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Abstract

Fumaria indica (Hausskn.) Pugsley is a well-known medicinal herb in the Hindukush region of Pakistan. A comprehensive review
of ethnomedicinal studies was conducted to document the traditional uses of F. indica for further biological screening, synthesis of
nanoparticles and its efficacy against plant pathogenic bacteria. Silver nanoparticles (AgNPs) were synthesized via an ecofriendly green
route using plant extract as reducing agent. AgNPs were characterized and confirmed through fourier-transform infrared spectroscopy
(FTIR), transmission electron microscopy (TEM), scanning electron microscopy (SEM), energy-dispersive X-ray spectroscopy (EDX),
and X-ray diffraction (XRD). Results revealed spherical-shaped AgNPs ranging from 20 to 60 nm in size, with crystalline properties
and surface functional groups facilitating stability and interactions of the particles. The aqueous leaf extract of F. indica exhibited
marked antioxidant activity in the DPPH free radical scavenging assay, demonstrating a concentration-dependent response. Radical
scavenging activity increased progressively from 41.81% at 62.5 pg/mL to 82.87% at 1000 ng/mL, while the standard ascorbic acid
showed 97.62% inhibition. GC-MS analysis revealed chemically diverse composition of nitrogen-containing heterocyclic compounds,
oxygenated constituents, aromatic derivatives, fatty acid esters, macrocyclic lactones, nucleoside analogues, and long-chain aliphatic
constituents. The identified constituents included 2-cyclohexylpiperidine, octanal, minocycline, flufenoxuron, 1 H-pyrrole, 2,3-dihydro-
I-methyl, adenosine, 5'-amino-5'-deoxy, piperidine, celecoxib, procyclidine, dicyclomine, octadecanoic acid octadecyl ester, and
numerous additional aromatic and aliphatic constituents. The antibacterial efficacy of both AgNPs and plant-extract-coated AgNPs
(AgNPs-PE) was evaluated against Pseudomonas syringae, Erwinia carotovora and Ralstonia solanacearum causing bacterial diseases
in tomato. Microtiter plate assays demonstrated significant growth inhibition of the experimental phytopathogenic bacteria by AgNPs
and AgNPs-PE, indicating their potential as effective antimicrobial agent. These findings will help in understanding of plant disease
control using AgNPs and contribute to the production of novel control agents against phytopathogens with reduced side effects
compared to chemical pesticides.
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Introduction

Medicinal flora has long been a source of healthcare
practices across cultures, offering remedies deeply rooted
in local traditions and ecological knowledge (Lulekal et al.,
2008). In the past few decades, research on traditional uses
of medicinal plants has been summarized by many
researchers such as (Salmeron-Manzano et al., 2020).
Additionally, different authors have explored the
ethnobotanical aspects of the Hindukush-Himalayas
mountains, including (Alam et al., 2011; Sher et al., 2016;
Rahman et al., 2016; Ashfaq et al., 2019; Khan et al.,
2023). All these studies have focused on documentation
and exploration of traditional uses of medicinal plants,
highlighting the need to transfer this knowledge from the
field to industry and the commercial sector (Rahman et al.,
2022) including formation of ecofriendly nanoparticles.
The pharmaceutical industry has increasingly recognized
traditional medicine as a valuable source for identifying
bioactive agents used in synthetic medicine. However, it is
essential to test the most commonly used species (Fabricant
& Farnsworth, 2001; Heinrich & Bremner, 2006).
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Over time, conventional methods, such as synthetic
chemicals and pesticides, have shown limited effectiveness,
posing environmental issues and health risks (Arora ef al.,
2022). Resistant cultivars are challenged by climatic
changes and pathogen mutations, while phytoextracts act
slowly, potentially causing economic loss (Mazhar et al.,
2021). Therefore, an urgent need exists for an alternative,
efficient, safe, and effective approach against such harmful
pathogens and plant diseases. Among the different
pathogens Pseudomonas syringae pv. tomato, causing
Bacterial speck disease, is a common and damaging disease
affecting tomato plants (Zhao et al., 2003). This disease can
significantly impact both the quality and yield of tomato
crops. Initially small dark spots appear on the leaves, which
later become necrotic with yellow halos around them. On the
same way small, black specks develop on the fruit, often
surrounded by a slightly sunken area. Dark lesions can also
form on stems and petioles (Fig. 1).

Nanotechnology has revolutionized plant disease
management, with green-synthesized nanomaterials
proving highly effective, eco-friendly, and successful
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antibacterial agents to combat plant diseases
(Muthuramalingam et al., 2024; Khan, 2023). Secondary
metabolites from medicinal and wild plants, known for
their antimicrobial properties, exhibit high efficiency
against diverse plant pathogens. Nanomaterial applications
as nano-foods, nano-fertilizers, and nano-pesticides have
been explored in various agricultural studies (Khan, 2023).
Specific nanoparticles have been employed against tomato
pathogens, including silver nanoparticles against various
diseases (Narware et al., 2024). Therefore, the current
study was designed to synthesize silver nanoparticles from
leaf extracts of F. indica and explore its application disease
management, based on traditional medicinal importance.

The genus Fumaria comprises 46 known species
worldwide, found across Asia, Europe, and Africa.
Specifically, F. indica is found in parts of India, Pakistan,
Afghanistan, and Central Asia. Belonging to the family
Fumariaceae, F. indica is an annual herb commonly found as
a weed throughout the plains of India and Pakistan (Gupta &
Rao, 2012). Locally known as fumitory or papra, this species
holds significant importance in traditional medicine, with a
history tracing back to Ayurvedic and Unani medicinal
practices. The current study was aimed to explore the
traditional uses of F. indica in the Malakand Division of
Pakistan's Hindukush Mountain ranges, for onward
evaluating its phytochemicals and silver nanoparticles against
phytopathogens. The DPPH (2,2-diphenyl-1-picrylhydrazyl)
assay is one of the most widely used methods for evaluating
antioxidant activity due to its simplicity, rapidity, and
reliability in measuring the free radical scavenging capacity of
plant-derived bioactive compounds (Alam ef al., 2019).

This study was designed with the objectives to explore
the traditional ethnobotanical uses of F. indica, evaluate its
phytochemical constituents, synthesize silver nanoparticles
from the plant extract via green route, and to test the
efficacy of the synthesized nanoparticles against
phytopathogenic bacteria.

Materials and Methods

Study area: The study was conducted in Malakand
Division of Pakistan Hindukush mountain ranges in the
year 2021-2023. This region has rich biodiversity,
diverse cultures and indigenous communities residing in
lush green valleys (Fig. 2). Historically the study area
was a significant center of Hinduism and Buddhism, but
now almost exclusively populated by ethnic Pashtun
however the Gujjars, Dalakzak, Kashmiri, Kohistani and
Sheikh are also found in minority, sharing strong socio-
economic and cultural ties. This region hosted ancient
monasteries, important trade networks, and travelers
between Central and South Asia (Codrington et al.,
2017). The study area has numerous high snow-capped
peaks, with Tirich-Mir (7,708 m) being the highest point
of Pakistan Hindukush Mountain ranges (Rafiq et al.,
2020). The climate of the region is montane type with
pleasant summer and cold winters. The lower parts of
the study area have subtropical and scrub vegetation
while the upper elevations are inhabited by temperate
forests and alpine plans. These forests are home to
unique biodiversity and fragile alpine ecosystems which
critical for maintaining ecological balance in Pakistan,
especially for sustainable water use (Ahmad et al.,
2020). This area serves as a refuge for many endemic
species like Himalayan Ibex, Markhor, Himalayan
brown bear, and vulnerable species including common
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pochard and snow leopard (Aslam et al., 2022). Most of
the rainfall in the area occur from January to March. The
monsoon is short but severe and about 50 rainfalls in this
season during July-August (Guo-Yu & Bhakta, 2017).

Methodology

Morphological studies: Morphological Studies were
carried out in Plant Taxonomy and Systematics Lab, at the
Department of Botany, University of Swat, with the help
of available resources like magnifying glass, stereo
microscope, ruler, dissecting kit, camera, notebook, pens
and reference flora (Ali ef al., 2024).

Plant collection and documentation of traditional
therapeutic uses: Extensive field visits were carried out
during flowering season from March to August in the year
2021-2023, in different villages of District Buner, Swat,
Shangla, Malakand, Dir lower and Dir upper. Ethnobotanical
information was obtained form 54 key informants including
herdsmen, farmers, local healers, and school teachers. Most of
the informants were male and aged between 19-75 years, for
the interview of women, indirect method was used as women
were constrained from talking and interaction with strangers.
Ethnobotanical data was gathered using semi structured
interviews and detailed questionnaires (Lulekal ez al., 2008), as
well as walk through the wood methods. After recording
sociodemographic information from the respondents, they
were asked in detail about habitat, collection methods, parts
used, availability, harvesting, storage, processing and
utilization of F. indica. Informants were interviewed in Pashto
language by the first author. Individual questionnaire was filled
from local Gujjars, farmers, plant collectors, traders and local
healers, who were the actual users and have a lot of indigenous
knowledge about the plants and their traditional uses.

Statistical analysis

In order to determine the most suitable treatment of F.
indica for various ailments, a Multi-Criteria Decision
Analysis approach was used (Hamidah et al., 2022). This
model takes into account several important factors to
evaluate each treatment option. In the current study we have
considered the following factors for Multi-Criteria Decision
approach, i-e Efficacy (E): How effective the plant is in
treating a specific ailment, Safety (S): The safety profile or
side effects associated with the treatment, Prevalence of Use
(P): How commonly the plant is used for this ailment by
informants, Cultural Acceptance (C): The traditional and
cultural acceptance of using the plant for this treatment,
Availability of Alternatives (A): The availability of other
effective treatments for the ailment. Economic Impact (V):
The cost-effectiveness of using the plant for this particular
treatment. Based on these factors composite suitability score
Ti for each treatment i by combining these factors was
calculated with the given equation:

Ti = aEi + BSi + yPi + 5Ci — cdi + (Vi

where, 77 was the Ssuitability score of treatment i for F.
indica. Ei was efficacy of treatment i.

Si was Safety of treatment i. Pi was Prevalence of use for
treatment i. Ci was Cultural acceptance of treatment i. Ai
was Availability of alternatives for treatment i. Vi was
Economic impact of treatment i. and «, B, v, J, €, { were
the weightage score of each factor based on the its
importance (Ersen, 2024).
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Fig. 2. Map of the study area (Malakand Division, Pakistan).

Biological evaluation and nanoparticles synthesis

Preparation of plant extract: Fresh F. indica plants were
gathered from the high altitude moist temperate forest of
District Swat, Pakistan. After washing the leaves, they were
air-dried at room temperature and subsequently ground into
a fine powder with the help of a mortar and pestle. To
prepare the extract, about 50 g of leaf powder were mixed
with 300 milliliters of distilled water in a 500 milliliter
Erlenmeyer flask. The mixture was then incubated at 28°C
for 24 h. After incubation, the solution was filtered using
Whatman filter paper (grade 1, pore size 11 micrometers) to
obtain a clear liquid. This liquid was subsequently
evaporated to yield the crude extract (Arif et al., 2022).

Biosynthesis of silver nanoparticles: In the process of
synthesizing silver nanoparticles, we carefully mixed 1.25
milligrams per milliliter (mg/mL) of plant extract with 4
millimolar (mM) silver nitrate at different ratios, ranging from
1:9 to 9:1. A well-established method was followed for this
process (Zulfiqar et al., 2024: Arif et al., 2022). After mixing,
the solution was exposed to sunlight for 15 minutes to see if

there were any color changes. Then, we let them sit for an
additional 24 h. The solution was analyzed by using special
instruments to find the one with the right optical characteristics.
Once we found the right solution, the silver nanoparticles were
separated by spinning the solutions fast in a centrifuge at
14,000 revolutions per minute (rpm) for 15 minutes. This
separated the nanoparticles from the rest of the solution. The
leftover liquid was removed and the settled nanoparticles were
dissolved in deionized water. This repeated process was
repeated for three times to make sure the nanoparticles were
pure. After the final round, we removed the supernatants and
left the tubes containing the silver nanoparticle pellets open for
24 h at room temperature to let them dry out. Once they were
dried, we used different techniques to study the nanoparticles
in detail. Finally, to make plant-extract-coated silver
nanoparticles (AgNPs-PE), we dipped the dried nanoparticles
back into a solution containing 1.25 mg/mL of plant extract and
let them dry in the air.

Characterization of silver nanoparticles: Characterization
of silver nanoparticles provide a comprehensive overview of
their properties and potential applications (Tunc, 2024). The



biosynthesized silver nanoparticles were thoroughly
examined by the use of Multiskan TM Sky Microplate
Spectrophotometer (MANO0018930) to study the silver
nanoparticles using UV-visible spectroscopy. This helped us
see special peaks related to silver between 300 to 600
nanometers. A Thermo-Nicolet 6700 FTIR Spectrometer
from Madison, WI, USA, for Fourier-transform infrared
(FTIR) spectroscopy. This machine analyzed the
nanoparticles' functional groups to see how they formed.
JEOL JEM-101 system was used for transmission electron
microscopy (TEM) to take detailed pictures of the
nanoparticles, showing their size and shape and selected area
electron diffraction (SAED) was followed to understand
their crystal structure. For elemental composition analysis, a
scanning electron microscope (SEM) JSM5910 was used,
equipped with an energy-dispersive X-ray (EDX) system
made by JEOL, Japan. This helped us find out what elements
were present in the nanoparticles. Lastly, we used JDX-
3432, JEOL made in Japan, for X-ray diffraction (XRD)
pattern analysis of the nanoparticles. Debye-Scherrer
equation was used to figure out the average size of the
crystals in the nanoparticles.

DPPH free radicles scavenging activity: The antioxidant
activity via DPPH free radicles scavenging activity of F.
indica leaf extract was determined using the standard
protocol of Oyawaluja et al., (2024). An amount of 10 mg
of dried powder was taken in 4 ml of methanol and then 0.5
ml of methanol solution of DPPH (Fig. 3a). The solution
was thoroughly mixed for 15 seconds, through vortex and
left still, for 30 minutes. The absorbance gave red color at
517 nm on spectrometer. Using the following formula, the
radical scavenging activity was calculated as the
percentage of DPPH discoloration:

Absorbance of control — Absorbance of sample
Absorbance of control

% Inhibition = x 100
GC-MS analysis of the leaf extract: The leaf extract of F.
indica was subjected to GS-MS analysis following the
methodoly reported in Ahmad et al., (2024). Briefly,
powdered leaf (30 g) was added to about 250 mL methanol
in shaking incubator followed by filtration after 24 h. This
was followed by further shaking and filtration after the
addition of about 60 mL methanol with the extract. The
filtrate / extract was then analyzed using GC-MS (Thermo
Scientific-DSQ instrument).

Antibacterial assessment: The growth inhibition potential
of green synthesized silver nanoparticles of Fumaria plant
extract (PE) alone and combination of both (PE+AgNPs)
was investigated against bacterial strains including
Pseudomonas syringae, Erwinia carotovora and Ralstonia
solanacearum (Hossain, 2024; Soheili et al., 2023). This
was accomplished in an /n vitro environment by employing
microplate assay (96-welled) through variable dilutions
viz. (15.62, 31.25, 62.5, 125, 250, 500, 1000 pg / mL and
control (water). Bacterial strains were acquired from Crop
Disease Research Institute (CRI) at National Agriculture
Research Centre (NARC) Islamabad. Micro plate with 96
wells were used in the experiment. The bacterial colonies
were produced on nutrient agar, by keeping them in the
incubator for 36 h, and then transferred them to a liquid
food called nutrient broth and left them overnight in a
shaker for determining their respective growth inhibition.
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Results

Prior to commencing of fieldwork for the exploration of
traditional uses of F. indica, the taxonomic diagnostic features
of the collected plant speciemens were thoroughly studied
under stereomicroscope and consulting flora of Pakistan.

Morphological description of the plant: Fumaria indica is
a small, delicate, branched herb, 5-25 cm high, featuring a
glaucous, glabrous appearance (Fig. 3b). The leaves are 3-10
cm long and 2-5 cm broad, are long-stalked to subsessile and
intricately divided into 2-3-pinnatisect or decompound
segments, with 3-5 pairs of lateral pinnae and a terminal one.
The pinnae are long-petioluled to subsessile, 1-3 cm long and
0.5-2 cm broad, often ternately lobed with deeply and finely
lobuled segments up to 5 mm long and 1 mm broad, flat to
slightly channelled. The racemes are shortly peduncled to
subsessile, leaf-opposed, with 6-12 flowers, and measure 10-
20 mm long, with linear, submembranous, whitish bracts as
long as or slightly longer than the pedicels. The pedicels are
erect, 1.5-2 mm long, with a median ridge and slightly
expanded margins, broader below the fruit or at its apex. The
flowers, usually white or pale pinkish, are 5-6 mm long, with
minute sepals less than 1 mm long and 0.5 mm broad,
sometimes obsolete, laciniate-dentate, and whitish. The upper
petal features a very short suborbicular spur, about 1.5 mm
long, and the fruit is approximately 2 mm in diameter,
suborbicular, with a usually rounded apex when mature,
slightly keeled margins, and somewhat rugose when dried,
containing one seed. The seeds are 1-1.5 mm in diameter and
brownish. The leaf lamina has a single-layered epidermis on
both sides, with thin-walled, rectangular to oval
parenchymatous cells, while the mesophyll consists of thin-
walled, oval to polygonal parenchymatous cells with scattered
vascular bundles and anomocytic stomata on both surfaces.
The stem is quadrangular to pentagonal, with a single-layered
epidermis covered with a cuticle, and the cortex is divided into
two regions, lacking an endodermis. Closed and bicollateral
vascular bundles, either single or in pairs, are arranged at the
ridges, each capped with sclerenchyma. In the root, the
epidermis may be obliterated or crushed, with a cortex of thin-
walled, irregularly shaped parenchymatous cells, and an
indistinct endodermis. The secondary phloem is well-
developed, consisting of sieve tubes, companion cells, and
phloem parenchyma.

Traditional therapeutic uses: Fumaria indica was widely
used for the treatment of various ailments, which are
briefly describes as follows.

Anti-ulcer properties: F. indica was used to cure stomach
problems by the local populations, like its role as digestive and
carminative, to treat stomach ulcer and gas troubles. F. indica
has been used to treat ulcers due to its potential to reduce
gastric acidity and protect the stomach lining. The dried
powdered of the whole plant were taken before breakfast, was
consider as cholagogue to cure stomach problems. The plant
may contain alkaloids and other compounds that may help in
reducing ulcer formation and promoting healing.

Gastric benefits: F. indica was known for its positive
effects on the digestive system. It can help alleviate various
gastric issues such as indigestion, bloating, and gas. The
shoot of plants in dried form is used to prepare herbal tea
for relive abdominal pain The active compounds in F.
indica may stimulate the secretion of digestive enzymes,
aiding in better digestion.
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Fig. 1. Bacterial speck disease on tomato fruit and foliage, caused
by Pseudomonas syringae pv. tomato.

Fig. 3a. (A) Plant material; (B) Plant Extract + Methanol + DPPH
(C) Triplet samples of extract; (D) Samples of AgNPs + Plant
extract, Plant extract and AgNPs.

Fig. 3b. F. indica a small, delicate, branched herb with pinkish
flowers.

Appetizer: F. indica was widely used to stimulate appetite.
Some of the respondents reported the use of green twigs as
appetizer. Green twigs of the plant were taken orally and
were considered as appetizer and to relive gastrointestinal
disorder. It was also beneficial for individuals experiencing
loss of appetite due to illness or other conditions. The
plant's properties were helpfull in enhancein the taste and
to increase the desire to eat.

Laxative: F. indica was reported to have mild laxative
properties, which can help relieve constipation. It was
considered beneficial in promoting bowel movements and
maintaining regularity, making it useful for those with
digestive issues related to infrequent bowel movements.

Carminative: F. indica was considered as carminative,
according to the perception it helps in reducing the
formation of gas in the gastrointestinal tract. This property
was considered beneficial in alleviating symptoms of
bloating, gas, and discomfort associated with indigestion.
As per locals, it facilitates the expulsion of gas and helps
in soothing the digestive tract.

Anti-colic: F. indica was used to relive colic, particularly
in infants and children. According to the local perception
colic involves severe cases, often fluctuating pain in the
abdomen caused by intestinal gas or obstruction. F. indica
anti-colic properties were considered helpful in soothing
the intestinal muscles and reducing the pain and
discomfort associated with colic. A cold syrup of the plant
was used to cure constipation and dyspepsia in children.
F. indica leaves extract were mixed with Cassia fistula
fruit and a decoction has been prepared for the treatment
colic pain in children up to 5 years ages and infants. It
was reported that the frequency, length of crying and the
occurrence of waking up due to colic pain decrease with
this formulation.

Antipyretic, antiperiodic and febrifuge: The local
herbalist was recommended F. indica for treatment of
fevers. As per local herbalist, it was useful in treating
conditions associated with elevated body temperatures,
providing relief from fever symptoms. Dried plant was
cursed in to powdered and was taken orally with a glass of
water as antipyretic and febrifuge to treat fever. F. indica
alone or combined with Tinospra cardifolia, Emblica
officinalis or Zingiber officinale were used for the
treatment of fever. F. indica was used to prevent the
recurrence of diseases such as malaria and other periodic
fevers. As per local’s sources, it was helped in breaking the
cycle of fever and chills that characterize such diseases.

Antiemetic: F. indica was consider helpful in preventing
nausea and vomiting. It was used due to its beneficial
effect for individuals suffering from these symptoms due
to wvarious conditions, including motion sickness,
gastrointestinal disturbances, and during pregnancy.



Blood purifier: F. indica was used for blood-purifying
properties. It was considered helpful in detoxifying the
blood, removing toxins and impurities. This detoxification
process was considered beneficial for overall health and
was thought to prevent various ailments associated with
impure blood.

Liver disorders: This plant was reported effective in
treating liver disorders. It was considered to supports liver
function by promoting bile secretion and improving
digestion. F. indica was reported to be helpful in conditions
such as jaundice, hepatitis, and general liver dysfunction,
aiding in the regeneration and repair of liver tissues.

Cure for skin disorders: F. indica was used to treat various
skin disorders due to its detoxifying and anti-inflammatory
properties. As per local perception, the plant was useful in
conditions such as psoriasis, acne, syphilis, skin allergies and
eruptions caused by fungi and bacteria. It was thought that by
purifying the blood and improving liver function, it addresses
the root causes of many skin issues, leading to clearer and
healthier skin. It was also applied externally in leucoderma
and as a fomentation for swollen joints.

Urinary disorders: F. indica was consider beneficial in
treatment of various urinary disorders. According to locals,
it helps in conditions such as urinary tract infections
(UTlIs), difficulty in urination, and inflammation of the
urinary tract. As per their view, plant’s diuretic properties
promote the production and flow of urine, which helps in
flushing out toxins and bacteria from the urinary system.
The dried leaves were crushed in to powder and were taken
orally with glass of wated to treat urinary tract infections.

Removal of kidney stones: F. indica was used for the
removal of kidney stones. According to local sources the
plant’s diuretic and anti-inflammatory properties facilitate the
breakdown and expulsion of kidney stones. It was considered
helpful in reducing the pain and discomfort associated with
kidney stones and prevents the formation of new stones by
promoting proper urine flow and reducing the concentration
of stone-forming substances in the urine. The dried leaves
were crushed in to powder and were taken orally with glass of
wated to relive kidney pain and remove kidney stones.

Anodyne: F. indica, was believed to have anodyne effects,
and can help to alleviate various types of pain, including
muscle pain, and joint pain. A syrup was been prepared of
fresh leaves extracts and mixed with honey, and was taken
orally to cure aches and pains in the body.

Anti-Jaundice: The aerial parts of . indica were infused in
water to create a medicinal preparation. This infusion was
taken to cure jaundice. According to local beliefs, plant’s
properties support liver function, helping to clear bilirubin
from the blood more efficiently, which can reduce jaundice
symptoms. In some traditional treatment’s, F. indica was
used in combination with the dried powder of root bark of
Berberis lyceum. This remedy was particularly used for the
treatment of prolonged jaundice. Berberis lyceum, known
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for its hepatoprotective and anti-inflammatory properties,
complements the effects of F. indica, was believed to have
efficacy in treating liver disorders. A decoction of dried arial
parts of F. indica and Berberis lyceum root bark was
prepared by boiling them in water. This decoction was then
kept in a cold place before consumption. The cooling
process might help in preserving the active compounds and
enhancing the therapeutic effects.

Antidiabetic: An herbal mixture of Tylophora hirsuta
leaves Trigonella foenum-graceum seeds and aerial parts
of F. indica was prepared locally to control sugar level in
the body. This mixture was popular for its significant effect
in reducing blood glucose levels in diabetics. It was
considered that this mixture was enhancing overall
metabolism and support liver function, which was crucial
in regulating glucose levels.

Local vegetables “sag”: F. indica, combined with
Medicago polymorpha, Rumex dentatus, and Trifolium
repens, was used to prepare a nutritious and delicious local
vegetable dish known as "sag." To make this dish, the
aerial parts of these plants were boiled in water, mixing a
desirable amount of salt only. This dish was to be served
hot or even cold with bread or boiled rice, providing a meal
rich in carbohydrates, minerals, and antioxidants. The
plants used in this sag were consider to have numerous
health benefits, including detoxifying properties, improved
digestion, and enhanced liver health. This traditional
preparation was not only the source of cheap food but was
also important source of cultural and symbolic food.

Statistical analysis

Following are the scores for each ailment based on
Multi-Criteria Decision Analysis approach. Detail
breakdown for each of the 17 traditional uses of F. indica
are described as follows

Anti-ulcer Properties =0.8+0.9+0.7+0.8—0.6+0.7=3.3.

Gastric Benefits=0.7+0.8+0.6+0.9-0.5+0.8=3.3.

Appetizer =0.6+0.7+0.5+0.8—0.4+0.9=3.1.
Laxative=0.5+0.9+0.3+0.7-0.6+0.6=2.4.
Carminative=0.8+0.8+0.4+0.9—0.7+0.7=2.9.
Anti-colic=0.7+0.9+0.4+0.9—0.7+0.8=3.0.

Antipyretic, antiperiodic and febrifuge=0.8 + 0.9+0.9+0.8-0.5+0.6=3.5
Antiemetic=0.5+0.8+0.3+0.7-0.6+0.6=2.3.

Blood Purifier=0.6+0.8+0.5+0.9—0.5+0.7=3.0.

Liver Disorders=0.7+0.8+0.5+0.9-0.6+0.8=3.1

Cure for Skin Disorders=0.6+0.8+0.4+0.9-0.7+0.7=2.7.

Urinary Disorders=0.6+0.9+0.4+0.8—0.6+0.7=2.8.

Removal of Kidney Stones=0.7+0.8+0.4+0.8—0.7+0.7=2.7.
Anodyne=0.5+0.7+0.3+0.7-0.6+0.6=2.2.
Anti-Jaundice=0.6+0.8+0.5+0.8—0.6+0.7=2.8.

Antidiabetic and to Control sugar level=0.7+0.8+0.4+0.9—-0.7+0.8=2.9.
Local vegetables "sag"=0.4+0.8+0.3+0.7-0.7+0.6=2.1.

Results indicate (Fig. 4) that the most popular usus of
F. indica were antipyretic, antiperiodic and febrifuge
followed by anti-ulcer, anti-gastric and its beneficial
impacts in liver disorders.
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Individual Score of Each Ailment Based on Multi Criteria

Decision Analysis
Local vegetables "sag"
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33

33

Gastric Benefits

Anti-ulcer Properties

Fig. 4. Overall suitability of F. indica for specific use based on
the recorded data.

Formation of silver nano particles: Upon adding the
plant extract and silver nitrate in various concentrations,
the reaction mixtures exhibited a dark brown coloration
upon exposure to direct sunlight. This is a typical indicator
of silver nanoparticle synthesis in aqueous form (Fig. 5).

FTIR analysis: Through FTIR analysis, the major
functional groups crucial for the synthesis and stabilization
of Ag NPs were identified (Fig. 6). The FTIR spectra
results exhibit a prominent peak at 2836.76 cm—1,
indicating medium C-H stretching of the aldehyde group
present in the F. indica leaf extract, suggesting the
presence of proteins in the green-synthesized Ag NPs.
Another strong peak was observed at 2349 cm—1,
representing the stretching of O=C=0 of carbon dioxide.
Additionally, a strong and broad peak at 2874.00 cm—1
corresponds to N-H stretching of amine salts. Furthermore,
a deep and robust peak at 1119.67 indicates the presence of
groups responsible for nanoparticle synthesis, while a
strong C-H bending is observed at peak 869.95. The strong
C-I stretching is depicted at peaks 618.42, 671.49, and
570.41. These peaks signify the presence of organic
compounds from the leaf extract, which play vital roles in
the reduction and stabilization of Ag nanoparticles.
Additionally, bioactive functional groups such as phenols
adhere from the aqueous leaf extracts to nanoparticles,
enhancing their antimicrobial potential.

XRD analysis: The XRD pattern of Ag NPs reveals four
distinct peaks, affirming their crystalline nature. The x-axis
represents 20 values, while the y-axis indicates intensities.
The crystalline range of AgNPs spans from 10 degrees to
90 degrees at a 20 diffraction angle. Notably, there are four
diffraction peaks observed at approximately 38°, 45°, 65°,
and 75° corresponding to the planes of 111, 200, 220, and
311, respectively (Fig. 7). The nanoparticle size was
determined to be approximately 30 nm. The presence of
sharp peaks unequivocally indicates the formation of Ag
NPs within the leaf extract of F. indica. The purity of the
synthesized AgNPs was confirmed as no other significant
peaks were detected in the analysis.

SEM analysis: SEM analysis provided insights about
detailed surface morphology and particle size. It's
noteworthy that previous research has also underscored
SEM and XRD as pivotal techniques for nanoparticle
characterization. Specifically, SEM examination revealed
particles with a rounded shape and a size range of
approximately 30 nm. Similarly, the XRD analysis,
depicted in Figure 7, allowed for the measurement of the
particle size range. In the current study the majority of
particles exhibited a spherical or rounded shape, with only
a few irregular cases observed (Fig. 8).

Fig. 5. Showing change of coloration due to AgNPs formation.
Flask (1) contain F. indica leaf extracts. Flask (2) contains mix
extracts of AgNos and F. indica extracts. Flask (3) indicate
formation of AgNPs
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Fig 6. FTIR analysis showing major functional groups of F.
Indica Silver nanoparticles.
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Fig. 7. Ag NPs revealing crystalline nature at four distinct peaks
through XRD analysis.
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Fig. 8. Scanning electron micrographs depicting shape of silver nanoparticles (AgNPs).

EDX spectra: The elemental composition of the
nanoparticles was assessed using EDX Spectra (Fig. 9).
The presence of a peak corresponding to silver (Ag) in the
leaf extracts of F. indica indicated the formation of silver
nanoparticles in the EDX spectra. This study validated the
presence of silver (Ag) in the leaf extracts of F. indica,
along with other phytochemicals that serve as capping and
stabilizing agents for the synthesized AgNPs.

TEM Analysis: Transmission Electron Microscopy
(TEM) images revealed that the green-synthesized silver

nanoparticles exhibited aggregation of spherical particles,
although these particles were not directly in contact with
each other. The nanoparticles ranged in size from 11 to 63
nm, with an average size of 30 nm (Fig. 10).

DPPH free radicles scavenging activity: Different
concentrations of methanolic extracts of F. indica were used
to check out the DPPH antioxidant activity. A standard
ascorbic acid was used to explore the comparative DPPH
antioxidant assay. The results revealed maximum scavenging
capacity for the concentration of 1000 pg/mL (Table 1).
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Fig. 10. Transmission electron microscopy (TEM), showing particle size ranging from 11 to 63 nm.

Table 1. DPPH free radicles scavenging activity of aqueous
leaf extract of F. indicia.

Percent activity Concentrations
97.62 Control (Ascorbic acid)
41.81 62.5 pg/mL
57.45 125 pg/mL
69.54 250 pg/mL
77.17 500 pg/mL
82.87 1000 pg/mL

GC-MS analysis of the leaf extract: Gas chromatography-
mass spectrometry (GC-MS) analysis of F. indica revealed a
chemically diverse composition of nitrogen-containing

heterocyclic compounds, oxygenated constituents, aromatic
derivatives, fatty acid esters, macrocyclic lactones, nucleoside
analogues, and long-chain aliphatic constituents (Table 2 and
Fig. 11). The identified constituents included 2-
cyclohexylpiperidine, octanal, minocycline, flufenoxuron,
1H-pyrrole, 2,3-dihydro-1-methyl, adenosine, 5'-amino-5'-
deoxy, piperidine, 2-propyl-(S)-, bifenox, ethylene brassylate,
N-retinoylglycine  (all-trans), celecoxib, procyclidine,
diphenylacetylaspartic acid, cyclopentanemethanol, 1-amino,
trans-10-hydroxy-2-decenoic acid, dicyclomine, octadecanoic
acid octadecyl ester, and numerous additional aromatic and
aliphatic constituents. The GC-MS analysis recognized that
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the sample possesses a chemically varied metabolite profile
composed of heterocyclic nitrogen constituents, aromatic
compounds, fatty acid esters, oxygenated metabolites,
nucleoside derivatives, and long-chain lipid compounds.
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Fig. 12. In vitro growth inhibition of P. syringae (%) under
various concentrations of biosynthesized FI-AgNPs, Fumaria
indica plant extract and plant extract with coated FI-AgNPs (T1
to T7, 1000, 500, 250, 125, 62.5, 31.25 15.62 pg/mL,
respectively); TS, control (water). Error bars are representing
standard error of mean (n=3)
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Fig. 13. In vitro growth inhibition of E. carotovora (%) under
various concentrations of biosynthesized FI-AgNPs, plant extract
and Fumaria plant extract with coated FI-AgNPs (T1 to T7, 1000,
500, 250, 125, 62.5, 31.25 15.62 pg/mL, respectively); T8, control
(water). Error bars are representing standard error of mean (n=3).
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Fig. 14. In vitro growth inhibition of R. solanacearum (%) under
various concentrations of biosynthesized FI-AgNPs, Fumaria plant
extract and plant extract with coated FI-AgNPs (T1 to T7, 1000,
500, 250, 125, 62.5, 31.25 15.62 pg/mL, respectively); T8, control
(water). Error bars are representing standard error of mean (n=3).
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Antibacterial efficacy / activities: The results revealed that
maximum growth inhibition (81.94%) against P syringae
was observed for the treatment PE+AgNPs applied @ 1000
pg / mL, while, AgNPs and PE applied at the same rate
depicted 79.81% and 32.12% inhibition, respectively (Fig.
12). Likewise, growth inhibition (59.36%) against P
syringae was observed for the treatment PE+AgNPs applied
@ 250 pg / mL, while, AgNPs and PE applied at the same
rate revealed 53.00% and 16.12% zone of inhibition,
respectively. Subsequently, the growth inhibition (23.58%)
against P syringae was observed for the treatment
PE+AgNPs applied @ 15.62 pg/ mL, while, AgNPs and PE
applied at the same rate revealed 16.29% and 5.16% zone of
inhibition, respectively. Similarly, Antibacterial efficacy of
the green synthesize silver nanoparticles against Erwina
carotovora is shown in Fig. 13. It was revealed that
maximum growth inhibition (85.47%) against E carotovora
was observed for the treatment PE+AgNPs applied @ 1000
pg / mL, while, AgNPs and PE applied at the same rate
depicted 84.55% and 61.88% zone of inhibition,
respectively. Similarly, growth inhibition (75.03%) against
E carotovora was observed for the treatment PE+AgNPs
applied @ 500 pg / mL, while, AgNPs and PE applied at the
same rate revealed 72.77% and 44.42% zone of inhibition,
respectively. Likewise, growth inhibition (69.04%) against
E carotovora was observed for the treatment PE+AgNPs
applied @ 250 pg/ mL, while, AgNPs and PE applied at the
same rate revealed 65.56% and 23.96% zone of inhibition,
respectively. Further, the maximum growth inhibition
(95.8450%) against R. solanacearum was observed for the
treatment PE+AgNPs applied @ 1000 pg / mL, while,
AgNPs and PE applied at the same rate depicted 92.39% and
67.54% inhibition, respectively (Fig. 14). Similarly, growth
inhibition (84.84%) against R. solanacearum was observed
for the treatment PE+AgNPs applied @ 500 pg / mL, while,
AgNPs and PE applied at the same rate revealed 83.30% and
52.49% zone of inhibition, respectively. Likewise, growth
inhibition (74.36%) against R. solanacearum was observed
for the treatment PE+AgNPs applied @ 250 pg / mL, while,
AgNPs and PE applied at the same rate revealed 73.07% and
45.66% zone of inhibition, respectively. It was revealed that
the antibacterial efficacy of the green synthesized silver
nanoparticles depicted a strong dose-dependent tendency,
with higher concentrations of the synthesized NPs leading to
comparatively greater inhibition.

Discussion

Fumaria indica, commonly known as Fumitory, is a
plant with a rich history in traditional medicine. It is widely
used in various cultures for its diverse therapeutic properties
(Gupta & Rao, 2012). The current research investigates the
traditional uses of F. indica in the Hindukush Mountain
communities of the Malakand region in Pakistan and
explores its potential for drug discovery. It also examines the
application of F. indica in the development of silver
nanoparticles, which show promising inhibitory effects
against plant pathogens. Similar research on other medicinal
plants has revealed that traditional knowledge can guide the
discovery of valuable sources for silver nanoparticle
synthesis, underscoring the rich potential of these plants in
modern medicine (Haris & Ahmad, 2024; Jebril et al., 2020)
The current findings indicate that F. indica has been
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traditionally used for curing 17 different human ailments. As
per local sources the plant was useful as anti-ulcer, anti-
gastric, appetizer, laxative, carminative, anti-colic,
antipyretic, antiperiodic and febrifuge, antiemetic, its role as
blood purifier and to cure liver and skin disorders, to cure
urinary diseases and remove kidney stones, its use as
anodyne, anti-jaundice, antidiabetic and to control sugar
level in the body. Similar studies were conducted by other
researchers in different parts of the world which include
(Jamshidi-Kia et al., 2018; Salmerén-Manzano et al.,2020).
The study indicated that as per multi-criteria decision
analysis approach, locally some of the treatments have more
importance than the others like the most popular usus of F.
indica were antipyretic, antiperiodic and febrifuge followed
by anti-ulcer, anti-gastric and its beneficial impacts in liver
disorders (Huang et al, 2011; Hamidah et al., 2022). The
wide range of traditional uses of F. indica makes it a
potential candidate for the drug discovery. Its traditional uses
provide a basis for exploring its pharmacological potential in
modern medicine. The plant’s effectiveness in treating
various human ailments suggests that it could be utilised to
develop drugs for these ailments. Based on traditional uses
of medicinal plants many researchers have presented their
views, which include drugs were discovered in the past from
various plants (Dutfiel, 2010; Wangkheirakpam, 2018). On
the same way silver nanoparticles (AgNPs) synthesized
using plant extracts are gaining attention due to their potent
antimicrobial properties. Fumaria indica can be used in the
green synthesis of AgNPs, providing an eco-friendly and
cost-effective method to control pathogens (Gul e al., 2021).
The success of making these nanoparticles depended on how
much F. indica leaf extract was used compared to the silver
nitrate. When a 1:1 ratio was used, nanoparticles with
efficient characteristics were obtained. The aqueous extract
of the leaves of F. indica showed considerable DPPH free
radical scavenging activity in a dose dependent manner. The
antioxidant activity increased with the concentration of the
extract with 41.81% at 62.5 pg/mL and 82.87% at 1000
pg/mL, indicating that it has improved and more radical
scavenging capacity as the concentration of extract
increased. The antioxidant potential of the extract was found
to be high, however, less than the standard ascorbic acid
(97.62%) and this may be due to the presence of phenolic
and flavonoid compounds. The plants are a good source of
antioxidants and can potentially play a role in mitigating the
effects of oxidative stress on cells (Oyawaluja et al., 2024).
Gas chromatography-mass spectrometry (GC-MS) is
one of the most extensively employed analytical techniques
for the qualitative characterization of volatile and semi-
volatile phytochemicals in therapeutic plants. In the present
investigation, GC-MS analysis of F. indica showed a
chemically diverse metabolite profile comprising of
heterocyclic nitrogen-containing constituents, aromatic
derivatives, oxygenated metabolites, long-chain fatty acid
esters, macrocyclic constituents, and several lipid-derived
compounds. The detection of chemically various
metabolites suggests that F. indica contains several
secondary metabolites that may collectively contribute to its
reported therapeutic properties. Similar observations have
been previously reported where innovative chromatographic
techniques, including GC-MS, HPLC, and LC-MS/MS,
revealed that F. indica possess a complex phytochemical
composition dominated by alkaloids together with phenolic

constituents and other secondary metabolites (Prokopenko et
al., 2025; Puri et al., 2021). The chromatographic profile
obtained in the current study revealed constituents
distributed over a wide retention time range (3.41-27.26
min), indicating the existence of metabolites with different
molecular weight, polarities, and volatilities. Early eluting
constituents mainly consisted of relatively low molecular
weight nitrogen comprising heterocyclic molecules and
oxygenated constituents, whereas compounds detected at
higher retention times were mainly long-chain esters,
oxygenated lipids, aromatic derivatives, and relatively fewer
volatile compounds. Such chromatographic behavior is
normally expected in complex plant matrices because the
constituents possessing lower molecular weight and higher
volatility elute earlier than greater lipophilic molecules
(Zhang et al, 2020; Gupta et al, 2012). Previous
phytochemical investigations have similarly reported that
Fumaria species comprise diverse classes of primary and
secondary metabolites in addition to alkaloids, counting
organic acids, lipids, flavonoids, and phenolic compounds,
reflecting the remarkable biochemical diversity of this
therapeutic genus. Several nitrogen comprising compounds
identified in the current GC-MS profile indicate that
Fumaria remains an important source of nitrogenous
secondary metabolites with potential pharmacological
activities including antioxidant, antimicrobial, anti-
inflammatory,  hepatoprotective, antispasmodic, and
antinociceptive properties (Yang et al., 2024; Prokopenko et
al., 2025; Frolova et al., 2025).

Bacteria like Pseudomonas syringae pv. tomato,
causing bacterial speck disease, is a common and
damaging disease affecting tomato plants (Zhao et al.,
2003; Kozik, 2002). Chemical pesticides are often used to
kill these bacteria, but they have harmful effects and are
not environment friendly. Using silver nanoparticles made
from plants may be a safer way to control these harmful
bacteria. In current study, both the silver nanoparticles
alone and those coated with plant extract showed strong
antibacterial activity, even at low concentrations. This
means they are effective enough at stopping the growth of
harmful bacteria in plants. It was noted that the F. indica
leaf extract significantly inhibited Pseudomonas syringae
pv. tomato, especially at higher concentrations. Overall,
the study depicted that using F. indica plants in
biosynthsizing silver nanoparticles may have great
potential to fight harmful bacteria of tomato crop like
Pseudomonas syringae, Erwinia carotovora and Ralstonia
solanacearum for better growth and yield as previously
reported (Alam et al., 2019; Santiago et al., 2019; Bibi et
al.,2023; Orfe et al., 2026; Mahmoud and El-Zahry 2026).

Conclusion

Fumaria indica is a valuable medicinal plant with
numerous therapeutic uses. The green synthesized AgNPs
showed significant control of plant pathogen Pseudomonas
syringae pv. Tomato. The antioxidant potential of the plant
extract was recorded as high and near to the standard
ascorbic acid. The use of silver nanoparticles in disease
management is an innovative dimension to its use,
particularly in developing new antimicrobial agents to
tackle bacterial and fungal pathogens.
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