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The ability to precisely monitor the intracellular temperature directly contributes to the essential understanding of
biological metabolism, intracellular signaling, thermogenesis, and respiration. The intracellular heat generation and
its measurement can also assist in the prediction of the pathogenesis of chronic diseases. Intracellular
thermometry without altering the biochemical reactions and cellular membrane damage is challenging, requiring
appropriately biocompatible, nontoxic, and efficient biosensors. Bright, photostable, and functionalized fluorescent
nanodiamonds (FNDs) have emerged as excellent probes for intracellular thermometry and magnetometry with the
spatial resolution on a nanometer scale. The temperature and magnetic field-dependent luminescence of naturally
occurring defects in diamonds are key to high-sensitivity biosensing applications. Alterations in the surface
chemistry of FNDs and conjugation with polymer, metallic, and magnetic nanoparticles have opened vast
possibilities for drug delivery, diagnosis, nanomedicine, and magnetic hyperthermia. The possibilities and

outcomes of using Al strategies recommended for early stage disease diagnosis and imaging are discuessed.

fluorescent nanodiamonds Al biosensing bioimaging

| 1. Introduction

The quantum defects possessing extraordinary optical and electronic properties in fluorescent nanodiamonds
(FNDs) owe a broad scope in the scientific horizon of biosensors for electromagnetic fields, including thermal and
magnetic signals. Recent trends have novelties in surface modification and conjugation with biocompatible
materials enabling the detection of static and time-dependent fields for ultrasensitive in vivo measurements. These
efforts also allow the quantitative prediction of intracellular thermodynamics. Herein, researchers compile thermal
and magnetic-sensing methodologies for rapidly detecting infectious viruses (viz., SARS-CoV, HIV, Ebola, and
influenza) and deadly diseases (viz., primary and secondary cancers, Alzheimer’s, and Parkinson’s disabilities).
Researchers also assessed the feasibility of using FNDs as a therapeutic agent and wide-field microscopy for
secondary-stage cancer, consequently improving public health. Further, the application of artificial intelligence (Al)
in clinical decision making is vital for early disease diagnosis using different machine- and representation-learning

strategies.

Nanodiamonds can be easily synthesized from a bulk material by thin films, nanorods, and nanopatrticles. Single
crystals in a millimeter size occupying fluorescent defects along preferred crystallographic planes can be fabricated

with the chemical vapor deposition (CVD) method [l The CVD method has shown lower paramagnetic impurity
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content enabling an enhanced magnetic field sensitivity in the nanotesla regime . This sample type generally
provides a much better spatial resolution for imaging using individual defects than nanocrystals. Detonation
nanodiamonds (DNDs) can be formed by detonating explosive compounds (TNT and RDX) in a controlled
environment. As a result of the explosion, the supersaturated carbon vapors condense into tiny droplets, which
later form nanocrystals. The DNDs available as ultra-small nanocrystals (less than 10 nm) are not considered

favorable candidates for biosensing because of the low photo stability and impurities.

Diamond nanocrystals can be formed by crushing and grinding micron-size diamonds. Afterward, the high-pressure
high-temperature method (HPHT) favors the formation of stable luminescent defects. The synthesis of small
nanoparticles (1-5 nm) and large 100-500 nm particles can be accomplished using the HPHT method Bl The
naturally occurring impurity atoms in diamond are nitrogen (about 1% by mass), silicon, germanium, and tin. The
luminescence emission of these defects is observed to have enhanced effects by increasing the nitrogen content to
different extents of <80 and >372 ppm [4l. On average, the available nitrogen content in the HPHT and CVD-grown
diamonds is 100 and 1 ppm, respectively. The presence of nuclear spins (3C, 1*N, and 1°N) interacting with the

desired quantum defects in diamond have also been observed BRI,

The nitrogen vacancy center (NV center), among the most commonly observed and studied luminescent defects in
diamonds, is formed due to the combination of a nitrogen atom with a vacant diamond lattice site. The formation of
the NV center in a diamond can be accomplished by ion implantation followed by annealing. The creation of NV
centers in diamonds is observed to have a strong correlation with the energy of the ion implantation, causing the
formation of shallow and deep defects I8, The creation efficiency and depth of NV centers are (1%, 8 nm) for 5

keV ion energy and (45% micro-meter depth) for 18 MeV 2!,

2. Application of Functionalized Fluorescent Nanodiamonds
Bioimaging with Artificial Intelligence

The aim of Al and machine-learning (ML) algorithms in medical science is to develop strategies for early stage
disease diagnosis by analyzing clinical data using convolution neural networks and deep-understanding (DL)
deterministic modeling. ML algorithms are already being tested for predicting symptoms of brain tumors, brain

aging, and neural disorders.

ML algorithms have been empowering FNDs for intracellular magnetic microscopy 2. Deep-learning algorithms
enable the high-contrast reconstruction of magnetic images from optical images. The optical expression of
biomarkers is successfully converted into a sufficient magnetic intensity. When labeled with magnetic
nanoparticles, the sample tissues allowed the observation of the size, morphology, and growth of tumor cells.
Fluorescence-based biosensors can significantly benefit from the potential uses of ML algorithms, such as rapid
on-chip data processing, noise suppression, image analysis, and segmentation 2. Integrating an Al-based
processor with medical test strips can support the data acquisition and real-time monitoring for any non-linearity in

the biosensor response under inevitable conditions or contamination.
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Further extending the scope of Al-powered electronic chips, which can store and process various algorithms and
access large online disease databases, can make rapid onsite testing using pattern recognition and alert the
physicians for any possible anomalies during the clinical trials. Intracellular imaging using fluorescent biosensors
faces challenges due to time-varying non-linear backgrounds. Artificial neural networks were used to solve the
inverse problem of optical biosensing in chicken egg white X2l After implementing the artificial neural networks, the
optical signal of FNDs was successfully filtered out from the background autofluorescence under low
concentrations of FNDs (2—-3 pg/mL). With this approach, the accuracy of detection was enhanced by 1.5 times. A
similar effort for reducing the background autofluorescence using egg protein was also reported 2. The use of Al
for FND-based drug development was discussed in 24, The need for personalized drugs for diseases with diverse
effects and lethal variants is pivotal. CURATE.AI is a clinically tested Al-based platform that assists medical experts
in selecting drug and dose concentrations after analyzing the patient's medical history 13, The evaluation of Al for

healthcare has been encouraged to achieve the desired outcome with minimal side effects.

Currently, the main challenge is processing an extensive database for reliable results, demanding high
computational resources and efficient algorithms providing accurate results. The fabrication of standard medicine is
challenging and requires expert manpower, financial resources, and an unexpected time scale. In this regard, Al
can significantly reduce the time and laborious effort by identifying the possible combinations of proteins and
biomolecules, which could have better results and the least side effects. This idea can be further extended toward
discovering appropriate biomarkers, which can then be utilized for disease diagnosis at different stages of
progression and personalized drugs for individual cases. An example of this application where medical systems
employing Al facilitated finding the optimized contents of a multi-drug conjugated with FNDs for curing human
breast cancer was briefly examined in [28l. The efficiency and accuracy of this technique can be improved by using
multiple data sources and sensors. An illustration of the model of the Al-based diagnosis is shown in Figure 1.
Some of the Al's tested and verified bioimaging applications associate brain imaging for detecting various types of

tumors, such as glioma and Meningioma 17,
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Figure 1. lllustration of Al scheme for the assessment and prediction of a biological process (BP). The proposed

model relies upon the signal acquired from nanodiamonds which act as sensors providing electrical signals and an
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interface between BP and the data acquisition process. The accuracy of this model relies upon the comparison of

the goodness of fit from the experimental and predicted curve based on root mean squared error values.
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