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Abstract 
Background: Due to their unique behaviors, carbon nanotubes (CNTs)-based systems meet essential requirements for modern applications, 
such as electronics, optics, photovoltaics, fuel cells, aerospace engineering, military and biomedical applications. CNTs biocompatibility and toxic 
effects were assessed both in vitro and in vivo, in terms of hemocompatibility, cytocompatibility, immunoreactions and genetic behavior. Aim: 
The aim of this paper is to evaluate the in vivo biodistribution and biocompatibility of carbon nanopowder synthesized by plasma processing, 
using a BALB/c mouse experimental model. Materials and Methods: Three months old BALB/c mice were aseptically injected with 100 μL 
of 1 mg/mL dispersions. The obtained carbon-based nano-systems were dispersed in saline solution and subsequently sterilized by using 
a 30 minutes treatment with UV irradiation. The reference mice were injected with 100 μL of saline. The mice were kept under standard 
conditions of light, temperature, humidity, food and water (ad libitum) before the vital organ harvest. The animal welfare was daily monitored. 
At two and 10 days after the inoculation, the animals were euthanized under general anesthesia, for the sampling of internal organs (brain, 
myocardium, pancreas, liver, lung, kidney and spleen). Results: No animal died during the experiment. Brain, myocardium and pancreas 
were histologically normal, with no tissue damage, inflammatory infiltrate or inorganic deposits. CNTs were evidenced only in hepatic, 
renal, pulmonary and spleen tissue samples. Increased amounts of inorganic granular structures were reported after 10 days of treatment, 
when compared to the short-term (two days) inoculation. Conclusions: Our BALB/c mouse experimental model was found to be useful for 
the in vivo assessment of biodistribution and biocompatibility of CNTs. 
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 Introduction 

Even if there is still short time since the carbon 
nanotubes (CNTs) have been discovered, substantial 
research studies have been performed with respect to 
their structural features, physical and chemical properties 
and potential applications. Given the specific tubular 
morphology obtained by rolling the graphene sheets that 
contain within their structure highly oriented hexagonal 
architectures of sp2 hybridized carbon, one-dimensional 
CNTs possess specific unique strength and stability (when 
compared to sp3 bonds found in other carbon allotropes) 
and singular tunable properties (thanks to the peculiar 
electronic structure) [1–4]. 

When referring to the carbon-based tube classification, 
there are two distinct criteria: chirality and constituent 
graphitic sheets. (a) If considering the wrapping vector 
[given by the carbon atoms orientation to each other and 
denoted by (n,m) pairs of integer values] and the θ chiral 

angle (which values are comprised between 0 and π/6), 
one can identify the armchair (tubes with m=n and θ=300 
that have purely metallic behavior), zig-zag (tubes with 
m=0 and θ=00 that have semiconductor behavior) and 
chiral (tubes with m≠n and 00<θ<300) carbon nanotubes 
[1, 3, 5, 6]. (b) When considering the constituent graphene 
layers, the single-walled, double-walled and multi-walled 
are identified [2, 7, 8]. 

Regarding the synthesis of CNTs, three major strategies 
succeeded and are intensively used during experimental 
procedures: (a) the chemical vapor deposition that involves 
simultaneous high temperature treatments of highly pure 
gaseous or liquid carbonaceous precursor and transition 
metal catalysts [9–11]; (b) the arc discharge, which requires 
a high electric potential between two carbon-based 
electrodes [12, 13]; and (c) the laser ablation approach 
that involves concurrent evaporation–condensation pheno-
mena of graphite and metallic catalyst [4, 14, 15]. The 
above-mentioned synthesis approaches represent standard 
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directions towards the production of wide-ranging CNTs 
(in terms of structural, morphological and dimensional 
aspects) thanks to their mutual features, such as high 
synthesis yield, short-time processes, facile adjustment 
of process parameters and reproducible results. Other 
synthesis strategies experienced for carbon nanotube 
fabrication include ball milling [16, 17], hydrothermal 
method [18, 19], electrolysis [20, 21] and microwave-
assisted synthesis [22, 23]. 

Given the particular structural, morphological and 
dimensional features of carbon nanotubes, these structures 
possess genuine physical properties (in terms of stiffness 
and hardness, tensile and flexural strength, wettability, 
optical properties, thermal and electric conductivity) and 
chemical properties (in terms of chemical reactivity and 
surface chemical versatility). Thus, CNTs-based systems 
have unique behaviors and meet essential requirements 
for modern world applications, such as electronics [24–
29], optics [30–32], photovoltaics [33–35], fuel cells [36–
38], aerospace and automotive engineering [39–41], military 
and ballistics [42–45], and biomedical applications [46–48]. 
It is also necessary to state that the above-mentioned 
applicative directions of carbon-based nanostructures 
represent a relevant part of CNTs-based research activity, 
but is not limited to them. 

Since the biomedical-related direction of carbon nano-
tubes involves inevitable interactions with living structures, 
it is necessary to evaluate their pathophysiological behavior 
in human simulated environments, human-derived cell 
cultures and animal models. Thereby, various recent 
research studies have assessed CNTs biocompatible or 
toxic effects, in both in vitro and in vivo experiments. 
Given the increased acknowledged cytotoxic activity of 
pristine carbon nanotubes against various cells and tissues, 
the research community turned its attention towards the 
development of high purity functionalized CNTs, which 
can successfully be used for novel biomaterial and bio-
device fabrication. Thus, plenty research studies have 
extensively examined the in vitro activity of functionalized 
carbon nanotubes, in terms of hemocompatibility [49–
52], cytocompatibility [53–58], immune reactions [59–61] 
and genetic behavior [62–64]. When it comes to living 
organism interactions and in vivo behavior, the recently 
performed experimental studies have evaluated CNTs-
based materials in terms of biodistribution and biocom-
patibility [56, 65–68], acute and chronic local or systemic 
reactions [69–72] and genotoxicity [73, 74]. 

The aim of this paper is to evaluate the in vivo bio-
distribution and biocompatibility of CNTs synthesized 
by plasma processing. 

 Materials and Methods 

In vivo biodistribution of CNTs 

Synthesis by plasma processing and characterization 
of CNTs were presented in a previous paper [75]. 

The experimental protocol was applied according with 
the European Council Directive No. 86/609 (November 
24, 1986), the European Convention for the Protection 
of Vertebrate Animals used for Experimental and Other 
Scientific Purposes (December 2, 2005), and the Romanian 
Parliament Law No. 43 (April 11, 2014) on the protection 

of animals used for scientific purposes. The study was 
approved by the Ethics Committee of the University of 
Medicine and Pharmacy of Craiova, Romania (Approval 
Report No. 118/27.05.2015). 

In order to assess the in vivo compatibility and distri-
bution of the synthesized nanostructures, three months 
old BALB/c mice were aseptically injected with 100 μL 
of 1 mg/mL dispersions. The obtained carbon-based nano-
systems were dispersed in saline solution and subsequently 
sterilized by using a 30 minutes treatment with UV 
irradiation. The intravenous administration of the as-
prepared dispersions was carried out slowly into the left 
jugular vein, using a catheter (before the inoculation, the 
mice were subjected to general anesthesia by the intra-
peritoneal injection of a Ketamine/Xylazine mixture). The 
reference mice were injected with 100 μL of saline [76]. 

The mice were kept under standard conditions of 
light, temperature, humidity, food and water (ad libitum) 
before the vital organ harvest. The animal welfare was 
daily monitored. No animal died during the experiment. 
At two and 10 days after the inoculation, the animals 
were euthanized under general anesthesia, for the sampling 
of internal organs (brain, myocardium, pancreas, liver, 
lung, kidney and spleen). After the organ sampling, the 
biological material was washed in phosphate-buffered 
saline (PBS), then fixed in 10% buffered neutral formalin 
(for 72 hours, at room temperature) and processed for 
microscopic histology studies [76]. 

Serial sections with 4 μm thickness were obtained 
considering the prepared organs, by using a MICROM 
HM355s rotary microtome (MICROM International GmbH, 
Walldorf, Germany) equipped with a waterfall-based 
section transfer system (STS, MICROM). The cross-sections 
were placed on histological blades treated with poly-L-
Lysine (Sigma-Aldrich, Munich, Germany). After Hema-
toxylin–Eosin (HE) classical staining, the obtained cross-
sections were evaluated and photographed by using a 
Nikon Eclipse 55i light microscope equipped with a Nikon 
DS–Fi1 CCD high definition video camera (Nikon Instru-
ments, Apidrag, Romania). The concerned images were 
captured, stored and analyzed by using the Image ProPlus 
7 AMS software (Media Cybernetics Inc., Marlow, 
Buckinghamshire, UK) [77]. 

 Results 

In vivo biocompatibility and biodistribution 
of CNTs after two days treatment 

Brain 

The lower magnification of brain tissue sample 
harvested after two days of carbon-based nanostructures 
treatment shows specific aspects of cerebral cortex. As 
it can be observed starting from the right side of the 
obtained image, one can clearly distinguish the three 
specific layers of cerebral cortex: (a) the molecular layer 
(the most superficial layer of the neocortex that consists 
in a dense zone that mostly contains dendritic and axonal 
synapses, but also few nuclei belonging to the supportive 
and protective glial cells), (b) the outer granular layer 
(the second layer of the cerebral cortex that consists in a 
dense population of neuronal synapses, stellate cells and 
small pyramidal cells with specific bulky and triangle-like 
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nuclei) and (c) the outer pyramidal cell layer (the cerebral 
zone containing mostly moderate sized pyramidal cells 
and Martinotti cells). Also, one can distinguish the typical 
features assigned to the abundant prominent spherical 
glial cells. At a higher magnification of the tissue sample, 
it can be observed that few regular capillaries with specific 
morphological and dimensional sane erythrocytes were 
capture in cross-section (Figure 1a). 

Myocardium 

The obtained micrographs corresponding to the pre-
pared cardiac muscle sample capture the specific branched 
arrangement of cardiac fibers. Given the characteristic 
rotation of constituent protein filaments, the observed 
muscular fibers possess specific striated aspect within 
their morphology. The identified myocardiocytes possess 
specific single and central round-oval nuclei. Several 
capillaries are captured in the obtained images and no 
histological modifications are reported regarding their 
morphology. It is important to notice the significant amount 
of red blood cells within the identified capillaries, but 
also their specific histological aspects (as a result of the 
physiological cardiac activity). At higher magnification, 

one can also clearly observe few intercalated discs, which 
are specialized junctions established between adjacent 
cardiac muscle cells (Figure 1b). 

Pancreas 

The first histological examination of pancreatic tissue 
sample reveals the specific distribution of exocrine pan-
creatic acinar cells in whose dense mass are specifically 
identified two hormone secretory Langerhans islets. The 
identified prominent acinar cells have unique hetero-
chromatic nuclei with round-oval morphology and possess 
particular secretory eosinophilic granules at the apical 
pole. Several blood vessels are captured in cross-section 
and one can clearly notice that they are supplied with a 
large number of normal aspect red blood cells. At a higher 
magnification, detailed aspects related to the endocrine 
pancreatic tissue are revealed: pale epithelial cells with 
specific reduced affinity to the used staining protocol 
that have single central oval nuclei. Also, the identified 
pancreatic capillaries and insulo-acinar portal system show 
normal histological aspects and a significant amount of 
healthy red blood cells content, as a result of the physio-
logical pancreatic function (Figure 1c). 

 

Figure 1 – Cross-sections through the mouse brain (a), 
myocardium (b) and pancreas (c) tissue samples after  

two days treatment. Normal histological aspects.  
CNTs are missing. HE staining, ×400. 

 
Liver 

At reduced microscopic magnification of the hepatic 
tissue sample one can notice typical aspects: polyhedral 
shaped hepatocytes disposed within highly arranged cords 
that have specific prominent spherical euchromatic nuclei. 
Few isolated erythrocytes are observed inside the longi-
tudinally captured hepatic capillaries and a significant 

amount of red blood cells are noticed within the centri-
lobular veins captures in cross-section. On the other hand, 
when considering the increased magnified histological 
images, except for the presence of major uninucleate and 
few binucleate hepatocytes, several atypical aspects are 
observed: inside the blood vessels and peripheral Kupffer 
cells of the hepatic capillaries important dark brown 
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agglomerated structures are identified. The identified 
aspects suggest that the mentioned specialized hepatic 
macrophages have a specific intense activity, but also 
recognize and engulf the carbon-based foreign nano-
structures during their effort to protect the liver. As one 
can observe, the nanostructure density inside the cells 
depends on the capillary dimension of the hepatic 
parenchyma (Figure 2, a and b). 

Kidney 

Regarding the histological aspects of the renal tissue 
sample, one can clearly notice that no morphological 
alterations are reported with respect to the constituent 
tissue, except for the cross-section captured large blood 
vessels. According to the obtained images, specific histo-
logical aspects corresponding to the renal cortex can be 
observed: one can identify the proximal convoluted (the 
single layered regions with a narrow lumen defined by few 

cubic epithelial cells) and distal convoluted (the single 
layered regions with a wide lumen defined by several 
cubic epithelial cells) uriniferous tubules, but also the 
prominent renal glomerulus. At a closer look, one can 
distinguish that the urinary space is clearly defined between 
the parietal (simple squamous epithelium) and visceral 
(podocyte-based) layers of Bowman’s capsule, but also 
that the intraglomerular mesangial cells have specific 
histological aspects (monocyte-derived or smooth muscle-
derived mural cells with singular prominent round-oval 
nuclei). Also, several typically shaped and sized erythro-
cytes are captured within the capillaries of the renal 
glomerulus, which may indicate a normal physiological 
function. As mentioned above, several darkish voluminous 
aggregate structures are noticed inside the large renal 
blood vessels, which can suggest that the inoculated 
structures do not satisfy the required conditions for renal 
excretion (Figure 2, c and d). 

 

Figure 2 – Cross-sections through the mouse liver (a and b) and kidney (c and d) tissue samples after two days treatment. 
CNTs were highlighted as prominent dark brown granular aggregates. HE staining: (a and c) ×400; (b and d) ×1000. 

 

Lung 

When considering the histological aspects of the pul-
monary tissue sample analyzed after a two days treatment, 
one can distinguish specific aspects corresponding to pul-
monary alveoli that mostly contain within their structure 
type 1 pneumocytes (flattened squamous cells, which define 
the alveolar sacs) and isolated type 2 alveolar cells 
(spherical prominent cells with foamy cytoplasm and unique 
round nuclei located within the alveolar septal junctional 
zones). Also, it can be observed the significant amount of 

specifically disk-shaped erythrocytes inside the captured 
alveolar capillaries. On the other hand, within the peri-
vascular and alveolar septa macrophages one can observe 
the presence of prominent dark brown granular aggregates, 
because of monocyte endocytosis. Several isolated low-
dimensional agglomerates can also be observed around the 
cells located inside the vascular lumen. Also, it can be obser-
ved that some of the pulmonary alveoli have atypical cellular 
content and alveolar septa, which can indicate the presence 
of inflammatory or fibrotic damage (Figure 2, e and f). 
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Spleen 

With respect to the splenic tissue, histological alte-
rations are observed even after a two days treatment. Due 
to an intense activity required during the formation of 
multi-lobed macrophages, one can notice significant hyper-
trophy of the splenic white pulp. Also, typical histological 
aspects of the splenic red pulp are clearly identified (the 
cellular cords composed by endothelial cells with promi-

nent spherical-ellipsoidal shaped nuclei specifically delimit 
splenic sinusoids), but within this constituent region of the 
spleen one can observe significant dark brown deposits. 
The identified aggregate structures have sphere-like 
morphology and variable dimensions (less than 3 μm) and 
are located within the macrophage system cells, which 
belong both to Billroth cords and sinusoid capillaries 
(Figure 2, g and h). 

 

Figure 2 (continued) – Cross-sections through the mouse lung (e and f) and spleen (g and h) tissue samples after two 
days treatment. CNTs were highlighted as prominent dark brown granular aggregates. HE staining: (e and g) ×400;  
(f and h) ×1000. 

 

In vivo biocompatibility and biodistribution 
of CNTs after 10 days treatment 

Brain 

Starting from the superior region, of the lower mag-
nification, histological image corresponding to the brain 
tissue fragment harvested after a 10 days treatment, one 
can observe the specific distribution of the plexiform, 
outer granular and outer pyramidal cell layers of the 
cerebral cortex. When analyzing most closely the concerned 
tissue sample, specific aspects of abundant neuroglia can 
be noticed: prominent cells with typical vesicular aspect, 
spherical morphology and euchromatic large nuclei (the 
finely dispersed pale chromatin is the result of an intense 
synthesis activity) that have considerable single nucleolus 
or double nucleoli within an eosinophilic cytoplasm. Also, 
the microscopic slide captures few blood vessels (either 
in longitudinal or cross-section) with significant red blood 
cell content. The morphological, dimensional and visual 

aspects of the concerned blood cells correspond to healthy, 
unaffected and physiological features of erythrocytes 
(Figure 3a). 

Myocardium 

When considering the myocardial tissue sample har-
vested after 10 days of in vivo experimental treatment, 
the prepared histological slide also shows normal aspects. 
Thus, one can observe the specific branch-like distri-
bution of striated cardiac fibers, but also the unique 
central heterochromatic nuclei belonging to constituent 
cardiomyocytes. Also, it can be noticed that the consti-
tuent nuclei possess a specific stubby aspect and lie in a 
rather granular cytoplasm. Several blood vessels with 
significant hematic supply are also observed within the 
concerned histological slides. The captured erythrocytes 
possess typical oval biconcave disk shape, with no indi-
cations regarding their potential alteration or damage 
(Figure 3b). 
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Pancreas 

The obtained images of the harvested pancreatic tissue 
sample show specific aspects correlated to healthy and 
proper functioning exocrine and endocrine pancreatic 
structures. The exocrine pancreatic tissue consists in specific 
pancreatic acini (epithelial cubic cells distributed in a 
single layer around the intercalated ducts) with normal 
appearance centro-acinar cells (polarized cells with intense 
eosinophilic aspect at the secretory apical pole and 
basophilic aspect at the basal pole, that possess unique 

round-oval nuclei with central single or multiple nucleoli). 
The enhanced affinity of the acinar pancreatic cells for 
the eosin staining is due to the abundant protein content 
of the exocrine secretory granules, which provides as 
significant data about the normal exocrine secretory 
function of the pancreas. Also, a specific Langerhans islet 
is captured within the obtained images, such that one can 
distinguish the endocrine epithelial cells with oval unique 
central nuclei, but also we can notice aspects that indicate 
a normal physiological blood supply (Figure 3c). 

 

Figure 3 – Cross-sections through the mouse brain (a), 
myocardium (b) and pancreas (c) tissue samples after  

10 days treatment. Normal histological aspects.  
CNTs are missing. HE staining, ×400. 

 
Liver 

After the long-time treatment of the mice, the harvested 
hepatic sample showed specific foreign granular aggregates 
even at lower magnification. A large centrilobular hepatic 
vein and several hepatic capillaries are captured in cross-
section, respectively in longitudinal section. All the 
identified erythrocytes within the blood vessels have 
specific aspects (in terms of color, dimension and shape), 
but significant dark brown structures are noticed between 
them. Also, at higher magnifications, one can observe 
that the hepatocytes still possess typical aspects (polygonal 
parenchymal hepatic cells with prominent euchromatic 
nuclei), but important sphere-like aggregates are reported 
within the centrilobular Browicz–Kupffer macrophage 
cells. One can presume that the intravenous inoculation 
of the carbon-based nanostructures induce the carrier-
like role of the bloodstream. When reaching the hepatic 
stage, the mononuclear phagocyte system of the liver 

consequently acts against the identified foreign structures, 
encouraging thus the specific recognition and engulfing 
of the inoculated nanosystems (Figure 4, a and b). 

Kidney 

At lower magnification of the kidney tissue sample 
harvested after 10 days treatment, one can observe the 
disposal of single-layered cuboidal epithelium with central 
prominent nuclei into cellular cords that specifically 
delimit normal histological proximal and distal convoluted 
renal tubules. Also, two renal glomeruli are noticed and 
the few atypical dark colored structures are identified 
within the large dimension blood vessel captured in cross-
section. When considering the higher magnification image, 
it can be observed that the renal glomerulus is clearly 
defined by the Bowman’s capsule and that the glomerular 
vascular bundle is discernable and properly vascularized 
(the significant amount of unaltered red blood cells within 
the glomerular capillaries may suggest an intense excretory 
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activity of the treated kidney). Regarding the cross-section 
captured blood vessel, several dark brown voluminous 
and few reduce-sized agglomerates can be noticed within. 
One can also notice that the lower foreign structures seem 
to be located onto or into the red blood cells. Thus, one 

can assume either that the inoculated nanostructured does 
not match the specific requirements for renal elimination 
or that only pristine and non-aggregated carbonaceous 
materials may be susceptible to renal excretion (Figure 4, 
c and d). 

 

Figure 4 – Cross-sections through the mouse liver (a and b) and kidney (c and d) tissue samples after 10 days treatment. 
CNTs were highlighted as prominent dark brown granular aggregates. HE staining: (a and c) ×400; (b and d) ×1000. 

 
Lung 

With respect to the histological aspects of the pulmo-
nary tissue sample, one can mention that the lower 
magnification obtained image shows several pulmonary 
alveoli with specific type 1 flattened alveolar epithelial 
cells and type 2 spherical alveolocytes. Mostly, within 
the perivascular macrophages, one can observe massive 
amounts of darkish granular structures, while the reduced 
aggregates are located within the alveolar septal junctions. 
Given the central captured pulmonary alveolar structure, 
one can notice an atypical thickened alveolar septum 
and unspecific pulmonary and red blood cells inside the 
alveolus. One can thus presume that the pulmonary 
immune system had an intense and prolonged activity, 
which led to the partial fibrosis of pulmonary alveolar 
septum. This assumption can also be supported when 
considering the adjacent alveolar structures, which also 
seem to be affected by fibrotic and infiltrative inflam-
matory processes. Regarding the higher magnification 
histological image, it can be clearly observed that the 
large amount of biconcave disk-shaped erythrocytes from 
the right superior region is located within the pulmonary 

alveolus. Also, the preferential presence of the inoculated 
nanostructured within the perivascular region of the pul-
monary tissue and the infiltrative inflammatory activity  
are indisputable underlined by this histological image 
(Figure 4, e and f). 

Spleen 

When considering the splenic treated sample, the 
obtained lower magnified image reveals important histo-
logical modifications with respect to the white pulp of 
spleen parenchyma: the central germination center is 
surrounded by a severe hypertrophic area, due to the 
excessive stimulation of lymphocyte activity required 
during macrophage activation. A significant amount of 
granular agglomerated structures is distributed within the 
splenic white pulp, inside the Billroth cords and splenic 
capillaries. Also, within the longitudinal captured sinuses, 
few isolated erythrocytes with darkish low-dimensioned 
aggregates onto or inside them can be observed. The higher 
magnification of the concerned splenic sample shows the 
specific granular aspect of the formed deposits, which have 
specific brown yellow or dark brown color, sphere-like 
morphology and micron dimensions (Figure 4, g and h). 
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Figure 4 (continued) – Cross-sections through the mouse lung (e and f) and spleen (g and h) tissue samples after 10 
days treatment. CNTs were highlighted as prominent dark brown granular aggregates. HE staining: (e and g) ×400;  
(f and h) ×1000. 

 
 Discussion 

Irrespective of the selected synthesis method, the 
produced CNTs may present many impurities (such as 
amorphous carbon, carbon nanoparticles, graphite sheets, 
fullerene structures or metallic catalyst particles) or defects 
(five or seven atom aromatic structures or graphene layer 
interruption) within their structure. Thereby, in order to 
produce CNT-based systems and novel materials for 
potential applications, it is mandatory to perform advanced 
purification of the synthesized nanostructures [78–80]. 

The CNTs physical purification methods usually require 
separation strategies and they do not affect the specific 
conjugated electronic structure. Among the physical 
approaches successfully used for carbon nanotubes purifi-
cation, one must mention chromatographic technique 
[78, 80, 81], centrifugation [82–84], microfiltration [85, 
86], microwave radiation [87, 88] or sonication [79]. 

When considering the chemical purification approach, 
several specific functionalization strategies are identified 
such as non-covalent, covalent and intrinsic defects func-
tionalization. (a) The non-covalent modification of carbon 
nanotubes involves specific physically guided adsorption 
phenomena of macromolecules onto the surface of the 
tube, thanks to van der Waals and π–π interactions. By 
considering this particular functionalization strategy, 
several organic compounds have been successfully adsorbed 

to the CNTs surface, such as various ionic, non-ionic or 
Gemini surfactants [89–91], polymers [92–94] and distinct 
biomacromolecules [95, 96]. (b) The covalent function-
alization of carbon nanotubes specifically involves chemical 
reactions towards the double bonds within the carbon 
layer, which significantly affects the electronic structure 
of the CNTs [97–102]. (c) The specific functionalization 
of structural defects within the outer wall of the CNTs 
usually implies oxidation or redox reactions in the presence 
of gaseous or liquid oxidizing circumstances. The parti-
cular use of chemical agents in carbon-based nanotube 
purification implies simultaneous phenomena of impurity 
removal and functional group formation (such as hydroxyl, 
carboxyl, carbonyl, amine, thiol, ester, epoxy), which 
require either passive chemical reactions in gaseous or 
aqueous media or electrochemical processes. When referring 
to this particular strategy, successful results for liquid 
state purification have been reported for the following 
chemical compounds (but not limited to): aspartic acid 
[103], ammonium hydroxide and hydrogen peroxide [104], 
citric acid [105, 106], hydrochloric acid [107], meta-
chloroperoxybenzoic acid [108], N-hydroxysulfosuccin-
imide and 1-ethyl-3-[3-dimethylaminopropyl]carbodiimide 
hydrochloride [109], nitric acid [110, 111], sulfuric acid 
[112], pyrene derivates [113], sodium hydroxide [114], 
sodium and potassium chloride [115], tetraethylenepen-
tamine [116], 3-aminopropyltriethoxysilane [117, 118], 
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4-aminobenzoic acid [119] or various reactive mixtures 
[60, 120–123]. 

For biomedical applications, it is mandatory to engineer 
biocompatible and high purity CNTs with increased 
stability and enhanced dispersion in commonly used 
inorganic and organic bio-related solvents. The tremendous 
progress lately reported in novel technologies, the genuine 
physicochemical versatility and surface chemical reactivity 
of carbon-based nanotubes offer impressive possibilities to 
develop novel CNTs-based composite and hybrid materials 
for promising biomedical application. Therefore, recent 
studies performed with respect to the particular domain 
of modern healthcare practice have reported promising 
results regarding the use of CNTs-based materials as 
attractive tools for biosensing [46, 124–129], bioimaging 
[130–133], drug delivery [134–136], tissue engineering 
[137–141], cancer therapy [48, 142–145], degenerative 
conditions therapy [146–148] and genetic therapy [149–
151]. 

After two and 10 days treatment with carbon-based 
nanostructures, using a BALB/c mouse experimental model, 
the histological aspects reported for the myocardial and 
pancreatic tissues were physiologically normal, with no 
presence of tissue damage, inflammatory infiltrate or 
inorganic deposits. Among the investigated vital organs, 
the myocardium and the pancreas does not possess a 
specific native defense system, so as one can assume 
that the presence of the synthesized systems within the 
supplied bloodstream is not enough to produce cellular 
internalization and subsequent cell injury. Although the 
other concerned organs specifically possess an intrinsic 
immune response system, no modifications were observed 
with respect to the cerebral tissue. Given the normal 
histological aspects, which were noticed when considering 
the microscopic slides analysis, one can thus presume 
that the inoculated carbonaceous nanosystems do not 
pass through the blood–brain barrier. Significant darkish 
granular structures were instead present within the blood 
vessels of the renal tissue samples. Except for the identified 
deposits, the histological aspects corresponding to the renal 
cortex were physiological normal, indicating thus either 
that the carbon tubes are not suitable for renal elimination 
or that only extremely reduced and non-aggregated nano-
systems are suitable for renal excretion. Regarding the 
hepatic tissue samples, significant agglomerate structures 
were identified within the Kupffer macrophage cells for 
both treatments, suggesting that the mononuclear phagocyte 
system of the liver intensely reacted when the carbon-
based nanostructures carried by the bloodstream attained 
this tissue. The pulmonary tissue seemed to be signi-
ficantly affected by the applied treatment, since except 
for the massive amounts of dark brown aggregate deposits 
that were observed in both perivascular and alveolar septal 
junction, one can also observed substantial modifications 
corresponding to inflammatory and fibrotic processed. 
Given the significant role of spleen within the lymphatic 
system, this organ represents the first defense structure 
against potential foreign structures. The histological 
aspects – splenic white pulp hypertrophy, important 
granular deposits within the Billroth cords and splenic 
sinusoids of the red pulp – reported after both treatments 
confirmed the above hypothesis. It is also important to 

mention that increased concentrations of inorganic granular 
structures were reported after the performed 10 days 
treatment, when compared to the short-term inoculation – 
within all the affected tissues corresponding to liver, 
lung, kidney and spleen. 

 Conclusions 

The in vivo biodistribution and biocompatibility of 
CNTs were assessed using a BALB/c mouse experimental 
model. No animal died during the experiment. From the 
histological point of view, brain, myocardium and pancreas 
were physiologically normal, with no tissue damage, 
inflammatory infiltrate or inorganic deposits. CNTs were 
evidenced only in hepatic, renal, pulmonary and spleen 
tissue samples. Increased amounts of CNTs were reported 
after 10 days treatment, when compared to the short-
term (two days) inoculation. 
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