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Abstract---Breast cancer is the second leading cause of cancer deaths 
among women. The development of breast cancer is a multi-step 

process involving multiple cell types, and its prevention remains 

challenging in the world. Early diagnosis of breast cancer is one of the 

best approaches to prevent this disease. In some developed countries, 

the 5-year relative survival rate of breast cancer patients is above 80% 

due to early prevention. For people presenting without metastatic 
disease, therapeutic goals are tumor eradication and preventing 

recurrence. Ocimum basilicum L. (Basil) is a plant that has a place 

with the family Labiatae, also basil leave have activities intense cancer 

prevention agents, curbs aging, is an anticancer, antiviral, and has 

antimicrobial properties. This study aimed to determine effect of 
nanotechnology with basil as synergism effect on breast cancer cell 

also showing the side effect of treatment on normal cells. In this work 

breast cancer cells (MDA and MCF7) was treated with Iron 

nanoparticle that prepared by Cold Atmospheric Plasma (CAP) and 

Ocimum Basilcum L. (Basil) as synergism effect on the cells. The 

result of MCF7 cell growth inhibition percent by synergism treatment 
was (77.33%) after 72 hours of culturing, as well as MDA cells growth 

inhibition was (80.67%) after 72 hours of incubation. In other side, 

the results showing low inhibition of growth to normal cell (REF) that 

was (27.33%) in 72 hours period. The results showed basil and Iron 

nanoparticles have synergism efficacy on MCF7 and MDA cells also 
less side effect on REF cells and that positive indicate of basil as 

treatment of breast cancer.  
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Introduction 

 

Breast cancer is the most common cancer among women and one of the most 

important causes of death among them.[1] It is a multifactorial disease[2] and 
various factors contribute to its occurrence. Although the disease occurs all over 

the world, its incidence, mortality, and survival rates vary considerably among 

different parts of the world, which could be due to many factors such as 

population structure, lifestyle, genetic factors, and environment.[3] Changes in 

risk factors have led to an increase in the prevalence of breast cancer, which is 

increasing every day.[4] Breast cancer is commonly handled with surgical 
treatment, which can be followed by way of chemotherapy or radiation therapy, or 

both. A multidisciplinary approach is prime.[5] Hormone receptor-effective 

cancers are often handled with hormone-blockading therapy over courses of 

several years. Monoclonal antibodies, or other immune-modulating remedies, can 

be administered in positive cases of metastatic and other advanced tiers of breast 
most cancers.[6] 

 

In other side, Basil is an English name for Ocimum basilicum L., while it is called 

Basilic, Basilikum and Albahaca, in French, German and Spanish, respectively. It 

is also called reihan and rehan in Persian and Arabic language, respectively.[7]  

Today, it is assessed that 80% of the total populace depends on plant 

arrangements as medication to meet their wellbeing needs [8]. Ocimum basilicum 
L. (Basil) is a plant that has a place with the family Labiatae and has 

demonstrated its capability to help deflect a few ailments in different nations.[9] 

The crucial oil from european basil contains excessive concentrations of linalool 

and methyl chavicol (estragole), in a ratio of about 3:1.[10] Different elements 

consist of: 1,8-cineole, eugenol, and myrcene, amongst others.[11] The clove 

heady scent of sweet basil is derived from eugenol.[12] The aroma profile of basil 
consists of 1,eight-cineole[13] and methyl eugenol.[12] In this species eugenol is 

synthesised from coniferyl acetate and NADPH.[14] Numerous examinations have 

built up that basil leave activities have intense cancer prevention agents, curbs 

aging, is an anticancer, antiviral, and has antimicrobial properties.[15] The aims 

of this study were the production of Iron nanoparticles with basil extract using 
cold atmosphere plasma (CAP) method, after which the mixture was applied to 

treat breast cancer by investigating the synergistic effect of the mixture on the 

growth ratio of cancer cells in vitro (MCF7 and MDA). In addition the side effect of 

Synergism on normal breast cells (REF) was examined. 

 

Materials and Methods  
 

Extraction 

 

Sample collection  

 

In the current study Basil was collect freshly from Dyala Government/ Hebheb 
gardens/Iraq at last of October 2020. From collected  Basil was extract the leave 

part only, then the leaves collected was dehydrate  for 14 days before extraction  

using Soxhlet extraction method using Absolute Ethanol (99% )  [16].After 

extraction the solvent is removed, typically by using a rotary evaporator, yielding 

the extracted compound (Estragole, Linalool, heptadecene-(8)-carbonic acid, 
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Trans-anethole and Methyleugenol ); the non-soluble portion of the extracted 

solid remains in the thimble.[17]  

 
GC-MS analysis 

 

The GC-MS analysis of the plant extract (basil) was made in a Agilent 7890 A 

instrument under computer control at 70 eV. About 1 μl of the basil extract was 

injected into the GC-MS using a micro syringe and the scanning was done for 45 

min. As the compounds were separated, they eluted from the column and entered 
a detector which was capable of creating an electronic signal whenever a 

compound was detected. The greater the concentration in the sample, bigger was 

the signal obtained which was then processed by a computer. The time from when 

the injection was made (Initial time) to when elution occurred is referred to as the 

retention time (RT). The M/Z (mass/charge) ratio obtained was calibrated from 
the graph obtained, which was called as the mass spectrum graph which is the 

fingerprint of a molecule. Before analyzing the extract using gas chromatography 

and mass spectroscopy, the temperature of the oven, the flow rate of the gas used 

and the electron gun were programmed initially. The temperature of the oven was 

maintained at 100°C. Helium gas was used as a carrier as well as an eluent. The 

flow rate of helium was set to 1 ml/min. The identity of the components in the 
extracts was assigned by the comparison of their retention indices and mass 

spectra fragmentation patterns with those stored on the computer library and 

also with published literatures. Compounds were identified by comparing their 

spectra to those of the Wiley and NIST/EPA/NIH mass spectral libraries.[18] 

 
Nanoparticles formation: 

 

Cold Atmospheric Plasma (CAP) method 

 

Iron nitrate [Fe(NO3)3] nanoparticle was formed by use cold atmospheric plasma 

(CAP). Plasma generator used located in the University of Baghdad/ faculty of 
Sciences for females/department of physical science exactly in the thin 

membranes laboratory, as well as, the plasma was applied on the mixture of Iron 

for 10 second, Basil extract and Deionized water, in the fact, the mixture was 

calculated by the Molarity equation (equation 1),  

 
… (1) 

Where is the (WT) is sample weight by unit Gram, M is Molarity by unit 

Mole/Litter, (M.WT) is molecular weight by unit Gram/Mole and (V. (ml) ) is 

Volume by unit Milliliter [19] 

 

Cell line 
   

In this part of study three type of cell line (MCF7, MDA, and REF) were in 

Technology Research Center/ Molecular and Medical Biotechnology department of 

Al-Nahrin University. 
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Viable Cells Count 

 

Tissue culture flasks which contain cancer cells are received, and growth medium 

is decanted off, then the flasks are washed twice using 1mL of trypsin-versene 
EDTA (Ethylene Diamine Tetra Acetic) solution. After washing, 1mL of trypsin 

versene is added to the flask and incubated 2-5 min. for cells detachment, then 4-

5mL of PRMI growth medium (contains 10% FBS) is added to the flask. Then the 

cells are counted using counting chamber by inverted microscope (400x) to detect 

the viable cells. The following formula is used to compute the count of cells per 

volume unit (cell/mL) [20] 
 

       … (2) 

Where, c is the viable cells count (per mL), n is the number of counted viable 

cells, while is the dilution factor (equal to 10). 

 
Real time polymerase chain reaction [RT-qPCR] 

 

The genetic analysis was done for the treated cells using the primers, to detect the 

effect of proposed therapies, so that  top result of gene expression in the current 

study(Iron nanoparticle with basil extract) applied to RT-qPCR on these genes. 

The process located in Technology Research Center/ Molecular and Medical 
Biotechnology department of Al-Nahrin University. The following steps was 

describe RT-qPCR technique. 

 

RNA extraction 

 
The RNA Mini Prep provides a streamlined method for the purification of up to 50 

μg (per prep) of high-quality RNA directly from samples in TRI Reagent. Total 

RNA, including small RNAs (17-200 nt), is effectively isolated from a variety of 

sample sources (blood). Isolation of RNA by conventional phase separation was 

shown to selectively enrich for some species of miRNA, leading to bias in 

downstream analysis. The Direct-zol™ method assures unbiased recovery of small 
RNAs including miRNA. 

 

The procedure is easy. Simply apply a prepared sample in TRI Reagent® directly 

to the Zymo-Spin™ IIC Column and then spin, wash, and elute the RNA. No 

phase separation, precipitation, or post-purification steps are necessary. The 
eluted RNA is high quality and suitable for subsequent molecular manipulation 

and analysis (including RT-qPCR). 

 

Conversion of RNA to cDNA  

 

PrimeScriptTM RT reagent Kit is designed to perform the reverse transcription 
optimized for RT-qPCR. It uses PrimeScriptTM RTase, which features excellent 

extendibility and makes fast, efficient cDNA template synthesis for Real Time PCR 

possible. The step experimental procedure is simple and suitable for high 

throughput analysis. This kit can be used in combination with Real Time PCR 

reagent, SYBR® Premix. 
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Gene Expression Fold Change Analysis 

 

RT-qPCR is used for quantification of the levels of gene expression. The measured 
CT values during thermal reaction are recorded to compute the following 

measurements [21] 

 

Results and Discussion  

 

The current study was give more than important result as following sequence 
 

GC-MS analysis 

 

GC-MS analysis for  the dry leave extract  using Absolute Ethanol (99% ) as a 

solvent  was carried  out , many  compounds were found , these compounds with 
their main benefits were summarized in Tables (1). 

 

Table 1: GC-MS results  of the main compounds found  in  the  dry basil leaves 

extract using ethanol (99%) with  its benefit 

 

# RT Area% Compound Name Main Benefit 

1 22.602 11.76 Estragole Anticancer, antioxidant and 

antimicrobial activities[22][23]  

2 52.459 22.22 Linalool antibacterial and anticancer 

activity[23] [24] 

3 49.195 3.36 Methyleugenol Antioxidant activity and 

hepatoprotective effect[25] 

4 49.830 3.00 Trans-anethole antimicrobial, anti-inflammatory,  

anticancer and antioxidant 

properties[26] 

5 48.361 4.98 n-Hexadecanoic acid 

Octadecanoic acid 

essential for the synthesis of 

various hormones[27] 

6 56.894 2.26 heptadecene-(8)-carbonic 
acid 

Antioxidant[28] 

7 57.677 4.75 Cycloheptane hydrocarbon pneumonitis[29] 

8 58.014 23.35 Oleic Acid reduce the cardiovascular 

risk[30] 

9 58.168 16.65 2-octyl-Cyclopropaneoctanal immune boosters[31] 

10 58.729 7.66 1,8-Cineole Induce apoptosis [26] 

 

As mentioned above, basil extract showed many contents that act anti-oxidant 

and anti-proliferative such as [Estragole (11.76%), Linalool (22.22%), 

heptadecene-(8)-carbonic acid (2.26%), Trans-anethole(3.00%) and Methyleugenol 
(3.36%)], The chemical components of sweet basil have been described in several 

reports and main ingredient of basil present in this study was compatible with 

several recent studies.[32] 

 

Atif B.A.Mohammed study showed higher activity observed from basil as anti-
proliferative activity towards the three cell lines,[33] also Renan Gianoti Torres 
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study was approved that basil extract is efficient against the human breast cancer 

cell line compared with other extract,[34]  

 

Nanoparticles 
 

In this study period (10 sec.) of atmospheric cold plasm were applied to Iron in 

order to form nanoparticles, that identified by AFM, SEM, FTIR and Xrd as the 

following Figure 1(A,B,and,C, respectively) 

 

A                                           B                                         C 

 
Figure 1: Identifications of nanoparticle by (A: AFM, B: SEM and C: Xrd) 

 

The FT-IR chart was represented in the following Figure (2) 
 

 
Figure 2: FTIR of Iron nanoparticle prepared by CAP 

 

Cell line 

 

In the current study, three cell lines [MCF7, MDA and REF] were treated with two 

groups of nanoparticles Iron nanoparticle (FeNp) and Iron (Fe)  nanoparticle with 
extract (E) as combination, also detect the cytotoxicity for each cell line and gene 

expression was identified for combination group only because of this group give 

high result of growth inhibition as showing below. The cytotoxicity was calculated 

for breast cancer cell lines, MCF7 and MDA under different doses of FeNp alone 

100ppm, 50ppm, and 25 ppm, and the combinations of three doses of FeNp and 
E also were assay, at Fe100E5= 100ppm+5μg, Fe50E5= 50 ppm+5μg, Fe25E5= 

25 ppm+5μg, Fe100E10= 100 ppm+10μg, Fe50E10= 50 ppm+10μg, Fe25E10= 25 
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ppm+10μg, Fe100E20= 100 ppm+20μg, Fe50E20= 50 ppm+20μg, and Fe25E20= 

25 ppm +20μg to be compared with the impact of these treatments on the REF 

normal breast tissue cell line. The potential of effectiveness of combined 
treatments was evaluate. As following: 

 

MCF7 

 

After 72hrs incubation, the maximum growth inhibition percent (GI) was 78% in 

case of Fe100E10 as shown in Figure (3) and Table (2). also all the combination 
showed synergism effect as appear in Figure (4). 

 

Table 2: Growth inhibition (GI%) and standard division (SD) for Iron (after 

incubation 72hr) nanoparticle and combination 

 

Iron Nanoparticle Combination 

 Dose  GI% ±SD  Dose  GI% ±SD 

 
25 ppm 

 
67.66 

 
3.8 

Fe25E5 63.66 5.5 

Fe50E5 69 1 

Fe100E5 71 1 

 
50 ppm 

 
68.33 

 
3.2 

Fe25E10 69.33 1.2 

Fe50E10 74 3.6 

Fe100E10 78 1 

 

100 ppm 

 

71 

 

2.7 

Fe25E20 71 1.7 

Fe50E20 75 2 

Fe100E20 77.33 2.1 

 

 
Figure 3: Growth inhibition rate MCF7 cytotoxicity (72hrs incubation) [***: (P 

value = 0.0001) highly significant] 
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Figure 4: Synergic effect in MCF7 (72hrs incubation) (A) combination 

Indexes (B) isobologram analysis 

 

The result of 72 hours incubation for MCF7 cell line and also treated with Iron 
nanoparticle and combination with extract was increase the rate of GI with 

concentration and that meaning the efficacy and death rate of Iron, Extract and 

combination nanoparticles was increase with concentration,  also cytotoxicity of 

treatments was highly significant effect on MCF7 at 72hr of incubation as 

illustrated in Figure (4). 
 

MDA 

 

In MDA cell line 72hr incubation, maximum cytotoxicity was 77.33% in case of 

Fe100E20, as shown in Figure (5) and Table (3). All combinations showed strong 

synergism effect, as illustrated in Figure (6) 
 

Table 3: Growth inhibition (GI%) and standard division (SD) for Iron (after 

incubation 72hr) and combination nanoparticle 

 

Iron Nanoparticle Combination 

 Dose  GI% ±SD  Dose  GI% ±SD 

 

25 ppm 

 

74.67 

 

2.3 

Fe25E5 77 2 

Fe50E5 78.67 3.2 

Fe100E5 80.67 2.1 

 

50 ppm 

 

75.33 

 

2.1 

Fe25E10 75 2 

Fe50E10 78.67 1.5 

Fe100E10 81.67 1.5 

 
100 ppm 

 
77.33 

 
0.6 

Fe25E20 71.33 1.5 

Fe50E20 78.67 3.2 

Fe100E20 80.67 2.1 
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Figure 5: Growth inhibition rate MDA cytotoxicity (72hrs incubation)[****: (P value 

<0.0001) highly significant] 
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Figure 6: Synergic effect in MCF7 (72hrs incubation) (A) combination 

indexes (B) isobologram analysis 
 

As showed, the result of 72 hours incubation for MDA cell line treated with Iron 

nanoparticle and combination was increase the rate of GI with concentration and 

that meaning the efficacy and death rate of Iron nanoparticle and combination 

was increase with concentration, also cytotoxicity of treatments was highly 
significant effect on MDA at 72hr of incubation as illustrated in Figure (6). In 

addition Ramanuj K Gupta study observed significant decrease in cell survival in 

(MCF-7, MDA-MB-468 and MDA-MB 231) cancer cell lines when treated with 

leaves of basil extracts. [35] 

 

REF 
 

After 72hrs incubation, did not showed any cytotoxicity, the maximum 

cytotoxicity was 48% in case of Fe25E5 as shown in Figure (7) and Table (4). All of 

combinations showed additive effect, except Fe100E20 showed synergism effect at 

all, Figure (8). 
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Table 4: Growth inhibition (GI%) and standard division (SD) for Iron (after 

incubation 72hr) and combination nanoparticle 

 

Iron Nanoparticle Combination 

 Dose  GI% ±SD  Dose  GI% ±SD 

 

25 ppm 

 

37.33 

 

2.1 

Fe25E5 35.33 3.5 

Fe50E5 33.33 2.3 

Fe100E5 30.33 2.5 

 

50 ppm 

 

36.33 

 

3.1 

Fe25E10 37 2 

Fe50E10 32.67 2.9 

Fe100E10 31.33 3.5 

 
100 ppm 

 
34.33 

 
3.1 

Fe25E20 37 2 

Fe50E20 30.33 1.5 

Fe100E20 27.33 1.5 

 

 
Figure 7: Growth inhibition rate REF cytotoxicity (72hrs incubation)[**:( P value= 

0.0011) highly significant] 
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Figure 8: Synergic effect in MCF7 (72hrs incubation) (A) combination 

indexes (B) isobologram analysis 
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Gene expression analysis 

 

Gene expression analysis was evaluated for different proteins by using Ct values 
of RT-qPCR analysis, P53 in human breast cancer cell lines MCF7 and MDA, 

using a combination of Iron nanoparticle and Basil extract with dose 100 ppm of 

Iron and 20 µg basil extract in MCF7 and MDA. In MCF7 cells, the P53 was 

upregulated after 72hr incubation, also in MDA cells, the P53was upregulated 

72hr of incubation.  

 

 
Figure 9: Gene expression analysis of MCF7 and MDA at 72h period 

 
The result above showed the mixture was induced upregulation of p53 expression 

in MCF7 and MDA cells as showed in Figure (9), indicating these compounds are 

able to activate and stabilise p53 protein expression. That may be done by RNA 

damage and that lead to cell apoptosis. 

 

Conclusion 
 

Basil extract in dry form with Iron nanoparticle give high efficacy as anti-

proliferative as appear above, MCF7 cells were inhibit when treated with 

combination of Iron nanoparticle and basil extract more than Iron nanoparticle 

alone, also the MDA cells were inhibit in same matter, also as showed the efficacy 
of combination on MDA cells more than MCF7, in addition the gene expression 

result appear upregulation of P53 gene in MCF7 and MDA that point to apoptosis, 

all that indicate the efficacy of basil extract. In other side the REF cells were less 

inhibit when treated with combination than Iron nanoparticle alone, so that give 

positive feedback of basil as less side effect breast cancer treatment. 

 
Reference  

 

1. A. B. A. Mohammed et al., “Chemical profile, antiproliferative, antioxidant 

and enzyme inhibition activities of Ocimum basilicum L. and Pulicaria 

undulata (L.) CA Mey. grown in Sudan,” South African J. Bot., vol. 132, pp. 

403–409, 2020. 
2. Á. Calín-Sánchez, K. Lech, A. Szumny, A. Figiel, and Á. A. Carbonell-



         9266 

Barrachina, “Volatile composition of sweet basil essential oil (Ocimum 

basilicum L.) as affected by drying method,” Food Res. Int., vol. 48, no. 1, pp. 

217–225, 2012. 

3. A. Cvetanović et al., “Chemical and biological insights on aronia stems 

extracts obtained by different extraction techniques: From wastes to 
functional products,” J. Supercrit. Fluids, vol. 128, pp. 173–181, 2017, doi: 

10.1016/j.supflu.2017.05.023. 

4. A. F. Ahmed, F. A. K. Attia, Z. Liu, C. Li, J. Wei, and W. Kang, “Antioxidant 

activity and total phenolic content of essential oils and extracts of Sweet basil 

(Ocimum basilicum L.) plants,” Food Sci. Hum. Wellness, vol. 8, no. 3, pp. 

299–305, 2019. 
5. A. Hamil, K. M. Khalifa, A. A. Almutaleb, and M. Q. Nouradean, “Synthesis, 

Characterization and Antibacterial Activity Studies of Some Transition Metal 

Chelates of Mn(II), Ni(II) and Cu(II) with Schiff Base Derived from 

Diacetylmonoxime with O-phenylenediamine,” Adv. J.  Chem. A, vol. 3, no. 4, 

pp. 524–533, 2020, doi: 10.33945/SAMI/AJCA.2020.4.13. 

6. A. Joshi, O. Prakash, A. K. Pant, R. Kumar, L. Szczepaniak, and K. 
Kucharska-Ambrożej, “Methyl Eugenol, 1, 8-Cineole and Nerolidol Rich 

Essential Oils with their Biological Activities from three Melaleuca Species 

Growing in Tarai Region of North India,” Brazilian Arch. Biol. Technol., vol. 64, 

2022. 

7. A. M. Hamza, “Newcastle disease Virus therapy for transplanted tumors in 

combination with chemotherapy.” Ph. D. Thesis, Collage of Veterinary 
Medicine, University of Baghdad, 2009. 

8. A. Sharma, “Design Of Modified 2-Dimesional Mechanism For Various 

Operations In Peppermint Plant For Rural India,” 2021. 

9. C. S. Alaribe, M. Lawal, R. Momoh, U. Idaholo, P. Mudabai, and A. A. Adejare, 

“Phytochemical and Toxicological Properties of Sclerotium from the Edible 

Fungus-Pleurotus tuber-regium. Trop J Nat Prod Res. 2018; 2 (5): 235-239. 
doi. org/10.26538/tjnpr/v2i5. 6 2018 Natural Product Research Group, 

Faculty of Pharmacy, University of Beni,” All rights Reserv. Isol. from fungi 
fruiting bodies Incl. 

10. D. M. Parkin and L. M. G. Fernández, “Use of statistics to assess the global 

burden of breast cancer,” Breast J., vol. 12, pp. S70–S80, 2006. 

11. E. Manaloto et al., “Cold atmospheric plasma induces silver nanoparticle 

uptake, oxidative dissolution and enhanced cytotoxicity in glioblastoma 
multiforme cells,” Arch. Biochem. Biophys., vol. 689, p. 108462, 2020. 

12. Eviasty, N., Daud, N. A., Hidayanty, H., Hadju, V., Maddeppungeng, M., & 

Bahar, B. (2021). The effect of personal coaching on increasing knowledge, 

attitudes, and actions about lactation nutrition, uterial involution, and lochea 

in public mothers. International Journal of Health & Medical Sciences, 4(1), 

155-163. https://doi.org/10.31295/ijhms.v4n1.1669 
13. F. V. Moghadam, R. Pourahmad, A. Mortazavi, D. Davoodi, and R. 

Azizinezhad, “Use of Fish Oil Nanoencapsulated with Gum Arabic Carrier in 

Low Fat Probiotic Fermented Milk,” Food Sci. Anim. Resour., vol. 39, no. 2, pp. 

309–323, Apr. 2019, doi: 10.5851/kosfa.2019.e25. 

14. G. N. Hortobagyi et al., “The global breast cancer burden: variations in 

epidemiology and survival,” Clin. Breast Cancer, vol. 6, no. 5, pp. 391–401, 

2005. 
15. J. Bassaganya-Riera, R. Hontecillas, and M. J. Wannemuehler, “Nutrition 



 

 

9267 

impact of conjugated linoleic acid: A model functional food ingredient,” Vitr. 
Cell. Dev. Biol., vol. 38, no. 3, pp. 241–246, 2002. 

16. J. Ferley, I. Soerjomataram, and M. Ervik, “Cancer incidence and mortality 

worldwide: IARC CancerBase No,” 2013. 
17. K. Bączek, O. Kosakowska, M. Gniewosz, I. Gientka, and Z. Węglarz, “Sweet 

basil (Ocimum basilicum L.) productivity and raw material quality from 

organic cultivation,” Agronomy, vol. 9, no. 6, p. 279, 2019. 

18. K. J. Walters and R. G. Lopez, “Hydroponic Basil Production: Temperature 

Influences Volatile Organic Compound Profile, but Not Overall Consumer 

Preference,” Horticulturae, vol. 8, no. 1, p. 76, 2022. 

19. K. S. Silva-Alves et al., “Estragole blocks neuronal excitability by direct 
inhibition of Na+ channels,” Brazilian J. Med. Biol. Res. = Rev. Bras. Pesqui. 
medicas e Biol., vol. 46, no. 12, pp. 1056–1063, Dec. 2013, doi: 

10.1590/1414-431X20133191. 

20. M. A. Alkhateeb et al., “Low-temperature extracts of Purple blossoms of basil 

(Ocimum basilicum L.) intervened mitochondrial translocation contributes 

prompted apoptosis in human breast cancer cells,” Biol. Res., vol. 54, 2021. 

21. M. K. Swamy, G. Arumugam, R. Kaur, A. Ghasemzadeh, M. M. Yusoff, and U. 
R. Sinniah, “GC-MS Based Metabolite Profiling, Antioxidant and 

Antimicrobial Properties of Different Solvent Extracts of Malaysian 
Plectranthus amboinicus Leaves,” Evidence-Based Complement. Altern. Med., 
vol. 2017, p. 1517683, 2017, doi: 10.1155/2017/1517683. 

22. M. Patel, R. Lee, E. V Merchant, H. R. Juliani, J. E. Simon, and B. J. Tepper, 

“Descriptive aroma profiles of fresh sweet basil cultivars (Ocimum spp.): 

Relationship to volatile chemical composition,” J. Food Sci., vol. 86, no. 7, pp. 
3228–3239, 2021. 

23. M. Zahid, M. Arif, M. A. Rahman, K. Singh, and M. Mujahid, “Solvent 

Extraction and Gas Chromatography–Mass Spectrometry Analysis of Annona 

squamosa L. Seeds for Determination of Bioactives, Fatty Acid/Fatty Oil 

Composition, and Antioxidant Activity,” J. Diet. Suppl., vol. 15, no. 5, pp. 

613–623, Sep. 2018, doi: 10.1080/19390211.2017.1366388. 
24. M. Zendehdel, B. Niakan, A. Keshtkar, E. Rafiei, and F. Salamat, “Subtypes 

of benign breast disease as a risk factor for breast cancer: A systematic 

review and meta-analysis protocol,” Iran. J. Med. Sci., vol. 43, no. 1, p. 1, 

2018. 

25. N. Dhar et al., “Characterization of a sweet basil acyltransferase involved in 

eugenol biosynthesis,” J. Exp. Bot., vol. 71, no. 12, pp. 3638–3652, Jun. 
2020, doi: 10.1093/jxb/eraa142. 

26. P. Thiviya, A. Gamage, D. Piumali, O. Merah, and T. Madhujith, “Apiaceae as 

an Important Source of Antioxidants and Their Applications,” Cosmetics , vol. 

8, no. 4. 2021, doi: 10.3390/cosmetics8040111. 

27. R. G. Torres et al., “Ocimum basilicum but not Ocimum gratissimum present 

cytotoxic effects on human breast cancer cell line MCF-7, inducing apoptosis 

and triggering mTOR/Akt/p70S6K pathway,” J. Bioenerg. Biomembr., vol. 50, 
no. 2, pp. 93–105, 2018. 

28. R. K. Ahmad, K. F. Dizaye, and A. A. AL-Asady, “Cytotoxic Effects of Pistacia 

khinjuk Seed Extracts on Different Cell Lines and its Mitogenic Effects on 

Blood Lymphocyte In Vitro,” Cihan Univ. Sci. J., vol. 4, no. 1, pp. 13–20, 

2020, doi: 10.24086/cuesj.v4n1y2020.pp13-20. 



         9268 

29. R. K. Gupta, D. Kumari, and A. K. Saxena, “Antiproliferative and Antioxidant 

effect of Ocimum tenuiflorum leaves extract on Breast cancer cell lines: In 

vitro study,” Ann. Rom. Soc. Cell Biol., vol. 25, no. 6, pp. 6433–6442, 2021. 

30. S. Guram et al., “Multidisciplinary intervention in radiation-associated 

angiosarcoma of the breast: patterns of recurrence and response to 
treatment,” Ann. Surg. Oncol., vol. 29, no. 1, pp. 522–532, 2022. 

31. S. Nautiyal, K. C. Smitha, and H. Kaechele, “Medicinal plant biodiversity in 

India: harnessing opportunities for promoting livelihood and food security,” in 

Socio-economic and Eco-biological Dimensions in Resource use and 
Conservation, Springer, 2020, pp. 135–169. 

32. S. R. Hindi, “on Gene Expression of Newcastle Disease Virus,” vol. 5, no. 11, 
2017. 

33. S. Wang, H. Chen, and B. Sun, “Recent progress in food flavor analysis using 

gas chromatography–ion mobility spectrometry (GC–IMS),” Food Chem., vol. 

315, p. 126158, 2020. 

34. Suryasa, I. W., Rodríguez-Gámez, M., & Koldoris, T. (2022). Post-pandemic 

health and its sustainability: Educational situation. International Journal of 
Health Sciences, 6(1), i-v. https://doi.org/10.53730/ijhs.v6n1.5949 

35. T. Shiratori et al., “Singular value decomposition analysis of the secondary 
structure features contributing to the circular dichroism spectra of model 

proteins,” Biochem. Biophys. Reports, vol. 28, p. 101153, 2021, doi: 

https://doi.org/10.1016/j.bbrep.2021.101153. 

36. V. Suryawanshi, “Extraction and isolation of clerodane as a bioactive 

molecule from Tragia ramosa,” J. Pharmacogn. Phytochem, vol. 8, pp. 1135–

1138, 2019. 
37. Z. S. Alshlmany, “Histopathological study of breast cancer in Libyan Patients 

in eastern region between years (2015 to 2018),” 2019. 


