
Aim 1: Characterize the inhibitory effect of nano-fullerene on inflammatory mediators and 
ROS in dorsal root ganglion explant cultures in vitro. 
This aim is being published and supported in conjunction with NIH R21. 

1. Characterization of Neurons Isolated from DRG 
 

 Cells isolated from DRG and cultured with GM for 7 days displayed typical neuronal 
morphology, axons extending outward and several neurites converging on the cells (Fig. 
1B). The purity of neurons was evaluated by immunofluorescence staining for both MAP-
2 (Fig. 1C upper panel) and Pan Neuronal Marker (Fig. 1C lower panel). MAP-2 is a 
neuron-specific protein that stabilizes microtubules in the dendrites of postmitotic 
neurons. Pan Neuronal Marker was detected by a polyclonal antibody blend that Millipore 
has developed to react against key somatic, nuclear, dendritic, and axonal proteins 
distributed across the pan-neuronal architecture. It is shown that more than 80% of the 
cells positively expressed both neuronal markers. 

2. Fullerol Decreased Intracellular ROS Content 
 

To evaluate the anti-oxidative effects of fullerol, we performed fluorescence staining using 
H2DCFDA as an indicator to measure intracellular ROS content. Upon cleavage of the 
acetate groups by intracellular oxidation, the non-fluorescent H2DCFDA would be 
converted to the highly fluorescent 2',7'-dichlorofluorescein (DCF). As shown in Fig. 2, 
the number of positively stained cells (green fluorescence) was higher in the TNF-α-
treated group compared with that in the control group, and the green fluorescence signal 
decreased with the addition of fullerol in a dose-dependent manner with the least amount 
of ROS in both 1 and 10 μM fullerol-treated groups. 

3. Fullerol Rescued TNF-α-Induced Cellular Apoptosis 

Cellular apoptosis was measured by detection of cleavage 1 of genomic DNA during 
apoptosis via  TUNEL assay (Fig. 3). After 3 days of culture, no detectable apoptosis was 
seen in control group.  In contrast, TNF-α significantly increased the number of apoptotic 
cells (green fluorescence) when compared with the control group. Cells treated with 1 μM 
fullerol showed a marked effect with few apoptotic cells. There was no clear protective 
effect in either 0.1 or 10 μM fullerol treatment groups. This suggested that fullerol at 1 μM 
concentration has the best effects and little toxicity. 

4. Fullerol Attenuated Inflammatory Responses of DRG and Neurons 
 
As shown in Fig. 4, fullerol suppressed cellular mRNA expression of IL-6 and COX-2 in a 
similar manner. TNF-α significantly increased IL-6 (p<0.01) and COX-2 (p<0.05) 
expression compared with respective control group, while 10 μM fullerol reduced this 
elevation by 40% and 24%, respectively, and both of IL-6 and COX-2 expression went 
down to basal control levels (p>0.05). 
The mRNA expression results were further confirmed by in situ detection of IL-1 β and IL-
6 in DRG tissue. By immunofluorescence staining, as shown in Fig. 5, TNF-α treatment 
markedly increased both IL-1 β and IL-6 expression compared with controls and, the 
green fluorescence intensity was decreased by fullerol treatment in a dose-dependent 
fashion. The expression of both IL-1 β and IL-6 in either 1 or 10 μM fullerol-treated group 
was reduced close to control groups. 



The ELISA results further confirmed the above observation quantitatively. As shown in 
Fig. 6, TNF-α significantly increased IL-6 expression compared with control group 
(p<0.01), and this promotion was inhibited by fullerol at 1 and 10 μM (p<0.01). There was 
also a similar dose- dependent suppressive effect of fullerol on 1 PGE2 secretion. 
Notably, 0.1 μM fullerol was strong enough to significantly suppress PGE2 secretion 
(p<0.01) induced by TNF-α treatment. Fullerol at 1 μM concentration was enough to 
reduce PGE2 secretion to basal level (p>0.05). For consistency, only L4 DRG was 
employed for ELISA in this study. 
  
   5.  Fullerol up-regulated the expression of SOD2 and Catalase 
 
As it has been demonstrated the potent antioxidants could protect cells by promoting 
cellular anti-oxidative enzyme expression, we asked whether fullerol, as an antioxidant, 
would suppress neuron inflammatory responses in the same way. As shown in Fig. 7, the 
treatment of TNF-α dramatically decreased the expression of SOD2 and catalase mRNA 
expression compared with the control groups (p<0.05), while fullerol at 1 μM 
concentration completely rescued their expression from TNF-α assault by increasing it 
close to the basal levels (p>0.05). When treated with 10 μM fullerol, the expression of 
catalase was actually increased by 20% compared with control group (p<0.05). These 
results suggested that up-regulating SOD2 and catalase may contribute to the 
suppression of inflammation by fullerol at least partially in this model. 
 

6. Nanofullerol counteracts in vivo disk degeneration in a rabbit annulus-
puncture model 

The protective effect of nanofullerol on disk degeneration was tested in a rabbit disk-
degeneration model. The GAG content in the degenerated disks was greatly diminished 
by puncture injury, but was partly recovered by nanofullerol treatment at both the 4- and 
12-week points MRI scans at 4 and 12 weeks showed a blurred AF–NP junction, 
narrowed disk space, and a lower T2-weighted MRI signal, indicating disk degeneration 
of the punctured disks. However, fullerol-injected disks showed a distinct AF–NP 
junction and strong T2-weighted MRI signals. Safranin O staining demonstrated that 
ectopic bone formed in the annulus of the punctured disk, but not in those treated with 
nanofullerol. The degree of ectopic bone formation was much greater at 12 weeks than 
at 4 weeks. Bone formation was completely inhibited in the presence of nanofullerol at 
12 weeks. 

 
 
Aim 2: Evaluate whether nano-fullerene reduces hyperalgesia induced by herniation of 
the NP tissue in a rat model. 
 
We are currently analyzing data for this aim. Hopefully, we will publish our findings next 
year and submit for an NIH R01 grant application. 
 



Our findings so far indicate that fullerol prevents the catabolic activity of vBMSCs under 
inflammatory stimulus by decreasing the level of ROS, MMPs, and TNF-α. Also, fat 
formation in vBMSCs is prevented by fullerol nanoparticles, and, therefore, fullerol may 
warrant further in vivo investigation as an effective biological therapy for disc 
degeneration. 
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