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Abstract

Graphene, a two dimensional carbon allotrope, has been appeared as an interesting material of the
21st century, and received a worldwide attention due to its extraordinary thermal, optical, and mechanical
properties. Graphene and its derivatives are being studied in different fields of science from medicine and
pharmaceutics to engineering and industries. Graphene materials have been mainly explored in electronics,
clean energy devices, biosensors, and environmental remediation. In biomedicine field, their antimicrobial
activity and capacity as drug delivery or gene delivery platforms and tissue engineering scaffolds have
been reported. This article provides an overview of graphene and its recent advances in different fields
including biomedicine and industries.
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Figure 1. Different types of carbon allotropes.
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electronics, efc (5). These properties include high
surface area, excellent electrical conductivity,
strong mechanical strength, unparalleled thermal
conductivity, scalable and low cost method of syn-
thesis, and ease of functionalization (6, 7). Here
in, we will describe graphene applications in in-
dustries and biomedicine, and its perspective will
be discussed.

2. Applications in engineering and industries

Recent years have witnessed many break-
throughs in research on graphene, as well as a
significant advance in the mass production of this
material. Here, we review recent progresses in gra-
phene research for various engineering and indus-
trial applications.

2.1. Electronics

Graphene provides an ideal system to
study the transport behavior and interactions of
n-electrons. Its 2D monolayer structure permits di-
rect access to the whole material, a requirement for
high-tech applications of graphene, particularly in
electronics (8).Possibility of production of large
quantities at low cost, the ease to functionalize,
and compatibility with various substrates make
them an attractive candidate for high yield manu-
facturing of graphene-based electronic and opto-
electronic devices, such as field effect transistors,
chemical/bio sensors, organic solar cells, flexible
touch screens, photodetector, phototransistors,
emitters, transparent electrodes in photovoltaic de-
vices and electronic skin (9-11).

2.2. Sensors

Surface adsorption, large specific surface
area, best surface to volume ratio, and high elec-
tron mobility make monolayer graphene a prom-
ising candidate for different sensors, including
chemical, electrochemical, photoelectrical, elec-
tric field, and magnetic field sensors and especially
biosensors (12-15) .

Charge transfer between the adsorbed
molecules and graphene is proposed to be respon-
sible for the chemical response. As molecules are
adsorbed to the surface of graphene, the location
of adsorption causes a charge transfer with gra-
phene as a donor or acceptor, thus changing the
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carrier density, and electrical resistance of gra-
phene, which can be detected as a value for cal-
culating a variable (6). Graphene has been exten-
sively attracted attention in biosensing, since 2008
when Mohanty et al. detected bacterium, DNA,
and proteins by graphene electronic devices (16,
17).The significant sensitivity of graphene-based
biosensors also provides opportunities for detect-
ing infectious organisms and disease biomarkers
at concentrations that cannot be measured by cur-
rent conventional methods. The majority of pa-
pers are focused on the application of graphene
immunosensors for detection of cancer markers.
Biomarker detection is relatively complex in bio-
logical samples such as blood (18). Despite many
publica—tions on graphene-based biosensors, the
advan—tages of these biosensors over the conven-
tional bioassays should be explained and their reli-
ability and reproducibility need more studies.

2.3. Clean Energy Devices

Solar cells, rechargeable lithium ion bat-
teries (RLBs), and electrochemical double layer
capacitors (EDLCs) are believed to provide clean
energy with almost zero waste emission (19). Gra-
phenebased solar calls reveal high performance,
low prices, reproducibility and long-term stabil-
ity (20). Graphene-based electrode materials with
appropriate defects and alignment pattern of gra-
phene sheets displayed enhanced capacitive activi-
ty and better cycling performance compared to that
of graphite in RLBs. The encapsulation of metal
or metal oxide nanoparticles with graphene can
improve significantly the cycling performance of
the particles as anode in RLBs (21). An enhanced
power density of EDLC can be achieved via the
incorporation of graphene into the electrodes (22).

2.4. Environmental remediation

Environmental pollution by both water
soluble toxic pollutants, as well as greenhouse
gases, is causing great alarm all over the world.
Graphene-based materials show high adsorption
capacity for water and air pollutants. Graphene
functionalized composites show enhanced perfor-
mance in adsorption via strong m-m interactions.
The important pollutants in water include anions
and heavy metal cations. Air pollutants include

Jrends in Pharmaceutical Sciences 2018: 4(3): 131-138.



toxic gases and particulates, can cause significant
damages to the environment and human health
(23). Multiple studies have investigated the gra-
phene materials on the adsorption and degradation
of pollutants for water and air remediation (24-27).

3. Applications in biomedicine

Since the first report of drug delivery us-
ing pegylated graphene oxide by Liu et al. (28),
graphene-based materials have been intensively
investigated in biomedicine and show a great po-
tential, as well as the capability to adsorb a variety
of aromatic biomolecules through a m-m stacking
interaction or electrostatic interaction. Biomedical
applications utilize the properties of graphene in
several ways and also their toxicity as a major con-
cern will be described.

3.1. Drug delivery

The major advantage of graphene over
other nano materials is its ultrahigh surface area
and sp2 hybridized carbon area, which makes it a
good candidate for drug delivery by loading large
amounts of drug molecules (29). GO is the most
useful derivative of graphene in biomedicine. Lots
of studies have investigated GO for drug delivery.
GO can add advantages to drugs, such as improve-
ment of solubility or potency. For example, a pe-
gylated GO (GO-PEG) was designed as a carrier
for anticancer drug SN38with an aromatic struc-
ture. Aromatic drugs are insoluble in water. The
hydrophobic aromatic molecules of SN38 were
non-covalently attached to GO-PEG via stacking.
The resulting GO-PEG-SN38 complex showed
excellent water solubility, while maintaining its
high cancer cell killing potency similar to the free
SN38 in organic solvents. The efficacy of GO-
PEG-SN38 was far higher than irinotecan (28).
Another example is loading doxorubicin (DOX)
on GO with high loading efficacy. The hydrophi-
licity and solubility of DOX were increased in this
system (30). A mixture of anticancer drugs, DOX
and camptothecin (CPT), was loaded on the folic
acid-conjugated GO (FA-GO) via n-7t stacking and
hydrophobic interactions. FA-GO loaded with the
two anticancer drugs showed a remarkably higher
cytotoxicity compared to GO loaded with only a
single drug (31).
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3.2. Gene delivery

Viral gene carriers have some disadvan-
tages, such as mutagenicity, oncogenicity, several
host immune responses, and high cost of pro-
duction (32). Non-viral carriers were developed
to solve these problems. One of these carriers is
GO, which has been widely used to interact with
DNA through -7 stacking interactions (33). Usu-
ally GO grafted biocompatible polymer, using
PEI (poly ethylene imine), chitosan or PEG ap-
pears more efficient and biocompatible in gene
deliver. The PEI-functionalized GO-encapsulated
gold nanoparticles were used to delivery DNA into
HeLa cells and exhibited much lower cytotoxic-
ity and transfection efficiency (65% efficiency and
90% viability)(34). Bao and his co-workers re-
ported the synthesis of chitosan-based functional-
ized GO (GO-CS) as a gene carrier, which showed
reasonable transfection efficiency in HeLa cells
at certain nitrogen/phosphate ratios (35). GO, as
the cooperative vehicle in delivery of drugs and
genes, was also investigated. PEI was covalently
linked to GO via a facile amidation process. PEI-
GO enabled loading of siRNA via electrostatic ad-
sorption and DOX via n-n stacking, and the anti-
cancer efficiency was meaningfully enhanced(36).
PEI functionalized GO nanosheets with vascular
endothelial growth factor-165(VEGF) gene was
formulated and incorporated in the low-modulus
methacrylated gelatin hydrogel. Hydrogels were
injected intramyocardially to the rat models. Re-
sults showed a proliferation in myocardial capil-
lary density at the injected region and a decrease
in scar area (37). Yue et al raised a GO-PEG- PEI
nanocarrier for the delivery of Cas9/single-guide
RNA (sgRNA) complexes for gene editing. The
results demonstrated that the nanocarrier can be
used successfully for efficient gene editing in hu-
man AGS cells with an efficiency of ~39% and
protect sgRNA from nucleases (38).

3.3. Photothermal therapy of cancer

GO application has been a progress in
photothermal therapy of cancer treatment due
to its strong intrinsic near-infrared (NIR) absor-
bance(39). For instance, GO-iron oxide nano-
composite was investigated to combine tumor
bioimaging with photothermal therapy. As a result,
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solid tumors were effectively ablated by irradia-
tion with 808 nm NIR laser(40). In another study,
DOX-loaded PEGylated nanoGO was designed to
deliver both the heat and drug to the tumorigenic
region to combine chemotherapy and photother-
mal treatment in one system. Results demonstrated
that the designed approach was significantly supe-
rior to chemotherapy or photothermal treatment
alone(41). Therefore, irradiating GO with NIR
light after its intracellular uptake by cancer cells
can be used as a noninvasive technique for cancer
therapy in combination with its advantages as an
appropriate nanocarrier for antineoplastic drugs.

3.4. Tissue engineering

Graphene has high elasticity, strength,
flexibility, planar geometry, and surface roughness
(42). Thus, it can be used as a reinforcement mate-
rial in hydrogels, biodegradable films, electrospun
fibers and other tissue engineering scaffolds espe-
cially for neural and bone tissue engineering (43,
44). GO-chitosan hydrogel scaffolds prepared by
covalent linkages of chitosan amino groups with
carboxylate groups of graphene improved cell ad-
hesion, differentiation, and proliferation. These
scaffolds have better mechanical and biologi-
cal properties and a lower degradation rate (45).
Further, chitosan functionalized graphene did not
show toxicity on murine fibrosarcoma L1929 cell
line (46). In another study, GO-chitosan scaffolds
exhibited significant improvements in cell adhe-
sion, differentiation, proliferation, and calcium
phosphate deposition by mouse pre-osteoblast
MC3T3-E1 cells (47). In Wang et al. study, a fluo-
rinated graphene induced higher proliferation and
neuronal differentiation (48).

3.5. Implants and artificial organs

Graphene exhibits a considerable poten-
tial for enhancing the surface bioactivation of ma-
terials to improve their biomedical applications
(49). For example, in Podila et al. study, Graphene
was grown on copper substrates via chemical va-
por deposition and then transferred onto nitinol
substrates. It was found that graphene coating on
nitinol substrates could be functional for implant
materials and improved the biological response
compared to the uncoated nitinol (50). Another
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study demonstrated that the average mineral appo-
sition rate of the bone and the biomechanical prop-
erties of graphene-coated polyethylene terephthal-
ate based artificial ligaments (G-PET-AL) groups
were significantly higher than those of the PET-
AL graft group. The results indicated that in the
G-PET-AL group, there was more newly formed
bone than that in PET-AL group (51).

3.6. Application in dentistry

In recent years, the development of gra-
phene nanopowder in a polymer matrix has
opened a new capacity in the science of dental
materials. Graphene-silver nanopowder has been
used as a filler in new dental composites. Sava et
al. investigated the water absorption and solubil-
ity in distilled water and artificial saliva of three
composites, two with different percentages in
graphene-silver nanopowder and one commercial
composite Herculite XRV Ultra (Kerr). The results
revealed that the composite with greater amount of
graphene presented better results regarding water
absorption and flexural strength (52). Kulshres-
tha and coworkers suggested graphene/zinc oxide
nanocomposite as a coating agent for dental im-
plants and simultaneously inhibition of Strepto-
coccus mutans biofilms (53). Rosa et al. investi-
gated the effect of GO-based scaffolds on dental
palp stem cells proliferation and differentiation
and indicated that GO provided an up-regulation
and enhancement of odotogenic gene expression
in dental palp stem cells (54). Moreover, GO has
been utilized as an effective bleaching agent. In a
study, rGO- cobalt tetraphenylporphyrin (CoTPP)
composites were applied as a catalyst for tooth
bleaching. H,O, with CoTPP/rGO under photo-
activation increased the bleaching effect of H,O,
and diminished the treatment time(55).

4. Perspectives on graphene

Graphene may be one of the most useful
materials ever discovered. Despite the advantages
of graphene, it still faces many challenges in dif-
ferent aspects, from synthesis and characterization
to application in various fields, which need to be
solved by effective collaborations between chem-
istry, physics, pharmaceutical sciences, biology,
and medicine. Growth in the commercialization
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of graphene has been significant, especially in the
last ten years. There are more than 70 companies
that produce graphene powder at a capacity of 100
tons per year, and graphene thin films (with a pro-
duction capacity of 50,000 m? per year) for touch-
panel and wearable electronic devices (56). Bio-
medical devices are still not among the graphene
devices coming to the market, because there are
still many unresolved issues and challenges in gra-
phene-based biomedical devices such as solubility
and cytotoxicity. Few studies have been designed
to investigate the toxicological profile of graphene
in vitro and in vivo. Cytotoxicity is the most vital
concern about graphene based biomedical devic-
es which are related to variable factors including

Graphene advances in engineering and medicine

dose, shape, surface chemistry, exposure route and
purity and is still in need of further investigation.
We hope that this review, which provides an out-
look on some applications of graphene could help
scientists from different research areas to realize
opportunities in graphene field research.

Acknowledgment

The authors would like to thank Dr Mon-
ica Negahdaripour to edit the initial form of the
article.

Conflict of Interest
None declared.

5. References

1. Novoselov K. Nobel lecture: Graphene:
Materials in the flatland. Reviews of Modern
Physics. 2011;83:p.837.

2. Stankovich S, Dikin DA, Piner RD, Kohl-
haas KA, Ruoff RS, Nguyen SBT, et al. Synthe-
sis of graphene-based nanosheets via chemical
reduction of exfoliated graphite oxide. Carbon.
2007;45:1558-65.

3. Shioyama H. Cleavage of graphite to
graphene. J Mater Sci Lett. 2001;20:499-500.

4. Hirsch, A., The era of carbon allotropes.
Nature materials, 2010;9:868.

5. Singh DP, Herrera CE, Singh B, Singh S,
Singh RK, Kumar R. Graphene oxide: An efficient
material and recent approach for biotechnological
and biomedical applications. Mater Sci Eng C Ma-
ter Biol Appl. 2018;86:173-97.

6. Zhu Y, Murali S, Cai W, Li X, Suk JW,
Potts JR, et al. Graphene and graphene oxide: syn-
thesis, properties, and applications. Adv Mater.
2010;22:3906-24.

7. Dasari Shareena TP, McShan D, Dasma-
hapatra AK, Tchounwou PB. A Review on Gra-
phene-Based Nanomaterials in Biomedical Ap-
plications and Risks in Environment and Health.
Nanomicro Lett. 2018;10.pii:53.

8. Kumar, A, Tyagi P, Dagar J, Srivastava R.
Tunable field effect properties in solid state and
flexible graphene electronics on composite high—
low k dielectric. Carbon. 2016;99:579-84.

9. Neto AC, Guinea F, Peres NMR, Novosel-
ov KS, Geim AK. The electronic properties of gra-
phene. Rev Mod Phys. 2009;81:1009.

Trends in Pharmaceutical Sciences 2018: 4(3): 131-138.

10. Avouris P. Graphene: electronic and
photonic properties and devices. Nano lett
2010;10:4285-94.

11. Wang J, Liang M, Fang Y, Qiu T, Zhang J,
Zhi L. Rod-coating: towards large-area fabrication
of uniform reduced graphene oxide films for flex-
ible touch screens. Adv Mater. 2012;24:2874-8.
12. Shao Y, Wang J, Wu H, Liu J, Aksay
I, Lin Y. Graphene based electrochemical sen-
sors and biosensors: a review. Electroanalysis.
2010;22:1027-36.

13. Kuila T, Bose S, Khanra P, Mishra
AK, Kim NH, Lee JH. Recent advances in gra-
phene-based biosensors. Biosens Bioelectron.
2011;26:4637-48.

14. Peng J, Huang Q, Zhuge W, Liu Y, Zhang
C, Yang W, et al. Blue-light photoelectrochemi-
cal sensor based on nickel tetra-amined phthalo-
cyanine-graphene oxide covalent compound for
ultrasensitive detection of erythromycin. Biosens
Bioelectron. 2018;106:212-8.

15. Liu J, Liu Z, Barrow CJ, Yang W. Mo-
lecularly engineered graphene surfaces for sens-
ing applications: A review. Anal Chim Acta.
2015;859:1-19.

16. Mohanty N, Berry V. Graphene-based
single-bacterium resolution biodevice and DNA
transistor:  interfacing graphene derivatives
with nanoscale and microscale biocomponents.
Nano Lett. 2008;8:4469-76.

17. Bollella P, Fusco G, Tortolini C, Sanzo G,
Favero G, Gorton L, et al. Beyond graphene: elec-
trochemical sensors and biosensors for biomarkers
detection. Biosens Bioelectron. 2017;89:152-66.

135




Fatemeh Emadi et al.

18. Orecchioni M, Ménard-Moyon C, Delogu
LG, Bianco A. Graphene and the immune system:
challenges and potentiality. Adv Drug Deliv Rev.
2016;105:163-75.

19. Li X, Rui M, Song J, Shen Z, Zeng H.
Carbon and graphene quantum dots for optoelec-
tronic and energy devices: a review. Adv Funct
Mater. 2015;25:4929-47.

20. Petridis K, Kakavelakis G, Stylianakis
MM, Kymakis E. Graphene-Based Inverted Pla-
nar Perovskite Solar Cells: Advancements, Funda-
mental Challenges, and Prospects. Chem Asian J.
2018;13:240-9.

21. Liang M, Luo B, Zhi L. Application
of graphene and graphene-based materials in
clean energy-related devices. Int J Energy Res.
2009;33:1161-70.

22. Miller JR, Outlaw RA, Holloway B. Gra-
phene double-layer capacitor with ac line-filtering
performance. Sci. 2010;329:1637-9.

23. Wang S, Sun H, Ang HM, Tadé MO.
Adsorptive remediation of environmental pollut-
ants using novel graphene-based nanomaterials.
Chem Eng J.2013;226:336-47.

24. Munuera JM, Paredes JI, Villar-Rodil
S, Castro-Muiiiz A, Martinez-Alonso A, Tascon
JMD. High quality, low-oxidized graphene via
anodic exfoliation with table salt as an efficient
oxidation-preventing co-electrolyte for water/oil
remediation and capacitive energy storage appli-
cations. Appl Mater Today. 2018;11:246-54.

25. Kim JM, Kim JH, Lee CY, Jerng DW, Ahn
Ho S. Toluene and acetaldehyde removal from air
on to graphene-based adsorbents with microsized
pores. J Hazard Mater. 2018;344:458-65.

26. Zhao P, Yu F, Wang R, Ma Y, Wu Y. So-
dium alginate/graphene oxide hydrogel beads as
permeable reactive barrier material for the remedi-
ation of ciprofloxacin-contaminated groundwater.
Chemosphere. 2018;200:612-20.

27. Li ZJ, Wang L, Yuan LY, Xiao CL, Mei
L, Zheng LR, et al. Efficient removal of ura-
nium from aqueous solution by zero-valent
iron nanoparticle and its graphene composite.
J Hazard Mater. 2015;290:26-33.

28. Liu Z, Robinson JT, Sun X, Dai H.
PEGylated nanographene oxide for delivery of
water-insoluble cancer drugs. J Am Chem Soc.
2008;130:10876-7.

29. Yang K, Feng L, Liu Z. The advancing

136

uses of nano-graphene in drug delivery. Expert
Opin Drug Deliv. 2015;12:601-12.

30. Yang X, Zhang X, Liu Z, Ma Y, Huang
Y, Chen Y.High-efficiency loading and controlled
release of doxorubicin hydrochloride on graphene
oxide. J Phys Chem C. 2008;112:17554-8.

31. Zhang L, Xia J, Zhao Q, Liu L, Zhang Z.
Functional graphene oxide as a nanocarrier for
controlled loading and targeted delivery of mixed
anticancer drugs. Small. 2010;6:537-44.

32. Li SD, Huang L. Gene therapy progress
and prospects: non-viral gene therapy by systemic
delivery. Gene Ther. 2006;13:1313-9.

33, Balapanuru J, Yang JX, Xiao S, Bao Q, Ja-
han M, Polavarapu L, et al. A Graphene Oxide—Or-
ganic Dye lonic Complex with DNA-Sensing and
Optical-Limiting Properties. Angew Chem Int Ed
Engl. 2010;49:6549-53.

34, XuC, Yang D,Mei L, LuB, Chen L, Li Q,
et al. Encapsulating gold nanoparticles or nanoro-
ds in graphene oxide shells as a novel gene vector.
ACS Appl Mater Interfaces. 2013;5:2715-24.

35. Bao H, PanY, Ping Y, Sahoo NG, Wu T, Li
L, et al. Chitosan-functionalized graphene oxide as
a nanocarrier for drug and gene delivery. Small.
2011;7:1569-78.

36. Zhang L, Lu Z, Zhao Q, Huang J, Shen
H, Zhang Z. Enhanced chemotherapy efficacy
by sequential delivery of siRNA and anticancer
drugs using PEl-grafted graphene oxide. Small.
2011;7:460-4.

37. Paul A, Hasan A, Kindi HA, Gaharwar
AK, Rao VT, Nikkhah M, et al. Injectable gra-
phene oxide/hydrogel-based angiogenic gene de-
livery system for vasculogenesis and cardiac re-
pair. ACS Nano. 2014;8:8050-62.

38. Yue H, Zhou X , Cheng M , Xing D .
Graphene oxide-mediated Cas9/sgRNA deliv-
ery for efficient genome editing. Nanoscale.
2018;10:1063-71.

39. LuY]J, Lin PY, Huang PH, Kuo CY, Shalu-
mon KT, Chen MY, et al. Magnetic Graphene Ox-
ide for Dual Targeted Delivery of Doxorubicin and
Photothermal Therapy. Nanomaterials (Basel).
2018;8(4).

40. Yang K, Hu L, Ma X, Ye S, Cheng L, Shi
X, et al. Multimodal imaging guided photothermal
therapy using functionalized graphene nanosheets
anchored with magnetic nanoparticles. Adv Mater:
2012;24:1868-72.

Jrends in Pharmaceutical Sciences 2018: 4(3): 131-138.




41. Zhang W, Guo Z, Huang D, Liu Z, Guo
X, Zhong H. Synergistic effect of chemo-photo-
thermal therapy using PEGylated graphene oxide.
Biomaterials. 2011;32:8555-61.

42. Lee WC, Lim CH, Shi H, Tang LA, Wang
Y, Lim CT, et al. Origin of enhanced stem cell
growth and differentiation on graphene and gra-
phene oxide. ACS Nano. 2011;5:7334-41.

43, Goenka S, Sant V, Sant S. Graphene-based
nanomaterials for drug delivery and tissue engi-
neering. J Control Release. 2014;173:75-88.

44. Raucci MG, Giugliano D, Longo A, Zep-
petelli S, Carotenuto G, Ambrosio L. Comparative
facile methods for preparing graphene oxide—hy-
droxyapatite for bone tissue engineering. J Tissue
Eng Regen Med. 2017;11:2204-16.

45. Sivashankari PR ,Prabaharan M. Chito-
san/carbon-based nanomaterials as scaffolds for
tissue engineering. Biopolymer-Based Compos-
ites: Drug Delivery and Biomedical Applications.
2017;12:381-97.

46. Fan H, Wang L, Zhao K, Li N, Shi Z,
Ge Z, et al. Fabrication, mechanical proper-
ties, and biocompatibility of graphene-rein-
forced chitosan composites. Biomacromolecules.
2010;11:2345-51.

47. Depan D, Shah J, Misra R. Controlled re-
lease of drug from folate-decorated and graphene
mediated drug delivery system: synthesis, loading
efficiency, and drug release response. Mater Sci
Eng C.2011;31:1305-12.

48. Wang Y, Lee WC, Manga KK, Ang
PK, Lu J, Liu YP, et al. Fluorinated Graphene
for Promoting Neuro-Induction of Stem Cells.

Trends in Pharmaceutical Sciences 2018: 4(3): 131-138.

Graphene advances in engineering and medicine

Adv Mater. 2012;24:4285-90.

49. Revathi S, Guna T, Kathirvel P. Applica-
tions of Graphene in Biomedical Field: Review.
IntJ Elect, Elect Comput Syst. 2018;7:576-80.
50. Podila R, Moore T, Alexis F, Rao AM.
Graphene coatings for enhanced hemo-compati-
bility of nitinol stents. RSC Adv. 2013;3:1660-5.
51. Wang CH, Guo ZS, Pang F, Zhang LY, Yan
M, Yan JH, et al. Effects of graphene modification
on the bioactivation of polyethylene-terephthal-
ate-based artificial ligaments. ACS Appl Mater
Interfaces. 2015;7:15263-76.

52. Sava S, Moldovan M, Sarosi C, Mesaros
A, Dudea D, Alb C. Effects of graphene addition
on the mechanical properties of composites for
dental restoration. Mater Plast. 2015;52:90-2.

53. Kulshrestha S, Khan S, Meena R, Singh
BR, Khan AU. A graphene/zinc oxide nanocom-
posite film protects dental implant surfaces against
cariogenic Streptococcus mutans. Biofouling.
2014;30:1281-94.

54. Rosa V, Xie H, Dubey N, Madanagopal
TT, Rajan SS, Morin JL, et al. Graphene oxide-
based substrate: physical and surface charac-
terization, cytocompatibility and differentiation
potential of dental pulp stem cells. Dent Mater.
2016;32:1019-25.

55. Su [H, Lee CF, Su YP, Wang LH. Evalu-
ating a Cobalt-Tetraphenylporphyrin Complex,
Functionalized with a Reduced Graphene Oxide
Nanocomposite, for Improved Tooth Whitening.
J Esthet Restor Dent. 2016;28:321-329.

56. Xiao X, Li Y, Liu Z. Graphene commer-
cialization. Nat Mater. 2016;15:697-8

137




Fatemeh Emadi et al.

138 Jrends in Pharmaceutical Sciences 2018: 4(3): 131-138.




