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ABSTRACT

Obejctive(s): Psychosis is a prevalent psychiatric disorder. Chemicals that modulate the dopaminergic system have been
the primary treatment, but these drugs have not always been effective, and some have deleterious side effects. During the
last several years, a concerted effort has been made to advance the development of novel pharmaceuticals, utilizing
approaches such as nanotechnology, natural compounds, and Eastern medicinal practices. Nanotechnology, including Ag-
based nanoparticles, is an exciting option for optimizing drug performance, including reduced side effects and improved
pharmacological and clinical profiles. The impact of curcumin-Ag conjugated nanoparticles (Cur/Ag NPs) was evaluated
in a rodent model of psychosis.

Materials and Methods: Cur/Ag NPs were synthesized and characterized by FTIR, FE-SEM, EDX, and UV-vis
spectrophotometry. The effect of Cur-Ag NPs was determined for several psychosis-related behaviors (Yawning number,
rearing number, and stereotype score) and blood levels of the inflammatory factors CRP, TNF-a, and IL-1f, and cortisol
in an animal model of hyoscine-induced psychosis.

Results: Cur/Ag NPs modulated the Yawning number, rearing number, and stereotypic score in hyoscine-induced acute
psychosis and attenuated the blood levels of inflammatory parameters, including TNF-a, IL-1B, C-reactive protein, and
cortisol. Cur/Ag NPs demonstrated greater efficacy compared to curcumin, altering these effects at lower concentrations.
Conclusion: Cur/Ag NPs and Curcumin were effective in a mouse model of psychosis, exhibiting protective effects against
hyoscine-induced acute psychosis, and may be potential candidates for further clinical investigation for treating psychosis-
related behavior.
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AD: Alzheimer Disease, Ag: Silver, BSA: Bovine Serum Albumin, C.longa: Curcuma longa, CRP: C-Reactive Protein, Cur: Curcumin, Cur-
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GR: Glutathione Reductase, HAL: Haloperidol, HYO: Scopolamine, IL-1B: Interleukin-1 beta, KOH: Potassium Hydroxide, MAP: Mapping
Analysis, NPs: nanoparticles, PD: Parkinson Disease, RNS: Reactive Nitrogen Species, ROS: Reactive Oxygen Species, SOD: Superoxide
Dismutase, TNF-a: Tumor Necrosis Factor-alpha, UV-Vis: ultraviolet-visible spectroscopy, XRD: X-ray diffractometer.

mechanism involves the excessive production of
gamma-aminobutyric acid (GABA)- ergic neurons,
which utilize GABA as their
neurotransmitter. GABAergic neurons are found in

INTRODUCTION

Schizophrenia is a neurobehavioral and
psychiatric disorder that involves a combination of
genetics and brain chemistry [1, 2]. A proposed
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the hippocampus, thalamus, basal ganglia,
hypothalamus, and brainstem, significantly
impacting dopamine secretion and dysfunction
through the mesocortical-mesolimbic nucleus
pathways [3, 4].

It has been suggested that increased dopamine
levels or activity in the nucleus of the mesolimbic
system is associated with the emergence of positive
symptoms. At the same time, decreases are
manifested as negative symptoms [5, 6]. Several
models for the induction of psychosis, most of
which are based on increasing dopamine and
decreasing the cholinergic system, are available [7-
10]. Scopolamine (hyoscine) can cause symptoms
similar to acute psychosis in rodents [7-9, 11-13].
Other drugs, such as ketamine and apomorphine,
induce chronic psychosis [12, 14-16]. Accordingly,
and considering the pharmacological properties of
hyoscine in inhibiting the cholinergic system and
enhancing dopaminergic, and on substantial
evidence of psychosis induction following its use in
humans, as well as our pilot study and published
literature [7-9, 17], we selected hyoscine as the
psychosis-inducing agent for our study [7-9, 11-13].

The acute phase of schizophrenia involves
altered inflammatory parameters that affect
behavioral disorders [1, 2, 18, 19]. Chemicals that
modulate the dopaminergic system have been the
primary treatment, but these drugs have not always
been effective, and some have deleterious side
effects [5, 6, 20-22]. Therefore, during the last
several years, research has focused on developing
new drugs, including strategies employing
nanotechnology, natural compounds, and Eastern
medicines [23, 24].

Curcumin, the primary ingredient in turmeric, is
a pharmacologically active, safe, accessible, and
effective natural product [25, 26]. Curcumin
demonstrates a variety of pharmacological effects,
including  free radical scavenging, anti-
inflammatory  activity, inhibition  of cell
proliferation, antimicrobial effects, pain relief,
antimalarial activity, tumor suppression, induction
of programmed cell death, and inhibition of new
blood vessel formation [26-29].

Nanotechnology, including Ag-based
nanoparticles [30-33], is an exciting option for
optimizing drug performance, including reduced
side effects and improved pharmacological and
clinical profiles [30-33]. Curcumin nanoparticles as
modulators of neurobehavioral and neurologic
disorders such as anxiety, depression, PD, and AD
have been investigated, but the involvement of
curcumin nanoparticles in the management of
schizophrenia and psychotic-like disorders has not
been evaluated [34]. Effects exerted by curcumin-
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Ag conjugated nanoparticles on  several
inflammatory parameters were assessed in a rat
model of acute psychosis.

MATERIALS AND METHODS
Agents and Materials

Curcumin, silver nitrate (AgNOs), ethanol, and
potassium hydroxide were obtained from Merck
(New Jersey, USA). Reagents were of analytical
grade and applied as supplied (DNA Co, Iran,
Tehran).

Synthesis of
nanoparticles

An eco-friendly method capitalizing on
curcumin's reductive and stabilizing properties was
used for synthesizing the curcumin-Ag conjugated
nanoparticles [35, 36]. Curcumin (5mg) was
dissolved in 50 mL of double-distilled water at
neutral pH and heated to 85-90°C, resulting in an
orange-colored solution. Fifty mL of a silver nitrate
solution (0.1 M) was gradually added to the orange-
colored solution, yielding a yellow-colored solution.
This mixture was refluxed at 85-90°C for one hour
and cooled to 4°C. The solution was brought to a pH
of about 8 using potassium hydroxide (0.1 M),
during which the color transitioned from yellow to
pale vyellow and ultimately to dark orange,
accompanied by the emergence of brown, flaky
precipitates.

The silver ions (Ag*) interacted with curcumin to
form a stable silver-curcumin complex, stabilizing
the ions and initiating the reduction process
(Equation 1). The aldehyde group in curcumin (R-
CHO), the reducing agent, was oxidized to
carboxylic acid (R-COOH). At the same time, the
reduction of silver ions in the complex formed
metallic silver nanoparticles (Equation 2). This
mechanism also promoted nucleation and
stabilized the nanoparticles in a colloidal state.

(1) Ag*(aq) + Curcumin - [Ag(Curcuma.longa) ]*

(2) [Ag(C.longa) I + R—CHO -2
[Ag(Curcuma.longa) ]* + R—COOH

curcumin-Ag conjugated

Characterization studies of nanoparticles

The Cur/Ag NPs were characterized using
analytical techniques to confirm their structural,
compositional, and morphological properties. UV-
Vis spectroscopy monitored the optical properties
and validated the successful formation of
nanoparticles by identifying characteristic plasmon
resonance peaks. The crystallographic structure
was determined using XRD, providing insights into
the crystalline and lattice arrangement of the
nanoparticles.
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The Cur/Ag NPs' elemental composition and
distribution were analyzed using EDS and MAP,
which determined elemental ratios and their spatial
dispersion within the nanoparticles. FESEM was
utilized to investigate the nanoparticles' surface
morphology, size, and shape, offering high-
resolution visualizations of the nanoscale
architecture.

FTIR identified functional groups and confirmed
the interaction between curcumin and silver ions.
This analysis also provided information about the
nanoparticles' stability and potential surface
modifications. These techniques allowed an
understanding of the physicochemical properties
and structural integrity of the Cur/Ag NPs.

Stability of curcumin-Ag conjugated nanoparticles
The stability of the curcumin-Ag conjugated
nanoparticles is influenced by the chemical
interaction between functional groups of Cur and
silver ions, forming a robust bond that enhances the
nanoparticle integrity. These nanoparticles
exhibited remarkable stability due largely to
curcumin's antioxidant and reducing properties,
which prevented oxidation and agglomeration of
silver particles. FTIR and XRD analyses confirmed
the nanoparticles' strong coordination and
crystalline structure, indicating resistance to
degradation over time. Additionally, their stability
was further validated by energy dispersive
spectroscopy, which revealed a uniform elemental
distribution. These morphological observations
were confirmed through electron microscopy.

In-vivo study
Animals

One hundred and forty-four male and 50 female
BALB/c mice (30-35g) were purchased from
Experimental Animal Center of IUMS and held for
two weeks before initiating experimental
procedures. Animals have free access to water and
animal special pellet feed (Parsfeed Co, Tehran,
Iran). The animal house was controlled with
standard room temperature: 22 = 2°C; relative
humidity: 5-40%; and light/dark cycles (12-hour).
Both series of animal protocols were confirmed and
approved by the ethics committees of research at
the Pharmacy and Pharmaceutical Branches Faculty
at Islamic Azad Tehran Medical Sciences University
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[Protocol and Ethical Code Number: IR.
IAU.PS.REC.1398.348] [37]. Signs of toxicity were
evaluated in the animals 24 hours after treatment
and continuously during weeks one and two.

Experimental animal procedure
Pilot study evaluating the toxicity of the eco-
friendly synthesized nanoparticles

Mice (8/sex/group) were administered
intraperitoneally 1000, 1250, 1500, 1750, or 2000
mg/kg Cur/Ag NPs and observed for behavioral
changes and signs of toxicity throughout the initial
24 hours and daily for two weeks. Brain, liver, heart,
testes, and lungs were prepared for
histopathological evaluation. This evaluation
showed normal cellular architecture without
evidence of inflammation, degeneration, or
necrosis; thus, this nanoparticle [38, 39].

Effect of curcumin-Ag conjugated nanoparticles on
behavioral and molecular changes in a rodent
psychosis model (Fig. 1)
Male mice (8/group) were randomly divided into
eight groups as follows:

e Group 1: received 0.2 mL of normal saline

(control).

e Group 2: Hyoscine (HYO) (0.125 mg/kg).

e Group 3: HYO (0.125 mg/kg) and haloperidol

(HAL) (5 mg/kg).

e Groups 4-6: HYO (0.125 mg/kg) and Cur/Ag

NPs (20, 40 and 60 mg/kg).

e Group 7: HYO (0.125 mg/kg) and also Cur (40

mg/kg).

e Group 8: HYO (0.125 mg/kg) and Ag (40

mg/kg).

All treatments were given intraperitoneally (ip).
The main experimental procedures, protocol and
also associated timeline are schematically
illustrated in Figure 1. Dose selection for HYO [10,
40-42], HAL [43-46], Cur [30, 47, 48], and Ag[49, 50]
was based on the literature. Cur/Ag NPs doses were
chosen based on previous results [51-53]. In groups
3-8, injections were administered at one-hour
intervals. Psychosis-related behavior (Yawning
number, rearing number, and stereotype score)
was observed as early as one hour after drug
administration in the experimental groups but not
in control animals.
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Fig. 1. (A) Schematic illustration of experimental grouping and (B) Timeline for experimental procedure and evaluation

Investigation of rearing responses induced by
novelty

Central excitatory locomotor behavior was
evaluated by a blinded observer using novelty-
induced rearing behavior [54-56] in a transparent
Plexiglas chamber (50 cm x30 cm x 30 cm). The
number of rearing was characterized by the number
of standings on their hind limbs or standing with
their forelimbs against the wall of the observation
box or free in the air. Rearing behavior was
measured over 10 minutes [54, 55]. The testing
chamber was cleaned with 10% ethanol between
testing runs to eliminate potential olfactory bias [54-
56].

Behavioral assessment of Yawning

Yawning behavior, a standard behavior in
rodents that closely mimics psychosis [56-58], is
characterized by prolonged (more than 1 s) and a
significant mouth opening, quickly succeeded by
closure [56, 57]. This behavior was evaluated by a
blinded observer observing the Yawning behavior of
the mice in a transparent Plexiglas chamber (50 cm
x30 cm x 30 cm). Yawning was measured over 10
minutes, and the testing chamber was cleaned with
10% ethanol between testing runs to prevent
possible olfactory interference [56-58].

Assessment of stereotypic behavior

Stereotypic behaviors are a series of standard
psychosis-related behaviors that can be observed in
rodents [59-61]. The signs of stereotypy sniffing and
gnawing are scored as follows: absence of
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stereotypy was scored as 0, occasional sniffing was
scored as 1, occasional sniffing with occasional
gnawing was scored as 2, frequent gnawing was
scored as 3, intense continuous gnawing was scored
as 4, and marked gnawing activity along with staying
in place was scored as 5 [59-61]. Scores are summed
over 10 minutes for each animal. A blinded observer
determined scores while the animals were in the
transparent Plexiglas chamber (50 cm x30 cm x 30
cm).

After the behavioral assessments, Animals were
subjected to thiopental sodium-induced anesthesia
(50 mg/kg) and then euthanized. Blood samples
were collected directly from the heart to measure
inflammatory factors such as TNF-alpha, CRP, IL-
1beta, and cortisol levels. Samples were centrifuged
and stored at -20 °C until analyzed.

Assessment of blood cortisol level

The cortisol concentration (ug/dL) was measured
using electrochemical luminescence kits (DNA Co.,
Tehran, Iran) [62, 63]. Results are reported as pg/dL
[62, 63].

Measurements of total protein

Total protein levels were quantified using the
Bradford special assay kit (Bio-Rad, Providence, R,
USA). A standard protein curve was constructed with
BSA using serially diluted BSA solutions in the range
of 0.1-1.0 mg/mL. Zero, 0.5, 10, 15, 20, 25, 30, or 35
uL of serum was added to separate wells, and then
the Bradford reagent was added. Using a Hiperion
Microplate Reader (MPR4+, Rayto Company, China),
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absorbance between 630 and 635 nm was recorded
to evaluate protein content in each well [64-66].

Assessment of TNF-a, IL-16 and CRP

Commercial Enzyme-linked immunosorbent
assay (ELISA) and antibody-based kits (Sino Biological
Co., Eschborn, Germany) for TNF-o (SEK50349), IL-1B
(50101-R001), and CRP ( KIT11250A) were used to
determine serum levels of CRP, TNF-a, and IL-1pB.
Sheep anti-mouse TNF-a, IL-1B, and CRP polyclonal
antibodies (Sino Biological CO, Eschborn, Germany)
were washed three times with a wash buffer (0.5M
NaCl, 2.5mM Nan2P04, 7.5mM Na;HPQs, 0.1% Tween
20), pH, 7.2. In individual wells, ovalbumin solution
[100uL of 1% (w/v)] (Sigma Chemical Co., Poole,
Dorset, U.K.) was added and maintained at room
tmeparture with 37° C for 1.5 hours. All wells were
then washed three times with the provided buffer
solution. One hundred pL of standard solution or
sample was added to all wells and incubated at
45 °C for 24 hours. Then, all wells were washed (3
times with the buffer), and 100 uL of sheep-based
TNF-a, IL-1B, or CRP antibody was added to the
appropriate wells (Antibodies diluted as 1:1000 in
wash buffer containing 1% sheep serum, Sigma
Chemical Co., Poole and Dorset, U.K.). All wells were
incubated at room temperature for 60 minutes and
washed three times with the buffer solution. Next,
100uL of Avidin-HRP (Dako Ltd, U.K.), diluted 1:5000
in wash buffer, was added to each well, followed by
incubation for 20 minutes. All wells were washed (3
times) with the wash buffer, and 100uL of TMB
substrate (3,3',5,5'-Tetramethylbenzidine)
solution (Dako Ltd., U.K.) was added to each well and
incubated (16 min) at room temperature. In the final
step, 100uL of 1M H2SOs was added to all wells to
stop the reaction. Optical density was read at 450
nm, and results for TNF-a, IL-1B, and CRP are given in
pg/mL [67-70].

Statistical analysis

All statistical evaluations and analyses were
performed with special software, GraphPad PRISM
v.6 (2016) (GraphPad Company, San Diego, USA).
The mean # standard deviation (SD) was calculated
for all parameters and all experiments, then analyzed
by a one-way ANOVA (Analysis of Variance), F-test.
Differences and comparisons between each group
were evaluated using Bonferroni’s post-hoc test. The
continuous variables were confirmed to follow a
normal distribution by Kolmogorov-Smirnov test,
and Levene's or Bartlett's test was used for analysis
of variance consistency among groups. Data met
ANOVA assumptions of normality (Kolmogorov-
Smirnov, P>0.05) and equal variances (Levene’s test,
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P>0.05), justifying the use of parametric tests. P<0.05
was considered significant. For each experimental
parameter, the number in parentheses indicates the
F (7, 56) statistic, with the subsequent P value
provided.

RESULT
Cur/Ag NPs synthesis

The successful/effective synthesis of the Cur/Ag
NPs was confirmed.

FT-IR spectroscopy characterization

The FT-IR spectrum of the curcumin-silver
nanoparticles, illustrated in Figure 2, offers insights
into the nanoparticle's chemical functionality and
surface modification. Although signals associated
with carbon-carbon bonds are common in organic
compounds, they generate overlapping bands that
are generally weak and do not provide clear
diagnostic information. A broad absorption band in
the 2400-3450 cm™ range was observed, indicative
of hydroxyl (—OH) stretching vibrations. This feature
was attributed to oxidative processes introducing
hydroxyl and carboxyl functional groups at the
surface of the nanoparticle, which play a significant
role in surface stabilization and functionalization.

A significant peak in the absorption spectrum at
1627 cm™ corresponded to the stretching vibration
of carbonyl (C=0) groups, while the band at 1278
cm™ was assigned to C-O stretching vibrations,
highlighting the presence of ester or phenolic
functional groups, supporting the chemical
interaction between curcumin and silver ions in
forming and stabilizing the nanoparticle. The peaks
at 1510 cm™and 1514 cm™ were associated with the
aromatic C=C stretching vibrations intrinsic to the
curcumin structure. The peaks confirmed that
curcumin retained its aromatic structure, which is
essential for its biochemical activity.

The absorption bands at 3014 cm™and 3049 cm™
represented sp?-hybridized alkenyl (C—H) stretching
vibrations, while the band at 2972 cm™ indicated the
presence of sp3-hybridized aliphatic (C-H) bonds.
These characteristic functional groups and
vibrational modes provided an extensive insight into
the molecular interactions and surface chemistry of
the curcumin-silver nanoparticles. The FTIR analysis
indicated a shift to lower stretching frequency
values, suggesting effective coordination between
curcumin's functional groups and silver ions. This
shift signified strong interaction and stabilization
during the nanoparticle synthesis process. These
results support the successful synthesis of curcumin-
silver nanoparticles.
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Fig. 2. FT-IR spectrum of Cur/Ag NPs

Characterization by UV-Vis spectrophotometry
The UV-Vis analysis identified a strong absorption
peak at 428 nm (Figure 3), confirming the successful
formation of silver nanoparticles. This peak affirmed
the nanoscale size and interaction with curcumin. It
also highlights the coordination between silver and
curcumin's  functional groups, demonstrating
effective stabilization and synthesis of nanoparticles.
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Fig. 3. UV-Vis analysis of Cur/Ag NPs

Morphological insights from FESEM and EDX
studies

The FESEM (Figure 4) spectrum provided further
evidence of successful nanoparticle formation. The
results confirmed that curcumin effectively acted as
a reducing agent, converting silver ions into silver
nanoparticles. Additionally, the morphology of the
nanoparticles and the identification of their
constituent profile are illustrated in the following
figures, offering additional validation of the
structural characteristics of the curcumin-silver
nanoparticles. The constituent elements of the
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curcumin-—silver nanoparticles produced were
characterized through EDS (Figure 5). EDS results
validated the detection of silver (Ag), chlorine (Cl),
carbon (C), nitrogen (N) and oxygen (O) as
constituents of the nanoparticles. Figure 6 illustrates
the elemental mapping, showcasing the presence of
C, N, O, Cl, and Ag in the curcumin-silver
nanoparticles. High-resolution FESEM images
combined with EDS analysis further confirmed the
successful incorporation of silver, revealing its even
distribution throughout the curcumin matrix. This
consistency highlighted the contribution of curcumin
as an efficient reducing and stabilizing factor during
the synthesis process. Figure 7 offers a spatial
visualization of the elements, showing the successful
incorporation of silver nanoparticles within the
curcumin-silver framework and verifying the
presence of silver while demonstrating its uniform
distribution alongside carbon, nitrogen, oxygen, and
chlorine.

XRD analysis

The diffraction pattern revealed the crystalline
lattice structure of the silver metal nanoparticle. As
shown in Figure 8, the diffraction peak at 23.8° was
attributed to the presence of hexagonal graphite.
The diffraction pattern exhibited strong signals at
38.1°, 44.3°, 64.4°, 77.4°, and 81.5°, consistent with
silver’s crystallographic planes, confirming the
crystalline state of silver and the proper synthesis of
curcumin—silver  nanoparticle. The matching
diffraction peaks with standard silver patterns
further demonstrated the reliability of the synthesis
process.
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Cur/Ag NPs effects against psychosis related
behavior
Cur/Ag NPs effects on HYO-prompted CHANGES in
rearing behavior

HYO (0.125 mg/kg) increased rearing number
(6.600; P<0.05). HAL (5 mg/kg) reduced the rearing
number in the HYO (0.125 mg/kg) treated mice
(6.600; P<0.05) (Figure 9). Cur/Ag NPs with doses of
40 or 60 mg/kg reduced the rearing number in HYO-
treated mice (6.600, P<0.05). Cur (40 mg/kg) and Ag
(40 mg/kg) did not alter the rearing number in HYO-
treated mice (Figure 9).

Cur/Ag NPs effects on HYO-prompted changes in
Yawning behavior

HYO (0.125 mg/kg) increased the Yawning
behavior (5.323; P<0.05) (Figure 10). HAL (5 mg/kg)
reduced the Yawning behavior in HYO-treated mice
(5.323; P<0.05) (Figure 10). Cur/Ag NPs with doses
of 40 and 60 mg/kg also reduced Yawning behavior
in the HYO-treated mice (5.323; P<0.05). Cur as 40
mg/kg and Ag, with a dose of 40 mg/kg did not
change the Yawning behavior in HYO-treated mice
(Figure 10).

Control

Hyoscine(0.125 mg/kg)
Hyoscine+Haloperidol(5 mg/kg)
Hyoscine+Curcumin(40 mg/kg)

Z Hyoscine+Curcumin/Ag(20mg/kg)
N Hyoscine+Curcumin/Ag(40mg/kg)
Hyoscine+Curcumin/Ag(60mg/kg)
Hyoscine+Ag(40mg/kg)

REANBOBA

Fig. 9. Effects of Cur/Ag NPs on HYO-induced Alteration in Rearing Number.
Data are Mean + SD (n=8). * P< 0.001 vs. control. # P< 0.001 vs. HYO (5 mg/kg).
HYO: Hyoscine, Cur: Curcumin, Cur/Ag N.P.s: Curcumin-silver nanoparticles, HAL: Haloperidol.
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Fig. 10. Effects of Cur/Ag NPs on HYO-induced Alteration in Yawning Number.
Data are Mean % SD (n=8). * P< 0.001 vs. control. # P< 0.001 vs. HYO (5 mg/kg).
HYO: Hyoscine, Cur: Curcumin, Cur/Ag N.P.s: Curcumin-silver nanoparticles, HAL: Haloperidol.
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Cur/Ag NPs effects on HYO- HYO-prompted changes
in stereotype behavior

HYO (0.125 mg/kg) increased stereotype
behavior scores (4.553; P<0.05) (Figure 11). HAL (5
mg/kg) reduced the stereotype behavior scores in
HYO (0.125 mg/kg) treated mice (4.553; P<0.05)
(Figure 11). Cur as 40 mg/kg and Cur/Ag NPs with
doses of 40 and 60 mg/kg reduced stereotype
behavior scores in HYO (0.125 mg/kg) treated mice
(4.553; P<0.05) (Figure 11). Ag (40 m/kg) did not
change these scores in HYO (0.125 mg/kg) treated
mice (Figure 11).
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Cur/Ag NPs effects against psychosis related
inflammatory biomarkers
Cur/Ag NPs effect on HYO-induced changes in blood
cortisol level

HYO (0.125 mg/kg) increased blood cortisol
levels (4.393; P<0.05) (Figure 12). HAL (5 mg/kg)
reduced these levels in HYO (0.125 mg/kg) treated
mice (4.393; P<0.05) (Figure 12). Cur as 40 mg/kg
and Cur/Ag NPs with doses of 40 and 60 mg/kg
reduced blood cortisol levels in HYO (0.125 mg/kg)
treated mice (4.393; P<0.05) (Figure 12). Ag (40
m/kg) did not affect the blood cortisol levels in HYO
(0.125 mg/kg) treated mice (Figure 12).

Control

Hyoscine(0.125 mg/kg)
Hyoscine+Haloperidol(5 mg/kg)
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Fig. 11. Effects of Cur/Ag NPs on HYO-induced Alteration in Stereotype Score.
Data are Mean + SD (n=8). * P< 0.001 vs. control. # P< 0.001 vs. HYO (5 mg/kg).
HYO: Hyoscine, Cur: Curcumin, Cur/Ag N.P.s: Curcumin-silver nanoparticles, HAL: Haloperidol.
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Fig. 12. Effects of Cur/Ag NPs on HYO-induced Alteration in Cortisol Level.
Data are Mean + SD (n=8). * P< 0.001 vs. control. # P< 0.001 vs. HYO (5 mg/kg).
HYO: Hyoscine, Cur: Curcumin, Cur/Ag N.P.s: Curcumin-silver nanoparticles, HAL: Haloperidol.
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Fig. 13. Effects of Cur/Ag NPs on HYO-induced Alteration in C-reactive Protein Level.
Data are expressed as Mean + SD (n=8). * P< 0.001 vs. control. # P< 0.001 vs. HYO (5mg/kg).
HYO: Hyoscine, Cur: Curcumin, Cur/Ag N.P.s: Curcumin-silver nanoparticles, HAL: Haloperidol.

Cur/Ag NPs effect on HYO-induced changes in
blood CRP level

HYO (0.125 mg/kg) increased blood CRP levels
(5.375; P<0.05) (Figure 13). HAL (5 mg/kg)
reduced the blood CRP levels in HYO (0.125
mg/kg) treated mice (5.375; P<0.05) (Figure 13).
Cur with doses of 40 mg/kg and Cur/Ag NPs with
doses of 40 and 60 mg/kg reduced blood CRP
levels in HYO (0.125 mg/kg) treated mice (5.375;
P<0.05) (Figure 13). Ag (40 m/kg) did not change
the blood CRP levels in HYO (0.125 mg/kg)
treated mice (Figure 13).

Cur/Ag NPs effect on HYO-induced changes in blood
TNF-a, IL-18 level

HYO (0.125 mg/kg) increased blood TNF-a
(5.332; P<0.05) and IL-1B (6.466; P<0.05) levels
(Figure 14 A and B). The analysis revealed stable
levels of TNF-a in the blood (5.332) or IL-1PB (6.466)
in HYO (0.125 mg/kg) treated mice (Figure 14 A and
B) given HAL (5 mg/kg). Cur with a dose of 40 mg/kg
and Cur/Ag NPs as 40 and 60 mg/kg reduced blood
TNF-a (5.332; P<0.05) and IL-1B (6.466; P<0.05)
levels in HYO (0.125 mg/kg) treated mice (5.375;
P<0.05) (Figure 14 A and B). Ag (40 m/kg) did not
change the blood TNF-a (5.332) and IL-1B (6.466)
levels in HYO (0.125 mg/kg) treated mice (Figure 14
A and B).
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Fig.-14. Effects of Cur/Ag NPs on HYO induced alteration in TNF-a (A) and IL-1B (B) level.
Data are expressed as Mean + SD (n=8). * P< 0.001 vs. control. # P< 0.001 vs. HYO (5mg/kg).
HYO: Hyoscine, Cur: Curcumin, Cur/Ag N.P.s: Curcumin-silver nanoparticles, HAL: Haloperidol.

DISCUSSION

As a chronic psychiatric illness, schizophrenia
profoundly impacts cognitive functions, affective
states, and social conduct. Managing schizophrenia
requires ongoing treatment [1, 2]. Disorders of
dopamine and secretion function in the nucleus of
mesocortical-mesolimbic are primary mechanisms
of psychosis [3, 4]. Most antipsychotic drugs, such
as haloperidol (HAL), act by altering the amount and
strength of dopamine and serotonin and/or their
associated receptors [71, 72]. Several models,
based on increasing dopamine levels and
decreasing acetylcholine and glutamate, are
available for the induction of psychosis in rodents
[7-9, 11-13]. Hyoscine and ketamine are examples
of drugs that induce acute psychosis in
experimental animals. Hyoscine was used in our
study to induce behavioral effects associated with
acute psychosis [7-9, 11-13].

Neuroinflammation and increased systemic
inflammatory status have critical roles in psychosis-
related behavioral disorders [73-76]. Because of the
increased inflammatory response in such disorders,
new therapeutic strategies should consider
targeting these molecular events [77, 78]. Thus,
modulating or reducing neuroinflammation and
systemic inflammation may be valuable targets for
new drug development [79, 80]. Such anti-
inflammatory drugs are likely to be more specific,
hopefully, with fewer side effects than traditional
antipsychotic drugs [79-81].

Curcumin, the active ingredient in turmeric [82,
83], has antioxidant, anti-inflammatory, and anti-
cell death properties [82-85]. Curcumin as a
modulator in the management of behavioral
disorders, such as mood, cognitive, and motor
disorders, has been suggested [85]. Curcumin,
however, as an effective drug in psychotic
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disorders, has been less studied [25, 86].
Furthermore, its role in the management of
schizophrenia and psychotic-like disorders has not
been sufficiently evaluated [25, 86]. Accordingly,
the role of curcumin and curcumin nanoparticles in
the management of some neurobehavioral and
neurologic disorders, such as anxiety, depression,
PD, AD, and other similar disorders, was
investigated. In our study, curcumin positively
altered behavioral parameters by modulating
several inflammatory pathways. Thus, it could
represent a potential therapeutic option for
psychosis, particularly when delivered in a
nanoparticle-based formulation [25, 82, 83, 86].

Nanotechnology has significantly contributed to
drug development [87, 88] by increasing drug
specificity and improving pharmacodynamic
efficacy, pharmacokinetic properties, and the
overall pharmacologic profile [88]. Nanotechnology
has also reduced adverse side effects [87, 88].

The green synthesis of our nanoparticle avoided
toxic chemicals, highlighting curcumin's potential
for sustainable and biocompatible production of
nanoparticles. By leveraging curcumin's chemistry,
this process demonstrated its applicability in
nanotechnology and sustainable material science,
emphasizing the importance of eco-conscious
strategies in nanoparticle synthesis and showcasing
curcumin as a significant contributor to green
chemistry initiatives. Selected tissues from mice
exposed to doses of the synthesized Cur/Ag
nanoparticles as high as 2000 mg/kg daily for two
weeks revealed no notable changes or tissue
damage. They further displayed normal cellular
architecture without evidence of inflammation,
degeneration, or necrosis. These findings
confirmed the non-toxic nature of Cur/Ag NPs,
supporting its safety profile.
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The effects of Cur/Ag NPs on several
inflammatory and behavioral parameters were
evaluated in the hyoscine-induced rodent model of
acute psychosis. Cur/Ag NPs protected against
hyoscine-induced acute psychosis in a mouse
model. Cur/Ag NPs modulated the Yawning
number, rearing number, and stereotypic score in
the hyoscine-induced acute psychosis. Cur/Ag NPs
also inhibited the blood levels of the inflammatory
factors TNF-a, IL-1B, C-reactive protein, and
cortisol.

HYO administration caused an increase in
rearing numbers [89]. In contrast, HAL, a dopamine
D2 receptor antagonist, reduced the rearing
number in HYO-treated mice, which confirmed its
antipsychotic role [90]. Cur/Ag NPs with doses of
40 and 60 mg/kg reduced the rearing number in
HYO (0.125 mg/kg) treated mice. However, neither
Cur nor Ag alone altered the rearing numbers. The
nanocomposite of Cur/Ag NPs enhanced the
curcumin effects and exerted an anti-psychosis
role, supporting previous studies [30, 31].

Yawning behavior was increased by YOH but
inhibited by HAL. The effects of YOH and HAL on
Yawning behavior were consistent with previous
results and confirmed the psychotic role of YOH
[89] and the antipsychotic role of HAL [90]. Cur/Ag
NPs with doses of 40 and 60 mg/kg reduced the
Yawning behavior in HYO-treated mice. Cur as 40
mg/kg and Ag (40 mg/kg) did not change the
Yawning behavior.

HYO increased the stereotype behavior scores,
while HAL reduced the stereotype behavior scores
in HYO-treated mice. Cur and Cur/Ag NPs reduced
stereotype behavior scores in HYO-treated mice.
However, our curcumin-metal nanocomposite
particles enhanced the antipsychotic effects of this
herbal compound (curcumin). As shown in Figures
9, 10, and 11, 40 mg/kg of curcumin and 40 mg/kg
of Cur/Ag NPs positively affected rearing numbers,
Yawning behavior, and stereotype behavior scores.
The Cur/Ag NPs altered these parameters,
however, to a greater degree than curcumin alone.

HYO increased blood cortisol and CRP levels and
enhanced the blood level of TNF-a and IL-1f, and
HAL reduced these inflammatory parameters. In
contrast, curcumin alone and Cur/Ag NPs (40 and
60 mg/kg) decreased TNF-a, IL-1B, and attenuated
CRP and blood cortisol levels in HYO-treated mice.
Ag (40 m/kg) did not change cortisol, TNF-a, IL-1B,
or CRP blood levels. The Cur/Ag NPs exerted their
protective effects against these inflammatory
parameters at lower doses (Figures 12, 13, and 14).
Although some of these changes were not
statistically  significant, these  changes,

Nanomed J. 13(2): 327-343, 2026

nonetheless, support the potential beneficial
effects of nanoparticles [87, 88].

Earlier research has suggested that
inflammatory processes are strongly involved in the
development of psychosis [73-76] and that
inflammation can predispose degenerative damage
and subsequent behavioral disorders such as
psychosis [73-76, 91]. Cytokines may be valid
biomarkers of psychosis in patients with this
disease [91, 92]. The development of new anti-
inflammatory drugs should be designed with
mechanisms that inhibit inflammatory pathways in
mind [79]. Both curcumin and Cur/Ag NPs may have
a place in the management of psychosis by reducing
oxidative stress and free radical activity, while
increasing antioxidants such as superoxide
dismutase, glutathion peroxidase, and glutathione
reductase, and enhancing glutathione, and
reducing the levels of reactive nitrogen species and
reactive oxygen species [93-96].

Curcumin nanoparticle compounds with greater
potency and potentially fewer side effects can play
an effective anti-inflammatory role [30, 31]. In
addition to the role of oxidative stress and
inflammation, cell death-related pathways such as
apoptosis and autophagy play a critical role in the
mechanism and pathophysiology of psychosis [96-
99]. Some of the effects of curcumin and Cur/Ag
NPs may be explained by their potential anti-cell
death properties [95-99]. Although we did not
evaluate oxidative stress and cell death-related
pathways, future studies should consider these
pathways. In addition, since curcumin modulates
neurotransmitters such as acetylcholine,
dopamine, serotonin and glutamate [96-99], both
curcumin and Cur-Ag NPs may have a potential role
in managing acute psychosis [100-105].

CONCLUSION

Although we did not evaluate cell death-related
pathways in the present study, both curcumin and
curcumin-silver nanoparticles (Cur/Ag NPs) showed
antioxidant properties potentially beneficial for
psychosis  management, possibly  through
modulation of neurotransmitter systems like
dopamine and serotonin (98-101). Cur/Ag NPs
demonstrated efficacy at lower doses than
curcumin alone in reducing psychosis-like behaviors
and inflammation in the hyoscine-induced rodent
model of acute psychosis, with no observed toxicity
at tested doses, suggesting their promise as safe
therapeutic candidates (102-107). In addition to the
role of oxidative stress and inflammation, cell
death-related pathways such as apoptosis and
autophagy play an essential role in the
pathophysiology of acute psychosis [96-99].
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Additional research, works and studies are required
to clarify mechanisms, chronic safety, and clinical
effectiveness (95-101).
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