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Ö Z

Tüm dünyada yaygın ağız hastalığı olan periodontitisin toksik olmayan ve güçlü antibakteriyel aktivitelerin kullanımı ile 
önlenmesi çok önemlidir. Nanoteknolojinin hızla gelişmesiyle birlikte nanomalzemeler biyouyumlu yapıları, sağlamlıkları, 

hafiflikleri ve düşük toksisiteleri nedeniyle diş hekimliğinde oldukça fazla tercih edilmektedir. Bu çalışmanın amacı, çok du-
varlı karbon nanotüpler (MWCNT'lerin), güçlü antibakteriyel aktiviteleri, düşük toksisiteleri ve yüksek biyouyumlulukları ile 
periodontitis etkeni bakterilere karşı karşı antibakteriyel aktivitesinin araştırılmasıdır. Bu in vitro çalışmada, MWCNT'lerin 
periodontitise neden olan oral patojenlerden Prevotella intermedia ve Aggregatibacter actinomycetemcomitans'a karşı an-
tibakteriyel aktivitesi agar kuyu difüzyon yöntemi ile, ultrayapısal değişiklikler ise TEM ile değerlendirilmiştir. TEM ana-
lizlerinde, saf MWCNT'yi içselleştiren hücrelerin görüntüleri, tüm inkübasyon koşullarında benzer şekillerde gözlenmiştir. 
Tedavi edilmeyen oral patojen hücreleri pürüzsüz bir yüzeye sahiptir. Hücrelerin çekirdekleri belirgin ve merkezi yerleşimli, 
sitoplazmaları düzenli, hücre duvarı ve sitoplazmik membran yapısı bir bütün olarak görülmektedir. Her iki patojen de saf 
MWCNT'lerin farklı konsantrasyonlarında ve maruz kalma sürelerinde antibakteriyel aktivite göstermiştir. Düşük konsantras-
yonlarda (5 ve 10μl) ve uzun maruz kalma süresinde (72 saat), her iki patojende de önemli antibakteriyel aktivite sergilemiştir 
(P<0.05). Her iki patojende de antibakteriyel etki, MWCNT konsantrasyonunun artması ve maruz kalma süresinin uzamasıyla 
azalmıştır. TEM incelemelerinde patojen hücrelerde yoğun hücre duvarı ve membran hasarı görülmektedir. Bazı hücrelerde 
lizis ve hayalet hücre oluşumları gözlenmiştir
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A B S T R A C T

It is very important to prevent periodontitis, which is a common oral disease all over the world, with the use of non-toxic 
and strong antibacterial activities. Recent years, nanomaterials are widely preferred in dentistry due to their biocompatib-

le structure, durability, lightness and low toxicity. The aim of this study is to investigate the antibacterial activity of MWCNTs, 
with their strong antibacterial activity, low toxicity and high biocompatibility, against periodontitis-causing bacteria. In this 
in vitro study, the antibacterial activity of MWCNTs against Prevotella intermedia and Aggregatibacter actinomycetemcomi-
tans, oral pathogens that cause periodontitis, was evaluated by the agar well diffusion method, and ultrastructural changes 
were evaluated by TEM. In TEM analyses, images of cells internalizing MWCNT were observed in similar patterns under all 
incubation conditions. Untreated oral pathogen cells have a smooth surface. The nuclei of the cells are distinct and centrally 
located, their cytoplasm is regular, and the cell wall and cytoplasmic membrane structure are seen as a whole. Both pat-
hogens indicated antibacterial activity at different concentrations and exposure times of MWCNTs. At low concentrations 
(5 and 10µl) and prolonged exposure time, it exhibited significant antibacterial activity in both pathogens (P<0.05). In both 
pathogens, the antibacterial effect decreased with increasing MWCNT concentration and longer exposure time. In TEM 
examinations, intense cell wall and membrane damage is observed in pathogenic cells. Lysis and ghost cell formations were 
observed in some cells.
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INTRODUCTION

Periodontitis is a chronic inflammatory disease cha-
racterized by the destruction of the periodontium, 

the tissues surrounding and supporting the tooth, inclu-
ding the periodontal membrane, alveolar bone, cemen-
tum layer and gingiva, as a result of bacterial induction1. 
This disease is one of the most common causes of tooth 
loss [1]. There is a close relationship between perio-
dontitis and oral pathogenic bacteria. Aggregatibacter 
actinomycetemcomitans and Prevotella intermedia are 
the most notable pathogens in periodontitis. A. acti-
nomycetemcomitans, which is a gram-negative bacteri-
um, is found in the oral cavity of most people [2]. The 
prevalence of this pathogenic bacterium varies greatly 
according to the region of residence, age and lifestyle 
(especially diet) [3]. Prevotella species are anaerobic 
gram-negative bacteria of the phylum Bacteroidetes, 
which also includes the clinically important genera 
Bacteroides and Porphyromonas [4]. The strains of the 
genus Prevotella are considered among the commensal 
bacteria because they are frequently found in healthy 
humans and rarely cause infection. P. intermedia spe-
cies, which is the most common pathogen in infections 
of periodontic and endodontic origin. This pathogen is 
the most isolated species of the genus prevotella from 
dental plaque, and its role in infections such as perio-
dontitis is still unclear. Some reports have noted a linear 
relationship between P intermedia pathogen and prog-
ressive periodontitis [5].

With the development of nanotechnology, the branch 
of nanomedicine has penetrated into our daily lives. As 
in many medical fields, various nanoparticles are used 
in dentistry due to their biocompatible and antibacte-
rial properties.  The antibacterial/antimicrobial proper-
ties of these nanoparticles are investigated before use 
[6-9]. 

 
In the early 2000s, as a result of the rapid progress of na-
notechnology, the search for improving human health 
also manifests itself in dentistry. In particular, antibiotic 
resistance is one of the biggest problems in medicine 
in recent years. For this reason, the development and 
application of alternative products to antibiotics has 
attracted a lot of attention. For this purpose, it has bro-
ught to mind the question of whether MWCNTs, which 
are materials with high biocompatibility and low toxicity, 
can be applied in dentistry. MWCNTs unusual chemical, 
structural, electronic and optical properties make them 

useful for medical applications [10]. MWCNTs are used 
in many applications with their high aspect ratio and 
large surface area properties thanks to their nano-sized 
diameters and micro-sized lengths.

In this study was to evaluate the in vitro antibacterial 
effect of multi-walled carbon nanotubes in the 5-10 nm 
size range on oral pathogens (P. intermedia and A. acti-
nomycetemcomitans) and the morphological properties 
(cellular deformations caused by bacteria) of bacterial 
cells. Interactions between MWCNT and pathogenic 
bacteria were visualized by transmission electron mic-
roscopy (TEM). 

MATERIAL and METHODS

MWCNT materials 
In this study, MWCNTs 90+% purity, 5-10 nm nanopow-
ders was purchased from Nanography (Ankara, Turkey). 
Different concentrations of MWCNT solutions were 
prepared with pure water. Before experiments, these 
solutions were mixed in an ultrasonic water bath (Ban-
delin Sonorex, Super RK510H) for 15 minutes. However, 
this study was conducted in accordance with the prin-
ciples of the Declaration of Helsinki.

Preparation of Cultures for Freeze-Drying 
The lyophilized gram negative anaerobic species (Agg-
regatibacter actinomycetemcomitans DSM 11123 and 
Prevotella intermedia DSM 20706) used in this rese-
arch were obtained from German Collection of Mic-
roorganisms and Cell Cultures (Deutsche Sammlung 
von Mikroorganismen und Zellkulturen GmbH, DSMZ, 
Braunschweig, Germany). Each inactive bacteria for 
reactivation were grown under anaerobic conditions 
and then stored in a bacterial suspension. Briefly, the 
A. actinomycetemcomitans strain were incubated in 
CaSo Bouillon (Carl Roth) for 24-48h at 37°C in a 5 % CO2 
medium under anaerobic standard conditions. After in-
cubation, the A. actinomycetemcomitans were suspen-
ded in Schaedler liquid medium to provide a turbidity 
equivalent to the 108 CFU/mL-1 McFarland standard. P. 
intermedia strain was cultured under anaerobic conditi-
ons 10% C02, 5% H2 and 85% N2 on Columbia blood agar 
plates containing 5% sheep blood and 0.5% K vitamin at 
37°C for at least 48 hours.

Toxicity Evaluations 
MWCNT was tested for antimicrobial activity against 
Aggregatibacter actinomycetemcomitans and Prevotel-
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la intermedia using the agar well diffusion method. Bac-
teria were grown under microaerophilic conditions at 
37°C in a jars. Bacterial colonies grown on plates were 
suspended in sterile distilled water and the density was 
adjusted to 0.5 McFarland standards. A sterile drigalski 
spatula was used to evenly graft the surface on Colum-
bia Blood Agar (Liofilchem, Italy) plates. A sterile 6 mm 
cork drill was used to make wells on each plate. To pre-
pare MWCNT solutions, 0.1 mg/mL MNCT was prepared 
in deionized water and sonicated in an ultrasonic bath 
(Elma/S30, Singen, Germany) for 10 minutes at 100 W. 
MWCNT experimental solution in the range of 10-50 
µl at different concentrations was prepared from the 
sonicated stock solution were poured into each well. At 
the end of the incubation period, the mean diameters 
of the bacterial inhibition growth zones formed around 
the wells in the petri dishes were measured. For each 
bacterial strain exposed to MWCNT, mean and stan-
dard deviation values from six replicates were obtained.

Cell culture TEM analysis
In our study, TEM was used to evaluate the ultrastructu-
ral morphological changes of MWCNT on A. actinomy-
cetemcomitans and P. intermedia species. For this pur-
pose, the strains used as standard reference microorga-
nism were exposed to MWCNT as 10 mL cell suspensi-
ons by incubation at 37°C for 48 hours. Cell suspensions 
were centrifuged in sterile plastic centrifuge tubes at 
5000 g for 15 minutes and then washed three times for 
10 minutes with phosphate buffered saline (PBS). After-
wards, the supernatant was discarded and the pelleted 
cells were left for primary fixation in PBS buffer conta-
ining 2.5% glutaraldehyde overnight at +4°C. After this 
process, the fixed cells were dissolved in PBS buffer and 
washed three times for 15 minutes in PBS after 2 hours 
of incubation period for secondary fixation by taking in 
1% osmium tetroxide. Fixed cells were embedded in 5% 
agar and block staining with 1% uranyl acetate. Then, 
each was dehydrated by passing through 40%, 60%, 
75%, 80% and 95% ethanol for 15 minutes each. Final 
dehydration was carried out in 100% ethanol for 1 hour, 
alternating every 30 minutes. The dehydrated samp-
les were polymerized by embedding in Epoxy resin at 
60°C for 2 days. Fully thin sections of 60 nm thickness 
taken from the blocked samples were taken on copper 
grids with the help of an ultramicrotome (Leica Ultracut 
R). Afterwards, the sections were stained with uranyl 
acetate and lead citrate. Sectioned samples were analy-
zed for ultra-structural changes with a JEOL JEM 1220 

brand/model transmission electron microscope.

Characterization 
Pristine MWCNT was purchased from Nanografi (Anka-
ra, Turkey), one of Turkey’s main suppliers in the field of 
nanotechnology. Briefly, in the TEM analysis, the avera-
ge diameter of MWCNT was given as 5-10 nm and the 
carbon purity was 95+%. To prepare suspensions with 
nominal concentrations of 5, 10, 20, 40, 80 and 160 µg 
mL-1, first the stock MWCNT solution was prepared in 
ultrapure water (Milli-Q) and sonicated for 60 minutes 
in an ultrasonic water bath (Bandelin, SonoRex).

MWCNT was characterized by several methods. Sur-
face plasmon resonance Ultraviolet–visible spect-
roscopy (SHIMADZU, Japan) an alysis was examined 
in the range of 200 nm to 800 nm. To determine the 
functional groups contained in pristine MWCNT, FT-IR 
analyzes were carried out with IR Affinity-I, Model No. 
SHIMADZU-A213748 device in the wavelength range of 
600-4000 cm-1. The morphology of pristine MWCNT 
was characterized by SEM (Hitachi SU-1510, Japan). 

Energy Dispersive X-Ray Spectroscopy (EDX) results 
were used to show the relative weight percentage of 
elements in the pristine MWCNT. EDX measurement 
was performed using the Oxford instrument X-Max 
combined with a SEM.

RESULTS 

Characterization of pristine MWCNTs 
In the TEM analysis, the average diameter of MWCNT 
was given as 5-10 nm and the carbon purity was 95+%. 
To demonstrate the homogeneous distribution of pris-
tine MWCNT in solutions, MWCNT at different expe-
rimental concentrations dissolved in pure water were 
examined by UV–vis scanning spectrophotometer. Figu-
re 1 shows the effect of MWCNT concentration on the 
UV–vis spectra of MWCNT suspensions. It was obser-
ved that all MWCNT suspensions displayed a characte-
ristic peak in the UV–vis spectrum at approximately 364 
nm wavelength. However, it is indicated that the higher 
the concentration, the higher the intensity of the cha-
racteristic peak, while the intensity of the measurement 
progressively decline from UV to near IR. 
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The bond structure and functional groups between in-
tact MWCNT molecules were examined by FTIR spect-
roscopy analysis. In Figure 2, the spectra appeared in 
the range of 1700–1400 cm-1. The peaks at 1697, 1651 
and 1519 cm-1 can be assigned to C=C groups in aro-
matic rings, in accordance with the literature. These 
bands may represent surface defects on the surface of 
MWCNTs [11]. In the SEM image in Figure 3, it can be 
seen that pure MWCNTs are in aggregate form and in 
EDX they are made of only C element.  

Antimicrobial Activity of pristine MWCNT
Negatively charged bacteria show the ability to bind 
to activated carbon particles with high affinity thro-
ugh strong Lifshitz-van der Waals forces, despite the 
electrostatic repulsion between their cells and carbon 
surfaces [12]. Furthermore, the contact between bac-
teria and CNT has bactericidal properties depending on 
the bacterial cell surface charge, hydrophobicity of the 
interacting surfaces, and incubation conditions. Here, 
toxicity was tested in gram-negative A. actinomycetem-
comitans and P. intermedia bacterial cells (108 cfu/mL) 

to investigate how MWCNT distribution and incubation 
condition affected the bacteria. As seen in Table 1, no 
matter what concentration or incubation time is used, 
the loss of viability caused by MWCNTs is more prono-
unced in P. intermedia. This shows that MWCNT has a 
better antibacterial activity on P. intermedia. 

Table 1 indicates the antibacterial effect of MWCNTs 
treated at different concentrations on A. actinomyce-
temcomitans and P. intermedia. Both pathogens de-
monstrated the highest antibacterial effect at 24 and 
72h exposure to 10 µL of MWCNT. The antibacterial 
effect of A. actinomycetemcomitans decreased rapidly 
after 20 µL and for P. intermedia after 40 µL. In addition 
to, the antibacterial activity of P. intermedia is slightly 
higher than that of A. actinomycetemcomitans. Accor-
ding to the statistical results, there are significant diffe-
rences at low concentrations of MWCNT (P<0.05).

Antimicrobial Mechanism of pristine MWCNT
To better understand the antimicrobial mechanisms, 
TEM microscopic studies were performed to visualize 

Figure 1. UV/visible absorption spectrum spectra of pristine MWCNT in aqueous solution. (a.5, b.10, c.20, d.40, e.80 ve f.160 µg mL-1 ).
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Figure 2. FT-IR spectra of pristine MWCNT.

Figure 3. SEM of image EDX spectra of pristine MWCNT. 
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the interaction of pristine MWCNT with oral pathoge-
nic bacterial cells. Images of cells internalizing MWCNT 
were observed in similar shapes under all incubation 
conditions. As can be seen in Fig. 4 TEM micrographs, 
untreated oral pathogen cells have a smooth surface. 
The nuclei of the cells are clearly and centrally located, 
the cytoplasm is regular, and the cell wall and cytoplas-
mic membrane structure are seen as a whole (Fig. 3 (a 
and b).

TEM micrographs in Fig. 5-6 show P. intermedia and 
A. actinomycetemcomitans bacteria incubated with 
MWCNT under a shaking speed of 5000 g for 15 min. 
Compared with untreated cells, bacterial cell morpholo-

gies treated with MWCNT showed significantly different 
morphological features. MWCNT aggregates appear to 
localize next to and inside the bacteria (Fig. 5 (a3 and 
a4)).

P. intermedia cells treated with MWCNT were severely 
damaged, which caused the cells to become fused with 
each other, the cytoplasm condensed and cell wall 
membrane to rupture (Fig. 5 (a1-a4)). It was observed 
that some cells were ruptured, cell contents leaked out, 
and membrane and wall damage occurred in some cells. 
In a small number of cells, bubble formations were ob-
served protruding from the membrane (Fig. 4 (a3, a4)). 
Morphological deformities and outward bending of the 

Table 1. Mean values of the inhibition zone of oral pathogenic bacteria treated with pristine MWCNT for 24 and 72 hours measured 
by the agar well method. 

Note: *p < 0.05; **p < 0.01  indicates significant differences in groups treated with different concentrations of MWCNT.

Figure 4. TEM micrographs of oral pathogenic bacteria not exposed to pristine MWCNT A) P. intermedia, B) A. Actinomycetemcomi-
tans. (cy: cytoplasm, cm: cell membrane, cw: cell wall, n: nucleus).
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cell membrane and wall structure were observed in the 
cells that came into contact with MWCNT. There are 
also a few ghost cell residue that have all their contents 
emptied (Fig. 5 (a4)).

Fig. 6 indicates TEM micrographs that MWCNT are pac-
ked inside and outside the cell. The wall and membrane 
structures of pathogen cells, which generally have a re-
gular oval appearance, were relatively preserved with a 
homogeneous cytoplasm appearance, but damages in 
the form of wall and membrane melting was observed 
in the cells contacted by MWCNT (Fig. 6 (a1, a3)).It has 
been determined that MWCNTs cause condensation 
of the cytoplasm in some cells, and in some cells, the 
cytoplasmic contents leak out as a result of the sepa-
ration of the membrane from the cytoplasm, and bleb 
formations are observed in some cells (Fig. 6 (a2, a4)). 
Particularly in the apical parts of the cells, membrane 
cytoplasm separations are evident (Fig. 6 (a4)). However, 
there are also a few ghost cell views with empty content 
(Fig. 6(a2)).

DISCUSSION

In 2007, the antimicrobial activity of carbon nanotubes 
(CNTs) was reported for the first time [13]. MWCNTs 
have better biocompatibility and greater dispersibility 
compared to other CNTs, making their antibacterial ef-
fect stronger [14]. Physical characterization of pristine 
MWCNT provides information about the morphology, 
size and purity of the sample. Figure 1 shows the effect 
on the UV–vis spectra of pristine MWCNT suspensions 
prepared at different concentrations. All MWCNT sus-
pensions showed a characteristic peak in the UV–vis 
spectrum at a wavelength of approximately 364 nm. 
However, the intensity of the peak of high concentra-
tion MWCNT suspensions is high. Our UV–vis results 
are consistent with literature findings showing that the 
characteristic peaks of MWCNTs are around 260 nm 
[15]. In one study, UV–vis was used to evaluate the dis-
persion quality of aqueous suspensions of CNT sonica-
tion time. It was observed that the characteristic peak 
intensity was proportional to the sonication time and 
that all suspensions had a characteristic peak at 300 nm 
[16]. Another study reported that UV–vis spectroscopy 

Figure 5. TEM micrographs of P. intermedia exposed to pristine MWCNT. (cym: cytoplasm melting, cmd: cell membrane damage, cwd: 
cell wall damage, gc: ghost cell, Scale bars: 200nm).
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analysis can be used to monitor the dispersion process 
of CNTs and will be helpful in determining the optimal 
sonication time [17]. UV-vis spectrophotometry of CNTs 
is a useful method to detect the concentration of CNTs. 
Thus, it is possible to establish a relationship between 
the amounts of CNTs individually dispersed in the sus-
pension and the intensity of the corresponding UV–vis 
absorption spectrums [18]. FT-IR was performed to con-
firm the presence of functional groups in MWCNTs. It 
showed the C=C bond structure between MWCNT mo-
lecules. Consistent with the literature, pristine MWCNT 
showed peaks in the same regions [19].

The current study is one of the first studies in which 
the antibacterial effect and cellular damage of MWCNT, 
which has potential use in dentistry, on periodontitis-
causing bacteria were examined in detail using TEM. 
The antibacterial effect of MWCNT is known, but its to-
xicity mechanisms have not been fully revealed. In the 
current literature, it is stated that MWCNTs act by via 
the formation of free radicals, accumulation of peroxi-
dative products and depletion of cell antioxidants [20]. 
However, the very different physicochemical properti-
es, production methods, size, shape and functionaliza-
tion of MWCNT greatly change the toxicity mechanism. 

Some studies have reported that nanoparticles larger 
than 10 nm accumulate in cell membranes, change cell 
membrane permeability, disrupt cell homeostasis, and 
cause leakage of intracellular components and ultima-
tely cell death due to the inability to regulate substan-
ce migration [21.22]. In this study, it is seen in the TEM 
micrographs in Figures 4-5 that pristine MWCNT of 5-10 
nm size in the range of 5-20 µg mL-1 for 72-h exposure ti-
mes showed a strong antibacterial effect on the treated 
pathogens. In treated cells, it is observed that the cell 
content leaks out as a result of severe membrane and 
wall damage, especially by distorting the cell shape. In 
some cells, ghost cells were formed as the cell contents 
completely came out and bleb formations were obser-
ved, which caused severe damage. 

Conclusions
It has been observed that the antibacterial effects of 
bacteria exposed to intact MWCNT are different. Ad-
ditionally, this effect varied depending on the bacterial 
species. It is seen both in the zone diameter measure-
ment in the antibacterial susceptibility test and in TEM 
micrographs that intact MWCNT causes more toxicity in 
P. intermedia than in A. actinomycetemcomitans. TEM 
analysis suggested that the main source of toxicity was 

Figure 6. TEM micrographs of A. actinomycetemcomitans exposed to pristine MWCNT. (cym: cytoplasm melting, cmd: cell membrane 
damage, cwd: cell wall damage, gc: ghost cell, Scale bars: 200nm).
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membrane damage, which played a role in the antibac-
terial effect of MWCNT.

In TEM micrographs, it has been shown that MWCNT 
is internalized and as a result, MWCNT damages the 
bacterial cell and wall, disrupting cell integrity, and this 
mechanism has an antibacterial effect.
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