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ABSTRACT                                                                                                                                                                                                      Published online: May 19, 2026 

Nanomaterial based biosensor have emerged apromising approach that 

demonstrates great progress in the diagnosis of breast cancer with increased 

sensitivity and selectivity compared to conventional detection methods. These 

nanomaterials may allow for combinatorial detection capabilities that could 

provide simultaneous identification of multiple biomarkers in order to reach an 

accurate tumor classification, by using quantum dot imaging and carbon nanotube 

electrical sensing. However, this field faces challenges that must be addressed 

before widespread application of clinical. Key among these is the need to 

standardize methods and protocols to ensure reproducibility and minimize non-

specific correlations. Furthermore, ensuring the nanomaterial,s safety and bio-

compatibility, as well as the toxicity of a diagnostic methods, are essential 

elements for their success in future patient care.                 
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1. INTRODUCTION 

In 2020, female breast cancer ranks fifth globally in terms of cancer death and is the primary cause of cancer incidence worldwide. 

Based on the expression of biomarkers including progesterone receptors (PR), human epidermal growth factor receptor 2 and 

estrogen receptors (ER), breast cancer can be divided into several subtypes. Decisions about systemic treatment for breast cancer 

also depend heavily on the examination of these biomarkers [1] Nanotechnology has become one of the most significant fields in 

the development of novel treatment approaches for breast cancer in the past 20 years [4-6]. The use of nuclear medicine has proven 

its therapeutic effectiveness in treating various types of breast cancer tumors, and targeted drug delivery has been achieved through 

the study of different types of nanoparticles such as polymer nanoparticles, micelles, and carbon nanotubes. A tumor marker as the 

target molecule, a bioreceptor as the recognition element, and an appropriate biotransducer  that is highly selective and affinity-

oriented are the usual components of a cancer detection biosensor [7]. Numerous biosensing platforms, including physical, optical, 

and electrochemical biosensors, have been developed and used to detect the targeted biomarkers in order to get around the earlier 

challenges[8]. Nanomaterials can be used to create biosensing platforms with remarkable mechanical, optical, magnetic, and 

electrical characteristics. By expanding the transducing area of the sensors, nanomaterials can improve catalytic activity. 

Nanoparticles' electroactive qualities toward specific reactions have been extensively used in biosensing applications. When sample 

size is critical, nanoscale structures offer distinct advantages due to their enormous surface area-to-volume ratio, regular shape, and 
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compact structure, making them suitable for use in biosensors [9]. However, to attain more specificity in biosensing, developments 

in nanomaterial biofunctionalization are essential. In order to provide particular recognition for biosensing, nanomaterials can be 

"decorated" with various (bio)receptors [10-15]. This comprehensive review paper describes Nanomaterial-based biosensors for 

early breast cancer detection.   

                                                   

2. TYPES OF NANOMATERIALS USED IN BIOSENSOR  

Numerous nanomaterial kinds have been thoroughly investigated for the creation of biosensors to identify breast cancer biomarkers. 

The target biomarker, the intended sensing mechanism, and the particular needs of the biosensing platform are some of the variables 

that influence the choice of nanomaterials[16].                                      

2.1.Carbon-based nanomaterials 

Carbon-based nanomaterials, like carbon nanotubes, graphene and its derivatives, nanodiamonds, fullerenes, and other nanosized 

carbon allotropes, have been growing rapidly in recent years, leading to an exponential growth. Their large specific surface area, 

high electrical and thermal conductivity, special optical qualities, and superior mechanical properties are all attributed to their small 

size and comparable size to many basic biomolecules , A wide range of applications can be opened up due to the endless possibilities 

for modification and customization offered by carbon nanomaterials. Fullerene derivatives are used for solar energy scavenging, 

and graphene is widely used in flexible electronics  , Molecular recognition capabilities have been incorporated into carbon 

nanotubes and graphene quantum dots have gained widespread usage for bio-imaging and sensing due to their photoluminescence 

properties  , It has been proven that nanoodiamonds are advantageous for nanoscale temperature sensing and super-resolution 

imaging[17-20] and figure1[21] .                                                                                                                 

 
Figure 1: Carbon-based nanomaterials[21] 

 

2.2. Nanoparticles 

The physical properties of nanoparticles are unique . Gold nanoparticles (AuNPs), silver nanoparticles (AgNPs), palladium 

nanoparticles (PdNPs), and platinum nanoparticles (PtNPs) are widely used due to their excellent optical properties, This includes 

surface plasmonic resonance, which can be used for colorimetric detection or detection via surface-enhanced Raman scattering. 

[22–25].                                                                                                                                                                                                    

2.3. Nanowires and nanotubes 

Due to their one-dimensionality, nanowires and nanotubes have a unique function. Van Hove singularities are singularities in the 

electronic density of states that appear at specific energies when the diameter of a nanowire or nanotube decreases. These 

singularities are more similar to the case of molecules and atoms, but they appear to be very different from the case of crystalline 

solids or even two-dimensional systems. Thus, new quantum phenomena related to this distinctive 1-D density of states feature are 

seen in the limit of small diameters, The topics covered in this article include bismuth nanowires and single-wall carbon nanotubes. 

Generally, it is anticipated that a long thin nanowire [26] or a single wall nanotube constructed from a single atomic layer shell [27] 

will display significant quantum effects at small diameters. Because of their distinct electrical characteristics and high surface-to-

volume ratios, semiconductor nanowires and nanotubes are ideal for detection, sensitive electrochemical detection methods are 
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used; for example, nuclear silicon wires can be modified using components known to develop highly sensitive biosensors for 

detecting cancer biomarkers. [28,29].                                                     

2.4. Magnetic nanoparticles  

Particles that can be controlled by magnetic fields are known as magnetic nanoparticles. These particles have a functional chemical 

coating on top of a core composed of magnetic materials including iron, nickel, and cobalt. Due to their superparamagnetic nature, 

magnetic nanoparticles lose their magnetization when exposed to a magnetic field. The presence of this feature makes particle 

aggregation less likely. The use of magnetic nanoparticles as MRI contrast agents is feasible due to their super paramagnetism and 

super ferromagnetism properties with respect to magnet moment in an applied magnetic field HM agnetic nanoparticles can be used 

for a variety of medical purposes, including treating hyperthermia, delivering medication for cancer treatment, bioseparation, gene 

transport, biosensors, protein purification, immunoassays, and cell labeling. Illustrates the good physical and chemical properties of 

magnetic nanoparticles, such as iron oxide nanoparticles, which are frequently employed for magnetic biosensing applications. To 

extract cancer biomarkers from complicated biological materials, they can be functionalized using certain ligands. Techniques such 

as magnetic relaxation can be used to quantify recorded biomarkers magnetic particle detection (MPD) or magnetic resonance 

imaging (MRI) [31–33].         

                                                                    

3. PREPARATION NANOMATERIALS USED IN BIOSENSOR 

The "top-down" approach, which restructures bulk materials to form nanomaterials, and the "bottom-up" approach, which assembles 

nanomaterials at the molecular level, are just two of the many methods and techniques [34] that have been developed and chosen 

for the preparation of nanomaterials [35].  Sol-gel, spinning, pyrolysis, biosynthesis, hydrothermal synthesis, chemical vapor 

deposition (CVD), and other processes are among them. Similar to this, a range of techniques like mechanical milling, lithography, 

laser ablation, sputtering, pyrolysis, and others are included in the top-down approach. This wide spectrum of approaches underlines 

the diversity, as well as complexity, of top-down and bottom-up strategies in nanomaterials synthesis. Advanced systematic and an 

investigation engineering of a metal oxide based nanoparticals (NRs, CNTs, QDs [quantum dots], composite nanodendrimers) might 

revolutionize biosensor technology. By exploring the synthesis and design,show figure 2[36].                                                             

  
Figure 2: Preparation nanomaterials used in biosensor[36]. 

 

4. NANOSENSORS 

Nanosensor: This refers to an electrical device which is fabricated at the nanoscale and proves data that can detect small changes in 

chemical or physical quantities, process data received from experiments. They are used to detect small changes in physical or 

chemical quantities, process the measurements taken and convert those into a signal. Nanosensors require the synthesis of materials, 

characterization of their properties and device fabrication. Nanosensors and their applications Nanosensors are used in diverse 

applications these days, from environmental monitoring to medical diagnostics[37]. Sensors classified based on Application: 

chemical sensors, deployable nanosensors, electrometers and biosensors. [38].                                                                                     
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4.1. Biosensor 

To measure or investigate biochemical substances, a nanobiosensor is a tool used at the nanoscale level for analysis. A sensing 

element called a 'bio-receptor' is commonly used to detect and quantify analytes, and it is usually comprised of a sensing element 

called a 'bio-receptor' that interacts with the targeted analyte to create a detectable physical signal that can be converted and 

quantified using optical means Methods that use electronic, thermal, or magnetic technology. The advancement of nanotechnology-

based biosensors is rapid and they are being utilized extensively in a variety of sectors, such as analytical chemistry, biomedicine, 

environmental monitoring, and national security . Innovative nanomaterials are being designed and produced in large quantities for 

possible biosensing and theranostic uses, but their possible health concerns have not been thoroughly evaluated [39]. 

 

5. TYPES OF BIOSENSORS 

5.1. Miniaturized biosensors that use magnetic resistance to detect micro magnetic and nanoparticles in microfluidic channels are 

a promising option for both size and sensitivity [43]. . 

5.2. Thermal or calorimetric biosensors can be created by incorporating the biosensor materials previously mentioned into a physical 

transducer[43]  .                                                                                                                                                                                        

5.3. The acoustic surface wave device and quartz crystal scales are considered two types of electro-optical sensors are available, and 

the measurement of the resonant frequency of the electro-optical crystal changes as a result of mass changes in the crystal structure. 

These devices operate on this basis[43]. 

5.4. In optical biosensors, light sources and a set of optical components are used to help generate a light beam with specific 

characteristics and direct it towards a modulating agent, a modulating sensor head, and a photodetector. [43]. 

5.5. Electrochemical Biosensors: The benefits of using electrochemical biosensors are that they are easy to instrument, fast and 

highly sensitive in detecting bacteria. Electrodes made of carbon nanotube and graphene offer a great electrical conductivity and 

surface area where the biomolecules can be immobilized. Metallic nanoparticles incorporated in electrochemical sensors improve 

the electron transfer kinetics as well as increase the detection signals[43] 

.  

Figure 3 : Types of Biosensors[43] 

 

6. FEATURES AND CATEGORIZATION OF BIOSENSORS 
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6.4. Only biosensors with high sensitivity are given a high rating. During modern times, a ppm level is essential for detecting 

pollutants in the air, water, and soil, but in the medical field, it fluctuates between nanograms per milliliter and femtogra ms per 

milliliter [45] . 

 

7. WORKING PRINCIPLE OF BIOSENSORS 

Depending on the particular design and detection method, biosensors for the identification of cancer biomarkers in human fluids 

function according to a variety of functioning principles. Nonetheless, the main idea is identifying the target of biomarker by the 

biological receptor, and this a recognition event's translation into a quantifiable indication[16].                    

                                                                                       

 
Figure 4 : Working principle of biosensors 

 

8. BIOSENSOR IN THE DIAGNOSIS OF BREAST CANCER  

The use of nanomaterial-based biosensors for early cancer detection, precise characterization, and tailored cancer treatment is a 

promising method . These biosensors use the special qualities of nanomaterials to identify particular cancer biomarkers with great 

selectivity and sensitivity. Certain cancer biomarkers Proteins, nucleic acids, or metabolites that suggest cancer may be present or 

progressing can be sensed with nanomaterial-based biosensors[46-49]. These biosensors employ nanomaterials like nanowires, 

nanoparticles or nanotubes that are afunctionalized with a recognition elements like aptamers, peptides or antibodies that bind to a 

target the biomarkers mentioned, above. A presence and concentration of the biomarkers are revealed through the detection and 

quantification of the signal produced by the binding event. For liquid biopsies, which include analyzing, urine, blood or other body 

fluids to find cancer the biomarkers, nanomaterial-based biosensors are very useful. Compared to typical tissue biopsies, liquid 

biopsies are non-invasive or minimally invasive and can provide real-time information regarding the genetic properties of the tumor, 

the response to treatment, and the development of drug resistance. allowing for the sensitive and precise identification of exosomes, 

cell-free DNA, circulating tumor cells (CTCs), and other components associated with cancer in liquid biopsies [50–

54].                                                                                              

Multiple cancer biomarkers can be concurrently detected by nanomaterial-based biosensors, enabling a thorough evaluation of the 

illness. Biosensors can identify panels of biomarkers linked to various cancer kinds or particular molecular signatures by 

functionalizing various nanomaterials with particular recognition elements [55–58]. Multiplexed detection enables more accurate 

tumor characterization and classification, thus enhancing cancer diagnosis specificity and reliability. These refractive-oriented 

nanoparticals, such as a quantum dots [59], magnetic- nanoparticles [60] and carbon-nanotubes [61], can act as a contrast agent for 

cancer imaging and positioning. These nanoparticals functionalized with a specific label can attach to the target or receptor which 

can also be a cancer cell or tissue, and this representation enhances localization and causes accurate extra cellular or intracellular 

tumor imaging. Nanomaterial-based imaging techniques, such as surface-enhanced Raman scattering (SERS), magnetic resonance 

imaging (MRI), and fluorescence imaging, also enhance a sensitivity and specificity of cancer adiagnosis by providing accurate a 

chemical information and spatial [62–64].                                                                                                                                               
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Figure 5: Biosensor in the diagnosis of breast cancer 

 

9. CHALLENGES THE USE OF NANOMATERIAL-BASED BIOSENSORS  

Nanomaterial-mediated biosensors ultimately hold considerable promise for the cancer biomarkers of detection, but more challenges 

must be addressed prior to their effective use. There is a crucial need for establishing-standardized methods and methodologies for 

nanomaterial-based biosensors to ensure inter- and intra-laboratory reproducibility of results in different research groups, as well as 

equivalency of clinical contexts. Biomarker detection is highly sensitive to sample preparation, assay settings and data analysis. 

Sensitive and specific detection of cancer biomarkers is important. Nanomaterial-based biosensors must be modified to achieve the 

proper sensitivity and specificity, preventing false-positive, as well as false-negative rates. Improving the sensing performance of 

biosensors is required to solve issues such as nonspecific a binding, interferent effects from changeable levels of target biomarker 

and complex biological matrices. Most importantly, the biomarker discovered by using these nanomaterial-based biosensors must 

be validated for reliable accuracy and clinical significance. All of the identified biomarkers need to be verified in large studies 

conducted on heterogeneous cohorts of patients to assess their clinical utility and prognostic impact. Also, to validate the reliability 

of biosensor-based detection and an accuracy and, it needs to be correlated with gold standard diagnostic methods. In addition, a 

close evaluation of the biocompatibility and possible toxicity of nanoscale materials used in biosensors is needed [16].                                                            

                                                              

10. CONCLUSION 

Substansive early breast cancer detection strategies based on integration of nanomaterials into biosensor technologies results 

demonstrated in this area a true breakthrough the fact that certain materials like carbon nanotubes or nuclear wires feature an 

enormous relative surface area to their volume offers the potential for superior sensitivity to biomarker concentrations as low as just 

a few copies can be detected using these methods and ultimately improves diagnostic accuracy but also enables a new generation of 

minimally invasive liquid biopsies enabling real time monitoring during treatment without painful surgical biopsy their ultimate 

success depends. This extensive characterization is necessary since non-specific binding and complex interactions with body fluids 

render much desired activity of nanomaterials a potential toxicity concern preventing patient safety. 

 

REFERENCES 

1. Xiaoqing Li , Fanghui Ma , Minghui Yang , Jianglin Zhang, Nanomaterial based analytical methods for breast cancer 

biomarker detection, Materials Today Advances, Volume 14, June 2022, 100219.  

2. Alagheband Y, Jafari gharabaghlou D, Imani M, Mousazadeh H, Dadashpour M, Firouzi-Amandi A, Zarghami N. Design 

and fabrication of a dual-drug loaded nano-platform for synergistic anticancer and cytotoxicity effects on the expression 

of leptin in lung cancer treatment. J Drug Deliv Sci Technol. 2022;73:103389. 

3. Firouzi Amandi A, Jokar E, Eslami M, Dadashpour M, Rezaie M, Yazdani Y, Nejati B. Enhanced anti-cancer effect of 

artemisinin-and curcumin-loaded niosomal nanoparticles against human colon cancer cells. Med Oncol. 2023;40(6):170. 

4. Firouzi-Amandi A, Tarahomi M, Rahmani-Youshanlouei H, Heris RM, Jafari-Gharabaghlou D, Zarghami N, Dadashpour 

M. Development, characterization, and in vitro evaluation of cytotoxic activity of Rutin loaded PCL-PEG nanoparticles 

against Skov3 ovarian cancer cell. Asian Pac J Cancer Prevention: APJCP. 2022;23(6):1951. 

5. Yang F, He Q, Dai X, Zhang X, Song D. The potential role of nanomedicine in the treatment of breast cancer to overcome 

the obstacles of current therapies. Front Pharmacol 2023, 14. 

http://www.ijlsar.org/
https://www.sciencedirect.com/author/57203906617/minghui-yang
https://www.sciencedirect.com/author/55656077800/jianglin-zhang


Ibtihal Riyadh N. et al, Nanomaterial-Based Biosensors for Early Breast Cancer Detection: A Comprehensive 

Review of Technologies and Biomarkers                                                                                                                           

www.ijlsar.orglable at: iAva                                                                                                             42| 3 340 P a g e 

6. Tagde P, Najda A, Nagpal K, Kulkarni GT, Shah M, Ullah O, Balant S, Rahman MH. Nanomedicine-based delivery 

strategies for breast Cancer Treatment and Management. Int J Mol Sci 2022, 23(5). 

7. Bhakta S., Mishra P. Molecularly Imprinted Polymer-Based Sensors for Cancer Biomarker Detection. Sens. Actuators 

Rep. 2021;3:100061. 

8. MagarH. S.HassanR. Y. A.  Mulchandani electrochemical impedance spectroscopy (EIS): principles, construction, and 

biosensing applications. Sensors21, 2021,6578. 10.3390/s21196578.  

9. Gajdosova, V.; Lorencova, L.; Prochazka, M.; Omastova, M.; Micusik, M.; Prochazkova, S.; Kveton, F.; Jerigova, M.; 

Velic, D.; Kasak, P.; et al. Remarkable differences in the voltammetric response towards hydrogen peroxide, oxygen and 

Ru(NH(3))(6)(3+) of electrode interfaces modified with HF or LiF-HCl etched Ti(3)C(2)T(x) MXene. Mikrochim. Acta 

2019, 187, 52.  

10. Safari M, Moghaddam A, Salehi Moghaddam A, et al. Carbon-based biosensors from graphene family to carbon dots: 

Aviewpoint in cancer detection. Talanta. 2023; 258: 124399. 

11. Lorena Gárate-Vélez & Mildred Quintana, Carbon-based nanomaterials: interactions with cells, brain therapies, and neural 

sensing., Journal of Materials Science: Materials in Engineering, Volume 20, 2025,article number 23. 

12. Li CH, Chan MH, Chang YC, et al. Gold Nanoparticles as a Biosensor for Cancer Biomarker Determination. Molecules. 

2023; 28(1): 364.  

13. Atapour A, Khajehzadeh H, Shafie M, et al. Gold nanoparticle-based aptasensors: A promising perspective for early-stage 

detection of cancer biomarkers. Materials Today Communications. 2022; 30: 103181.   

14. Choi N, Dang H, Das A, et al. SERS biosensors for ultrasensitive detection of multiple biomarkers expressed in cancer 

cells.Biosensors and Bioelectronics. 2020; 164: 112326.  

15. Song C, Guo S, Jin S, et al. Biomarkers Determination Based on Surface-Enhanced Raman Scattering. Chemosensors. 

2020;8(4): 118. 

16. M.S. Dresselhaus, Y.-M. Lin, T. Koga, S.B. Cronin, O. Rabin, M.R. Black, G. Dresselhaus Low dimensional 

thermoelectricity 

17. T.M. Tritt (Ed.), Semiconductors and Semimetals: Recent Trends in Thermoelectric Materials Research III, vol. 71, 

Academic Press, San Diego, CA (2001), pp. 1-121. 

18. R. Saito, G. Dresselhaus, M.S. Dresselhaus,Physical Properties of Carbon Nanotubes,Imperial College Press, London 

(1998). 

19. Smith R, Geary SM, Salem AK. Silicon Nanowires and Their Impact on Cancer Detection and Monitoring. ACS Applied 

Nano Materials. 2020; 3(9): 8522-–8536. 

20. Farzin A, Etesami SA, Quint J, et al. Magnetic Nanoparticles in Cancer Therapy and Diagnosis. Advanced Healthcare 

Materials. 2020; 9(9). 

21. James Chun Lam Chow, 8 - Synthesis and applications of functionalized nanoparticles in biomedicine and radiotherapy, 

Additive Manufacturing with Functionalized Nanomaterials,Micro and Nano Technologies,2021, Pages 193-218. 

22. Ghosh G. Early detection of cancer: Focus on antibody coated metal and magnetic nanoparticle-based biosensors. Sensors  

International. 2020; 1: 100050.   

23. Qureshi A, Tufani A, Corapcioglu G, et al. CdSe/CdS/ZnS nanocrystals decorated with Fe3O4 nanoparticles for point-of-

care optomagnetic detection of cancer biomarker in serum. Sensors and Actuators B: Chemical. 2020; 321: 128431.  

24. Ziegler JM, Andoni I, Choi EJ, et al. Sensors Based Upon Nanowires, Nanotubes, and Nanoribbons: 2016–2020. 

AnalyticalChemistry. 2020; 93(1): 124–166. 

25. R.A. Karim, Y. Reda, A.A. Fattah, Review-Nanostructured materials-based nanosensors, J. Electrochem. Soc. 167 (2020), 

037554. 

26. H. Barabadi, M. Najafi, H. Samadian, A. Azarnezhad, H. Vahidi, M.A. Mahjoub, M. Koohiyan, A. Ahmadi, A systematic 

review of the genotoxicity and antigenotoxicity of biologically synthesized metallic nanomaterials: are green nanoparticles 

safe, Enough for Clinical Marketing. Medicina. 55 (8) (2019) 439. 

27. Sumit Malik , Joginder Singh a, Rohit Goyat a , Yajvinder Saharan a , Vivek Chaudhry a , Ahmad Umar ,Ahmed A. 

Ibrahim , Sheikh Akbar , Sadia Ameen , Sotirios Baskout, Nanomaterials-based biosensor and their applications: A review, 

Heliyon, 2023,Volume 9, Issue 9e19929 . 

28. Tijjani Adam , Subash C.B. Gopinath , Nanosensors: Recent perspectives on attainments and future promise of 

downstream applications, Process Biochemistry,Volume 117, 2022, Pages 153-173. 

29. R. K. Saini, L. P. Bagri, and A. K. Bajpai, in New Pesticides and Soil Sensors, ed. A. Grumezescu (Elsevier, Amsterdam) 

Chap. 14 ,2017. 

30. Ruixue Zhu , Tatiana Avsievich , Alexey Popov , Alexander Bykov , Igor Meglinski, In vivo nano-biosensing element of 

red blood cell-mediated delivery, Biosensors and Bioelectronics,Volume 175, 2021, 112845. 

http://www.ijlsar.org/
https://www.sciencedirect.com/author/7402986439/alexey-p-popov
https://www.sciencedirect.com/author/8328833800/alexander-v-bykov
https://www.sciencedirect.com/author/6603766459/i-v-meglinski


Ibtihal Riyadh N. et al, Nanomaterial-Based Biosensors for Early Breast Cancer Detection: A Comprehensive 

Review of Technologies and Biomarkers                                                                                                                           

www.ijlsar.orglable at: iAva                                                                                                             42| 3 341 P a g e 

31. Scognamiglio V., Arduini F., Palleschi G., Rea G. Biosensing technology for sustainable food safety. Trends Anal Chem. 

2014;62:1–10.  

32. Parikha Mehrotra, Biosensors and their applications – A review, J Oral Biol Craniofac Res. 2016;6(2):153–159. 

33. Leatherbarrow R.J., Edwards P.R. Analysis of molecular recognition using optical biosensors. Curr Opin Chem Biol. 

1999;3:544–547.  

34. Guda, M. A., Alkaabiº, Z. S., Albayati, F. S., Alduhaidahawi, F. J., & Almayahi, B. A. Anatomical And Sclerophilic Traits 

Variation ln Two Varieties Of Olive Plants (Olea europaea L) Growing Under Climate Changes ln Various.season of the 

year. Indian Journal of Environmental protection,Vol.40,No.1Junuary 20,77-83. 

35. Guda, M.A., H.mutlag, N., Naser, A.S., Algburi, S., Green Synthesis Of Silver Nanoparticles Using Aqueous Extract Of 

Schanginia Aegyptiaca Wild Plant, And Study Antifungal Activity Against Some Pathogenic Fungi, Library Progress 

International, 2024, 44(2s), pp. 1773–1783 

36. Chen H, et al. Anti-biofilm nanomaterials. Microb Pathog. 2024;188:106789. 

37. Naresh, V. ∙ Lee, N.,A review on biosensors and recent development of nanostructured materials-enabled 

biosensors,Sensors. 2021; 21(4):1109. 

38. Karunakaran, C. ∙ Rajkumar, R. ∙ Bhargava, K.,Introduction to biosensors,Biosensors and Bioelectronics,Elsevier, 2015; 

1-68. 

39. Wang B, Akiba U, Anzai J ichi. Recent Progress in Nanomaterial-Based Electrochemical Biosensors for Cancer 

Biomarkers: A Review. Molecules. 2017; 22(7): 1048.  

40. Kerman K, Saito M, Tamiya E, et al. Nanomaterial-based electrochemical biosensors for medical applications. TrAC 

Trends in Analytical Chemistry. 2008; 27(7): 585–592.  

41. Mokhtarzadeh A, Eivazzadeh-Keihan R, Pashazadeh P, et al. Nanomaterial-based biosensors for detection of pathogenic 

virus. TrAC Trends in Analytical Chemistry. 2017; 97: 445–457.  

42. Farzin L, Shamsipur M, Samandari L, et al. Advances in the design of nanomaterial-based electrochemical affinity 

andenzymatic biosensors for metabolic biomarkers: A review. Microchimica Acta. 2018; 185(5): 276.  

43. Guda, M.A., Response of antioxidant in some plants to iron oxide nanoparticles, AIP Conference Proceedings, 2023, 

2977(1), 040144 https://doi.org/10.1063/5.0182305 

44. Husayn, D.M., Guda, M.A., Response of some wild plants in antioxidant enzymes by zinc oxide nanoparticles, AIP 

Conference Proceedings, 2023, 2787(1), 090049 

45. Husayn, D.M., Guda, M.A. , Effect of zinc oxide nanoparticles on biomarkers of chlorophyll and carotene in some wild 

plants , AIP Conference Proceedings, 2023, 2787(1), 090035 

46. Owied, O.A.-R., Guda, M.A.M., Taher, H.I., Abdulhussein, M.A.A., Plants anatomically engineered by nanomaterials, 

Bionatura, 2023, 8(2), 44 

47. Alabassi, M.M., Guda, M.A., Muhammed, M.A., The removal efficiency of natural nano-coagulant produced from 

Phragmites communis, Schanginia aegyptiaca and Portulaca oleracea in wastewater treatment , International Journal of 

Aquatic Biology, 2022, 10(2), pp. 181–186 

48. Ali, M., Othman, M., Guda, M., Abojassim, A., Almayahi, B., Effect of Climate Characteristics in the Scientific Levels of 

Students: An Applied Study on the City of Najaf, Journal of Physics: Conference Series, 2020, 1530(1), 012142 

49. Al Bayati, F.S., Al Naqeeb, N.A., Guda, M.A., Almansoori, D.H.H., Use of phytoplankton enzyme in the artificial lake as 

indicator of pollution , Journal of Chemical Health Risks, 2020, 10(4), pp. 353–359 

50. Guda, M.A., Yoness, A.Sh., Thajeel, Z.H., Almayahi, B.A., Comparison between two halophyte species for potential 

removal of salt under different soil salinity conditions, Indian Journal of Environmental Protection, 2019, 39(12), pp. 1084–

1090 

51. Mutlag, N.H., Juda, M.A., Hussein, M.L., Hassan, H.N., Assessment of Bombax ceiba Leaves Extract and Pleurotus 

ostreatus Fungus Filtrate on treatment of some Isolated Dermatophytic Fungi, Journal of Physics: Conference Series, 2019, 

1294(7), 072022 

52. Guda, M.A., Younus, A.S., Altamimi, A.J.T., ... Al-Edhari, A.H.M., Alduhaidahawi, F.J., Effect of Irrigation with 

Magnetized Water on Some Vegetative and Flowering Parameters of Wheat (Triticum aestivum L.) Cultivar IP A 99, 

ARPN Journal of Engineering and Applied Sciences, 2019, 14(2), pp. 5466–5470 

53. Guda, M. A., & Mutlag, N. H. (2024). Green Synthesis Of Silver Nanoparticles Using Aqueous Extract Of Schanginia 

Aegyptiaca Wild Plant, And Study Antifungal Activity Against Some Pathogenic Fungi. Library Progress International, 

44(2s), 1773-1783. 

54. Hamad, M. O., Rahi, A. Y., & Guda, M. A. (2023). Study of Staphylococcus spp. isolated from Clinical Cases and 

determination of its multidrugresistant to antibiotics and phytosynthesized ZnO (NPs). Cardiometry, (26), 227-235. 

http://www.ijlsar.org/


Ibtihal Riyadh N. et al, Nanomaterial-Based Biosensors for Early Breast Cancer Detection: A Comprehensive 

Review of Technologies and Biomarkers                                                                                                                           

www.ijlsar.orglable at: iAva                                                                                                             42| 3 342 P a g e 

55. Hammad, M. O., & Guda, M. A. (2023). Effect of Phytosynthesis silver oxide nanoparticles on multidrug-resistant 

Klebsiella pneumonia isolated from children. Eur. Chem. Bull, 12(1), 1655-1669. 

56. Eqbal Yousif Abed1, Hanan Fadhil Kadhim2, Muthik A. Guda .(2025)The Effects of Climate Change on Public Health, 

Contemporary Research Analysis Journal,8(2),p 500-503.  

57. DOI: 10.55677/CRAJ/05-2025-Vol02I08 

58. Saba Abd Al-Mutleb Hamood1, Douaa Abdulrazzaq Khaleel2, Muthik A Guda,(2025), Harnessing Artificial Intelligence 

to Revolutionize Public Health: Innovations in Prevention, Monitoring, and Policy Decision-Making, Contemporary 

Research Analysis Journal,8(2),p: 504-509.   

59. DOI: 10.55677/CRAJ/06-2025-Vol02I08 

60. Hanan Fadhil Kadhim1, Eqbal Yousif Abed2, Muthik A. Guda3.(2025). Climate Change and Its Influence on Anatomical 

and Physiological Features of Pomegranate (Punica Granatum L.) Leaves, Contemporary Research Analysis Journal 8(2)p: 

510-515 

61. Alhasnawi Radhi Jubair Nasser, Guda Muslim Abd Muthik, Al-Bayati Sami Ammar (2025). Effect of Nano-silver 

Fertilization on the Tolerance of Salt Stress by Irrigation with Saline Water in Faba Bean (Vicia faba L.) . Indian Journal 

of Agricultural Research. (): . doi: 10.18805/IJARe.AF-968. 

62. Ahmed, A. Q., & Guda, M. A. (2025). Comparison and characterization of green synthesized silver oxide nanoparticles 

using Ziziphus spina-christi plant extract and AgO NPs by femtosecond laser ablation technique. Contemporary Research 

Analysis Journal, 2(12), 762–769. https://doi.org/10.55677/CRAJ/02-2025-Vol02I12 

63. Alshebly, E. A. J., & Guda, M. A. (2026, March). Green synthesis of silver oxide nanoparticles and their effect on inhibition 

growth of bacteria. In AIP Conference Proceedings (Vol. 3396, No. 1, p. 030008). AIP Publishing LLC. 

https://doi.org/10.1063/5.0318556 

64. Alsultan, H. K. A. A. K., & Guda, M. A. (2026, March). Green synthesis and characterization of zirconium oxide 

nanoparticles using Matricaria Chamomilla L. plant extracts for antibacterial application. In AIP Conference Proceedings 

(Vol. 3396, No. 1, p. 080001). AIP Publishing LLC. https://doi.org/10.1063/5.0318554 

65. Nasser Jubair Radhi Alhasnawi1, Muthik Abd Muslim Guda,  Ammar Sami Al-Bayat. (2025). Effect of Nano-silver 

Fertilization on the Tolerance of Salt Stress by Irrigation with Saline Water in Faba Bean (Vicia faba L.). Indian Journal 

of Agricultural Research. https://doi.org/ 10.18805/IJARe.AF-968 

http://www.ijlsar.org/

