
Mini Review
Volume 2 Issue 1 - April 2017
DOI: 10.19080/GJN.2017.02.555576

Glob J Nanomed
Copyright © All rights are reserved by Natarajan J

Nanodiamonds: Shedding Light on the Future of 
Nanomedicine

Min S W and Bumb A *
Bikanta Corporation, 1 Cyclotron Rd, Berkeley, USA

Submission: March 13, 2017; Published: April 25, 2017

*Corresponding author: Ambika Bumb, Bikanta Corporation, 1 Cyclotron Rd, Berkeley, USA, Tel: 510-402-9871;  
Email: 

Abstract

Nanodiamonds (NDs) are a new class of nanomaterial that have gained much interest in nanomedicine due to their unique chemical, 
mechanical and optical properties. As such, NDs have been shown to maximize drug therapeutic efficacy by increasing the drug’s solubility and 
bioavailability and overcoming efflux in tumor cells. Moreover, NDs have also been incorporated into tissue scaffolds to promote bone growth 
regeneration. As for the fluorescent NDs (FNDs), their stable fluorescent signal has found renewed application in bio-imaging especially for long-
term cell tracking. While considerable progress has been made in this field, the clinical translation and commercial potential of nanoparticles in 
medical diagnostics and therapy is still early and unknown due to the lack of understanding of prolonged exposure of nanoparticles or questions 
on improvement of efficacy in humans. This mini-review does not intend to cover the entire field of NDs, but rather offers a brief introduction 
and highlights the recent advances, challenges and outlook of NDs in nanomedicine.
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Introduction
While nanodiamonds (NDs) have emerged recently in the 

biomedical field, their discovery actually dates back to the 
1960s where Russian scientists first noticed the tiny diamond 
crystals in the remnants of their carbon-based explosives [1-3]. 
Today, the smallest NDs (typically< 10 nm) are produced using 
an explosion process, and the resultant products are called 
detonation NDs (DNDs). The larger NDs are produced by either a 
high pressure-high temperature (HPHT) process or via chemical 
vapor deposition (CVD) [2-4], followed by a ball-milling process 
to crush the micron sized diamonds into NDs, and finally washed 
in strong acids to remove surface impurities. To make fluorescent 
nanodiamonds (FNDs), high-energy sources (e.g. electrons, He+, 
or H+ ions) are used to bombard the HPHT or CVD diamonds to 
create color vacancy centers within the diamond lattice [5-7]. 

DNDs have seen increasing use in drug delivery thanks 
to their low cytotoxicity across multiple cells lines and in 
animals [8-10], enhanced solubility, and bioavailability of 
chemotherapeutic drugs [9-14]. Pioneering work by Prof. Dean  

 
Ho and his team showed that when doxorubicin, a hydrophobic 
anticancer drug was adsorbed onto NDs, a significant increase 
in apoptosis and tumor growth inhibition in both murine liver 
tumor and mammary carcinoma models was observed compared 
to doxorubicin alone [11]. More significantly, they found that 
because the ND-doxorubicin can overcome drug efflux from 
tumor cells, lower drug concentration can be used in order to 
reduce the toxicity to normal healthy cells. Similarly, Liu et al. 
[15] showed that ND-conjugated paclitaxel induced both mitotic 
arrest and apoptosis in the A549 human lung carcinoma cells, 
and blocked tumor growth in a xenograft mouse model. 

Another study by Lee et al. [16] demonstrated that when 
amoxicillin-loaded NDs were incorporated into gutta percha 
(a rubber cement used in root canal filling), the amoxicillin-
ND composite aided in the delivery of amoxicillin in root 
canal therapy. The authors suggested that the slow release of 
amoxicillin from the NDs may have reduce antibiotic resistance, 
which could prevent the reinfection of the root canal system and 
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increase in the overall success rates of endodontic therapies. As 
highlighted in these studies, NDs show promise as nanocarriers 
for drug delivery due to their exceptional biocompatibility and 
solubility in water, though more work is still needed to evaluate 
the long-term effects of drug delivery with NDs. 

In addition to their biocompatibility, NDs also have superior 
mechanical properties that make them ideal as composite 
materials for bone scaffolds [17-20] or as coatings for medical 
implants [21-24]. For example, when incorporated into a poly 
(l-lactide-co-ε-caprolactone) scaffold, Yassin et al. [21] showed 
that the ND-composite scaffold not only increases seeding 
efficiency of bone marrow stroma cells (BMSCs), but also 
enhances osteogenicity and promotes bone tissue growth when 
implanted into calvaria of a rat model compared to the control 
scaffold alone. Zhang et al. [18] demonstrated that when NDs 
were incorporated into a biodegradable polymer, poly(L-lactic 
acid) (PLLA), the NDs significantly increased the hardness and 
Young’s modulus of PLLA to near the mechanical properties 
of human cortical bone. Like the previous study, the ND-PLLA 
composite did not affect the growth and proliferation of marine 
osteoblasts. 

Using microwave plasma enhanced chemical-vapor-
deposition (MPCVD), Pareta et al. [22] created various diamond 
coatings on titanium surfaces and showed that NDs (< 100 
nm) with surface hydroxyls and amines promoted osteoblast 
adhesion and proliferation [23]. These studies demonstrated 
the potential of NDs in bone tissue regeneration and orthopedic 
coating applications as they can increase the mechanical 
properties of the implanted materials and promote cell adhesion 
and tissue growth.

FNDs with the negatively charged vacancy (NV-) center that 
emits fluorescence in the near infrared (NIR) region of between 
600-800 nm are by far the most used FNDs in bioimaging [25-
29]. 

The NIR region is considered as the ideal window for 
maximum tissue imaging depth because of minimal light 
absorption from water and other tissue components such 
as hemoglobin, deoxyhemoglobin and melanin, as well as 
exponentially decayed scattering effects from tissue structures 
and fat cells. Wu et al. [29] demonstrated that the FNDs can be 
used to track lung stem/progenitor cells (LSC) in-vivo using 
a mouse model for up to one week without affecting in-vitro 
cell differentiation or in-vivo cell migration. The injected LSC 
containing FNDs also showed improved localization and cell 
regeneration at the injury site. This work adds significant value 
to the field of regeneration medicine because the FNDs allow 
for tracking and quantitative evaluation of the distribution of 
transplanted stem cells in tissue. 

In another study, Lin et al. [30] demonstrated the application 
of FNDs to track and identify quiescent cancer stem cells (CSCs) 
in an in-vitro breast cancer mammosphere model over a period 

of 20days. Moreover, identification and isolation of slow and 
fast proliferating CSCs within the mammosphere was enabled 
by sorting the high and low FND-labeled cells where fast 
proliferating cell populations have fewer FNDs. Taken together, 
these studies showed that FNDs have both the biocompatibility 
and photostability that are necessary for long term in-vivo cell 
tracking and stem cell research applications. 

Discussion
The emergence of nanomedicine in the last decade has 

changed the way in which therapeutic drugs are delivered and 
has provided an improvement to existing contrast agents used 
in medical imaging. In this mini-review, we have highlighted 
some recent advances in ND-based chemotherapy [9-13], ND-
composite materials used in bone scaffold and implants [18], 
[21-23] as well as the long-term cell tracking application using 
FNDs [27-30]. While significant progress has been made, there 
are still limitations that have prevented the widespread use of 
NDs and FNDs in biomedicine. One such factor is their size and 
polydispersity. Compared to other nanomaterials such as gold 
nanoparticles and quantum dots, whose sizes are typically less 
than 10nm, the smallest FNDs available in the market today are 
>20nm. In certain applications, such as single-molecule binding, 
a smaller size is desired. Moreover, NDs and FNDs have large 
polydispersity (both in sizes and shapes) due to the top-down 
manufacturing process that involves ball-milling larger particles 
and then separating by centrifugation. 

Although the low cytotoxicity and indefinite photostability of 
FNDs has a significant advantage over organic dyes and quantum 
dots (QDs), the fluorescence intensity of small FNDs are 1-2 
orders of magnitude lower than that of organic dyes and QDs 
[5]. This is due to the inherent size constraint of the ND crystals 
to hold large number of vacancy centers, and low color center 
conversion efficiency during the thermal annealing process. 
Finally, compared to the spectrum of colors available for organic 
dyes and QDs, only two colors of FNDs (red and green) are 
available commercially at the time of this writing. Nonetheless 
other color center FNDs have already being synthesized in 
research laboratories [31]. Therefore, much work remains to be 
done in order for FNDs to gain more traction in the bio-imaging 
market.

Nanotechnology has already been used in the clinic or 
in clinical trials as drug carriers or contrast agents to aid in 
the detection, diagnostics and treatment of various diseases 
including cancer [32-34]. Considering the biocompatibility of 
NDs and promising pre-clinical results, it is encouraging to note 
that clinical trials have already begun for the ND-gutta percha 
composite in root canal treatment (clinicaltrials.gov identifier 
NCT02698163). Whether NDs and FNDs can successfully 
translate into the clinic is yet to be seen, but given the recent 
progress and increasing excitement and interests surrounding 
nanomedicine, the future of NDs looks bright.
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Conclusion
Nanotechnology has the potential to change medical 

diagnostics and therapy. Owing to their excellent biocompatibility, 
solubility and the indefinite photostability of their fluorescent 
signal, NDs and FNDs show great promise and are poised to 
facilitate research and improve imaging, implant coatings and 
drug delivery in the future. 
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