20 Menunuackas Hayka Apmenun HAH PA 1. LXI Ne2 2021

UDK 631:544.774
Use of Carbon Nanotubes in Medicine

V. M. Aroutiounian

Yerevan State University YSU,
1 Alex Manoukyan Str., 0025, Yerevan, Armenia

Key words: carbon nanotube, repairing, regenerative, scaffold, virus, lung
cancer, tumor, drug delivery

The outstanding physical properties of carbon nanotubes (CNTSs), e.g.
their mechanical and chemical durability as well as thermal and electrical
conductivity allow for the use of CNTs in many applications. CNTs were
discovered about two decades ago [18]. They show a unique structure that can
be envisioned as a graphene sheet rolled into tubular structure. CNTSs can be
either single-walled (i.e., SWCNT) or multi-walled (i.e., MWCNT) depending
on the number of a concentric graphitic layers. The diameter is typically 1-10
nm for SWCNTs whereas it can be varied from 1 to over 100 nm for MWCNTSs.
The length of CNTSs can also be varied in a broad range from several nm to over
1 mm. The aspect ratio (length vs. diameter) of CNTs can be larger than ~10°.
CNTs are one of the materials with the highest known mechanical strength. The
intrinsic tensile strength and Young’s modulus can reach 1 TPa. Depending on
the rolling angle of a graphene sheet (i.e., chirality), CNTs can be either
semiconducting or metallic [18]. In their metallic form, CNTs show a very high
electrical conductivity with the capability of carrying electrical current over 50
times greater than typical metals. The electrical properties of CNTs are also
potentially relevant to biomedical applications. MWCNTSs are much less toxic
than SWCNTSs because of the differences in diameter and surface chemistry

Semiconductor sensors many promising for medical applications of
exhaled by the organism gases are developed in Yerevan State University
(Department of Physics of semiconductors and microelectronics and semicon-
ductor research center and the nanotechnology) in Armenia. Acetone, ammonia,
ethanol, hydrogen peroxide, nitrogen oxides nanosensors should be mentioned
among them. Warfare chemical sensors were investigated in framework of the
NATO grant. Independent testing of chemical warfare and smoke sensors in the
USA and Czech Republic were shown promise of their use. In particular, large
attention is given to sensors made from metal oxides doped carbon nanotubes
[2-8], which have high sensitivity and other excellent characteristics.

Nowadays, exhaled breath is considered a diagnostic tool for disease and
underlying health conditions [9, 10]. The large experience in YSU in the field of
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gas semiconductor detectors allows us to intensive work in this field. For
example, we have now the first samples of diabetes detectors which measure the
acetone level in an organism [11, 12]. So, CNTs an ideal candidate material for
a new class of molecular sensors. Carbon nanotubes (CNTSs) are widely used for
the detection of various gases (including in the human body) and in dentistry,
virology and cardiology.

One of the most active research fields in modern biomedical engineering
and clinical practice is the repair and regeneration of hard tissues in the human
body such as bone and teeth. Traditional materials that serve as scaffolds in
clinical applications include naturally-derived collagen, chitosan, and different
synthetic polymers. Of course, it is desirable for the scaffold to be bio-
compatible and able to control the proliferation and differentiation of cells into
the required lineage and structure. The good mechanical strength, flexibility,
and lightweight make CNTSs ideal materials for use as reinforcement of engi-
neered composites. Today CNTs are used in functional scaffolds for repairing
and regenerative purposes [17].

Inorganic composite-based MWCNT hybrid membranes coated with
copper(l) oxide, titanium(IV) oxide, and iron(lll) oxide nanoparticles were
investigated in the removal of viruses (bacteriophages) from contaminated
water [25] and used as virus adsorbents.

Injectable polymer/CNT composites are being used today for enhancing
cardiomyocyte proliferation and function [22], and cardiac differentiation of
stem cells [23]. Electrically conductive CNTs can be used in composite
scaffolds as synthetic cell culture platforms for enhanced differentiation of
human mesenchymal stem cells (hMSCs). Through analysis of fiber morpho-
logy, elastic modulus and conductivity, it was established that scaffold
properties are affected by the inclusion of CNTs and can be tailored for specific
applications. CNTs-based scaffolds have been recently found to support the in
vitro growth of cardiac cells: in particular, their ability to improve cardio-
myocytes proliferation, maturation, and electrical behavior are making CNTs
extremely attractive for the development and exploitation of interfaces able to
impact cardiac cells physiology and function.

CNTs are used now as new nanocarriers for drug delivery. Researchers
have recently applied CNTSs to diagnose and treat cancers such as lung, breast,
prostate, liver, colon, etc. [29]. Besides, quantum dots, gold, and magnetic na-
noparticles were a series of nanomaterials that could be utilized to detect
cancers [13]. The methods a chemotherapy, radiation therapy, and various
medications are used for detection of different cancers (for example, lung
cancer [30]). These methods were not highly effective due to the non-targeted
and damaging of healthy tissues such as hair follicles. Based on these
approaches, damage in the cell cycle, break in the double strands of DNA,
inflammatory responses, tissue fibrosis, etc., will have occurred. On the other
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hand, there were a series of treatment obstacles; low stability, solid solubility in
water, and cell resistance to treatment in the chemotherapy method.

Tumor-targeting has many difficulties even with using the specific
antibodies to bind to cancer cells; pulmonary tumors are among the invincible
types of cancer, on which the researchers work to solve this issue.

In fact, CNTs are made in five ways, which are described as arc dis-
charge, laser ablation, chemical vapor deposition, flame synthesis, and silane
solution methods. Also, CNTs are purified in three ways as air oxidation,
sonication, and acid refluxing. On the other hand, the CNTs are a fascinating
substance that can be employed to bind proteins, peptides, nucleic acids, and
various drugs. Furthermore, CNTs have a high potential for drug delivery due to
their tubular and fiber-like structure. The usable techniques to evaluate the
CNTs and drugs with each other were collected as transmission electron micros-
copy (TEM), scanning electron microscopy (SEM), Raman spectroscopy, Fou-
rier transforms infrared spectroscopy (FTIR), and X-ray diffraction (XRD), etc.

Consider below the pulmonary toxicity assessment of CNTs. CNTs could
quickly enter the lungs through the respiratory tract and then rapidly enter and
affect the nervous, lymphatic, and circulatory systems, leading to toxic effects.
[19]. The main reasons of these toxic effects can be durability, the amount of
residual oxygen reactive metal, and size. By removing the residual metals and
selecting appropriate dimensions, the CNTs can be safe in drug transmission.
The smaller sizes were with less toxicity; furthermore, the concentration of
metal impurities such as iron did not contribute to toxicity [21]. Indeed, the
greater the curvature, the less damage occurred to the cells. Due to the high
structural similarity of CNTs with asbestos, which is usually used, similar
physiological effects on the human bronchial epithelial cells are shown. In
humans exposed to the CNTs, they could induce lung and pleural lesions,
inflammation, pleural fibrosis, and lung tumors. The stiffness, hardness, length,
width, and CNT longevity are five factors that could induce a harmful effect.

The too lowest dose of MWCNTS could induce pulmonary fibrosis. Also,
MWCNTSs, like asbestos, could alter the expression of several genes and cell
survival and proliferation [17]. The CNT produced the least toxicity compare
with asbestos [26]. On the other side, functional CNT showed less toxicity with
higher activity toward CNT without functionalization. The safe applied dose of
CNTs was not yet finally determined [32]. Also, researchers can reduce (rule)
the toxic effects by choosing the appropriate dimensions (shorter length and
higher width), more curved nanotubes, and using the functionalized form [24].
Moreover, the MWCNT was used more efficiently due to less toxicity toward
SWCNT. On the other side, there were significant contrasts in using the
nanotubes which induced tumor growth and tumor suppressor protein.

Using CNTs in lung cancer treatment is very promising. Generally, lung
cancer’s clinical manifestations include fatigue, coughing, wheezing, pain in the
chest, the brevity of breath, swallowing hardness, anxiety, and yellow fingers.
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Also, a lung cancer diagnosis is possible with helping 4 methods with the names
of radiological, non-radiological imaging such as MRI, endoscopic, and
biochemical methods [35]. In usual, diagnosis, type, and degree of lung cancer
are performed by CT scan imaging. [31, 32]. But, unfortunately, too low-dose
CT scans may bring false-positive answers about having lung cancer [16].
Today, the biomarkers of both protein and genetic modifications are known for
lung cancer.

Numerous biosensors were studied to bind to these biomarkers for non-
invasive detection [20]. The sensor array of CNTs has demonstrated a discre-
pancy between the healthy and the patient respiratory sample in the volatile
organic components (VOC). Therefore, the detection of VOCs and tumor
markers by breath analysis with helping CNT is a modern and studied method.
[9, 10, 35]. The sensors identify different biomarkers due to the solubility,
polarity, and chemical associations, especially for tuberculosis disease [27]. The
design of an electronic nose with CNTs to delete the VOC of lung cancer
patients was an inexpensive and rapid method. Water, methanol, isopropanol,
ethanol, acetone, 2-butanone, and propanol were found as polar vapors lung
cancer biomarkers. The CNTs, doped with platinum, can detect styrene and
benzene vapors that existed in the exhale of lung cancer patients. This
sensitivity was very low in natural nanotubes.

SWCNTSs decorated with Pd, Pt, Ru, or Rh elements could also be used
to detect toluene gas as an indicator of lung cancer. A research, conducted in
[1], stated that a biosensor created by CNT covered with Rh catalyzer can
distinguish and absorb CsH;N, and C¢Hg in the exhaled air of lung cancer
patients [34]. Another scheme used to enhance lung cancer detection was
preparing a combination of SWCNT and chitosan [14]. Due to the differences
in nicotinic acetylcholine receptors in normal and small cells of lung cancer, the
nanotube-based electrode sensor for the quantitative electrophysiological
monitoring of a no adherent cell has been demonstrated [33].

Conclusion

CNTs could quickly enter the lungs or other tumors through the
respiratory tract and then rapidly enter and affect the nervous, lymphatic, and
circulatory systems. CNTs have a high potential for drug delivery due to their
tubular and fiber-like structure. The CNTSs can be safe in drug transmission. The
treatment with CNT was much more effective and more successful than the
traditional treatments for this cancer. The smaller sizes were with less toxicity;
furthermore, the concentration of metal impurities such as iron did not
contribute to toxicity. Using the functionalization, nanotubes with a longer
length, more width, and greater curvature partially can be done with lower
toxicity. MWCNTs functionalized with chitosan had less toxicity for healthy
cells and more anti-tumor effect were confirmed.
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So. carbon nanotubes (CNTSs) are used now for effective drug delivery
and toxicities of tumor cells without the damage of healthy ones. The collection
of studies summarized in [29, 30] includes the dose of CNTSs, duration, method

of induction, etc., to achieve the most controlled conditions for human studies.
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Hcnosb30BaHue yrjepoaHbIX HAHOTPYOOK B MeIHIIHMHE
B. M. ApyTioHsiH

Yrieponubie HaHOTPYOKH (YHT) MmUPOKO HCIIONB3YIOTCS I JETEKTH-
POBaHUsI Pa3IMYHBIX ra3oB (B TOM YHCJIE B OPraHU3ME YEJOBEK) B CTOMATO-
Joruy, BUpycojorud u kapauonorud. YHT moryT ObicTpo momacTh uepes Jbl-
XaTeNbHBIE MYTH B JIETKHWE WM OIYXOJH, & 3aTeéM OBICTPO NMPOHUKHYTH M BO3-
JEeHCTBOBAThL HAa HEPBHYIO, JIUM(ATHIECKYI0 M KPOBEHOCHYIO cucTeMbl. YHT
00J1aal0T BBHICOKUM HOTEHLMAIOM JIOCTaBKH JIEKapCTB M3-3a MX TpyOdaTod u
BOJIOKHHCTOH CTpYyKTyphl. Jledenne YHT namuoro Gonee sddexrtuBHEe U yc-
MelIHee, 9eM TPaJUIOHHBIE METOIBI JICYCHUS paka JIETKuX. MeHbIne pas-
MEpbl MMEJIM MEHBIIYI0 TOKCHYHOCTh;, KPOME TOTO, KOHLEHTpAaLUs MeTajlIH-
YecKMX IpHUMecel, TaKUX Kak >Kele30, HE BJIMAET Ha TOKCMYHOCTb. Mcnons3ys
(YHKIMOHAIN3AIHIO, HAHOTPYOKH C OONbLIeH JUIMHOW, OOJNbIICH IUPUHON U
OonpIIell KPUBM3HOW YaCTUYHO MOTYT OBITh MOJYYEeHBI C MEHBIIEH TOKCHY-
HOCThl0. MHorocteHounsle YHT, ¢yHKIMOHAMM3UpOBaHHBIE XWUTO3aHOM, 00-
Jaaid MEHbIIEH TOKCHYHOCTBIO IUIsI 3[JOPOBBIX KJIETOK, OBUI MOATBEPXKIEH
O0JIBIINH TPOTUBOOITYXO0JIEBBIH 3 (dekT. YriuepoaHple HAHOTPYOKH Tereph uc-
MTONTB3YIOTCS ISl (()EKTUBHON JOCTaBKH JIEKAPCTB W C MEHBINEH TOKCHY-
HOCTBIO B OITyXOJICBBIE KJIETKH 0€3 MOBPEXKICHHS 310POBBIX KICTOK.

Usuwstughtt twtinfjunnnjuljutiph oqunuugnpénidp
pd2yntpjuiti Uty

Y.U.Zwunnipjniiyul

Ushwstughtt bwunpjunnnjuljutpp (ULV) juyunpkt ogunugnps-
Ynud b wnwdtwpnidmipiui, Jhpniuwpwinipjut b upunuputnipjut
Ubko nupphp qugbph (uyy pynid  dwpnne dwpdimd) hupnbwpkpdub
hwdwp: Ushiwstuyghtt twtnfjunnnjuljutpp (UL) stiswnwljut npuy-
wnh Uhongny Jupnn ki wpwq dninp gnpst) pnplp Jud wy) ninnigplibp,
wjunthtinl wpwgq pwthwigk] b wqpbk] iyuppuyht, wdowght b opowbiw-
ont hwdwlwupgbph Ypu: ULu-ukpt ikt qquuughtt b phjpuynp Ju-
nnigquéph pupdp pupuiyniptph dwnwlwpupdwb tbpnid: ULIu-
ukpp Jupnn B wbduwbg (hul] gintp wknutnpbihu: Uulv-ubkpnyg
pnudnudp ownn wybjh wpynibwgbn b hwenn b wiginud, put wyu
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pungitnh wjwinuljut pnidnidt k: Udbh thnpp swhbpt wbjh phy
pnittwynpnipinit niikht: Pwugh wyy, Epuph twwt dEnwnuiub
luwnunipnubph Ynugbktinnpughwt sh wgpnud pnibwynpnipjut Jpu:
dniuyghntwugdwtt dhongny wybih ks Epupnipjudp, wdbih juy-
unipjudp b wybh UkS Ynpnipjudp twinfunynquiljutp dwuwdp junpkih
E dbnp phpk] wybh phy pnibwynpnipjudp: Mhnnuwtng $niruljghn-
twjugws puquuuunwihtt ULu-ukptt wdbjh phs pottwynpnipnii
niutht wnnne pohoutph hwdwp, b hwunwndtg wykh ks hwuljw-
ninnigpujhtt EpEn: Ujtybu np ULu-ubkpt wydd wppynituybn ogunw-
gnpsynid ki nhnnpuyph wowpdwl mpmgpughll pehelikph hudwp
wnwig pnlbwynpnipjut b wnnnenipjubp Juwubn:
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