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ABSTRACT: Noscapine is an antispasmodic alkaloid used as antitussive and anti-cough obtained  

from plants about Papaveraceae family which this benzylisoquinoline alkaloid and its synthetic subsidiaries 

(called noscapinoids) are being assessed for their anticancer potential.  The present research aimed  

to investigate the induction of DNA destruction and viability of HepG2 tumor spheroid culture influenced  

by noscapine and nanosuspension of noscapine. Culture of HepG2 cells as spheroids was treated  

with different concentrations of noscapine for 24 h on Day 11. Afterward, viability assay and alkaline comet 

assay methods were applied to examine the viability and induced DNA destruction, respectively. Based  

on the results, no significant impact was observed from Tween 40 on the viability and DNA damage levels 

in comparison with the control (p > 0.05). Moreover, increasing noscapine concentration resulted  

in a dose-dependent reduction in viability of hepatic cancer cells and elevation of DNA damages, showing 

a correlation between rises of DNA damages and viability decline.  
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INTRODUCTION 

A number of in-use substances for cancer 

chemotherapy such as vinca alkaloids (vincristine, 

vinblastine, and vindesine) [1], paclitaxel [2], and 

estramustine [3], specifically inhibit development of cell 

cycle. This causes metaphasic arrest through interacting 

with tubulin as major protein of mitotic spindles.  

As a result, polymerization or depolymerization of tubulin 

is altered, mitosis in quickly dividing cells is arrested,  

and apoptosis is induced, hence, they are effectively used 

in cancer chemotherapy [1,3]. Nonetheless, a problem 

commonly associated with repeated and prolonged 

administration of chemotherapeutic agents is drug 

resistance, which may be caused by multiplication of  

a membrane glycoprotein which mediates drug outflow [4]. 

Anti-microtubule agents are reported to be highly toxic  

to normal tissues, thus may be used only for particular 

cancerous cells [5-7]. It is therefore necessary to find novel 

and more effective chemotherapeutic drugs. The chemical 

structures of several microtubule inhibitors were compared 

to determine potential new anti-microtubule drugs.  

It was also pointed out that lots of such chemicals have  

a hydrophobic trimethoxyphenyl group and various 

hydrophobic domains including lactone, tropolone,  

or other aromatic rings [8]. Noscapine, [L-a-methyl-8-meth-

oxy-6, 7-methylenedioxy-1-1(6, 7-dimethoxy-3-

phthalidyl)-1, 2, 3, 4 tetrahydroisoquinoline],  

a non-narcotic derivative of opium [9] has anti-microtubule 

activity [10]. Induced apoptosis and antitumor activity 

against examined murine and human solid tumors  

have also been noted for this drug [8,16]. It has no analgesic, 

sedative or respiratory depressant activities, nor produces 

euphoria or addiction [15]. Researchers have lately 

reported possible stoichiometric binding of noscapine  

to tubulin to improve microtubule polymerization, inhibiting 

growth of tumor cells throughout mitosis [8, 16].  

In recent years, a prominent role for nanosuspensions 

has been highlighted in novel drug delivery systems [17-20]. 

As opposed to conventional drug delivery systems, 

nanosuspensions have shown benefits such as augmented 

solubility and dissolution rate, improved bioavailability [21] 

and enhanced biological activity [22]. Nanoemulsions are 

typically prepared via two common methods: use  

of an anti-solvent to precipitate drug molecules in a solution, 

and application of elevated shear forces (e.g. milling) to form 

finer particles from coarser ones [17]. 

Microfluidics can be considered both a science and  

a technology. It is defined as the study of fluid behavior  

at a sub-microliter level and the investigation into its 

application to cell biology, chemistry, genetics, molecular 

biology and medicine [25]. Liquids in such devices flow 

within channels with characteristic interior diameters of 

below 1 mm. Liquids flow linearly into microfluidic 

channels and develop a diffusion interface in the channel 

midpoint. Exposure of an anti-solvent to the solvent flow 

leads to diffusion of the drug molecules in the solvent 

through the interface (i.e. a diffusion layer), resulting  

in nucleation and size increment [26]. Using this technique, 

processes such as enzymatic reactions or extraction of 

active components could benefit from enlarged surface 

area to volume ratio. The striking function of such systems 

is also advantageous in handling solutions with micro-  

and nano-liter volumes. In comparison with other methods 

for nanosuspension formation, microfluidic reactors also 

present an inexpensive procedure with production of 

minimum residue [27] and commonly yield a 

monodispersed product [28, 29]. It is possible to control 

the growth/precipitation rate by surfactants or polymers  

in such apparatuses [30]. 

The present study aimed to produce a noscapine 

nanosuspension using microfluidic reactors and 

investigate factors that may influence size of nanoparticles 

using Artificial Neural Networks (ANNs). The 

nanosuspensions were then used to improve cellular drug 

delivery and examine cytotoxic and genotoxic impacts  

of encapsulation of noscapine against spheroid model  

of HepG2 hepatic carcinoma cells [31]. HepG2 is a  

well-known cell line with ability to self-assemble into large, 

stable spheroids aided by combi ned intercellular 

communication and diffusion [32]. 

 

EXPERIMENTAL SECTION  

Noscapine (pharmaceutical grade) was kindly donated 

by Behansar Pharmaceutical, Iran. Acetonitrile (HPLC 

grade) and polysorbate 40 (Tween 40) were purchased 

from Sigma-Aldrich (Germany). 

 

Nanoprecipitation in microfluidic reactor 

To make noscapine nanosuspension by microfluidic 

reactor, saturated solutions of noscapine in acetonitrile  

at predetermined temperatures were injected into the reactor 

at certain flow rates of solvent/antisolvent. The antisolvent 
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system was water at controlled room temperature  

(i.e. 22 ± 2°C) and contained different concentrations of 

Tween 40. Hydrodynamic micropumps were employed to inject 

very small volumes of fluid. The microreactor was made 

of polylactide (polylacetic acid) with internal diameter of 

1 mm and an inlet angle of 30°, 60°, 90°, 120° and 180°. 

Therefore, four different input variables were considered 

in this study: longitude output arm, angle between  

two entrances (inlet angle), antisolvent flow rate and Tween 40 

concentration, which were assumed to potentially 

influence the sedimentation of prepared nanoparticles.  

To determine factors affecting stability of the prepared 

nanosuspension, time of sedimentation was taken as  

an indicator of physical stability of the nanosuspension. 

The prepared samples were sealed and kept at controlled room 

temperature (i.e. 22 ± 2°C) and observed daily  

to determine phase separation of prepared nanodispersions. 

The data were then employed to evaluate impact  

of the variables on the sedimentation time using a model 

obtained from ANNs. 

 

Cell line 

Human HepG2 hepatic carcinoma cells were obtained 

from Pasteur Institute, Iran, and incubated in RPMI 1640 

(Gibco) containing 10% Fetal Bovine Serum (FBS) 

(Biosera), 100 U/mL of penicillin, and 100 mg/mL of 

streptomycin (Biosera). 

 

Culture of spheroids 

Liquid overlay technique was applied for culture of 

spheroids. The cells (n= 5 105) were placed into culture 

Petri dishes (100 mm) thinly layered with 1% agar (Bacto 

Agar) supplemented with RPMI (10 mL) plus 10% FBS. 

The Petri dishes were maintained in a dampened milieu 

with 5% CO2 at 37 ºC. Fresh culture medium was used  

to replace half the culture medium two times in a week. 

 

Treatment of spheroid culture with noscapine and 

noscapine nanosuspension 

Multicellular spheroid formation was obtained by cell 

culture. After 10 days, various concentrations (0, 50, 75, 

and 100 μM) of free noscapine and noscapine 

nanoparticles were added to the spheroids (average 

diameter of 100 μm) for 24 h. Dimethyl sulfoxide (DMSO) 

was used to dissolve noscapine with a final concentration 

of 0.25% (v/v). The control cultures were treated with 

 a similar volume of DMSO. Subsequently, 300 μl of 1mM 

EDTA/0.25% Trypsin (w/v) in PBS was added  

to the spheroid cells for 5 min at 37 ºC. After counting of single 

cells, their viability was tested through Trypan blue dye 

exclusion assay. 

 

Alkaline comet assay 

Alkaline comet assay was used to verify induction of 

DNA damages, which was a modification of the method 

previously developed by Singh et al. [33]. Agarose (1%) 

with a normal melting point was used to coat ordinary 

microscopic slides. The suspension contained nearly 

10,000 cells in 100 μl of 0.5% agarose with a low melting 

point. Using a pipette, the cell suspension was quickly 

transferred to the agarose layer. The solidified slides  

were submerged in lysis buffer (2.5M NaCl, 100 mM EDTA, 

10 mM Tris-base with 1% Triton X-100, pH=10, prepared 

freshly) and incubated for an hour. Since this step onward, 

the whole procedures were performed at 4 ºC.  

After removal of the slides from the lysis buffer, they  

were transferred to a horizontal gel electrophoresis tank 

(Cleaver Scientific Ltd, CSLCOM20) filled with fresh 

cold denaturation buffer (300 mM NaOH, 1 mM EDTA, 

pH=13) and maintained for 30 min. The same denaturation 

buffer was used to conduct electrophoresis with a voltage 

of 1V/cm and a current of 300 mA for 30 min.  

To neutralize the excess alkali, the slides were subsequently 

washed in Tris buffer (0.4 M Tris HCl, pH=7.5), after 

which they were stained by ethidium bromide (20 μg/mL). 

A fluorescent microscope (Zeiss, Axioskop 2 plus)  

was employed to view and photograph individual cells  

or comets, which were analyzed by Comet Score® software. 

Evaluation of DNA damages was based on an increase  

in tail moment, the product of DNA level (fluorescence)  

in the tail, and the distance between the means of the head 

and tail fluorescence distributions. 

 

Evaluation of DNA damage 

Individual cells (n=100) on each slide (three slides  

per sample) were scored through visual assignment to one 

of the five above-mentioned classes depending on the tail 

length by appointing values of 0 (no tailing) to 1, 2, 3, or 4 

(Max. tailing). The comets could be totally scored  

in a range of 0 (all no tailing) to 400 (all utmost tailing): 

DD (au) = (0n0 + 1n1+ 2n2+ 3n3 + 4n4) / (Σn /100) 
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The variables in the above equation are as follows: DD 

(au): arbitrary unit DNA damage score, n0-n4: number of 

Class 0-4 comets, and Σn: total number of scored comets. 

Each class of comet is weighted by factors of 0-4 

coefficients [34, 35]. Such a visual classification may be 

doubted to be low-grade compared to computerized 

analyses, including CCD camera image analysis of tail 

moment. Evaluation of DNA damages was based  

on an increase in tail moment, the product of DNA density 

(fluorescence) in the tail, and the distance between  

the average distribution levels of the head and tail 

fluorescence. 

 

Statistical analyses 

Data were presented using mean values ± SEM 

(standard error of mean) and "n", indicating the number of 

experimental attempts. SPSS (Version 23.0) software  

was applied for statistical analyses, i.e. one-way analysis of 

variance (ANOVA), then, Turkey’s test as the post-hoc 

analysis, considering significant values when P < 0.05. 

 

RESULTS AND DISCUSSION 

Validation of the model using statistical methods 

The following attributes were recommended to assess 

performance of the ANN model [36]: 

1) A model output of |R| > 0.8 represents significant 

correlations among the predicted and real values. 

2) A model output of 0.2 < |R| < 0.8 indicates  

a correlation among the predicted and real values. 

3) A model output of |R| < 0.2 denotes an insignificant 

correlation among the predicted and real values. 

MSE value should be minimal in all conditions [37]. 

According to the findings, very precise predictions were 

provided for both the training (MSE=0.0002) and testing 

(MSE=0.00005) datasets by the MLP model (Table 1).  

External validation of the model was also examined  

in terms of newly suggested factors [38] using the testing 

dataset. A minimum of one slope of the regression lines  

(k or k′) through the origin is recommended to approximate 

to 1 [39]. k and k′ are slopes of the regression lines between 

the regressions of actual output (hi) against predicted 

output (ti) and ti against hi through the origin, i.e. hi= kti 

and ti=k′hi, respectively. Additionally, the functioning 

indices of m and n (as two factors for model performance 

assessment) should be below 0.1. A confirmed indicator 

(Rm) was recently presented for the external predictability 

of models [40]. The condition for Rm > 0.5 is acceptable.  

It is necessary that either the squared correlation coefficient 

(through the origin) between predicted and experimental 

values (R0
2), or the squared correlation coefficient between 

experimental and predicted values (R0′
2) to approximate  

to R2 and 1 [37, 41, 42]. Table 2 represents the validation 

criteria studied and the pertinent findings gained from  

the model. 

R should exceed 0.8 for the first item, which is 0.9979 

in the established model. k should range from 0.85 to 1.15 

for the second item. The k value is 1.05 in the created 

model indicating a satisfactory condition. k´ should be  

in the range of 0.85 and 1.15 for the third item. The k′ value 

(0.957) for the ANN model lies in the above limit. m and 

n values need to be below 0.1 based on items 4 and 5.  

The developed model yielded values of 0.098 and 0.046 

for m and n, respectively. Eventually, Rm demands values above 

0.5, for which a value of 0.61 was obtained by the established 

model. It was therefore observed that the model developed 

fulfills the whole conditions required. A strong suitability 

and applicability of the recommended model is endorsed 

by this validation phase. 

 

Characterization of nanoparticles 

Zeta sizer (company, country) was employed to 

measure the size and size distribution of the prepared 

nanosuspension using DLS (dynamic light scattering).  

As shown in Fig. 1, diameters of nanoparticles averaged 

20 nm. Zeta potnetial of the particles was also measured as 

-1.44 mV. 

 

Morphological examinations 

Characterizing the morphology of nanoparticles was 

carried out by TEM measurements. The images of 

noscapine nanoparticles are depicted in Fig. 2. 

Accordingly, a regular spherical shape was noticed  

for the majority of nanoparticles at optimum conditions. 

Furthermore, the estimated particle size was lower than  

30 nm, showing a proper consistency with the outcomes  

of DLS 

 

Cell characteristics 

The growth of HepG2 hepatic carcinoma cell line 

forms a monolayer on plastic culture vessels, showing  

an approximate population doubling time of 20 hrs. The cells 

are capable of surviving in low-density populations  
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Table 1. Statistical factors of the decision model for external validation 

    

1 R 0.8 < 𝑅 0.9970 

2 𝑘 =
∑ (ℎ𝑖 × 𝑡𝑖)𝑛

𝑖=1

ℎ𝑖
2  0.85 < 𝑘 < 1.15 1.05 

3 𝑘′ =
∑ (ℎ𝑖 × 𝑡𝑖)𝑛

𝑖=1

𝑡𝑖
2  0.85 < 𝑘′ < 1.15 0.957 

4 𝑚 =
𝑅2 − 𝑅𝑜

2

𝑅2
 𝑚 < 0.1 0.098 

5 𝑛 =
𝑅2 −   𝑅𝑜′

2

𝑅2
 𝑛 < 0.1 0.046 

6 𝑅𝑚 = 𝑅2 × (1 − √|𝑅2 − 𝑅𝑜
2|) 0.5 < 𝑅𝑚 0.610 

where 𝑅𝑜
2 = 1 −

∑ (𝑡𝑖−ℎ𝑖
𝑜)

2𝑛
𝑖=1

∑ (𝑡𝑖−𝑡𝑖̅)2𝑛
𝑖=1

,  ℎ𝑖
𝑜
=k × 𝑡𝑖   

   𝑅𝑜′
2 = 1 −

∑ (ℎ𝑖−𝑡𝑖
𝑜)2𝑛

𝑖=1

∑ (ℎ𝑖−ℎ𝑖̅̅ ̅)2𝑛
𝑖=1

,  𝑡𝑖
𝑜=𝑘′ × ℎ𝑖   

 

Table 2. The training parameters used during the modeling procedure 

Parameters Value 

Hidden Layers 2 

Number of neurons of the first hidden layer 4 

Number of neurons of the second hidden layer 3 

Function of the first hidden layer Sig (X) 

Function of the second hidden layer Tanh (X) 

Learning rule of the first hidden layer Momentum 

Learning rule of the second hidden layer Momentum 

Function of the output layer Linear Sig (X) 

Learning rule of the output layer Delta Bar 

Number of epochs 1000 

 

developing colonies with a minimum of 50 cells during  

11 days. Moreover, HepG2 cells can produce spheroids  

in cultures encumbered by liquid. Following 10 days, 

spheroids (mean diameter of 100 μm) were used  

to evaluate ability of HepG2 cells to develop colonies  

in spheroid model of culture.  

 

Trypan blue exclusion assay (Viability assay) 

Spheroid cells were scattered as single cells once  

the cells were treated with DMSO solution free noscapine, 

Tween 40, and noscapine nanoparticles. After counting 

the cells, their viability was specified via Trypan blue 

dye exclusion assay. Impact of DMSO solutionsolution 

free noscapine, and noscapine nanoparticles  

on the viability of HepG2 cells from spheroid cultures 

are represented in Fig. 3. It clearly shows that  

DMSO solutionsolution Tween 40 concentrations,  

and free noscapine nanoparticles exhibited no significant 

effects on the viability of cells in spheroid culture  

(P > 0.05). 
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Fig. 1: Size distribution of noscapine nanoparticles, measured 

using DLS. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: TEM image of noscapine nanoparticles. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 4: Mean (SEM) effect of different concentrations  

of noscapine/noscapine nanoparticles for 24 hours on viability 

of HepG2 spheroid culture cells (n=3). NP-Noscapine 

represents nanoparticles containing noscapine). 

Effects of noscapine/noscapine nanoparticles on induced 

DNA damages 

DNA damages were evaluated by alkaline comet 

assays. Intercellular distribution of DNA migration 

(number of cells in the five visual comet classes) among 

control and treated cells with noscapine/noscapine 

nanoparticles for 24 h, is presented in Fig. 4A, B.  

Both groups of noscapine and noscapine nanoparticles 

displayed significant rises in the number of comets scored 

in visual Class 4 parallel to elevated doses of noscapine. 

The bulk of comets were increasingly disseminated into 

the next visual category of higher DNA damage resulting 

from exposure to rising doses of noscapine, with more 

sever effects on the group of noscapine nanoparticles.  

As an indication of DNA damage, the average tail moments 

was used in each category of cells.  

The quantitative DNA damages assessed by comet 

score software are shown in Fig. 5 A, B. DNA damage 

(DD) and non-induced DNA damage (DD-DD0) in two 

groups of noscapine (A) or noscapine nanoparticles (B)  

are obvious in both Figures. Both induced and non-induced 

DNA damages (Fig. 5 A) indicate no significant effect  

of DMSO solutionsolution on DNA damages as opposed 

to control (P = 0.056). Furthermore, Fig. 5 A shows increased 

induction of DNA damages as a result of rising noscapine 

concentrations in spheroid cultures. 

Tween 40 concentrations resulted in no significant 

impacts on the induced DNA damages in comparison with 

the control (Fig. 5 B; P = 0.085). Similar to Fig. 5 A, this 

figure also reveals elevated induction of DNA damages  

as a result of rising concentrations of noscapine nanoparticles 

in spheroid cultures. A comparison of Figs. 5 A and 5 B 

represents increased DNA damages in the spheroid 

cultures, caused by various concentrations of free 

noscapine and nanoparticle-encapsulated noscapine. 

Noscapine nanoparticles, however, led to a significantly 

higher induction of DNA damages compared to noscapine. 

For instance, treatment with drug nanoparticles releasing 

50 and 75μM noscapine for 24 h, caused genotoxic 

damages the same as those treated with 75μM and 100μM 

of noscapine, respectively. 

 
Discussion 

Noscapine is a phthalideisoquinoline alkaloid that 

comprises 1-10% of the alkaloids in opium, and is used  

as a cough suppressant in humans and animals [14, 43-47] 
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Fig. 4: Mean (SEM) distribution of DNA migrations (stages 0 to 4) among HepG2 cells of 50μm spheroids after treatment  

with noscapine (A)/or noscapine nanoparticles (B) for 24 hours. Data are based on analysis of 100 cells per slide,  

triplicate slides per samples (n=3). 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5: Effects of different concentrations of noscapine (A) or noscapine nanoparticles (B) for 24 hours on induced DNA damages 

(DD) and net induced DNA damages (DD-DD0) of HepG2 spheroid culture cells. Mean ± SEM of 3 experiments. 

 

Anti-stroke and anti-cancer activities of noscapine are  

the basis for other clinical usages of this drug [48]. 

Anxiolytic impacts of noscapine in mice have been also 

reported in some studies [49]. Acute and chronic toxicity 

trials in animals reveal a large safety margin for noscapine, 

suggesting a low toxicity and good tolerance for the drug 

[50]. It was also shown in a study that 80% of 30 cancerous 

patients tolerated large doses of noscapine [51]. Similarly, 

Dahlsruom et al. [44] confirmed such an observation  

in five healthy volunteers (4 males and 1 female), who 

administrated the drug as oral (150 mg) and intravenous 

(66 mg) and exhibited no side effects. 

This finding is supported by the present results. The tail 

moments increased as a result of higher noscapine 

concentrations in spheroid cultures. Changes in the 

viability of cells do not cause such a reduction. There is  

a general understanding that using drug delivery systems 

can considerably promote effectiveness of numerous 

conventional pharmaceutical therapies. Thus, 

pharmacokinetics and biodistribution of their associated 

drugs could be altered to function as drug reservoirs 

through designing such systems [52]. 

Nanosuspensions have presented various benefits 

compared with conventional drug delivery systems, 

including improved dissolution velocity and saturation 

solubility, diminished administered dose [21], enhanced 

biological functioning, scaling up capability, and 

promising improvements in stability and versatility [22]. 

A considerable ability to deal with poorly water soluble 

drugs have also been reported for nanosuspensions [21], 

which are composed of drug particles with colloidal 

suspensions of < 1 μm [23,24]. They are usually produced 

via two well-known approaches: use of an anti-solvent  

to precipitate drug molecules in a solution, and application 

of high shear forces to form finer particles from coarser ones 

(i.e. milling) [17].  It  is  well-known  that  microfluidic 
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instruments are shrunken forms of macroscale devices that 

reveal two striking features, namely elevated surface area 

to volume ratio enhancement and laminar flow occurrence [25]. 

Liquids in such devices flow within channels  

with characteristic interior diameters of below 1 mm. 

Linear liquids flow into microfluidic channels and develop 

a diffusion interface in the channel midpoint. Anti-solvent 

exposure of a drug solution in a solvent leads to diffusion 

of the drug molecules in the solvent through the interface 

(i.e. diffusion layer), resulting in nucleation and size 

increment [26]. 

Our results, using high concentration of Tween 40 

revealed no significant impacts on HepG2 cells in terms of 

colony formability and plating efficiency. The compound 

had no effect on damage levels of HepG2 cells in spheroid 

culture model as well. On the other hand, colony numbers 

and plating efficiency of HepG2 cells, treated with 

nanoparticle scarring noscapine in spheroid cultures 

reduced due to rising concentration of noscapine expelled 

from nanoparticles. In comparison, treatment with free 

noscapine or noscapine loaded in nanoparticles with  

all various drug concentrations resulted in significantly lower 

colony numbers and plating efficiency of HepG2 cells than 

those treated with the same concentrations of free 

noscapine. As an example, treatment with noscapine 

nanoparticles (50 and 75 μM) for 24 h led to cytotoxic 

damages to the same extent as those resulted from 

treatment with free noscapine at concentrations of 75 and 

100 μM, respectively. 

According to the results, treatment with noscapine-

loaded nanoparticle caused an increase in the level of  

DNA damage and tail moment of HepG2 cells because  

of increased concentration of released noscapine. 

However, the highest level of Tween 40 used led to  

no statistically considerable impacts on the DNA damage 

levels and tail moment score; the substance resulted  

in no damages in HepG2 cells in spheroid culture model  

as well. Significantly higher levels of DNA damage  

and tail moment score were observed as a result of 

treatment with different concentrations of noscapine 

loaded in nanoparticles than those solely treated  

with similar noscapine concentrations. For instance, 

treatment with drug nanoparticles releasing 50 and 75μM 

noscapine for 24 h caused genotoxic damages the same  

as those treated with 75μM and 100μM of noscapine, 

respectively. 

CONCLUSIONSS 

Our research lead us to the fact noscapine can be  

an interesting treatment for cancer. Actually, nanoparticle-

based noscapine delivery seems to be precise, effective  

and safe method to treat the hepatic carcinoma cells line.  

In addition, we clarified that nanoparticle synthesis 

procedure can make our nanosuspensions form of noscapine 

more applicable. However, it is arguable that application of 

incremental dose of noscapine nanosuspensions up to 

100μM, effectively reduces cells viability and makes 

damages on their DNA that can cause cell death, the best 

result was obtained at the optimized dose of 75μM. 

Nonetheless, studies clarified that using nanosuspension  

form of noscapine has had beneficial aspects, but more experiments 

are needed on other cell lines and on animal models. 
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