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ABSTRACT

The green synthesis of cobalt oxide nanoparticles (Cos;O4-NPs) using
Rosmarinus officinalis L. leaf extract offers a sustainable and biocompatible
route for nanomaterial production. GC-MS analysis of the aqueous extract
identified 24 phytochemicals, including reducing agents (e.g., octadecanal,
bicyclo[3.1.1]heptane-3-one) and stabilizers (e.g., cis-vaccenic acid,
a-pinene), which facilitated Co** reduction and nanoparticle capping via
electron donation and steric hindrance. The synthesized Co;O4-NPs were
characterized by UV-Vis, FT-IR, SEM, EDX, and XRD, revealing a crystalline
monoclinic structure (30-54 nm) with high purity. The nanoparticles
exhibited dose-dependent acetylcholinesterase (AChE) inhibition (70% at
1000 pg/mL), attributed to their interaction with the enzyme’s active site.
Notably, Cos04-NPs suppressed beta-hematin formation by 80% at 50
pg/mL, outperforming chloroquine, likely due to heme-binding surface
properties. This dual functionality—enzyme inhibition and antimalarial
activity—positions R. officinalis-derived Co03;04-NPs as promising
candidates for neurodegenerative and antiparasitic therapies.
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INTRODUCTION

Nanoparticles (NPs) are one of the most
promising sectors, with diverse applications,
particularly in biomedical applications. Their use
as a link between bulk substances and atom or
molecular structures exhibit distinct features
according to their unique properties [1,2]. They
are extremely small materials ranging in size from
1 to 100 nanometres [3]. Today, nanoparticles
* Corresponding Author Email: sci.rana.abdul@uobabylon.edu.iq

are important components of many applications
in consumer products, medicine, chemicals,
environmental science, energy, agriculture,
and even communication [4]. Currently, there
is a growing interest of researchers as regards
cobalt oxide nanoparticles and their application
in biomedicine. Nanoparticles have, however,
revolutionised medicine by enabling new methods
of disease diagnosis and treatment [5].
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The enzyme inhibitory properties of cobalt
oxide nanoparticles (Co,0, NPs) stem from their
distinctive characteristics and biomolecule binding
capabilities [6]. Research on enzyme inhibition
enables scientists to understand disease processes
while discovering new therapeutic targets. The
development of new enzyme inhibitors for
different diseases can be achieved through the use
of Co,0, -NPs [7].

The semi-conductivity, piezoelectricity and
distinctive optical properties of Co304 NPs
make them a promising “smart weapon” against
drug-resistant microbes. The toxicity profile of
these nanoparticles indicates they could replace
traditional antibiotics as an alternative treatment.
[8]. The study of cobalt oxide nanoparticle-based
nanomaterials continues for various applications
including nanosensors, energy storage, cosmetics,
nanoelectronic devices, and nano-optical devices
[9]. Even though it is a material with great
potential, very few studies have assessed CO,0,
nanoparticles for various biological applications
due to the numerous reports of their possible
harmful effects [10].

The formation of nanoparticles utilizing
plants as a precursor has received much more
attention in the last ten years. As an alternative
to standard chemical and physical approaches,
the green synthesis of nanoparticles using plants
offers an economical, resilient, eco-friendly, and
easily accessible process [11,12]. Several plant
secondary metabolites are bioactive molecules
that can be used to treat a variety of ailments,
such as reducing damage caused by reactive
oxygen species, which have been linked to many
human health issues, including arthritis, cancer,
inflammatory illnesses, and heart disease [13].

Alzheimer’s disease (AD) is a progressive
neurological sickness that is still not fully
understood; it has been reported that over 50
million people worldwide are affected by it [14].

Nonetheless, several drugs approved for
treating Alzheimer’s disease symptoms have
been linked to hepatotoxicity, an increased risk
of urinary incontinence, and an increased risk
of bradycardia, among other cardiovascular
side effects. Individualised combination therapy
may need to be adjusted based on disease
stage and may be personalised to each patient.
[15,16]. Because of its critical function in the
breakdown of the neurotransmitter acetylcholine,
acetylcholinesterase (AChE) is an attractive target
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for developing mechanism-based inhibitors.
The search for new medications continues to
concentrate on those that can enter the brain
efficiently, have fewer side effects, and have a high
bioavailability [14].

AChE inhibitors, like galantamine is currently
thought to be the best therapy for the cognitive
symptoms of Alzheimer’s disease (AD),
nevertheless, gastrointestinal problems may result
from these drugs [17].

Malaria is another common global disease,
particularly in developing countries. Malaria
parasites cause hemoglobin breakdown within the
host’s red blood cells, allowing them to use the
resultant amino acids for protein synthesis during
their proliferation, which is necessary for survival
[18]. Metallic nanoparticles (MNPs), a form of
nanoparticle, have made major contributions to
malaria treatment, especially during the human
infection phase and in affecting the mosquito
vector. According to comprehensive reviews by
Rahman et al. [19] and Veeragoni et al. [20], Rana
et al. [4] the common MNPs considered for these
applications are silver, gold, palladium and copper.

The current study aims to develop a simple
and environmentally friendly approach for the
manufacture of nanosized CO,0, using plant
extract as a reducing and capping agent. The
surface qualities, size, shape, and crystallographic
structure of CO,0, nanoparticles are examined and
addressed, as well as their potential applications as
enzyme and beta-hematic or hemozion inhibitor.

MATERIALS AND METHODS
Materials and Instrumentation

The research work took place in the chemistry
laboratory located at the University of Babylon
in Iraq. The Sigma-Aldrich company supplied all
chemicals and reagents while the local market
provided rosemary leaves. The present study
utilized multiple equipment including a UV-
Vis double beam spectrophotometer, FTIR,
XRD,Scanning Electron Microscope (SEM) and EDX
spectroscopy.

The extraction of plant meterial

Rosemary leaves (Rosmarinus Officinalis L.) were
provided from Iraqi local market, after getting 20 g
were washed two times with distilled- water and
once with a solution of 5% ethanol to completely
eradicate possible microbial contaminations on
the leaf surface. After that, the leaves dried out
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after being in an oven at 80 °C for a day. The dried
leaves were ground into a fine powder.

The aqueous extract was finally produced
by boiling 100 mL of distilled water with the
powdered leaves for one hour under continuous
stirring at 600 rpm. After heating, the sample
was kept for extra 24 h in order to eliminate any
residual contaminants, the resultant plant extract
was stored for some future use [21].

Green Synthesis of Cobalt Oxide Nanoparticles
The synthesis was flowed the published
work [22] with some modification. Briefly, plant
extract (30 mL) was heated at 85°C with 0.2 M
cobalt chloride hexahydrate (CoCl,. 6H,0) with
continuous stirring at 600 rpm for 30 minutes then
sodium hydroxide (pH 14) was added for extra
thirty minutestilla change in colour of the resultant
solution from pink to dark grey was detected, and
then centrifuged at 10000 rpm for 10 min. Finally,
the precipitates were dried at 500°C for 2 hours,
grinded and subjected for characterization.

Nanoparticle Characterizations

The crystalline structure of CO,0,-NPs was
estimated from XRD (PANalytical factory default;
radiation = Cu Ka (1.5405 A); working condition =
30 kV and 8 mA) analysis. The nano-sized surface
structural modification and their elemental
compositions were analysed from SEM and EDX
spectroscopy, all three measurements were
determined at Alkhora Lab for Scientific Research
Irag- Baghdad. The UV-Visible spectrophotometer
was model UV-1700 double-beam from Shimadzu
(Japan) was used to identify the photosensitive
and optical properties of this nanoparticle.
The formation and association functional
group of nanoparticles were observed by FT-IR
spectroscopy 380 spectra Bruker from (Germany)
with a wavelength limiting 4000 cm™ to 400 cm™.

Acetylcholinesterase inhibitory assay

The enzyme (AChE) inhibition activity was
determined using the spectrophotometric
method as refer to published procedure [23]. The
experimental protocol and testing conditions were
followed.two-fold dilutions of CO,0,-NPs (1,000,
500, 250, 125, and 62.5 pg/mL) was employed. The
substrate acetyl choline iodide (AChl) was used to
test AChE inhibitory action.Solution A (0.0002 M)
in 0.062 M sodium phosphate buffer (pH 8, 880 L)
was combined with solution B, the test sample (40
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pL), and either acetyl cholinesterase solution (40
pL) along with incubation at 25°C for 15 minutes.
The reaction started when (40 pL) Ach was added

then, the hydrolysis was detected at 412 nm.The
concentrations of the analyzed compounds that
inhibit the hydrolysis of the ACh-substrate were
investigated by assessing the effect of increasing
concentration of the compound on the inhibition
values.

Beta-hematin formation

Freshly stock solution of heme was prepared
by dissolving 0.0163 g of hemin chloride in 0.2
MNaOH. The initial solution was centrifuged at 7 g
for 15 minutes to eliminate any remaining hematin
crystals. The concentration was 58,400 mM in
0.1 M NaOH, as determined at 385 nm using the
UV-Vis double-beam spectrophotometer, which
was employed to record all absorption spectra.
The synthesis of beta-hematin (BH) corresponds
to the specified method [4]. Hemin chloride (10
mL) was heated in an acetate buffer (0.56 M, pH
5) at 70°C without CQ or CO,0O,-NPs, while varying
CQ concentrations (10-50 uM) and CO,0,-NPs
concentrations (10-50 pg/mL) individually. One
mL of heme solution was extracted at specified
intervals, and BH formation was assessed. The
absorbance of each sample was measured at 400
and 700 nm following the separate heating of
treated and untreated heme solutions to confirm
BH production. As a result, heme fractions were
determined after being converted to BH using the
following Eq. (1) [ 24].

(Ag00—A7g0)control—(A499—A7go)Sample 1)
(

Fractions =
(A400—A700)control

RESULTS AND DISCUSSION
GC-MS Analysis of Aqueous Extract of Rosmarinus
Officinalis L L. for Cobalt Oxide Nanoparticles
(Cos04 NPs) Synthesis

The aqueous extract of Rosmarinus Officinalis
L. was analyzed using GC-MS (Fig. 1) to identify
phytochemicals that could play a role in the green
synthesis of cobalt oxide nanoparticles (Cos04
NPs). The analysis revealed 24 compounds,
dominated by fatty acids (e.g., cis-vaccenic
acid, trans-13-octadecenoic acid), terpenes
(e.g., a-pinene), and phenolic derivatives (e.g.,
2-methoxy-4-vinylphenol). Notably, the extract
contained long-chain alkanes and fatty acid
derivatives, which are crucial for nanoparticle
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stabilization, while antioxidants like carnosic acid (Tablel) lists key compounds aqueous extract of
and rosmarinic acid were absent, as they typically Rosmarinus Officinalis L. with their structures and
require LC-MS detection. their roles in Cos04 NPs synthesis. The identified
Area of
Retention Molecular
Peak Compound Molecular
No. time in weight Structure
% identified formula
min in (g/mol)
1 3.80 0.04 2-Eicosanol CaoHa20 298.56 /CC/\/\/\/\/\/\/\/\/
2 4.38 0.06 Octadecanal CisH3602 268.49 0/\/\/\/\/\/\/\/\/\
3 6.58 0.10 Cis-vaccenic acid CigH3402 282.26 W
= OH

Bicyclo[3.1. 1]hept-2-ene
4 7.19 0.05 CrHiwo 94.16
(Alpha-pinene)

(o}
5 7.90 033 Bicyclo[3.1.1]heptane-3-one CrH10 110.16 g

6 839 034 4-Methyldocosane Casthas 324.46 M
7 8.60 0.17 Cyclopropaneundecanal Cishzc0 21036 Wo

HO.
8 8.82 0.40 2-Methoxy-4-vinylphenol CoH100 150.18
~o 7

9 9.66 021 1-Heptadecene CirHaa 238.46 VaAVAYAYAVAVAVAVAN

10 9.81 0.52 Oxalic acid, dodecyl isobutyl ester CigH3404 314.47

/N\
11 9.87 0.78 2, 1, 3-Benzthiadiazole CeHaN2S 136.17 S
~,/
N
12 10.03 0.41 Benzeneethanol CsH100 122.17 @\/\
OH

13 10.44 0.38 Octadecosane CasHss 394.77 VAVAVAVAVAVAVAVAVAVAVAVAVAVA
14 10.91 0.26 1- Heneicosanol C21HaiO 318.58 HONNAAAANANNAN
o
. N
15 11.19 0.53 Diethyl phthalate C12H140s 222.24
OV
o

11,13-Dimethyl-12-tetradecen-1-

9
16 1134 0.47 CisHu02 282.47 /\/\/\/\/\)\)\
ol acetate s

17 11.53 0.31 1-Nonadecene CisHag 266.51 /7

1-Formyl-2,2-dimethyl-3-trane-(3-
18 11.62 0.51 methyl-but-2-enyl)-6- CisH210 22036
methylidene-cyclohexane

19 11.82 0.58 22-Tricosenoic acid C23Hu0; 352.60
20 1237 037 Trans-13-octadeceenoic acid CisH3402 282.47
21 12.47 0.60 Octadecane CisHag 254.50
22 12.63 0.42 5-Methyl-z-5-docosene CasHas 322562
23 12.89 0.47 1-Nonadecene CioHsg 266.51 PNNANANANNANNN
OH
1,4-Benzenediol, bis(1,1-
24 13.23 0.38 ‘ ( CasHasFsO2 472.63
dimethylethyl)-
OH
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compounds can be categorized based on their
functions in nanoparticle synthesis. Reducing
agents: octadecanal (Peak 2), bicyclo[3.1.1]
heptane-3-one (Peak 5), benzeneethanol (Peak
12): These compounds, with aldehyde, ketone,
and alcohol groups, donate electrons to reduce
Co?* ions to zerovalent cobalt (Co®). Stabilizers
and capping agents: fatty acids (cis-vaccenic acid,
22-tricosenoic acid) and alkenes (1-heptadecene,
1-nonadecene): form protective layers around
nanoparticles via hydrophobic interactions. Long-
chain alkanes (octadecane, 4-methyldocosane)
and terpenes (a-pinene): prevent aggregation

by acting as capping agents. Antioxidants and
nucleation modulators: 2-methoxy-4-vinylphenol
(Peak 8) and 1, 4-benzenediol derivative (Peak 24):
enhance stability by scavenging free radicals and
controlling nucleation rates.

Proposed Mechanism for Green Synthesis of Co30,4
NPs Using Rosmarinus Officinalis L. Aqueous
Extract

Thegreensynthesis of cobalt oxide nanoparticles
(Cos04 NPs) using Rosmarinus Officinalis L. extract
proceeds via a three-step mechanism involving
reduction, nucleation, and stabilization, mediated

Aowndance

SWI
=

2807

13'0'['

Tme-> 200 260 300 3% 4%

1000 1050 1100 1150 1200 1290 1300 a'nl

Fig. 1. GC-MS chromatogram of aqueous extract of Rosmarinus Officinalis L.

Fig. 2. The schematic representation suggested mechanism for the green synthesis of Co304 NPs using
aqueous extract of Rosmarinus Officinalis L.
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by phytochemicals identified in the GC-MS analysis
(Fig. 2).
1. Reduction of Cobalt lons

Key  Phytochemicals:  Aldehydes (e.g.,
Octadecanal), ketones (e.g., Bicyclo[3.1.1]heptane-
3-one), and alcohols (e.g., Benzeneethanol).
Functional groups (—CHO, >C=0, —OH) donate
electrons to Co**/Co®** ions, reducing them to
zerovalent cobalt (Co®). Phenolic compounds (e.g.,
2-Methoxy-4-vinylphenol) further assist by acting
as electron donors and antioxidants.
2. Nucleation and Oxidation

Key Phytochemicals: Terpenes (a-Pinene),
phenolics, and fatty acids. Zerovalent cobalt (Co°)
reacts with dissolved oxygen (O,) or hydroxyl ions
(OH7) in the aqueous medium, forming cobalt
oxide nuclei (Cos04): Nucleation is modulated by
phytochemicals (e.g., a-Pinene), which control the
release of Co®, preventing rapid aggregation.
3. Stabilization and Capping

Key Phytochemicals: Fatty acids (Cis-vaccenic
acid, 22-Tricosenoic acid), long-chain alkanes
(Octadecane), and alkenes (1-Nonadecene).
Hydrophobic tails of fatty acids and alkanes
surround Co304 NPs, while polar groups (—COOH,
—OH) face outward, forming a steric barrier.
UV-Visible Spectrophotometric Analysis

The first sign that Co,0, -NPs were being
synthesised was a colour shift in the reaction
mixture from yellowish brown to dark grey in
thirty minutes at 37 °C. The response mechanism

between components of plant leaf extract and
metal ions was investigated using UV-visible
spectra. CO,0, nanoparticles were liquefied with
deionized water and sonicated for extra five min
at 30 °C .Then, the absorbance maxima were
ascertained for both the nanoparticle solution and
the plant extract individually, revealing a broad
peak at 300 nm in the plant leaf extract and at
450-510 nm in the green generated Co,O,-NPs,
as illustrated in (Fig. 2), thereby confirming the
production of the nanoparticles (Fig. 3).

Fourier Transform Infrared (FT-IR)

The FT-IR analysis revealed various functional
groupsinthe plantextractand Co,O, nanoparticles.

Amedium peak was noticed at 3549.14,3473.91
and clear once at 3412.19 cm™ corresponding
to —OH of alcohol or phenol stretching vibration,
carboxylic acid —OH stretch and N-H stretching
of amine respectively. The aromatic and
unsaturated hydrocarbons’ C-H (=C-H stretch)
is represented by the plant extracts broad peak
at 2931.90 cm™. A sharp peak was noticeable at
1512.24 cm™ representing NH, in amino acids
(NH, deformation). The strong peak at 1587.47-
1608.69 cm™ is characterized by —NH stretch of
primary amines. Moreover, one peak presented at
1423.51 cm™ can be assigned to —CH,. Two sharp
peaks were noticed at 1257.63 and 1072.46 cm™,
which represent—C-N stretching vibration. C-N-C,
N-C=0, and O-C=0 bends were all observed at

0.08 -
0.07 -
0.06
0.05
0.04
0.03

Absorbance

0.02

0.01

—-Co0304 NPs
—&—Plant Extract

250 350

Wavelength (nm)

450

650

71
N =
(=]

Fig. 3. UV-spectra of the cobalt oxide nanoparticles and rosemary extract.
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600-650 cm™, which is the peak of O-C=0 bending
in carboxylic acids (Fig. 4A).

On the other hand, the obtained FT-IR data of
Co,0,—NPs (Fig. 5B) revealed various absorption
peaks, given the various functional group of
phytochemicals. The absorption peaks at 3581. 93,
3520.21, 3294.53,3201. 94cm™ were assigned the
O-H stretch of phenolic compounds, N-H stretch
of primary amides, H-C=0: stretch of aldehydes.
The aromatic and unsaturated hydrocarbons’ C-H
(=C-H stretch) is represented at 2937.68 cm™.two
peaks were presented at 1658.84 and 1570.11
cm™ indicating amide N-H and C=O stretch as a
bending vibration of carbonyl groups of flavonoids

and tannins respectively.

Strong peaks at about 1489.10 and 1402.30
cm™as a possible C=0 stretch. A medium peak was
observed at 1031.95 cm™indicating C-N stretching
vibration. Finally, two clear peaks were obtained
at 690.54 and 559.38 cm™ could be stretching
vibration of Co304-NPs in the monoclinic structure
(Fig. 4B). These peaks suggest the presence of
various phytochemicals and functional groups in
both the plant extract and Co,O, nanoparticles.

Scanning Electron Microscopy (SEM)
(Fig. 5) presents the surface morphology of
Co,0, NPs by SEM (Enclosed and preserving
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the stability of individual particles are
indicated due to the bioactive chemicals
resulting in larger particles from the reactivity
and attraction of the functional groups.
At several scales, were observed by SEM images
of Co,0, nanoparticles which distinctly exhibit
nanoparticle-like forms with size distributions
between 33 and 54 nm. The generated
nanoparticles have quite perfect surfaces.

Energy Dispersive X-ray Analysis (EDX)

The elemental conformation of the synthesized
Co,0,-NPs was estimated from EDX analysis
at acceleration voltage of 30 kV. EDX analysis
confirmed the elemental composition of Co,0,
nanoparticles, showing major peaks for cobalt (Co)
and oxygen (0), with minor carbon peaks from

the plant extract. The elemental composition was
40.8% Cobalt (Co) and 59.2% Oxygen (O), these
values match theoretical calculations, indicating
good compositional homogeneity as presented in
(Fig. 6).

XRD Analysis

XRD analysis has confirmed the structural
features and crystalline character of green-
produced Co,0,-NPs. The XRD pattern of Co.O,-
NPs obtained from rosemary leaf extract is shown
in (Fig. 7). As shown in this Figure, the intensity
peaks at 32.25° 36.59°, 39.24°, 45.26°, 59.42°,
and 67.35° correspond to the planes at 220, 311,
222, 400, 511, and 440, respectively. This finding
is in strong correspondence with previous studies
[25,26].

Intensity

El t Atomic| Atomic % |Weight|Weight %
emes % Error % Error
o 59.2 1.4 28.2 0.7
. Co 40.8 0.6 7188l 1.0
. [ - B B o
15 kev 20keV|

p—— 50 pm =——

Co-K

e

Fig. 6. A. EDX spectrum, B. the counts map of green synthesised Co,0,-NPs.
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Enzyme inhibitor

Anti-cholinesterase compounds have
demonstrated effectiveness in alleviating the
symptoms associated with Alzheimer’s disease.
These compounds inhibit the enzyme that
facilitates the breakdown of acetylcholine, thereby
increasing its levels and mitigating the related
symptoms [27,28].

In this work the ability of green synthesised
Co,0,-NPs as anticholinesterase has been
explored. (Fig. 8) represents the potential enzyme
inhibitory of green synthesized Co,O,- NPs. The

results show the possible enzyme inhibition of
green- produced Co,O,-NPs, these nanoparticles
demonstrated good acetylcholinesterase (AChE)
inhibitory activity at 1,000 pg/mL. The highest
effectiveness noted for these NPs against AChE
was 77%, next, 68, 59, 54, and 49% at 500, 250,
125, and 62.5 pg/mL, respectively, as shown in
(Fig. 8). For the control galantamine the maximum
activity observed was 80% at 1000 pg/mL followed
by 74, 68, 56 and 58% at 500, 250, 125, and 62.5
ug/mL, respectively.

The inhibitory activity of Co,0,- NPs may be

Counts

4000 -

3000 -

2000

1000 -

0 T Y

30 35 40 45 50 5§ 60 65 70

Position on (20) (Copper(Cu))

Fig. 7. XRD pattern of green synthesised cobalt oxide nanoparticles.

% Inhibition

® EZ-inhibition by Galantamine

m EZ-inhibition by Co304 NPs

1,000 500
Concentration (ug/mL)

250 125 63

Fig. 8. Anti-cholinesterase inhibitory potential of cobalt oxide NPs compared with galantamine.
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produced through the binning of Co304- NPs to
the active sites of enzymes, blocking substrate
binding and reducing enzyme activity. on the
other hand , Interaction with Co304 NPs may
be induced conformational changes in enzymes,
affecting their activity.

Our findings are in line with previous study
for Erythrophleum guineense plant extract as
a reducing agent (Zainab et al. 2022) [29], but
with improved inhibition efficacy at the same
concentrations.

Beta-hematin (BH) inhibitor
Inhibitor of beta-hematin (BH)

In vitro research employed a colorimetric
method to verify that Cos04-NPs can inhibit
heme crystallization, confirming the hypothesis
proposed by Chinappi et al. [30]. The colorimetric

method yielded substantial evidence, highlighting
the development rate of heme crystals and
revealing considerable variations in BH generation
with and without the presence of commercial
chloroquine (CQ) and Co304-NPs. To use Co304-NPs
as a heme crystallization inhibitor in comparison
with commercial CQ, we examined the influence
of time on the rate of BH formation (Fig. 9).

Every 30 seconds, the absorbance of each
sample at 400 and 700 nm was measured using
a double-beam spectrophotometer. The optimal
incubation duration, determined by the start of
crystallization and the development rate of heme
crystals in each sample, has been examined. (Fig.
9) illustrates that the most substantial reduction
of BH production occurred when Co3;04-NPs were
utilized as an inhibitor, in contrast to commercial
cQ.

0.8 -
0.7 4
0.6 -
0.5 4
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0.3 -
0.2
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Fractions
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~#-BH-CQ

~4—BH-C0304 NPs
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Fig. 9. Time affects BH formation after adding CQ and Co,O,-NPs.
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Fig. 10. The effect of concentration of both CQ and Co,0,-NPs on BH formation.
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To identify the distinction between CQ
and synthetic Co304-NPs as inhibitors of BH
production, various quantities were individually
examined following each addition to hemin
chloride, and the growth rate of BH was assessed
via spectrophotometry. Generally, results revealed
that Co,0,-NPs inhibited BH formation more
effectively than commercial CQ especially at the
highest concentration as presented in (Fig. 10), this
may be due to their binding to heme, preventing
its crystallization into BH or due to their surface
properties which influences heme binding and
inhibition. These results are approximately similar
to previous findings by (Rana et al. 2024) [4].

CONCLUSION

This work presents effective green synthesis of
cobalt oxide nanoparticles (Co,0,-NPs) with leaf
extract from Rosmarinus Officinalis L. (rosemary).
The produced nanoparticles demonstrated
strong enzyme and BH inhibitors. The green
synthesis method emphasizes the benefits
of plant-mediated nanoparticle synthesis, in
which a sustainable and green strategy can be
followed. These findings provide opportunities for
biological applications, notably in disease states
when it would be perfect to have antimalarial
effect or inhibition of enzymes. Additionally,
promising AChE inhibitory characteristics of our
generated samples cobalt oxide nanoparticles
provide the possibility of therapeutically treating
neurodegenerative illnesses, including Alzheimer.
While the results are promising, further studies
are necessary to explore the mechanisms of action
and potential toxicity of these nanoparticles for
clinical applications.
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