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ABSTRACT

In the present work, we report the effects of C  go-pretreatments on acute carbon tetrachloride intoxication in rats, a classical model for studying
free-radical-mediated liver injury. Our results show that aqueous C 60 Suspensions prepared without using any polar organic solvent not only
have no acute or subacute toxicity in rodents but they also protect their livers in a dose-dependent manner against free-radical damage. To

be sure, according to histopathological examinations and biological tests, pristine C 60 can be considered as a powerful liver-protective agent.

Thanks to its spherical molecules with 30 carbon double In previous experiments, we administered intraperitoneally
bonds, [60]fullerene or &' can react easily with free (ip) micronized G into Swiss miceé> Despite the large
radicals: itis a very efficient free-radical scavengaiich amounts injected (2:55.0 g/kg of body weight), & did
labels this molecule as a “radical sponge”. Because pristinenot show lethal, acut®,or subacut¥ toxicity with respect
Ceo is soluble in only a limited number of solvents, such as to this animal speciesNevertheless, in early stagesgC
toluene or dichlorobenzene, it was necessary to resort toinduced hypertrophy and hyperplasia of hepatic stellate cells
water-soluble G-derivatives as free-radical scavengers in (HSCs: liver resident nonparenchymal cells also referred to
several biological systenid, thus demonstrating robust as fat-storing or perisinusoidal cells, lipocytes, and Ito cells)
antioxidant propertiesAdministration of a carboxylateddg where it mainly accumulaté8.HSCs play a central role in
derivative has been patented recently as a method forthe production of extracellular matrix in both normal and
increasing metazoan'’s lifespan in order to illustrate these fibrotic liver.)” The phenomena of hypertrophy and hyper-
findings® Surprisingly, despite a large number of experiments plasia of HSCs, showing the activation of these cells, usually
performed by several teams from different countries showing occurs under different pathological conditions leading to liver
that [60]fullerene has no acute or subacute toxicity in several fibrosis!” Indeed, the activation of HSCs irremediably leads
biological systems, international headlines reported recently to their transformation into myofibroblast-like cells (MFE).
that some aqueous dispersion of this fullerene might be very This phenomenon is now recognized as the main event in
toxic in living systems such as bacteria, algae, and fishes byhepatic fibrogenesis, which occurs through the amplification
inducing oxidative stress:’° According to the latter authors,  of extracellular matrix production by these céfiszurther-
Ceo derivatives are less toxic than pristingoCwhich is more, the transformation of HSCs into MFCs can be
contrary to all previous studieé&:'4 modulated by oxidative stress-related prodifais reflected

in rat intoxication with CCJ, a well-known in vivo free
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Figure 1. Electron microscopy. (A) SEM micrographs of the aqueous suspension gfus€&d in this study; (A’) dilution of A; (B-D)
TEM micrographs of liver sections ofggtreated rats; (B and C)dgclusters (arrows) inside the liver cells; (D) dissolution @f @side
lipid droplets.

mation into MFCs8 This surprising phenomenon of inhi- The chromatographic profile of a hepatic extract ofgg C
bition of HSCs transformation into MFCs may be attributed treated rat, obtained under the same conditions as for mouse
to the free-radical-scavenging properties @b (o check livers?! is represented in Figure 2C. This chromatogram

this hypothesis, we investigated the effects @f @gainst shows some additional peaks eluting between those corre-
the radical-related toxicity of carbon tetrachloride in rats, sponding to the retinyl-esters and the peak @f, @hich
which provides an important model for elucidation of the are absent in hepatic extracts obtained from the control rats.
mechanism of action of hepatotoxic effects such as fatty The two main additional peaks correspond tg-f@tinol
degeneration (steatosis), fibrosis, hepatocellular death, andnonoadducts formed in the liver following a Dielglder-
carcinogenicityt®2° This work allowed us to check the like reaction because (1) they exhibit the same spectral
harmlessness ofgto another rodent species as well. features (Figure 2D) and they have the same retention
Kinetics of Cgo Accumulation in the Livers. Before characteristics as those of thegCetinol monoadduct we
studying the effects of £ on CCl, acute toxicity, we isolated previously from mouse livetsand (2) like vitamin
determined the kinetics of accumulation and excretion as well A, they are sensitive to air-oxidation and heating, indeed,
as the distribution of this fullerene in liver rats. they can be converted into unmodifiedoGfter heating at
Forty two rats housed in individual metabolic cages were 50 °C for 10 min. These results suggest a possible excretion
treated with an intraperitoneal (ip) injection of an aqueous of Cg via the retinol catabolism. To confirm this new
suspension of micronizeds§0.5 g/kg of body weight (bwt))  pathway of xenobiotic detoxication, it is necessary for one
(Figure 1A). Every day of the first week after the treatment to isolate and quantify theggretinol end products from feces
and then every week until 43 three rats were sacrificed for and/or urine.
histopathological examination, biochemical tests, aggl C Distribution of C ¢ in the Liver. After anaesthesia and
determination in livers. abdomen incision, the livers of all g&treated animals
Figure 2A shows that the maximum of accumulation, exhibited normal morphology, irrespective of the injected
which reached about 24% of the injected amounts, occurredamounts. The liver colors depended on the individuals, the
during the first week following injection. At B and Dy, amount of Gy injected, and the processing times, which
the medians of the concentrations decreased to 5% and 1%ndicates that the distribution of fullerene in this organ was
of the values measured at,Drespectively, indicating that  not uniform in every case. After injection with large amounts
Cso can be eliminated and/or transformed by the rat livers. of Cgo (2 g/kg of body weight), two-thirds (4/6) of the treated
The fecal elimination of unmodified &g is illustrated in rats exhibited livers with brown and homogeneous colors
Figure 2B. Maximum elimination occurred at;however, but with intensities ranging from very dark brown from D
the total of the maximum amount eliminated during the first to D; (Figure 3B) to pale brown at 2 In the remaining
2 weeks represents less than 14% of the maximum amountthird, the livers exhibited only some irregular brown spots,
contained within the livers on the same time. Thus, the main visible on the hepatic lobes (Figure 3D). For the rats treated
part of injected fullerene has probably been transformed in with a lower amount of € (0.5 g/kg), 50% of the individuals
the livers. (3/6) showed mottled brown livers from;@o D;, whereas
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of HSC. The rat reticulo-endothelial system was able to dam
up the flow of Go particles, whereas the mouse one was
not. Those hepatocytes with a clear aspect were lipid-rich
and resembled those of animals treated only with the vehicle.
The abundance ofdgparticles in the liver sections was well
correlated with the intensity of the brown pigmentation of
the organs. In the normal-colored livers, the, @articles
were very small and rare. In the mottled livers, thg C
particles were more numerous but their abundance depended
on the area examined. Finally, in the livers exhibiting a
uniform brown color, the g-containing macrophages were
abundant and showed a slight hypertrophy without strong
macrophagic activity. They had a mottled ochre color with
black spots and were localized mostly in the periportal areas
(Figure 3F).

Characteristic g particle$? were detected by TEM in all
of the liver sections essentially inside Kupffer cells (Figure
1B) and some hepatocytes of the capsule as well as inside
rare HSCs.

The aqueous suspension used in the present study contains
Ceo Crystals with relatively large sizes ranging from 60 to
1650 nm (Figure 1A), which can explain the intraindividual
variations concerning theggdistribution and the coloration
of the organs. However, inside the liver cells, most of the
aggregates containegderystals with an average size lower
than 50 nm (Figure 1C) and the dissolution of the fullerene
inside lipid droplets was sometimes observed (Figure 1D),
indicating that this fullerene is absorbed well by the organs.

These results show for the first time that,@loes not
present any acute or subacute toxicity in rats up to 2 g/kg
bwt, as in the case of mice. The normal circulating levels of
serum alanine aminotransferase (ALT) activity detected in
these animals, which is indicative of parenchymal cell
damage, confirmed the absence of cellular lesions in all
instances (Figure 4). Finally, these results show that it is
necessary to inject large doses ab @ g/kg bwt) in order
to obtain sufficient and reproducible accumulation in the
livers.

Effects of CCl, on Rats. CCl, toxicity with respect to
rats is well-known, nevertheless, we systematically studied
the effects of this halo-alkane on the animals we used in
our experiments in order to avoid misinterpretations due to
interstrain variability. In addition, to avoid errors due to

Figure 2. Some aspects ofggpharmacokinetics after administra-
tion of a single dose (0.5 g/kg of body weight) of an aqueous . - ;
suspension of micronizeds§ (A) kinetics of accumulation inthe ~ control group was included in each experiment.
livers; (B) kinetics of fecal elimination; (C) chromatographic The animals treated with doses equivalent to/or higher than
profiles of hepatic extracts showing additional peaks (1 and 2) in 1 o mL/kg showed inactivity, lethargy, and pilo-erection.
isoét[r)e?ted rats; (D) spectra extracted from C (data are the meanTase symptoms persisted during a period of 24 h until the
or three rats). . o . . S
animals were sacrificed for histopathological examination.
the others kept livers with normal pigmentation. Frony D  After abdomen incision, the livers were pale and looked
to Dy, all of the animals exhibited livers with normal color mottled and their lobes were adherent in most cases (Figure
(Figure 3A). As for the animals that received the weakest 3C). At the microscopic scale, these livers showed important
amount of Go (0.25 g/kg), the liver pigmentation remained damage; many inflammatory areas as well as large necrotic
normal in most cases. areas with ballooning necrotic cells were associated with an
Microscopic examinations of the liver sections revealed a important steatosis (Figure 3G). In a few cases, there were
normal parenchymal architecture without inflammation or also some apoptotic lesions. The increase of ALT activity
fibrosis (Figure 3E). In contrast to what was observed for as a function of CGldose can reach more than 70 times the
Swiss micet® Cgo did not induce hypertrophy or hyperplasia normal activity (Figure 4).

interindividual and interseason variability, a G@eated
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Figure 3. Macroscopic and microscopic effects ofs©n rat livers.; (A) control liver; (B) liver after 7 days of pretreatment witky (2.0

g/kg of body weight); (C) liver of a rat intoxicated with QL mL/kg of body weight); (D) liver after 14 days of pretreatment witly C
before CCJ-treatment. Trichrome staining of liver sections (magnificatiord00x) from: (E) Go treated rat; (F) magnification of E; (G)
CCl, treated rat; (H) an example og&pretreated rat before CQfeatment showing a few necrotic areas limited to some cords of hepatocytes.
The liver sections of the otherggpretreated rats (5/6) showed only a slight steatosis.

To obtain obvious and reproducible histopathological and NaCl (1.0 mL/kg bwt). Twenty-four hours after C&ir NaCl
biochemical lesions, the results of the present study, which treatment, each group of animals was sacrificed for histo-
are in agreement with those reported previodéshow that pathological examination and biochemical tests.
it is necessary to inject a dose equivalent to/or higher than  After CCl, administration (1.0 mL/kg), the &gpretreated
1 mL/kg of CCl,. rats (2 g/kg) exhibited the same symptoms of lethargy and

Effects of Cso on CCl,; Acute Toxicity as a Function of pilo-erection as those observed for the group treated with
the Pretreatment Time. In a first experiment, we investi-  CCl, only. However, in contrast to the group treated with
gated the effects of & on CCl, intoxication as a function ~ CCl, only, the symptoms of the cotreated rats disappeared
of the pretreatment time. Rats were divided randomly into after 3-4 h after CCJ intoxication. Twenty-four hours after
six groups of six. At 3, groups 1 and 3 received the vehicle CCl, intoxication, the livers of all rats pretreated withoC
only, whereas groups 2 and-4 received an ip injection of  during various periods, 3, 7, or 14 days, exhibited normal
Cso (2.0 g/kg bwt). At B, group 3 was subjected to CClI  morphology with the same features as those observed for
injection (1.0 mL/kg bwt). At B, group 4 was also subjected the animals treated withggonly. In five of the six rats per
to the same dose of CLIAt the end of the experiment 1) group, with the exception of a slight steatosis, the micro-
groups 4-6 were injected with the same dose of GCl  scopic examinations performed ajf,[Dg, and Ds revealed
whereas groups 1 and 2 received an ip injection of 0.9% neither necrotic ballooning cells nor apoptosis. For the three
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Figure 4. Effect of Gso pretreatment on serum ALT activityr(E&

For most of the animals sacrificed ory Br Dg, Cgp Was
detected as ochre and diffuse clusters, mostly inside mac-
rophages and occasionally inside HSC. For those rats
sacrificed on Bs Cso Was detected only as very small
particles inside the Kupffer cells.

The determination of ALT activity in sera confirmed the
protection of the livers by . In the group treated with C¢lI
only, the median of ALT activity was about 12 times higher
than that observed in the group treated with the vehicle only.
In the groups pretreated withggXfor 3, 7, and 14 days, the
medians were, respectively, 5.5, 4.1, and 1.5 times higher
than that of the control group (Figure 4A).

Antioxidant Effect of C 0. The initial liver damage after
CCl, administration is mediated through its metabolisation
by cytochrome P450 Il E1 resulting in the formation of the
trichlormethyl radical CGt. This radical can also react with
oxygen to form a highly reactive species, trichloromethyl-
peroxy radical CGIOC, which can rapidly initiate the chain
reaction of lipid peroxidatiod? Cs is able to scavenge a
large number of radicals per molectilacluding CCk* and
CClLOC .24 Because this property can be involved in the
mechanism of protection against G@xicity, we explored
the effects of G on the status of glutathione, vitamin E,
and vitamin C, which are antioxidant systems that play a
critical role in the defense against oxidative stfé®ecause
Ceo Ccan react with vitamin A in the liver, we also studied its
effect on circulating vitamin A, which is a probe for vitamin
A liver storage?®

With respect to vitamin C, in the group treated with ¢ClI
only, the median of circulating vitamin C increased dramati-
cally, reaching 8 times the medians of the other groups
(Figure 5). Therefore, rats adjusted to ¢{@itoxication by
enhancing the biosynthesis of ascorbate, in agreement with
what was observed by other authétsn the rats pretreated
with Cgo, the circulating levels of vitamin C remained normal,
thus indicating the absence of oxidative stress in the
hydrophilic compartment. Determination of the contents of
reduced glutathione (GSH) and of its oxidized form (GSSG)
within the liver confirmed the results obtained for vita-
min C. In the group treated with CCbnly, the GSSG/
(GSH+GSSQ) ratio (GR) used as a gauge for the intracel-
lular redox equilibrium was more than two times higher than
that of the control group (Figure 5). The GR of the control

6), groups 1 and 2 were used as controls and received only thegroup and that of the cotreated¢(C+ CCly) group were

vehicle or Gy, respectively. The black bars represent the groups
treated with only CCland the dotted bars represent the co-treated
groups). (A) as a function of the pretreatment time with a single
dose of G (2.0 g/kg body weight; G 3 days; G, 7 days; and G

14 days) before injection of a single dose of ¢C1.0 mL/ kg
body weight). (B) as a function of the dose of C60: 14 days of
pretreatment with increasingsgxoses (0.25, 0.5, and 2.0 g/kg body
weight; for groups 3, 4, and 5, respectively) before injection of a
single dose of CGI(2.0 mL/kg body weight). (C) as a function of
the dose of CGl 14 days of pretreatment with a single dose of
Cso (2.0 g/kg body weight) before injection of increasing ¢@bses
(0.50, 1.0, and 2.0 mL/kg of body weight) for groups 6, 7, and 8,
respectively. Groups-35 received only CGlat the same increasing
doses. (D) doseeffect relationship.

remaining rats (1 per group), we observed a few necrotic

areas limited to some cords of hepatocytes (Figure 3H).

2582

nearly equivalent, whereas this ratio was decreased signifi-
cantly in the group treated withggonly, suggesting that
this fullerene can modulate the intracellular redox status even
in the absence of C¢lI

Analysis of the results obtained for the circulating levels
of vitamin E confirmed the protective effect for the lipophilic
compartment (Figure 5). Indeed, statistical analysis showed
that (i) the median of vitamin E was decreased significantly
in the CCl-treated group in comparison with that of the
controls and (ii) there were no differences between the
control group and the two groups treated witky Gr with
Cso + CCl.

With regard to the circulating levels of vitamin A (Figure
5), statistical analysis showed that there were significant
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mal CCly. This phenomenon is probably due to the protective
1g Vitamin effect of Go.
; Taken together, these results show for the first time that
y Ceo-pretreatment obviously protects the liver against oxidative
2 stress. Nevertheless, the results obtained for ALT activity
0

= : e (Figure 4A) were not quite those we expected to observe

) after the kinetic study (Figure 2A) according to which the
Vehicle G CClé — CHCCl best protection should have occurred after 7 days of
% pretreatment when maximumggaccumulation is reached.
Because the dose og§lised in the kinetic study was 4 times
GSSGIT GSH lower than that used in the present study, we determined
5 ' the concentration of & in the livers and we observed that
’—I—‘ % the accumulation kinetics was not dose-dependent. As a
04 . ' . . matter of fact, in the present experiment, the median
) concentration of & in the livers on @ (14.0 mg/g, range:
Vehicle  C80 CO - CaDsCCl4 9.0-30.0 mg/g) was significantly higher than that onsD
myl. Vitamin E (0.98 mg/g, limits: 0.052.60 mg/g). Thus, this apparent
independence of the effects ogdn CCl toxicity with

respect to its liver content suggests that fullerene is active
—‘ % only when in solution or when modified by vitamin A.
= 07

Incidentally, it is well known that € and its derivatives
are prone to aggregate and that fullerene must be in solution
; in order to scavenge free radicals, that is to say when its
Vehick &0 (G CateCCH unsaturated bonds are accessflEurthermore, except in
mglL dichlorobenzene and chloronaphthaleng, i€ difficult to
08 Vitamin A dissolve even in its usual solvents, which may explain the
latency period between the accumulation maximum in the
05 liver and the best protection and subsequently the apparent
04 independence with respect to the liver content. Indeed, at
02 I y the microscopic level, there was no correlation between the
degree of protection and the number aof Clusters in the
' T T ' ' livers, indicating that the fullerene is active only in a soluble
Vehicle (60 CCl4  CoM+CCl form. This is why pristine G cannot be used as such in an
Figure 5. Effect of G, pretreatment (2.0 glkg body weight) on in vitro biological system. This is why until now authors
thg antioxidant statusoopf rats intoxicated \E/JvitrglJ G(:l.}é) ng/,kg). have ¢ hemically transformedg)@_nto w ater—sqluble de_r lva-
Data are the median or the me#nSD for six rats. T GSH: total  lves in order to perform such in vitro studies. Obviously,

0

glutathione (GSSG- GSH). these derivatives are quite different.
Dose-Response RelationshipTo confirm the last hy-
decreases in those groups treated witg &d/or CCJ in pothesis and to check the desesponse relationship, in a

comparison with that of the control group, whereas there first experiment we pretreated rats with increasing doses of
was no difference between the two groups treated with C C§o (0.25, 0.50, and 2.00 g/kg) for 14 day_s befpre intoxication
The decrease of vitamin A concentration in the group treated W,'t,h a single dose. of CQI(Z mL/kg). Thlrty-s,lx rats were
with CCl, is due to the liver depletion usually observed in divided randomly into six groups of six. Atdgroups 1

the chemically mediated liver fibrostéin the group treated and .3 rece|.ve.d.the. vehicle iny, Wh"e the o.ther groups

With Cer the decrease of vitamin A concentration may be received an ip injection of £ at increasing doses: 0.25 g/kg
b io,d 0 a liver depleti i i th yt' for group 4, 0.50 g/kg for group 5, and 2.00 g/kg for groups

attributed to a liver depletion consecutive wi e reaction 5 .46 At 0, groups 3-6 were subjected to C@injection

with fullerene, leading to either its immobilization and/or to (2.0 mL/kg), while groups 1 and 2 received an ip injection
the elimination of the whole adduct after vitamin A-adduct ¢ g 9oy Nabl (2.0 mL/kg).

metabolization. These hypotheses must be confirmed by Twenty-four hours after CGlinjection, most rats (four

determining the retinol content of the liver as well as by the per group) pretreated withéwith doses equivalent/or higher
identification of the “postulated” end products. In the an 0.5 g/kg, exhibited livers with the same aspect and
cotreated group (6 + CCly), both the postulated mecha-  morphology as those observed in the groups treated with the
nisms for the CGland the Go-treated groups could explain  equivalent doses ofggonly. The livers of the other cotreated

the decrease of vitamin A concentration. However, the rats showed the same features as those observed in the group
median in the cotreated group was not decreased significantlytreated with CQJ only. In the group pretreated with the

in comparison to those of the groups treated with £0id lowest dose of g (0.25 g/kg), microscopic examination
Cso- Thus, there was no addition of the effects qf @nd revealed several necrotic areas together with some spread
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steatosis. In the other groups pretreated wigh(G.5 or 2.0 be attributed to the residual THF adsorbed on thg C
g/kg), there was also spread steatosis; however, despite theggregates. Such brain-selective action is typical for the
large dose of CGJ the necrotic areas were very rare. inhaled narcotics, and it is well known that THF has a
Actually, in these groups necrosis was observed only in one-narcotizing effect accompanied with a more pronounced toxic
third of the rats (two per group).sgparticles were not visible  effect as compared to usual narcotics.
in every case; they were obvious only in the group having  As a matter of fact, a Russian team already studied the
received the largest dose (2 g/kg), particularly inside Kupffer biological effects of a well described “aqueous colloidal
cells as well as inside some hepatocytes. In the group treatedsolution of fullerenes” on several biological systems. In
with CCl, only, ALT activity increased dramatically, reach-  contrast, the authors reported a lot of positive effects without
ing more than 50 times the basal activity (Figure 4B), and it any toxicity22:30
was equally shown that pretreatment wit frevented this The very first example of a negative effect linked to
effect in a dose-dependent manner. As a matter of fact, insurface modification of & has been reported in 1996, when
the groups pretreated with 0.5 and 2.0 g/kg, the ALT the authors studied the effects of @€PVP solution on
activities were only 9 and 3 times higher than the baseline mouse embryo§_|ncidenta”y’ a few years later it was shown
activity, respectively. that Gy can react with PVP to give highly stable charge-
To confirm the dose-dependence of the protective effect, transfer complexe%.
in a second experiment we studied the effect of the The present study confirms and greatly strengthens the
pretreatment for 14 days with a single dose ef @ g/kg) absence of toxicity observed in several biological systems
on the intoxication with increasing doses of ¢(@.50, 1.0,  from bacteri& and fungal* to human keratinocytésand
and 2.0 mL/kg). Thirty-six other rats were divided randomly leukocyted? through drosophil& micel%1637 and guinea
into six groups of six. At 3, groups 2 and 68 received an  pigs38 More recently, a Chinese team confirmed the absence
ip injection of G (2 g/kg) while groups 2 and-35 received  of toxicity up to 226ug/cn? of Ceo in @ model system using
the vehicle only. At D, all of the groups were subjected to  alveolar macrophagé8By the same way, a Japanese team
an ip injection of CCJ at increasing doses: 0.50 mL/kg for confirmed the positive effects ofggderivatives on human
groups 3 and 6, 1.0 mL/kg for groups 4 and 7, and 2.0 mL/ skin keratinocyte4?
kg for the two remaining groups. Twenty-four hours after  |n contrast to the contention of the above international
CCl, treatment, all of the animals were sacrificed for headlined;2°our results demonstrate clearly thas Protects
histopathological examination and biochemical tests. the liver in a dose-dependent manner against,G€lte
The ALT activities are represented in Figure 4C. The toxicity by modulating the oxidative stress generated through
protection by Gois particularly obvious for the intoxication  the metabolization of this halo-alcane. The mechanism of
by CCl, doses superior or equal to 1.0 mL/kg. In the groups this protection could be attributed to the ability ofoGo
treated with the highest doses of GGhly (1.0 and 2.0 mL/  scavenge large numbers of radicals. The antioxidation process
kg), ALT activities can reach 22 to 77 times the basal has been well established in vitro in a model experiment
activity, respectively, while the ggpretreated equivalent using Ge-containing-liposome$: however, it will be neces-
groups were, respectively, 1.8 to 4 times higher. Statistical sary to isolate and identify, from the treated livers, the
analysis confirmed the doseffect relationship; the slopes fullerene transformation byproducts in order to confirm this
of the curves “log [effect: (ALT)]= f (dose)” were hypothesis in vivo. Alternatively, §& can also act as a
significantly different (Figure 4D). decomposition catalyst for/H,O; as it has been postulated
Recenﬂy, it has been reported that this fullerene m|ght be for its tris-malonic acid derivativ@ or as Cytochrome P 450
very toxic in some ||V|ng systems such as bacteria, a|gae, inhibitor as it has been established for one of its derivati¥es.
and fishes by inducing oxidative stréssHowever, the The mechanism of this protection including the effects of
aqueous suspension used in such studies has been obtaindeto On Kupffer cells activation is under investigation in our
after dissolution of G in THF2° Because it is well  laboratory.
established that complete removal of solvent frog 8 It is worth noting that this liver-protective effect can
achieved by heating the sample to 450 K under a pressureexplain the absence of toxic effect of nangy@ggregates
of <10® mmHg for at least 50 B the experimental on liver and gill fishes observed by other auth®rghe
conditions used by the authors were obviously inadequateabsence of protection in the bréicould then be attributed
for complete removal of THF from the final aqueous nano- to the fact that, under such experimental conditionsy C
Cso suspensiofd® Indeed, according to the authors “This cannot cross the brain barrier, whereas THF can.
suspension consisted of stable 30- to 100-nm aggregates in It has to be emphasized that in contrast to the “nagsp-C
which the fullerenes facing the water were most likely aggregated water-soluble fullerene species” used by other
partially modified but the central core of the aggregate authors’®the aqueous suspensions of micronizegd (C00
contained unmodified fullerene8.However, as far as the mg/mL) used in the present study were prepared by me-
reactivity of a given compound is concerned in biology as chanical-milling in liquid media without adding any polar
well as in chemistry, the surface is obviously more important organic solvent (Supporting Information). In addition,
than the core. Therefore, the toxic effects of such dispersions,fullerenes are found commonly in nature, not only in
discovered in brain fishéswhile the livers and gills of these  meteorite impact structur&sor in the rocks of the Shunga
animals remained insensitive to the toxicant, can obviously district in Karelid® and of other geological betfsbut also
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in a 10 000-year-old ice core in which the presence of carbon (21) Moussa, F.; Roux, S.; Pressac, M:n@e E.; Hadchouel, M.; Trivin,

nanotubes and fullerene nanocrystateflects combustion

F.; Rassat, A.; Gdin, R.; Szwarc, HNew J. Chem1998 32, 989—

. ) 992.
products similar to contemporary airborne carbon nanocrystal (22) moussa, F.; Chretien, P.; Dubois, P.; Chuniaud, L.; Dessante, M.:

aggregate$® This natural abundance supports the absence
of toxicity our experimental work confirms, and we feel that

it cannot be said that thesgdiscovered in dinosaur eggs

was the origin of the mass extinction of these animals, or

was it?

Note Added after ASAP Publication.A minor text correc-

tion was made to the Dosdresponse Relationship paragraph
in the version published ASAP November 22, 2005; the
corrected version was published ASAP December 5, 2005.

Supporting Information Available: Preparation of aque-
ous suspensions of micronizegy@etails of the experiments

conducted, HPLC, biochemical tests, and microscopy and
statistics. This material is available free of charge via the

Internet at http://pubs.acs.org.
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