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This research analyzes and evaluates the potential use cases for Artificial Intelligence (AI) and 

medical MM, explicitly focusing on their relationship with Gold Nanoparticles (GNM).  AI and 

MM have made notable progress in medical biophysics. This specific technique facilitates the 

progress of research initiatives relating to nanotechnology. Numerous articles have been published 

on this particular topic. It is necessary to cooperate and analyze all of these articles to assess the 

advancements made in nanotechnology. An analysis of theoretical and clinical information is 

conducted to understand the current state of knowledge and any recent developments. AI and MM 

are utilized to monitor specific variables and equations to understand better how variables interact. 

This commentary discusses synthesizing and producing GNM using the Turkevich Brust and 

Schiffrin one-pot method. The results demonstrate that the dimensions, form, and general 

functionality of GNM directly influence their synthetic features. The GNM’s light-absorbing, 

wavelength, and luminescent density characteristics depend on its specific features. Optimizing the 

Nanomaterial (NM) size based on the wavelength of light enhances absorption within the NM. 

Transmission Electron Microscopy (TEM) and Fourier Transform Infrared Radiation (FT-IR) 

spectrometry are employed to investigate NMs' internalization and harmful effects on cells. 

Improving treatment efficacy in precision cancer therapy calls for maximizing the effectiveness of 

NMs. Nano-probes that have been manipulated are used in GNM-based therapy to regulate the 

treatment of tumors. NM sensors can gather diverse pictures and aid in diagnostics and treatment 

imaging methodologies. The immediate discoveries will facilitate the advancement of knowledge 

and progress in medical biophysics study by using AI and MM in the biophysical utilization of 

GNM.  

 

Keywords: Gold Nanomaterials, Biophysics, Nanotechnology, Artificial Intelligence. 

 

 
1. Introduction 

Nanotechnology is used to revolutionize medical operations [1]. Nanotechnology is employed 

for data collection in several biological applications, owing to the recent progress in both 

swiftness and precision [16][22]. Nanomaterials (NM), which have sizes ranging from 1 to 

1,000 nm, exhibit a wide range of distinct features, unlike tiny particles or bulk materials 

[2][17]. In medical biophysics, healing nanomedicine diagnoses, monitors, and prevents any 
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potential effects from using NMs. Tumor blood arteries have a high degree of permeability, 

enabling NM to enter and accumulate inside the tumor quickly [18][28]. 

In medical biophysics, the application of this drug delivery technology based on NMs is 

increasing due to its exceptionally efficient control and discharge of medication [3]. According 

to this concept, therapeutic medications are administered to regions of damage or particular 

cells without inflicting more impact than traditional drug delivery methods. Due to rapid 

progress in nanotechnology, the significance of NMs, such as stem cell therapy, tissue 

engineering, molecular visualization, and drug and gene transport and signaling, has 

dramatically increased [24]. To ensure the stability of NMs, it is necessary to maintain their 

interaction with proteins, nucleic acids, amino acids, or medications[20]. 

Typical NMs used for biomedical purposes include Gold Nanomaterials (GNM), liposomes, 

polymeric NMs, and quantum dots [4]. GNM have become prominent contrast agents due to 

their distinctive biological properties.  NMs have a higher capacity to absorb photons than soft 

tissue, indicating that gold is highly ionized in precise proportions. GNMs have been used for 

advantageous biological applications due to their versatility. GNMs can infiltrate cells by 

interacting with DNA and RNA molecules [5]. This enables them to actively participate in 

gene transplantation and serve as carriers for medicinal and scientific drug delivery. GNMs 

are extensively used due to their robust physicochemical properties. The total size and shape 

of the circuit influence the stability of redox, conductance, and interface plasmon resonances, 

leading to a detectable signal [6][26]. 

GNM provides several advantages, including enhanced contrast, utilization of diverse 

properties, and long-term concentration retention—NMs are defined as biocompatible and 

capable of interacting with various biomolecules. The synthesis of GNMs provides significant 

quantities and demonstrates exceptional reliability and extensive versatility in medical 

applications [7][21]. CNMs have garnered considerable research and development prospects 

for their use in biological applications. Multiple articles have been published on this subject 

in various locations. They need imaging services, drug delivery, and cancer therapy. 

 

2. Artificial Intelligence and Mathematical Modeling (MM) 

Artificial Intelligence (AI) is a branch of computer science focusing on developing computers 

capable of emulating human cognitive skills [8]. Precise and intricate patterns within large 

datasets are more effectively and readily identified using specialized AI approaches such as 

Machine Learning (ML) [9][23]. Nanotechnology is crucial for achieving precise cancer 

treatment. Several research initiatives have shown the advantages of AI in significantly 

changing the way visual pictures are retrieved and analyzed, directed by imagery, evaluated 

for malignancy, and utilized in therapeutic techniques and prognoses. The improvement of 

nanomedicine compositions is a critical process in the development of nano-medicines. It 

involves predicting how NMs interact with the targeted drug, biological medium, and cell 

walls, determining drug encapsulation, and releasing kinetics' effectiveness. Due to these 

attributes, AI has shown particular suitability for implementation in biophysical activities 

(such as cancer therapy) owing to its significant intricacy and quick advancement. 
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Fig. 1. Nanomaterials classification 

Equations, formulas, and charts produced by computer applications and programs, together 

with flowcharts, are utilized in medical procedures to assist in planning. Statistical models 

adhere to specified requirements based on the stated variables, as seen in Fig. 1. Model 

distinctions often stem from variations in model variables and model types, including temporal 

aspects and the intricacy of the framework.  

Further models will be analyzed and modified based on whether they have been identified or 

non-determined. Computational models that rely on numerical solutions perform the desired 

calculation. These models utilize either deterministic or stochastic modeling approaches. 

Stochastic approaches include Logistic Regression (LR) algorithms and Monte Carlo (MC) 

techniques.  MC algorithms are often used because of their high computing requirements. MM 

encompasses other forms, including LR and Multivariate Regression (MVR) approaches. 

This modeling process created a mechanistic understanding of the data, which is crucial for 

creating quantitative correlations. This study resulted in the creation of novel instruments for 

nanomedicine. Due to these modeling advantages, it provides definitive solutions and is 

straightforward and easily understandable. Models offer the ability to manage and simplify 

complex systems. MM enhances the comprehension of numerous structures and facilitates 

their research. 

Technological advancement has drawbacks, including the inability to measure knowledge, 

restricted information and procedures, and the inherent unpredictability of biological 
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structures.  As the quantity of experimental conditions increases, the model becomes more 

complex. Anticipated advancements are expected to occur due to recent and continuing 

scientific developments. 

 

3. Synthesis and properties 

Several approaches synthesize GNMs with precise size, structure, and performance control.  

The techniques used to synthesize GNM include chemical, photochemical, irradiation 

chemical, and thermal approaches [10]. Among the several methods available, the colloidal-

based approach is frequently used to synthesize GNMs. 

A colloidal system is one component that exists as particles of varying sizes dispersed inside 

another substance. Using metal precursor, an antioxidant, and a stabilizing agent makes it 

possible to easily adjust the nanostructures' dimensions, structure, and optical characteristics. 

GNM ranging in diameter from 15 nm to 50 nm were produced using the Turkevich technique. 

Several nanostructures are used in this technology, including nano-cages, nano-rods, and 

hemispheres.  The GNMs that were specially produced showed optimal size and shape 

variations.  The colloidal solutions have a vivid red hue for smaller GNM and a dark yellow 

hue for bigger particles. The optical features of these GNMs are a consequence of their 

interaction with light. The diverse sizes of the NMs lead to the formation of various colors in 

the dispersion solution. The Turkevich approach relies on reducing and preparing metal salts 

to alter the size and form of the GNMs [11]. The Turkevich approach allows for the 

straightforward manufacture of GNM by directly reducing the AuCl ion present in chloroauric 

acids, using reductant reagents such as citric acid and sodium borohydride. Brust and 

Schiffrin's one-pot technique enables a scalable strategy for producing GNM. This 

phenomenon takes place when gold salts are chemically reduced by NaBH in a solution 

containing ligands (as shown in Fig. 2(a)). Using ML via AI, computer-assisted concepts 

enhance the synthesis procedure and increase efficiency. By training ML models, they acquire 

knowledge from past data to predict future events and their results. Fig. 2(b) depicts the 

theoretical correlation between the size dependence and the total amount of GNM per cell. 

 

Fig. 2(a). Process of gold nanomaterials 
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Fig. 2(b). Gold size and GNM count analysis 

These ML model techniques do not require a comprehensive grasp of a topic. They acquire 

knowledge by analyzing prior trials and the corresponding gathered data [12][25]. The Brust 

and Schiffrins procedure happens when decreased gold atoms spread into the solution, creating 

NMs. This sequential procedure commences with a significant decrease in the rate, leading to 

the development of the first clusters.  The second phase facilitates a decrease but at a somewhat 

slower pace, which is usually referred to as coalescence. As the growth progresses, metal ions 

are assimilated, forming an electric double coating.  Gold salts are consumed during the last 

phase of the decrease, and metal atoms increase in size in the NMs. 

Infrared Radiation (IR) is a biological technique used to diagnose and visualize cell 

functioning at a molecular level. Due to its high molecular specificity, diverse sample options, 

quick readings, and overall non-invasive nature, it offers a robust method for gathering 

information about biological substances. In the field of IR, Fourier Transform Infrared 

Radiation (FT-IR) spectrometry employs MM to convert raw data from light absorption 

spectrums [13]. FT-IR equipment is often less complex and more compact, facilitating 

convenient portability compared to conventional spectrometers. This technology uses spectral 

analysis to measure each distinct wavelength in the spectrum, enabling the simultaneous 

scanning of many wavelengths beyond the capabilities of traditional scanning devices. 

 

4. Cellular uptake of GNM and cytotoxicity 

The physicochemical properties of GNM might affect cell overall absorption. The 

characteristics of GNM, including their size, surface charges, composition, and therapy, affect 

how they aggregate and get agitated.  Transmission Electron Microscopy (TEM) is often used 

to study electron interactions because it can observe processes at a similar scale as molecules 

[14]. TEM is frequently employed for high-speed and high-resolution imaging, particularly 

with elevated frequencies. It generates images that exhibit phase contrast, acceptance, and 

contrast. Maintaining low vacuum conditions for TEM imaging is advisable to minimize 

possible issues and prevent the accumulation of GNMs. Pinocytosis and phagocytosis are 
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distinct biological processes involved in the cell's intake of substances. In vitro testing is often 

performed on GNM, which is the most prevalent evaluation. Cytotoxicity occurs in cell culture 

when exposed to NMs at sufficiently high dosages. Regarding the intricate nature of NM 

environments, cell culture mediums supplemented with proteins and including ions emerge. 

There are three categories of biomolecules: amino acids (shown by blue dots), ionized salts 

(represented by pink drops), and red dots. Cells undergo development in a cell culture medium 

that includes essential nutrients to enhance the longevity of cells, cell growth, and energy 

provision. When put in proteins and biomolecular mediums, these substances form solid 

dispersions or destabilize upon mixing. The development or distortion of GNM is influenced 

by their protein material, dimensions, structure, and absorption level.  The dispersion of 

molecule receptors and thermodynamic factors define NM’s optimum dimension and surface 

chemistry, affecting cellular consumption.  To facilitate continuous cellular absorption, NMs 

must undergo conversion into more considerable GNM mixtures.  Reports indicate that some 

medications, advantageous in small quantities, are detrimental to cells when administered in 

high doses. A significant challenge in cancer therapy is the effective delivery of medicines 

into tumor cells. Specialized delivery gadgets have been designed to induce physiological 

reactions in the body. Nano-carrier technologies are employed to optimize drug distribution 

and efficacy in cancer treatment. There is a suggestion that GNM, which have a size range of 

4 to 5 nanometers, can enter the cell nucleus and attach to DNA, resulting in harm. 

Data mining and ML techniques have been utilized in nano-informatics to forecast the 

cytotoxicity of NMs. MC algorithms and LR methods are among the several AI methodologies 

used to assess the cytotoxicity of GNMs. The combination of LR methods and Bayesian Neural 

Networks (BNN) proved successful in identifying proteins that attach to the exterior of GNMs. 

Multiple models have shown many interactions among NMs and tissues, any of which might 

lead to cytotoxicity. 

Significant elements include the dimensions, configuration, administration of prescribed 

amounts, conglomeration status, surface electrical charge, and chemical composition.  Larger 

NMs exhibit more resistance to random force changes, resulting in increased stability. Smaller 

particles tend to move more rapidly, leading to a decrease in their concentrations.  Lesser 

GNMs have a greater chance of toxicity than larger GNMs due to their larger surface areas 

relative to their overall mass, leading to an enhanced potential for molecular interaction. In 

addition, ions have a physical and chemical impact on the properties of NMs. GNM is easily 

modified when they contain a negative charge on their surface. NMs with an elevated cell 

surface charge are more likely to cause toxicity than NMs with an adverse or neutral cell 

surface charge. The increased surface area of GNM enhances absorption properties, allowing 

the nanostructures to influence reflected light.  

A suppressive effect on cell growth occurs, potentially causing cellular stress and altering gene 

expression rhythms.  Studies have demonstrated that endocytosis via receptors is the most 

efficient technique for NM uptake when the NM lacks cell-surface receptors.  Based on this 

approach, this research investigates whether the observed GNMs affect DNA damage.  

 

5. Gold nanomaterial-based therapy 

GNM offers many advantages for therapy and treatment planning. These NMs' unique 
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manufacturing features and minimal cytotoxicity have expanded their potential for use in 

diagnostics and therapeutic fields.  GNM is used in the treatment of cancer and radiotherapy.  

Radio-thermal-chemo treatment is effective in locally controlling the tumor and reducing the 

risk of metastases, hence promoting the use of multimodal cancer therapy.  The use of GNM 

has shown beneficial in the treatment of cancer via the use of many modes of therapy. GNM 

can additionally be utilized for photo-thermal and sono-dynamic treatment.  Photo-thermal 

therapy utilizes GNM, which absorbs power from a laser and generates heating to treat tumors 

selectively. Scientists conducted a study on the metabolism of liver cells using GNM made 

from processing mulberry, known as mulberry-mediated GNM. They found that these 

modified tissues emitted fluorescence when exposed to UV radiation, which might be used for 

photothermal treatment. GNMs are more successful in determining the comparative efficacy 

of gold nanoparticle-based aid and Mulberry Leaf Extract (MLE) alone.  The study findings 

suggest that fluorescent spectroscopy and statistical evaluation in conjunction with GNM 

readings assist in tracking and foreseeing treatment outcomes. GNM might be utilized in 

radiation therapy, particularly for very delicate tumors. By using these techniques, a reduced 

dosage of radiation is delivered to the tumor, hence enhancing the efficacy of the treatment. 

By administering smaller dosages, it is possible to achieve lower levels of exposition and 

cytotoxicity without causing over-exposure and cytotoxicity to nearby healthy cells and 

structures. 

The discovery and use of GNMs for hypothermia in cancer therapy have been made. The 

research conducted an inquiry in which they mathematically modeled hyperthermia in vitro 

and in vivo. Their investigation found that variable irreversible electroporation enhanced the 

IRE process.  

The researchers successfully included hyperthermia's heat-generating implications into their 

Irreversible Electroporation (IRE) model, allowing them to measure the extent of hyperthermic 

effects during IRE. Research indicates that hyperthermia enhances the effectiveness of 

chemotherapy and radiation therapy. The tumor is subjected to hyperthermia at a temperature 

of 40C, followed by an increase to 45C, ultimately resulting in necrosis and cellular demise. 

The effectiveness of Resonance Frequency (RF) overheating has been enhanced due to GNM's 

RF electrical field absorbing capabilities. The outermost plasma resonance of these GNMs 

allows them to absorb light due to their localization on the skin. The elevated temperature 

causes the NMs to absorb power from the hyperthermia origin, resulting in localized heating. 

After radiation is administered to the target region, the multi-modal therapy is activated, with 

the thermo-responsive NMs catalyzing to save viable tissue.  The link between hyperthermia 

and the specially designed GNM capacity to capture and absorb light is synergistic, resulting 

in an enhanced ability to eradicate cancer cells selectively. GNM provides exceptional X-ray 

absorption capabilities, enabling them to concentrate radiation absorption inside the tumor 

region. This facilitates the administration of more potent radiation therapies. MM in 

pharmacodynamics facilitates understanding the effectiveness and toxicity of NM-based 

therapies. Enhanced therapy effectiveness is achieved by facilitating NM cellular uptake of 

cancerous cells. Combination therapies effectively eradicate cancer cells while requiring 

reduced drug dosages. GNM is employed in photothermal treatment, enabling various optical 

therapies, such as nano-probes. 
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6. Molecular nano-probes 

Molecular nano-probes are a specific NM form frequently employed in in vitro investigations.  

In clinical applications, it is essential to generate probes that are effective, extremely sensitive, 

qualitative, fast, and capable of detecting and analyzing micro-molecules, including DNA, 

RNA, and proteins, as well as entities like cancer cells, microbes, and pathogens. GNM, when 

used as nano-probes, enhance their biocompatibility and enable diverse applications via 

Raman Spectroscopy (RS), surface-enhanced RS, and photothermic treatment [15][19][27]. 

These nano-probes function as nano-sensors, observing the nearby connections and activity 

inside the body during therapy. Using light sensitivity, these topics are identified and classified 

as either 'always-on' or 'turn-on' (smart or activatable) nano-probes. Developing a universal 

nano-probe for all types of tumors is challenging due to the wide range of malignancies. 

Passive, functioning, or targeting various malignancies and their particular sensitivities. To 

optimize efficiency, MM and ML are used by programming input variables, such as 

dimensions, levels of combines, kinetic characteristics of receptor attachment and 

disassociation, and the number of cellular receptors, which impact the algorithm. This model-

building technique generates analytical formulae, enabling the immediate acquisition of data. 

Excessive formation of Reactive Oxygen Species (ROS) causes oxidative harm and 

destruction of intercellular DNA. This leads to impaired cellular absorption and heightened 

susceptibility to additional therapeutic agents and therapies. Nano-probes assist in controlling 

the excessive synthesis of ROS by measuring their generation and intensity.  

These nano-probes use their characteristics in low-oxygen environments to control oxygen 

consumption.  Hypoxic treatment is employed in tumors to mitigate DNA damage resulting 

from exposure to chemotherapy and radiation. This is achieved by restricting the quantity of 

Oxygen Partial Pressure (OPP) to the malignant areas. These have been recently produced 

because they can quickly enter cells, circulate in the blood for extended periods, protect the 

optimal binding of bio-macromolecules, and provide other benefits. Tumors specifically 

targeted have reduced oxygen and medication transportation via capillaries and assist in 

regulating the OPP in malignant areas (Fig. 3). Hypoxia is crucial in lowering tumors by 

controlling the growth of new blood vessels (angiogenesis) and programmed cell death 

(apoptosis). These nano-probes precisely deliver scanning representatives, medicines, or dyes 

to specific targets. 

 

Fig. 3. GNM-based OPP analysis in cancer malignant areas. 
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Due to their extended blood circulation duration and tiny dimensions (<100 nm), Nano-probes 

exhibit high efficacy in targeting the neovascular areas of tumors. This enables efficient 

probing transport to the sites of illness. The effectiveness of treatment is maximized by 

manipulating and practicing the optical usage of nano-probes in therapy using computational 

modeling and ML computing.  Functioning as carriers, these nano-probes can cover more 

regions within the human being, enabling different molecules to detect and produce signals. 

The adaptability of these detectors enables the use of several imaging modes and aids in 

advancing diagnosis and therapy imaging techniques. 

 

7. Conclusion and findings 

Medical biophysics has recently seen significant advancements in nanotechnology. Due to the 

use of nanomaterials for diagnosis, monitoring, and prevention of potential effects, this 

technique has several possibilities within this discipline. MM and AI techniques are utilized 

to improve research in nanotechnology. ML and AI allow computers to process large datasets 

while considering the intricacy of patterns. ML models use past data to predict future 

occurrences and outcomes. Implementing predetermined variables in advance to minimize the 

likelihood of errors would enhance the potential of future nano-biophysical technologies in 

medical biophysics. NMs interact with amino acids, peptides that are receptors in the skin 

immunoglobulins, and small molecules in medical biophysics. 

The many therapeutic uses of NMs stem from their distinctive releasing and control processes.  

Particular NMs (especially in chemotherapy for cancer, medicine administration, therapy, and 

diagnosis) have significant clinical use. GNMs exhibit exceptional properties due to their 

compact, elongated shape and expansive surface space, enhancing their adaptability and 

possibly leading to remarkable results. Their optimum cellular assimilation and preventative 

cytotoxicity precautions ensure the therapy parameters are at their best. Healthcare biophysics 

will further advance via AI and MM, leading to the growth and development of NMs. 

Expanding healthcare biophysics is the next stage in reaching and using nanotechnology in AI 

and MM. This expansion is vital for maximizing future development prospects. 
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