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Abstract
 Along with differentiation of mouse stromal preadipocytes OP9 into adipocytes, intracellular ROS, especially superoxide anion 
radicals detected by NBT reduction assay, were found to appreciably increase, mainly in cytoplasmic area, parallelling with 
increases in intracellular lipid-droplet accumulation, whereas undifferentiated OP9 cells kept lower levels of ROS and lipid-
droplets.   β  -Carotene bleaching assay showed that super-highly hydroxylated fullerene (SHH-F; C 60  (OH) 44 ) exerted higher anti-
oxidant ability than highly hydroxylated fullerene (HH-F; C 60  (OH) 32 – 34 ) or lowly hydroxylated fullerene (LH-F; C 60  (OH) 6 – 12 ). 
Differentiation-dependent lipid-droplet accumulation was suppressed by SHH-F or HH-F more effi ciently than LH-F. Further-
more, SHH-F signifi cantly repressed intracellular ROS generation accompanied by adipocyte differentiation. Thus, lipid-droplet 
accumulation was shown to positively correlate with ROS upon the differentiation of OP9 preadipocytes into adipocytes and 
SHH-F signifi cantly suppressed intracellular ROS together with repression of intracellular lipid accumulation.  

  Keywords:   Fullerenol  ,   adipocytes  ,   lipid accumulation  ,   reactive oxygen species  ,   antioxidative activity  ,   differentiation     
Introduction 

 Polyhydroxylated fullerenes (fullerenols; C 60 (OH) n ) 
are water-soluble and are known to possess a par-
ticular signifi cance as free radical scavengers or anti-
oxidants in biological systems [1 – 11]. It has been also 
reported that fullerenols exerted inhibitory effects 
against diverse cell injuries such as brain cell dam-
age by peroxide [3], damage of the bronchial asthma 
model [12], reactive oxygen species (ROS)-mediated 
neuronal death [10,13], oxidative stress in both the 
RAW 264.7 macrophage cell line and ischemia-
reperfused rat lungs [14], doxorubicin toxicity in 
human breast cancer cell lines [15], proliferation of 
vascular smooth muscle cell lines [16], neutrophilic 
lung infl ammation in mice [17] and mitochondrial 
ISSN 1071-5762 print/ISSN 1029-2470 online © 2010 Informa UK Ltd. 
DOI: 10.3109/10715762.2010.499905
 dysfunction in a cellular model of Parkinson ’ s disease 
[18]. Thus, fullerenols seem to be valuable candidates 
for prophylactic and/or therapeutic agents against 
ROS related disease due to their properties as free 
radical scavengers and antioxidants. 

 Obesity is a primary causative factor in the develop-
ment of metabolic syndrome, which is closely impli-
cated in various diseases such as hypertension, insulin 
resistance, type II diabetes, coronary artery disease 
and heart failure [19]. Recently, ROS has been sug-
gested to be one of the key factors associated with the 
development of obesity. It has been demonstrated that 
ROS production was increased during differentiation 
into adipocytes and administration with free fatty acid 
could induce ROS production in 3T3-L1 adipocytes 
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[20]. Furthermore, it has also been described that 
increased markers of oxidative stress were observed 
in obese humans [21] and rodents [20,22,23]. There-
fore, these fi ndings imply that ROS scavengers are 
expected to be effective in preventing obesity-
associated metabolic syndrome. Differentiation from 
preadipocytes to adipocytes is a well-known crucial 
process for development of obesity and obesity is 
characterized by an increase in the number and size 
of adipocytes containing considerable lipid droplets 
at the cell biological level. Preadipocytes cell lines are 
useful models for investigating the adipogenesis pro-
cess and the OP9 cell line was recently suggested 
as a novel model appropriate for studying the basal 
differentiation step [24]. 

 In the present study, we used the novel polyhy-
droxylated fullerene (C 60  (OH) 44  · 8H 2 O) and investi-
gated the effects of three types of fullerenols 
(C 60 (OH) 6 – 12 , C 60  (OH) 32-34  · 7H 2 O and C 60  (OH) 44  ·
 8H 2 O) on intracellular lipid accumulation and intra-
cellular ROS generation during the differentiation of 
OP9 preadipocytes into adipocytes. Consequently, 
C 60  (OH) 44  · 8H 2 O showed a stronger antioxidative 
activity than two other fullerenols and markedly sup-
pressed differentiation-dependent increases in intrac-
ellular lipid accumulation and ROS generation during 
differentiation.   

 Materials and methods  

 Cell culture and differentiation into adipocytes 

 OP9 cells, a line of bone marrow-derived mouse stromal 
cells, were obtained from the American Type Culture 
Collection (Manassas, VA; catalogue no. CRL-2749). 
Cells were cultured in MEM-  α   (Invitrogen Corp., CA) 
supplemented with 20% heat-inactivated fetal bovine 
serum (FBS, Biological Industries Ltd., Beit Haemek, 
Israel), 100 U/ml penicillin and 100 mg/l streptomy-
cin at 37 ° C in a humidifi ed atmosphere of 95% air 
and 5% CO 2 . Adipocyte differentiation was induced 
as previously described [24] with minor  modifi cation. 
  Figure 1.     Morphological aspects of OP9 preadipocytes (left) and the
adipocytes as described in Materials and methods. The scale bar ind
Briefl y, OP9 preadipocytes were seeded at 60,000 
cells/cm 2  and grown for 2 days to reach confl uency 
(day 0) and then the cells were treated with culture 
medium containing 1  μ M dexamethasone, 0.5 mM 
3-isobutyl-1-methylxanthine (IBMX) with or without 
fullerenols for 3 days. On day 3, the cells were cul-
tured in culture medium containing 10  μ g/ml insulin 
with or without fullerenols for another 4 days. Typical 
morphological aspects of OP9 preadipocytes and dif-
ferentiated adipocytes were represented in Figure 1. 
Three types of fullerenols were used, lowly hydroxy-
lated fullerene (C 60 (OH) 6 – 12  ;LH-F) was purchased 
from Frontier Carbon Corp.  (Fukuoka, Japan) and 
highly hydroxylated fullerene (C 60  (OH) 32-34  · 7H 2 O; 
HH-F) and super-highly hydroxylated fullerene (C 60  
(OH) 44  · 8H 2 O; SHH-F) were synthesized by using a 
novel method [25] in Osaka University and supplied 
from Vitamin C60 BioResearch Co. (Tokyo, Japan).   

 Evaluation of accumulated lipid contents in adipocytes 

 Differentiation was estimated by microscopic obser-
vation and Oil Red O staining [26]. Cells were washed 
twice with phosphate buffered saline (PBS), fi xed in 
10% formalin for 30 min and stained for 1 h with Oil 
Red O solution. Then, they were washed twice with 
PBS and photographed. In order to determine the 
amount of lipids, image analysis based on the pho-
tographs was conducted by the use of the Image J 
software (NIH) or extract of the dye from the stained 
cells was quantifi ed for chromaticity. For quantita-
tive image analysis, stained cells were photographed 
for three fi elds per well (nine fi elds in total under 
each condition) and the intracellular lipid accumu-
lation level was analysed by Image J software. To 
extract the dye, 0.25 ml of isopropanol/water (6:4) 
solution was added to the stained culture-well and 
the dye was extracted with gentle shaking for 30 
min at 25 ° C. Thereafter, the absorbance at 530 nm 
was measured with a microplate reader (FLUOstar 
OPTIMA, BMG Labtech, Offenburg, Germany). 
Three  fullerene derivatives have little absorption at 
 differentiated adipocytes (right). OP9 cells were differentiated into 
icates 25  μ m.  
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Figure 2. Intracellular ROS production during differentiation of OP9 cells into adipocytes. OP9 cells were differentiated into adipocytes 
as described in Materials and methods. Intracellular lipid accumulation and ROS production were determined by Oil Red O staining and 
NBT reduction on the indicated days, respectively. Morphological aspects of Oil Red O-stained (A) and NBT-stained (B) OP9 cells during 
differentiation into adipocytes were photographed under a microscope. Areas inside the white boxes in (B) were enlarged and represented 
in (C) and dashed lines show the outline of a cell. The dye or formazan was extracted and the absorbance was measured (D). Correlation 
of intracellular ROS with lipid accumulation and Pearson ’ s correlation coeffi cient ( r ) are shown for each relationship. Each data point was 
calculated from the average of independent data ( n   �  3) (E). Values are expressed as mean  �  SD ( n   �  3). Signifi cantly different from 
induction ( � ) at day 0,  �  �  p   �  0.01 (lipid accumulation); ## p   �  0.01 (intracellular ROS).
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    Figure 2.     (Continued)  
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530 nm. On the indicated day, cells were stained with 
Diff-Quik (Sysmex, Kobe, Japan), photographed for 
fi ve fi elds per well (20 fi elds in total under each con-
dition), counted and calculated for the cell number. 
Accumulated lipid contents in adipocytes were repre-
sented as the amount of intracellular lipid accumula-
tion per 10 4  cells.   

 Measurement of intracellular generation of superoxide 
anion radicals 

 Superoxide generation was detected by nitroblue 
tetrazolium (NBT) assay [27]. NBT (yellow, water-
soluble) (Wako Pure Chemical Industries Ltd., 
Osaka, Japan) was reduced by superoxide anion 
radicals to form formazan-NBT (dark-blue, water-
insoluble). On the indicated day, cells were rinsed 
with PR-free MEM and incubated for 90 min in 
PR-free DMEM containing 0.2% NBT. Cells were 
rinsed with cold PBS, stained and photographed. 
Then, the formazan was dissolved in 2 M KOH/
DMSO solution for 30 min at 37 ° C and the absor-
bance at 680 nm was determined with a microplate 
reader. Three fullerene derivatives have little absorp-
tion at 680 nm.   
 Assessment of antioxidative activity of hydroxylated 
fullerene derivatives 

 Antioxidative activity was assessed by a   β  -Carotene 
bleaching method according to the previous reports 
[7,28]. This is an  in vitro  assay that measures the inhi-
bition of coupled auto-oxidation of linoleic acid and 
  β  -Carotene and it can assess an antioxidant activity 
against lipidperoxyl radicals (LOO • ) or lipid radicals 
(L • ) by fading of yellow-orange colour of   β  -Carotene. 
Briefl y, aliquots of   β  -Carotene and linoleic acid emul-
sion were mixed with the solution of hydroxylated 
fullerene derivatives in disposable cuvettes. The 
cuvettes were incubated at 50 ° C in a water-bath for 
the indicated times. Absorbance at 470 nm of each 
sample was measured immediately at 0 min and every 
20 min up to 180 min. Retention of yellow-orange 
colour attributed to   β  -Carotene was expressed as a 
percentage vs that of the control cells.   

 Evaluation of cell viability 

 Cell viability was assessed based on mitochondrial 
enzymatic conversion of WST-1 [2-(4-iodophenyl)-
3-(4-nitrophenyl)-5-(2,4-disulphophenyl)-2H-
tetrazolium, sodium salt] (Dojindo Laboratories, 
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  Figure 3.     Antioxidative activities of hydroxylated fullerene 
derivatives against auto-oxidation of linoleic acid/  β  -Carotene. 
Antioxidative activity was assessed by a   β  -Carotene bleaching 
method. The suppression of discolouration of   β  -Carotene/linoleic 
acid aliquots refl ects its antioxidative ability. After addition of LH –
 F, HH-F, SHH-F (60  μ M) or water (Control) into the   β  -Carotene/
linoleic acid aliquots, the temporal changes of   β  -Carotene-
attributed chromaticity (percentage of the initial absorbance) was 
monitored. Values are expressed as mean  �  SD ( n   �  3). Signifi cantly 
different from control,  �  �  p   � 0.01 (vs water); # p   �  0.05 (SHH-F 
vs HH-F).  
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Kumamoto, Japan) to yellowish formazan, which 
is indicative of viable cells. After incubation for the 
indicated days, cells were rinsed with phenol red 
(PR)-free medium and then incubated for 3 h in 
 PR-free MEM containing 5 mM WST-1 and 0.2 
mM  1-methoxy-5-methylphenazinium methylsul-
phate at 37 ° C. The absorbance at 450 nm was mea-
sured with a microplate reader. The absorption of 
SHH-F at 450 nm was  negligible. In addition, cells 
were stained with Diff-Quik, photographed for fi ve 
fi elds per well (20 fi elds in total under each condi-
tion), counted under a microscope and calculated 
for the cell number.   

 Statistical analysis 

 Data were expressed as mean  �  SD and statistical 
comparisons were performed using an unpaired 
Student ’ s  t -test or a Dunnet ’ s multiple comparison 
test. Differences with  p   �  0.05 or  p   �  0.01 were 
considered to be statistically signifi cant.    

 Results  

 Intracellular ROS production during differentiation of 
OP9 cells into adipocytes 

 To investigate the correlation of the differentia-
tion of OP9 cells into adipocytes with intracellu-
lar ROS production, we estimated the intracellular 
ROS level followed by the induction of differentia-
tion. On day 0, OP9 preadipocytes had little intra-
cellular lipids (Figure 2A) and showed a low ROS 
level (Figure 2B). During the following days, cells 
rapidly acquired a round hypertrophic shape and 
accumulated lipid droplets  (Figures 2A and B) and 
progressively increased ROS levels in a specifi c cyto-
plasmic area (Figure 2C). Both lipid accumulation 
and ROS levels in adipocytes are  signifi cantly higher 
than those of preadipocytes (day 0) (Figure 2D). 
 Moreover,  differentiation-induced  intracellular ROS 
levels tended to positively correlate with lipid accu-
mulation levels (Figure 2E). These results indicate 
that increases in lipid accumulation were followed 
by intracellular ROS generation. Therefore, it is sug-
gested that both adipocyte differentiation and lipid 
accumulation are closely implicated in generation 
of ROS.   

 Antioxidative activity of hydroxylated fullerene 
derivatives 

 To evaluate the differences in antioxidative activity 
among three types of hydroxylated fullerene deriva-
tives (LH-F, HH-F and SHH-F), which bear different 
numbers of hydroxyl groups, we investigated the sup-
pressive effects of LH-F, HH-F and SHH-F on auto-
oxidation of linoleic acid by a   β  -Carotene bleaching 
method. The antioxidant activity refl ects the retention 
of   β  -Carotene-attributed yellowish-orange colour, 
which disappeared by oxidized linoleic acid. SHH-F 
and HH-F signifi cantly delayed the time-dependent 
fading of yellowish colour of   β  -Carotene as compared 
with the control, whereas LH-F showed scarcely an 
antioxidative activity (Figure 3). The residual ratios 
of SHH-F, HH-F and LH-F were 52.4%, 37.7% and 
3.0%, respectively, in comparison with the control 
(water). Thus, these results showed that SHH-F has 
a more powerful antioxidative ability than the two 
other fullerenols.   

 Suppressive effects of hydroxylated fullerene derivatives 
on intracellular lipid accumulation in OP9 cells during 
differentiation 

 During the differentiation of OP9 preadipocytes 
into adipocytes, the cells were treated with hydrox-
ylated fullerene derivatives on days 3 and 5 and 
intracellular oil droplets were stained with Oil Red 
O and quantifi ed (Figures 4A – C). At the end of the 
induction of differentiation (day 9), the intracel-
lular lipid accumulation level was increased to 
210% as compared with the induction ( � ). SHH-F 
and HH-F signifi cantly suppressed lipid accumula-
tion relative to the induction ( � ) of the control 
cells in a dose-dependent manner (Figure 4C). 
However, LF-H scarcely suppressed the lipid accu-
mulation at any concentration. These results exhib-
ited that SHH-F or HH-F exerted a more effective 
activity for suppression of lipid accumulation than 
LH-F.   
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  Figure 5.     Cytotoxicity of SHH-F in OP9 cells during differentiation. 
OP9 cells were treated with various concentrations of SHH-F for 7 
days during differentiation. Cell viability was determined by WST-1 
assay or cell counting on 7 days. Cell viability and cell number was 
expressed as a percentage of the 0  μ M (non-treated cells). Each 
concentration ( μ M) indicates fullerene equivalent. Values are 
expressed as mean  �  SD ( n   �  4). Signifi cantly different from the 
control:  � �   p   �  0.01 for cell viability;  ##  p   �  0.01 for cell number.  
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  Figure 4.     Inhibitory effects of hydroxylated fullerene derivatives 
on intracellular lipid accumulation in OP9 cells during 
differentiation. OP9 cells were differentiated into adipocytes as 
described in Materials and methods. Intracellular lipid 
accumulation was determined by Oil Red O staining on 7 days 
after induction of differentiation. Morphological aspects of Oil 
Red O-stained cells were photographed under a microscope (A) 
and subsequently the dye was extracted and the absorbance was 
determined. Areas inside the white boxes in (A) were enlarged 
and represented in (B). The intracellular lipid accumulation level 
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induction ( � ),  �  �  p   �  0.01.  
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 Cytotoxicity of SHH-F in OP9 cells 

 To estimate the cytotoxicity of SHH-F, we evaluated 
cell viability by two methods: cell viability based on 
mitochondrial activity and cell number based on cell 
counting. After treatment with the medium contain-
ing varying concentrations of SHH-F for 7 days, the 
results obtained by two different methods showed 
similar tendencies that the cell viabilities were 
decreased in a dose-dependent manner (Figure 5). In 
particular, the reduction of cell viabilities was signifi -
cant over 120  μ M of SHH-F.   
 Repressive effects of SHH-F on intracellular ROS 
production during differentiation of OP9 cells into 
adipocytes 

 From the result of the cytotoxicity test, we investi-
gated the effects of SHH-F on intracellular lipid accu-
mulation in OP9 cells during differentiation at 0, 30 
and 60  μ M, since the cell viabilities of OP9 cells were 
not markedly decreased below the concentration of 
60  μ M (Figure 5). To correct the even subtle changes 
in cell numbers in these concentration ranges and 
evaluate the suppressive effects of SHH-F more accu-
rately, we measured not only the lipid accumulation 
levels but also the cell number and calculated the 
intracellular lipid accumulation levels per 10 4  cells 
(percentage of induction ( - )). Furthermore, to exam-
ine whether SHH-F could prevent the increase in 
intracellular ROS accompanied by differentiation, we 
quantifi ed the intracellular ROS levels by NBT assay. 
The ROS levels were also expressed as the value per 
10 4  cells. Our results showed that intracellular lipids 
and ROS levels markedly increased after induction of 
differentiation (Figures 6A – C). The treatment with 
SHH-F signifi cantly decreased both increases in 
intracellular lipids and ROS levels in a  dose-dependent 
manner (Figures 6A – D). The repressive effects of 
SHH-F were attenuated in comparison with the 
results in Figure 4C. This discrepancy was attributed 
to the adjustment of the intracellular lipid accumula-
tion levels based on cell number. On the other hand, 
the positive correlation of intracellular ROS with lipid 
levels is observed as well as the result of Figure 2 and 
the slopes were changed into more gentle patterns by 
SHH-F treatment in a dose-dependent manner 
 (Figure 6E). These fi ndings suggest that SHH-F can 
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Figure 6.   Suppressive effects of SHH-F on intracellular lipid accumulation and ROS generation in OP9 cells during differentiation. OP9 
cells were differentiated to adipocytes as described in Materials and methods. Intracellular lipid accumulation and ROS production were 
determined by Oil Red O staining and NBT reduction on the indicated days, respectively. Morphological aspects of Oil Red O-stained 
(A) or NBT-stained (C) OP9 cells during differentiation into adipocytes were photographed under a microscope. Subsequently, intracellular 
lipid accumulation levels were analysed by an Image J software and NBT-derived formazan was extracted and measured for the absorbance 
(D). Intracellular lipid accumulation levels of the cells without differentiation induction at 7th day were set at 100%. Areas inside the 
white boxes in (A) were enlarged and represented in (B). Correlation of intracellular ROS with lipid accumulation and Pearson ’ s correlation 
coeffi cient ( r ) are shown for each relationship. Each data point was calculated from the average of independent data ( n   �  3) (E). The scale 
bar indicates 100  μ m. Each concentration ( μ M) indicates fullerene equivalent. Values are expressed as mean  �  SD ( n   �  3). Signifi cantly 
different from induction ( � ) at the same day,  �  p   �  0.05,  �  �  p   �  0.01 (lipid accumulation); #  p   �  0.05, ##  p   �  0.01 (intracellular ROS).  
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      Figure 6. (Continued)

suppress intracellular ROS which is generated 
 concurrently with differentiation into adipocytes.    
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 Discussion 

 In the present study, we investigated the suppres-
sive effects of three types of fullerenols (C 60 (OH) 6 – 12 ; 
LH-F, C 60  (OH) 32-34  · 7H 2 O; HH-F and C 60  
(OH) 44  · 8H 2 O; SHH-F) on intracellular lipid accu-
mulation and intracellular ROS generation during 
the differentiation of OP9 preadipocytes into adi-
pocytes. Our results obviously indicated that dif-
ferentiation from preadipocytes to adipocytes are 
followed by gradual increases in intracellular lipid 
accumulation and intracellular ROS generation and 
the  differentiation-dependent augmentation of lipid 
level was positively correlated with the intracellular 
ROS level (Figure 2E). Similar results have been 
observed in 3T3-L1 preadipocytes [20], which is 
one of the most  frequently studied pre-adipocyte cell 
lines, and in both the liver and adipose tissue of mice 
fed a high-fat diet [22]. ROS plays essential roles in 
adipogenesis by transcriptional regulation of adipo-
cyte-specifi c diverse genes such as adiponectin, per-
oxisome proliferator-activated receptor-  γ   (PPAR  γ   ) , 
plasminogen activator inhibitor – 1 (PAI-1), IL-6 and 
monocyte chemotactic protein – 1 (MCP-1) in 3T3-
L1 adipocytes [20]. It has also been demonstrated 
that the pathways for ROS production and oxidative 
stress are coordinately  up-regulated in both the liver 
and adipose tissue of mice fed a high-fat diet before 
the onset of insulin resistance and obesity and the 
increased ROS production preceded the elevation of 
tumour necrosis factor-  α   and free fatty acids in the 
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plasma and liver [22]. Thus, obesity is an important 
factor for enhanced oxidative stress and the oxidative 
stress triggers the development of insulin resistance 
and infl ammatory response [21,29]. These results 
suggest that the increases in intracellular lipid accu-
mulation in parallel with ROS generation in adipo-
cytes can be a useful therapeutic target for prevention 
of obesity and obesity-related diseases. 

 Fullerenol is one of the major water-soluble fullerene 
derivatives and is found to possess particular signifi -
cance as a free radical scavenger or an antioxidant in 
biological systems [1 – 11]. Our results demonstrated 
that a novel polyhydroxylated fullerene SHH-F 
showed the superior antioxidative activity to two other 
types of hydroxylated fullerene derivatives (LH-F and 
HH-F) (Figure 3). The inhibitory effects of hydroxy-
lated fullerene derivatives on intracellular lipid accu-
mulation had a tendency to enhance by the number 
of fullerene hydroxyl groups (Figure 4) and these 
results indicated that the inhibitory effects of hydrox-
ylated fullerene derivatives on intracellular lipid 
accumulation were related to the difference of numbers 
of fullerene hydroxyl groups. A similar tendency was 
appreciated in the antimicrobial activity [30]. It has 
known that fullerenols with fewer than 12 hydroxyl 
groups on fullerene cage show very poor water-solubility 
[31], whereas fullerenols with more numerous hydroxyl 
groups exhibit good water-solubility [32]. Therefore, 
one of the presumed reasons is the increase in 
bioavailability of fullerenol by enhancement of water-
solubility due to the addition of hydroxyl groups. 

 It has previously been demonstrated that lipophilic 
antioxidant ( � )-  α  -tocopherol showed an antioxida-
tive activity, but the water-soluble antioxidant ascor-
bic acid scarcely exerted an antioxidative activity in a 
  β  -Carotene bleaching method [7]. Thus, this method 
can mainly detect an antioxidative potential in the 
lipophilic region. Our results suggest that the lipo-
philic antioxidative activity of SHH-F is quite impor-
tant to suppress ROS generation in lipid-abundant 
adipocytes (Figure 6). Indeed, we also demonstrated 
that SHH-F effectively suppressed the differentiation-
related changes as compared with LH-F (Figure 4). 
These results also imply that antioxidants, which pos-
sess excellent lipophilic antioxidative potential as well 
as bioavailability, might be useful tools for prevention 
of lipid accumulation in adipocytes. 

 The cytotoxic effects of fullerenols were not neglected 
from a viewpoint of application as lipid metabolism-
improving agents. Although treatment with higher 
concentrations of SHH-F signifi cantly reduced cell 
viability (Figure 5), our results demonstrated that the 
suppressive effects of SHH-F on intracellular lipid 
accumulation in OP9 cells were found in the range 
of concentration that scarcely affects the cell viability. 
It has been reported that fullerenols exhibit cytotoxic 
effects in some kinds of cell lines [9,14 – 16,33,34] 
due to numbers of hydroxyl groups and cytotoxic 
properties of coexistent impurities. Hence, the higher 
concentrations of SHH-F that induced a decrease in 
cell viability might be attributed to its cytotoxicity. On 
the other hand, it is well-known that obesity is the 
result of both increased adipocyte size and increased 
adipocyte number [35]; therefore, inductions of growth 
arrest and/or apoptosis in adipocytes were noted as a 
viewpoint of regulation of obesity [36 – 41]. This concept 
indicates that the decreases in cell viability at higher con-
centration of SHH-F might have a suppressive potential 
against obesity through induction of growth arrest or 
apoptosis in adipocytes and it might show a different 
behaviour from lower and non-toxic concentrations. It 
is not clearly concluded whether the decreases in cell 
viability at higher concentrations of SHH-F were due to 
induction of growth arrest or apoptosis or its cytotoxicity 
in the present study. Therefore, additional investigations 
are still necessary for utilizing fullerenols for biological 
applications. In conclusion, our results demonstrate 
that SHH-F showed a stronger antioxidative activity 
and more suppressive effects against differentiation-
dependent increases in intracellular lipid accumula-
tion and ROS generation during differentiation than 
two other lower-hydroxylated fullerernols. Therefore, 
the novel fullerene derivative SHH-F is suggested to 
be a possible candidate for controlling of obesity and 
metabolic syndrome and deserves further investigation, 
including not only  biological effects but also its toxico-
logical properties.   
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