: 0392-4203 | eISSN: 2531-6745 125

Conflict of Interest: All Each author declares that he or she has no commercial associations (e.g.
consultancies, stock ownership, equity interest, patent/licensing arrangement etc.) that might pose
a conflict of interest in connection with the submitted article.

Authors’ Contribution:

1 and 2: Experimentation on antibacterial and antifungal activity. 3-5: Phytochemical
identification, analysis and graphical presentation.
6. Writing original draft, ethnomedicine formulation, nanotechnological applications.

Drafted and approved the article in revised version to be published.

References
1.Sher H: Collection and Marketing of High Value Medicinal and Aromatic Plants from
District Swat, Pakistan. Working paper No.011. November 2013. Pakistan Strategy Support
Program and International Food Policy Research Institute- USA; http://pssp.ifpri.info/"
2.Bussmann RW, Sharon D, Vandebroek I, Jones A, Revene Z. Health for sale: the medicinal
plant markets in Trujillo and Chiclayo. Northern Peru J Ethnobiol Ethnomedicine. 2007;3:37.
doi: 10.1186/1746-4269-3-37. [DOI] [PMC free article] [PubMed] [Google Scholar]
3.Abraham, L. (2005). Indian systems of medicine (ISM) and public health care in India. In
L. V. Gangolli, R. Duggal, & A. Shukla (Eds.), Review of health care in India (pp. 187-224).
Centre for Enquiry into Health and Allied Themes (CEHAT).
4.Bhuyan, M. (2015). Comparative study of ethnomedicine among the tribes of North East
India. International Research Journal of Social Sciences, 4(2), 27-32.
5.Gaines, A. D., & Davis-Floyd, R. (2004). Biomedicine. In C. R. Ember & M. Ember
(Eds.), Encyclopedia of medical anthropology: Health and illness in the world’s culture (pp.
95-109). Springer Science and Business Media.
6.Hughes, C. C. (1968). Ethnomedicine. In D. L. Sills (Eds.), International encyclopedia of
the social sciences, (Vol. 10, p. 99). Free Press/Macmillan.
7.Hyma, B., & Ramesh, A. (1994). Traditional medicine: Its extent and potential for
incorporation into modern national health systems. In D. R. Phillips, & Y. Verhasselt
(Eds.), Health and development.
8.Albrecht, M. A.; Evans, C. W.;Raston, C. L.Green chemistry and the health
implications of nanoparticles. Green Chem. 2006, 8, 417—432, DOI: 10.1039/b517131
9.Simonis, F.; Schilthuizen, S. Nanotechnology, Innovation Opportunities for Tomorrow’s
Defence; TNO Science & Industry Future Technology Center: The Netherlands, 2006.
10.Kumar, S. G.; Rao, K. K. Zinc oxide based photocatalysis: tailoring surface-bulk
structure and related interfacial charge carrier dynamics for better environmental
applications. RSC Adv. 2015, 5, 3306— 3351, DOI: 10.1039/C4RA13299H
11.Gutha, Y.; Pathak, J. L.; Zhang, W.; Zhang, Y.;Jiao, X. Antibacterial and wound
healing properties of chitosan/poly (vinyl alcohol)/zinc oxide beads (CS/PVA/ZnO). Int.
J. Biol. Macromol. 2017, 103, 234— 241, DOI: 10.1016/j.ijbiomac.2017.05.020




126

Acta Biomed 2025; Vol. 96, N. 1: ISSN: 0392-4203 | eISSN: 2531-6745

12.Asgarpanah, J.; Kazemivash, N.Phytochemistry and pharmacologic properties
of Myristica fragrans Hoyutt.: A review. Afr. J.
Biotechnol. 2012, 11, 12787— 12793, DOI: 10.5897/AJB12.1043

13.Francis, S. K.; James, B.; Varughese, S.; Nair, M. S. Phytochemical investigation on
Mpyristica  fragrans  stem  bark. Nat.  Prod.  Res. 2019, 33, 1204— 1208, DOI:
10.1080/14786419.2018.1457670

14.Piras, A.; Rosa, A.; Marongiu, B.; Atzeri, A.; Dessi, M. A.; Falconieri, D.; Porcedda,
S. Extraction and separation of volatile and fixed oils from seeds of Myristica fragrans by
supercritical CO2: Chemical composition and cytotoxic activity on Caco-2 cancer cells. J.
Food Sci. 2012, 77, C448— C453, DOI: 10.1111/5.1750-3841.2012.02618.x

15.Jan, H.; Shah, M.; Usman, H.; Khan, A.; Muhammad, Z.; Hano, C.; Abbasi, B.
H. Biogenic Synthesis and Characterization of Antimicrobial and Anti-parasitic Zinc
Oxide (ZnO) Nanoparticles using Aqueous Extracts of the Himalayan Columbine
(Aquilegia pubiflora). Front. Mater. 2020, 7, 249 DOI: 10.3389/fmats.2020.00249
16.Fu, L.; Fu, Z. Plectranthus amboinicus leaf extract—assisted biosynthesis of ZnO
nanoparticles and their photocatalytic activity. Ceram. Int. 2015, 41, 2492— 2496, DOI:
10.1016/j.ceramint.2014.10.069

17.Wang, F.-H.; Chang, C.-L. Effect of substrate temperature on transparent conducting
Al and F co-doped ZnO thin films prepared by rf magnetron sputtering. Appl. Surf.
Sci. 2016, 370, 83— 91, DOI: 10.1016/j.apsusc.2016.02.161

18.Fatimah, L.; Pradita, R. Y.; Nurfalinda, A. Plant extract mediated of ZnO nanoparticles
by using ethanol extract of Mimosa pudicaleaves and coffee powder. Procedia
Eng. 2016, 148, 43— 48, DOI: 10.1016/j.proeng.2016.06.483

19.Rajiv, P.; Rajeshwari, S.; Venckatesh, R. Bio-Fabrication of zinc oxide nanoparticles
using leaf extract of Parthenium hysterophorus L. and its size-dependent antifungal
activity against plant fungal pathogens. Spectrochim. Acta, Part
A2013, 112,384-387, DOI: 10.1016/j.saa.2013.04.072

20.Pillai, A. M.; Sivasankarapillai, V. S.; Rahdar, A.; Joseph, J.; Sadeghfar, F.; Rajesh,
K.; Kyzas, G. Z.Green synthesis and characterization of zinc oxide nanoparticles with
antibacterial and antifungal activity. /. Mol.  Struct. 2020, 1211, 128107 DOL:
10.1016/j.molstruc.2020.128107

21.Modena, M. M.; Riihle, B.; Burg, T. P.; Wuttke, S. Nanoparticle Characterization:
Nanoparticle Characterization: What to Measure?. Adv. Mater. 2019, 31, 1970226 DOI:
10.1002/adma.201970226

22.Vimala, K.; Sundarraj, S.;Paulpandi, M.; Vengatesan, S.; Kannan, S. Green
synthesized doxorubicin loaded zinc oxide nanoparticles regulates the Bax and Bcl-2
expression in breast and colon carcinoma. Process Biochem. 2014, 49, 160— 172, DOI:
10.1016/j.procbio.2013.10.007

23.Lynch, 1.; Dawson, K. A. Protein-nanoparticle interactions. Nano
Today 2008, 3, 40— 47, DOI: 10.1016/S1748-0132(08)70014-8



Acta Biomed 2025; Vol. 96, N. 1: ISSN: 0392-4203 | eISSN: 2531-6745 127

24 Romero, C. D.;Chopin, S. F.;Buck, G.;Martinez, E.;Garcia, M.; Bixby,
L. Antibacterial properties of common herbal remedies of the southwest.J.
Ethnopharmacol. 2005, 99, 253— 257, DOI: 10.1016/j.jep.2005.02.028
25.Thiruvengadam, M.; Chung, I.-M.; Gomathi, T.; Ansari, M. A.; Khanna, V. G.; Babu,
V.; Rajakumar, G. Synthesis, characterization and pharmacological potential of green
synthesized copper nanoparticles. Bioprocess Biosyst. Eng. 2019, 42, 1769— 1777, DOI:
10.1007/s00449-019-02173-y
26..Savina T., Lisun V., Feduraev P., Skrypnik L. Variation in phenolic compounds,
antioxidant and antibacterial activities of extracts from different plant organs of meadowsweet
(Filipendula ulmaria (L)) Maxim.) Molecules. 2023;28:3512. doi:
10.3390/molecules28083512.
27..Liu J., Nagapudi K., Chiang P.-C. Evaluating Utilization of Tiny-TIM to Assess the Effect
of Food on the Absorptions of Oral Drugs and Its Application on Biopharmaceutical Modeling.
J. Pharm. Sci. 2024;113:1586-1596. doi: 10.1016/j.xphs.2024.01.009.
28..Samuel M.S., Ravikumar M., John J.A., Selvarajan E., Patel H., Chander P.S., Soundarya
J., Vuppala S., Balaji R., Chandrasekar N. A review on green synthesis of nanoparticles and
their diverse biomedical and environmental applications. Catalysts. 2022;12:459. doi:
10.3390/catal 12050459.
29..Kisimba K., Krishnan A., Faya M., Byanga K., Kasumbwe K., Vijayakumar K., Prasad R.
Synthesis of metallic nanoparticles based on green chemistry and their medical biochemical
applications: Synthesis of metallic nanoparticles. J. Renew. Mater. 2023;11:2575-2591. doi:
10.32604/jrm.2023.026159.
30.Thirugnanasambandan T., Gopinath S.C.B. Nanoparticles from plant-based materials: A
promising value-added green synthesis for antidiabetic. Biomass Convers. Biorefin. 2022 doi:
10.1007/s13399-022-03632-5.
31.Verma R., Pathak S., Srivastava A.K., Prawer S., Tomljenovic-Hanic S. ZnO
nanomaterials: Green synthesis, toxicity evaluation and new insights in biomedical
applications. J. Alloys Compd. 2021;876:160175. doi: 10.1016/j.jallcom.2021.160175.
32.Heidari G., Hassanpour M., Nejaddehbashi F., Sarfjoo M.R., Yousefiasl S., Sharifi E.,
Bigham A., Agarwal T., Borzacchiello A., Lagreca E. Biosynthesized nanomaterials with
antioxidant and antimicrobial properties. Mater. Chem. Horiz. 2022;1:35-48.
33.Kiani Z., Aramjoo H., Mohammadparast P., Bahraini F., Yousefinia A., Nguyen P.U.,
Fattahi M., Mortazavi-Derazkola S. Green synthesis of LAE@ ZnO/Ag nanoparticles:
Unlocking the multifaceted potential for biomedical and environmental applications. J.
Environ. Chem. Eng. 2023;11:111045. doi: 10.1016/j.jece.2023.111045.
34 Barathikannan K., Chelliah R., Selvakumar V., Elahi F., Rubab M., Sanyal S., Yeon S.-J.,
Oh D.-H. Secondary Metabolites Based Green Synthesis of Nanomaterials and Their
Applications. Springer; Berlin/Heidelberg, Germany: 2023. Plant-based metabolites and their
uses in nanomaterials synthesis: An overview; pp. 1-22.



128 Acta Biomed 2025; Vol. 96, N. 1: ISSN: 0392-4203 | eISSN: 2531-6745

35..Ahmad N., Ali S., Abbas M., Fazal H., Saqib S., Ali A., Ullah Z., Zaman S., Sawati L.,
Zada A. Antimicrobial efficacy of Mentha piperata-derived biogenic zinc oxide nanoparticles
against UTI-resistant pathogens. Sci. Rep. 2023;13:14972. doi: 10.1038/541598-023-41502-w
36.Pei J.,, Yan Y., Jayaraman S., Rajagopal P., Natarajan P.M., Umapathy V.R., Gopathy S.,
Roy J.R., Sadagopan J.C., Thalamati D. A review on advancements in the application of starch-
based nanomaterials in biomedicine: Precision drug delivery and cancer therapy. Int. J. Biol.
Macromol. 2024;265:130746. doi: 10.1016/j.ijjbiomac.2024.130746.



