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Abstract: 
 
Nanodiamonds (NDs) are versatile nanoparticles that are currently being investigated for a 
variety of applications in drug delivery, biomedical imaging and nanoscale sensing. Although 
initial studies indicate that these small gems are biocompatible, there is a great deal of 
variability in synthesis methods and surface functionalization that has yet to be evaluated. Here 
we present a comprehensive analysis of the cellular compatibility of an array of nanodiamond 
subtypes and surface functionalization strategies. These results demonstrate that NDs are well 
tolerated by multiple cell types at both functional and gene expression levels. In addition, ND-
mediated delivery of daunorubicin is less toxic to multiple cell types than treatment with 
daunorubicin alone, demonstrating the ability of the ND agent to improve drug tolerance and 
decrease therapeutic toxicity. Overall, the results here indicate that ND biocompatibility serves 
as a promising foundation for continued preclinical investigation. 
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1. Introduction: 
 
In recent years nanomaterials have been gaining popularity in biomedical applications, 
particularly in the drug delivery and biomedical imaging arenas. This boom is at least in part due 
to their ability to improve both physical properties and biological activity or imaging contrast. 
One particularly promising nanomaterial is the nanodiamond (ND).1, 2 NDs are faceted carbon 
nanoparticles that contain a diamond crystal structure. To date NDs have been used to deliver a 
wide variety of bioactive molecules including polymers,3, 4 proteins,5-7 nucleic acids,8-10 
vitamins,11 small-molecule therapeutics12-15 and contrast agents.16, 17 NDs can additionally be 
used as fluorescent labels 18-21 and nanoscale magnetic field sensors.22 
 
Thus far the results from preclinical efficacy studies of NDs have been extremely promising.23 
The next step towards clinical translation of NDs is the assessment of their biocompatibility. 
Preliminary studies of NDs indicate that they are extremely well tolerated.3, 12, 20, 24-28 However, 
there are a few studies that indicate that NDs may have a negative impact on certain cell 
types.29, 30 Additionally, within the category of NDs there is a great deal of variability in synthesis 
method, size and surface functionalization.1, 31 Depending on the synthesis method size alone 
can vary from 3nm up to nearly a micron, which can have a large impact on particle properties.32 
We also see variation in surface functional groups, shape and ζ-potential depending on the 
synthesis method (Table 1). With the wide range of particles that can claim the title “ND” there a 
need to better understand of the impact of the differing particle subtypes and surface 
modifications. 
 
To the best of our knowledge, this is the first study to examine the cellular impact of the differing 
subtypes of NDs. Here we have chosen to evaluate the cellular response to 4 common types of 
ND: unmodified detonation NDs (dNDs), amine-functionalized dNDs (aNDs), daunorubicin 
functionalized dNDs (ND-DNR) and fluorescent NDs (fNDs) (Table 1, Figure 1). dNDs are 4-
5nm particles that form a stable colloidal solution with cluster sizes averaging 35-50nm. Among 
other therapeutic and biomedical imaging agents, dNDs serve as the foundation for the ND-
doxorubicin,12, 15, 25, 33 ND-lipid hybrid particles13 and ND-based MRI contrast agents.16 The 
synthesis of dNDs leaves them with a variety of oxygen-containing, surface functional groups 
(Figure 1A, dNDs) that can be modified for covalent functionalization. dNDs are also commonly 
modified, through reduction and coupling to (3-aminopropyl)triethoxysilane,34 to generate 
similarly sized NDs with primary amines on the surface (Figure 1, aNDs). aNDs serve as the 
reactive foundation for a variety of modified NDs, including fluorophore conjugated NDs12, 13 and 
multimodal NDs.9  
 
Alternatively, dNDs can be non-covalently functionalized with a variety of therapeutic 
molecules,35 including anthracycline chemotherapeutics.12 Similar to doxorubicin loaded NDs, 
ND-DNR is generated by adsorption of daunorubicin into dND clusters (Figure 1, ND-DNR).36 
One of the major advantages of ND-mediated delivery of anthracycline chemotherapeutics is 
that they overcome cellular resistance mechanisms.12, 36 Additionally, ND-doxorubicin reduces 
the side effects of doxorubicin, thereby improving overall drug safety. Here we have chosen to 
study ND-daunorubicin, which has been shown to overcome cellular resistance mechanisms in 
leukemia cells.36  
 
Finally, we also chose to compare to innately fluorescent NDs, which are not synthesized from 
dNDs. The fNDs studied here are approximately 45nm particles (Figure 1, fNDs) that that are 
innately fluorescent due to nitrogen vacancies (NV) in the diamond crystal structure.37 These 
can be synthesized in a variety of fashions, but are generally larger than dNDs due to the need 
for additional NV centers to generate brighter fluorescence.38-41 Previous reports have assessed 
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the biocompatibility of fluorescent nanodiamonds alone,42, 43 and have found that they do not 
alter cell viability. However, the particles previously studied represent a separate subset of even 
larger fNDs (145nm) and have not been comprehensively analyzed or directly compared to 
other NDs.  
 
Here we present the most comprehensive analysis of cellular compatibility of NDs to date and 
the first to compare multiple ND subtypes. These results demonstrate that even all ND subtypes 
are well tolerated by multiple cell types and have minimal impact on cellular metabolism, cell 
death, apoptosis induction and gene expression, even at supra-therapeutic levels. These results 
confirm that at a fundamental level diamond nanoparticles are extremely biocompatible and 
serves as the foundation for future preclinical studies. 
 
2. Materials and Methods: 
2.1. Materials 
All materials were acquired from Life Technologies (Carlsbad, CA, USA) unless otherwise 
specified. Detonation nanodiamonds were purchased from the Nanocarbon Research Institute 
(Nagano, Japan). High pressure high temperature (HPHT) nanodiamonds average size 45 nm 
contained about 100-120 ppm nitrogen, i.e., starting material for preparation of fluorescent 
nanodiamond, were sourced from Microdiamant AG, Switzerland.  HepG2 and HeLa cells were 
acquired from ATCC (Manassas, VA, USA). Cell culture media and supplements were acquired 
from VWR (Radnor, PA, USA). Caspase Glo-3/7 and Cytotox 96 were acquired from Promega 
Corporation (Madison, WI, USA). Daunorubicin was acquired from Sigma-Aldrich (St. Louis, 
MO, USA). 
 
2.2. ND-Synthesis 
Amine modified NDs (aND) were synthesized according to the protocol originally described by 
Kruger, et al.44 Briefly, lyophilized NDs (2.5g) were reduced with BH3•THF (25mL, 1M) for 3 
days followed by functionalization (1g) with (3-aminopropyl) trimethoxysilane (100mL, 5%). After 
washing and lyophilization aNDs were suspended in 0.2% acetic acid using probe sonication. 
ND-daunorubicin was synthesized using the protocol described by Man et al.36 Briefly, dNDs 
(1mg/mL) are combined with daunorubicin (0.2mg/mL) in the presence of sodium hydroxide 
(2.5mM) and allowed to precipitate overnight. ND-DNR clusters are then collected by 
centrifugation and resuspended in water using probe sonication, forming a stable colloidal 
solution. 
 
2.3. fND-Preparation 
A surface graphite contamination of commercial HPHT NDs was removed by two step oxidation, 
i.e., by heating in air atmosphere at 450 °C for 6 h and subsequent heating in a mixture of 
concentrated H2SO4-HNO3 (9:1, v/v) at 90 °C for 3 days. The reaction mixture was diluted with 
deionized water and the NDs were separated by centrifugation and washed subsequently with 
0.1 M NaOH, 0.1 M HCl, and finally three times with MilliQ water than lyophilized from MilliQ 
water. The obtained NDs were dispersed in water and deposited in the form of a thin film on a 
target backing (10 mg cm−2) for proton implantation. The ND film was then irradiated using an 
external proton beam of the isochronous cyclotron U-120M. The angle of the target backing with 
respect to the beam direction was 10°. The fluence of the delivered beam was 9.2 × 1015 cm−2, 
the beam energy was 5.4 MeV, and the beam current was 0.6 µA. The irradiated NDs were 
thermally annealed in inert atmosphere at 900°C for 1 hour to form either neutral (NV0) and 
negatively charged (NV-) centers.41 The graphene-like impurities resulting from irradiation and 
annealing were finally removed by oxidation with air at 450 °C for 6 h. Dominant chemical 
functions presented on the surface such prepared fNDs are carboxyl and primary hydroxyl 
groups and ketones (Figure 1, fNDs). 
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2.4. Cell culture 
Cells were cultured in DMEM supplemented with 10% fetal bovine serum (FBS) and 1% 
penicillin-streptomycin in a humidified atmosphere at 37°C with 5% CO2. Cells were seeded in 
flat-bottom 96-well plates at 2.5x104 cells per well and cultured in a final volume of 200µl DMEM 
supplemented with 10% FBS and 1% penicillin-streptomycin. Cells were incubated with varying 
concentrations (1µg/mL-1mg/ml) of plain NDs, amine-modified NDs, fluorescent NDs or 
daunorubicin-loaded NDs for either 4 (ND-Daunorubicin) or 24 hours (all others). As amine 
modified NDs were suspended in 0.2% acetic acid, an equivalent volume of 0.2% acetic acid 
was added to negative controls. After the incubation period 100µl of media was removed from 
each well and transferred to a new plate for the LDH release assay. 
 
2.5. XTT Assay 
For the XTT assay untreated cells were used as a negative control and 1% SDS as a positive 
control. 50µl of XTT reaction mixture (100µg/mL XTT reagent, 25µM menadione in phosphate 
buffered saline) was added to each well. After 2 hours incubation at 37°C absorbance was 
measured at 475nm using a Biotek Synergy 4 or SpectraMax M5 plate reader. Absorbance was 
normalized to a reference wavelength (600nm) and background subtracted using wells with test 
material but no cells. 
 
2.6. Caspase 3/7 Activation Assay 
For the caspase activation assay 1-4µM staurosporine, incubated for 4 hours, was used as a 
positive control and untreated cells the negative control. 50µl of substrate mix (Promega 
CaspaseGlo 3/7 Assay) was added to each well and incubated for 30 minutes at 37°C. 
Luminescence was measured using a Biotek Synergy 4 or SpectraMax M5 plate reader. 
 
2.7. LDH Release Assay 
Lactate dehydrogenase (LDH) release from cells was measured in culture supernantants from 
either the XTT or caspase activation assays. Cells were incubated with the cell lysis solution 
(Promega Cytotox 96 kit) for 45 minutes to obtain a positive control while untreated cells were 
used as a negative control. 50µl of supernatant from each well was transferred to a fresh 96-
well plate and combined with 50µl of reconstituted Substrate Mix (kit). Plates were incubated for 
30 minutes at room temperature for 30 minutes prior to adding 50µl of stop solution (kit). 
Absorbance was read at 490nm on a Biotek Synergy 4 or SpectraMax M5 plate reader. 
Absorbance was compared to a reference wavelength (690nm) and background subtracted 
using wells with test material but no cells. 
 
2.8. Reverse transcription quantitative real-time PCR (RT-qPCR) 
HepG2 and HeLa cell lines (400,000/well) were treated with 25 µg/ml of dNDs, aND or fNDs for 
24 hours. As a positive control campthotecin with concentration 1mM or 5 mg/mL was used. 
Total RNA from cells was extracted using the Trizol (Life Technologies), following manufactures 
protocol. 100 ng of RNA were transcribed into cDNA using the cDNA Archive Kit (Applied 
Biosystem, Foster City, CA, USA). RT-qPCR analysis for Bax, COX-2, c-Myc, and Ki-67 genes 
was carried out with a TaqMan probes and TaqMan Gene Expression Master Mix (Applied 
Biosystem) using an iCycler5 (Bio-Rad, Hercules, CA, USA). The genes were normalized to the 
reference gene (GAPDH). Differences in gene expression were evaluated by the ∆∆Ct method 
with GenEx Pro software version. 
 
2.9. Statistical Analysis 
All experiments were conducted with a minimum 3 replicates. Statistics for XTT, LDH release 
and caspase 3/7 activation assays were performed in GraphPad Prism a two-way ANOVA and 
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the Bonferroni correction for multiple comparisons. Statistics for PCR analysis was completed 
using GenEx software and a paired t-test (two-tailed).  
 
3. Results 
3.1. Cellular impact of modified and unmodified detonation nanodiamonds 
The impact of dNDs and aNDs was first assessed on two cancer cell lines: HepG2 
(hepatocellular carcinoma) and HeLa (cervical adenocarcinoma). The two cell lines were 
selected because they are broadly used and representative of different germ layers: endoderm 
and ectoderm. Varying concentrations of dNDs or aNDs were incubated with both cell lines for 
24 hours prior to assaying for metabolic activity (XTT assay), cell death (lactate dehydrogenase 
release) or apoptosis (caspase 3/7 activation) (Figure 2). These results demonstrate that neither 
dNDs nor aNDs diminish cell metabolic activity in the HepG2s (Figure 2A). At the very highest 
concentrations (1mg/ml) both dNDs and aNDs induce a modest increase in cell death (Figure 
2C) and apoptosis (Figure 2E). However, the lack of impact on metabolic activity indicates that 
overall the overall impact on the culture is minimal. 
 
In contrast to the HepG2s, at the highest concentrations (1mg/ml) the dNDs and aNDs induce a 
modest reduction in cell metabolic activity in the HeLa cells (Figure 2B). However, this effect 
was not accompanied by an increase in cell death (Figure 2D) or apoptosis (Figure 2F). Taken 
together these results indicate that at extreme concentrations dNDs and aNDs may inhibit 
proliferation in the HeLa cells. However, at more reasonable concentrations (<500µg/ml) neither 
the dNDs nor the aNDs had any effect on cellular metabolism, cell death or caspase activation 
in either cell line.  
 
3.2. Cellular impact of fluorescent nanodiamonds 
fNDs were synthesized by proton beam irradiation of high temperature, high pressure (HPHT) 
diamond nanocrystals followed by annealing at 900°C for 1 hour. The resulting fNDs were 
assessed in a similar fashion to the dNDs and aNDs. Varying concentrations of fNDs were 
incubated with HeLa or HepG2 cells for 24 hours prior to assaying for cellular metabolic activity 
(XTT) and overall cell death (LDH release). Due to a limited supply of fNDs we were unable to 
complete additional assays or test extreme concentrations. However, this assessment indicates 
that fNDs are extremely well tolerated by both cell lines (Figure 3). HepG2 cells treated with 
fNDs do not show any alterations in cell metabolic activity (Figure 3A) or cell death (Figure 3C). 
The same was observed with the HeLa cells (Figures 3B, D respectively). These results indicate 
that in spite of the larger size and differing synthesis method the fNDs are still extremely well 
tolerated. 
 
3.3. Transcriptional response to ND-treatment 
In order to more precisely assess the impact that the dNDs, aNDs and fNDs had on cells their 
transcriptional response to the NDs was probed using RT-qPCR. In the HepG2 cells 3 different 
transcripts as indicators of cell health were assessed: Bax (pro-apoptosis), c-Myc (anti-
apoptosis, pro-proliferation) and Ki-67 (pro-proliferation). HepG2 cells were incubated with 
25µg/ml of dNDs, aNDs or fNDs for 24 hours prior to recovery of genetic material. We observe 
that none of the ND-subtypes induce increases in Bax expression in the HepG2 cells (Figure 
4A), which is indicative of a lack of apoptosis response. In addition, we find that ND treatment 
does not down-regulate c-Myc (Figure 4B), which suggests the NDs do not inhibit cellular 
proliferation or induce apoptosis. Furthermore, probing Ki-67 confirms that the NDs do not 
induce an anti-proliferative response in the HepG2 cells (Figure 4C). When combined with the 
results in Figures 2 and 3, these results indicate that none of the 3 ND-subtypes tested induces 
a toxic response in the HepG2 cells.  
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Similar to the HepG2s, HeLa cells were incubated with 25µg/mL of dNDs, aNDs and fNDs and 
probed for alterations in gene expression. ND treatment did not induce alterations in the 
expression of Bax, (Figure 5A), c-Myc (Figure 5B) or Ki-67 (Figure 5C) in the HeLa cells, which 
is consistent with Figures 2 and 3. However, in addition to Bax, c-Myc and Ki-67, COX-2 was 
probed in the HeLa cells to assess the inflammatory response to the differing ND-subtypes. 
Because COX-2 is frequently overexpressed in hepatocellular carcinoma we elected not to 
probe its expression in the HepG2 cells. Treatment of HeLa cells with each of the 3 ND-
subtypes failed to up-regulate COX-2 expression (Figure 5D), indicating a lack inflammatory 
response. This work demonstrates that at 25µg/ml dNDs, aNDs and fNDs do not promote 
apoptosis, induce an inflammatory response or inhibit proliferation in the HeLa cells. 
 
3.4. Cellular treatment with ND-Daunorubicin 
One of the major advantages of dNDs as a drug delivery vehicle is their ability to deliver 
anthracycline chemotherapeutics in a controlled manner. Previous work on nanodiamond 
doxorubicin demonstrates that nanodiamond-mediated delivery of doxorubicin increases drug 
circulation time, promotes tumor localization, overcomes chemoresistance and virtually 
eliminates drug toxicities.12 Here we evaluate the cellular response to ND delivery of 
daunorubicin, an anthracycline chemotherapeutic closely related to doxorubicin. Early studies of 
ND-daunorubicin have demonstrated that it can overcome resistance mechanisms in leukemia 
cells.36 ND-DNR was synthesized in the same manner as ND-doxorubicin12 and ND-epirubicin.13 
Release of daunorubicin from ND-clusters is pH dependent and takes place over the first 6-12 
hours. For this reason,36 HepG2 and HeLa cells were treated with 10-100µg/ml of DNR as ND-
DNR or free daunorubicin for 4 hours prior to assaying for cellular metabolic activity, cell death 
and initiation of apoptosis (Figure 6). HepG2 cells show increased metabolic activity with ND-
DNR (Figure 6A, ANOVA p=0.0004), reduced cell death (Figure 6C, ANOVA p<0.0001) and 
less apoptosis (Figure 6E, ANOVA p<0.0001). The HeLa cells responded similarly, with ND-
DNR treatment showing improved cell metabolic activity compared to free daunorubicin (Figure 
6B, ANOVA p=0.012), diminished cell death (Figure 6D, ANOVA p<0.0001), and reduced 
apoptosis (Figure 6F, ANOVA p=0.0014). Because neither cell line is resistant to daunorubicin 
these results are extremely promising. Overall this work shows that ND-DNR is less toxic than 
the equivalent dose free daunorubicin to both epithelial and liver cells, which are two of the cell 
types hardest hit by conventional chemotherapeutics.   
 
4. Discussion: 
 
One of the biggest challenges with developing new nanomaterials for biomedical applications is 
that in order to be clinically useful the material must be biocompatible and well tolerated. 
Although many nanoparticles may be well tolerated by cells and animals when pristine, there 
are limited studies assessing their biological impact when modified. This is particularly true for 
NDs, which can be synthesized and modified using a variety of methods to produce vast array 
of subtypes and surface chemistries. Here have strived to complete a comprehensive analysis 
of the cellular response to different types and modifications of NDs.  
 
Previous work on ND biocompatibility has primarily focused on cell viability after dND treatment 
in comparison to other nanoparticles.24 Although there are more detailed studies of the cellular 
response to dNDs alone,25 there is little information available comparing dNDs to other ND 
subtypes. Additionally, some of the results in the literature present conflicting information on 
dND genotoxicity.28, 29 Because NDs are finding increasing usage in both modified and 
unmodified forms, an in depth understanding of their impact on cells is necessarily for their 
clinical and commercial translation. Of the ND subtypes, aNDs and fNDs are some of the most 
commonly utilized. aNDs are a especially important subtype to study due to the frequency of 
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their use as a foundation for other functionalized NDs. The studies of aNDs are crucial because 
of the high toxicity of other materials presenting excess primary amines, such as poly-lysine. 
Furthermore, because nanoparticle size has a strong impact on their interaction with cells,45 the 
studies comparing the larger fNDs to the smaller dNDs are particularly informative. 
 
Overall these studies have found that non-therapeutic NDs are extremely well tolerated by liver 
and epithelial cell lines even at supra-therapeutic doses (Figures 2 and 3). For comparison, 
mice treated with an aggressive dose of doxorubicin (100µg) would experience a maximum 
concentration of 250µg/ml NDs in circulation immediately after injection, which would rapidly 
diminish as the NDs distribute. At 250µg/ml all the non-therapeutic ND types are exceptionally 
well tolerated by both cell types, suggesting that they should also be well tolerated in vivo. 
 
For the gene expression studies NDs were tested at a lower concentration, 25µg/mL, to more 
closely mimic the concentration organs might see after ND distribution from the blood stream. 
These studies demonstrate that treatment with dNDs, aNDs or fNDS does not induce changes 
in the expression of genes involved in apoptosis, cellular proliferation or inflammation (Figures 4 
and 5). These findings are important because it is possible for cells to be functionally normal 
while still exhibiting changes in gene expression. However, this work shows that treatment with 
NDs of any subtype did not induce significant changes in cell metabolism, proliferation or 
apoptosis at either the functional or gene expression level.  
 
In addition to being non-toxic to the two cell types tested, NDs are capable of reducing the 
toxicity of the anthracycline chemotherapeutic daunorubicin. When daunorubicin is delivered by 
NDs to either HepG2 or HeLa cells it is less toxic than when delivered as a free acid. This effect 
is expected and beneficial as neither the HepG2 nor HeLa cells are resistant to daunorubicin. 
Liver and epithelial cells, like HepG2 and HeLas, are two of the cell types most negatively 
affected by chemotherapy. Because ND-DNR is less toxic to these two cell types than free 
daunorubicin, this work suggests ND-mediated delivery of daunorubicin may improve the side 
effect profile of daunorubicin if used in vivo. 
 
5. Conclusions 
In conclusion, the comprehensive assessment of cellular compatibility presented in this work 
shows that NDs synthesized in different manners and carrying differing surface 
functionalizations are well tolerated by multiple cell types. Additionally, these results 
demonstrate that daunorubicin is less toxic to multiple cell types when delivered by ND. 
Combined these results demonstrate that NDs are extremely promising vehicles for drug 
delivery and merit further pre-clinical evaluation.  
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Table 1: Comparison of Properties of ND-Subtypes 

Type Size (Z-
average) 

Zeta-
potential 
(mV) 

Surface 
Groups 

Synthesis Citations 

dND 45.1 ± 
0.2nm12 

61.2 ± 
15.7mV13 

Alcohol, 
carboxyl, 
ketone, 
aldehyde, 
anhydride 

Detonation of 
explosives followed by 
acid washing and ball 
milling.46 

Osawa et al.,46 
Chow et al.,12 Chen 
et al.,35 Kim et al.47 

aND 43.7 ± 
0.6nm13 

46.8 ± 
6.89mV13 

Amine Reduction of dNDs 
followed by coupling to 
(3-
aminopropyl)triethoxys
ilane.13  

Krueger et al.,44 
Moore et al.,13 
Chow et al.,12 
Zhang et al.9 

fND 54 ± 7nm48 -46.7 ± 
5.15mV 
(not 
published) 

Carboxyl, 
hydroxyl, 
ketone 

Proton beam 
irradiation of HPHT 
NDs followed by 
annealing at 450 °C.41 

Havlik et al.,41 
Rehor et al.,48 
Petravka et al.49 

ND-
DNR 

93.1 ± 8.2 
nm36 

Not 
determine
d 

Daunorubicin Precipitation of dNDs 
in the presence of 
daunorubicin and 
2.5mM NaOH.36 

Man et al.36 
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Figure 1: Nanodiamond subtypes. Schematic (A) and photographic (B) comparison of 
detonation nanodiamonds (dNDs), amine-functionalized detonation nanodiamonds (aNDs), 
fluorescent nanodiamonds (fNDs) and daunorubicin functionalized detonation nanodiamonds 
(ND-DNR). Synthesis of dNDs, fNDs and ND-DNR produces NDs with oxygen-containing 
functional groups while aNDs are generated by reduction of dNDs followed by functionalization 
to produce primary amines (A). All NDs form stable colloidal solutions in water (B).   
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Figure 2: Comparison of unmodified and amine-functionalized detonation NDs. Varying 
concentrations of NDs were incubated with HepG2 (A, C, E) and HeLa cells (B, D, F) for 24 
hours followed by assaying for metabolic activity (XTT; A, B), cell death (lactate dehydrogenase 
release; C, D) and apoptosis (caspase activity; E, F). Unless otherwise noted all comparisons 
with negative controls (Neg Ctrl: untreated cells) were non-significant and all comparisons with 
positive controls (Pos Ctrl: 1% SDS for XTT, assay provided lysis solution for lactate 
dehydrogenase release and 1-4µM staurosporine for caspase activation) were significant with 
p<0.01 (*p<0.05, **p<0.01, ***p<0.001). Results are expressed as average ± standard deviation 
of values from a minimum of 3 independent experiments. 
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Figure 3: Cellular compatibility of fluorescent NDs. Varying concentrations of fluorescent 
NDs (fNDs) were incubated with HepG2 (A, C) and HeLa cells (B, D) for 24 hours prior to 
assaying for metabolic activity (XTT; A, B) and cell death (lactate dehydrogenase release; C, D). 
All comparisons with negative controls (Neg Ctrl: untreated cells) were non-significant and all 
comparisons with positive controls (Pos Ctrl: 1% SDS for XTT, assay provided lysis solution for 
lactate dehydrogenase release and 1-4µM staurosporine for caspase activation) were significant 
with p<0.001. Results are expressed as average ± standard deviation of values from a minimum 
3 independent experiments. 
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Figure 4: mRNA relative quantification in HepG2 cells after NDs treatment. HepG2 cells 
were treated with 25 µg/mL of dNDs, aNDs or fNDS for 24 hours prior RT-qPCR analysis of Bax 
(A), c-Myc (B) and Ki-67 (C) genes. Gene expression was normalized to reference gene 
(GAPDH). For Bax gene expression analysis was used 1mM Campthotecin as positive control 
(Pos Ctrl) and for c-Myc and Ki-67 gene expression analysis (5 mg/ml) Campthotecin, 
respectively. All comparisons between negative control (Neg Ctrl) and NDs were non-significant 
and comparisons between negative control (Neg Ctrl) and positive control (positive ctrl) were 
p<0.05 or p<0.01, respectively (*p<0.05, **p<0.01, ***p<0.001). Results are expressed as 
average ± standard deviation of values from 3 independent experiments. 
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Figure 5: mRNA relative quantification in HeLa cells after NDs treatment. HeLa cells were 
treated with 25 µg/mL of dNDs, aNDs or fNDS for 24 hours prior qPCR analysis of Bax (A), c-
Myc (B), Ki-67 (C) and COX-2 (D) genes. Gene expression was normalized to reference gene 
(GAPDH). For Bax and COX-2 gene expression analysis was used 1mM Campthotecin as 
positive control (Pos Ctrl) and for c-Myc and Ki-67 gene expression analysis (5 mg/ml) 
Campthotecin, respectively. All comparisons between negative control (Neg Ctrl) and NDs were 
non-significant and comparisons between negative control (Neg Ctrl) and positive control (Pos 
Ctrl) were p<0.05 or p<0.01, respectively (*p<0.05, **p<0.01, ***p<0.001). Results are 
expressed as average ± standard deviation of values from 3 independent experiments. 
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Figure 6: Daunorubicin delivery by detonation NDs. Varying concentrations of Daunorubicin 
(DNR), either as free drug or loaded on NDs, were incubated with HepG2 (A, C, E) and HeLa 
cells (B, D, F) for 4 hours followed by assaying for metabolic activity metabolic activity (XTT; A, 
B), cell death (lactate dehydrogenase release; C, D) and apoptosis (caspase activity; E, F). 
p<0.05 for all ANOVAs (*p<0.05, **p<0.01, ***p<0.001). Results are expressed as average ± 
standard deviation of values from 3 independent experiments.ś 
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