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Abstract 

     Noscapine (NOS), an alkaloid with several interesting biological applications, has demonstrated antitumor 
action and cough suppressant potential. However, the strong hydrophobic nature of NOS makes it poorly water 
soluble. Therefore, it was necessary to figure out how to make NOS more soluble. In this study, we investigated 
the anticancer effect of free NOS as compared to that of NOS-loaded lipid nanocapsules (NOS-LNCs) on the 4T1 
cell line, and in an orthotopic breast cancer (BC) mouse model. Spherical-shaped NOS-LNCs were prepared with 
a particle size (PS) of 213.4 ± 1.41 nm and a zeta potential (ZP) of -13.6 ± 1.17. The IC50 of free NOS, NOS-
LNCs, and plain LNCs was measured on the 4T1 cell line by MTT assay, and the results revealed that the IC50 
was 66.107 µg/ml, 13.209 µg/ml, and 121.132 µg/ml, respectively. On the other hand, NOS-LNCs demonstrated 
stronger anticancer effects in-vivo along with strong antiproliferative and antioxidant properties. Also, the 
immunohistochemistry analysis of BAX and BCL-2 in the tumor tissue confirmed the apoptotic activity of the 
NOS-LNCs, as it increased the expression of BAX and downregulated BCL-2. In conclusion, the current 
investigation showed that the developed NOS nanoform has a great deal of potential as a therapeutic agent for the 
treatment of BC. 

Keywords: Noscapine; Breast cancer; Anticancer effect; Lipid nanocapsules.  

1. Introduction 

     Natural anticancer medications are becoming 

more and more popular since they effectively inhibit 

the growth of cancer cells. An herb is a plant or a 

component produced from it that is utilized for 

flavor, smell, and/or medicinal qualities in addition to 

other uses [1]. Traditional medicinal herbs are 

naturally occurring plant-derived drugs that have 

been utilized for hundreds of years in local or 

regional healing traditions to treat a variety of 

illnesses, including cancer, with little to no chemical 

modification to their formulation [2]. However, poor 

solubility, limited bioavailability, instability, and 

poor permeability are among the biopharmaceutical 

problems that many natural compounds face [3, 4]. In 

order to increase the bioavailability of various 

bioactive chemicals or herbs, decrease side effects, 

and prevent drug degradation, a number of innovative 

drug delivery systems have been developed over the 

past 20 years [3, 5, 6]. These delivery methods also 

increase stability, target specific drug sites, boost 

therapeutic efficacy, and stop first-pass metabolism. 
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An alkaloid known as noscapine was extracted from 

Papaver somniferum, a plant used to make opium. 

Noscapine (NOS) is an antitussive heterocyclic 

chemical that is based on isoquinoline. In addition, it 

is a well-liked suppressor for coughs and is said to be 

a prospective cancer-curing chemical. It can attach to 

tubulin and alter its conformation. This inhibits 

mitosis, interferes with microtubule mobility, and 

ultimately kills cancer cells. Additionally, it has been 

claimed to be a potential contender against the 

suppression of Chikungunya's non-structural 

protease, the major protease of SARS-CoV-2, and 

others [7-9]. NOS is also a drug with antitumor 

qualities, as demonstrated by earlier research, which 

alters the course of the cell cycle and, as a result, 

causes apoptosis in cell lines of various malignancies 

[10]. NOS was reported in a previous study to 

upregulate BAX expression and downregulate BCL-2 

expression in breast cancer (BC) cell lines [11]. Its 

qualities make it a desirable medication to research 

for the treatment of BC. The tumor models have also 

demonstrated NOS' antiangiogenic properties [12]. 

There are two possible pathways for NOS's 

antiangiogenic effects. Initially, NOS downregulates 

the expression of hypoxia-inducible factor-1 (HIF-1) 

in hypoxic tumor cells, which in turn decreases the 

production of vascular endothelial growth factor 

(VEGF) [13]. Second, NOS inhibits the formation of 

blood vessels by blocking endothelial cells' response 

to VEGF. Additionally, NOS may disrupt endothelial 

cell migration, which is essential for the development 

of arteries and veins [14, 15].  

The application of nanotechnology in BC therapy 

is commonplace since it is one of the scientific and 

technological domains with the quickest rate of 

growth worldwide. As time goes on, nanotechnology 

helps uncover new cancer research approaches, even 

at the molecular level. Differentiating themselves in 

various ways, nanoparticles can be applied as 

nanomedicine in therapeutic settings. Regarding 

market share, licensed nanomedicines consist mostly 

of nanopharmaceuticals (drug delivery products), 

accounting for 75% of the total [16]. The main 

benefits of nanocarriers comprise enhanced drug 

solubility, defences against drug deterioration, 

enhanced bioavailability, regulated release, target-

specific medication delivery, and fewer dose 

intervals. This allows medications to be delivered 

safely while shielding non-target cells and tissues 

from the negative effects of the medication [17]. 

Nanocarriers have been made from a variety of 

materials, such as metals, lipids, and polymers [18]. 

Among them, LNCs come in first. It is believed that 

LNCs have a hybrid structural configuration that is a 

cross between polymeric nanoparticles and 

liposomes. They are composed of an emulsifier agent 

and a solid lipid-based outer shell enclosing an oily 

core [19, 20]. The two main benefits of LNCs are 

their biological suitability and their biological 

degradation. Particles with sizes between 20 and 100 

nm are anticipated to be created by a phase inversion 

technique. Physical stability in LNCs has been 

observed to last for up to 18 months. The 

convenience of production is derived from the 

straightforward preparatory procedure [21]. 

Compared to traditional nanoparticles, LNCs have a 

higher drug encapsulation efficiency. LNCs 

formulation greatly increased the drug's water 

solubility and increased its bioavailability. 

Furthermore, LNCs preferred intra-tumour bio-

distribution and potential functionalization for cancer 

targeting, nanocapsule-based drug delivery systems 

have been employed successfully in the treatment of 

cancer [22]. Many previous studies used LNCs to 

enhance the delivery of treatment for breast tissue 

cancer. The loading of paclitaxel and salinomycin 
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into LNCs for the treatment of BC was carried out in 

a previous study [23]. Also, the loading of some 

vitamin A derivatives, which have anticancer 

properties as Tretinoin, into LNCs to treat breast 

cancer, as well as synergistic with anti-cancer drugs 

as doxorubicin (DOXO) and 5-fluororacil (5-FU) 

[24]. 

BC is the most prevalent kind of cancer overall 

[25]. About 41,000 women in the United States alone 

lose their lives due to BC each year, making up about 

15% of all cancer-related fatalities [26]. In the past 

twenty years, the prognosis of patients with breast 

cancer has improved due to early identification and 

extensive treatment procedures, which have lowered 

cancer mortality [27]. The diagnosis, therapy, and 

screening for BC have advanced significantly [28]. 

BC is caused by a variety of physiological and 

molecular circumstances in the breast, with risk 

factors that differ depending on the kind and 

hereditary predisposition of the disease. The BRCA1 

or BRCA2 genes, in particular, continue to be 

important sources of mutations [29]. 

In the present study, the 4T1 cell line was utilized 

to evaluate the cytotoxic effect of both the free form 

and nanoformulated NOS. Besides, the anticancer 

potential of free NOS and NOS-LNCs was evaluated 

in an orthotopic BC animal model that is carrying 

4T1 cells. A physiochemical analysis was performed 

on the prepared NOS-LNCs. In-vitro evaluation of 

NOS release was also conducted. To the best of our 

knowledge, NOS can play a key role in enhancing the 

antioxidant status and has a powerful anticancer 

effect due to its proapoptotic and antiproliferative 

characteristics. This work is the first to investigate 

this along with enhancing the anticancer efficacy of 

NOS through its nanoencapsulation into LNCs. 

 

2. Materials and methods. 

2.1. Reagents and cell lines 

The American Type Culture Collection (ATCC) 

provided the mouse 4T1 triple-negative breast cancer 

cell line. The DMEM-cultured cells were 

supplemented with 10% Fetal Bovine Serum (FBS) 

and 1% Penicillin/Streptomycin (Pen/Strip). Sigma-

Aldrich (Germany) was the source of noscapine 

(NOS). The source of Lipoid® S75-3 (soybean 

lecithin, unsaturated phosphatidylcholine) was GmbH 

in Ludwigshafen, Germany, while BASF (Germany) 

supplied Cremophor® RH 40. GMBH 

(Ludwigshafen, Germany) provided Labrafac 

Lipophile oil, and BASF (Ludwigshafen, Germany) 

provided Solutol HS15 

2.2. Lipid nanocapsules (LNCs) preparation 

Heurtault et al.'s protocol [30-32] was followed 

in the preparation of noscapine-loaded lipid 

nanocapsules (NOS-LNCs). In summary, water (3 

mL), Lipoid® S75 (200 mg), Labrafac Lipophile oil 

(1 gm), NOS (50 mg), and Solutol HS15 (1 gm) were 

combined and stirred until a homogeneous solution 

(W/O) was formed. Three heating-cooling cycles 

between 70 and 90°C were then applied to the 

combination. Dropping five milliliters of cooled 

water into the heated emulsion shocks the system and 

ultimately turns the created emulsion's exterior phase 

into (O/W). 

2.3. Evaluation of lipid nanoparticles (LNCs) 

Particle size, polydispersity index, and zeta 

potential determination Using the Zeta Sizer Nano 

series (Malvern Instruments SA, Worcestershire, 

UK), the developed plain and NOS-loaded LNCs 

were diluted using deionized water to maintain a 

particle count of approximately 250 kcps before 

being measured for particle size (PS), polydispersity 

index (PDI), and zeta potential (ZP) as previously 

described [33]. 

2.4. Investigation of in-vitro release 

Following the previously mentioned procedures 

for dialysis, the cumulative release percentage of 
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NOS from LNCs was tracked and assessed [31, 34]. 

The release media, phosphate buffer saline with a pH 

of 7.4 (10 ml), was placed into bottle chambers and 

incubated in a shaking water bath with 10% methanol 

present at 37°C and 150 rpm to create sink 

conditions. After that, at various intervals, aliquots 

were taken out of the bottles and replaced with brand-

new release medium. NOS quantification was carried 

out using a UV-Vis spectrophotometer at a 

wavelength of 210 nm. 

 

2.5. Evaluation of the stability of LNCs 

After three months at room temperature, any 

changes in the PS and PDI of the prepared NOS-

LNCs were monitored in order to evaluate their 

stability [35]. 

 

2.6. Evaluation of the in-vitro cytotoxicity 

A density of 2.5×103 cells/well was used to 

seed the murine 4T1 cells in 96-well plates. The cells 

were placed in an incubator set at 37ºC and 5% CO2 

throughout the whole night. A serial dilution of free 

NOS was then added, at concentrations of (200µM, 

100, 50, 25, 12.50, 6.25) to each 2 wells after cell 

adhesion as control. NOS-LNCs was serially diluted 

to the following concentrations (25 µg/ml, 12.5, 6.25, 

3.125, 1.5625, 0.78125) and added to the cells in 

duplicate, 200 µl for each concentration. The medium 

was disposed of after 48 hours, and 100µl of prepared 

MTT (3-(4, 5-Dimethyl-2-thiazolyl)-2, 5-diphenyl-

2H-tetrazolium bromide) was added to each well. The 

plate was then incubated for 4 hours until crystals 

formed, after which 100µl of SDS was added. The 

plate was then left in the dark for an additional night 

until the crystals were dissolved and the color was 

released (SERVA Electrophorese GmbH, Germany, 

cat. No. 002039501). The IC50 of the NOS and 

NOS-LNCs on the 4T1 breast cancer cell line was 

calculated using the Prism 8 programme on the plate 

using the Eliza reader (BioTek, Elx800, US) at the 

wavelength (570 nm) [36]. 

 

2.7. Animals: 

The Faculty of Medicine and Health Sciences at 

Mansoura University in Egypt provided 36 female 

BALB/c mice, aged 6 to 8 weeks, for the purpose of 

this study. For seven days prior to the start of the 

trial, mice were housed in a 24°C laboratory with a 

12-hour light/dark cycle. 

 

2.7.1. Treatment with either free or nano-

formulated NOS in BALB/c mice with tumor 

xenograft 

In the lower fourth inguinal mammary fat pads 

S/C, 2x106 4T1 cells suspended in 100 µl of PBS 

were injected, as previously reported [37]. A 100 µl 

PBS injection was given intraperitoneally (IP) to nine 

mice as a control. A Vernier caliper was used to 

calculate the tumor volume every two days. Utilizing 

the formula V=1/2 (width2 × length), the tumor 

volumes were computed. The mice were split into 

three groups of nine animals each, two weeks 

following the inoculation of 4T1 cells. The groups 

were as follows: carboxymethyl cellulose (CMC) was 

administered orally to the first group (the cancer 

control group) every other day for 45 days; 2nd group 

were subjected to an oral gavage of NOS suspended 

in CMC for 45 days at a dosage of 150 mg/kg on 

alternate days [38]; and 3rd group received an oral 

gavage of NOS-LNCs prepared in a stock solution at 

a concentration of 7.5 mg/ml and suspended in PBS 

for 45 days at a dosage of 150 mg/kg on alternate 

days [38]. In addition to, Carboxymethyl cellulose 

(CMC) was given orally to the control group every 

other day for 45 days. 
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2.7.2. Evaluation of oxidative stress 

biomarkers 

Using commercial kits from Biodiagnostic®, 

Cairo, Egypt, the levels of nitric oxide (NO) [39], 

malondialdehyde (MDA) [40], and the activities of 

catalase (CAT) [41] and superoxide dismutase (SOD) 

[42] were tested in accordance with the 

manufacturer's instructions. After the mammary 

glands were weighed and collected, they were 

homogenized at a 1:9 ratio using cold PBS. We 

ground the tissue with a mortar and gun using 

sterilized sand. The samples were centrifuged for 10 

minutes at 4000 rpm, the sediment was removed, and 

the supernatant was collected for the oxidative stress 

parameters to be measured. The samples were kept at 

-80 for further examination. 

 

2.7.3. Flowcytometry assay 

For flow cytometry analysis, tumor tissues were 

removed and processed. To rinse the tissues, 2ml of 

PBS was utilized. Cut into small (12 mm3) pieces, 

the tissues were first arranged on a plate using 

ophthalmic scissors. Tissues were homogenized with 

a syringe plunger in order to get a suspension of 

individual cells. By centrifuging at 300 g for five 

minutes at room temperature, tissue lumps were 

removed using a strainer with a 200–300 screen size. 

After that, the supernatant was disposed of. The cells 

were divided into two batches and centrifuged twice 

in PBS containing 0.1% BSA at room temperature for 

five minutes. The supernatant was disposed of. 

Following an adjustment of the cell number to 

1×107/mL, the cells were resuspended in PBS 

containing 0.1% BSA. 

 

BD Bioscience (United States) supplied 10 µl 

of diluted antibody 1:100 distilled water, which was 

added to each fresh tube containing 100 µl of the cell 

suspension for Ki67 labelling. The tubes were then 

gently swirled. After 20 to 30 minutes of RT in the 

dark, the tubes were cleaned for five minutes at 1000 

rpm using 2 ml of PBS, and the supernatants were 

aspirated. Each tube was filled with 0.5 cc of PBS. 

Following the  addition of 20 µl of BD Via-ProbeTM 

Cell Viability Solution (Cat. No. 555816) for PE 

(Phycoerythrin) labelled antibody, the sample was 

examined using a flow cytometer (BD FACSCalibur) 

[43]. 

 

2.7.4. Histopathological examination 

10% neutral-buffered formalin was used to fix 

tumor and lung tissues for the whole night before 

they were embedded in paraffin. Hematoxylin and 

eosin (H&E) Stain was applied to tissue slices, and 

they were then visually inspected under a microscope 

[44]. 

 

2.7.5. Immunohistochemical analysis 

Tissue sections were separated into layers that 

were 4 m thick. The next procedures were 

deparaffinization with xylene, rehydration in ethanol 

at a graded concentration of 100-95-75%, and epitope 

retrieval. Using a pressure cooker and Cell Marque 

triology, the heat-induced epitope retrieval (HIER) 

approach was the suggested course of action. Rinse 

five times with distilled water and PBS after finished. 

Tissue sections were boiled in Quartett's ProTaqs® 

Antigen EnhancerV (Berlin, Germany) for 20 

minutes to retrieve antigens, and then they were 

cooled at room temperature for an additional 20 

minutes. Before immunohistochemistry, tissue slices 

were treated with 3% H2O2 for ten minutes to stop 

the activity of endogenous peroxidase. 5% goat 

serum was used to block tissue slices for one hour at 

room temperature. BAX polyclonal antibody (AB 

clonal technology, Cat. No. 12009) and Bcl-2 mouse 

monoclonal antibody (Quartett, Berlin, Germany) 

were diluted 1:100 and incubated for 1 hour at room 
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temperature on tissue slides. a 15-minute UltraVision 

One HRP Polymer incubation time came next. 

Finally, chromogen and substrate Make a ready-to-

use DAB substrate solution using the supplies from 

Quartett (Berlin, Germany). DAB Chromogen 

Solution (Reagent B1) and DAB Buffer Solution 

(Reagent B2) should be combined in a 1:1 ratio once 

the volume has been adjusted for the number of slides 

to be stained. Typically, 200 µl of mixed substrate 

solution is required to completely cover one tissue 

slide in order for the color to turn brown. Tissue 

slices were then cleaned with distilled water and 

counterstained with hematoxylin. The following step 

is dehydration with increasingly potent xylene and 

alcohol. The final step in the process was to mount 

the slides using mounting material and cover them 

with a cover slide. 

2.7.6. Statistical analysis 

In triplicate (n = 3), all results were shown as 

means and standard error. GraphPad Prism version 8 

was utilized to evaluate the statistical significance of 

the collected data using one-way ANOVA with LSD 

post-hoc testing. Pair-wise comparison between the 

mean of each parameter was determined using LSD 

post-hoc test was displayed on the top of each bar, 

where ns= nonsignificant, * p<0.05 (significant), ** 

p<0.01 (high significant) and *** p<0.0001(very 

high significant). 

3. Results 

3.1. NOS-LNCs characterization  

Table 1 displays the findings from the prepared 

NOS-LNCs' dynamic light scattering (DLS) 

investigation. The prepared NOS-LNCs had a mean 

hydrodynamic particle size (PS) of 213.4 ± 1.41 nm, 

as the table indicates. Furthermore, it was discovered 

that the particle aggregation tendency (PDI) was less 

than 0.3. As a result, the produced nanoformulations 

distributed uniformly and exhibited no agglomeration 

tendency. It was discovered that the inherent surface 

charge was negative, measuring -13.6 ± 1.17 mV. 

Additionally, the PS of the prepared NOS-LNCs and 

the PDI of the fresh LNCs and after a period of 3 

months showed a slight change (p > 0.05), and this 

was less than the crucial threshold of aggregation, 

indicating high stability of the prepared NOS-LNCs. 

Table 1: DLS analysis of the prepared NOS-LNCs at 

0 and after 3 months (n = 3). 

 

Freshly prepared 

formulations 

Formulations 

after 3-months 

PS ± 

SD 

PDI ± 

SD 

ZP ± 

SD 

PS ± 

SD 

PDI ± 

SD 

NO

S-

LN

Cs 

213.4 ± 

1.41 

0.25 ± 

0.02 

- 13.6 

± 1.17 

221.7 ± 

2.21 

0.21 ± 

0.016 

Particle size (PS), polydispersity index (PDI) and Zeta 

potential (ZP). 

3.2. NOS release from LNCs in-vitro 

Using the sink condition approach, the release 

profile of the NOS-LNCs and free NOS suspension 

was assessed during a 48-hour period. In the instance 

of free NOS suspension with diffusing slightly over 

80%, a burst drug release was seen during the first 12 

hours. Regarding NOS-LNCs, the medication was 

continuously released from the LNCs during a 48-

hour period at a rate of 72.33% ± 1.72 (Figure 1). As 

a result, loading the NOS into LNC may allow for the 

administration of a smaller dosage of the medication 

while also reducing the likelihood of negative effects 

and increasing its effectiveness. 

Figure 1 

 

 

 

 

 

 

Figure 1: The 48-hour release performance of NOS 

from LNCs in comparison to its suspension form. The data 

points are shown as mean ± SD, with n = 3. 
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3.3. The cytotoxicity of free NOS and NOS-

LNCs 

The drug's in vitro cytotoxicity was evaluated 

using 4T1 cells. The computed IC50 value for free 

NOS exceeded (being less potent) that of the NOS-

LNCs, as they attained 66.107 µg/ml and 13.209 

µg/ml, respectively (Figure 2). This effect can be 

attributed to the role of nanoformulation in enhancing 

the solubility and consequently the cytotoxic effect of 

the drug, taking into consideration that the LNCs have 

demonstrated almost a none cytotoxic effect on cells 

with an attained IC50 value of 122.132 µg/ml. 

 

Figure 2: 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2: Curves showing the cell viability of the 

4T1 cell line with various concentration of free NOS and 
NOS-LNCs. The cell viability was evaluated using the 
MTT test with different concentration of free NOS (a) 
NOS-LNCs and blank LNCs (b). 

 

 

 

 

3.4. In tumor-bearing mice, loading NOS 

into LNCs enhances its antioxidant activity 

The cancer control group had the greatest 

amounts of NO and MDA. NO and MDA levels in 

tumor-bearing mice returned to normal after 

receiving NOS treatment. But the treatment with 

NOS-LNCs had the most significant effect (Figure 3 

a& b). In contrast, the cancer control group's CAT 

and SOD activity were the lowest and were 

subsequently recovered by NOS treatment. 

Nevertheless, the restoration of CAT and SOD 

activity was more markedly affected by the NOS-

LNCs treatment (Figure 3c &d). 

 

Figure 3: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: The antioxidant and oxidative stress status 

in mammary gland tissue desiccated from different groups. 

a) NO concentration, b) MDA concentration, c) Catalase 

activity, d) SOD activity. Data presented as Mean ±SEM, 

ns= non-significant, * P<0.05 (significant), **P<0.01 (high 

significant) and ***P<0.001 (very high significant). 

 3.5. The antiproliferative action of NOS in 

mice bearing tumours is increased when it is 

loaded into LNCs. 

    By using Ki67 staining, the tumor tissues 

removed from mice were evaluated for cell 

proliferation. The cancer control group exhibited the 

greatest expression of Ki67, as shown in (Figure 4). 

Ki67 expression was reduced by NOS therapy; 

however, NOS-LNC treatment had the greatest effect. 

The anti-proliferative effect of NOS on neoplastic 

cells is demonstrated by these findings, and this 

effect was amplified upon loading into LNCs. 
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Figure 4 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Evaluation of Ki67 in tumor tissue from 

different groups by flow cytometry assay. Ki67 expression 

was evaluated in control group (a), cancer group (b), free 

NOS (c) and NOS-LNCs (d). e) Data presented as mean ± 

SEM, ns= non-significant, * P<0.05 (significant), **P<0.01 

(high significant) and ***P<0.001 (very high significant). 

 

3.6. The loading of NOS into LNCs improves 

its necrotic effect on tumor cells. 

A marked infiltration of hyperchromatic 

neoplastic cells was visible on histopathological 

analysis of mammary gland tissues from the cancer 

control group. When compared to the NOS-free 

treated group, the NOS-LNC-treated groups had 

moderate necrosis of malignant cells (Figure 5). 

Figure 5 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5 H&E-stained breast tissue sections from 

different experimental groups were examined 

histopathologically. a) Control group showed normal 

architecture of breast with Lactiferous duct (thick arrow) 

embedded in adipose tissue (thin arrow). b) Cancer group 

showed Well circumscribed solid papillary adenocarcinoma 

(thick arrow) with projection of proliferated cells. c) Free 

noscapine treated group showed Neutrophil infiltration (red 

arrow) and localized neoplastic cell necrosis (black arrow). 

d) NOS-LNCs treated group showed a mass of 

hyperchromatic small cells with moderate necrosis of the 

neoplastic cells (black arrow). All images are at 

magnification = 400, except image (a), which is at 

magnification power = 100×. 

 

 

 

3.7. NOS-induced overexpression of BAX 

and downregulation of BCL2 is enhanced when 

loaded into LNCs 

 

 

(Figure 6B) illustrates that the cancer control 

group had less BAX immunostaining than the groups 

that received free NOS (Figure 6C) or NOS-LNCs 

treatment (Figure 6D). Notably, the significant 

increase in BAX expression was seen in NOS-LNCs. 

In contrast, the cancer control group had the greatest 

level of BCL-2 expression, and BCL-2 expression 

was found to be downregulated during NOS 

medication (Figure 7). Furthermore, loading into 

LNCs appears to enhance NOS's ability to 

downregulate BCL-2. 
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Figure 6 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 6: Immunohistochemical analysis of breast 

gland tissue sections from different groups stained with 

BAX immunostaining. a) Control group showed negative 

immunostaining against BAX. b) Cancer group showed 

negative immunostaining against BAX. c) Free noscapine 

treated group showed mild positive immunostaining against 

BAX. d) NOS-LNCs treated group showed strong positive 

immunostaining against BAX. All sections stained with 

DAB immunostain, hematoxylin as counter stain. All 

images are at magnification = 400, except image (a), which 

is at magnification power = 100×. 

Figure 7 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7: Immunohistochemical analysis of breast 

gland tissue sections from different groups stained with 

BCL-2 immunostaining. a) Control group showed negative 

immunostaining against BCL-2. b) Cancer group showed 

strong positive immunostaining against BCL-2. c) Free 

noscapine treated group showed strong positive 

immunostaining against BCL-2. d) NOS-LNCs treated 

group showed mild positive immunostaining against BCL-

2. All sections stained with DAB immunostain, 

hematoxylin as counter stain. All images are at 

magnification= 400, except image (a), which is at 

magnification power = 100×. 

4. Discussion 

     The MTT assay confirmed the cytotoxic 

effect of NOS on cancer cell and the computed IC50 

of NOS-LNCs is much lesser than free NOS. 

Compared to free NOS, NOS-LNCs had a higher 

cytotoxic effect. Thus, as nanoparticles may 

effectively carry drugs and provide an enhanced 

permeability and retention (EPR) effect, they are used 

to target breast cancer cells with noscapine. 

Additionally, the plain LNCs proved to have no 

cytotoxic effect on the cell line in our study. LNCs 

have the following unique qualities; a high surface-

to-mass ratio, a regulated release, long-term stability, 

minimal toxicity, and a high entrapment effectiveness 

for hydrophobic medicines [17, 45, 46]. LNCs are 

also preferred because of their biological degradation 

and the fact that they do not stimulate the immune 

system [17, 45]. 

Also, we assess anticancer properties of NOS 

on orthotopic BC mouse model induced by mouse 

breast cancer cell line 4T1 that would mimic human 

triple-negative breast cancer. 

Nitric oxide causes tumors through a variety of 

mechanisms, such as: (a) genotoxic effect by 

producing toxic and mutagenic species, directly 

causing DNA strand breaks, nucleic acid oxidation 

and deamination, and poor DNA repair; (b) 

antiapoptotic effects by suppressing p53 activity, 

inhibiting caspase activity, over-expressing BCL-2, 
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stimulating cyclo-oxygenase (COX), preventing 

cytochrome C release, and ceramide production; (c) 

The angiogenic impact of nitric oxide  is mediated by 

vascular endothelial growth factor (VEGF) release, 

dilated endothelial nitric oxide synthase (eNOS)-

mediated arteriolar arteries, increased vascular 

endothelial hyperpermeability, increased tumor 

vasculature permeability, and the synthesis of 

proangiogenic substances; (d) elevated matrix 

metalloproteinase 2 (MMP2), MMP-9, and VEGF 

production lead to a metastatic effect; (e) decreased 

leukocyte infiltration and proliferation, which 

diminishes the immune response to the tumor [47]. 

So, the cancer group had the greatest amount of nitric 

oxide in our results. nitric oxide levels are 

dramatically reduced with NOS therapy. As reported 

in previous studies, NOS downregulation BCL-2 

expression, [11] as well as downregulates the 

expression of hypoxia-inducible factor-1 (HIF-1) in 

hypoxic tumor cells, which in turn decreases the 

production of vascular endothelial growth factor 

(VEGF) [13]. Second, NOS inhibits the formation of 

blood vessels by blocking endothelial cells' response 

to VEGF. Additionally, NOS may disrupt endothelial 

cell migration, which is essential for the development 

of arteries and veins [14, 15]. Since noscapine has 

antioxidant qualities and prevents ROS-induced 

apoptosis, which lowers the growth of tumors by 

removing oxygen free radicals (ROS) [48], Loading 

of noscapine into lipid nanocarriers would provide 

increased protection of tissues against dangerous 

reactive oxygen species [49]. This is consistent with 

our finding that NOS-LNCs are more effective in 

lowering NO levels. 

The final product of polyunsaturated fatty acid 

peroxidation in cells is malondialdehyde (MDA), a 

marker of oxidative stress. While CAT (catalase) 

activity and SOD (superoxide dismutase) activity are 

used as antioxidant markers, the catalase enzyme is 

responsible for the conversion of hydrogen peroxide 

into oxygen and water. The SOD enzyme, which 

catalyzes the conversion of superoxide radicals into 

regular molecular oxygen and hydrogen peroxide, 

was also measured. A byproduct of oxygen 

metabolism, superoxide damages cells if it is not 

controlled. In our findings, the cancer control group 

had the highest level of MDA and the least activity of 

both CAT and SOD. While the group with NOS 

medication showed a lower level of MDA and 

improved activity of both CAT and SOD, loading 

NOS into LNCs showed a more significant decrease 

in MDA level and a more significant increase in both 

CAT and SOD activity. The reason behind this is that 

NOS, the second-most abundant alkaloid found in 

opium and found in poppy blossoms, is thought to be 

responsible for the antioxidant action of poppy 

flowers, which has been reported to decrease MDA 

and increase both CAT and SOD activity in many 

previous studies in agreement with our results [50, 

51]. 

The proliferation biomarker Ki-67 is widely 

studied since it is found in all proliferating cells. 

Every active phase of the cell cycle, with the 

exception of the G0 phase, contains the nuclear 

nonhistone protein Ki-67 [52]. Furthermore, thought 

to be a breast cancer prognostic factor, and it has 

been studied in several research [53]. One of the 

characteristics of malignant tumors is increased 

proliferation. Accordingly, the cancer control group 

in our study had the largest percentage of Ki67+ 

population. NOS-LNCs medication group 

demonstrated a statistically significant reduction in 

the Ki67+ population level compared to the NOS 

medication group. Ki-67 expression indicates that 

NOS has potent anti-proliferative inhibitory effects 

[15]. In agreement with our study, numerous 
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investigations have reported on the antiproliferative 

activity of NOS on a variety of cancer types, 

including many drug-resistant variations [54-59]. The 

proliferation of cancer cells is inhibited due to NOS's 

antimitotic action. Noscapine is a cell cycle arresting 

anti-mitotic drug [60]. As noscapine, a medication 

that interferes with microtubules, can inhibit mitosis. 

This is largely because, in addition to their function 

in chromosomal movement during mitosis, 

microtubules also perform a number of other 

functions, such as cytoplasmic organization and 

axonal transport. Furthermore, the therapeutic use of 

alkaloids has been limited due to drug resistance 

caused by overexpression of P-glycoprotein [61]. In 

addition, LNCs enhanced the antiproliferative effect 

of noscapine. 

The protein tubulin, which is heterodimeric and 

binds guanine nucleotides to create the dynamic 

cytoskeletal filament known as microtubules, is the 

target of noscapine. Microtubules play a multitude of 

roles in cells, one of which is the regulation of cell 

cycle progression, which makes them a promising 

target for cancer treatment [62]. It has been 

demonstrated that noscapine arrests cell cycle in its 

tracks during mitosis by stoichiometrically binding to 

tubulin, changing its structure, and influencing 

microtubule production [63]. The anti-tubulin and 

anti-mitotic effects of noscapine are considered the 

main causes of cell death [64]. 

The expression of BAX and BCL-2 was 

investigated to evaluate the pro-apoptotic effect of 

NOS. In our study, there was a marked increase in the 

expression of BAX and a marked decrease in the 

expression of BCL-2 in the group that received NOS-

LNCs medication as compared to the group that 

received NOS medication. In contrast, the cancer 

control group showed a marked decrease in BAX 

expression and a marked increase in BCL-2 

expression. The primary pro-apoptotic protein in 

eukaryotic cells, BAX, is inactivated by a protein that 

is encoded by the BCL-2 gene. Furthermore, BCL-2 

is linked to the suppression of BAX/BAK 

oligomerization, which in turn suppresses the 

activation of many apoptogenic molecules [65]. In 

line with our data from this study, the anticancer 

effect of NOS and its efficacy on stimulation of 

apoptosis were reported in many previous studies 

[11, 59, 66-68]. Consequently, blocking Bcl2 

expression could be a useful strategy in the battle 

against breast cancer. Noscapine causes apoptosis via 

upregulating the expression of genes that promote 

apoptosis and downregulating that of genes that 

oppose it. Consequently, it causes an increase of the 

BAX expression and a decrease of the BCL-2 

expression [11]. 

5. Conclusion  

      In conclusion, NOS, a plant-derived compound 

with antitussive characteristics, has exhibited various 

pharmacological effects in recent cellular studies. 

These effects encompass its cytotoxic impact on 

cancer cells, antioxidant attributes through the 

reduction of ROS levels and inhibition of NO, 

inhibition of cancer cell proliferation, promotion of 

apoptosis via modulation of BAX and BCL-2 

expression, and regulation of microtubule dynamics. 

Additionally, the encapsulation of NOS into LNCs 

enhanced its therapeutic potential by improving its 

solubility, facilitating the drug delivery to tumor 

cells, shielding the NOS from degradation, and 

prolonging its circulation half-life. 
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