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ABSTRACT

Objective(s): Concerns regarding increased breast cancer cases worldwide have spurred interest in the
discovery of novel approaches to overcome this deadly disease. Although several treatment strategies have
been developed to treat breast cancer including chemotherapy, an efficient drug delivery system remains
a challenge. Here, we study the drug distribution and boosting the efficiency of Panobinostat, a histone
deacetylase inhibitor, by using silver nanoparticles as a controlled drug delivery system.

Materials and Methods: Green synthesis of silver nanoparticles, as nanocarriers for drug delivery was
synthesized by using Rhazya stricta extract and loaded with the drug. These drug-loaded nanoparticles were
characterized by UV-vis spectroscopy, XRD, FTIR, SEM, and EDX techniques.

Results: The AgNPs had an average size of 20 nm and were stable over a period. The evaluation of drug
encapsulation effectiveness and drug release capacity revealed 56% encapsulation efficiency and sustained
drug release. The kinetics study of drug release showed the first-order reaction which means that drug
concentration is proportional to drug release. The MTT assay showed that drug-loaded AgNPs had a potent
and dose-dependent anticancer activity on the breast cancer cell lines (MDA-MB-231).

Conclusion: As the successfully green synthesized Panobinostat-AgNPs were stable and exhibited increased
in vitro anticancer activity compared with free Panobinostat, our data demonstrate that the combination
of AgNPs with Panobinostat improves the drug’s long-term viability, effectiveness, and active targeting as
a potential targeted therapeutic molecule for the treatment of cancer. To strengthen the utilization of this

combination therapy in cancer therapy trials, further research is warranted in vivo.
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INTRODUCTION

Cancer is a very serious public health problem
and it is estimated that cancer cases will rise to
20 million annually in the next decade globally [1].
Among all categories of cancer, breast cancer has
the highest ratio worldwide. Traditional methods
for breast cancer treatment include surgery,
chemotherapy, and radiotherapy [2], among
which chemotherapy has been widely used in
clinics because of its quick and easy procedure.
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However, chemotherapy-based cancer treatment
still comes with some serious risks. For instance,
it is less effective in halting the growth, spread,
and recurrence of tumors because the drugs
are randomly distributed throughout the body
and susceptible to multidrug resistance while
being used [3-5]. Also, chemotherapeutic drugs
are mostly hydrophobic, thus they need to be
delivered in higher concentrations to attain the
desired results. Higher concentrations lead to
more toxicity and damage to healthy tissues
causing adverse reactions [6, 7]. Thus, designing
an effective drug delivery system that can enable
drug delivery to the tumor cells with no side
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effects is high in demand [8].

Nano-delivery systems, a relatively new but
rapidly developing area of study, utilize materials
in the nanoscale range to deliver therapeutic drugs
to specific targeted regions in a controlled manner.
Recent years have witnessed several significant
applications for the use of nanomedicine in the
treatment of various diseases including breast
cancer [9-11]. The development of nanoparticles
as drug carriers proved beneficial for therapeutic
purposes, i.e., targeted drug delivery, higher
bioavailability, and lower toxicity [12].
Nanotechnology has made cancer therapy safer
and more effective. This innovative approach is
an encouraging strategy to deliver anti-cancerous
drugs directly to the tumor cell and thus it doesn’t
damage the healthy cells. Other than that,
nanoparticles can improve the stability of the drug
as well as the accumulation of drugs in the tumor
[13-16].

Silver nanoparticles (AgNPs) possess anti-
microbial and anti-cancerous properties such as
anti-proliferation and induction of apoptosis and
thus can be used effectively against cancer [17].
AgNPs can be synthesized through chemical,
physical, and biological methods. In the physical
method, it becomes challenging to control the
size of particles also this method is not very cost-
effective. In chemical methods, chemicals may
prove more toxic than effective against the cells.
The biological method is an efficient strategy for
the synthesis of silver nanoparticles through plant
extracts as it gives greater output with lesser cost
[18, 19].

In this study, AgNPs are synthesized from
the Rhazya stricta extract based on low cost and
easy availability. R. stricta plant, also known as
“Harmal”, belongs to the family Apocynaceae
and is located widely in South Asia [20]. It is
called “Rangobul” in Urdu and “Vergalum” and
“Ganderi” in Pushto. “Harmal” is the term used
in Arabic. But it’s important to distinguish clearly
between the harmal related to R. stricta and
the harmal associated with Peganum harmala
[21]. It has several medicinal advantages as
it has anti-microbial, anti-oxidant, and anti-
cancerous properties [22]. R. stricta has a high
concentration of alkaloids, with more than 50
distinct alkaloids having been discovered from the
plant. The primary alkaloids comprise ajmalicine,
catharanthine, vindoline, and voacangine
[23]. Another significant class of secondary
metabolites present in R. stricta are flavonoids.
The plant contains a diverse range of flavonoids,
containing flavonols, flavones, and flavanones.
Flavonoids possess notable antioxidant and
anti-inflammatory characteristics. Tannins have
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antioxidant and antibacterial properties due to
their astringent nature, whereas terpenoids,
including triterpenoids and sesquiterpenoids,
provide a wide range of biological advantages.
The secondary metabolites of R. stricta exhibit
considerable potential for medicinal uses [24-26].
These compounds are responsible for the silver
ions reduction and thus the synthesis of silver
nanoparticles. Silver nanoparticles synthesized
by R. stricta can prove effective therapeutic
agent against cancer because of its wide range of
biological activities [27, 28].

HDAC inhibitor (HDACi) is a class of anti-
cancerous agents that removes the acetyl group
from core histones and thus relaxes the structure
of chromatin [29]. HDAC inhibitors possess
epigenetic roles including cell cycle arrest,
apoptosis, and cell death. However, HDACi has
distribution and rapid clearance problems when
delivered in free form [30-32]. Panobinostat is an
FDA-approved HDACi that alter the transcriptional
activity, damages DNA, and express those proteins
that cause apoptosis of cell [33]. However, it has
several delivery challenges, i.e., it is problematic
to administer it in free form and pharmacokinetic
properties show that it is rapidly cleared from
tissues [34-36].

The ability to combine silver nanoparticles’
anticancer characteristics with the pharmacological
action of an HDAC inhibitor could be the key to
treat cancers that have stopped responding to
chemotherapy and radiotherapy. Assessing the
possibility of using AgNPs to deliver Panobinostat
to the tumor site, where the silver nanoparticles
then release the drug and start to act against
cancer cells after being uptaken by the tumor cells,
this is a viable cancer treatment technique [37]. This
study will investigate the use of silver nanoparticles
as a target-specific drug delivery vehicle for HDAC
inhibitor Panobinostat with the hypothesis that
entrapment within a Nano-carrier that is capable of
sustained release will prove beneficial for its usage
in cancer treatment when applied to human breast
cancer cell lines MDA-MB-231.

The focus on cytotoxicity in research arises from
its immediate and quantifiable characteristics in
contrast to HDAC inhibition. Utilizing cell viability
assays enables a rapid and quantitative assessment
of the effect of a chemical on cell proliferation
and viability, offering essential information about
its therapeutic capacity and informing future
research. While HDAC inhibition may not always
have a consistent link with cytotoxicity, cytotoxicity
itself is a more dependable measure. Certain HDAC
inhibitors demonstrate cytotoxic effects, while
others do not. The correlation between HDAC
inhibition and cytotoxicity depends on factors
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such as the kind of cell and the specific HDAC
inhibitor being utilized. By prioritizing cytotoxicity
as the main measure, we may more accurately
evaluate the effectiveness of a molecule and make
informed decisions on its potential for medicinal
development.

MATERIALS AND METHODS
Chemicals

Silver Nitrate (Sigma Aldrich), Xylitol (Sigma
Aldrich), Methanol (Sigma Aldrich), Panobinostat
(Solarbio Life Science), Whatman filter paper
(125 mm), Dimethyl sulfoxide (DMSO), MTT
assay reagent 3-(4,5-dimethylthiazal-z-yl)-2,5-
di-phenylterazolium, Phosphate Buffer Solution
(PBS), and Deionized water were used.

Collection of plant

R. Stricta roots were chosen for their low cost,
easy availability, and good medicinal properties.
R. stricta were purchased from the Nursery farm,
in Islamabad and washed with distilled water to
remove impurities. Roots were cut down into small
parts and dried in sunlight (in the winter season)
for 2-3 weeks. Once roots were completely dried,
they were ground in a grinder and converted into
powder form.

Plant extract preparation

The schematic for plant extract preparation is
shown in Fig. 1. The powder of dried roots was 90
g which was soaked in 70% absolute methanol for
4-5 days at room temperature. It was filtered using
Whattman filter paper. The methanol was then
evaporated by using a rotary evaporator. After
evaporation, the sample was dried by keeping it
in a lab oven at 40 °C until it was completely dried.
The final plant extract was used for the reduction
and stabilization of silver nanoparticles.

When preparing plant extracts to reduce and
stabilize silver nanoparticles, oven drying is a
practical solution for various subtle reasons. The
plant extract, which is essential for the synthesis
process, has a special function of reducing and
stabilizing silver nanoparticles, making the
possible loss of heat-sensitive chemicals less
significant. The thermolabile components are
minimally essential for achieving the defined
target of the plant extract’s reduction and
stabilization process. Moreover, the utilization of
oven drying offers benefits compared to freeze-
drying because of its simplicity and cost-efficiency,
which are crucial considerations in the context of
producing plant extracts on a big scale. The use of
a moderate drying temperature (40 °C) for oven
drying is a safe choice, as it reduces the probability
of substantial degradation in the plant extract.

Silver nanoparticles synthesis and drug loading
AgNPs were synthesized by reducing Ag+ ions
using Rhayza Stricta root extract as a reducing
agent. 10 g dried plant extract was dissolved in 18
ml methanol. In an Erlenmeyer flask, a solution
of Silver Nitrate was prepared with a molarity of
1 mM, by dissolving 0.017 g of silver nitrate in
100 ml of deionized water. 3 ml plant extract was
dissolved dropwise in the 50 ml silver nitrate with
continuous shaking. 3 mL xylitol was also added to
the beaker to prevent agglomeration. The mixture
was stirred at 60 °C for 1-2 hr on a hot plate by
using a magnetic stirrer. The color of the mixture
was changed from vyellowish to dark brownish
color, which confirmed the reduction of (Ag+) into
(Ag0) and thus the synthesis of silver nanoparticles.
Next, the stock solution of drug Panobinostat was
prepared in the DMSO at the concentration of
10 mg/ml. The drug was conjugated with silver
nanoparticles through covalent bonding. The
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Fig. 1. A schematic showing preparation of Rhayza Stricta root extract.

Nanomed J. 11(2): 187-195, Spring 2024

189



T. Nawaz et al. / Green synthesized silver nanoparticles enhances anticancer activity of HDAC inhibitor Panobinostat

samples obtained were employed for further testing.

Characterization of blank AgNPs and AgNPs
conjugated with drug

The sample was centrifuged at 12,000 rpm
for 20 minutes. Then particles were sonicated by
using a water bath sonicator which is used for
evenly dispersing nanoparticles. Nanoparticles
were employed for further characterization. The
reduction of silver ions to silver nanoparticles
and conjugation of drug onto nanoparticles was
studied using a UV-visible spectrophotometer at

Encapsulation efficience =

Total drug added — free drug in the supernatant x

Drug loading efficiency

Silver nanoparticles and free drugs were
separated by centrifugation at 13,000 g for 1 hr.
With the use of a UV-visible spectrophotometer
and a calibration curve based on the weight
percentage of the original drug to the free drug in
the supernatant, the concentration of Panobinostat
in nanoparticles was measured by determining
the absorbance at 290 nm. The following equation
was used to obtain the entrapment efficiency
given as a percentage:

100

wavelengths ranging from 300-700 nm. The UV
analysis of silver nanoparticles, drug, and drug-
loaded AgNPs was performed in the Perkin Elmer
Spectrophotometer. The sample of nanoparticles was
diluted in methanol while a sample of nanoparticles
and drug was diluted in DMSO. The cuvette was filled
with 50 pL of each suspension and used to measure
the UV-Vis absorption spectra. To prove Beer’s
law, i.e., absorbance is directly proportional to the
concentration allowing the absorbance of a solution
to be measured to determine the concentration
of the solution. UV was performed at different
concentrations of nanoparticles, i.e., 325 L, 275 pL,
225 L, 175 L, and 125 pL.

Analysis of functional groups, molecular
structure, and chemical bonding of samples
was done using FTIR spectroscopy. The Fourier-
transform infrared spectroscopy (FTIR) Perkin
Elmer, Spectrum 100, was used to find out the
functional chemical groups coupled with plant
extract, AgNPs, drug, and silver nanoparticles
loaded with the drug. The samples were measured
in the range of 500-4000 cm™* The process involved
distributing a sample in KBr and then gently mixing it.

X-ray powder diffraction was used for
determining the crystallinity of samples. STOE
Germany, model Theta-Theta S/N 65022 is used
for XRD analysis and glass slides of respective
samples were prepared.

The size and morphology of the material were
studied using a scanning electron microscope (SEM).
SEM JEOL Japan, model JSM-6490A, was used
to examine the morphological characteristics of
blank silver Nanoparticles and silver nanoparticles
conjugated with the drug. Glass slides were
prepared by adding drops of sample on a slide and
drying them through vacuum drying. By putting the
sample on a carbon-coated copper grid, the electron
microscopic pictures were taken of the sample’s thin
layers. Energy Dispersive X-ray analysis was used
to determine the presence of elemental silver and
drug in silver nanoparticles and drug-loaded AgNPs
respectively.
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Total drug

Drug release

Using a dialysis technique, drug release from
nanoparticles was investigated. To remove the
preservative, dialysis bags were completely rinsed
in distilled water after soaking in distilled water
at room temperature for a few minutes before
use. Panobinostat was released in vitro from
silver nanoparticles using phosphate-buffered
saline dialysis in a dialysis sac (PBS; pH 7.4). Over
eight hours, samples were taken every half-hour,
and their drug amount was measured by using a
spectrophotometer at 290 nm.

Kinetic analysis of the drug release

A key aspect in establishing a drug’s
therapeutic potential is the process through which
the molecule is released from the matrix. Various
kinetic models have been applied to in vitro release
study and AgNPs permeability to elucidate the
process of drug release from AgNPs. The release
date was then fitted into kinetic mathematical
equations (i.e., zero order, first order, Korsmeyer-
Peppas and Higuchi models).

In vitro analysis/anticancer activity

The MTT assay (3-(4, 5-dimethylthiazol- 2-yl)-
2, 5-diphenyltetrazolium bromide) was used to
determine the cell cytotoxicity. MDA-MB-231cells
were plated in a 96-well plate (1x104 cells/well)
and given the night for adherence. After 24 hours,
a fresh medium with differently concentrated
(0, 20, 30, 50, 100, 150 nM) Panobinostat-AgNPs
and Panobinostat were aspirated. For 24 hours,
the plate was left intact in the incubator. MTT
solution was applied to every single well and kept
for incubation for 4 hours. The supernatant was
removed after 4 hours, and 100 uL of dimethyl
sulfoxide (DMSO) was added to the purple formazan
to dilute it. In an ELISA plate reader, the plate was
read at 570 nm. The percentage of cell cytotoxicity
was determined by using the optical density.
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Value of OD (treatment)
Value of 0D (control)

Percentage cell viability = 100

One-way ANOVA with a significant P-value <
0.05 was used to statistically analyze all the data,
which were then given as mean £ SD.1

RESULTS AND DISCUSSION
Green synthesis of nanoparticles and
characterization

Visual analysis was used initially to confirm
the green synthesis of silver nanoparticles using
R. stricta extract. The reaction mixture first had a
pale-yellow appearance, and when it turned into
a brown color, it indicated the synthesis of silver
nanoparticles. After 1-2 hr the reaction mixture
turned dark brown indicating that the reduction of
the silver ion process was complete (Fig. 2A). The
prepared nanoparticles were stable for 2 months
and not aggregated because of xylitol.

The conduction band and the valence band
in AgNPs are quite close to one another, and the
electrons there are unrestrained [38]. When the
AgNP electrons are activated by visible light at
particular wavelengths, they collectively oscillate,
creating a surface plasmon resonance band
that gives rise to these free electrons [39]. The
surface plasmon resonance band is related to the
wavelength at which the max peak absorbance
occurs [40]. The wavelength of silver nanoparticles
often falls between 380 and 450 nm. Our
characteristic peak for silver nanoparticles lies at
~420 nm (Fig. 2B). On the green synthesis of AgNPs,
a similar outcome was reported earlier [41]. Beer’s
law was also proved by taking Spectrophotometer
measurements of five nanoparticle concentrations
in methanol and linear dependency is shown in
Fig. 2C (inset). From these absorption spectra, a
linear curve of the absorbance and concentration
was plotted which proves that absorbance is
directly proportional to concentration.

In the present experiment, an FTIR analysis was
employed to detect phytochemicals contained in
R. stricta extract which is an agent for reducing
the silver ions to silver nanoparticles. The FTIR
of R. stricta extract, AgNPs, free Panobinostat,
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A} — e e Paniobiinostat
250, ame ™ o aeeeeminosta

g 200

(1]

2 150

e

‘£ 100

@

(0]

= 50

800 1600 2400 3200 4000
Wavenumber (Cm"1)

Intensity (a.u.)

A)

r.
Al

-
=4
=

o
2

—— AghPs+ Fankinosiat
—— AghPs
—— Pancbinostat

Absorbance (a.u.)
Absorbance (a.u.)

T 400

480 560
Wavelength (nm)

300

400 500
Wavelength (nm)

600

Fig. 2. (A) Visual observation of AgNPs synthesis (B) UV-Vis
spectra of AgNPs, Panobinostat, and Pb-AgNPs (C) Concentration-
dependent UV-vis absorption spectra of nanoparticles

and Panobinostat-AgNPs are presented in Fig. 3A.
FTIR results revealed the successful conjugation of
Panobinostat on AgNPs. The spectrum shows the
characteristic bands at 3419, 2989, 2050, 1626,
1012, and 696 cm™ R. stricta extract showed a
peak at 3410 that indicates the stretching of the
N-H bond of the amine group. Peak 2859 shows
the stretching of the C-H bond of a methyl group,
peak 1625 indicates the C=C bond of the alkene
group, peak 1012 shows the C=0 bond, the peak
696 indicates the ring of plane aromatic band.
Silver nanoparticles showed a peak at 1626 cm™
corresponding to C=0 symmetric stretching in
the AgNPs. The stretching of the N-H bond of
the Panobinostat was displayed by the band at
3410 cm™. Absorption bands at 1626 cm™ and
1012 cm™ represent a C=C and C=0, respectively,
and the band at 2989 cm™ was allotted to the
C—H stretching vibration. The Panobinostat-
AgNPs exhibited bands at 3350 cm™, which
corresponded to the stretching vibration of the
O-H group, and the band at 1626 cm™ denoted
strong C=C stretching. The stretching bands at
3419 cm™ of the N-H bond of the Panobinostat
moved to 3442 cm™ for the Panobinostat-AuNPs,
presenting conjugation of Panobinostat on AgNPs.
The associated N-H peaks’ broadening and shift to
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Fig. 3. (A) FTIR spectrum of R. stricta root extract, AgNPs, Panobiostat, and Pb-AgNPs. (B) XRD analysis showing the crystalline nature
of silver nanoparticles, Panobinostat, and Pb-AgNPs
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Fig. 4. Scanning Electron Microscopy (SEM) (A) AgNPs (B) Pb-AgNPs and EDX analysis of (C) AgNPs (D) Pb-AgNPs

higher wavelengths served as evidence that the
drug has coupled to the surface of AgNPs.

The AgNPs, Drug, and Drug loaded AgNPs
samples’ crystallinity was confirmed by XRD
analysis. By recording the XRD from 0° to 100°, the
crystalline nature of the samples was assessed.
The 26 angles and related Miller indices (hkl which
indicates a normal to the planes in the basis of the
primitive reciprocal lattice vectors planes) are given
in Fig. 3B. They were indexed to the Joint Committee
on Powder Diffraction Standards (JCPDS) standard
planes of crystalline samples with face-centered cubic
structure. For the development of AgNPs, the (200)
orientation is the preferable one. The bioorganic
compounds used in the production of AgNPs may
be responsible for other peaks. The Debye-Scherrer
equation (D = k/cos) was used to determine the
nanoparticles’ sizes. It was determined that the
typical crystalline size was about 20 nm.

The synthesized silver nanoparticles and the
drug-loaded silver nanoparticles’ morphological
characteristics and size details were shown by
SEM images taken at 10 kV. SEM images showed
nanoparticle sizes in the 20-nm range (Fig. 4A and
B). The result demonstrates that the synthesized
AgNPs have spherical shapes. The figure shows
that there is no agglomeration and that the
synthesized AgNPs are well separated. Energy
Dispersive X-ray shows the composition of silver
nanoparticles and drug-loaded onto nanoparticles
is visible in the spectrum. Fig. 4C and D illustrate
different elemental compositions comprising Ag,
O, Na, and Mg at different binding energies. Other
smaller peaks, including Al, K, and Ca, were seen
at different degrees of absorption energy. In Fig.
4C and D the loading of drug onto AgNPs was
confirmed by the presence of N, O, and Ag.

Drug loading efficiency and drug release
Surface adsorption is the underlying concept
of drug loading on silver nanoparticles [42]. When
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0.5mg drug was added to AgNPs, the % drug
loading was 56%. The time-dependent mean of
percentage drug release is shown in Fig. 5 which
reveals the percentage cumulative drug release at
time intervals of 30 min (PH 7.4).

Experiment 1

——Expriment 2
80 - ——Esperiment 3

20

100 200 300
Time (mins)

Fig. 5. Percentages of cumulative drug release (CDR) from silver
nanoparticles of Panobinostat at definite time intervals

When it comes to drug release, the first stage
may be crucial for the treatment of a disease since
the drug is released quickly, and the slow-release
phase may cement the therapeutic effect. Through
two rounds of release, drugs will play a bigger part
in the healing process.

The rate of drug release values calculated
for kinetic models are shown in Table 1. The
first-order release model and the Higuchi Model
equation provided the best description of the

Table 1. The different kinetic models on drug release (pH 7.4)

Model name Equation R?

Zero-order Q=Q+kt 0.8408
First-order log Q = log Qo — kt/2.303 0.8943
Higuchi Q=kth 0.9584
Hixon- Crowell Qo3 -Qt1/3 = kt 0.8786
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Fig. 6. Fitting drug release data to multiple kinetic models (A) Zero order (B) First order (C) Higuchi model (D) Hixson-Crowell model
obtained from the dissolution studies of the drug-loaded nanoparticles

drug release kinetics of this formulation (Fig. 6).
The R?value of the first-order model is close to
1 and demonstrated drug release via membrane
diffusion. The first-order reaction showed that
the release of Panobinostat from Panobinostat-
AgNPs depends on concentration. Because the
network structure of the nanoparticles is stable
at this pH, the drug release was rather slow. The
initial burst release will serve as a loading dose to
stop the spread of the disease, and the continuous
release phase will help provide a more effective
therapeutic result [43].

MTT assay

MTT assay findings for Panobinostat, and
Panobinostat-AgNPs at various concentrations are
presented in Fig. 7. The impact of Panobinostat-
AgNPs on the viability and growth of breast MDA-
231 cells was evaluated using the MTT test. We've
shown that the MDA-MB-231 breast cell line is
sensitive to the cytotoxic effects of Panobinostat,
and Panobinostat-AgNP.  Panobinostat, and
Panobinostat-AgNP concentrations (0, 20, 30,
50, 100, and 150 nM) were tested in the current
investigation, and the ability to inhibit MDA-
MB-231 cells was dose-dependent. The evident
result of increasing the concentration of AgNPs
with Panobinostat is a reduction in cell viability.
The MDA-MB-231 cell viability was reduced after
the cells were treated with Panobinostat-AgNPs,
and a larger cell cytotoxicity rate was observed
with  greater  Panobinostat-loaded  AgNPs.
According to the viability assays, Panobinostat-
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Fig. 7. In vitro cell viability of Panobinostat, Pb-AgNPs against breast

cancer MDA-MB-231 cells after incubation of period 24 hr. The

results of three separate trials were presented as mean + SD. One-
way ANOVA was used to statistically assess the results (*P< 0.05)

AgNPs dramatically reduced cell viability at
various concentrations, which is similar to the
combined cytotoxicity of Panobinostat and AgNPs.
The size, charge, and form of the nanoparticles
may have a role in MDA-MB-231’s susceptibility
to Panobinostat-AgNPs. Target cell cytotoxicity
caused by nanoparticles has been linked to several
mechanisms, including particle-induced apoptosis
[42].

CONCLUSION

It was discovered in the current study that
the Panobinostat loaded in silver nanoparticles
was successfully prepared for targeted drug
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administration and that there is a chance of
developing a simple, eco-friendly, and novel
Panobinostat-loaded AgNPs with a considerable
drug loading efficiency. Furthermore, an in vitro
release analysis with an efficient release profile
and diffusion model demonstrated Panobinostat-
AgNPs’ considerable cytotoxicity when compared
to Panobinostat, which is commercially
available. All of these characteristics improve the
pharmacokinetic profile, effectiveness, and active
targeting of nanoparticles as a possible targeted
therapeutic molecule in the treatment of cancer.
The green synthesized AgNPs are a potential
controlled drug delivery system and a sustained
release mechanism for Panobinostat. Further in
vivo testing of these findings is required.
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