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Received: 16 July 2021 In this study, we loaded noscapine (NOS) into the hydroxyapatite nanoparticles (HAPs) and

Revised: 23 August 2021 determine the release of NOS in acidic pH to extend its circulation time in the bloodstream. For

Accepted: 13 September 2021 the aim, NOS loaded HAP nanoparticles were obtained to characterize typical functional groups
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Hydroxyapatite; Noscapine; (EDX), Transmission Electron Microscopy (TEM) analysis were employed. Intercalary prepared

HPLC; SEM; Comet Assay; DNA HAPs are characterized by X-ray diffraction. The amount of NOS trapped in the HAPs was

Damage determined by High-performance liquid chromatography (HPLC). Comet Assay also evaluated

the DNA damage of NOS-loaded hydroxyapatite nanoparticles (HAPs). The significance levels
in different treatment groups were analyzed using the Duncan multiple range tests in SPSS 23.0
version for Windows software. P<0.05 was set as statistical significance. In the characterization
studies, it was observed that NOS release increased linearly in acidity over time. The toxicities of
the HAP and NOS-loaded HAP were also evaluated. NOS-loaded HAP was found to be reducing
the harmful effects. Therefore, HAP seems to be an interesting alternative for further studies on
noscapine transport and dose-dependent toxicity reduction.

Cite this article as: Kolemek H, Bulduk I, Ergiin Y, Korcan SE, Liman R, Konuk M, Coban
FK. Studies on toxicity of noscapine loaded hydroxyapatite nanoparticles. Sigma J Eng Nat Sci
2023;41(4):824-836.

INTRODUCTION prostate, lung cancers) [1-3]. NOS inhibit cancer tumor by

Noscapine (NOS) is an alkaloid of phthalide isoquino- interfering with microtubule function at the cellular level,

line alkaloid present in the opium poppy family of plants. thereby arresting cell growth and inducing apoptosis [4].
This drug has been extensively studied for its effectiveness Recent studies have shown that NOS can be used not
against different types of cancer (lymphoma, melanoma, only for cancer therapy but also for many other treatments.
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Jayaraj et al. findings imply that noscapine protects dopa-
minergic neurons by lowering synuclein expression and
activating the mammalian target of the rapamycin (mTOR)
pathway, which results in fewer autophagic vacuoles being
formed and increased autophagy flux [5]. Ebrahimi reported
that noscapine therapy might help reduce bradykinin-me-
diated cytokine release due to ACE2 inhibition by SARS-
CoV-2. This can reduce tissue damage, particularly in the
lungs, shorten patients’ recovery time, and potentially save
lives [6]. In a study conducted in individuals with moderate
to severe ACEI-induced cough to determine the therapeu-
tic efficacy of NOS, it was determined that within 2-4 days,
90 percent of the individuals recovered from coughing, and
angiotensin-converting enzyme inhibitors (ACEI) medi-
cation was allowed to continue [7]. Further research sug-
gested that NOS may be useful in shielding neuronal cells
and tissues from ischemia and oxidative damage [8,9]. NOS
has recently received a lot of attention as a potential anti-
bacterial target for new drug development. The bacterial
cell wall protein FtsZ is a close homolog of eukaryotic tubu-
lin and possesses the tubulin 7-amino-acid motif. The FtsZ
protein encourages the creation of a ring between freshly
formed progeny cells in the division zone [10].

It has been reported that NOS has the highest level in
plasma within 2-3 hours when administered orally and it
cannot be detected after 6 hours [11-13]. While it has a low
toxicity profile, it has impeded its production as a commer-
cially available medication due to the high dose demand
and poor bioavailability [3]. Some alternative methods
have been identified for drug delivery, including nanoparti-
cles [14,15] and the researchers are still ongoing to find the
most effective mechanism to resolve the pharmacokinetic
limitations.

Nanoparticles are important scientific tools used in a
variety of biotechnological and pharmacological applica-
tions due to their physicochemical properties associated
with residue sizes. Nanomaterials that pose no health risks
and are not cytotoxic in nature have become a hot topic
recently [16]. Because of their large surface area and very
small size, nanoparticles generate reactive oxygen species
that directly attack DNA and thus cause oxidative damage.
The different nanotoxic effects that different nanomateri-
als can have are still not fully known and research on toxic
mechanisms continues [17].

Biomaterials based on hydroxyapatite have been clini-
cally used in orthopedic and dental repair since the 1970s.
Often commonly accepted surface adjustment with a
hydroxyapatite coating on prosthetic metal implants to
improve bone integration. In recent years, hydroxyapatite
nanoparticles (HAPs) are capable of inhibiting prolifera-
tion and inducing apoptosis in various types of cancer cells
such as colon, osteosarcoma, hepatic, breast, and gastric
cancer cells like NOS [18]. There are many things to the
inhibiting proliferation and inducing apoptosis cancer cells
process. First, increased intracellular oxidative stress and
impaired endoplasmic reticulum function. Second, tumor

cell phagocytosis, and hence the nanoparticle’s cytoplas-
mic internalization, was greater than that of normal cells.
Finally activated mitochondrion-mediated apoptosis path-
ways were observed preferentially in HAP-treated tumor
cells [18-22]. Importantly a composite scaffold with zole-
dronic acid loaded with HAP has also been developed for
the recovery of tumor-induced bone defects [23]. Far less is
known about the influence of HAP in vivo on antitumors,
and the exact mechanism has not yet been investigated.
Among the drug carrier systems, hydroxyapatite is of great
interest because of its biocompatibility [24]. The recent
advances in the structural characterization at the nanoscale
level and in the colloidal stabilization of apatite nanocrys-
tals have opened new perspectives on their uses as drug car-
riers in nanomedicine.

Both NOS and HAP have an antitumor effect. Also,
NOS is used as a pain reliever in cancer patients. Therefore,
this study aims to incorporate NOS into the HAPs and
determine the release of NOS in acidic pH of the stomach
acidity to extend its circulation time in the bloodstream and
investigate any possible genotoxicity effects of NOS loaded
HAPs on DNA.

MATERIAL AND METHODS

Poppy capsules were obtained from Afyon Alkaloid
Factory Operation Directorate in Afyonkarahisar prov-
ince. Capsules were broken and separated from the seeds
and dried in a dark room at room temperature for 15 days
and then milled to 80 mesh grain size in the mill. After
Ultrasonic Supported Methanol Extraction, the extracts
were filtered through a White-band filter paper (MN 617 @
110 mm). The Folin Ciocalteu method was used to deter-
mine the total amount of phenolic substances in methanol
extracts by following the method of Gamez et al [25]. The
total flavonoid content of the poppy capsules was deter-
mined by the aluminum chloride colorimetric method
[26]. 2,2-Diphenyl-1-picrylhydrazyl (DPPH) method was
also used to determine the free radical removal activity of
the methanol extracts. The percentage of inhibition of the
reaction of DPPH radical was calculated using the follow-
ing formula.

% Inhibition = [(AC-AE) / AC] X 100

AC: Absorption of Control; AE: Absorbance of example.

After drawing a linear regression curve, antioxidant
concentrations caused 50% inhibition [ECg, (ug/ml)] was
determined by using this percentage inhibition graph.

NOS Extraction of Poppy Capsules

250 g of dried and ground capsules were kept in a solu-
tion of 0.1 M HCI for one day, then 500 mL of ethanol was
added and 10-15 minutes of solid-liquid extraction was
performed on the mechanical stirrer. This procedure was
repeated three times. The mixture was filtered through
white tape filter paper. The ethanol in the filtrate was
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evaporated in a rotary evaporator under a vacuum at 40° C
to give concentrated extracts.

Purification of the extracts was carried out in three
steps. In the first step, activated carbon (10 g into 500 mL
of extract) was added to remove vegetable-origin color pig-
ments. The mixture was then stirred for 30 minutes at 60 °C
on a magnetic stirrer and filtered with a white band filter
paper. In the second step, diatomaceous earth was added
to remove plant-induced turbidity and to obtain a clearer
solution. After adding 10 g of diatomaceous earth to the
concentrated extract, it was stirred for 30 minutes at 60 °C
in a magnetic stirrer and passed through the filter paper.
In the final step, liquid-liquid extraction with petroleum
ether (1:1) was carried out to remove plant-derived oil, wax,
and tannin. As a result of the process, concentrated NOS
extracts were confined to the nanoparticles [27].

Synthesis of Hydroxyapatite Nanoparticle (HAP) By
Solution-Precipitation Method

HAP was synthesized by using the solution-precipita-
tion method. 41 g of Ca(NO;), was dissolved in 200 mL
of ethanol. We used ethanol instead of water to fully dis-
solve Ca(NO;), [28] and 11.8 g (NH,),PO, was dissolved
in 250 ml of water, separately, then these two solutions
were mixed on a magnetic stirrer at 60 °C for 4 hours.
After leaving it overnight, 100 mL (NH,),PO, solution
was placed on the magnetic stirrer (60 °C 250 rpm) to
form the empty HAPs. 100 mL of Ca(NO,), solution was
added dropwise over 1 hour. After the addition was com-
plete, stirring was continued at 60 °C for another 4 hours.
Their amount was doubled for sol-gel formation (82 g of
Ca(NO;), and 23.6 g (NH,),PO,). After filtering with filter
paper, white nanoparticles were obtained. These particles
were then washed three times with water and dried at 105
°C for 4 hours [29]. To load NOS into the HAPs, 40 mL of
concentrated NOS extract (27,500 ppm) was added to 100
mL (NH,);PO, solution and shaken at 60 °C and 250 rpm.
100 ml of Ca(NO,), solution was then added to the mixture
dropwise over 1 hour. The resulting product, synthesis by
the solution-precipitation method and the used for SEM
and TEM analyzes.

Table 1. HPLC analysis conditions

Determination of NOS Content by HPLC Analysis
Determination of both presence and amount of the NOS
after the extraction and purification steps were realized by
the HPLC technique. The details of the analysis are given in
Table 1. 200 mg of the dried nanoparticle loaded with nos-
capine was weighed. 20 mL of 0.1 M HCI was added. It was
kept in the ultrasonic bath for 15 minutes and dissolved.
The obtained solution was analyzed by HPLC and the
amount of noscapine in the loaded nanoparticle was deter-
mined. In HPLC analysis, 0.1% TEA was used to correct the
parameters of the NOS peak such as tailing and symmetry.

Characterization of Hydroxyapatite (HAP)

FTIR analysis was performed to determine the different
functional phosphate and carbonate groups inside the syn-
thesized HAPs. Analysis of FTIR was performed after HAPs
dried at 105°C. Spectrum Two Perkin Elmer brand FTIR
Spectrometer versions were used in FTIR analyses. The
FTIR spectra of the samples were taken in the frequency
range of 500-4000 cm-1. FTIR analyzes of the samples were
performed in triplicate. SEM analysis was carried out to
assess the morphological and grain sizes of the synthesized
nanoparticles. In this study, the Phenom brand ProX model
SEM tool was used. TEM analysis was performed to clarify
the size, shape, morphology, and structure of the nanopar-
ticles. JEOL JEM-2100 Transmission Electron Microscope
device was used in the analysis. The X-Ray Diffraction
Device (RIGAKU RINT 2000) was used to determine the
crystalline and amorphous properties of the nanoparticle.
Analyses to measure the viscosity of the colloidal hydroxy-
apatite powders in the solvent, the zeta (g) potential of the
surface charge, and the dielectricity of the solvent were
carried out on a Malvern Zetasizer Nanozs 3600 branded
device. Pure water was used to prepare low concentrations
of samples for Zetasizer analysis (at 23-24 °C and pH 6.7).
The experiments were carried out with a particle size range
of 3-10 nm sensitivity.

Drug Release Experiment

It was set up as a simulation medium in vitro to mimic
the acidic condition of the stomach to investigate the
release of NOS from uploaded nanoparticles. For this, 200

Gradient conditions

Column: ACE brand (5 pm, 150 mm X 4,6 mm L.D.) Time Mobile phase -A (%) Mobile phase -B (%)
Mobile Phase-A: 5% acetonitrile water solution 0 90 10
Mobile Phase-B: 97.9% acetonitrile, 2.0% glacial acetic acid, 0.1% TEA 5 85 15
Flow rate: 1 mL / min 10 80 20
Column temperature: 30°C 20 65 35
Injection volume:50 pL 30 90 10

Detection wavelength: 284 nm

Analysis time: 30 min
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mg of NOS-loaded HAPs was weighed in a beaker and 20
mL of NaCl/HCI, (pH 1.2) solution was added to it, then it
was placed in a shaking incubator ( at 37 °C, 70 rpm). 2 mL
of a sample from the mixture was taken every five hours to
analyze on HPLC to define the amount of the released NOS
as mentioned by Giin [30].

Comet Assay

The blood samples were collected from a healthy and
non-smoking young donor at the age of 28. Leukocytes
were isolated over Histopaque 1083 gradients by centrifu-
gation at 2100 rpm for 20 min at 15 °C. The comet assay
was performed under alkaline conditions according to
Singh et al. [31]. Isolated human leukocytes (100 puL) were
incubated with 100 pL different concentrations of HA and
NOS loaded HA (5, 10, and 25 mg/mL) [16,17,32] for 1 h at
37 °C. Positive (30 mM H,0,) and solvent control (1XPBS)
were also included. Following the incubation, leucocytes
were at 1600 rpm for 10 min at 25 °C. While supernatant
was used for Total antioxidant status (TAS) and total oxi-
dant status (TOS) determination, the pellet was used for
Comet assay. The Comet assay protocol was carried out by
following the method of Avuloglu-Yilmaz et al. Each pellet
was then resuspended with 100 pL of PBS. 80 uL of 0.8%
LMA melted at 37+0.5 °C was mixed with 20 uL of cell sus-
pension, then immersed in 1.5% NMA solution and spread
on slides coated with agar and covered with a coverslip.
Polymerization of agar by keeping it on a frosted surface for
5 minutes provided. The coverslip on the agar was carefully
removed. The slides were immersed in the cold lysis solu-
tion prepared previously and kept in the refrigerator and
kept in the refrigerator for at least 1 hour. Then, for the elec-
trophoresis process, the electrophoresis tank was filled with
cold electrophoresis solution and the slides were placed in
the electrophoresis tank and kept without applying current
for 20 minutes. Electrophoresis was applied for 20 minutes
by applying 25 V and 300 mA current. After the electropho-
resis process is finished, the slides are taken for 5 minutes.
kept in distilled water. Afterward, the slides were kept in a
neutralization buffer solution for 15 minutes. Staining was
achieved by adding 60 uL of 20 ug/mL ethidium bromide
solution to the slides. [33]. The analysis of comet scores was
calculated as described by Cigerci et al. [34]. Briefly, fifty
comets (50 comets/slide) were visually scored as belong-
ing to one of five classes (0-no damage, 1-light damage,
2-moderate, 3-severe damage, 4-complete damage) using a
fluorescence microscope. Therefore, the overall score for 50
comets can range from 0 (all undamaged) to 200 (all dam-
aged). The percentage of damaged cells was calculated. The
Arbitrary Unit used to express the degree of DNA damage
is calculated as the following equation):

4
Nixi
i=0

Arbitrary Unit =

Ni = Number of cells in i degree; i = degree of damage
0,1,2,3,4).

Measurement of Total Oxidant Status and Oxidative
Stress Index

TOS and TAS were determined spectrophotometrically
using Rel Assay Diagnostic kit RL0024 and RL0017 read-
ing at 530 nm. and 660 nm., respectively by Elisa Thermo
Scientific.

A hydroxyl radical is produced by this method when
using Rel Assay Diagnostic kit RL0017. The hydroxyl radi-
cal is the strongest biological radical. The iron ion solution
in reagent 1 is mixed with hydrogen peroxide in reagent
2. The test has >97% excellent precision values. Results
are expressed as millimoles of Trolox equivalents per liter.
The oxidants present in the sample oxidize the ferrous
ion o-dianisidine to the ferrous ion when using Rel Assay
Diagnostic kit RL0024. In the oxidation reaction, glycerol
networks, which are abundant in the reaction medium,
are grown. The ferric ion forms a colored complex with an
acidic model xylenol orange. Color-measured spectropho-
tometrically. Results are expressed as micromolar appar-
ent peroxide equivalents per liter (micromole H,0, eq/L)
[35,36].

TAS and TOS value was calculated according to the fol-
lowing formula;

TOS: (AAbsSample) / (AbsStandard) X Conc. of
standard

TAS: [(AAbs H,0) - (AAbs Sample)) / (AAbsH,0O) -
(AAbs Standart)].

The oxidative stress index (OSI): TOS / TAS.

Statistical Analysis

The comet scores were presented as means + standard
deviation (+ SD). The significance levels in different treat-
ment groups were analyzed using the Duncan multiple
range tests in SPSS 23.0 version for Windows software. P <
0.05 was set as statistical significance.

RESULTS AND DISCUSSION

There are several papers focused on long-lasting effec-
tive drug formulations in the last three decades. This could
be achieved by keeping the constant concentration of the
drug in bodily liquids to make them more effective against
the diseases fought. One of the benefits of these new drugs
is that they have fewer adverse and toxic/allergic effects
[37]. HAP is one of the major contents of the bone and
tooth tissues and has natural characteristic features such
as biocompatibility, biodegradation, bio-solubility, osteo-
genesis, osteoconductivity, and osteoinductivity [38-40].
HAP nanoparticles are used in drug administration due to
their solubility in vivo and good relations with the cellular
membranes. They have also been able to inhibit the cancer
tumor growth as reported by Liu et al.; Uskovic, and Lafisco
et al. [41-43].
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Nascopine is an isoquinoline alkaloid, an antitussive
agent obtained from Opium, and has been extensively
evaluated over the past two decades and has been found to
have minimal toxicity and no effect on innate humoral and
adaptive immunity. Since it is a tubulin-binding agent, it
has been studied as a possible anti-cancer molecule [44,45].
It has also no sedative, addicting, or exciting effect when
compared to other opium molecules. Additionally, it can be
given orally while other alkaloids administrated do not.

In this study, we aimed to slow the release of NOS by
removing it from opium capsules and loading it into HAP
nanoparticles in order to keep the concentration of NOS
in the bloodstream at a constant level and reduce its possi-
ble dose-related toxicity. The determination of the amount
of NOS in the extracts was made by HPLC analysis. FTIR
analyzes were used for the characterization of empty and
NOS-loaded HAPs. The HPLC analysis method was vali-
dated. LOD, and LOQ values are 0.367 ppm and 1,100 ppm,
respectively (Figure 1).

For this, after extracting NOS from the opium cap-
sules, the TPC, TFC, and EC50 values were determined in
the extract (Table 2). The total amount of phenolic com-
pounds in the extract samples is given as gallic acid equiv-
alent (GAE). The methanolic solution of the gallic acid was
used to draw the calibration curve. The amount of pheno-
lic substances was calculated using the equation obtained
from this graph (y = 98.316x + 39.945) (R* = 0.99999). The
total amount of flavonoids in the extract samples is given
as quercetin equivalent (QE). The equality obtained from

the standard graph was used to determine the quantity of
the flavonoids in the extracts (y = 2438.6x-0.2189) (R* =
0.9998). DPPH radical reducing activity of the extract was
expressed as Inhibition percentage by using the equilibrium:
Inhibition % = [(AK-AO)/AK] X 100 (AK: Absorption of
Control; AQ: Absorbance of example) (Table 2). As seen in
Table 2, the EC50 values decrease, sweep activity of DPPH
radical increases. Our results showed that the Opium cap-
sules not only reached NOS but also have 6.9+0.91 mg
GAE/gr of Phenolics, and 29.77+1.225 mg QE/1 gr flavo-
noid contents. The NOS amount equivalent to the EC50
value is 0.93 pg (Table 2).

Regarding HAP, although Feng et al. [46] reported that
they observed (PO,)*, CO,;2°, OH", and water-based func-
tional groups on HAP nanoparticles; we were unable to see
groups in our newly synthesized HAP nanoparticles. These
findings are detailed in Table 3 with a comparison of Feng
et al’s results [46]. As seen in Figure 2A, the (PO,)*” bands
on empty HAP were observed as 524, 562, 886, 993, 1060
ve 1124 cm'. The peak at 1346 cm™ resembles CO,* ions
which could be because of the adsorption of atmospheric
CO, as explained by Cengiz [47]. The FTIR spectrum of
NOS reveals numerous sharp bands that are primarily due
to alkaloid ring system deformation and stretching vibra-
tions. NOS also shows a powerful band at 1759 that can
be identified with the stretching vibration C = O, while
the stretching modes - C - O - C - can be found at 1029
cm™ [15]. NOS loaded HAP gave the (PO,)*” peaks at 519,
575, 658, 987, 1054 ve 1118 cml. In Figure 2B, the 3539

mAU l l §
100 !
l o
80 ‘ =
\ &
60 l | -
! F{ h" =
“ N ;\
» A '
_Jf\-’\—__,—a._._’fL—_/r\"———__,_,_; _‘\-_'__ e
0 —
] T T i e 1 P R T
0 2 4 8 g 10 12 14 16 18 e
LOD: 0.367 ppm, LOQ: 1.100 ppm
Figure 1. HPLC chromatogram of the extract.
Table 2. Shows various results of chemical analysis of poppy capsules extracts and the amount of Noscapine
Chemical analysis Results Sample Noscapine (ppm)
TPC 6.90+0.91 mg GAE/1g Capsule 176
TEC 29.77+£1.225 mg QE/1g Extracts 147.1
EC;, (The amount of NOS in the extract) 28 uL +0.023 (0.93 pg) Conc. extracts 2749.9
HAP nanoparticles 12.7

Abbreviations: TPC: Total Phenolic Content, TFC: Total Flavonoid Content
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peak resembles OH™ tension and the 1201 peak resembles
(CO;)* ions possibly adsorbed from the air. As a result of
point analysis, Ca and P ions were detected in unloaded
HAP. These ions in the structure of hydroxyapatite [Cas
(PO,)*(OH)] were proof that the desired HAP is formed.
The structure of NOS (C,;H;NO;) contains nitro-
gen ions. As a result of the SEM point analysis, the
determination of the nitrogen and carbon with loaded
particles has shown that NOS was loaded into HAP (Fig.
3A). The obtained solution was analyzed by HPLC and
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the encapsulation efficiency was determined as 0.127 %.
Spherical shape HA nanoparticles were observed to be
average particle size distribution ranging from 10-100
nm at SEM analyzes (Fig. 3B). It was determined that this
ratio increases when sintered. Kong et al, [48] reported the
mechanisms of involvement of biomolecules on the surface
of HAP particles that therapeutic agents can interact with
the surface of the nanoparticles either through detachable
covalent connections or the other through physical inter-
actions such as electrostatic, hydrophobic/hydrophilic and

1500 500450

1500 500450

(A) To determine the functional phosphate and carbonate groups, synthesized HA, and (B) noscapine loaded HA (HAP) were subjected
to FTIR analysis. The frequency zones were observed as 500-3500 cm™ in FTIR spectra. The dried particles at 105 °C were used.

Figure 2. HA (A) and NOS-loaded HA (B) FTIR spectra.
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A: 300 um, B: 200 um, C; 22 um, D: Element analysis of noscapine loaded HAPs.

Figure 3. Scanning Electron Microscopy SEM analysis of NOS loaded HA nanoparticle and morphological properties of the NPs.

affinity ones can lead to coupling of drug molecules with
the surfaces of nanoparticles.

It was possible to see the element samples entering the
chemical structure of HAP and NOS in the EDX analysis
taken over the SEM image (Figure 3). The adsorption of
polyvalent or surfactant oppositely charged ions of col-
loidal hydroxyapatite powders in the solvent to the sur-
face may cause the ¢ zeta potential of the surface charge
to change in the opposite direction, or the adsorption of
the surfactant same charged ion may create an adverse
situation. Due to the addition of ammonium hydroxide
(NH,OH) which is used for dispersant and pH adjustment
in the solution, the stability of the solution has increased
due to the increase of the zeta potential. It was observed
that the viscosity increased very rapidly depending on
the time in the sol without ammonium hydroxide added,
while the left with ammonium hydroxide was observed to
decrease with time.

In the experiment conducted to determine these
effects, the results are given in Table 4. While Whitlockite
Cay(PO,), and Hydroxyapatite Cas(PO,)3(OH) samples
formed by sintering at 500-550 °C temperature are seen,
Amorphous calcium phosphate CagH,(PO,)6(H,0); and
Hydroxyapatite Ca,,(PO,)6(OH), are formed in non-sin-
tered samples. XRD:s related to these are given in Figure 5.
According to XRD results, the properties of the nanopar-
ticles were amorphous In the formation of HAPs prepared
by the sol-gel method, grain size, zeta positivity, and dis-
persion (disperse) are very important in terms of stability
and efficiency of the solution [49]. As the surface area of
HAP particles well dispersed in the solution will increase,
it makes it more efficient in terms of NOS adhesion in the
solution and entering the structure. The higher zeta poten-
tial in HAP grain surfaces with dispersant additive plays a
role in increasing productivity (Table 4). The addition of
dispersant prevented the grain to remain thinner by pre-
venting the grain size in the Zeta potential.
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A:200nm, B and C; 100nm. Transmission Electron Microscopy (TEM) was used to image the methanol homogenized NPs after keeping
them 1 h in an ultrasonic bath.

Figure 4. TEM analysis of Spherical shape NOS loaded HA nanoparticle.
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Table 3. FTIR analysis of Noscapine Loaded Hydroxyapatite Nanoparticles and Hydroxyapatite Nanoparticles

Sample OH- The water (COj),Ion  The phosphate  Triply Nondegenerated Noscapine:
stretching associated Peaks group, degenerated symmetric sharp bands
with HAP vibration of the stretching mode, between 700-
P-Obondof ofthe P-Obond 1500 cm™
the phosphate  of the phosphate
group group, PO4.
Koutsopoulos, 342, 631, 1087,1072-1032, 1046 and 1032 962 cm—1
2002 3572 cm™ 601, 571, and 474
Cimdina and 630, 1650 870, 873,880, 460, 555, 560, 600, 875 and 880
Borodajenko, 3420, 3500, 1450; 1460, 602, 960, 1000 -
2012 3540, 3570 1530, 1640, 1100
2000-2300, 1020 -1120
1040
Feng et al. 2006 3571 3430 and 1632 1547, 1457 1087, 1032, 602, 961
and 1415 566 and 471
Reference HAP 3564 3410 and 1638 - 1120, 1096, 617, 1030
579 and 477
NOS-loaded HA 3539 3473 and1645 2354 and 1118, 1054, 987, 1118, 1054,
2159 658, 575,519 987, 658, 575,
519
HA - 1632 2814,2328 1124, 1060, 993,
and 2076 886, 562 and 524

Abbreviations: HAP: Hydroxyapatite nanoparticle, HA: Hydroxyapatite, NOS: Noscapine OH- stretching vibration, a phosphate group, and (CO;)? 1on
peaks evidences the formation of HAP. Peaks of 1118, 1054, 987, 658, 575, 519 indicate the presence of noscapine.
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Table 4. Zeta Potential and Solution Conductivity of HAPs in ammonium hydroxide free and ammonium hydroxide free

solution
Ammonium Hydroxide Free Solution Ammonium Hydroxide Solution
(Without Dispersive Additive) (With dispersant)

Zeta Potential (mV) 40.1 56.9

Zeta Distribution (mV) 138 194

Solution Conductivity (mS / cm) 15.8 84.3

Thereare 10 PO > groups in a unit of HAP, two out of ten
remain inside and eight at the periphery. In this study, the
positively charged NOS molecules were most likely bound
by weak electrostatic bonds within the hexagonal structure
of the HAP nanoparticles. Binding occurred between the
negative charges of the polarized NOS ends and the pos-
itively charged phosphate ions in the HAP. The release of
NOS at pH 1.2 and 37 °C is shown in Figure 6. The releasing
process has continued for 30 h. as the increasing manner
and after 30 h it remained constant (10.28 ppm). The lin-
earity equation was y=2.322x - 0922.

Genotoxicity tests are indispensable tests for the drug
industry for the safety of new drugs. It is well-known that a
large number of drugs cause oxidative stress. Oxidation on
DNA results in various lesions such as basic zones and sin-
gle or double helix fractures. It was earlier reported thata 15
mg/kg dose of NOS caused important chromosomal dam-
age [50,51]. The aneugenicity of the NOS was also reported
by Sheyd [52], and suggested being careful when using it in
children and pregnant women. After half a decade of this
report, Tiveron et al, [53] found the therapeutic dose of
the NOS (EC;, 300 mg/kg). Since the suggested dose was
high, a nano-capsulation was anticipated. Kumar et al. [45]
showed that NOS has a non-carcinogenic structure with the
Ames test. Acute toxicity lethal dosage value (LD50) was
calculated as 2.469 mol/kg. The oral rat chronic toxicity
score was analyzed as 1.451 log mg/kg BW/day.

12
10,28
10

NOS (ppm)

10 15 20 25 30
Time (hours)

Figure 6. HPLC analysis results in vitro release profiles of
HA nanoparticles loaded with Noscapine.

In this study, the genotoxic effect of NOS-loaded HAP
(HAP+NOS) was evaluated by measuring the values of
both comet and oxidative stress parameters (TAS, TOS, and
OSI) (Table 4). In the studies of TAS and TOS level determi-
nation, when the concentration of the increase of the NOS
increased total oxidant capacity and decreased the total
antioxidant capacity. This rise and decline were found to be
statistically significant at 10 and 25 mg/mL concentrations

Table 5. Detection of DNA damage by comet test and its relation to oxidative stress

Groups Comet assay Measurement of total oxidant status and oxidative stress index
DNA damage(ArbitraryUnit)* TAS TOS OSI (AU)
MeanxSD Mean+SD Mean+SD Mean+SD
Control 0.33+0.33a 19.14+3.15a 5.54+0.17a 3.54+0.17a
30 uM H, 0, 271.67+4.37b 5.21+0.25b 19+4.25b 10.54+0.15b
25 mg/mL HA 110.67+2.33c 8.12+0.21e 14+1.23e 8.21+0.49¢
10 mg/mL HA 8.33+0.67d 12+1.71d 10+1.51d 5.95+0.18d
5 mg/mL HA 1.67+0.33ae 16.57+0.41ac 7.01%1.11ac 4.52+0.6ac
25 mg/mL HA+NOS 7.67+0.67d 14.11+1.63c 9.33+1.33d 6.52+0.4d
10 mg/mL HA+NOS  2.33+0.58ae 16.25+3.10ac 6.15+4.12ac 5.32+0.4ac
5 mg/mL HA+NOS 1.33+0.33ae 17.78+3.16ac 5.78+2.12ac 4.41+0.1ac

* Means with the same letter in the same columns do not differ statistically at the level of 0.05; ppb: parts per billion; SD: Standard Deviation, HA:

Hydroxyapatite, NOS: Noscapine, OSI; Quercetin equivalent.
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of HAP alone and 25 mg/mL NOS-loaded HAP (p=0.005).
These findings were concordant with the findings obtained
from the Comet test, which showed evidence of the DNA
breaks. As seen in Table 5, when we used NOS-loaded HAP,
the oxidative stress was observed to be decreasing.

In cancer treatment, natural origin anticancer agents
such as NOS that target microtubules show significant
success in the treatment of patients. However, it justifies
the search for new pharmaceutics with lower toxicity and
higher efficacy, reducing the side effects of existing treat-
ments. In light of the excellent antiviral and antimicro-
bial [54] properties of NOS-based compounds, research is
needed to re-evaluate it as an anticancer drug.

Also, HAP has been identified as a promising material
for biological applications. The distribution of several anti-
cancer medicines via passive targeting has been studied
using a variety of HAPs-based drug delivery systems [55-
60]. However, there are few studies on utilizing hydroxyap-
atite nanostructures as a carrier for active targeted delivery
of anticancer medicines [61-63]. Doxorubicin hydrochlo-
ride (DOX)-loaded HAP modified with hyaluronic acid.
In mice with Heps xenografts, DOX-loaded HAPs demon-
strated tumor-targeting capability as well as improved anti-
tumor effectiveness [61]. A549 cells overexpressing CD44
were shown to have a preferential binding of polyethylene-
imine coated hydroxyapatite nanoparticles modified with
hydroxyapatite, as well as pH-responsive drug release [63].

CONCLUSION

To our knowledge, this is the first study that demon-
strates the DNA damage efficacy of NOS-loaded HA
nanoparticles. Hydroxyapatite appears to be an interesting
alternative to future studies, considering the wide range of
advantages of nanoparticles and the lack of study of NOS.
Current studies are still not enough to revive the produc-
tion of new products containing NOS-loaded nanoparticles
in the pharmaceutical industry. Future studies should be
about increasing the encapsulation efficiency and loading
capacity of HAP NPs loaded with NOS and determining
whether NOS loaded HAP NPs will be effective in cancer
treatment with in vivo studies.
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