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Abstract

Throughout history, various plants have been utilized in traditional medicine to
address a wide range of health concerns. They offer a vast array of bioactive
compounds with potential health benefits. This study aimed to explore the po-
tential health benefits of Berberis lycium and Solanum surattense by evaluating
their phytochemical content, antioxidant, antibacterial, anticancer, and antifun-
gal activities. FT-IR spectroscopy analysis revealed the presence of key func-
tional groups, including alcohols, phenols, alkanes, and carbonyl compounds in
both extract. Total phenolic and flavonoid contents were determined using spec-
trophotometric methods. The antioxidant capacity of the extracts was assessed
using the DPPH radical scavenging assay, with ICsq values calculated to compare
their effectiveness. The Alamar Blue assay evaluated the antibacterial activity
against various bacteria, while the agar well diffusion method investigated anti-
fungal activity against Aspergillus niger. The MTT assay measured cytotoxicity
towards human prostate cancer cells (PC3). Berberis lycium exhibited significantly
higher total phenolic content (193.83 £ 3.93 mg GAE/g) and total flavonoid con-
tent (37.47 £+ 0.37 mg QE/g) compared to Solanum surattense (50.69 £ 3.53
mg GAE/g and 19.41 + 0.33 mg QE/g, respectively), suggesting a richer profile
of antioxidant compounds in Berberis lycium. Consistent with this, Berberis ly-
cium extract displayed stronger DPPH radical scavenging activity (IC50 = 4.10
+ 0.06 pg/mL) compared to Solanum surattense (IC50 = 4.43 + 0.11 ug/mL).
Evaluation of antibacterial activity revealed moderate inhibition of Staphylococ-
cus aureus by Berberis lycium extract (60.21% inhibition at 3000 pg/mL). While
Solanum surattense did not exhibit significant inhibition against any of the tested
bacteria (Escherichia coli, Bacillus subtilis, Salmonella typhi) at the tested con-
centration (3000 pg/mL), further exploration at different concentrations might be
beneficial.Neither Berberis lycium nor Solanum surattense extracts exhibited sig-
nificant antifungal activity against Aspergillus niger at the tested concentrations
(250 pug/mL and 500 pg/mL). Berberis lycium extracts displayed low cytotoxic ef-
fects against human prostate cancer cells (PC3), with only 4.61% inhibition at 30

pg/mL. Solanum surattense extract also showed minimal inhibition (35.93% at 30
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pug/mL). These findings suggest that Berberis lycium may be a promising source

of natural antioxidants due to its higher content of phenolics and flavonoids.
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Chapter 1

Introduction

Plants act like natural chemical factories, producing a vast array of beneficial com-
pounds essential for human health [1]. These are known as medicinal plants, and
they’re a treasure trove of potential ingredients for new drugs. The reason plants
can be used to treat so many ailments is because they contain unique molecules
called phytochemicals. Interestingly the World Health Organization reports that
a staggering 80% of the world’s population still relies on traditional medicine for
their healthcare needs which often utilizes herbs for common illnesses and over-
all well-being [2]. There are several advantages to using plant-based medicines:
they’re generally safe, effective, have fewer side effects, and are often well-accepted

culturally [3].

The hunt for natural cures goes way back - humans have been scouring nature for
medicinal plants since the very beginning. Just like animals instinctively nibble
on healing plants, our ancestors likely did the same [4]. Back then, with limited
understanding of diseases or specific plant properties, treatment relied heavily on
trial and error. Over time, this experience-based approach gradually evolved. As
people began to grasp the reasons behind illnesses and the effects of particular
plants, the use of medicinal plants shifted from pure observation to a more tar-
geted, evidence-based approach. Prior to the 16th century, when iatrochemistry
was developed, plants were source of cure and prophylaxis [5].

1
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Approximately 300-400 medicinal plants were listed by Hippocrates (5th century
B.C.) in his writings. Dioscorides, too, documented the medical applications of
many different plant species in his De Materia Medica, a book on medicinal plants,
which he authored in the first century B.C. [6]. Herbal medicine has a 5,000-year
tradition in China [7, 8]. Numerous plant species with antiseptic and therapeutic

characteristics, such frankincense and myrrh, are also mentioned in the Bible [9].

Approximately 250,000-500,000 different plant species can be found globally. Though
less than 10% of these plants have been thoroughly studied by scientists, many of
these plants are utilized by both human and animal species for a variety of rea-
sons, including meals and medicines [10]. Herbal medicine is becoming more and
more common in both developed and developing countries [11]. The effectiveness
of herbal medicines as antibacterial agents and/or their qualities have been the

subject of several investigations carried out worldwide [12-16].

The need for herbal remedies has grown recently since numerous plants and herbs
have been shown by science to contain bioactive chemical or compounds, serv-
ing as safer substitutes for synthetic medications that have negative impacts on
the environment and biological systems [18]. Worldwide, herbal medications have
utilized to treat a extensive range of infectious illnesses in both humans and an-
imals [18]. Due to their low cost, enhanced cultural acceptance, enhanced body
compatibility, and minimal side effects, herbal medications are currently in high
demand in poor countries [9, 19].Moreover, plant-based active ingredients may be
present in blood thinners, laxatives, antibiotics, and anti-malarial medications.
Lead molecules for drug design and development can also be obtained from medic-
inal plants [20-23]. Herbal medications are utilized in addition to antimicrobial
therapy to treat age-related conditions such as immune system problems, memory
loss, and osteoporosis [9]. Studies have shown they can act as analgesics (pain
relievers), antibacterials (fight bacteria), deodorizers (eliminate odors), febrifuges
(reduce fever), fungicides (kill fungus), antiseptics (fight germs), antidepressants
(improve mood), astringents (tighten tissues), diuretics (increase urination), galac-

tagogues (promote milk production), insecticides (kill insects), antipyretics (reduce
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fever), antimicrobials (fight microbes), and sedatives (calm the nervous system)

24, 25].

With about 6000 wild plant species and 1572 genera, Pakistan has a wealth of floral
diversity. The majority of these species are prevalent in the Hindukush, Himalaya,
and Karakorum regions [26-28]. Numerous representative studies have found that
Pakistani rural populations use about 600 distinct species of medicinal plants to
treat common ailments [29]. The indigenous tribal groups in Northern Pakistan
have extensive knowledge of the distribution and traditional uses of medicinal
herbs. Records on the usage of medicinal plants in different parts of Pakistan have
been gathered from numerous ethnobotanical studies conducted in the northwest
of the country [30-36]. Particularly the elders (male and female) and traditional
healers (male) have long been aware of the use of herbs to cure a range of common

ailments [37].

1.1 Selected Plants

1.1.1 Berberis lycium Royle

One of the largest dicotyledonous genus in the Berberidaceae family is the Berberis.
Members of this family often grow as bushes and are woody with prickly leaves
that are evergreen. This family contains 650 species and 17 genera, according to
recent data [38, 39]. Primarily found in America ,Asia, Europe and Africa, the
genus Berberis is widely distributed worldwide. This genus is distributed between
1400 and 3500 meters above sea level throughout the majority of Pakistan’s moun-
tainous regions, namely in the northern regions of Swat and Azad Kashmir and the
provinces of Balochistan regions the Khyber Pakhtunkhwa province, and Punjab.
Both traditional and alternative medicine make use of its chemical constituents

(38, 39).
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Berberis lycium among the Berberis species, Royle has a specific place in many
traditional medicines used all over the world. Berberis lycium is known as "Kash-
mal” or "Kasmal” in Urdu in Pakistan. Other common names for it are English
barberry, Indian barberry, and Indian lycium [40]. The tribe people who live in
the Kashmir valley primarily used herbal remedies to cure hemorrhagic dysentery.

Every portion of Berberis lycium has unlimited medicinal value [41].

Berberis species are used for their bark, which is tonic and anti-periodic, and
for their roots, which are antipyretic, diaphoretic, and anti-cyclical. In addition,
plants in this genre have shown hepatoprotective, cardiovascular, anti-cancerous,
and antibacterial properties. They have also been shown to be a safer treatment
for gastrointestinal diseases in people [41]. Berberis lycium is used to treat diarrhea
and jaundice with its stem powder, cure rheumatic and muscular discomfort with
its root powder, and make tea from its leaves.The plant extract is used to cure
intestinal problems, burning eyes, spleen diseases, cough, throat, diarrhea, chest
and fractured bones [41, 42]. The fruits of B. lycium are used in anti-inflammatory,
anti-tumor, hypo-glycemic, coagulant, and febrifuge drugs. The whole plant is
used by the people to cure rheumatism, ulcers, broken bones, jaundice, and eye
pain [43, 44]. Fruit extract, root bark, and stem bark have all been shown in animal
models to have biological activities, including blood sugar regulation, cholesterol
management, and anticancer properties. Additionally, reports suggest antioxidant,

antitumor,antiurolithic and wound-healing capabilities [41, 45, 46].

This species is threatened because it is a woody plant found in hilly places without
natural gas supplies, such as District Shangla. Despite its curative properties, the
indigenous populations burn it to cook food. The local people have begun to rely
on modern methods, nevertheless, as a result of the development of communication
networks and educational resources, and it is possible that in the near future,
modern knowledge may completely replace the traditional understanding of this
plant [40]. As such, it is imperative to maintain the conventional knowledge base
while integrating it with contemporary methodologies. Crucial phytoconstituents
found in B. lycium include umbellatine, punjabine, sindamine, chinabine, gilgitine,

jhelumine, baluchistanamine, berberine, plamitine, and berbamine. The primary
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phytochemical among them is berberine, an isoquinoline alkaloid that is derived

from the roots and bark.

Scientific research has identified the presence of alkaloids like berberine and palma-
tine in B. lycium extracts, which have demonstrated antioxidant and potentially
beneficial effects against certain microorganisms and cancer cells [47]. Reviving
the significance of this endangered plant species is, thus, the goal of the current
study [48, 49]. The phytochemical composition and antioxidant potentials of the
gathered ethnopharmacological data have been connected [45, 50]. This work will
provide new insight into the chemical profile and biological activity of B. lycium,

as well as aid in the recognition of the plant’s medicinal significance.

1.1.2 Solanum surattense

The vast family Solanaceae, which comprises tiny trees, shrubs, and herbs, has
2300 species. For this family, the availability of natural items with medicinal prop-
erties is well established [51]. The Solanaceae family plant Solanum surattense is
referred to by the following names: bhejibaugana, kantakari, kandangati, nelamu-
laka, and kateli [52]. Polynesian culture the Southeast Asian region, Malaysia,
Ceylon, Australia, and India are home to this plant [53]. Solanum surattense is a

woody-based, prickly perennial herb that grows to a height of 1.2 meters.

Solanum surattense leaves are oval-shaped with a slightly pointed tip and deeply
indented edges. The base of the leaf tapers to a narrow point, and both the veins
and margins are lined with sharp spines [54]. The stem itself is heavily branched
and grows in a somewhat zig-zag pattern. Young branches are covered in a dense
layer of fine hairs, while the mature stems have straight, smooth, and shiny prickles
that can reach lengths of 1-3 centimeters.The plant produces clusters of pinkish-
blue flowers that bloom on stalks arising from the angles between the stem and
leaves. Each flower has five separate, pointed sepals with prickly tips that form
the calyx. The corolla, or main flower body, is composed of five pointed lobes
that are typically broad at the base and triangular towards the tip. The center of

the flower holds a structure called the meniscus, which is likely a reference to a
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specific floral part but the exact term might require further research. Finally, the
plant bears spherical berries that start out green with white stripes and mature to

a yellow color. Inside these berries lie numerous round seeds with a silky texture

[54).

Solanum surattense has a long and rich history in Indian traditional medicine.
For centuries, it’s stayed to address extensive range of ailments with respiratory
problems, fever, digestive issues, and even rheumatism and gonorrhea [55, 56].
Interestingly, the fruit of the plant has also been traditionally used to promote
wound healing, with studies suggesting the effectiveness of its ethanol extract
[57, 58]. Beyond these documented uses; there are anecdotal reports of Solanum

surattense being used for various other purposes:

 As an aphrodisiac [60, 61]

« To expel intestinal worms [59]
 To aid sleep [59]

« As a laxative [59]

o To treat liver problems [59]

« For pain relief [64]

« To combat fungal infections [63]

One interesting traditional practice involves using the fumes from Solanum surat-

tense seeds to relieve toothaches and gum swelling [64].

S. surattense has the following pharmacological properties: hypoglycaemic [68],
larvicidal [69], antioxidant [66], antibacterial, antifungal, and antinociceptive [65,
67]. Numerous alkaloids have been found in Solanum surattense phytochemical
research [70]. S. surattense seed vapors are an excellent treatment for gingival
swelling pain as well as tooth pain, according to Pandey [64]. Pharmacologically,
S. surattense possesses larvicidal, hypoglycemic, antioxidant, antibacterial, anti-

fungal, antinociceptive, and antidepressant qualities [66-69]. Solanum surattense
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has been the subject of numerous phytochemical studies, revealing a diverse range
of potentially bioactive compounds. These studies have identified the presence
of alkaloids, saponins, phenols, gums, sterols, flavonoids, and specific alkaloids
like solamargine, solasurine, and solasonine [70, 73, 75-78]. Notably, research by
Saiyed and Kanga (1936) [79] isolated glycoalkaloids (solanosine), steroidal com-
pounds (carpesterol), and steroidal alkaloids (caffeic acid, coumarins, and triter-
pinoids) from the fruit of S. surattense. Subsequent studies confirmed the pres-
ence of steroidal alkaloids like solamorgine, solanocarpine, and solanocarpidine
in the fruits [80]. Additionally, the roots of S. surattense are reported to con-
tain flavonoids, alkaloids, triterpenoids, saponins, tannins, glycosides, and steroids

81, 82).

These diverse phytochemical constituents have been linked to various biological
activities of S. surattense. Several studies have reported promising antibacterial
potential against a range of pathogens. The ethanolic leaf extract, for instance,
has demonstrated activity against bacteria like Salmonella typhi, Escherichia coli,
Pseudomonas aeruginosa, Vibrio cholera, Staphylococcus aureus, and Streptococcus
species [83]. Similarly, ethanol and methanol extracts have shown effectiveness
against Pseudomonas aeruginosa [84]. Studies investigating the fruit extract also

indicate potential growth inhibition against various bacteria [85].

Beyond antibacterial properties, S. surattense extracts have also been explored
for their antifungal activity. Research has focused on fungi like Aspergillus niger,
A. fumigatus, A. flavus, and Trichoderma viride [85]. Mahmood et al. (2011)
[87] specifically investigated the effect of S. surattense extract on the growth of
Aspergillus fumigates and A. niger. Furthermore, the methanolic seed extract
demonstrated strong activity against Rhizopus oryzae and Aspergillus fumigates

3.
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1.2 Bioactive Properties of Plants: Antimicro-

bial, Anticancer, and Antioxidant Activities

For centuries, traditional medicine has offered a valuable source of affordable and
effective treatments with fewer side effects compared to modern medications. This
rich heritage stems from the natural world, where plants produce a diverse array
of secondary metabolites. These plant chemicals, essential for plant health and
survival, hold immense potential for human health as well. Phenolic compounds,
a prominent group within these metabolites, are widely distributed throughout
the plant kingdom and have been linked to range of beneficial effects, including
anti-allergic, anti-cancer, anti-microbial, anti-inflammatory, anti-diabetic, and an-
tioxidant properties. This highlights the exciting potential of plants as a source

for developing novel drugs and therapeutic agents [89].

An estimated 9.6 million people tragically succumbed to cancer in 2018, solidi-
fying its place as the second leading cause of death globally. Breast, lung, and
colorectal cancers are among the most prevalent forms. There’s a growing interest
in traditional medicine and herbal-derived phytochemicals as potential tools in the
fight against cancer. Recent clinical studies suggest that combining these herbal
treatments with conventional therapies may improve patient outcomes, including
survival rates, immune system function, and quality of life. The diverse array of
phytochemicals found in herbs, such as phenolic compounds, terpenoids, lignans,
tannins, and alkaloids, holds promise due to their potent antioxidant properties.
These properties offer potential to inhibit cancer cell proliferation and stimulate

the immune system, ultimately aiding in cancer prevention and treatment [90].

1.3 Antibiotic Resistance

The emergence of antibiotic resistance (ADR) is a growing public health crisis
in the 215 century.Antibiotic resistance is not a looming threat, but a ”serious

threat, not a prediction for the future”. It’s a problem impacting people "across
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the globe, and it can affect anyone, anywhere” [90]. This widespread resistance
undermines the very foundation of modern medicine, jeopardizing our ability to
treat common infections in both hospitals and communities.Experts warn that the
next pandemic might not be caused by a specific disease, but rather by the inef-
fectiveness of current medications in combating even minor injuries. The specter
of a "post-antibiotic” world looms large, where routine procedures like surgery,
cancer treatment, and organ transplants become high-risk endeavors due to the
lack of effective antibiotics to combat infections [91]. Preserving the efficacy of
antibiotics is paramount. We must act swiftly and collaboratively to prevent this

potentially catastrophic future.

The emergence of ADR is a natural phenomenon. However, human actions signif-
icantly accelerate the development and spread of resistant strains. The misuse of
antibiotics in both human medicine and animal agriculture (aquaculture, livestock
farming) fosters the emergence and selection of resistant bacteria. Furthermore,
inadequate measures to prevent and control infections contribute to the problem
as well.International organizations like the World Health Organization, the Food
and Agriculture Organization, and the World Organisation for Animal Health are
working together to promote best practices for preventing the spread of antibiotic
resistance. Their efforts focus on encouraging the responsible use of antibiotics in

both humans and animals to combat this growing threat [92].

The rise of multidrug-resistant bacteria, coupled with a dwindling pipeline of new
antibiotic classes (no new classes have been introduced in the past 30 years, with
no promising replacements on the horizon), necessitates exploration of alternative
solutions. This has spurred renewed interest in the field of botanical medicine,
with researchers investigating the latent of medicinal plants as a source of new
antimicrobial agents. Herbs and their essential oils have a long history of use
for their antimicrobial properties, making them a promising avenue for further

exploration [93].
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1.4 Problem Statement

Given the increasing threats of antibiotic resistance, cancer, and fungal infections,
coupled with limited access to effective treatments in Pakistan, there is an urgent
need for novel and affordable therapeutic agents. This research aims to explore

the potential of medicinal plants as a source of such compounds.

1.5 Scope of Study

The scope of this study is to evaluate the antioxidant, antimicrobial, and anti-
cancer potential of Berberis lycium and Solanum surattense extracts, with the
aim of identifying bioactive compounds that could lead to the development of
new antibiotic and anticancer drugs, which are urgently needed in the market
due to rising antibiotic resistance and cancer prevalence, especially in regions like

Pakistan with limited access to conventional treatments.

1.6 Hypothesis

Extracts from the selected plants will exhibit antioxidant, antimicrobial and anti-

cancer activity.

1.7 Aim

Investigating the antioxidant, antimicrobial and anticancer Potential of Berberis

lycium and Solanum surattense.

1.8 Objectives

1. To determine total phenolic content and total flavonoid content
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2. To investigate antioxidant, antimicrobial and anticancer activities of Berberis

lycium and Solanum surattense extracts.



Chapter 2

Literature Review

2.1 Medicinal Plants

One of the elements thought to be essential to human life on Earth is the plant
kingdom. They can provide all of the essential needs for both humans and ani-
mals, including gums and lubricants, food, energy, medicine, clothes, and shelter.
Both from the standpoint of the environment as a whole and medicine, plants are
enormous treasures. Because of their amazing and miraculous properties, plants
can be used as food, decorative, and medicinal elements all at once. From every
angle in life, they are appreciated. Every plant, from a prickly shrub to a tow-
ering evergreen tree, serves a purpose for humans in some way. These essential
medicinal and aromatic plants have significant therapeutic value since early times

[94].

Medicinal plants, a diverse group with therapeutic properties, have served as the
foundation of healthcare for millennia. These plants offer a vast reservoir of com-
pounds that hold immense potential for developing new drugs [95]. From seeds and
roots to leaves, fruits, and even entire plants, various parts are utilized for medici-
nal purposes [96]. The "active ingredients” within these plants, often referred to as
“active compounds,” are what give them their therapeutic value. These naturally

12
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occurring molecules produce physiological effects on living organisms. Tradition-
ally, humans have relied heavily on unprocessed plant materials to address their

medical needs and treat various illnesses [97].

Medicinal plants represent the oldest form of medicine, with a rich history of use in
traditional practices across numerous cultures for thousands of years. Over gener-
ations, this knowledge of medicinal plants and their benefits has been passed down
through communities, fostering a shared understanding of their healing properties

[98].

The significance of medicinal plants extends beyond traditional practices. They
also serve as a crucial source of inspiration for modern pharmacology. Many con-
temporary medications used in modern treatment have their roots in traditional
herbal medicine [99]. Pakistan boasts a rich flora with an estimated 6,000 plant
species [100]. Notably, 600 of these plants are documented as having medicinal
properties. Traditional medicine practices in Pakistan heavily rely on 135 of these
medicinal plants. However, despite this wealth of medicinal flora, Pakistan im-
ports a significant amount of high-value medicinal plants and related products.
In 2020 alone, the country spent an estimated USD 216.392 million on these im-
ports [101].In fact, estimates suggest that over 50,000 plant species, constituting
more than 10% of all known plant life, are currently employed in the production
of medicinal and cosmetic products [102, 103]. However, the distribution of these
medicinal plants is uneven globally. A considerable portion of these therapeutic
herbs are sourced from wild populations, leading to an increased demand that has
risen by 8-15% annually in recent decades across Europe, North America, and Asia

104].

2.2 The History of Medicinal Plant Use

The use of plants for medicinal purposes stretches back to the very dawn of human
civilization. While pinpointing the exact moment is difficult, evidence suggests our

ancestors began domesticating medicinal plants around 60,000 years ago [105].
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Some of the earliest documented uses of herbal remedies appear in ancient Egypt,
China, and India, dating back nearly 5,000 years. Similar practices emerged in

Greece and Central Asia at least 2,500 years ago [106].

Initially, plant use in medicine was largely instinctive, driven by trial and error
much like the use of animal products for healing [107]. With limited knowledge
of disease origins, specific medicinal plants, or proper treatment methods, prac-
tices relied heavily on empirical observations. Over time, however, this approach
gradually gave way to a more rational understanding. As people discovered the
underlying reasons why certain plants alleviated specific ailments, herbal medicine

transitioned from a purely empirical approach to a knowledge-based practice [108].

The earliest known written record of medicinal plant use comes from a Sume-
rian clay tablet discovered in Nagpur, dating back approximately 5,000 years
[108]. Some historical inscriptions suggest the Egyptians and Chinese may have
been the earliest human civilizations to leverage plants for medicinal purposes,
with evidence placing their practices around 27 centuries BC [109]. The ancient
Greeks, including the famed physician Hippocrates and his student Aristotle, were
also known to utilize medicinal plants in their healing practices. Greek scientist
Theophrastus even established a dedicated School of Medicinal Plants [110]. Fol-
lowing these advancements, Pedanius Dioscorides, a physician who lived from
approximately 75 to 45 BC, compiled a comprehensive encyclopedia titled "De
Materia Medica.” This landmark work documented the medicinal properties of
over 600 plants, solidifying the foundation of scientific study in herbal medicine

110, 111].

2.3 Medicinal Plants: Universal Applications

Due to the remarkable growth of traditional medicine and the rising popularity of
herbal remedies, the usage of medicinal plants is expanding globally. In addition to
being used to cure certain illnesses and ailments, plants are utilized in medicine to

preserve and improve physical, mental, and spiritual health. Traditional medicine
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plays a vital role in healthcare, particularly in developing nations. In Africa, Asia,
and Latin America, it fulfills a significant portion of basic healthcare needs, with
up to 80% of Africans relying on traditional practices for primary care. Developed
nations often refer to adapted traditional medicine as "alternative” or "complemen-
tary” medicine, highlighting its growing popularity worldwide.The global herbal
medicine market, currently valued at around $80 billion annually, is steadily ex-
panding. For instance, in Nigeria, Ghana, Mali, and Zambia, 60% of children with

high fevers from malaria are treated initially with herbal remedies at home [112].

The Himalayan region, encompassing parts of Afghanistan, Bangladesh, Bhutan,
China, Nepal, Myanmar, India, and Pakistan, is a recognized biodiversity hotspot
for medicinal plants [113, 114]. Currently, the major international markets for
medicinal plants are concentrated in the United States, China, France, Japan,
the United Kingdom, and Italy [115]. While many Asian countries utilize medici-
nal herbs in their traditional practices, only a select few, including China, India,
Indonesia, Nepal, Bangladesh, Iran, and Pakistan, have established large-scale

cultivation capabilities [115].

2.4 Applications of Therapeutic Herbs In
Pakistan

Pakistan is a treasure trove of medicinal plants, ranking as the seventh-largest
producer in Asia [115, 116]. Boasting a rich floral diversity, the country harbors
over 1572 genera and a staggering 6000 wild plant species, with many thriving in
the majestic Hindu Kush, Himalayan, and Karakorum mountain ranges [117, 119].
This translates to around 600 documented medicinal plant species traditionally
used by Pakistani people to treat various ailments [120]. The knowledge of these
medicinal plants and their uses is particularly strong among indigenous tribal

groups residing in northern Pakistan [121].
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2.5 Plant Active Molecules With Antimicrobial

Properties

Worldwide plant screening is currently being done as a source for alternative
antibacterial medicines. Active substances such as quinones, phenols, alkaloids,
flavonoids, terpenoids, essential oils, tannins, lignans, glucosinolates, and certain
secondary metabolites are thought to give plants their antimicrobial qualities. The
peptides that make up plant defense systems are another source of antimicrobial
agents; they act and are structurally comparable to human antimicrobial peptides.
The following is an overview of the extensive discussions on several plant-active

compounds:

Quinones, naturally occurring compounds with a characteristic conjugated cyclic
dione structure, are found in plants. They are not only responsible for the brown-
ing seen in cut fruits and vegetables but also play a role in the antimicrobial prop-
erties of some plants. For instance, quinine (sometimes referred to as lawsone),
a type of quinone present in henna (Lawsonia inermis), contributes to its color-
ing properties and exhibits antibacterial activity against Pseudomonas aeruginosa
[122]. Similarly, hypericin, an anthraquinone derived from St. John’s wort (Hy-
pericum perforatum), demonstrates broad-spectrum antibacterial activity, even
against drug-resistant strains of Staphylococcus [123]. These findings highlight

the potential of quinones as natural antimicrobial agents.

Plants offer a wealth of natural health compounds, including alkaloids, diverse
chemicals found mainly in flowering plants (Angiosperms). The discovery of mor-
phine from the opium poppy (Papaver somniferum) exemplifies their therapeu-
tic potential. Berberine, present in barberry (Berberis spp.) and other plants,
disrupts bacterial membranes by interacting with DNA and increasing perme-
ability, making it effective against Streptococcus agalactiae [124]. Similarly, ha-
subanalactam alkaloid extracted from Stephania glabra tubers combats various
bacteria like Staphylococcus aureus and fungi like Trichophyton rubrum, highlight-

ing the promise of alkaloids as natural antimicrobials [125].
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Flavonoids, natural plant chemicals abundant in fruits, vegetables, and bever-
ages like tea, possess a diverse range of health benefits. These well-recognized
properties include antiviral, antibacterial, anti-allergic, and anti-inflammatory ef-
fects [126]. Specific flavonoids like quercetin, rutin, and kaempferol have been
shown to combat fungal infections [127]. Additionally, dihydrofuranoisoflavones
found in legumes exhibit antifungal activity against specific strains [128]. This
highlights the potential of dietary sources like fruits and vegetables to provide

natural antimicrobial solutions.

Flavonoids, a class of plant phenolics, can be further categorized as flavones with
a single carbonyl group. Research has shown promise for their antibacterial prop-
erties. Scientists isolated flavones from plants like Viscum album and Galium
fissurense, demonstrating effectiveness against multidrug-resistant bacteria, rais-

ing hope for new options in combating antibiotic resistance [129].

Coumarins, natural plant compounds containing fused benzene and pyrone rings,
offer promising antimicrobial potential. Studies have isolated coumarins from
plants like Angelica lucida and Ferulago campestris that demonstrate activity
against various bacteria, including oral pathogens [130, 141]. Notably, coumarins
from Ferulago campestris showed effectiveness against both Gram-positive and

Gram-negative bacteria [131].

Essential oils are a type of secondary metabolites derived from plants that typ-
ically have the formula CigHy6 and contain chemicals with an isoprene structure,
which is also referred to as terpenes. Hemiterpenes, sesquiterpenes, triterpenes,
and tetraterpenes are a few of the known terpene varieties. Terpenoids are the

chemicals that include oxygen as an extra ingredient.

Terpenoids, sometimes called isoprenoids, are essentially distinct class of terpene-
like naturally occurring organic compounds. The basic carbon chains and func-
tional groups of these compounds, which have multicyclic structures, are different
from one another. All groups of living organisms contain them, which make up

the biggest group of natural goods. Because of their fragrant properties, plant
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terpenoids are employed. In addition to being studied for their potential phar-
macological properties, such as antibacterial and antineoplastic properties, they
are used in traditional herbal treatments. Terpenoids are responsible for the dis-
tinctive scent of eucalyptus, which includes notes of ginger, cloves, and cinnamon.
Citral, camphor, menthol, salvinorin A from Salvia divinorum, and the cannabi-

noids in cannabis are a few examples of well-known terpenoids.

Terpenes, also called terpenoids, are natural compounds found in plants with a
wide range of antimicrobial properties. Studies have shown effectiveness against
viruses, bacteria, fungi, and even protozoa. Examples include terpenoids isolated
from Trichodesma amplezicaule and Acacia nilotica bark, which demonstrated an-
tibacterial activity against common pathogens like E. coli and S. aureus [132].
However, the effectiveness of terpenes can vary, as seen with Cymbopogon citra-
tus essential oil, which showed limited activity against some bacterial and fungal
strains [133]. This highlights the need for further research to explore the diverse

antimicrobial potential of terpenes.

The term "tannic acid” is derived from the German word ”tanna,” which means
“oak” or "fir tree.” Tannic acid is obtained from the wood tannins found in oak
galls. The preserving of animal hides into leather is the outcome of tannins’
capacity to interact with proteins. Large polyphenolic molecule with carboxyl
and hydroxyl groups is what tannin is chemically. Certain plant substances,
such as red wine and unripe fruits, include tannins that have astringent (cleaning
and constricting the skin pores) effects and make the mouth feel puckered when
consumed.Plants that contain tannins have a protective function against animal
predators.Plant extracts that include tannins have anti-infective properties and
activate phagocytic cells. By attaching to the bacterial cell wall, tannins have
the ability to prevent ruminal bacteria from growing and from producing pro-
teases [134]. Sorghum tannin exhibits antibacterial properties against S.aureus,

Salmonella typhimurium, A.niger, A.flavus and Saccharomyces cerevisae [135].
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2.6 Plant Active Molecules with Antioxidant

Properties

Medicinal plants serve as a natural defense against cellular damage, packed with
antioxidant compounds that neutralize harmful reactive oxygen and nitrogen species
(ROS/RNS). These damaging molecules, a byproduct of normal cellular processes,
can lead to oxidative stress. The antioxidant power comes from diverse secondary
metabolites within the plants, categorized into three main groups: flavonoids and
related phenolics (known for their antioxidant strength), terpenoids (a diverse
class with many beneficial antioxidants), and nitrogen-containing alkaloids and

sulfur-containing compounds [136].

2.7 Plant Active Molecules with Anticancer

Properties

A growing body of research suggests that natural products derived from plants
may hold promise in the fight against cancer. This exploration centers on the
prospective of herbal medicine as a source of anticancer compounds. Tradi-
tional practices utilized various plants, such as Phaleria macrocarpa (Mahkota
dewa) and Fagonia indica (Dhamasa), for their purported anticancer properties.
These plants are believed to contain active ingredients that can trigger apopto-
sis (programmed cell death) in cancer cells. Notably, gallic acid, isolated from
the fruit of P. macrocarpa, has exhibited anti-cancer effects in laboratory exper-
iments involving lung cancer, leukemia, and colon cancer cell lines. This natural
antioxidant, belonging to the class of polyhydroxy phenolic compounds, is
also found in fruits like grapes and strawberries, vegetables, and green tea. Fur-
thermore, other plant-derived compounds like vinca alkaloids, podophyllotoxin,

and camptothecin are already being utilized in conventional cancer treatment

[137).
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2.8 Pharmaceutical Company Contentment

Pharmaceutical corporations may invest in medicinal plants and natural items to

develop new antimicrobial medications for five main reasons:

1. The high price of creating new chemical compounds with antibacterial prop-
erties in contrast to the inexpensive production of antibacterial agents using

natural ingredients [138].

2. Due to a lack of economic incentives and earnings, large pharmacological

corporations have gone the synthetic antibiotic industry [139].

3. The proliferation of bacterial infections that have developed a high level of

resistance has not been stopped by synthetic antibiotics [140].

4. Numerous phytochemical compounds that have been identified from thera-

peutic plants and shown to be effective against bacterial infections [141].

5. Novel antibacterial medications can now be produced from plants with re-

markable efficiency thanks to recent developments in biotechnology [142].

2.9 Need for Revival of Herbal Antimicrobials

Herbal remedies are experiencing a global resurgence, finding favor in both de-
veloped and developing nations [143]. This renewed interest has fueled scientific
inquiry into the potential of plants as antimicrobial agents [144, 146]. Researchers
are investigating a wide range of botanical candidates, with promising results from
plants like yarrow, clove, and rosemary [147]. These studies highlight the potential

of herbal medicine to provide natural solutions for combating infections.

It is frequently demonstrated that the essential oils of several medicinal plants
have antibacterial properties when used in herbal medicinesThe most effective of
all the oils have been found to be the essential oils of carvacrol, which is the active

ingredient in the latter two plants, thyme, and cinnamon [148]. Since many plants
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and herbs have been shown by science to contain bioactive compounds, there
has been a rise in demand for herbal remedies as a safer alternative to synthetic
medications that have negative impacts on the environment and biological systems.
For centuries, herbal remedies have battled infections in humans and animals
globally [149]. Developing nations especially embrace them due to affordability,
cultural fit, perceived gentleness, and fewer side effects compared to conventional

drugs [150, 151].

Beyond traditional antimicrobial therapy, herbal medications are playing an ex-
panding role in addressing age-related concerns. These concerns include issues
with the immune system, memory decline, and even osteoporosis. Interestingly,
the world of pharmaceuticals also relies on plants — laxatives, blood thinners,
antibiotics, and anti-malarial drugs can all hold active ingredients derived from
botanical sources [151]. Furthermore, medicinal plants serve as valuable start-
ing points for the discovery and development of new drugs [152-154, 165]. Plant
volatile oils, in particular, have shown promise for a wide range of therapeutic ben-
efits. Pain relief, antimicrobial activity, deodorizing properties, and even mood-
boosting effects are just some of the potential advantages associated with these

volatile oils [156, 157].

Turmeric’s curcumin has been shown to prevent H. pylori from forming biofilms in
cell cultures. On the other hand, after prolonged incubation, H. pylori may regain
the capacity to build biofilm [158]. Herbal remedies have a plethora of applications,
thus new research is required to create substitute antimicrobial medications for the
treatment of infectious disorders. One strategy is to look for potential antibacterial
qualities in native medicinal plants; these active molecules will be crucial in the
future. An alternative strategy could involve identifying the plant compounds that
enhance the effectiveness of current antibiotics by working in concert, blocking

eflux pumps, or deactivating the enzymes in bacteria that break down medicines.
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2.10 Medicinal Plants Studied in Present Study

Berberis lycium Royle and Solanum surattense were chosen for this investigation
due to their rich history of medicinal use in traditional practices. The study in-
tended to evaluate the potential antimicrobial, antioxidant and anticancer prop-

erties of these plants.

2.10.1 Berberis lycium Royle

Taxonomic classification
Kingdom: Plantae
Phylum: Tracheophyta
Class: Magnoliopsida
Order: Ranunculales
Family: Berberidaceae
Genus: Berberis

Species: Berberis lycium

F1GURE 2.1: Collection of Berberis lycium from field
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The Berberidaceae family is a diverse group of flowering plants (angiosperms) with
a global presence, particularly in the northern hemisphere. This family boasts 17
genera and a whopping 650 species. One such member is Berberis lycium Royle,
a plant inherent to the Himalayan region, especially Nepal. However, its reach
extends beyond the Himalayas, as it can be found in temperate and subtropical
climates around the world, with the exception of Australia. Within the Himalayas,
its distribution stretches from Kashmir in the west to Uttarakhand in the east,
occupying the outer northern and western regions [159]. This adaptable shrub
thrives in various environments, from small wooded areas to roadsides. Remark-
ably, it can flourish in diverse soil types, including clay, loam, sand, and even

nutrient-poor soil [160].

2.10.1.1 Morphology

The plant is a compact shrub, typically reaching between 1.0 and 2.5 meters in
height. Its robust, woody branches are covered in a thin layer of brittle bark [161].
The leaves are coriaceous and have a lanceolate or slightly obovate-oblong form.
On the upper side, they are dull green, while on the lower side, they are pale and
glaucous. There are a few noticeable spinous teeth on the plant’s stem that are
positioned alternately [159]. Berberis lycium stands out as a valuable plant with
both medicinal and edible uses. This compact shrub typically reaches heights
between 1.0 and 2.5 meters. Its flowers, arranged in attractive clusters called
corymbose racemes, boast 11 to 16 pale yellow blooms each (typically bisexual)
and are pollinated by insects. The flowering season adorns the plant from March to
July, with the first blooms appearing in early March and full flowering happening
by April. Fruit development follows closely behind, starting to ripen in mid-May
and reaching its peak in June. These mature fruits, a beautiful bluish-purple color,
are packed with nutrients and enjoyed by locals in various ways. Traditionally,
they are consumed fresh or incorporated into dishes, beverages, jellies, and even

preservatives [160].
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2.10.1.2 Traditional Use

Beyond its ornamental value, Berberis lycium holds a significant place in tradi-
tional medicine worldwide [162]. Every part of the plant boasts potential medici-
nal uses. In Kashmir, tribal communities traditionally relied on the roots to treat
severe dysentery [160]. The root powder finds use in relieving rheumatic and mus-
cular discomfort, while leaves are used to make tea, and the stem powder tackles
jaundice and diarrhea. Extracts from the entire plant address various ailments -
spleen issues, coughs, lung and throat problems, digestive troubles, diarrhea, eye

irritation, and even broken bones [163, 164].

The fruits of Berberis lycium shine as coagulants, anti-inflammatory agents, and
fighters against cancer and high blood sugar. Locals traditionally use the whole
plant to heal ulcers, rheumatism, jaundice, eye problems, and fractures [165, 176].
Scientific studies using animal models have shown promise for extracts from fruits,
root bark, and stem bark. These extracts demonstrate potential benefits against
high cholesterol, high blood sugar, kidney stones, cancer, parasitic worms, and
wound healing [160, 167, 168]. Research also suggests various Berberis lycium
parts may possess antiseptic, diuretic, carminative, diaphoretic, expectorant, and
fever-reducing properties [169-172]. This highlights the possible of Berberis lycium

as a source of natural remedies for a wide range of health concerns.

2.10.1.3 Biologically Active Compounds and Their Activities

Numerous physiologically active substances, including tannins, saponins, and al-
kaloids, are found in B. lycium [173]. Of them, the most significant biologically
active ingredient is an isoquinoline alkaloid berberine that was extracted from bark
& roots of B. lycium [162]. Clinical trials and animal investigations have demon-
strated that beberine therapy improves cardiac contractility, prevents ischemia-
induced ventricular tachyarrhythmia, and lowers blood pressure and peripheral
vascular resistance [174]. Numerous biological uses for B. lycium were demon-
strated, including wound healing, pesticidal, hepatoprotective, antihyperlipidemic,

antioxidant, and antibacterial properties [165].
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In addition, the herb has historically been used to treat ocular, skin, cough, liver,
and stomach issues. Because of the plant’s enormous nutritional and medicinal
properties, it is being overexploited for consumption and commerce, which stances

a severe threat to the plant’s existence in natural habitat.

The species’ habitat is being reduced by other human activities including deforesta-
tion, building and road construction, expanding agricultural land in mountainous
areas, and so forth, which is causing a decline in population [175]. Therefore,
conservation measures must be taken to protect this B. lycium species from more

harm.

Berberine is the main isoquinoline alkaloid constituent of, and it is this compound
that gives the plant its biological properties. Numerous biological uses for this
chemical have been demonstrated, including hepatoprotective, anti-oxidant, anti-
microbial, anti-inflammatory, anti-cancer, and antihyperlipidemic properties. B.

lycium exhibits an extensive range of biological activity [163].

2.10.1.4 Phytochemistry

The phytochemicals found in B. lycium are diverse and serve a range of functions.

Table 2.1 lists several phytochemicals that were separated from B. lycium.

TABLE 2.1: Phytochemicals of B. lycium

Plant Part Reported Phytochemicals References

Whole plant Berberine, berbamine, palmatine, jhelumine, pun- [176, 177]
jabine, sindamine, organic acids (maleic acid, ascor-
bic acid), alkaloids, flavonoids, phenolics, tannins,
terpenoids, resin, and fat

Leaf Berberine, saponins, minerals (potassium, iron, [178, 183, 184]

sodium, phosphorus)

Stem Berberine, minerals (copper, manganese) [181, 185]
Shoot Minerals (sodium, iron, potassium, phosphorus) [178]
Fruit Saponins, tannins, alkaloids(including berbamine, [186-188]

chinamine, balauchistanamine, sindamine), berber-

ine, minerals (zinc and sulfur)
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Table 2.1 continued from previous page

Plant Part Reported Phytochemicals References

Root Alkaloids, tannins, saponins, flavonoids, terpenoids, [177, 178, 178,
steroids, carbohydrates, fat, proteins, vitamin C, 180-182]
anthocyanins, specific alkaloids (berberine, pal-
matine, [S-sitosterol), other identified compounds
(Jatrorrhizine, butyl-3- hydroxypropyl phthalate,

4, 4- dimethylhexadeca-3-ol, 4-methyl, 7-hydroxy
coumarin, and 3-(4" -(6-methyl butyl) phenyl)
Propan-1-ol) , minerals (sulfur, zinc, manganese,

copper, sodium, potassium, iron, phosphorus)

2.10.1.5 Antimicrobial Activity

Using the microdilution method, Singh et al. [189] investigated the antibacterial
activity of a 50% hydroalcoholic extract of air-dried B. lycium root and stem.
Micrococcus luteum, Enterobacter aerogenus, Escherichia coli, Bacillus cereus,
Bacillus subtilis, Proteus mirabilis, Streptococcus pneumonia, Klebsiella pneumo-
nia, Micrococcus luteum, and Pseudomonas aeruginosa were some of the bacteria

that the extract demonstrated antibacterial activity against.

Root and stem extracts inhibited Aspergillus terreus fungus strains. Strong anti-A.
flavus and anti-A. spinulosus activity was demonstrated using root extract. When
it came to bacterial strains, the hydroalcoholic extract outperformed it when it

came to fungal strains [189, 190].

In terms of immunological performance, B. lycium fared better against infectious
bursal disease, infectious bronchitis, and new castle disease. The amount of coc-
cidial oocysts per gram of feces was significantly reduced by this plant [191]. This
plant was often added to drinking water containers, along with other medicinal
herbs, to help eliminate germs and lessen illness [165]. Berberine is one possible

treatment for COVID-19 [192].
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Hepatitis C Virus (HCV)-infected HepGs cells were exposed to 70% methano-
lic plant extract, this extract was benign, but at 40 pug/ml and higher levels, it

demonstrated mild toxicity and severe toxicity, respectively [193].

2.10.1.6 Anticancer Activity

Khan et al. [194] investigated the anti-cancer properties of Berberis lycium root
extracts and isolated compound berberine against human leukemia cells (HL-60).
Their study compared the effectiveness of various extracts (water, ethanol, and
n-butanol) with pure berberine. The n-butanol extract displayed the strongest
cytotoxicity, followed by the ethanol and water extracts. Notably, berberine itself
exhibited a lower IC50 (1.2 pg/ml) compared to most extracts.

While berberine demonstrated significant anti-cancer activity, the n-butanol ex-
tract proved even more effective. Further analysis revealed that both berberine and
the butanol extract arrested the cell cycle at the S-phase, hindering cell division.
All extracts and berberine induced apoptosis in HL-60 cells, with the n-butanol

extract demonstrating the strongest pro-apoptotic effect.

Importantly, neither the extracts nor berberine caused DNA damage. Interest-
ingly, both treatments activated specific signaling pathways (p38-MAPK and
Chk2 phosphorylation), potentially linked to the observed cell cycle arrest. These
findings echo the effort of Issat et al. [195], who reported on the growing evi-
dence for berberine’s potential in cancer treatment due to its antiproliferative and

pro-apoptotic effects.

2.10.1.7 Antioxidant Activity

Berberis lycium, commonly known as barberry, is rich in free radical scavenging
chemicals, suggesting its potential as a natural antioxidant [196]. Studies have
confirmed this potential, with research by Ahmed and Shakeel [197] demonstrat-
ing significant antioxidant activity in B. lycium extracts. Different root extracts

exhibited varying degrees of activity, with petroleum ether showing the strongest
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effect (82% inhibition of DPPH free radical) followed by chloroform and methanol

extracts.

Interestingly, the n-butanol extract displayed minimal antioxidant activity. This
research highlights the impending of B. lycium as a source of natural antioxidants.
Even beverages made from its berries, like wine, have been shown to possess signif-
icant antioxidant capacity [198]. These findings warrant further investigation into
the specific bioactive components responsible for B. lycium’s antioxidant proper-

ties and their potential applications in promoting human health.

2.10.2 Solanum surattense

Taxonomic classification
Kingdom: Plantae
Phylum: Tracheophyta
Class: Magnoliopsida
Order: Solanales

Family: Solanaceae
Genus: Solanum

Species: Solanum surattense Burm. f.

FIGURE 2.2: Collection of Solanum surattense from field.
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The prickly Solanum surattense is a perennial herb, adding to the diverse Solanaceae
family that includes potato, tomato, and eggplant. This plant goes by several
names, including yellow-fruit nightshade, Surattense nightshade, and Indian night-
shade. Its geographical reach is impressive, spanning across Polynesia, Australia,

India, Southeast Asia, North Africa, and even parts of Pakistan [199].

A closer look reveals Solanum surattense typically thrives in arid regions, finding

a home along roadsides and even wastelands [200].

2.10.2.1 Morphology

Solanum surattense is a vibrant green perennial herb with a woody base. This
prickly character stands out with straight, yellow spines over 1.3cm long. Younger
branches are densely hairy, and leaves (5-10 per plant) come in various shapes and
sizes (2.5-5.7cm). They can be wavy or lobed, hairy initially, but smooth later. All
leaves have sharp prickles for defense. Green berries with white stripes transform
into yellow or white spheres with green veins as they ripen. The intricate flowers
have a hairy calyx with sharp lobes. Solanum surattense showcases remarkable

botanical complexity [201].

2.10.2.2 Traditional Used

In Indian traditional medicine, the plant Solanum surattense frequently used to
treat variety of conditions, counting gonorrhea, rheumatism, respiratory illnesses,

fever, asthma, and constipation [202].

The root of Solanum surattense, a tonic for nursing women, is a component in
the ayurvedic preparation of dashmularishta [203]. The fruit of S. surattense has
historically been used to treat wounds [204]. Compared to other solvent extracts,
the ethanol extract of S. surattense demonstrated a more marked ability to cure
wounds [205]. According to Ahmed et al. [206], the fruit extract of S. surattense
greatly increased urine production in a dose-dependent manner and exhibited di-

uretic and serum electrolyte control qualities. Kidney stones and urinary tract
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infections are treated by S. surattense, according to reports from Chauhan et al.,

207].

In addition, the plant known as S. surattense is used to cure a variety of ailments,
including the common cold, worms, sleeplessness, laxatives, liver enlargement,
aphrodisiac activities, anti-nociceptives, molluscicidal activities, and antifungal
activities [208]. The use of S. surattense seed vapors in cure of dental ache and pain
associated with gingival swelling has been described by Pandey [209]. Traditional
Indian Mukunda tribes in Rajasthan have been treating hernias with the root

sections of S. surattense [210].

More antiulcer potentiality [211] has been reported for alcoholic extracts of S.
surattense leaf than for other solvent extracts. Antibacterial, antifungal, antinoci-
ceptive, antioxidant, and antidepressant are among S. surattense’s pharmacolog-
ical actions [212, 213], antidepressant activity [214], hypoglycaemic [215], and
larvicidal [216].

2.10.2.3 Phytochemistry

Solanum surattense boasts a rich tapestry of phytochemical constituents. Exten-
sive research has revealed the presence of various alkaloids, forming the cornerstone
of its chemical makeup [217]. Beyond alkaloids, studies have identified a diverse
range of other compounds, including saponins, phenols, gums, specific steroidal
alkaloids like solamargine and solasonine, and the antioxidant vitamin C [218-
221]. Additionally, torvoside K, torvoside L, khasianine, and sterols have been
documented [222, 223]. Furthermore, S. surattense contains flavonoids and their

glycosides, aculeatiside A, and solamargine [224, 225].

Saiyed and Kanga’s (1936) research [226] sheds light on the bioactive compo-
nents present in the fruit of S. surattense. These include a glycoalkaloid (solano-
sine), a steroidal substance (carpesterol), and steroidal alkaloids such as caffeic
acid, coumarins, and triterpinoids. Further investigations confirmed the presence

of steroid alkaloids like solamorgine, solanocarpine, and solanocarpidine in the
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fruits [227].Solanum surattense also harbors a wealth of other potent phytochem-
icals, including triterpenoids, polyphenols (caffeic acid), coumarins (esculentin
and aesculin), sapogenins (lupeol and diosgenin), and various steroids (carpes-
terol, campesterol, daucosterol, stigmasterol, stigma cycloortanol, and cholesterol)
(228, 229]. The root of the plant is known to contain flavonoids, alkaloids, triter-
penoids, saponins, tannins, glycosides, and steroids [230, 231]. Notably, Heble
et al. (1984) [232] demonstrated the feasibility of extracting diosgenin and f-

sitosterol from the callus tissue of S. surattense.

2.10.2.4 Biological Active Compound and Their Activity

Research on Solanum surattense is still rife, and new findings have shown off its
fascinating potential. Solasodine, the primary alkaloid, may hold potential for the

treatment of diabetes, according to studies like Chen et al’s from 2020 [233].

Combining different plant bioactive components improves the plant’s anti - in-
flammatory qualities, according to research by Verma et al. from 2021 [234]. This
suggests possible synergies for improved therapeutic benefits. Furthermore, the
plant’s potential as a natural weapon against drug-resistant bacteria was empha-
sized by Kumari et al. in 2022, providing a glimmer of hope in the fight against

antibiotic resistance [235].

2.10.2.5 Antimicrobial Activity

Numerous investigations have demonstrated the plant products’ potent antibac-
terial properties. Potential antibacterial activity against Salmonella typhi, FEs-
cherichia coli, Pseudomonas aeruginosa, Vibrio cholera, Staphylococcus aureus,
and Streptococcus species has been reported for the ethanolic leaf extract of
Solanum surattense [236]. Strong antibacterial activity against Pseudomonas
aeruginosa was demonstrated by the ethanol and methanol extracts of S. surat-

tense [237].
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Bacteria including Micrococcus luteus, Staphylococcus aureus, E. coli, S. typhi,
Pasteurella multifida, and Vibrio cholera showed potential growth in the fruit
extract of Solanum surattense [238]. The antifungal efficacy of S. surattense extract
against Trichodermaviride, A. fumigates, A. flavus, and Aspergillus niger has been
assessed [239]. The antifungal activity of S. surattense against the growth of
Aspergillus fumigates and A. niger has been assessed by Mahmood et al., [240].
Rhizopus oryzae and Aspergillus fumigates were both significantly inhibited by

the methanolic seeds extract of S. surattense [241].

2.10.2.6 Anticancer Activity

Plants hold promise as a source of cancer-fighting drugs. The Indian plant,
Solanum surattense, shows particular potential due to its unique secondary metabo-
lites like lupeol, apigenin, solamargine, and diosgenin. Studies have shown that
solamargine, a steroidal alkaloid, has anti-tumor effects [242]. Fruit extracts from
S. surattense also show promise, with a positive correlation observed between the
amount of flavonoids (like apigenin, quercetin, fisatin, and luteolin) and the inhi-

bition of cancer cell growth [243].

Diosgenin isolated from Solanum surattense has been shown to induce apoptosis
in human colon cancer cells. Interestingly, research suggests that the presence
of a specific sugar molecule (2-rhamnose moiety) in solamargine and solasonine
is crucial for this effect. While these findings are promising, further research is
needed to fully understand how these plant compounds induce cell death and to

develop them into potential cancer therapies [244].

2.10.2.7 Antioxidant Activity

Growing concerns about the safety of synthetic antioxidants have fueled interest
in natural alternatives, particularly plants rich in polyphenols like Solanum surat-
tense [245]. Studies suggest this plant’s methanolic and ethanolic extracts possess

potential antioxidant properties, possibly by amplifying the activity of antioxidant
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enzymes like superoxide dismutase and glutathione peroxidase in animal models
[246, 247]. These findings, coupled with the established link between antioxidants
and reduced oxidative damage, highlight Solanum surattense as a promising can-
didate for further research [245]. By identifying the specific bioactive components
responsible for this potential antioxidant activity, we may unlock new avenues
for developing natural antioxidant therapies to combat free radical damage and

associated health problems.

2.11 Antibiotic Resistance

Modern antibiotherapy, as it relates to antibacterial medications, was first intro-
duced in the 1930s with the discovery of sulfonamides by Fleming and his 1928
discovery of penicillin [248]. The early 1940s saw the rapid widespread adoption of
penicillin. The 1950s marked the beginning of what is known as the ”"golden era”
of antibiotic progression and application, during which several latest antibiotic

classes stayed introduced and continued to be used until the 1970s [249].

However, after that remarkable time, antibiotic resistance has been steadily in-
creasing, leading to the current severe worldwide situation.The overdo and inade-
quate use of antibiotics, in addition to the pharmaceutical industry’s lack of inno-
vative drug research, have been the main causes of this problem [250]. The ubiquity
of antibiotic-resistant germs worldwide has recently, in 2023, drawn much alarm.
The unsettling pattern is exacerbated by the lack of novel antibiotic classes being
created, leading to the creation of the so-called ”antibacterial crisis” [251]. There
is a renewed focus on medicinal plants as a possible source of novel antibiotics
due to the growing concern of antibiotic resistance. These plants include an abun-
dance of different chemical constituents, such as phenolics, alkaloids, flavonoids,
and terpenoids. Numerous of these substances appear to have strong antibac-
terial qualities, which makes them excellent candidates for the creation of new

antibiotics, according to research [252].
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Material and Methods

3.1 Plant Collection

Plant samples of Berberis lycium and Solanum surattense were collected in [May,

2024] from the Kotli Sattian district of Rawalpindi, Pakistan.

3.2 Plant Identification

o Field Identification: Initial identification in the field was based on local

experts familiar with the region’s flora.

e Museum Verification: The collected plant samples were brought to the
Pakistan Museum of Natural History (PMNH) in Islamabad for confirmation
of their identity. Collaborating with qualified botanists or herbarium staff
at the PMNH, the plant specimens were compared with herbarium collec-
tions and taxonomic keys to ensure accurate identification. This verification

process confirmed the following:

— The sample designated as Solanum surattense was identified as Solanum

surattense with accession number 047509 at the PMNH.

— The sample designated as Berberis lycium was identified as Berberis
lycium with accession number 047510 at the PMNH.
34
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FIGURE 3.1: Herbarium specimens identified by the PMNH as: (a) Solanum
surattense (PMNH 047509) and (b) Berberis lycium (PMNH 047510). These
specimens were used for the extraction of bioactive compounds.

3.3 Sample Preparation

3.3.1 Drying

The collected plant materials were spread evenly on clean trays in a well-ventilated
area with good air circulation and indirect sunlight. The drying process was contin-

ued until the plant material reached constant weight, indicating complete dryness.

3.3.2 Grinding

To facilitate further analysis, the dried plant materials were finely ground using an
electric grinder.The grinder was thoroughly cleaned between samples to prevent

cross-contamination.
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3.4 Powder Storage

The powdered plant materials were stored in airtight containers made of inert
materials such as amber glass or aluminum foil. These containers were labeled
with the plant name (as confirmed by the Pakistan Museum of Natural History -
Solanum surattense and Berberis lycium), collection date, and location to ensure
traceability. The powders were stored in a cool, shady place (e.g., refrigerator
at 4°C or freezer at -20°C) to minimize moisture uptake, light exposure, and

degradation of bioactive compounds.

3.5 Extraction

Based on a review of relevant literature [253] and preliminary tests, we opted for
methanol as the primary solvent for extraction. Methanol is a well-established sol-
vent for extracting a broad spectrum of bioactive compounds from plant materials

due to its polarity.

3.5.1 Solanum surattense Extraction

A specific amount (27.22 g) of the powdered Solanum surattense sample, as weighed

precisely, was added to a conical flask and extracted with 100 mL of methanol

3.5.2 Berberis lycium Extraction

Similarly, a precise weight (49.24 g) of the powdered Berberis lycium sample was
added to a clean, dry conical flask. 150 mL of methanol was then added to this
flask.
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3.5.3 Common Extraction Procedure

Following the addition of methanol to each flask containing the respective plant
material (Solanum surattense and Berberis lycium), the flasks were sealed with
stoppers. They were then placed on a shaking incubator set at 150 rpm for 72
hours at room temperature (25°C) to ensure efficient extraction of bioactive com-
pounds. Following 72-hour incubation, the extracts were passed through Whatman
filter paper No. 1 to remove any solid plant material. Next, a rotary evaporator
was employed to concentrate the filtrates. This process utilizes reduced pressure
and a slightly elevated temperature (40°C) to remove the methanol solvent. The
concentrated extracts were then weighed to determine the yield, or the quantity
of extract obtained from the starting plant material. Finally, they were stored at

-20°C for future analysis.

FIGURE 3.2: Plant material extraction process (a-h): (a) Dried, powdered plant

sample is obtained. (b) The dried sample is weighed. (c) The dried sample is

mixed with solvent in a flask. (d) The mixture is transferred to airtight bottles.

(e) The mixture in the bottles is shaken on a shaker. (f) The mixture is strained

using a muslin cloth, and the extract is passed through filter paper. (g) The

filtrate (the extract after filtration) is transferred into a beaker for drying in a
fume hood. (h) The dried extract is obtained.
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3.6 Phytochemical Analysis

After the extraction process, the following phytochemical analyses were conducted

on the concentrated extracts of both Solanum surattense and Berberis lycium:

3.6.1 Total Phenolic Content (TPC) Assay

To quantify the total phenolic content (TPC) of Solanum surattense and Berberis
lycium extracts, a modified Folin-Ciocalteu method was employed. Diluted ex-
tracts were first reacted with the Folin-Ciocalteu reagent, followed by the addition
of a sodium carbonate solution. This addition triggers the development of color
within the mixture. The absorbance of these colored solutions was then measured
at a wavelength of 725 nanometers using a spectrophotometer. To convert the
measured absorbance values into a quantifiable amount of total phenolics, a stan-
dard curve prepared with gallic acid was used. This conversion provides the TPC
results expressed as milligrams of gallic acid equivalents (GAE) per gram of dry

extract weight [254].

3.6.2 Total Flavonoid Content (TFC) Assay

To quantify the total flavonoid content (TFC) in Solanum surattense and Berberis
lycium extracts, a modified aluminum chloride colorimetric assay was implemented.
Diluted extracts (1 mg/mL in DMSO) were combined with a pre-mixed solution
of methanol, aluminum chloride, potassium acetate, and water. This mixture un-
derwent incubation at room temperature for 30 minutes, allowing the formation
of colored complexes between flavonoids and aluminum chloride. The resulting so-
lution’s absorbance was then measured at 415 nm using a spectrophotometer. To
convert these absorbance values into a quantifiable measure of total flavonoids, a
standard curve prepared with varying concentrations of quercetin solutions (15.6-
250 pg/mL) was employed. This conversion provided the TFC results expressed

as milligrams of quercetin equivalents (QE) per gram of dry extract weight [256].
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3.6.3 FT-IR Analysis

The functional group composition of Solanum surattense and Berberis berberis
extracts was investigated using Fourier-Transform Infrared (FT-IR) spectroscopy.
FT-IR spectra of the extracts were acquired on a Nicolet iS10 FT-IR instrument
within a wavelength range of 400-4000 ¢cm !. This analysis aimed to detect the
characteristic functional groups present in the bioactive compounds of each plant
extract. The spectra will be compared to reference databases to assign specific
peaks to various functional groups (e.g., alcohols, phenols, alkenes, carbonyls)
present in the extracts. This information will provide valuable insights into the
potential bioactive constituents responsible for the observed biological activities

(e.g., antibacterial or antioxidant properties) of Solanum surattense and Berberis

lycium [256]

3.7 Biological Activities

3.7.1 Antibacterial Activity Assay
3.7.1.1 Microbial Strains

The following bacterial strains were used to assess the antibacterial activity of the

plant extracts:

o Salmonella typhi (ATCC 14028)

o FEscherichia coli (ATCC 25922)

» Pseudomonas aeruginosa (ATCC 27853)
o Staphylococcus aureus (ATCC 25923)

e Bacillus subtilis (ATCC 6633)
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3.7.1.2 Microplate Alamar Blue Assay (MABA)

The microplate Alamar Blue assay was employed to assess the antibacterial activ-

ity of the Solanum surattense and Berberis lycium extracts [257, 258].

3.7.1.3 Preparation of Bacterial Cultures

o Fresh cultures of each bacterial strain were prepared in appropriate broth
media (e.g., Mueller-Hinton Broth - MHB) and incubated at 37°C for a

specified time (18-20 hours) to achieve an exponential growth phase.

o The bacterial cultures were then standardized to a specific optical density
(OD) of 0.5-0.6 at a chosen wavelength of 600 nm (OD600) using a spec-

trophotometer. This ensures a consistent inoculum for the assay.

3.7.1.4 Preparation of Extract Solutions

o Stock solutions of the concentrated Solanum surattense and Berberis lycium
extracts were prepared at a defined concentration (3000 pg/mL) in a suitable

solvent (e.g.DMSO).

3.7.1.5 Microplate Assay Setup

A sterile 96-well microplate was used for the assay.

« Each well received a specific volume of broth media containing a standardized

inoculum of the test bacteria.

o Extract solution was then added to designated wells to achieve the desired

final concentrations in the assay wells.

e Control wells included those with media only, media with bacteria only
(growth control), and media with a known antibacterial agent (positive con-

trol).
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3.7.1.6 Incubation and Alamar Blue Reduction

o The microplate was incubated at 37°C for a specified time (24 hours) to

allow bacterial growth in the presence or absence of the extracts.
o After incubation, Alamar Blue solution was added to each well.

o The microplate was further incubated for a defined period (24 hours) to

allow the metabolically active bacteria to reduce the Alamar Blue.

3.7.1.7 Measurement and Analysis

o The fluorescence intensity of the solution in each well was measured at spe-
cific excitation and emission wavelengths using a fluorescence microplate

reader.

o The bacterial growth inhibition percentge was calculated for each extract

concentration compared to the growth control wells [257, 258].

3.7.2 Antioxidant Activity Determination

The antioxidant capacity of Berberis lycium and Solanum surattense extracts was

evaluated using the DPPH radical scavenging assay.

3.7.2.1 Free Radical Scavenging Activity by DPPH Assay

The capability of the extracts and fractions to scavenge free radicals was eval-
uated using the DPPH (2, 2-diphenyl-1-picrylhydrazyl) assay, utilizing a well-
documented protocol [259].

3.7.2.2 Preparation of DPPH Solution

To test free radical scavenging, a strong DPPH solution (60 M) was made in
methanol (2.4mg in 100mL). The solution was then diluted with methanol to
absorb less light at 517nm (optimal for the assay).
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3.7.2.3 Assay Procedure

The diluted DPPH solution (2 mL) was mixed with various concentrations (1-50
pug/mL) of each extract/fraction (200 uL). After vigorous mixing (vortexing) and
a 30-minute incubation in darkness, the pending DPPH was measured at 517 nm
(spectrophotometer) to assess free radical scavenging activity. This process was

repeated three times (triplicate) for each sample for reliable results.

3.7.2.4 Evaluation of Antioxidant Activity

The antiradical potential of the crude extract and fractions was calculated using
a specific formula. This formula translates the measured absorbance into a value

representing the free radical scavenging capacity of the samples.

Absorbanceof Extract

1
Absorbanceof AscorbicAcid x 100

%Scavenging =1 —

The IC50 value, determined using a DPPH free radical scavenging assay, indicated
the concentration of extract or fraction required to scavenge half of the free radicals

present. Ascorbic acid was employed as a reference standard for comparison.

3.7.3 Antifungal Activity Testing: Agar Well Diffusion
Method

This study utilized the agar well diffusion method, a well-established and effi-
cient technique, to investigate the antifungal activity of a plant extract against
Aspergillus niger. This method offers a reliable preliminary screening tool for

identifying potential antifungal agents.
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3.7.3.1 Fungal Spore Preparation

o Selecting the Right Age: A 2-3 day old Aspergillus niger culture was
chosen to ensure actively growing fungal cells. Younger or older cultures

may have reduced viability, potentially affecting results.

o Harvesting the Spores: Spores were harvested from the culture using a
sterile technique. The specific method may vary depending on the fungal
species. Common approaches include scraping the culture surface with a
sterile loop or suspending the culture in a sterile solution followed by filtra-

tion to isolate the spores.

« Standardization for Consistency: The harvested spores were suspended
in a sterile broth (e.g., saline solution) to create a standardized inocu-
lum. The suspension was then adjusted to a 0.5 McFarland standard. This
turbidity-based method ensures consistent fungal spore concentration across

replicates, crucial for data reproducibility.

3.7.3.2 Media and Plate Preparation

1. Media Selection: Two commonly used mycological media, Potato Dextrose
Agar (PDA) or Sabouraud Dextrose Agar (SDA), were chosen for this study.

Both media provide essential nutrients for fungal growth.

2. Inoculation: Creating a Uniform Lawn: The standardized spore suspension
was spread evenly over the surface of solidified PDA/SDA plates using a
sterile spreader. This ensures a uniform distribution of fungal cells across the

plate, creating a consistent "lawn” for potential inhibition zone visualization.

3. Drying for Optimal Conditions: The inoculated plates were allowed
to dry for a short period. This prevents excessive media well flooding and

ensures proper well formation, crucial for accurate sample application.
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3.7.3.3 Well Creation and Sample Application

1. Well Formation with Consistency: Sterile cork borers of a defined diam-
eter (e.g., 6 mm) were used to create wells in the solidified agar. Maintaining

a consistent well size is essential for ensuring data reproducibility.

2. Sample Application: Introducing the Unknown: The plant extract so-
lutions were prepared at two different concentrations (250 pg/mL and 500
pg/mL) in a suitable solvent (e.g., water, dimethyl sulfoxide). These solu-

tions were then carefully added to separate wells using sterile micropipettes.

3. Positive Control: Confirmation and Comparison: Fluconazole discs, a
standard antifungal medication, were placed on separate wells as a positive
control. The presence of a clear inhibition zone around the Fluconazole disc
confirms the viability of the fungal inoculum and the effectiveness of the

assay itself.

3.7.3.4 Incubation and Measurement

1. Incubation: Time for Growth and Inhibition: The inoculated plates were
incubated at a constant temperature (28°C) for 4-5 days. This allows suf-
ficient time for fungal growth and the development of potential inhibition
zones around the wells containing the plant extract. The optimal incubation
temperature and duration may vary depending on the specific fungal species

under investigation.

2. Zone Measurement: Quantifying the Inhibition: After incubation, the
diameters of any clear inhibition zones around the wells containing the plant
extract solutions and the Fluconazole disc were measured using calipers.
The presence and size of these zones indicate the antifungal activity of the

plant extract. A larger zone diameter suggests a stronger antifungal effect

260].
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3.7.4 Anticancer Activity: The MTT Assay

This protocol outlines a method for evaluating the cytotoxic activity (cell-killing

ability) of compounds using the MTT assay.

3.7.4.1 Cell Culture and Seeding

Human prostate cancer cells (PCs line) were cultured in flasks containing Dul-
becco’s Modified Eagle Medium (DMEM) supplemented with fetal bovine serum
(FBS) for essential nutrients, penicillin to prevent bacterial contamination, and
streptomycin to inhibit bacterial growth. The flasks were maintained in a con-
trolled environment incubator set at 37°C with 5% CO, to ensure optimal cell

growth.

For the experiment, exponentially growing cells were harvested, counted, and di-
luted in fresh medium to achieve a desired density of 100,000 cells per milliliter (1
x 10”5 cells/ml). This cell suspension was then dispensed at 100 microliters per

well into 96-well plates for overnight incubation.

3.7.4.2 Treatment and Analysis

Following the overnight incubation, the culture medium was removed from the
wells and replaced with fresh medium containing varying concentrations (1 to 30
micromolar) of the test compounds (200 microliters per well). These plates were

then incubated for 48 hours to allow for compound interaction with the cells.

3.7.4.3 Cell Viability Assay (MTT)

To assess cell viability after treatment, an MTT assay was employed. MTT is a
tetrazolium dye that is metabolized by metabolically active cells into formazan
crystals. After the 48-hour incubation with test compounds, an MTT solution
(200 microliters per well) was added to each well and incubated for an additional

4 hours. To stop the reaction and solubilize the formazan crystals formed by
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viable cells, a solution of DMSO (100 microliters per well) was added. Finally, the
extent of MTT reduction to formazan by viable cells was quantified by measuring
the absorbance of light at 570 nanometers using a microplate reader. Higher
absorbance values indicate a greater number of viable cells and, consequently,

lower cytotoxicity caused by the test compound.

3.7.4.4 Evaluating Cell Death: The IC;, Value

The cytotoxicity of the tested compounds was determined by measuring the con-
centration required to inhibit the growth of PCjs cells by 50%, known as the ICsq
value. A lower IC5o value indicates greater cytotoxicity (cell-killing ability) of the

compound.

3.7.4.5 Percent Inhibition Calculation

A specific formula was used to calculate the percentage of growth inhibition caused
by the compounds at different concentrations. This value helps compare the ef-

fectiveness of various compounds in terms of their anti-cancer potential.

% inhibition = 100-((mean of O.D of test compound — mean of O.D of negative
control)/ (mean of O.D of positive control — mean of O.D of negative control) )

[261].



Chapter 4

Results

4.1 Total Phenolic and Flavonoid Contents & Ex-
traction Yield of Berberis lycium & Solanum

surattense

The total phenolic contents, total flavonoid contents, and extraction yield of
Berberis lycium and Solanum surattense were determined (Table 4.1). Berberis
lycium exhibited significantly higher (p < 0.05) total phenolic content (193.83 +
3.93 mg GAE/g of dry extract) compared to Solanum surattense (50.69 £+ 3.53
mg GAE/g of dry extract).

A similar trend was observed for total flavonoid content, with Berberis lycium
showing a significantly higher content (37.47 + 0.37 mg QE/g of dry extract)
compared to Solanum surattense (19.41 + 0.33 mg QE/g of dry extract). The

extraction yield for both plants was comparable (around 3.5%).

These findings suggest that Berberis lycium is a richer source of antioxidant com-

pounds compared to Solanum surattense.

The higher content of phenolics and flavonoids in Berberis lycium could be at-

tributed to its specific biosynthetic pathways or environmental factors.

47
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TABLE 4.1: Total phenolic contents, total flavonoid contents and extraction
yield of Berberis lycium and Solanum surattense

Plants Total Phenolic Con- Total Flavonoid Extraction
tents Contents Yield
(mg GAE/g of Dry (mg QE/g of Dry (%)
Extract) Extract)

Berberis lycium 193.83+3.93a 37.47+0.37a 3.43

Solanum surattense 50.69£3.53b 19.41£0.33b 3.52

The data in the table are presented as means + standard deviation (SD) based
on three replicates (n = 3) per treatment. Statistical analysis was performed to
compare means within each column. Values that do not share a letter superscript

are significantly different from each other at a p-value threshold of less than 0.05.

4.2 FTIR Analysis of Phytochemical Functional
Groups in Berberis lycium & Solanum surat-

tense Extracts

Fourier-Transform Infrared (FTIR) spectroscopy was employed to characterize the
functional groups present in the methanol extract of Berberis lycium and Solanum
surattense. FTIR analysis revealed the presence of alcohols, alkanes, and carbonyl-
containing compounds. Such chemical constituents are often associated with a
broad spectrum of biological activities, including antimicrobial, antioxidant, and
anti-inflammatory properties. The spectrums were recorded in the range of 4000-

500 cm .

4.2.1 FTIR Analysis of Berberis lycium Methanol Extract

The FTIR spectrum of Berberis lycium methanol extract revealed a complex pro-
file indicative of a diverse chemical composition. Prominent absorption bands were

observed at approximately 3400 cm ™!, characteristic of O-H stretching vibrations,
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suggesting the presence of alcohols or phenols. Aliphatic C-H stretching vibra-

tions were evident at around 2900 cm™!.

The presence of a carbonyl functional
group was indicated by a strong absorption band near 1650 cm™!, potentially
attributed to ketones, aldehydes, or carboxylic acids. Aromatic C-H bending vi-
brations were observed at approximately 1500 cm~!. Additionally, C-O stretching
vibrations, typically associated with alcohols, ethers, or esters, were observed in

the fingerprint region below 1500 cm™!.

The complex nature of the fingerprint
region also suggested the potential presence of other functional groups, such as
amines, amides, or nitro compounds, requiring further analysis for definitive iden-
tification. A detailed analysis of the spectrum is presented in Table 4.2 and Figure

4.1.

Berberis lycium Methanol Extract
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FicURE 4.1: FTIR Spectrum of Berberis lycium Methanol Extract

TABLE 4.2: FTIR Spectral Data of Berberis lycium Methanol Extract

Peak Position (cm™!) Possible Functional Group

3397.04433 O-H stretching (alcohols, phenols)
3000.32841 Aromatic C-H stretching
2898.52217 C-H stretching (aliphatic)
2347.45484 CO2 (atmospheric interference)

1660.42693 C=0 stretching (carbonyl compounds)
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Table 4.2 continued from previous page

Peak Position (cm™') Possible Functional Group

1505.41872 Aromatic C=C stretching
1423.31691 C-H bending (methylene)
1321.51067 C-O stretching (alcohols, esters)
1022.00328 C-O stretching (alcohols, ethers)
949.09688 C-H bending (aromatic)
702.79146 C-H bending (aromatic)

4.2.2 FTIR Analysis of Solanum surattense Methanol
Extract

The FTIR spectrum of Solanum surattense methanol extract revealed the presence
of key functional groups indicative of a complex chemical composition. Promi-
nent peaks corresponding to O-H stretching, C-H stretching (both aliphatic and
aromatic), and C=0 stretching suggest the presence of alcohols, phenols, alka-
nes, and carbonyl-containing compounds such as ketones, aldehydes, or carboxylic
acids. Additionally, the spectrum exhibited characteristic peaks associated with
C-0O stretching, potentially indicating the presence of esters or other oxygenated
compounds. The fingerprint region below 1500 cm ™! displayed a complex pattern,
suggesting the presence of various functional groups, including C-N, C-O, and C-C
bonds, which would require further analysis for definitive assignments. A detailed

analysis of the spectrum is presented in Table 4.3 and Figure 4.2.

TABLE 4.3: FTIR Spectral Data of Solanum surattense Methanol Extract

Peak Position (cm™') Possible Functional Group

3425.94417 O-H stretching (alcohols, phenols)
2990.47619 C-H stretching (aliphatic)
2903.77668 C-H stretching (aliphatic)
2337.60263 CO2 (atmospheric interference)

1984.23645 CO2 (atmospheric interference)




Results 51

Table 4.3 continued from previous page

Peak Position (cm™') Possible Functional Group

1645.97701 C=O0 stretching (carbonyl compounds)
1413.4647 C-H bending (methylene)
1312.31527 C-O stretching (alcohols, esters)
1026.60099 C-O stretching (alcohols, ethers)
939.24466 C-H bending (aromatic)
702.79146 C-H bending (aromatic)
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FiGURE 4.2: FTIR Spectrum of Solanum surattense Methanol Extract

4.3 DPPH Radical Scavenging Activity

The DPPH radical scavenging activity of Berberis lycium and Solanum surattense
methanol extracts was evaluated at different concentrations (Figure 4.3). The
results demonstrated a dose-dependent response, where the percentage of DPPH
radical scavenging activity increased with increasing extract concentration (each

value represents a mean + SD, n = 3).

The figure depicted the concentration of the extracts on the x-axis labeled ”Con-

centration of Extract” with units of ug/mL. The range tested appears to be from 1
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ug/mL to likely 50 ug/mL based on the tick marks on the axis. As the concentra-
tion of both extracts increased, their percentage of DPPH radical scavenging activ-
ity also increased steadily, demonstrating the dose-dependent response. Berberis
lycium extract exhibited a stronger DPPH radical scavenging activity compared
to Solanum surattense extract at all tested concentrations. The percentage of
DPPH radical scavenging activity amplified steadily with growing concentration
for both extracts. Berberis lycium extract appears to reach a higher percentage of
DPPH radical scavenging activity than Solanum surattense extract at the highest

concentration tested.

Concentration-dependent Percent Scavenging of DPPH radical
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FIGURE 4.3: Scavenging activity of DPPH radicals by methanol extracts of
Berberis lycium and Solanum surattense at different concentrations. Fach value
represents a mean £ SD (n = 3).

4.4 Antioxidant Effect (IC5;y) on DPPH Radical
of Methanol Extracts of Berberis lycium and

Solanum surattense

The antioxidant capacity of Berberis lycium and Solanum surattense extracts were
assessed using the DPPH radical scavenging assay. Ascorbic acid, a known antioxi-
dant compound, was included for comparison (Table 4.4). Ascorbic acid displayed

the strongest free radical scavenging activity, with the lowest IC50 value (3.28
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+ 0.02 pg/mL). Berberis lycium extract exhibited moderate antioxidant activ-
ity (IC50 = 4.10 £+ 0.06 pg/mL), while Solanum surattense extract showed the
weakest activity among the tested samples (IC50 = 4.43 £ 0.11 pug/mL).

These findings suggest that Berberis lycium extract possesses significant antioxi-
dant potential. The lower ICs5q value compared to Solanum surattense indicates

that Berberis lycium may be a richer source of antioxidant compounds.

TABLE 4.4: Antioxidant effect (IC59) on DPPH radical of methanol extracts of
Berberis lycium and Solanum surattense

Plants IC;¢ values (ug/mL)

Berberis lycium 4.10+£0.06b
Solanum surattense 4.43+0.11a

Ascorbic Acid 3.28+0.02¢

This table shows the mean £+ SD (n = 3) for each treatment. Statistical analysis
(p < 0.05) was performed to compare means within each column. Values that lack

a common letter superscript differ significantly.

4.5 Anti-Bacterial Activity of Berberis lycium

and Solanum surattense

The antibacterial potential of Berberis lycium and Solanum surattense extracts
were assessed against various bacteria (Escherichia coli, Bacillus subtilis, Staphy-
lococcus aureus, Pseudomonas aeruginosa, and Salmonella typhi) using the Alamar
Blue assay (Table 4.5). Oflozacin, a widely used antibiotic, served as a positive
control. The results indicated that Ofloxacin displayed the strongest inhibition
against all tested bacteria. Neither Solanum surattense nor Berberis lycium ex-
tract exhibited significant inhibition against E. coli, Bacillus subtilis, or Salmonella
typhi at the tested concentration (3000 pg/mL). However, Berberis lycium ex-
tract did demonstrate moderate inhibitory activity against Staphylococcus aureus
(60.21%). Interestingly, berberine, a key alkaloid found in Berberis lycium, dis-
played strong inhibitory activity against Staphylococcus aureus (84.55%) at the
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same concentration (3000 ug/mL). This finding suggests that berberine may be a
key contributor to the antibacterial activity observed in Berberis lycium extracts,
but these effects are weaker compared to the standard antibiotic Ofloxacin. The
antibacterial properties of plant extracts can be influenced by various factors, such

as the extraction method and solvents used.

TABLE 4.5: The anti-bacterial effects of Berberis lycium and Solanum surat-
tense using Alamar Blue assay.

Bacteria Percent (%) Inhibition
Solanum surattense Berberis lyctum  Berberine Ofloxacin
(3000 pg/mL) (3000 pg/mL) (3000 pg/mL) (50 pg/mL)
Escherichia - - - 89.19
coli
Bacillus sub- - - - 88.27
tilis
Staphylococcus - 60.21 84.55 85.94
aureus
Pseudomonas - - - 92.21
aeruginosa
Salmonella - - - 90.3
typhi

4.6 Antifungal Activity of Solanum surattense

and Berberis lycium

The agar well diffusion method was employed to assess the antifungal activity of
a plant extract against Aspergillus niger. Fluconazole discs were used as positive
controls. Fungal spore suspensions were adjusted to a 0.5 McFarland standard
and spread onto solidified media to create a uniform lawn of growth. After the
introduction of wells and the addition of plant extract solutions at concentrations

of 250 ug/mL and 500 pg/mL, the plates were incubated for 4-5 days at 28°C.
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Unfortunately, no measurable inhibition zones were observed around the wells
containing the plant extract at either concentration. In contrast, the Flucona-
zole discs displayed clear zones of inhibition, indicating their effectiveness against
Aspergillus niger. These findings suggest that, under the conditions of this exper-
iment, the plant extract lacked antifungal activity against this particular fungal

strain.

FIGURE 4.4: Antifungal activity of Berberis lycium and Solanum surattense
against Aspergillus niger

4.7 Anticancer Activity of Solanum surattense

and Berberis lycium

The results of the MTT assay to determine the anticancer activity of Solanum
surattense and Berberis lycium extracts against PCj cells were promising, but
ultimately showed low inhibition at the concentration tested (30 pug/mL). Solanum
surattense extract exhibited a moderate inhibition of 35.93%, while Berberis lycium

extract showed minimal inhibition of only 4.61% (Table 4.6).

For comparison, Doxorubicin, a well-known chemotherapeutic drug used as a pos-
itive control, resulted in a much higher inhibition rate of 80.8%. Even Berberine,
an isolated compound found in plant like Berberis lycium, showed a moderately

higher inhibition (22.15%) than the crude Berberis lycium extract itself. These
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findings suggest that while the crude extracts may have some anti-cancer proper-
ties, further investigation is needed to isolate and purify the active components

responsible for the observed inhibition.

TABLE 4.6: Percent inhibition of PCs cells treated with methanol extracts (30
pug/mL) of Solanum surattense and Berberis lycium in MTT assay

Plant % Inhibition

Solanum surattense 35.93
Berberis lycium 4.61
Berberine 22.15

Doxorubicin 80
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Discussion

5.1 Antibacterial Activity

To assess the potential antimicrobial properties of Berberis lycium and Solanum
surattense, we employed the Alamar Blue assay, a cell viability indicator. This
assay is a non-destructive viability indicator that utilizes the reduction of a blue
resazurin dye (Alamar Blue) to a pink resorufin product by metabolically ac-
tive bacteria. While Ofloxacin, the standard antibiotic, effectively inhibited all
tested bacteria, Our study investigated the antibacterial activity of Solanum surat-
tense and Berberis lycium extracts against various bacterial strains, including Es-
cherichia coli, Bacillus subtilis, Staphylococcus aureus, Pseudomonas aeruginosa,
and Salmonella typhi. While previous research reported promising results with
these plants against these specific bacterial strains, often using ethanol or hy-
droalcoholic extracts [73, 74, 189], our findings with methanol extracts showed
limited antibacterial effects at the tested concentration (3000 pg/mL). Antibac-
terial activity of Berberis lycium extracts revealed moderate inhibition against
Staphylococcus aureus but no significant effect on Escherichia coli, Bacillus sub-
tilis, or Salmonella typhi at the tested concentration (3000 pug/mL). Interestingly,
berberine, a key alkaloid in Berberis lycium, displayed strong inhibition against
the same bacteria at the same concentration. This finding highlights the potential

of berberine as a key contributor to the antibacterial activity of Berberis lyceum.

o7
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and Solanum surattense did not reveal significant inhibitory effects at the tested

concentration (3000 pg/mL).

Several factors can influence the potency of these extracts, including the extrac-
tion method and solvent used. Our study employed a methanol extract, whereas
previous research utilized different methods, such as ethanol or hydroalcoholic ex-
tractions [73, 74, 189]. This variation can significantly affect the concentration
and profile of bioactive compounds within the extracts, potentially explaining the
observed difference in antibacterial activity. Additionally, variations in the plant
source, such as harvest season, geographical location, and soil composition, can
impact the plant’s secondary metabolite profile and thus the extract’s potency
against different bacterial strains.This concept is further supported by a recent
study demonstrating significant seasonal variations in the antibacterial potential
of Berberis lycium, with winter and early spring harvests exhibiting the strongest

activity [262].

5.2 Antioxidant Activity

Our study investigated the antioxidant properties of Berberis lycium and Solanum
surattense extracts, employing the DPPH free radical scavenging assay with ascor-
bic acid as a positive control. Berberis lycium extract exhibited stronger free
radical scavenging activity compared to Solanum surattense extract, suggesting a

richer profile of antioxidant compounds in Berberis lycium.

Phenolic and flavonoid compounds are well-established contributors to plant an-
tioxidant activity. Their ability to scavenge free radicals and chelate metal ions
is a key mechanism for mitigating oxidative stress [77]. The analysis of total
phenolic and flavonoid contents sheds light on the potential reasons behind the
observed differences in antioxidant capacity between Berberis lycium and Solanum
surattense extracts.The findings for Berberis lycium align with previous research
attributing its antioxidant potential to compounds like berberine [196]. While

Solanum surattense exhibited a lower content of phenolics and flavonoids, previous
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research has documented the presence of a diverse range of potentially bioactive
compounds within this plant [70, 73, 75-78]. Notably, studies have identified al-
kaloids, saponins, and steroidal compounds like solamargine, solasurine, and sola-
sonine in S. surattense [70, 80]. These compounds may contribute to the observed,

although less pronounced, antioxidant activity in Solanum surattense extracts.

FTIR analysis also revealed comparable functional group profiles for both Solanum
surattense and Berberis lycium methanol extracts, with prominent peaks indicat-
ing the presence of alcohols, alkanes, and carbonyl-containing compounds. Such
chemical constituents are often associated with a broad spectrum of biological

activities, including antimicrobial, antioxidant, and anti-inflammatory properties.

5.3 Anticancer Activity

Our study investigated the anti-cancer activity of methanol extracts from Solanum
surattense and Berberis lycium against human prostate cancer cells (PCj3) using
the MTT assay. As expected, the assay measured the metabolic activity of viable
cells through the conversion of MTT into formazan crystals. However, at the
tested concentration of 30 ug/mL, both plant extracts exhibited low anti-cancer

activity against PCj cells.

These findings are partially in line with previous studies on the anti-cancer proper-
ties of these plants. Solanum surattense extracts rich in flavonoids and solamargine
have been shown to possess anti-tumor activity, but likely at higher concentrations
or against different cancer cell lines [242, 243]. Similarly, berberine, an isolated
alkaloid from Berberis lycium, has demonstrated potent cytotoxicity against hu-
man leukemia cells (HL-60), but the crude extract we tested may lack sufficient

berberine or other active components for strong activity against PCs cells [194].

The observed low cytotoxicity of Solanum surattense and Berberis lycium extracts
in our study warrants further investigation to reconcile the discrepancies with pre-
vious reports. Several factors might contribute to these differences. Variations in

plant source (geographic origin, growth conditions) and extraction methods can
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significantly impact the concentration and composition of bioactive compounds
within the extracts [245]. These differences might explain the lack of observed
activity in our extracts compared to those used in prior studies. Additionally,
cancer cells exhibit diverse biological properties, making them susceptible to cer-
tain compounds more than others [246]. Solanum surattense and Berberis lycium
extracts might be more effective against different cancer cell lines than PCjy cells.
Furthermore, the concentration of 30 ug/mL used in our study might not have
been strong enough to induce a measurable cytotoxic response in PCjs cells. Future
studies with a wider range of concentrations and different cancer cell lines would

be necessary to definitively assess the anti-cancer potential of these plant extracts.

5.4 Antifungal Activity

Our study employed the agar well diffusion method to evaluate the potential an-
tifungal activity of Solanum surattense and Berberis lycium extracts against As-
pergillus niger. This technique relies on the principle of diffusion, where the extract
is introduced into a well created in the agar medium containing fungal spores. If
the extract possesses antifungal properties, it will diffuse through the agar and
inhibit the growth of the fungus around the well, forming a clear zone of inhibi-
tion. The diameter of this zone is often used as a semi-quantitative measure of

antifungal activity [260].

However, our investigation yielded no significant antifungal zones of inhibition
for either extract at the tested concentrations (250 ug/mL and 500 pug/mL). This
finding appears to contradict previous research suggesting the potential of Solanum
surattense extracts against Aspergillus species, including A. niger [239, 240]. One
study identified Berberis lycium to have antifungal activity against Aspergillus
niger, with an IC50 value of 399.64 pg/mL [264]. However, our findings with

Berberis lycium extracts did not demonstrate such activity.

Several factors likely contribute to the discrepancy between our findings and pre-

vious research suggesting antifungal activity of Solanum surattense and Berberis
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lycium extracts against Aspergillus niger. Firstly, the antifungal properties of
plant extracts are highly influenced by the specific plant source. Variations in
the plant’s genetic makeup and environmental factors during growth, such as ge-
ographical location, soil composition, and sunlight exposure, can all impact the

production of secondary metabolites with antifungal activity [262].
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Conclusion and Future Work

In conclusion, this study aimed to explore the potential health benefits of Berberis
lycium and Solanum surattense by evaluating their phytochemical content, an-
tioxidant, antibacterial, anticancer, and antifungal activities. Total phenolic and
flavonoid contents were determined using spectrophotometric methods. FTIR
analysis revealed comparable functional group profiles for both Solanum surat-
tense and Berberis lycium methanol extracts, with prominent peaks indicating the
presence of alcohols, alkanes, and carbonyl-containing compounds. Such chemical
constituents are often associated with a broad spectrum of biological activities,
including antimicrobial, antioxidant, and anti-inflammatory properties. The an-
tioxidant capacity of the extracts was assessed using the DPPH radical scavenging
assay, with ICsq values calculated to compare their effectiveness. The Alamar Blue
assay evaluated the antibacterial activity against various bacteria, while the agar
well diffusion method investigated antifungal activity against Aspergillus niger.
The MTT assay measured cytotoxicity towards human prostate cancer cells (PCs).
Berberis lycium exhibited a richer profile of antioxidant compounds, demonstrated
by higher total phenolic and flavonoid content and stronger DPPH radical scav-
enging activity compared to Solanum surattense. This aligns with the potential

of Berberis lycium as a natural source of antioxidants.

62
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The antibacterial assessment revealed moderate inhibition of Staphylococcus au-
reus by Berberis lycium extract, but neither plant extract showed significant activ-
ity against other tested bacteria at the chosen concentration.Further investigation
is needed to determine the minimum effective concentration and explore its efficacy
against a broader range of bacteria, including those resistant to antibiotics. Un-
derstanding how Berberis lycium targets Staphylococcus aureus could also provide

valuable insights

Evaluation of anticancer activity against human prostate cancer cells (PC3) did
not show significant cytotoxicity for either extract. Discrepancies with previ-
ous reports suggest the need for further investigation considering variations in
plant source and extraction methods. Exploring the effectiveness of these extracts
against different cancer cell lines and a broader range of concentrations may pro-

vide valuable insights.

Finally, the antifungal activity assessment against Aspergillus niger using the agar
diffusion method did not yield any significant zones of inhibition. Future studies
should explore the influence of extraction methods, plant source variations, and
concentration range to understand the potential antifungal properties of these

plants.

Overall, this study highlights the potential of Berberis lycium as a source of natural
antioxidants. Further research is necessary to optimize extraction methods and
explore the antibacterial and anticancer activities of these plants against a broader
range of pathogens and cancer cell lines while considering potential variations in

plant source and extraction procedures.

6.1 Future Perspectives and Recommendations

This study provided valuable insights into the potential health benefits of Berberis
lycium and Solanum surattense extracts. However, further exploration is crucial

to fully understand their therapeutic potential.
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6.1.1 Future Directions

6.2

Optimization of extraction methods: Investigating alternative extrac-
tion techniques, such as supercritical fluid extraction or enzyme-assisted ex-
traction, may yield extracts with higher concentrations of bioactive com-

pounds, potentially enhancing their observed activities.

Exploration of antibacterial activity: Testing these extracts against a
broader panel of bacterial strains and a wider range of concentrations could
identify more susceptible pathogens and optimize their antibacterial efficacy.
In vitro studies could be complemented with in vivo models to assess their

effectiveness in combating bacterial infections.

Evaluation of anticancer activity: Expanding research to include differ-
ent cancer cell lines is recommended. Additionally, exploring various con-
centration ranges and employing combination therapy with established anti-
cancer drugs could provide valuable insights into their potential for cancer

treatment.

Investigation of antifungal activity: Utilizing different fungal strains
and exploring alternative antifungal assays could unveil the potential anti-
fungal properties of these extracts. Further research should also consider the
impact of extraction methods and plant source variations on their antifungal

activity.

Mechanism of action studies: Understanding the underlying mechanisms
by which these extracts exert their biological activities (antioxidant, antibac-

terial, etc.) is crucial for future drug development efforts.

Recommendations

Standardization of plant materials: Developing standardized protocols
for plant collection, processing, and storage is essential for ensuring consis-

tent quality and reproducibility of research findings.
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o Clinical trials: If further in vitro and in vivo studies show promising results,
well-designed clinical trials are necessary to evaluate the safety and efficacy

of these extracts in human populations.

« Synergistic effects: Exploring potential synergistic effects between Berberis
lycium and Solanum surattense extracts or with other therapeutic agents

could lead to more potent therapeutic strategies.

By pursuing these future directions and recommendations, researchers can gain a
deeper understanding of the therapeutic potential of Berberis lycium and Solanum
surattense extracts. This knowledge could pave the way for the development of

novel and effective natural products for promoting human health.
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