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Abstract: Among a large number of current biomedical applications in the use of medical devices,
carbon-based nanomaterials such as graphene (G), graphene oxides (GO), reduced graphene oxide
(rGO), and carbon nanotube (CNT) are frontline materials that are suitable for developing medical
devices. Carbon Based Nanomaterials (CBNs) are becoming promising materials due to the existence
of both inorganic semiconducting properties and organic 7t-7 stacking characteristics. Hence, it could
effectively simultaneously interact with biomolecules and response to the light. By taking advantage of
such aspects in a single entity, CBNs could be used for developing biomedical applications in the future.
The recent studies in developing carbon-based nanomaterials and its applications in targeting drug
delivery, cancer therapy, and biosensors. The development of conjugated and modified carbon-based
nanomaterials contributes to positive outcomes in various therapies and achieved emerging challenges
in preclinical biomedical applications. Subsequently, diverse biomedical applications of carbon
nanotube were also deliberately discussed in the light of various therapeutic advantages.

Keywords: carbon-based nanomaterials; Graphene (G); Graphene Oxides (GO); reduced Graphene
(rGO); Carbon NanoTube (CNT); biomedical applications

1. Introduction

Biomolecules or biomaterials have played a crucial role in clinical devices. Biomaterials in the form
of nanomaterials have been introduced in various fields, particularly in clinical and biomedical research,
for its nanoscale-sized property [1]. Among nanomaterials, Carbon-based nanomaterials received
attention due to its high chemical resistance ability, efficient mechanical properties, and weightless
character. Additionally, it has the highest rate of distribution ability in the body [2]. Graphene is
one of the bionanomaterials that were used in the biomedical field. Carbon derivatives, such as
few-layer graphenes, graphene oxide, carbon nanotubes, nano diamonds, and reduced graphene
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oxide [3], are exhaustively used in biomedical systems (Figure 1). Among the carbon nanomaterials,
CNT represents a peculiar feature with combined properties of electrical, optical, and mechanical,
which enable them to use different biomolecules, including drugs [4], thereby, received more attraction
in biomedical applications. There are reports that when CNT is used alone, it will cause remarkable
cytotoxic effects while modifying it into composite materials that are loaded with the biocompatible
matrix, the reduction in toxicity was observed [5]. Therefore, in this review, we have focused on the
current applications of nanomaterials, such as CNT, graphene, and its associated materials GO, rGO,
in biomedical fields.

Drug delivery,

Tissue Engineering Anti Cancer therapy.
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Figure 1. Biomedical applications of nano based materials.

2. Graphene

Carbon is one of the most plentiful components present in the earth’s crust. Carbon was used in
various kinds of significant applications in the diverse scientific paradigm. Carbon can exist in nature,
in many allotropic forms, such as diamond, graphene, nanotube, fullerene, etc. [5]. Among them,
Graphene (G) is a unique allotropic form and is well known for its graphene layer (single or monolayer).
The recent ISO Standard has defined them as a single layer of carbon atoms, which are covalently
associated together and each carbon atom bound to three adjacent molecules, like a honeycomb
model [6]. Graphene can be derived from graphite, which is composed of graphene layers heaped up
to each other molecules in parallel, in three dimensions and crystalline nature [7].

Graphene (G) showed its unique characteristics, such as thermal, electrical, and mechanical,
specifically in their 2D structure, and contributed unlimited potential and technical benefits.
Additionally, it has a large surface area which was found to be 2630 m? G~!. Mobility exhibited
graphene was 200,000 cm? V~1.57! [8] and it has great optical transmittance ability of approximately
~97.7%. Thermal conductivity was found as ~5000 Wm~!-K~! [9]. Graphene can act as a barrier to gases
and liquid to penetrate [10]. Owing these properties, graphene-based materials exhibit its vital role
in various fields, including drug delivery [11], tissue engineering [12,13], production of antibacterial
strains [14], bio-sensing, gene delivery [15], cancer therapy [16], and other biomedical applications [13].

Graphene Oxide (GO) is a chemically modified form of graphene, modification that can be
done by a method of oxidation, which leads to the introduction of the functional group -CO and
—-OH groups, on the planes or edges. The treatments, such as chemical, thermal, photochemical,
and microbial can also be used on GO in order to reduce oxygen content, which results in reduced
Graphene Oxide (rGO) [17]. A complete reduction of oxygen contributes a pure and perfect graphene
layer as a final product. However, sp? hybridized carbon converted during oxidation is impossible to
revert to sp> hybridization [18]. Graphene oxides are flexible to vary its geometry, like paper, fibers,
and three-dimensional foam (Aerogels).
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Aerogels are solid systems with pores that prevalent open pores possess gas as a dispersed
phase [19]. Graphene-based aerogels achieved a remarkable place in the Guinness World Records in
2015 [20]. Graphene-based aerogels that represent the sensitivity of 0.16 mg/cm? are found to be 7.5x
lighter thin air [21]. Higher stiffness (Hardness) has been measured as 10,000 times the preprocessed
materials [22]. The lower thermal conductivity of heat due to the high porosity and randomly oriented
structure and large specific surface are is able to function for particular substance adsorption, like
oils [23]. Graphene in the form of aerogels is used as 2D drug delivery system and also in tissue
engineering manipulations [24,25].

Graphene (G) is hydrophobic, whereas GO is hydrophilic [26]. GO contains both aromatic (sp?)
and aliphatic (sp®) domains, which further expands the surface of GO to permit 7-7 interactions
and electrostatic interaction with adjacent molecules. This peculiar character helps to allow for drug
binding on its surface, which is helpful in drug delivery applications [27]. Liu et al. used PEGylated
GO to transport a camptothecin analog [28].

3. Carbon Nanotube (CNT)

Nanomaterials are the organic or inorganic particles, nano-sized in the range of 0.1-100 nm.
Based on the National Academics Classification, nanoscale materials are grouped into four groups:
(a) the metal oxides (b); nano clays (c); nanotubes; and, (d) Quantum dots [29]. According to the US
Environmental Protection Agency (EPA), it was categorized as carbon-based materials, (b) metal-based,
(c) Dendrimers, and (d) composites. Above all, carbon nanotubes (CNT) received attention from the
scientific community. CNT is a long carbon chain, and each carbon atom bound to three carbon atoms
forming sp? hybridized carbon. It is noteworthy that sp? hybridization is more powerful than the sp>
hybridization found in the diamond. Thereby;, it exhibits peculiar strength with excellent thermal and
electrical conductivity. In recent times CNTs have been used in several biomedical fields, such as tissue
engineering, drug delivery, gene therapy, and acting as biosensors [30]. Furthermore, its commercial
applications include electronic [31], optics [32], material sciences [33], and architecture [34]. The ability
to alter chemical nature leads to biocompatibility that enables their use in the thrust areas of current
biomedical research.

Particularly in drug delivery applications, the unique features of CNTs, like large expanded
surface area, strong stability, and potential to conjugate with several therapeutic antibodies, DNA,
enzymes, and to discharge of loaded drugs near the targeted cells [35,36]. The methods are used to
carry drugs on the surface of CNTs or loaded into the CNT matrix. Among them, the internalization
method is reportedly highly effective as a surface attachment. CNT carriers can pass the cells either
by adopting the endocytosis mechanism or insertion or diffusion process. In the internalization
method, after entering the drug conjugated complex into the cell, the intracellular environment
destructs the complex and liberating therapeutic agent inside the cells. Nevertheless, in the surface
attachment method, the drug is able to release before entering the internal environment in the body
fluid. The mentioned approaches in drug delivery were first used to attach antineoplastic and antibiotic
drugs to CNTs against cancer cells and infection therapy [35]. The mechanism of drug delivery while
using G/GO and its associates in the treatment of cancer has been discussed in the following section.

4. Biomedical Applications

4.1. Anti-Cancer Drug Delivery Applications

Cancer is a deadly dangerous disease and is a profound contributing factor to the increased death
rates by several varieties of tumors [37]. It is noteworthy that, although cancer treatment has emerged
and developed drastically, still unsuccessful outcomes are challenging, due to the poor bioavailability
and poor delivery measure prevailing to the appropriate target site. Graphene-based materials are
emerging as drug vehicles, cellular imaging agents, and sensors to overcome these obstacles in the
treatment of cancer [16]. A simple methodology has been utilized by fabricating a nano-composite
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from GO and drugs. An investigation of Farahnaz Barahuie et al., has stated that the fabrication of
GO as a drug carrier for chlorogenic acid (CA) can be administered as a pH-sensitive platform for the
controlled discharge of CA from GO [38]. CA loaded GO showed a lesser and negligible toxic effect on
normal cells, whereas highly toxic effects were observed towards cancer cell lines. Recent literature has
underlined that folic acid with polyethyleneimine (PE1), functionalized GO, along with carboxymethyl
cellulose, showed non-toxicity on normal cells and resulted in a controlled discharge of doxorubicin
(Dox) [39]. Li et al. [20] have demonstrated that Folic acid, altogether with (PE1) functionalized GO
used as a vehicle for two novel copper complexes to the nasopharyngeal cancer cell lines (HNE1) for
discharging drugs in a sustained manner.

The formulation of hydrophobic anticancer drugs using the hydrogels of GO-based nanofillers in
order to bind drugs and delivered drug in the controlled release manner is another related strategy used
in cancer therapy [40]. G/GO-based hydrogels that were loaded with camptothecin and doxorubicin
were also reported [41]. This complex of hydrogels was capable of liberating anticancer drugs dead
slow than Pluronic F-127 solution indicating high binding interaction of hydrophobic drugs attributable
to the G/GO contains in the gels. Another research group has emphasized that rGO (reduced graphene
oxide) with AgNP (Silver Nanoparticles) stimulated the enhanced generation of free radicals (ROS)
in A549 lung cancer cells, leading to an attack on phospholipids that are resulting cell death through
apoptosis. These composites can minimize the number of ovarian cancer stem cells (OVSCS) that are
responsible for acute tumorigenicity (Table 1) [42].

Graphene materials are majorly used as drug carriers due to their versatile chemical nature and
biocompatibility with expanded surface area [43,44]. Few Layers Graphenes (FLG) dispersions can
attack monocytes by affecting neither toxic nor activation consequences on the immunocompetent
cells. Such therapeutic action of FLG had been tested in cancer, such as Myelomonocytic leukemia,
wherein monocytes are prevailing in tumor form. The results demonstrated that FLG has been
considered an active factor in the necrosis of monocytic cancer cells. Further, an analysis of FLG
effects as compared with popular drugs, etoposide substantially exerted its effectiveness in anti-cancer
activity [45]. Graphene nanosponge has fabricated dual chemotherapeutics loaded sponge-like carbon
and used as a supported lipid bilayer along with tumor-targeting protein, showed the successful
suppression of the xenograft tumors in 16 days [46].

Several investigations have been carried out and extensively studied in GO as a drug delivery
carrier. In GO preparation, using Hummer’s single layer and few-layer GO, undesired graphite oxide,
and pristine graphite, indeed, these materials can be separated [47]. The GO faction can be segregated
according to the lateral dimension to perform the delivery function, such as leading capacity, adsorption
kinetics, and cytotoxicity based on their size, to achieve high quality [48].

In vivo applications of GO, materials are categorized based on passive targeting and increased
permeability and retention effects. These effects commonly occur in several tumor tissues, which are
attributed to the high vascularisation. Hence, the active targeting of GO has paved the way to
accumulating nanomaterials to the target cancer tissue, improving its efficacy and reducing side
effects [43,49]. Nasrollahi et al. studied transferrin (Tf) and poly (allamine hydrochloride) (PAH) in
modified GO for docetaxel delivery on MCEF-5 cells with high efficiency (Figure 2) [50]. Utilizing the
rationally structured type of GO nanomatrix in the form of carrier, diagnosing agents and therapeutic
agents for accurate tumor treatment shows that GO has a splendid future in nanomedicine, yet there
are still some essential concerns and urgent difficulties regarding further clinical application [51].
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Figure 2. Transferrin-poly (allamine hydrochloride) (Tf-PAH) modified Graphene Oxide (GO) for
docetaxel (DTX) delivery. [50,51] Reprinted with permission from Elsevier.

Generally, in GO-based materials, lipohilic drugs bonded to less polar sites, whereas targeting
protein molecules covalently interacted with GO. This provides a combined effect on the drug
uptake/discharge for controlled drug delivery. Further, the functionalization of GO will enhance the
dispersing ability of GO in aqueous or cell media by improving its non-toxic nature towards cell
tissues and stimulating the adhesion of the cancer cells or tissues. The intracellular environment is an
important factor in drug delivery. Cellular environment, mainly the cellular matrix and cytoplasm,
will alter drug discharge in a cell. Especially, the pH of the cellular matrix affects drug release,
while lowering the pH drug release can be facilitated from GO. For example, in the case of doxorubicin
loaded GO, amino functional group induce destabilization thereby affinity with GO sheets.

CNTs have shown to be better pharmacological and therapeutic profiles of drug molecules.
The capability of functionalized CNT to enter into the cells helps in delivering small drug molecules in a
dose based manner [52,53] CNT outer surfaces can be altered to enhance its solubility and susceptibility,
and drug insertion could be achieved through inner hollow core [54]. The use of CNTs in cancer
therapy is widely approved and they are incapable of targeting the malignant tumor due to the best
intake by a specific section of malignant cells, without eroding and affecting healthy cells. Proto et al.
demonstrated that CNTs could escape from cellular immune reaction and phagocytosis as an external
invader [55]. CNT discharge the drugs to target cancer cells while using enhanced permeability and
retention effects [56]. Since its nanoscale size, CNT can intrude inside the tumor blood vessels. In a
normal cell, the size of the pores in the blood vessels is found to be (2-6 nm), whereas a tumor tissue
(100-800 nm) [32]. Therefore, nanoparticles’ size range from 100-700, being unable to invade healthy
tissue, blood vessels, while in the tumor target site, it can be accumulated. Polyethylene glycol activated
CNTs can be conjugated with a widely used paclitaxel drug by making an amide bond between the
PEG chain with paclitaxel and suppressed cancer development in the mice model [57].

Another study reported that PEG was often used to functionalize single-walled CNTs (SWCNT)
and become the SWCNT-PEG complex that caused no toxicity effects in mice over a long period after
intravenous injection. The retention in the blood circulation of the SWCNT-PEG complex is significant
(81.4 £ 7.4 min.) when compared with paclitaxel. Its duration was found to be (18.8 + 1.5 min.)
and PEG-coated paclitaxel has been recorded as (22.8 + 1.0 min.). The study findings suggested
that increased EPR effects, long time circulation, the best delivery ability, and tumor suppression is
overcome by SWCNT-PTX for 471 animal model and believed to be resistance to Paclitaxel treatment [58]
BBB, formed by endothelial cells, astrocytes, and pericytes could prevent the entering of therapeutic
molecules into the central nervous system (CNS), resulting in the failure of treatment of brain
diseases (Figure 3). The treatment of the in vitro blood brain barrier (BBB) model with Multi-walled



Processes 2020, 8, 355 6 of 16

CNTs-fluorescein isothiocyanate (MWCNT-FITC) did not induce cytotoxicity, changes of tight junction
proteins, or transendothelial electric resistance (TER), which suggested the biocompatibility. However,
MWCNT-FITC could form aggregation that was driven by van der Waals forces, which should be
decreased by, for example, surface functionalization with molecules other than FITC [59].

Bio-imaging
Drug delivery

Astrocytes

Therapeutic
molecules

\Active targeting

Active targeting BBB
to

to BBB

Surface functionalization
to improve stability and biocompatibility

Figure 3. The strategy of the utilization of carbon nanotubes (CNTs) to cross the blood brain barrier
(BBB). CNTs could be functionalized to increase the stability, biocompatibility, and active targeting of
CNTs to BBB and nerve cells. Functionalized CNTs could effectively penetrate BBB and enter CNS for
bio-imaging and drug delivery [59]. Reprinted with permission from Elsevier.

Several commonly used anti-cancer drugs, such as doxorubicin, paclitaxel, quercetin, cisplatin,
and doxorubicin were conjugated with CNTs successfully and evaluated both in vitro and in vivo [30].
Interestingly, CNTs showed unique in targeting the drug in varied tumor cells. Taghdisi et al.
demonstrated that a complex of Sgc8 aptamer, daunorubicin, and SWCNT are contributing to being
internalized into T Cell leukemia of Humans (MOLT-4 Cells) [60]. An effective drug delivery system
has been used for the systemic pioneering of doxorubicin, with chitosan, and folic acid-modified
SWCNT, resulting in cell death in hepatocellular carcinoma SMMC-7721 cell lines with liver cancer and
control doxorubicin [61]. The feature of exhibiting less toxicity than in vitro studies emphasized that
CNTs are used as vehicles and they are capable of use in antitumor immunotherapy. The conjugation
of CNTs with immunogens can stimulate immune-mediated T cells. Positively charged antigens
have such effects on the surface and CNTs due to negative charge [62]. Su et al. [63] have developed
iRGD-polyethyleneimine (PE1) functionalized MWCNT, which is subsequently conjugated with
candesartan (CD). This complex is involved in targeting the tumor endothelium and lung tumor
cells of the VB3-integrin and AT1R with the plasmid AT (2) [P4T (2)], IRGD, and CD, respectively.
Condesartan has demonstrated a combined regulation of VEGF synergistic with PAT (2) and effectively
suppresses angiogenesis.

While targeting tumor cells, drugs would be bound with a complex of CNT and antibody against
an antigen present on the surface of cancer cells. This method is limited to carry tumor cells. In another
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method, drugs can be conjugated with a magnetic CNT complex, which is derived by adding a layer of
magnetite (Fe304) nanoparticles on the surface of the CNTs. This kind of conjugated complex was
controlled by an external magnet to reach target cells [64]. With its tiny nanoscaled size, CNTs is
accessible to external surface modification, and it can cross BBB by using various mechanisms to
approach brain tumor therapy [65]. CNTs exhibited its uniqueness in targeting the drug in several
tumors. To treat breast cancer, a water-soluble SWCNT—paclitaxel (PTX) conjugates are found to be
highly effective in inhibiting the growth of rumor when comparing with Taxol in 4T‘1 breast cancer cell
model. In this trial, both showed extended circulation, increased permeability, and retention effects
were detected [66].

A research group has demonstrated that CNTs can be participated and applied in antitumor
immunotherapy [67]. In these approaches, the patient’s immune system has been induced to kill
malignant tumor cells that can be targeted by injecting cancer vaccines as drugs.

4.2. Biosensing Applications

In the field of biosensing technology, graphene-based materials have been used as biosensors.
Based on diverse sensing mechanisms, such as optical and electrochemical signaling, which has
been generated from graphene [68]. The recent electrochemical technique is reportedly one of the
best methods to detect biomolecules [69], due to its ability, such as simple operation, sensitivity
quick feedback, and inexpensive. Moreover, Graphene showed excellent electrocatalytic activity
on H,O, and enables them, and it will be used as electrode materials for oxidase based biosensors.
The identification of glucose levels in diabetic patients is a vital indicator of clinical settings. Similar
to this, the electrochemical detection of glucose in the blood could be assessed while using glucose
oxidase as an indicator element [70].

Danduetal. reported that graphene sheets could act asimmune sensors during signal amplification
and multi-enzyme activity for cancer. Additionally, the sensors showed seven-fold elevation with
graphene modification and nanosphere adsorption [71]. This application is highly useful in identifying
tumor biomolecular and improved diagnostics.

Electrical sensors are represented for the detection of macromolecules like protein. These sensors
are working, based on immunoassays that are similar to the specificity of antigen/antibody affinities.
The benefits of using graphene as the transducing platform were endorsed, due to improved
electron transfer being a characteristic feature of graphene that can be used in electrochemical
measurements, and multifactorial detections can be achieved with reduced graphene oxide (rGO)
modified electrodes. For instance, electrochemical immune sensors that parallel detects two types
of antigens, the carcinoembryonic marker, and squamous cancer antigen. This sensor is developed
based on a glassy carbon electrode (GCE) that is modified with covalently animated reduced graphene
oxide wherein immobilized antibodies are established [72]. Dong et al. investigated ZnPc (zinc
phthalocyanine) drug delivery while using PEGylated GO via photodynamic therapy effectively
in vitro towards the MCEF-7 carcinoma cell line [73].

Sahu et al. [74] reported the combined photodynamic and photothermal therapy of Pluronic
F127 modified nanosized GO to give methylene blue (MB), a hydrophilic and positively charged
photosensitizer for anticancer performance. They proved that the excellent conversion would have
taken place due to GO. NanoGO plays the dual role of a photothermal material as well as a delivery
agent for photosensitizer. Additionally, the system can be effectively deposited in the tumor area
when exposed under a 650 nm laser via the EPR effect. During this photodynamic therapy (PDT),
MB generated ROS. Afterwards, at 808 nm, laser mediates heating. Therefore, Nano-MB combined
with the synergetic PDT/photothermal therapy (PTT) effect was shown to be very efficient when
compared to single therapy. The RGO coupled PEGylated Ru complex demonstrated thermal and
pH effects on the generation of ROS while releasing performance. Enhanced tumor inhibition was
achieved via the syBy combined PDT/PTT that they achieved, which holds great promise in tumor
therapy application. Recently, IR 808, which is an organic dye that can be used simultaneously
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as a PDT and PTT photosensitizer, was used for combined PDT/PTT using a single 808 nm laser
(Figure 4) [75]. NGO-PEG-BPEI has been employed as a vector for IR 808 (NGO-808), which acts as
a good chemotherapeutic agent and contributes to prolonged blood circulation and specific tumor
targeting and photothermal therapy. High-yield ROS and local hyperthermia that result from NGO-808
can efficiently kill tumor cells, studied under 808 nm laser irradiation, realizing optimal phototherapy
performance by combining PDT/PTT.
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Figure 4. Schematic illustration of NGO-808 preparation and combined A549 tumor xenografts-targeted
NIR imaging and synergistic phototherapy (PDT and PTT [74,75] Reprinted with permission
from Elsevier.

A similar study reported that graphene-modified surfaces interact with bacteria by activating
the functional and non-functional with antimicrobial peptides in graphene. A recent study clarified
that a microfluidic chip that is based on optical graphene sensors is capable of detecting leukemia
T-cells (single) in real-time, among normal cells responsible for immunity [44]. Another Graphene
sensor was introduced to detect cancer cells, thus causing metastases. The current challenges in
detecting such cells are low concentrations of the proliferation of tumor cells. Newly developed
microfluidic devices can be used to identify and differentiate varieties of circulating tumor cells from
the blood [76] of pancreatic, breast cancer, and lung cancer patients. In this technique, ChIP was formed
with phospholipid derivatives that were modified with non-covalent functionalized GO, with specific
antibodies being attached to the respective antigens. Such Graphene devices can be used for future
generation flexible implants to detect cancer cells.

The CNT has been significantly considered to be a sensing element to find or detect and assess
several diseases, specifically diabetes and infectious diseases. Punbusayakul et al. [64] used an
electrochemical based sensor for immune complexes for Salmonella detection within a shorter time
than the common method. Another immune sensor, such as adiponectin, which has been developed for
obesity biomarkers, was generated from grafting antibodies on the double-walled carbon nanotubes
(DWCNT) surface to immobilize them. Moreover, another antibody, such as streptavidin conjugated
with horseradish peroxide (HRP) to bind with adiponectin. They react with substrate to enable detection
and quantification [65]. Indeed, CNT occupancy on the surface of the electrode caused fast electron
transfer and decreased the sensitivity of electrochemical detection [77]. Field-effect transistor (FET)
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based sensors have been introduced and have reported excellent sensing ability [66,78]. The present
time resistive pulse sensor (RPS) based on MNCNT was used and their efficacy reaching single
molecular level detection at the threshold. Another recent study has reported that the immobilized
molecules can be stabilized due to the porosity. Zhang et al. described a detector nonenzymatic glucose
detector that was constituted with a porous nickel-based metal oxide framework (Ni-MOF), wherein
CNT acts as a good electrical conductor and enhancer. This method has been suggested as an alternate
to identify the immobilization technique through immune complex [79].

4.3. Sensing Implants

This represented an emerging technique in bioanalytical sensors in biomedical research. They are
sensing in situ implants biosensors functions in a continuous and prolonged analysis under stress in the
microbiological environment. To overcome these risks, graphene-based materials enabled with surface
modifications are receiving more attention as components in body implants. Peculiar characteristics of
graphene-based materials, such as elasticity, chemically static better biocompatibility confer its higher
performance of in vivo implants, although they are still in the initial and preclinical research stage.

4.4. Antimicrobial Applications

In several vaccination protocols, functionalized CNTs are being used. Studies have revealed that
microarray profiling of monocytes cell lines, THP-1, exhibited functionalized, and non-functionalized
CNTs induced many genes, regulating monocytes’ functions to infections or vaccination. It includes
(NF- KB) Nuclear factors Kappa-light chain enhancer of activated B cells interleukin-1B (1L-1B) one to
six tumor necrosis factors—o (TNF o), among others [80].

Another study reported that CNTs induce class II major immuno compatibility complex (MHC) to
enhance antibody-based response, which in turn elevates both specificity and sensitivity. Besides, CNTs
have played a crucial role in antimicrobial activity activating oxidation of the antioxidant glutathione
to make increased oxidative stress on the bacterial cells leads to the killing of infectious pathogens [81].
Zhou et al. [82] have developed Dox-loaded MWCNT magneto fluorescent carbon quantum dot (CQD),
a recently discovered nano-compost for chemo and photothermal treatments. Similarly, Dong Woo
et al. [83] used a PEG-coated CNT-ABT 737 nano-drug to influence mitochondria was studied Chem
group have introduced a gold nanoparticle-coated carbon nanotube ring (CNTR) with higher optical
signal properties, which lead to the progress of the photoacoustic signal and photothermal changing
properties of the CNTR at Au was analyzed [84]. The surface level resonance (SPR) absorption from
gold in SWNT-AU-PEG-FA showed better anticancer efficiency [85,86]. Graphene Quantum Dots
(GQDs) with basal planes that are similar to those of graphene oxide sheets are lacking an antibacterial
property, which is prepared by rupturing the C60 cage, which effectively kills °Staphylococcus aureus,
including its antibiotic-tolerant persisters, but not °Bacillus subtilis, ° Escherichia coli, or ° Pseudomonas
aeruginosa. The observed activity might correlate with a GQD’s ability to disrupt the bacterial cell
envelope and it is the initial step for cell envelope disruption, suggesting the importance of GQDs
chemical composition and shapes.

7

5. Diagnosis

Early detection is vital for effective therapy; well-developed detection methods are required and
should be appropriate. The biomarkers that were used for in vitro analysis contribute substantial
accuracy, but the long process takes time. With the electronic properties of CNT, several teams have
developed CNT as the key element of electrochemical sensors, and various label-free CNT biosensors
have been introduced. CNT represents a contrast agent in many bioimaging measures [87].
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Table 1. Showing the list of recently developed carbon-based nanomaterial used in anti-cancer therapy.

Carbon-based Nanomaterials Target Therapy Reference
CNT based: Anticancer photothermal and [85]
SWCNTs-Ru(Il) complexes photodynamic therapies
. prolonged retention in .
SWCNT-PEG complex blood circulation Anticancer therapy [89]
iRGD Polyethyleneimine (PE1) inhibitine aneiogenesis
MWCNT + Candesartan (iRGD ﬁ‘:g " & lg lung cancer therapy [63]
PE1-MWCNT-CD) eHectively
GAN@CQDs-MWCNTS/DOX-EGFR Suppression of Tumor Photothermal 82]
volume therapy
DOX-TAT/CHITOSAN + MWCNT Chemotherapy Anticancer [90]
CNT Radiation treatment phototherapy [91]
GD2 monoclonal antibody
(anti-GD2) was conjugated to Anticancer immunotherapy [92]
acidified CNTs
. Suppressing growth Breast cancer
SWENT-PTX tumor in 471 Cells therapy [84]
Fe@MWCNT n vitro cytot.ox1c1t.y .and Anticancer [93]
proapoptotic activity
PEG decorated CNT ABT 737 - Anticancer [83]
GRAPHENE OXIDE BASED
MATERIALS
Porphyrin 1mmob11.12ed B Photo Thermal [46]
nanographene oxide
Graphene Oxide with
double network - Chemo photothermal [94]
Graphene Oxide conjugated with _ .
PEG complex Photodynamic therapy [27]
TGD covered with B Photodynamic [95]
graphene carbon
PEGylated GO with Drug delivery Anticancer Therapy [28]

camptothecin Analogue

6. Tissue Engineering

The targeting of CNT on living cells exerts greater significance as a CNT used as base materials
for biomedical applications. For instance, Lovat et al. demonstrated that CNT has been shown to be a
good surface for cellular development and confer the effect on neural signal transmission [96]. Beduer
et al. [97] demonstrated that neurons tend to grow on DWCNT compared to the SiO, surface. Due to
surface structure and found to be high affinity with culture medium protein, allowing for them to
form neuron networks. A study speculated that CNT activates cell differentiation to the maximum
during the growth in on DWCNT. Non-functionalized alighed MWCNT have withstood the growth
and proliferation of pancreatic cancer cells, which pave the way for an innovative approach for the
study of different kinds of cancer cells [98]. Correa-Daurate et al. [99] underlined that the ability of
CNT to form 3D architecture to elevate proliferation and tissue engineering. Different varieties of
CNT-based scaffold supporting colonization were reported [100].
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7. Concluding Remarks

In the present review, current applications of carbon nano-based materials in the biomedical
field have been reviewed. Their structure, shape, and size of the materials, surface chemical property.
Interaction with biomolecules and therapeutic agents are collectively considered to be driving forces in
the pathway of biological strength. However, the cytotoxicity effects of G and GO are highly debatable
in recent times. However, still, interest in their unique properties is growing. The possible applications
in biomedical research were received covering use in drug delivery; biosensors and cancer therapies
were highlighted. This review provides strong favor to nanomaterials and expressed certain critical
aspects to be focused on in future biomedical applications.
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