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Abstract: Graphene is made up of carbon atoms arranged in a single, hexagon-shaped lattice. It is one 

of the best carriers for pharmaceutical product formulations because of its many uses and unique 

characteristics, including its strength and structure, which make it a good choice in many formulations, 

and its particle size, which provides a higher surface area. Among the many potential biomedical 

applications, graphene has been studied in depth in pharmaceuticals as an additive and a carrier. 

Graphene also has antimicrobial properties, which make it unique and therefore can be used in 

nanomedicines as well. Graphene-based materials offer a new generation of drug-delivery vehicles that 

provide controlled release, target-specific delivery, enhanced bioavailability, and reduced systemic 

toxicity. Graphene oxide and its derivatives, such as reduced graphene oxide and its quantum dots, have 

shown excellent drug-delivery capabilities. Producing graphene-based formulations for drug delivery 

systems, whether as carriers in new methods or traditional ones on a large scale, presents major 

challenges. Ensuring these materials are safe and compatible with the body over time is crucial. Future 

research in medicine and drug delivery must focus on understanding and fixing these issues to make 

graphene safe for widespread use. Moreover, upcoming research should focus on developing 

nanoparticle formulations with increased specificity and sensitivity towards the target site, as well as 

the ability to release and respond at the site of action.  

Keywords: graphene; reduced graphene oxide; graphene quantum dots; nanoscaffolds; regenerative 

medicine; anticancer; nano carrier; nanoparticles.  
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1. Introduction 

When carbon atoms are arranged as a hexagonal lattice, they form a two-dimensional 

product known as graphene. A single layer of carbon atoms makes graphene the thinnest 

material known to man, and its hexagonal lattice makes it special. Due to its unique properties, 

graphene is an exceedingly promising material for applications in electronics, thermodynamics, 

energy conservation, engineering, space, and even medical science [1,2]. It is the perfect 

material for use across a range of sectors due to its excellent strength, greater surface area, and 

conductivity. Graphene distinguishes itself from other materials due to several special qualities. 
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For instance, graphene has a tensile strength that is more than 200 times that of stainless steel 

[3-5]. 

Additionally, it has high electrical and thermal conductivity, making it ideal for energy 

storage systems and electronics. Wearable technology and other applications can benefit from 

graphene and its derivatives, which offer high flexibility and low weight. There are many 

potential uses for graphene because of its unique properties [5,6]. 

Electronics is one of the most promising fields, where graphene's high conductivity 

enables faster, more effective devices. Since it can conduct both heat and electricity, it can also 

be used in energy storage systems such as batteries and supercapacitors to increase efficiency 

[7]. Additionally, due to its flexibility and lightweight nature, graphene is ideal for use in fitness 

trackers and other wearable technologies. Water filtration systems, sensors for detecting 

contaminants or chemicals in the environment, and even medical implants that might track a 

patient's health in real time are additional potential applications [8-10]. 

Due to its unique properties and ease of integration into the human body, graphene is 

also an ideal material for sensors and medical equipment. This could lead to the development 

of cutting-edge medical implants that track a patient's health in real time and provide doctors 

with useful information for better treatment options [11]. Additionally, graphene may enhance 

the efficiency of solar and battery cells, making renewable energy sources more practical and 

affordable. As scientists continue to investigate the extensive applications of graphene, this 

material will become increasingly important in shaping our world in the coming years [12-16]. 

1.1. Importance of graphene and its derivatives in medicinal and therapeutic applications.  

Graphene's unique properties make it an excellent material for a variety of medical 

applications. Due to its high surface area and biocompatibility, graphene is the material of 

choice for pharmaceutical applications and drug delivery systems, even though its conductivity 

and flexibility make it useful for the development of biosensors and implantable devices [17-

21]. Besides lowering the risk of infections, graphene- and derivative-based coatings have 

demonstrated the potential to inhibit bacterial growth on medical equipment. Furthermore, 

graphene's ability to improve the resolution of medical imaging techniques could lead to more 

accurate diagnoses and better treatment outcomes. Graphene will likely transform medicine as 

its potential is further investigated, improving patient outcomes and altering the way that 

healthcare is currently provided [22]. 

The main objective of this review article is to rediscover and research from the literature 

about the potential effect of graphene on the field of medicine and drug delivery systems. With 

its exceptional properties, graphene has already shown promise in various applications, 

including medical imaging. By enhancing the resolution of medical imaging techniques, 

graphene could enable more accurate diagnoses and better treatment outcomes for patients. 

Furthermore, graphene's unique properties could lead to the development of novel, advanced 

medical devices that are more efficient and effective than current technologies. Ongoing 

research into graphene's potential indicates that this material can completely transform 

healthcare as we know it, ultimately leading to better patient outcomes and a shift in how we 

treat medical conditions. 
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1.2. History of graphene and its associated forms. 

A British chemist named Benjamin Collins Brodie first discovered graphene in 1859 

[23], and subsequently, Wallace and his team worked on theoretical research for many years 

[24]. However, since Novoselov et al. [25] used the Scotch tape method to produce a single-

layer graphene material, it has attracted the scientific community's interest. The chronology of 

significant occasions in the development of graphene and its derivatives is shown in Figure 1 

[26-28].  

 
Figure 1. History of the development of graphene and its derivatives. 

In 2004, Geim Andre, Novoselov Konstantin, and their group won the Nobel Prize in 

Physics for their work on the discovery and isolation of graphene. Since then, due to its distinct 

properties, graphene has been the focus of extensive research across the pharmaceutical and 

other sectors. Despite being flexible and lightweight, it is highly powerful. More effectively 

than any other known material, it conducts heat and electricity. Graphene has a higher surface 

area, making it ideal for sensors and other applications. One of the most promising and 

innovative uses of graphene lies in the fields of electronics and mechanics. Graphene- and 

derivative-based transistors have the potential to be much faster and more energy-efficient than 

traditional silicon-based transistors in the current era, and they most effectively meet the 

requirements of the engineering field. Additionally, graphene will be used to create flexible 

screens and touchscreens that are more robust and thinner than those made with existing 

technologies. Graphene has potential applications in energy storage in addition to electronics. 

Recently, there has been significant interest in graphene and its derivative 

nanomaterials due to their applications in biotechnology, medicine, and other interdisciplinary 

fields. Even with the enormous progress and research that have been made thus far, there is 

still much to be done in several areas regarding the various biomedical applications of 

graphene, as well as the development and application of its substitutes in other research [7, 29-

35]. 

1.3. Structure of graphene. 

The carbon atoms in the single-layer graphene sheet are arranged in a honeycomb 

pattern. Each carbon atom in graphene is linked covalently to three other carbon atoms in the 

structure. Because of these covalent bonds, graphene is extremely stable and has a high tensile 
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strength, the amount of force with which something can be stretched before it breaks. Since all 

atoms are on the surface of a single-layer graphene, it can be accessed from both sides. As a 

result, there is more interaction with the molecules due to the close proximity [36-41]. The 

Structure of graphene (a) chemical structure and (b) 2-dimensional structure is shown in Figure 

2 [42-44]. 

 
Figure 2. Structure of graphene (a) chemical structure; (b) 2-dimensional structure. 

1.4. Synthesis of graphene. 

Graphene and its derivatives are currently produced using a variety of techniques. In 

2004 [25] and 2005 [45], graphene and other materials, such as molybdenum disulfide and 

hexagonal boron nitride, were first exfoliated from their bulk counterparts. Scotch tape first 

produced graphene by mechanically exfoliating graphite, which resulted in the formation of 

very fine and thin graphene flakes in a variety of particle sizes down to the micron level [4, 46-

47]. This method for producing graphene is one of the best ways to obtain the highest-quality 

graphene. The synthesis of graphene oxide and reduced graphene oxide, which are depicted in 

Figure 3, is necessary for the mass production of graphene on a wafer scale. A variety of 

techniques, including "top-down" and "bottom-up" approaches, have been used to synthesize 

graphene.  

 
Figure 3. Synthesis of graphene oxide and reduced graphene oxide. 

 Every graphene manufacturing process has drawbacks as well as advantages. Figure 4 

displays various graphene manufacturing techniques [48]. The starting material used in 

graphene synthesis is also crucial because it may affect the thickness of the resulting graphene, 

the effective particle size, and the number of layers [26,27]. 

Graphene can be synthesized in any way, depending on its purity, the desired particle 

size, and the desired result. In the previous stage, numerous approaches for making graphitic 

films have been discovered and evaluated [40, 49-52]. Although research on few-layer graphite 

was conducted in 1975 and the material was developed on a single platinum crystal using a 
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chemical breakdown method, it was not identified as graphene because there were no methods 

for characterizing it, or possibly because of its limited potential applications [53]. 

 
Figure 4. Techniques of graphene synthesis. 

To minimize the potentially harmful and lethal effects of chemical agents used during 

the synthesis of graphene, researchers have developed eco-friendly methods using phytoextract 

biomolecules and microbes [54,55]. Traditionally, the majority of synthesis methodologies 

employed chemical reducing agents. GBN surface functionalization is a crucial step for 

expanding its use in biomedicine. Using various macromolecules and polymers, such as 

chitosan, polyethylene glycol (PEG), proteins, and enzymes, researchers examined how to 

enhance biocompatibility, solubility, and selectivity [56]. 

There is difficulty isolating the substrate and then placing it on the other insulating 

substrate. In the past, the electronic characteristics of graphitic flakes were left unexplored due 

to the challenge of transferring and isolating them onto insulating substrates. However, in the 

late 1990s, Ruoff and his teammates attempted to address this obstacle by mechanically 

rubbing patterned islands on highly oriented pyrolytic graphite (HOPG) to separate tiny 

graphitic flakes onto SiO2 substrates. Despite their efforts, there was insufficient information 

on the electrical properties of these flakes. This was altered in 2005 when Kim and his 

colleagues used a comparable approach to describe the electrical characteristics of graphene 

and its derivatives effectively. Graphene research, however, did not develop rapidly until Geim 

and his colleagues isolated graphene on a SiO2 substrate and examined its electrical properties 

[25, 57-58]. 

Following the material's discovery in 2004, numerous strategies and techniques were 

developed and applied to produce thin films of graphitic and few-layer graphene. Graphene's 

2D crystals were experimentally visible when thin flakes of graphene and other materials, such 

as niobium diselenide, hexagonal boron nitride, and molybdenum disulfide, were first 

separated from their bulk counterparts between 2004 and 2005. However, Scotch and his 

colleagues from the same research group were the first to synthesize graphene by mechanically 

exfoliating graphite, which produced micron-sized flakes [4, 47]. This technique was a good 

way to create graphene with the highest quality, but it is still only feasible on a small scale. To 

produce graphene at wafer scale for mass production, another appropriate technique is needed.  

1.5. Graphene derivatives as delivery carriers. 

1.5.1. Delivery to the gene. 

The conjugation of polyethyleneimine (PEI) and plasmid DNA (pDNA) has been 

widely used to deliver genes. Graphene oxide does this by altering its surface, where gene 

transfer from the gene to the cell is accomplished through electrostatic complexation [59-62]. 

https://doi.org/10.33263/LIANBS144.263
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Compared with PEI/pDNA complexes, the covalent GO conjugates with linear [63] and 

branched PEI62 showed high gene transfection efficacy with reduced cytotoxicity. The PEI-

GO combination was also successfully used to demonstrate the sequential administration of 

small interfering RNA (siRNA) targeting the B-cell lymphoma 2 (Bcl-2) gene, combined with 

doxorubicin, into immortalized human HeLa cells, resulting in enhanced therapeutic efficiency. 

For the efficient delivery of anticancer medications and pDNA, respectively, a recently 

developed chitosan-functionalized graphene oxide complex was created by incorporating 

chitosan onto the graphene oxide surface [63,64]. Gene delivery through graphene modification 

is shown in Figure 5. 

 
Figure 5. Gene delivery through graphene modification. 

1.5.2. Drug delivery to small molecules. 

The delivery of small molecules is facilitated by graphene oxide and its derivatives, but 

pH-dependent solubility poses a challenge for pH-responsive administration. For example, 

doxorubicin-loaded graphene oxide complexes showed pH-responsive release of doxorubicin 

from the graphene oxide, due to doxorubicin's higher solubility at lower pH [65]. Additionally, 

folic acid conjugation with nanographene oxide uses this advantage to deliver doxorubicin and 

camptothecin to cancer cells in a pH-responsive manner (Figure 6) [66]. Ibuprofen and 5-

fluorouracil, both drugs with altered solubility (e.g., hydrophilicity), were delivered to the 

specific site via pH-responsive release, complexed with graphene oxide [67]. 

 
Figure 6. Delivery of doxorubicin with graphene oxide as a carrier. 
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1.5.3. Cancer treatment with therapeutic modalities. 

Nanographene oxide conjugated to six-arm polyethylene glycol for effective 

hydrophobic drug delivery has been successfully applied to cancer cells, resulting in higher 

cellular uptake and higher therapeutic efficiency [68-69]. Besides their use as carriers, 

nanographene oxide derivatives have been used for photothermal therapy due to their strong 

near-IR (NIR) absorption. The high therapeutic activity of the PEG-GO conjugate was shown 

in the in vivo cancer xenograft models [70]. A recent investigation found that the 

phototherapeutic effects of nanographene and its oxide derivatives stem from the induction of 

oxidative stress, mitochondrial depolarization, and activation of the apoptotic process, all of 

which lead to apoptosis and cell death [71]. 

The PEG-GO complex is used as a doxorubicin carrier in combination with chemical 

and photothermal therapy to enhance therapeutic efficacy [72]. When folic acid is conjugated 

to PEG-GO, a photosensitizer porphyrin is also loaded, enabling a blend of photodynamic and 

photothermal therapy with the capacity to target cancer cells [73]. Based on photothermal and 

photocatalytic therapy, graphene/TiO2 nanohybrid composite also demonstrated higher 

therapeutic efficiency [74]. Functionalized PEG with graphene oxide in drug delivery to cancer 

cells is shown in Figure 7. 

 
Figure 7. Functionalized PEG with graphene oxide in drug delivery to cancer cells. 

1.5.4. Behavior of graphene on bacterial cell growth. 

The reduced graphene oxide and graphene oxide products demonstrated the effect of 

inhibiting bacterial growth [75]. Both gram-positive and gram-negative bacterial cell walls 

were found to be inhibited by reduced graphene oxide and graphene oxide nanowalls. Because 

of the more effective charge transfer of reduced graphene oxide with bacterial cells, the 

antibacterial impact of reduced graphene oxide nanowalls was greater than that of graphene 

oxide nanowalls [76]. Oxidation and oxidative stress cause membrane rupture due to the 

antibacterial activity of graphene oxide and its derivatives [77]. However, prior studies have 

shown that bacteria grew more easily on graphene surfaces than on other surfaces [78]. Recent 

studies indicate that bacterial growth on graphene oxide can be modified by varying 

experimental conditions. The behavior of graphene on the surfaces of bacterial cell growth is 

shown in Figure 8. 
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Figure 8. Behavior of graphene on the surfaces of bacterial cell growth – antibacterial activity. 

1.5.5. Graphene-based scaffolds for mammalian cell culture.  

For this investigation, mammalian cells were selected and cultivated on graphene and 

its derivatives. For example, the behavior of NIH-fibroblasts-3T3 was investigated on a range 

of carbon nanomaterial-coated substrates, including graphene oxide, carbon nanotubes, and 

reduced graphene oxide. Carbon nanomaterial-coated substrates exhibit high biocompatibility, 

further improving gene transfection efficiency [79]. Additionally, graphene and chitosan 

hybrid films showed promise for tissue repair and improved tissue function in engineering [80]. 

In contrast to polystyrene culture plates, neurite sprouting and overgrowth were equally 

promoted on graphene surfaces [81]. Stem cells are essential to the biology of living things 

because of the diversity of cell types that allow them to self-repair in organs and continue to 

develop and renew ontogeny. In reformative medicine, or "stem cell therapy," stem cells are 

considered state-of-the-art therapeutic instruments. One of the vital research areas in stem cell 

research is the disparity of stem cells into desirable cell lines. Graphene's electrical conductivity 

and biocompatibility make it a popular choice for stem cell differentiation and culture. 

The use of nanotechnology in the pharmaceutical industry has accelerated significantly 

in recent years. Graphene, a honeycomb structure component with two-dimensional carbon 

atoms, is a promising nanoparticle for the development of novel drug delivery systems and 

biological applications. With an emphasis on its properties, applications, and recent advances, 

graphene shows potential for use in the development of innovative pharmaceutical 

formulations. The hybrid film formation of graphene and chitosan in tissue engineering is 

shown in Figure 9. 

 
Figure 9. The formation of hybrid films of graphene and chitosan in tissue engineering. 
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2. Properties of Graphene 

Graphene and its derivatives have unique properties that make them suitable and 

preferred choices for pharmaceutical formulations. Graphene and its substitute materials 

exhibit optical, mechanical, catalytic, thermal, electronic, and biological properties, and are 

therefore preferred for small-molecule drug delivery, bioassays, biomolecule recognition, and 

molecular medicine [82]. Graphene and its derivatives are atomic-thin, allowing fluids to 

permeate. The honeycomb structure of graphene enables size-selective transport through its 

nanochannels between adjacent graphene sheets [83-85]. 

2.1. High surface area. 

Because of its high surface area (2600 m2/g), graphene enables pharmaceutical 

formulations to exhibit improved drug release characteristics and higher drug loading 

capacities [85].  

2.2. Excellent electrical conductivity. 

Because of its high electrical conductivity, graphene is a preferred material for 

electroresponsive drug delivery systems that use an external electric field to control drug 

release. Graphene has a very high electrical conductivity of 80 × 106 S/m or 106 S/m, depending 

on the source. This is because the electron mobility in graphene is 140 times greater than that 

of silicon. The electrical conductivity of graphene and the resistivity of current flow are 

inversely connected [86]. A monolayer flake of graphene is synthesized by deposition of 

chemical vapor on the copper, which exhibits an electrical conductivity of 1.46 ± 0.82 × 106 

S/m2. The literature indicates that graphene nanocomposites have a low percolation threshold 

and exhibit better conductivity [87]. 

2.3. Elasticity and mechanical strength. 

Graphene is a suitable material for the development of flexible, novel drug delivery 

systems due to its exceptional mechanical strength and elasticity. Young’s modulus of 

graphene (1000 GPa) is quite high and is very similar to the elastic constant of the covalent 

connections between carbon atoms [88]. The literature indicates that graphene and its 

derivatives are highly resistant to temperatures up to 1000 K due to their mechanical properties 

[89]. 

2.4. Good molecule absorption. 

Graphene can efficiently adsorb a wide range of compounds, including medicines, 

proteins, and nucleic acids, making it easier to deliver these molecules to specific locations in 

the body due to its extensive surface area and unique chemical properties [90-94]. A team of 

researchers developed a novel drug-delivery technique that uses graphene strips as "flying 

carpets" to gradually deliver two anticancer drugs to cancer cells. Each treatment targets a 

different part of the cancer cell where it would be most effective [94]. 

3. Graphene-Based Pharmaceutical Formulations 

Graphene and its derivatives have been used to develop a variety of medicinal 

formulations, such as topical gels, ointments, and nanoconjugates. 

https://doi.org/10.33263/LIANBS144.263
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3.1. Topical gels and ointments. 

In comparison to traditional topical formulations, graphene-based topical formulations 

display improved drug penetration through the skin and offer better therapeutic effects. 

Graphene can be used in topical gels and ointments to improve the stability and shelf life of 

active pharmaceutical ingredients (APIs). Graphene has shown promising results in improving 

the effectiveness of topical gels and ointments for skin care applications. By incorporating 

graphene into these products, it is possible to improve their therapeutic efficacy and reduce 

systemic side effects, thanks to graphene's antibacterial properties, anti-inflammatory effects, 

and ability to promote wound healing. Moreover, graphene-based topical gels and ointments 

have the potential to enhance the delivery of active ingredients to the affected area, resulting 

in faster, more effective treatment. Thus, integrating graphene with topical applications marks 

a significant advancement in the study and development of skincare products. Further research 

on this subject should lead to even more creative applications of graphene in topical treatments 

for a range of skin disorders [95-98]. 

3.2. Nanoconjugate. 

The graphene surface is coupled to other functional groups, drug molecules, or targeted 

ligands to form graphene nanoconjugates. These nanoconjugates offer several benefits, 

including greater therapeutic efficacy and fewer adverse effects, thanks to their higher 

solubility, prolonged circulation time, and targeted drug delivery [99]. 

The synthesis of graphene nanoconjugates involves the covalent or non-covalent 

functionalization of graphene with various molecules or nanoparticles. Covalent 

functionalization includes the formation of covalent bonds between the surface of graphene 

and the functional molecules, while non-covalent functionalization includes the adsorption or 

electrostatic interaction between graphene and the functional molecules [100]. 

Due to their superior properties and potential applications across a variety of fields, 

including electronics, healthcare, and energy storage, graphene nanoconjugates have attracted 

significant attention. Graphene's covalent functionalization makes it an attractive choice for 

biosensors and drug delivery systems, as it enables fine control over surface chemistry and the 

attachment of specific functional groups. However, non-covalent functionalization offers an 

easier, less invasive way to modify graphene's properties, especially for electrical applications. 

Using the previously mentioned characterization techniques to understand the structure and 

properties of graphene nanoconjugates is crucial to enhancing their performance. Overall, the 

development of graphene nanoconjugates has paved the way for new lines of inquiry and 

innovation across several areas, making it an intriguing topic of study with a wide range of 

potential applications [75, 101]. 

4. Applications of Graphene in Drug Delivery 

Drug delivery systems based on graphene have demonstrated promise across a range of 

applications, including cancer treatment, antimicrobial therapy, and regenerative medicine.  

4.1. Cancer therapy. 

Chemotherapeutic agents can be delivered to tumor cells only using graphene-based 

nanocomposites, minimizing their damaging side effects on patients' healthy cells. 

https://doi.org/10.33263/LIANBS144.263
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Additionally, the photothermal and photodynamic properties of graphene can be used to treat 

cancer, where the drug is released in response to light and reactive oxygen species are 

produced, killing tumor cells. Graphene has several advantages over traditional cancer 

therapies, including its ability to target cancer cells, thereby reducing its toxicity to healthy 

cells [102]. Its unique properties also make it an ideal material for drug delivery, imaging, and 

sensing in cancer therapy. In addition, graphene and its derivatives have been shown to enhance 

the effectiveness of chemotherapy drugs by reducing their side effects. Overall, graphene has 

great potential for cancer therapy and could improve the lives of millions of people worldwide 

affected by this disease [103-104]. The use of graphene and its substitutes in cancer therapy is 

presented in Table 1. 

Table 1. Application of graphene and its derivatives in cancer therapy. 

Cancer and its 

types 
Drugs used in studies Drugs and carriers in therapy References 

Brain cancer 1,3-bis(2-chloroethyl)-1-nitroso urea graphene oxide and poly(acrylic acid) [105] 

Brain cancer Camptothecin 
graphene oxide (GO) and poly(N, N-

diethylacrylamide) 
[106] 

Brain cancer Doxorubicin GO-PEG-Tf (Transferrin) [107] 

Brain cancer Epirubicin NMGO-PEG [108] 

Breast cancer Doxorubicin with Camptothecin Acid Folic with nGO [109 ] 

Breast cancer Camptothecin GO-PVA [110] 

Breast cancer Doxorubicin GN-PF127 (Pluronic F127) [111] 

Breast cancer 
Tomography of TRC105, Positron 

Emission 
Graphene oxide [112] 

Breast cancer Fluorescence imaging 
Graphene oxide-Iron oxide nanoparticles-

Poly(amidoamine) dendrimers-Cyanine 5 dye 
[113] 

Breast cancer Photoacoustic imaging Reduced graphene oxide [114] 

Breast cancer Computed Tomography graphene oxide [115] 

Cervical cancer Chlorin e6 GO-PEG [116] 

Cervical cancer US imaging with CT scanning 
Graphene oxide-Gold nanoparticles-

Polylactic acid 
[117] 

Cervical cancer Doxorubicin 
Reduced Graphene Oxide-Cholesteryl 

Hyaluronic Acid 
[118] 

Cervical cancer Doxorubicin, fluorescence imaging GO-QDs [119] 

Cervical cancer 
Curcumin, Campothecin, Paclitaxol, 

and Doxorubicin 
Nile red lipophilic fluorescent dye-C-folate. [120] 

Cervical cancer Doxorubicin GO-PEI [121] 

Cervical cancer Doxorubicin PEG-GO/Cus [122] 

Cervical cancer Fluorescence and MR scanning Fluorescent and magnetic graphene) [123] 

Lung cancer Paclitaxel GO [124] 

Skin cancer 
Signal Transducer and Activator of 

Transcription-siRNA 

Graphene Oxide-Polyethyleneimine-

Polyethylene Glycol 
[125] 

4.2. Antimicrobial therapy. 

Due to its intrinsic antibacterial qualities, graphene and its derivatives are excellent for 

developing antimicrobial compositions. Additionally, the coupling of graphene with 

antimicrobial substances can further enhance their effectiveness, enabling lower dosages and 

reducing the risk of resistance [126]. Graphene has also been found to possess antimicrobial 

properties, making it a promising candidate for the development of new antimicrobial 

treatments. The current antimicrobial therapies are facing challenges due to the emergence of 

drug-resistant microorganisms. Thus, there is a crucial requisite to form new antimicrobial 

agents that can effectively combat these pathogens [127-129]. Graphene's antimicrobial 

activity is attributed to its ability to disrupt the cells of microorganisms. It can also generate 

reactive oxygen species that can damage microbial DNA and proteins. Studies have shown that 

graphene can effectively inhibit the growth of various microorganisms, including bacteria, 

viruses, and fungi. Additionally, graphene is effective against drug-resistant bacteria, such as 
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https://nanobioletters.com/


https://doi.org/10.33263/LIANBS144.263  

 https://nanobioletters.com/ 12 of 22 

 

MRSA. The possible uses of graphene as an antimicrobial agent are vast and varied [130]. The 

use of graphene and its substitutes in antimicrobial therapy is presented in Table 2. 

Table 2. Application of graphene and its derivatives in antimicrobial therapy. 

Name of the synthesis process Drug used in studies Carriers in therapy Reference 

Seeded-growth rGO-AuNPs Carbamazepine rGO-AuNPs [131] 

Sequential reduction method N2 doped 

graphene-AuNPs 
Ondansetron N2-doped graphene-AuNPs [132] 

Chemical reduction in micro GO-AuNPs Tegafur GO-AuNPs [133] 

Eco-friendly chemical rGO-AuNPs Tetracycline rGO-AuNPs [134] 

Reductive deposition process rGO-AuNPs Graphene Derivatives rGO-AuNPs [135] 

Chemical reduction 
6-thioguanine (6-TG) and 5-

fluorouracil (5-FU) 
Graphene-AuNPs [136] 

Solution-based chemical reduction Diclofenac Graphene-AuNPs [137] 

Green synthesis method Cisplatin GO-AuNPs [138] 

Electrostatic self- assembly Cisplatin Graphene-AuNPs [138] 

Wet impregnation thermal reduction method Doxorubicin Graphene-AuNPs [139] 

Sonochemical reduction Doxorubicin Graphene-AuNPs [139] 

simultaneous reduction Folic acid (FA) Graphene-AuNPs [140] 

4.3. Regenerative medicine. 

Graphene is a desirable material for tissue engineering scaffolds and stem cell therapies 

due to its biocompatibility and ability to enhance cell adhesion, proliferation, and 

differentiation. Graphene-based implants have shown promise in promoting bone regeneration, 

while graphene-based scaffolds can be used to engineer tissues such as skin, cartilage, and 

muscle. Additionally, graphene's ability to carry drugs and other therapeutic agents could 

revolutionize drug delivery systems in regenerative medicine. As research into the uses of 

graphene in regenerative medications continues, it is clear that this material has the potential 

to transform the field and improve patient health [141]. Graphene applications in tissue-

engineering scaffolds for regenerative medicine are presented in Table 3. 

Table 3. Graphene application in tissue engineering scaffolds in regenerative medicine. 

Material Analysis Outcomes Reference 

Carbon nanotubes 

and graphene 

In vitro co-culture of bone 

mesenchymal stem cells 

(BMSCs) and in vivo 

implantation. 

Cells in PLLA composite scaffolds with 3 wt% 

graphene displayed greater expression of proteins 

linked to osteogenesis, calcium deposition, and 

type I collagen production. 

[142] 

Substrate Coated 

with Graphene Oxide 

In vitro osteogenic 

differentiation of human 

bone marrow. 

On the Ti/GO substrate, human BMMSCs 

differentiated more osteogenically than on the Ti 

substrate. 

[143] 

Graphene oxide–

calcium phosphate 

nanocomposites 

Quantitative measurements 

on bone nodule formation 

and the 

immunofluorescence. 

In comparison to the separate or combined effects 

of GO and CaP, the GO-CaP nanocomposite 

demonstrated greater osteoinductivity. 

[144] 

Reduced graphene 

oxide nanoribbon 

Immunofluorescence and 

Alizarin Red analysis. 

The osteogenic development of BMSC is 

accelerated by graphene nanogrids and matches 

the patterns of the nanogrids. 

[145] 

Graphene hydrogel Colorimetric assay 

Cell multiplication and adhesion are made possible 

by graphene 3D hydrogel, demonstrating the 

graphene hydrogel scaffolds' biocompatibility. 

[146] 

8. Conclusion 

Graphene's remarkable properties and adaptability make it a promising platform for 

developing innovative pharmaceutical formulations. Despite persistent obstacles, graphene and 

its alternative materials hold promise for revolutionizing drug delivery, regenerative medicine, 

and other biomedical applications. Recent studies and technological advancements provide 

evidence for this. Graphene will be increasingly valuable in the pharmaceutical industry as our 
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knowledge of its interactions with biological systems expands, potentially leading to new 

treatments and better patient outcomes. 
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The following abbreviations are used in this manuscript: 

Abbreviation Definition 

GN Graphene 

rGO Reduced Graphene Oxide 

GQDs Graphene Quantum Dots 

GA Graphene Aerogel 

GNs Graphene Nanosheets 

TR-GO Thermally Reduced Graphene Oxide 

GO Graphene Oxide 

NPs Nanoparticles 

GBNs Graphene-Based Nanomaterials 

PEG Polyethylene Glycol 

PVP Polyvinylpyrrolidone 

DNA Deoxyribonucleic Acid 

HOPG Highly Oriented Pyrolytic Graphite 

pDNA Plasmid Dna 

PEI Polyethyleneimine 
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Abbreviation Definition 

DOX Doxorubicin 

CS-GO Chitosan-Functionalized Go 

CPT Captothecin 

FA-NGO Folic Acid Conjugated-Nanogo 

6-arm PEG Six-Arm Polyethyleneglycol 

NIH3T3 Embryonic Mouse Fibroblast Cell Line  

TPa Terapascal 

GPa Grade-Point-Average 

K Kelvin 

APIs Active Pharmaceutical Ingredients 

BCNU 1,3-bis(2-chloroethyl)-1-nitroso Urea 

GO-PAA Graphene Oxide Modified By Polyacrylic Acid 

GO-PDEA Graphene oxide (GO) Functionalized Poly(2-(diethylamino) Ethyl methacrylate) 

GO-PEG-Tf Graphene Oxide - Polyethylene glycol - Transferrin 

NMGO-PEG Magnetic Nanographene Oxide - Polyethylene Glycol 

GO-PVA Graphene Oxide - Polyvinyl Alcohol 

GO-QDs Graphene Oxide - Quantum Dots 

CNT Carbon Nanotube 

CVD Chemical Vapor Deposition 

Cfu Colony Forming Unit 

AuNC Gold Nanocrystal 

AuNP Gold Nanoparticle 

AuNS Gold Nanostructure 

SERS Surface Enhanced Raman Spectroscopy/Scattering 

3D Three-Dimensional 

2D Two Dimensional 

TEM Transmission Electron Microscopy 

nGO  Nano Graphene Oxide 

SEM Scanning Electron Microscopy 
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