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The effects of single-walled and multiwalled carbon nanotubes on proliferative activity and 
viability of human embryo fi broblasts and glioblastoma cells were studied. Low cytotoxic 
activity of single-walled carbon tubes was demonstrated. Possible mechanisms of nanotube 
effects on cell growth are discussed.
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Carbon nanotubes can be used in biological tissue 
en gineering as the scaffold material [7], because their 
structure is geometrically similar to that of colla-
gen, the main connective tissue protein in animals 
[9]. Unique electron characteristics, high mechanical 
strength, fl exibility, and specifi c surface of the nano-
tubes allow creation of biocompatible composite ma-
terials with new properties.

Creation of nanotube-based scaffold material for 
cell culturing is a promising trend [6]. Nanotube-based 
composite materials for bioengineering have been cre-
ated, e.g. for bone and cartilage tissue regeneration 
[14,1] and fi broblast growth [13]. The scaffold material 
for tissue formation should create cell microenviron-
ment supporting cell proliferation and differentiation 
(and ideally accelerating these processes in compari-
son with natural regeneration) [9]. The physiological 
functions of the forming tissues should be identical to 
those of normal tissues.

The nanotube cytotoxicity observed in some stu-
dies [12] remains a problem. Generally, cytotoxicity 

depends on various parameters of nanotubes, such 
as length and size distribution, presence of metal ad-
mixtures, dispersion and aggregation status, coating 
or functionalization, etc. [8]. Discovery of oxidative 
enzymatic cleavage of the tubes by human natu-
ral immune defense mechanisms became a break-
through in the field of nanotube-biological object 
interactions [5].

We evaluated proliferative activity and viability of 
human cells cultures on substrates coated with carbon 
nanotubes.

MATERIALS AND METHODS

Single-walled carbon nanotubes (SWNT) and multi-
walled carbon nanotubes (MWNT) from two Russian 
manufacturers were selected as the scaffold-forming 
materials. SWNT were obtained by arch evaporation 
of graphite at Institute of Chemical Physics Prob-
lems, Russian Academy of Sciences [4]. MWNT were 
obtained by catalytic pyrolysis of carbohydrates at 
GraNaT Company (Electrostal). SWNT formed bun-
dles of solitary nanotubes with transverse size of 1-10 
nm on the surface (Fig. 1, a), which corresponded to 
~1-20 solitary SWNT 2.9±1.5 μ long. MWNT speci-
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men contained nanotubes with several layers and was 
4-9 nm in diameter (Fig. 1, b) and 4.9±0.5 μ long.

Slides (24×24 mm2, 0.13-0.17 mm thick) were 
washed mechanically in 2-propanol and in an ultrason-
ic bath for 15 min at a frequency of 35 kHz (at 75 W 
power). The nanotubes (10 μg) were dissolved in 5 
ml 2-propanol with ultrasonic treatment for 10 h. The 
nanotube solution was applied onto slides by multiple 
pooling from the solution until ~30% decrease in slide 
transparency (evaluated visually). The specimen was 
then dried in warm air fl ow and annealed at 500oC for 
2 min. The quality of nanotube application was tested 
in some slides by atomic force microscopy (Fig. 2). 
The nanotubes formed a fi ne network of different po-
rosity on the slide surface.

Normal human embryo fi broblast (HEF) cells and 
human glioblastoma (GL6) cells from Tissue Culture 

Collection of D. I. Ivanovsky Institute of Virology 
[3] were selected for culturing. Both cell strains were 
cultured on slides (experiment) coated and not coated 
(control) with nanotubes in Eagle’s MEM with 10% 
FCS (PanEco) in 10-ml penicillin vials. Inoculation 
dose for cell culturing on slides was 105 cell/ml.

Three variants of prepared sublayers were studied: 
control slides, slides coated with SWNT, and slides 
coated with MWNT. Slides with nanotubes were pla-
ced into penicillin fl asks and sterilized in an autoclave 
at 120oC and 1 atm. for 20 min, after which the cells 
were added. The cells (HEF and GL6) were seeded 
onto slides (control) and slides with nanotubes (ex-
periment) and cultured in a thermostat at 37oC for 
72 h. The specimens were then removed from fl asks, 
stained with azur-eosin after Romanowskii for 10-15 
min on air, washed in tap water, dried, and embedded 
in Canadian balm. Stained preparations were examined 
under a light microscope (10×40) in order to evaluate 
the cell morphology. Cell viability and proliferation 
index (PI) were evaluated. PI was calculated by the 
standard method as the ratio of grown to seeded cell 
numbers. The percentage of viable cells was evaluated 
by coun ting dead cells after trypan blue staining.

RESULTS

The control human diploid cell culture after 72-h 
growth consisted of fibroblast-like cells with oval 
nu clei. The nucleoli were large, 1-4 per nucleus, the 
cytoplasm was slightly reticular (Fig. 2, a). The mor-
phology of cells on slides coated with SWNT was the 
same, but the monolayer was denser (Fig. 2, b). On 
slides coated with MWNT, the cell monolayer was 
dense, cell morphology was normal, but there were 
some black incorporations of different size and shape 
(Fig. 2, c).

The control GL6 cell culture was polymorphic 
consisting of epitheliocyte-like polygonal and spindle 
cells with fi ne cords of the cytoplasm. The cells were 
heterogeneous, of different size (Fig. 2, d). The mono-
layer structure on the slides coated with SWNT was the 
same: chaotically located cells of different shape (Fig. 
2, e). On slides with MWNT, the monolayer was dense, 
multiwalled, with modifi ed (often large) cells. Numer-
ous large black incorporations were seen (Fig. 2, f).

In addition to cell morphology, proliferative ac-
tivity and viability of HEF and GL6 cells cultured on 
slides with SWNT and MWNT nanotubes was studied 
(Fig. 3).

PI for cells cultured on SWNT and MWNT was 
about 2-fold lower than in the control. The viability 
of HEF cells was ~60% for both nanotube types and 
somewhat higher in the control (77%; Fig. 3, b). PI of 
GL6 cells was ~2-fold reduced in comparison with the 

Fig. 1. Nanotubes on the slide surface, atomic force microscopy. 
a) SWNT; b) MWNT.
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control (PI=1.0) for SWNT and was 0.3 for MWNT. 
PI correlated with reduction of GL6 cell viability: vi-
ability was higher (~72%) for SWNT than for MWNT 
(~64%), but lower than in the control (82%).

The decrease in cell viability after culturing on 
sublayers with nanotubes of both types was obvious. 

The viability evaluated as the proportion of viability 
on slides with nanotubes/viability on control slides 
was higher for GL6 cells cultured on SWNT; the vi-
ability of these cells on MWNT was somewhat lower 
than that of HEF cells. This correlated with the lower 
PI for GL6 cells cultured on MWNT, which indicated 

Fig. 2. Cells HEF (a, b, c) and GL6 (d, e, f): control (a, d) grown on SWNT (b, e) and MWNT (c, f). Arrows show accumulations of nano-
tubes, ×200.
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generally higher cytotoxic effect of MWNT towards 
glioblastoma cells, while PI decrease for fi broblasts 
did not depend on the nanotube type.

Strong interactions of nanotubes with cell mem-
brane with subsequent penetration of nanotubes 
through the membrane and movement are assumed 
to be responsible for nanotube cytotoxicity [11]. The 
nanotube length is essential for this process: shorter 
nanotubes act as “nanoneedles”, while longer nano-
tubes tend to form balls and cords, which prevented 
their penetration into the cell membrane [10]. Another 
important factor responsible for nanotube accumula-
tion in the cells is the technique of nanotube appli-
cation: it is essential whether they are fi xed to the 
carrier or free (in solution). The toxic effect is more 
pronounced for solution [8]. This could be explained 
by greater force of nanotube interactions with the sub-
strate, about tens and hundreds of nanonewtons [2]. The 
lesser is nanotube diameters, the greater is the strength 
of interaction with the substrate, and hence, loss of 
contact with the carrier is energetically unfavorably 
for the nanotube. Hence, a lesser toxic effect can be 
expected from SWNT on a carrier than from MWNT, 
which correlates with the data on lower viability and 
proli ferative activity of GL6 cells on MWNT.

Hence, carbon nanotubes manufactured in Russia 
are not toxic and can be used for culturing of vari-
ous cells. Morphological changes in cells cultured on 
SWNT and MWNT nanotubes were noted. Cell cul-
turing on nanotubes of different kinds was associated 
with negligible reduction of cell proliferative activity 
and viability. A high toxic effect of MWNT produced 
the most pronounced toxic effect on GL6 cells.

The study was carried out within the framework 
of realization of Federal Target Programs “Scientifi c 
and Pedagogical Cadres of Innovation Russia” for 
2009-2013 (state contract No. P979) and “Research 
and Development of the Priority Trends of Scientifi c 
and Technological Complex of Russia for 2007-2012” 
(state contract No. 16.512.11.2135).
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Fig. 3. Proliferative activity (a) and viability (b) of HEF (light bars) and GL6 cells (dark bars) on different nanotubes. The mean PI and vi-
ability percentage for three substrates and two tube types are presented.
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