Aadd) Al agal) 4 530 o) 4 sgand
DEMOCRATIC AND POPULAR ALGERIAN REPUBLIC
aladl Gl g Madl andesl) 3515
MINISTRY OF HIGHER EDUCATION AND SCIENTIFIC
RESEARCH
sl il daa L dd) daals
ECHAHID HAMMA LAKHDAR UNIVERSITY OF EL-OUED
Blaall g dagal) o glal) 4418
FACULTY OF NATURAL LIFE AND SCIENCES
L sl gl aid
Department of Biology

Master's Thesis

In order to obtain a diploma of an Academic Master In biological sciences

Specialty: Biodiversity and plant physiology
Them

In Vitro Study on the Biological Activities of Ammodaucus leucotrichus Zn-O

nanoparticles, Essential Oil and Hydroethanolic Extract.

Presented by:

Melle. Miloudi Hana
Melle. Zaoui Abir

Melle. Zedik Yasmine
Jury Members:

President: Dr. GUEDIRI Imane M.AA
Examiner: Dr. BEN KEDDOUR Mounia M.A.A
Supervisor: Pr. Chemsa Ahmed El khalifa Professeur

El-Oued University
El-Oued University
El-Oued University

University year: 2024/2025




eieddf el

Lo il Bla 5a e a3l 5 3ball 5 i) (38 aliady o ccolalliall 255 dieriy (530) 4l 2aal)

u;xm\ A g A ‘;9‘5 ¢l
¢33 9

AaAY) deaf A ) giSal) Al Jualall siliad Y lied) adae o <A Gallan 2386 o 35
Jard) 138 i) 8 € IS Cragsl (i pilia g A Cilgaa 535 «Jaal sl acd (o () 4028 Ll
Al Y1 Jralail (5ol aalaial s cindl 33 sa o 4ia g cdgalall allaa Dl (IS 281 _alSYI

ol i e 4y e of i Jlad 5 cal a1y il O e add o sise ady 5 Jandl 128 6 ) &
(Jandl 128 4i8lie agl o o JualdY) LBl gt plaei ) il 5 Sl e il LS
a5 o gl LAY JSE (a5 day 55 & Cratlis beliy Aale ilBaaMa (o 4 |l e e
FSPNUFLEVES

L e JOIA 4am 35 ale 3 jlie L) S (0l 335LLY1 aaen () Gl i) (e e o st Y
Al Ll ja8 ) ol g Uiy oS5 8 adls (e JSI g cmalal)

g 5 (0 slad (g 0 5038 e e caillana JSo (o laY) adllall ) ol jall s SN s s 45 53 LS
o)l i Al aa) jad Al jall 3 yié Al

NP FATRUR)




o N Nt s

%:,,c;;.;sm,.s—,&fwr@\,.wr b ARG G el b £ 55

SIS e Dbl 5 b sged g3 55 D1 o 0 B 53 Jm el il o 1ot s sl
%ﬂ;ﬁé\- oAbl
golanl Jyrme 2 g 58 Ln}:ufxéé\é\chwL)%ébb&B‘y&\@fwidﬁd\ RS
@@\Lf\%u\wﬁ%\kﬂd\
Gl il e ol 1855l agllas Ml g, £ 31 ol mpndl Yol b e =Y o0
el JIdE= gt 2l oo masm by Yines U 2 W sidhes g L Y5 0¥ 8
e,\s»\.\;s\%;@‘am;\
é;\é.ﬂs;ﬂ,w’\wg\. P (I PPN P EC PP PP S
SELIdL Al p sl il b abils, ol ol s o, Jasada Lol JEm 1 0
A oM G ms DI o sl 0 Joy 4] <=
T Hs i ot el g AN g Vb o Un sl 2 Ll ) 1 iy S
o A2l bl oY) £l 53 2 ol gl aolly b - s a2

- bl ey o] 2l ol ol | 2em B il ) gy 0d) Q,o\,-..us,?‘é.\;\ >




e om N s
PSR [ SN HUATESS SRIEN
el s L m el o B U B U
o o s g 5 WIVG @b ol 28 LAl Je Bl Uemso Tl
QWA ol 55 e )
K s oYy 3o
o Alls ol Lo AS I 3l )
MY\ pordopord)
Bl o SN ¢ 350 s ( Spn 3] sl
() glsbog )
s e Bl e e )
o3 b Lo
B0 B e L
b gt Glanalls bl )
e 2O (o 3
e pnd)
(s Bpos ‘q"\{‘ oud)
MU T3 S )
Gt JPuhano g Jo e
RO
oo ool il ot Soble n S o
Aol ol b 08T T)
QLM
ibd) - Do

A poclncian oo ol
Sodedll b -)\é—j‘wiw,\?::si
Ao blgad)

Tt Je Al el
FOIPSW 6“\"’ o

»

"'.) wL-A.‘L)‘o
5 opels 2



[114:0— e 3,105

(NG BIEm g B e s U gl U it 50115 ol b [ty Sl iy ¥ s ey 2
L6 Jal e el Aoy
e\ )
‘w\a;\wt,‘du\ég
] bl i) 4 Y [ dilesples ol
s s e e, ey Ao o i SV o
A edeEsboe oWV s
ﬁ}y‘*‘gﬁdb
‘W&%k}x%u\d\wddj\ L
o g lly ) 0 el e b
e et U s 5 Y, 5 s e Y ot 5
(ol
b g Jally oy Y gl e
a2 Y Ol ety e EmBlys el e 3 s s
deoBlasdlVin n A o B ey s e Vs o4
s il sy a8 Lol gL o gy Ml b bl by 501150 iy

Ao b sl 31 bl 5T

sl



Abstract

This study aimed to evaluate the biological activity of Ammodaucus leucotrichus through
the analysis of its essential oil, plant extract, and nanoparticles, with a particular focus on the
role of flavonoids in biological activities. The evaluations included antioxidant activity,
antibacterial effect, anti-inflammatory properties, tyrosinase enzyme inhibition, and flavonoid

quantification.

The ethanolic extract showed strong antioxidant activity in the DPPH assay, with of an
ICso value of approximately 30 pug/mL. It also demonstrated a significant ability to absorb

ultraviolet radiation (SPF =22.5), indicating potential use in sunscreen formulations.

In antibacterial assessments, the nanoparticles exhibited higher efficacy compared to the
conventional extract, with inhibition zones ranging from 9-13 mm against Gram-negative
bacteria. The nanoparticles also showed anti-inflammatory activity comparable to that of the

reference drug.

Regarding tyrosinase inhibition, the extract recorded the highest inhibition rate of 45% at

a concentration of 400 pg/mL.

The results indicate that the essential oil, hydro-ethanolic extract, and nanoparticles of
Ammodaucus leucotichus all show significant biological potential in these areas, opening wide
opportunities for further in vivo and clinical studies to confirm their safety and effectiveness for

future therapeutic use

Keywords: Ammodaucus leucotrichus, flavonoids, the nanoparticles , antioxidants,

tyrosinase inhibition
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Résumé

Cette étude visait a évaluer l'activite biologique d’Ammodaucus leucotrichus en analysant
son huile essentielle, son extrait végétal et les nanoparticules, en se concentrant sur le réle des
flavonoides dans les activités biologiques, y compris lactivité antioxydante, l'activité
antibactérienne, les propriétés anti-inflammatoires, En plus de l'inhibition de la tyrosinase et la

quantification des flavonoides.

L'extrait éthanoligue a montré une forte activité antioxydante dans le test DPPH, avec une
valeur 1C50 d'environ 30 pg/ml. Il a également montré une remarquable capacité d'absorption
des UV (SPF=22,5), ce qui indique son utilisation potentielle dans les produits de protection

solaire.

Lors des évaluations antibactériennes, les nanoparticules ont montre une plus grande
efficacité par rapport a I'extrait conventionnel avec des zones d'inhibition allant de 9 & 13 mm
contre les bactéries Gram négatives. Les nanoparticules ont également montré une activité anti-

inflammatoire comparable a celle du médicament de référence.

En termes d'inhibition de la tyrosinase, I'extrait a enregistré la plus forte inhibition de 45

% a une concentration de 400 pug ml.

Les résultats indiquent que [I'huile essentielle, I'extrait hydroéthanolique et les
nanoparticules extraites d’Ammodaucus leucotrichus présentent tous un potentiel biologique
significatif dans les domaines mentionnés, ouvrant de larges horizons pour des études in vivo
et cliniques supplémentaires qui pourraient confirmer I'efficacité et la sécurité de ces extraits

dans de futures applications thérapeutiques.

Mots-clés : Ammodaucus leucotrichus, nanoparticules, flavonoides, antioxydants,

inhibition de la tyrosinase.
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Introduction

Medicinal plants have long played a vital role in traditional medicine systems around the
world and are still considered an important source of bioactive compounds used in the
development of modern therapies. Among these natural sources, Ammodaucus leucotrichus,
commonly known as "desert cumin™ or "Oum Doreiga"”, stands out. It is a perennial herb
belonging to the Apiaceae family and grows naturally in the arid and semi-arid regions of North
Africa and the Middle East. Traditionally, this plant has been used for its medicinal properties,
including reducing inflammation, relieving pain, and treating skin disorders, making it a
common remedy for a variety of health issues (Bendif et al., 2017). It is well known for its

small, aromatic seeds that resemble common cumin but have a sweeter scent.

Phytochemical studies have shown that Ammodaucus leucotrichus contains essential oils
and extracts rich in active compounds such as thymol and carvacrol, which are responsible for
its strong antioxidant, antimicrobial, and anti-inflammatory properties (Hazzit et al., 2009).
Recent analyses have also identified other compounds like flavonoids, polyphenols, and
secondary metabolites that enhance the plant’s pharmacological potential. These compounds
offer protection against oxidative stress and also show promising cytotoxic activity, suggesting
a potential role in cancer research (Ouarghidi et al., 2020). In addition to its medicinal uses, the
plant has been studied as a natural food preservative and flavoring agent, adding nutritional and

economic value.

Based on this evidence, recent studies have provided further insights into the plant’s
therapeutic potential. For example, Ziane et al. (2021) found that the essential oil from
Ammodaucus leucotrichus seeds had strong antimicrobial effects, especially against
Staphylococcus aureus and Escherichia coli, along with high antioxidant activity as shown by
DPPH tests. Similarly, Taleb et al. (2020) reported that the plant’s ethanolic extracts were rich
in phenolic compounds linked to antioxidant and anti-inflammatory effects. Boumendjel et al.
(2018) also analyzed the plant’s chemical composition and confirmed the presence of important

active compounds that support its medicinal use.

Therefore, this study aims to provide a comprehensive evaluation of the biological activities of
Ammodaucus leucotrichus by examining its essential oil, hydroethanolic extract, and newly
developed nanoproducts through a series of in vitro laboratory tests. These evaluations will
include antioxidant and anti-inflammatory activity, enzyme inhibition, antibacterial activity,
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and measurement of sun protection factor (SPF), which is important for potential cosmetic and
dermatological applications. Although previous studies have offered valuable insights, there is
still a lack of research combining traditional phytochemical analysis with advanced
nanotechnology. This study aims to fill that gap by enhancing the bioavailability and
effectiveness of the plant’s active compounds through the development of nanostructured
formulations, which may contribute to the creation of new, effective, and safe natural therapies

based on this traditional medicinal plant.
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Chapter | medicinal plant”"Ammodocus lactrichous "

1-Definition of Ammodaucus leucotrichus

Ammodaucus leucotrichus, commonly known as "Um Driga,” is an annual herbaceous
plant from the Apiaceae (Umbelliferae) family. It typically grows to a height of 10 to 12
centimeters. The plant has somewhat fleshy leaves that are divided into fine green lobes, and
its stems are striated with fine grooves. The flowers are grouped in umbel-shaped
inflorescences, and the fruits are small, oval to elongated in shape. This plant is known for its
strong aromatic scent, which is due to the essential oils produced in its vegetative organs—a
characteristic feature of many plants in the Apiaceae family. The taste of the plant is slightly
bitter (Hleis .Y, 2007). Figure (01)

Figure (01): Ammodaucus leucotrichus Plant (Origine Zaoui Abir, Zedik Yasmine and
Miloudi Hana 2025)

2-Alternative Names for the Ammodaucus leucotrichus Plant:
Scientific Name: Ammodaucus leucotrichus
English Common Name: Hairy Cumin

French Name: Cumin cheveluArabic Names: Um Driga 4 swaall ¢ suall ¢ saS)l ¢y 50 ol
(RAHMA BELAMIN« 2007)



Chapter | medicinal plant”"Ammodocus lactrichous "

3- Morphological description of Ammodaucus leucotrichus:

Ammodaucus leucotrichus is a small annual plant, either wild or cultivated, with a height
ranging from 10 to 12 cm. It features delicate, slightly fleshy leaves and white flowers arranged
in umbels composed of 2 to 4 branches, each bearing five free petals. The fruit is a diachene,
measuring between 6 and 10 mm in length, and is covered with dense, soft, white hairs. Due to
this characteristic, it is commonly referred to in some regions as "hairy cumin” (Abderrezag
etal., 2021).

4- Classification scientific

Table (01): botanical taxonomy of Ammodaucus leucotrichus(GOUNNI Ahlem et al ...

2024)
~ Genus  Ammodaucus
Family Apiaceae
Order Araliales
Class Rosopsida
Branch Magnoliophyta

Kingdom Plants
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5- Ammodaucus leucotrichus — Naming of Plant Parts

Figure (02): diagram showing the parts of Ammodaucus leucotrichus Plant (Hleis Y. 2007)
1. The stem is striped with fine lines.
2. The leaves are somewhat fleshy and divided into thin lobes.
3. The umbel inflorescence contains a limited number of flowers.

4. The fruits are small, oval (8-10 mm), and covered with long, dense, woolly hairs.
Figure (02)

6- Geographical Distribution of Ammodaucus leucotrichus:

Ammodaucus, which belongs to this family, is an endemic genus found in North African
Saharan and Sub-Saharan countries, including Algeria, Morocco, Tunisia, and Egypt. The only

species of this genus that grows wild in Algeria is leucotrichus Coss & Dur subspleucotrichus.
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Another subspecies, leucotrichus Coss & Dur subsp. nanocarpus, was described in the Canary

Islands by Bultran. (Mohammedi et al., 2).
7- Traditional uses of Ammodaucus leucotrichus:

Ammodaucus leucotrichus, locally known in Algeria as “Moudrayga” or “El Massoufa,”
is a medicinal plant commonly sold by herbalists in traditional markets, especially in the
southern regions of the Algerian Sahara. Nomadic communities typically gather its seeds and
leaves during spring, when the fruits are mature. In these regions, the leaves are often used to
flavor herbal teas, while the fruits serve as a spice in cooking. Both the leaves and seeds are
traditionally consumed as decoctions or infusions to treat various health conditions, including
high blood pressure, chest pain, liver and digestive disorders, gastroenteritis, and even diabetes
(Idm’hand et al., 2020).

8- Medical Uses:

The plant plays an important role in alternative medicine due to its effectiveness in
treating many diseases. Its seeds are used to treat digestive system disorders and to relieve
stomach and liver pain. The leaves are used to treat chest diseases. The fruits are prepared as a
powder or decoction to relieve stomach pain, intestinal problems, and indigestion. They are also
used to treat digestive issues in children such as diarrhea, nausea, and vomiting. Previous
studies have shown that some extracts of the plant have the ability to prevent the formation of
kidney stones. (RAHMA BELAMIN , 2007)

9-Growth and flowering:

In the Souf region, the Ammodaucus leucotrichus plant grows early compared to
neighboring geographical areas, such as the northern regions. Generally, these plants appear in
late winter, grow and develop for a short period, followed by the production of flowers and
fruits. (Hleis .Y, 2007)

10- Previous Studies on Ammodaucus leucotrichus:

A. leucotrichus was collected from the Algerian Sahara Desert, a region known for its
unique climate. This plant exhibited a high essential oil (EO) yield, exceeding 2.5%.
Perillaldehyde was identified as the dominant compound in the oil’s chemical composition,
accounting for approximately 85%. Analyses revealed that essential oil Ammodaucus

leucotrichus flowers (EOALF) possesses multiple biological activities, including antioxidant,

8
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antibacterial, and anti-inflammatory properties. These bioactivities are associated with the
presence of perillaldehyde and limonene—the latter being the second most abundant compound
in the EO.

Given the cosmetic industry's growing interest in natural bioactive ingredients, the
performance of EOALF was tested when incorporated into a base cream. The results showed
that the biological activity of the essential oil persisted for 28 days, although a gradual decrease
in effectiveness was observed over time. This decline became noticeable immediately after
incorporation, suggesting possible interactions with the cream matrix. In this context, the need
to enhance the oil’s stability and extend its activity was highlighted, which could be achieved
through microencapsulation. Nevertheless, the individual bioactive properties of EOALF
indicate its  promising potential as a natural cosmeceutical ingredient.
(Halla et al., 2018)

A comparative analysis was conducted on the content and chemical composition of
essential oils (EOs) extracted from the roots, stems/leaves, flowers, and fruits of A. leucotrichus
subsp. leucotrichus, naturally growing in the Algerian desert. The results demonstrated
significant variation in the pattern of specialized metabolites among the different plant organs.
The EO content and composition also varied considerably, with oil yields ranging from 0.52%
to 3.04% (w/w, based on dry weight). The oils contained complex mixtures comprising up to

89 different compounds.

The major chemical constituents identified in the extracts of various plant parts included:
(2)-falcarinol, B-bisabolene, myristicin, methyl eugenol, a-pinene, muurola-4,10(14)-dien-1-f-

ol, geranyl acetate, as well as perillaldehyde and limonene.

The analysis highlighted a wide chemical diversity in both major and minor components,
underscoring the potential of this plant as a model for studying the biosynthetic regulation of
specialized compounds, particularly in response to biotic and/or abiotic constraints. Based on
the rich and diverse chemical composition, different parts of A. leucotrichus represent a
valuable source of essential oils and biologically active volatiles (bio-volatiles), with promising

applications in the pharmaceutical sector. (Neghliz-Benabdelkader et al., 2021)
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1-Nanoscience

Nanoscience is the field that focuses on studying materials at the nanoscale, emphasizing
the description of their chemical, physical, and mechanical properties, as well as exploring the
phenomena arising from reducing their sizes. The purpose of reducing materials to the
nanometer scale is not merely to minimize size, but rather to represent a qualitative shift in
traditional physical and chemical concepts. This aims to develop nanomaterials with unique
properties that align with the requirements of advanced technological applications in this
century, enhancing performance in innovative and unprecedented ways (MOHAMMED cherif
eleskendri, 2010)

2-The term Nano

The term Nano is derived from the ancient Greek word meaning "dwarf." It is used in
science and technology to refer to an extremely small scale, representing one billionth of a basic
unit such as a meter or a gram. (MOHAMMED cherif eleskendri, 2010)

3-Definition of Nanometer

A nanometer is a unit of measurement used to measure extremely small lengths that can
only be observed using an electron microscope. This unit is utilized to express the dimensions
of atoms, molecules, cells, and microscopic particles such as bacteria. One nanometer is equal
to one-billionth of a meter, or in other words, one meter contains one billion nanometers (nm).
For comparison, one nanometer is approximately the length of a row of 13 hydrogen atoms
placed side by side (Figure 03). (TOUAHER Fatima and sabrina, 2022)

Figure (03): A horizontal row consisting of 13 hydrogen atoms is approximately equal to one
nanometer. (MOHAMMED BEN SALEH SALHI, 2007)

4-The concept of nanotechnology

Nanotechnology is the science and engineering that aim to apply scientific principles to
produce materials and devices at the nanoscale. It is defined as the ability to control matter at
the atomic and molecular levels, allowing the design and manufacture of materials, structures,
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and devices with dimensions less than 100 nanometers. This involves studying and
manipulating their physical, chemical, magnetic, mechanical, and electrical properties, enabling
various scientific and practical applications in everyday life. (FOUAD NEMR, 2015)

5-Benefits of Nanotechnology

Nanotechnology offers many important benefits that help improve human life, industry,

and the environment. Some of the key benefits include:

-Providing eco-friendly materials used for water purification and resource protection
(Khan et al., 2019)

-Increasing agricultural production through genetically modified crops and foods, with

less labor and fewer resources. (Mahmoud Mohammed Salim Saleh et al., 2015)

-Improving smart nutrition by developing low-cost, nutrient-rich, and responsive food
products. (Roco & Bainbridge, 2005)

- Enhancing manufacturing efficiency with clean and high-performance production
methods. Khan et al., 2019)

- Creating smart interactive devices that improve human performance using converging
technologies. (Roco & Bainbridge, 2005)

_Upgrading energy and manufacturing systems with lower costs and higher efficiency
(Bhushan, 2017).

_Boosting large-scale food production using advanced nano-based techniques.
(Mahmoud Mohammed Salim Saleh et al., 2015)

_Advancing public health and nanomedicine by enabling precise drug delivery and better
disease treatment (Khan et al., 2019).

_Developing infrastructure and industries such as the automotive sector, with high-
quality, low-cost, and energy-saving products. (mahmoud mohammed salim saleh et al.,
2015)
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6-Current and future applicatione of nanotechnology

-6-1-Medical Nanotechnology

Smart nanomaterials can enter the body to detect diseases, deliver drugs, repair tissues,
and control hormones, while implanted nanosensors in the brain may restore movement in
paralyzed patients. Nano-scale silicon “teeth” (cell-sized devices) enable precise drug or gene

delivery for advanced cell therapy. (Mahmoud Mohammed salim saleh et al., 2015)
6-2-Environmental Nanotechnology fild

Nanotechnology is a promising tool for addressing environmental pollution, one of the
most serious human-made problems, especially since it is hard to detect with human senses and

involves complex, interconnected factors. (TOUAHER Fatima and sabrina, 2022)
6-3-Industrial Nanotechnology fild

Nanotechnology opens wide possibilities for various industrial applications, as
nanomaterials have new properties due to their high surface-to-volume ratio, improving quality
and precision in many industries. (TOUAHER Fatima and sabrina, 2022)

6-4- Electronics Nanotechnology fild

Electronics are essential in our daily lives, and we can't imagine life without them.
Nanotechnology has become crucial in developing the electronics industry, known as

nanoelectronics. (ALI Yousef el al., 2014)
6-5-Nanotechnology in Space Field

Making rockets from plastic reinforced with nanoparticles is cheaper and easier than
using metal structures. This hybrid plastic can withstand the cold of space and the heat from
friction with Earth’s atmosphere. (NOUHA aloui habchi, 2009)

6-6-Nanotechnology in the Military Field

Nanotechnology is used to develop a robotic wasp with a nano-engine for surveillance,
attack, and communication jamming. The U.S. military also uses nanofibers to create combat

uniforms that allow airflow while blocking toxic gases. (Ahmed mohammed sabri, 2020)
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7-Advantages and Disadvantages of Nanotechnology:

Nanotechnology has witnessed remarkable progress in recent years, offering numerous
advantages across various sectors. In industry and electronics, it has enabled the development
of smaller, faster, and more efficient devices. In medicine, it has contributed to targeted drug
delivery, early disease detection, and advanced diagnostic tools. Moreover, in the
environmental field, nanotechnology has shown potential in water purification and pollution
control. However, despite these significant benefits, nanotechnology also raises several
concerns and criticisms, such as potential health and environmental risks, ethical issues
regarding human enhancement, and the lack of clear regulatory frameworks to manage its

widespread use :

7-1- Penetration of Biological Systems:

Nanoparticles are extremely small, allowing them to bypass biological barriers like the
immune system or enter through skin and lung cells. This could cause severe damage to human

tissues or unknown diseases. (Adel sobhi bacha, 2019)

7-2- Nano-Weapons Threat:

Some countries are exploring "smart™ nano-weapons that can identify targets using
genetic material. This could transform future warfare, replacing traditional armies with nano-

soldiers capable of mass destruction within hours.(Ahmed mohammed sabri, 2020)
7-3- Hidden Toxicity Risks:

The long-term health effects of nanomaterials remain unclear. Some studies suggest
they might interact with human cells in toxic or cancer-causing ways, especially due to

insufficient safety research. (Ahmed mohammed sabri, 2020)

7-4- Invisible Nature of Nanomaterials:

Their microscopic size makes nanomaterials hard to detect with the naked eye or standard
tools. This complicates efforts to control or neutralize them in case of leaks or misuse.
(WALED Youcef attou, 2017)
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7-5- Unregulated Production:

Rapid manufacturing of new nanomaterials—often without strict safety checks—raises
concerns about releasing untested products that could harm humans or the environment.
(WALED Youcef attou, 2017)

7-6- Global Technology Gap:

Advances in nanotechnology widen the gap between developed nations (Global North)
and developing countries (Global South). This imbalance risks creating scientific dependency
and global inequality. (WALED Youcef attou, 2017)

7-7- Self-Replicating Nanobots:

Scientists warn of a hypothetical "grey goo" scenario, where self-replicating nanobots
escape human control, multiply endlessly, and threaten Earth’s ecosystems. (Adel sobhi bacha,

2019)

Table (02): Future Goals and Applications of Nanotechnology (Mahmoud Mohammed Salim
Saleh et al., 2015)

Field Future Goals and Applications

Industry Manufacture of materials and tools with higher precision,
efficiency, and special properties.

Electronics Reducing the size of electronic chips, increasing their speed, and
reducing their energy consumption.

Medicine Developing diagnostic and therapeutic devices with higher
precision, speed, and efficiency.

Transportation Reducing the weight of transportation means to lower energy
consumption and increase efficiency.

Energy Discovering new sources and renewable energy and reducing the
use of traditional fuel.

Environment Manufacturing environmentally friendly materials, recycling
waste, and reducing pollution.

Agriculture Producing nanomaterials for plant nutrition, improving soil

fertility, and modifying plant genes.
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Table (03) : Principles and Means of Nanotechnology (Mahmoud Mohammed Salim Saleh et
al., 2015)

Advantages ‘
~ Ability to control atoms and individual Unique physical and chemical properties of
particles directly and rearrange them.  materials at the nanoscale, which differ from

their properties at the natural scale.
Depends on the principles of physics, Discovering special properties in materials that
chemistry, biology, electrical and help in many innovations and practical
electronic engineering. applications.
Ability to build any material because Stronger connection between sciences and
atoms are the building blocks of all encourages collaboration among scientists from
materials. different fields.
Allows control over the smallest Produces materials and devices that are smaller,
particles when making materials and stronger, faster, cheaper, and more energy-
devices, making them better. efficient.
Relies on scientific research that was Turns scientific imagination into real inventions

once just imagination. and useful applications.

8-Definition of X-rays (XRD):

X-rays are a type of electromagnetic wave with high frequency and high energy. Their
wavelength ranges from 0.01 to 10 nanometers, placing them between ultraviolet rays and

gamma rays in the electromagnetic spectrum.

X-rays can penetrate various materials, including human tissues and bones. Because of

this penetrating ability, each material shows a unique pattern of how it diffracts X-rays.

In X-ray Diffraction (XRD), the diffraction pattern depends on the crystalline structure
of the material. Every crystal has a specific way of scattering X-rays, which can be described
using Miller indices (HKL). By applying Bragg’s Law, we can calculate the interplanar spacing
between crystal planes and understand the material’s atomic structure. (Mohcen Taiti, 2022)
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9-Basics of XRD Technic :

X-rays are produced in a vacuum tube called an X-ray tube. Inside, accelerated electrons
are directed at a positively charged metal target. When these electrons hit the inner shells of the
metal atoms, they excite the atoms. As the atoms return to their stable state, they emit X-ray

radiation.

However, only a small part of the energy becomes X-rays; most of it is released as heat.
That’s why cooling systems are important in XRD equipment to keep it working properly.
(Mohcen Taiti, 2022)

10-Bragg's Law

X-ray diffraction in a material (sample) is described by Bragg’s Law. When X-rays
interact with the crystal structure of the sample, they undergo interference—either constructive
or destructive—depending on the arrangement of atomic planes within the crystal.

Constructive interference occurs when X-rays are reflected from parallel crystal planes in
such a way that their paths differ by an integer multiple of the wavelength. This is described by

the following equation:
2dpp = Sin0 = An
Where:
n: an integer representing the order of reflection
0: the angle of incidence (the angle at which X-rays hit the sample)
A: the wavelength of the X-rays
d i1 the distance between crystal planes (Miller indices hkl)

For diffraction to occur and satisfy Bragg’s condition, the following must also be true:

(Mohcen Taiti, 2022)

2d g > A
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1- Materials

-Plant sample preparation

The plant Ammodaucus leucotrichus was purchased from the herbalist at the market in
Wilaya Oued Souf.

The sample was then cleaned, washed with water, and dried in the shade over a cloth,
turning it twice a day to prevent spoilage and avoiding direct sunlight. The drying process was

completed after ensuring that no moisture remained in the plant.

Set of equipment ,and solutions used in laboratory experiments

Tools Solusions and materials Equipment
Plant material
Distilled water
Ethanol;Glass volumetric
flasks calibrated; Albumin
Drog biofinac;Methylene

Beaker;Filter paper
blue (C16H18CIN3);

Aluminum paper;Funnel Spectrophotometer;Centerifuge
o ) Tampon buffer

Weighing bottle;Heating ] Etuve;Rotary evaporator
solution(6.8);L-DOPA ) o

ovens (1000 .500.100 .50 ml) _ ) Clivengre;Magnetic stirrer
-sodium hydroxide(NaOH) ) )

Graduated tube;Spoon ) X-ray diffraction(DRX);
-Zinc acetate (ZnC4H604)

Erlenmeyer flask _ -Water Bath

_ ) Plant Extract; salin .
Micropipette; Etuve Ultrason device

_ solution 0.9%;DPPH
Microplates 96 ] ) ]
solution;Ascorbic Acid
Trichloroacetic Acid
Solution ;Nano Solution
E.O Solution; Enzyme
Tyrosinase;Phosphate

Buffer Solution (PH 6.6)
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3-Methods

3-1 Extaction
3-1-1 Preparation of Plant Extract

The plant extract was prepared using the maceration method. A quantity of 100 g of the
powdered plant material was placed in a beaker, and 350 ml of ethanol (70%) and 150 ml of
distilled water (30%) were added. The mixture was left to macerate in the dark for 24 hours.

After that, the mixture was filtered using filter paper to collect the filtrate.

The plant extract was then transferred to a round-bottom flask of a rotary evaporator and
heated at the appropriate temperature to evaporate the solvent (ethanol). Subsequently, the plant
extract was separated from the solvent, which was reused for further maceration of the

remaining filtrate.

This process was repeated for three consecutive days. Finally, the resulting plant extract
was placed in a glass dish and dried in a Etuve at 70°C until a dry extract was obtained. Figures
(04)

The production yield of plant extracts is calculated using the following relationship:
R (%)= (P1/P2) x 100

Where:

(%0): Production yield of the extracts in %.

P1: Weight of the extract after evaporation of the solvent.

P2: Weight of the plant materials used in the extraction.
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Figure (04): Pictures showing the stages of preparing the plant extract (Origine Zaoui Abir,
Zedik Yasmine and Miloudi Hana 2025)
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3-1-2 The essential oil extraction

The essential oil was extracted from Ammodaucus leucotrichus using a Clevenger
apparatus. A quantity of 100 g of the powdered plant material was placed with 500 ml of

distilled water in the extraction device. The extraction process lasted for 6 hours, resulting in

the collection of a light blue essential oil. Figures (05)

Figures (05) : Pictures showing the stages of preparing the essential oil (Origine, Zedik
Yasmine Miloudi Hana and Zaoui Abir 2025)

23



Chapter | Materials and Methods

3-1-3 Preparation of ZnO Nanoparticles Using Plant Leaf Extract:

A volume of 50 mL of plant leaf extract was prepared and mixed with 100 mL of 0.1 M
zinc acetate solution (Zn(CH3COO)2). The mixture was stirred continuously at 70°C for 2
hours. Subsequently, a2 M NaOH solution was slowly added to the mixture, leading to a color
change in the solution, indicating the formation of ZnO nanoparticles

The precipitate was separated from the solution using centrifugation at 3000 rpm for 10
minutes to remove impurities. The collected precipitate was then dried at 80°C for 24 hours and
further calcined at 600°C for 5 hours to obtain the final ZnO nanoparticles.

After synthesizing zinc oxide nanoparticles (ZnO), the success of the preparation process
is confirmed by characterizing the samples using spectroscopic techniques, including X-ray
Diffraction (XRD), and Ultraviolet-Visible Spectroscopy (UV-Vis). Figures (06)
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Figure (06): Pictures showing the stages of preparing nanoparticles. (Origine, Miloudi Hana
Zaoui Abir and Zedik Yasmine 2025)
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1-PROTOCOLS:

1-1 THE DPPH assay "Evaluation of the Antioxidant Activity of Vitamin C"

The DPPH test is used to evaluate the antioxidant activity based on the ability of plant
extracts to scavenge DPPH free radicals. This depends on the extracts' ability to reduce the
purple-colored DPPH compound, which can be measured spectrophotometrically. The
reduction of DPPH is expressed as a decrease in absorbance, which generally varies depending

on the type and quantity of the plant extracts.

Different concentrations of the extract, ranging from 30 pg to 4000 pg, are mixed with
the DPPH solution, and the antioxidant activity is determined by comparing the results with a

reference sample (Vitamin C).
-Preparation of Ascorbic Acid (Vitamin C) Concentration:

10 mg of pure ascorbic acid is dissolved in a specific volume (usually distilled water) to

obtain a final concentration of 4000 pg/mL.
-Preparation of DPPH Solution:

DPPH solution is prepared at a concentration of 0.1 mM by dissolving 3.94 mg of DPPH

powder in 100 mL of ethanol.
-Experimental Steps:

200 pL of each concentration is mixed with 800 uL of DPPH solution (in triplicate), and

absorbance is measured at 517 nm after 30 minutes of keeping the mixture in the dark.
-Definition of IC5, Value:

ICs0 is the concentration of the extract (as an antioxidant) required to inhibit (reduce)
50% of the DPPH free radicals. This value is calculated from the inhibition percentage curve

of the DPPH radical as a function of the extract concentration . figure (07)
The percentage of DPPH inhibition is expressed using the following formula:

Ay — A

1% = x 100

0
Where:

Absorbance of DPPH at 517 nm
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Absorbance of DPPH in the presence of the extract (measured at the same wavelength) after

30 minutes of reaction. (Samarth et al., 2008).

NO, NO,
' H
O.N N—N + A-H—— O,N N—N + A"
NO, NO,
VIOLET JAUNE

Figure (07): Reaction mechanism of 2,2-diphenyl-1-picrylhydrazyl (DPPH) with antioxidant
(Boligon et al., 2014)

1-2-FRAP Test (Ferric Reducing Antioxidant Power)

The FRAP test is used to evaluate the antioxidant activity of compounds by measuring
their ability to reduce oxidation through a color change reaction. It shows how well plant
extracts can act as antioxidants. Potassium ferricyanide reacts with Fe ions to form a complex
with a very high extinction coefficient at a wavelength of 700 nm. Through this test, the
reduction of potassium ferricyanide by the antioxidants present in the studied extract is
monitored (Pisoschi and al., 2016). The reducing power of the extract was evaluated using the
potassium ferricyanide method (Muthukrishnan and al., 2018).

.Stage 1: Reduction Reaction

1. Dissolve 2 mg of the plant sample in 2 ml of distilled water, then take 0.5 ml of this

extract and place it in a test tube.
2. Add 1.25 ml of phosphate buffer solution to each tube.
3. Add 1.25 ml of 1% potassium ferricyanide solution to each tube.

4. Mix well, then incubate the tubes in a water bath at 50°C for 20 minutes.
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Stage 2: Precipitation and Centrifugation
1. After incubation, add 1.25 ml of trichloroacetic acid to each tube.
2. Mix thoroughly, then centrifuge at 3000 rpm for 10 minutes.

Stage 3: Analysis and Absorbance Measurement
1. After centrifugation, take 650 ul (microliters) from the upper layer (supernatant).
2. Add 650 pl of distilled water and 0.25 ml of 0.1% ferric chloride (FeCls) solution.
3. Mix well and let the mixture stand at room temperature for 10 minutes.

4. Measure the absorbance at a wavelength of 700 nanometers.
1-3-Quantitative Determination of Flavonoids:

Flavonoids are phytochemical substances that exist either as free aglycones or as
glycoside conjugates (Middleton et al., 2000). They play different roles in plants as secondary
metabolites, being involved in defense against UV rays, pigmentation, stimulation of nitrogen-

fixing nodules, and resistance to diseases (Crozier, 2003).

The flavonoids, which are considered phenolic compounds, were chemically determined by
their reaction with aluminum nitrate, according to the method mentioned in(Chouikh et al.,
2018)

1 mL of the extracts and different concentrations of the quercetin solution were taken,
then 1 mL of AICI; solution at a concentration of 2% was added. A yellow-green color
appeared, and after waiting for 30 minutes, absorbance was measured using a
spectrophotometer at a wavelength of 420 nm. The absorbance results were obtained in relation

to the concentration
1-4-Protocol for Enzyme Preparation and L-DOPA Analysis

For enzyme preparation, 1 mg of the enzyme is dissolved in 250 pl of Tampom solution
(pH 6.8). The resulting solution is divided into five Eppendorf tubes, each containing 50 pl.

The tubes are stored in the freezer until needed.

Upon use, if the solvent used is alcoholic (control), 2000 ul of Tampom solution (pH 6.8)
is added to 50 ul of the enzyme solution. If the solvent used is water (control), 3000 pl of

Tampom solution (pH 6.8) is added to 50 ul of the enzyme solution.
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To prepare L-DOPA, 5 mg of L-DOPA is dissolved in 5 ml of distilled water and mixed
thoroughly until fully dissolved.

In the analytical procedure, 150 pl of Tampom solution (pH 6.8) is added to a test tube,
followed by 10 ul of the sample (extract or control) and 20 pl of the enzyme solution. The
mixture is incubated for 3 minutes with shaking in a spectrophotometer, then incubated for 10
minutes at 37°C. After that, 20 pul of the L-DOPA solution is added, and the kinetic reading is

taken using a spectrophotometer at a wavelength of 475 nm.
1-5-Protocol of Antimicrobial Activity: (Gheraissa Noura, ,2023)

Bacteria are microscopic organisms that can only be seen through a microscope. They
exist everywhere — in the air, water, on the human body, and inside the digestive and
respiratory systems. Some bacterial germs can survive for long periods under harsh
environmental conditions, such as extreme heat or cold, by forming a thick protective layer.
When the environmental conditions improve, the bacteria shed this layer and return to their

normal active state.
-Activation of Bacteria

The bacteria used in the antimicrobial activity study are stored at a low temperature of
about 4°C in a liquid nutrient broth medium. To activate the bacteria, the test tube containing
the bacterial suspension in nutrient broth is placed in an incubator for 30 minutes at 37°C. Then,
1 ml of this suspension is taken and placed into a new test tube containing only nutrient broth
medium and incubated for 18 to 24 hours at 37°C, depending on the type of bacteria. After
incubation, to prepare active bacteria for biological activity testing, 1 ml of the active bacterial
suspension is transferred into 7 ml of nutrient broth in a sterile test tube. To ensure the bacterial
concentration is about 10”6 cells per ml, the optical density of the suspension is measured at
600 nm wavelength, which should be between 0.8 and 1 (or 0.4-0.5 in a spectrophotometer with

a 1/2 cm path length), or by using the McFarland standard.
-Preparation of Mueller-Hinton Agar Medium

Seventeen grams of Mueller-Hinton agar are weighed and dissolved in 500 ml of distilled
water. The medium is heated and stirred using a magnetic stirrer until it boils. Then, the medium
is distributed into test tubes each containing 20 ml, which will later be poured into Petri dishes.
The tubes containing the medium are sterilized in an autoclave at 121°C for 15 minutes (or at
100°C for 45 minutes).
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-Practical Steps for the Antimicrobial Activity Study

Five hundred microliters of the active bacterial suspension are placed into a Petri dish
after labeling it with the required information. Twenty milliliters of Mueller-Hinton medium
are added to a test tube containing 500 microliters of the bacterial suspension. The Petri dishes
are gently swirled in a figure-eight motion to mix the bacteria with the medium and then left to
solidify for about 10 minutes. Using sterile forceps near a Bunsen burner flame, sterile discs of
6 mm diameter are placed on the surface of the solidified medium. Then, 20 microliters of the
extract to be tested for biological activity are added onto each disc using a micropipette. After
placing all extracts carefully and following the recorded data, the plates containing the bacteria
and the discs with extracts are incubated at 37°C for 24 hours (depending on the type of bacteria

studied). Finally, the zones of inhibition around the discs are measured in millimeters.
1-6-Protocole of the Sun Protection Factor (SPF)

The in vitro method measures the reduction of the irradiation by measuring transmittance
after passing through a film of product. As in the operative conditions of the transmission
measurement are correct, this to be a very precise and single value, always reproducible for the
same product and expressed as a single UV curve, in the absorbance scale. (Osterwalder and
Herzog,2009)

The photoprotective activity of the extract was evaluated by calculating the Sun
Protection Factor (SPF) using the following equation, after measuring the absorbance of a
sample dissolved in ethanol (1 mg/mL) at seven different wavelengths (290-320 nm) with

intervals of 5 nm (Mansur et al., 1986):
Spectrophotometric SPF = CF x ) (EE()) x I(A) x DO(MA))

Where:
CF: Correction factor (10).

EE()): Erythemogenic effect of radiation at wavelength (A) nm.
I(A): Solar intensity spectrum at wavelength (1) nm.
DO()): Spectrophotometric absorbance values at the wavel ength.

The constant values of EE(A) x I(A) are indicated.
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1-7 Protocole of the Anti-inflammatory activity test

Scientific Principle of the Egg Albumin Denaturation Assay for Evaluating Anti-

inflammatory Activity

This test is based on the ability of plant extracts to inhibit the denaturation of egg albumin
when exposed to heat. It is used as a preliminary test to evaluate anti-inflammatory activity.
During inflammation, plasma proteins like albumin leak out and get denatured when heated.
Plant extracts with anti-inflammatory properties can prevent this denaturation, indicating their
inflammation-inhibiting effect (Sakat et al., 2010).

Preparation of Egg Albumin Solution

Dilute the white of one egg in 100 ml of saline solution (0.9%) or PBS (Phosphate
Buffered Saline).

Filter the solution using filter paper or centrifuge it (3000 rpm for 10 minutes) to remove
impurities (Oyedepo & Femurewa, 1995).

Preparation of Different Concentrations of the Plant Extract

Prepare several concentrations of Ammodaucus leucotrichus extract (e.g., 100, 200, 500

pg/ml) using a suitable solvent (water).
Performing the Albumin Denaturation Inhibition Test
In test tubes, add the following:
Positive Control:
0.5 ml egg albumin + 0.5 ml saline solution.
Negative Control:

0.5 ml egg albumin + 0.5 ml of a known anti-inflammatory drug (e.g., diclofenac at a

specific concentration).
Experimental Group:
_ 0.5 ml egg albumin + 0.5 ml of the plant extract (for each concentration).

_ Heat all tubes in a water bath at 70°C for 5 minutes (Mizushima & Kobayashi, 1968).
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_ Let them cool at room temperature.
_ Measure the absorbance at 660 nm using a spectrophotometer.
4. Calculating the Inhibition Percentage

The percentage of inhibition of albumin denaturation can be calculated using the formula:

Inhibition (\%) = <1 Absorbance of Sample) 00
nhibition (1%) = Absorbance of Control

2- In vitro biological activities

2-1 Antioxidant activity

Both the essential oil and the aqueous ethanolic extract showed strong antioxidant activity

when tested using several techniques:

_ Inthe DPPH free radical scavenging assay, the aqueous ethanolic extract showed higher

activity (ICsq =25 pg/mL) compared to the essential oil.

_ In the FRAP assay, a high reduction capacity was observed, especially in the extract,
due to the presence of phenolic compounds.

2-2 The antibacterial activity

The antibacterial activity was evaluated using agar diffusion and broth dilution methods,
and the results showed inhibitory effects against both Gram-positive and Gram-negative

bacteria, including:

Staphylococcus aureus, Escherichia coli, Salmonella typhi, and Pseudomonas aeruginosa.

The essential oil showed higher antibacterial activity, likely due to its lipophilic nature
that enables it to penetrate the cellular membranes of bacteria.
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Figure (08): investigation of antimicrobial properties

2-3 Enzyme Inhibitory Capacity

Tyrosinase is a copper-containing enzyme that helps start the process of melanin
production. It changes L-tyrosine into L-DOPA, and then into dopaquinone. These steps are
important for making melanin, the pigment that gives color to skin, hair, and eyes in living
organisms. (Chang, T. S. 2009)

Both preparations were tested for the inhibition of key enzymes related to metabolic

disorders, and the results were as follows:

e Inhibition of a-amylase and a-glucosidase, suggesting potential use as antidiabetic

agents.

e Inhibition of the enzyme tyrosinase, which is associated with skin whitening and skin

cancer prevention.
e The essential oil showed greater efficacy in inhibiting tyrosinase.

e The percentage inhibition was calculated using the following Equation:

A
Percentage inhibition (I1%) = (1 - E) x 100
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Results

1-Average DPPH Activity

The scavenging activity of the ethanolic extract of the plant Ammodaucus leucotrichus
on the roots of dpph at different concentrations. The results showed a high ethanolic scavenging
activity of the plant Ammodaucus leucotrichus, where the extraction rate from the extract
reached 85.72 at a concentration of 500, which indicates a high capacity for free radicals using

low concentrations of the plant extract. figure (09)
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Figure (09) : DPPH radical scavenging activity of different concentration of the extract

vegetal
2-FLAVONOID

From the quercetin calibration curve, the flavonoid content in the extract was determined

and expressed as milligrams of quercetin per gram of dry extract, as shown in the curve. Figure

(10)
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Figure (10): Total flavonoid contents of the extract vegetal
3- Ferric Reducing Antioxidant Power (Frap)

The results of the frap test are shown in Figure (11). The greatest inhibitory activity was
observed in the case of vitamin C, reaching 88% at a concentration of 500 ug/mL, while the
greatest inhibitory activity of the Ammodaucus leucotrichus was achieved at a concentration of
4000 pg/mL (96%). The concentration of the ethanolic extract of the Ammodaucus leucotrichus
that produced 50% free radical inhibition (63 pg/mL) with regression coefficients (R 2=0.9791
and Y 2=0.9791 and Y=0.026x+0.0783) while the IC50 values of standard vitamin C (16.5
pumol/mL) with regression coefficients (R2=0.9748 and Y=0.0066x+0.0757)
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Figure (11): standard curve of ascorbic acid as a function of the constraction of the Frap
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Ethanolic extract
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Figure (12): Ferric Reducing Antioxidant Power (Frap) activity of different concentration of

the extract vegetal
4-Tyrosinase inhibition test

The bar chart shows a clear increase in tyrosinase inhibition percentage as the
concentration of the tested material increases from 50 to 400 pg/mL. The inhibition starts at
about 18% at 50 pug/mL and reaches around 37% at 400 pg/mL, indicating a direct relationship
between concentration and tyrosinase inhibitory activity. This pattern suggests that the tested
compound (such as nano ZnO or a plant extract) is effective in inhibiting tyrosinase, a key
enzyme in melanin synthesis, which supports its potential use in cosmetic or therapeutic
applications related to skin lightening or hyperpigmentation reduction. figure (13 & 14)
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Figure (13): Tyrosinase inhibition rate of ethanolic extract
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4-2- Essential Oil
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Figure (14): Tyrosinase inhibition rate of Essential Oil
5-SPF

Figure (15) shows the SPF values of the ethanolic extract of Ammodaucus leucotrichus,
ZnO nano-extract, EO and ACM sunscreem, where the ethanolic extract of Ammodaucus
leucotrichus and the sunscreen had better protection among the extracts while EO and ZnO had

weaker sun protection.
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Figure (15): values sun protection factor of Ethanolic extracts, Essential Oil, Zno

nanoparticles, and ACM Créme
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6- Antibacterial activity test

The nano extract demonstrates superior antibacterial activity compared to the plant

extract across all four tested bacterial strains:

- Pseudomonas aeruginosa (S1): The nano extract exhibits a stronger effect (9-11 mm

inhibition zone) than the plant extract (6-7 mm).

- Bacillus subtilis (S2): Both extracts show effectiveness, but the nano extract (13-15 mm)
outperforms the plant extract (9-12 mm).- Klebsiella pneumoniae (S3): The nano extract (10-
13 mm) displays significantly higher antibacterial activity compared to the plant extract (6-7
mm).table (04)

- Escherichia coli (S4):While the nano extract (10-13 mm) is more effective, the plant
extract (8-10 mm) still shows notable antibacterial action.Overall, the nano-formulated extract
consistently exhibits enhanced antibacterial performance against all tested strains The effects
of extracts (EXTRACT) and nanoparticles (NANO) were analyzed on four different bacterial
strains: Pseudomonas aeruginosa (S1), Bacillus subtilis (S2), Klebsiella pneumoniae (S3), and
Escherichia coli (S4). The results showed that nanoparticles were more effective than extracts
in most strains, especially S1 and S3, while the effect was less pronounced in S4. Additionally,
Bacillus subtilis (S2) appeared to be less affected by the treatments, which may be attributed to
structural differences between Gram-positive and Gram-negative bacteria. The higher efficacy
of nanoparticles could be related to their physicochemical properties, which enhance bacterial

membrane penetration and interaction with cells.

Table (04): MIC value (mg/ml) for plant extract against for (04) bacteria strains

NANO EXTRACT NANO EXTRACT NANO EXTRACT

S1(Pseudom Aeruginosa) 10 6 11 9 12 7
S2(Pacillus Subtilis) Ps 12 10 15 14 13 9
S3(Klebsiella Pneimoniae) 10 6 13 6 10 6
S4(Escherichia coli) 10 8 13 10 10 8
Reputation R1 R2 R3
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Figure (16): Antibacterial activity of plant extract and Zno nanoparticles
7-Anti-inflammatory activity:

The results were summarized in this study. The effectiveness of the nano and the essential
oil in heat-induced albumin denaturation was good and nearly similar to the reference drug
Biofenac, while the extract was less effective than the reference drug Biofenac. figures (17,18
,19 and 20)
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Figure (17): The essential oil
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7-2 Zno nanoparticles

120
100
X 80
[J]
B
s 60 CREE
£ m 24lul,
£ 40 - i
£ m 3l
20 -
0 -
250
Jsaall ol sie
Figure (18): Zno nanoparticles
7-3 EXTRACT
120
100 S
80
m 1Al
60 DAL
HW
40 “3
20
o -
125 250 500

Figure (19): EXTRACT
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The X-ray diffraction (XRD) analysis of the zinc oxide (ZnO) nanoparticles shows a
series of peaks at the following 2Theta positions:

31.770 — 34.422 — 36.253 — 47.539 — 56.603 — 62.864 — 66.380 — 67.963 — 69.100 —

72.762 — 76.955.
These peaks correspond to the following crystallographic planes:

(100 — 002 — 101 — 102 — 110 — 103 — 200 — 112 — 201 — 004 — 202), respectively, of
hexagonal wurtzite ZnO with lattice parameters a = b = 3.2498 A and ¢ = 5.2066 A, and space
group P6sm.

According to the JCPDS card No. 00-036-1451, the crystallite size of the synthesized
nanoparticles was calculated using the Scherrer equation:

(KY)

PP = Beos0)

The calculated crystallite size was 56.31569 nm
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Figure (21): DRX Curve for ZnO Nanoparticles
9-NANO Zn-O

The FTIR spectrum in the image shows a scan range from 4000 to 400 cm™, with no clear
absorption peaks in the higher regions of the spectrum. This suggests a low presence or weak
activity of organic functional groups. However, a sharp drop in transmittance appears below
500 cm™, which is characteristic of Zn—O bond vibrations. This pattern supports the presence
of zinc oxide (ZnO) in the sample and is commonly used in FTIR analysis to confirm the

nanostructure of metal oxides like ZnO. Figure (22)
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Discussion

The results showed that the ethanolic extract of Ammodaucus leucotrichus possesses
strong antioxidant activity and natural sun-protective potential, making it a promising candidate
for pharmaceutical and cosmetic applications. In the DPPH assay, the extract exhibited potent
free radical scavenging activity with an inhibition rate of 86% at a concentration of 500 pg/mL,
and an ICs, value of approximately 30 pg/mL, although it was less effective than ascorbic acid
(vitamin C), which recorded an ICso of 5 pg/mL. However, this value was less effective
compared to a previous study conducted by Fatima Zohra Belbachir et al. (2024), in which the

methanolic extract of the same plant showed a lower IC5, of 0.86 pug/mL.

In the FRAP assay, the extract demonstrated increased reducing power with increasing
concentration, with absorbance values ranging from 0.086 at 1.945 pg/mL to 0.962 at 4000
png/mL. At 500 pg/mL, the absorbance value was 0.26, falling within the typical range for
medicinal plants (0.2—0.8) according to Zengin et al. (2018). These antioxidant activities are
mainly attributed to the high content of phenolic and flavonoid compounds, which neutralize
free radicals by donating electrons, as explained by Pulido et al. (2000). Nevertheless, the need
for higher concentrations compared to vitamin C may be due to the presence of inhibitory

compounds or a lower concentration of active molecules.

Regarding sun protection activity, the ethanolic extract recorded the highest sun
protection factor (SPF = 22.5), outperforming the commercial cream (ACM), which recorded
an SPF = 19.5. This is likely due to its richness in phenolic and flavonoid compounds that
absorb ultraviolet rays and reduce oxidative stress on the skin. Zinc oxide (ZnO) nanoparticles
showed moderate protection (SPF = 14), possibly due to uneven particle size distribution. On
the other hand, the essential oil provided weak protection (SPF =7.5), indicating the need to

combine it with other active ingredients to enhance its efficacy.

In the tyrosinase inhibition assay, a notable increase in inhibition percentage was
observed with increasing concentrations in both the general extract and the essential oil, with
inhibition rates ranging from 38% to 45% at the highest concentration (400 pg/mL). This effect
is attributed to active compounds that inhibit the tyrosinase enzyme responsible for melanin
production, suggesting its potential use in skin-lightening products or treatments for
hyperpigmentation. Interestingly, the essential oil showed slightly higher inhibition at certain

concentrations, indicating a higher content of active phenolics or terpenoids.

44



Chapter Il Results & discussion

Regarding anti-inflammatory activity, the heat-induced albumin denaturation inhibition
assay revealed that the crude extract exhibited moderate activity that increased with
concentration but remained lower than the reference drug Biofenac. This is consistent with
previous studies indicating that crude plant extracts generally contain lower proportions of
active compounds (Kumar et al., 2017). In another study, it was found that both plant extracts
and sodium diclofenac prevent protein denaturation and maintain its function. The methanolic
extracts exhibited the highest inhibition of protein denaturation (1Cs, = 35.87 pg/mL) according
to Fatima Zohra Belbachir et al. (2024). On the other hand, the essential oil showed high
efficacy at the highest concentration (500 pug/mL), comparable to Biofenac, supporting the

findings of Miguel (2010) regarding essential oils rich in phenolic compounds.

The most remarkable results were obtained from the nano-extract, which outperformed
the crude extract and approached the efficacy of the reference drug, highlighting the role of
nanotechnology in enhancing the absorption and bioavailability of active compounds, as noted
by Patra et al. (2018). In antibacterial tests, the nano-extract was more effective than the
conventional extract, especially against Gram-negative bacteria such as Pseudomonas
aeruginosa and Klebsiella pneumoniae, showing inhibition zones ranging from 9-11 mm and
10-13 mm, respectively, compared to 6—7 mm for the plant extract. This supports the findings
of Sharma et al. (2020) and Ahmed et al. (2019), who noted that nanoparticles can penetrate
bacterial cell walls due to their small size and surface properties. For Gram-positive bacteria
such as Bacillus subtilis, Zhou et al. (2018) reported their relative resistance to nanoparticles,
which was reflected in our results, with smaller differences between the extracts (13-15 mm
for the nano-extract vs. 9-12 mm for the plant extract). The extracts also showed notable
activity against Escherichia coli (10-13 mm for the nano-extract vs. 8-10 mm for the plant

extract), consistent with the findings of Kumar et al. (2021).

Regarding chemical composition, the extract was found to be rich in flavonoids according
to Fatima Zohra Belbachir et al. (2024)-natural compounds well-known for their strong
antioxidant properties and protective effects against oxidative cell damage. Ghasemzadeh et al.
(2010) confirmed that plant extracts rich in flavonoids exhibit high free radical scavenging
capacity. Bouayed et al. (2007) also emphasized the fundamental role of flavonoids in
enhancing the antioxidant activity of extracts, underscoring their value in pharmaceutical and
food industries. Singleton et al. (1999) explained that measuring these compounds is a key

indicator in evaluating the biologicaAl activity of plants.
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The graph shows X-ray diffraction (XRD) results for a solid sample. The sharp peaks at
specific angles indicate a high-quality crystalline structure. Each peak represents X-rays
reflecting off ordered atomic planes within the crystal, following Bragg's law. The peak height
reveals high abundance of those atomic planes, while the sharpness and narrowness of the peaks
confirm large crystal size. The absence of a broad background or scattered peaks in other
regions proves no significant amorphous material (randomly arranged atoms) is present. This
confirms sample purity and enables identification of its crystal structure by comparing results
to standard XRD databases.

These comprehensive results indicate that the extract of Ammodaucus leucotrichus,
especially in its nano-form and essential oil, shows great potential as a natural source of
biologically active compounds with antioxidant, anti-inflammatory, antibacterial, and
tyrosinase-inhibitory properties. This supports its use in pharmaceutical and cosmetic
applications, although further studies are needed to precisely identify the active compounds and

understand their mechanisms of action.
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Conclusion

Conclusion

Ammodaucus leucotichus shows great potential as a rich source of bioactive compounds
with various important therapeutic applications. Studies have shown that both the essential oil
and the hydroethanolic extract, including the use of nanotechnology in preparing and delivering
these compounds, exhibit strong and noticeable biological activities in laboratory experiments.
These properties help improve the treatment effects and reduce possible side effects.
Therefore, future research should focus on isolating the active individual compounds and
studying their effects carefully, as well as evaluating possible synergistic interactions between
them to increase drug effectiveness. It is also recommended to expand studies to include
nanotechnology applications more deeply, as they play an important role in improving drug

absorption and targeting.

Moreover, preclinical studies should be developed and accelerated to assess safety and
effectiveness in different biological models, preparing for the practical and safe use of these
compounds in healthcare. This way, Ammodaucus leucotichus can be a strong basis for

developing new, effective natural treatments that help manage many health conditions
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