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Abstract 

Gold nanostructures are promising entities for various biomedical applications, due to their 

promising physical and optical properties. They can be tailored in different sizes and shapes to 

play vital roles for photothermal therapy, Biosensing, In vivo X-ray/CT contrast etc. Many 

biomacromolecules have been used for chemical reduction of ionic gold into zero-valent metallic 

nanoparticles of specific shape/size followed by stabilizing them for long term utilization. This 

review will sum up a range of biomacromolecules including Alginate, Agarose, Starch, 

Carragenan, Cellulose, Chitin, Chitosan, Collagen, Cyclodextrins, Chondrotin Sulfate, Dextran 

Sulfate, Fucoidan, Gelatin, Guar Gum and Hyaluronic Acid, whose functionalities have been 

explored in combination with gold nanoparticles for various biomedical applications.  

 

 

 

 

 

 

 

 

 

 

 



1. Introduction 

Nanotechnology is an interdisciplinary field that comprise of particulates and devices in 

nanometer scale, engineered with inputs from physics and chemistry. Application of 

nanotechnology in biomedical field is growing rapidly with advances in drug delivery, 

biomaterials and biosensing devices [1]. In need of constant improvement in the 

pharmacokinetics and therapeutic value of various drugs, nanotechnology has offered solution in 

the form of novel drug delivery systems [2].  Due to their enhanced physical, chemical and 

mechanical properties of nanomaterials compared to their bulk state, they have enormous 

potential in tissue regeneration. One of the major pathological condition that is addressed by 

nanomedical approaches is cancer. Currently cancer has become one of the leading causes of 

death worldwide. According to recent reports cancer is the second major cause of deaths in the 

world. It is reported by American Cancer Society that by 2030, 21.7 million new cases of cancer 

will be diagnosed globally [3]. Current strategies for the treatment of cancer depend on radiation 

therapy, chemotherapy, surgery photodynamic therapy, immunotherapy, hormonal therapy, 

vaccinations and stem cell transplantation. Among them, the conventional therapies can bear lot 

of side effects as well as there is possibility of development of resistance towards treatment [4-

10]. In this framework, nanotechnology holds crucial role in drug delivery and imaging to 

specifically target cancerous cells without affecting healthy tissue. Nanoparticles have incredible 

physico-chemical properties as compared to their bulk counterparts because of high surface area 

to volume ratio. Nanoparticles show enhanced permeability and retention effect (EPR), where 

the nanoparticles gets delivered into tumor cells and stay in the tissue for longer time due to 

leaky tumor vasculature and poor lymphatic drainage respectively, making them suitable 

candidates for theranostic applications [11-14]. 

Among various types of inorganic nanomaterials, metallic nanoparticles such as gold 

nanoparticles (AuNPs) have been widely explored for therapy and imaging of cancer tissues. The 

AuNPs have been explored in many applications like biomedicine, photochemistry and 

electronics [15, 16]. The AuNPs have the ability for efficient conversion of light to heat and 

chief mediator of photothermal therapy (PTT) [17]. The AuNPs can be conjugated with ligands 

via gold-thiol bioconjugation for specific targeting to cancer cells. The AuNPs show better tumor 

penetration after systemic delivery due to the EPR effect [18-21]. Based on above mentioned 



properties AuNPs mediated photothermal therapy (PTT) has been widely examined for tumor 

destruction in animal models and is presently in phase I human clinical trial studies [22-25]. 

The AuNPs have several distinguished properties that differentiate them from other 

nanomaterials. They can be synthesized with different shape (Fig.1) and size of ≥1 nm. The 

AuNPs are easily localized in abnormal cells and good carrier for drug loading [26, 27]. The 

significance of AuNPs in biomedical field is its promising physical and optical properties. When 

AuNPs are exposed to white light, the electrical component of the light polarizes the electrons 

present within the metallic nanocrystals forming a plasmonic dipole which oscillates in tune with 

the incoming light. When there is a frequency match between the plasma oscillation and that of 

the light, there is a significant absorption of energy at the corresponding wavelength of the light. 

This wavelength represents the Surface Plasmon Resonance (SPR) peak of a gold nanostructure. 

According to the SPR peak, the colloidal gold solution can appear blue, red, brown or green in 

color due to different shape and size of nanoparticle [28]. The extinction coefficients of gold 

nanoparticles are usually 4 to 5 times more than the conventional dyes [29]. As the SPR peak can 

be tuned to scatter light in Near Infra Red (NIR) region (700 to 1200 nm) of the spectrum, where 

there is minimal absorption of light by tissue components, anisotropic structures such as 

nanorods and nanoshells are extensively used for PTT and in vivo cancer diagnostic applications 

[30, 31]. Apart from size dependency of the SPR peak, simple aggregation of gold nanoparticles 

is known to red shift their plasmonic band [32]. Due to the anisotropic nature, AuNPs has 

tendency to form aggregates. Nature of the ligands as well as the high curvature causes the 

flocculation of AuNPs. Larger AuNPs generally form insoluble aggregates due to the inter 

particular interaction through weak hydrogen bonds, while small AuNPs covered with specific 

ligands have less chance of aggregation [33, 34].  

Synthesis of stable AuNPs by decorating their surface with suitable bio macromolecules could 

improve the stability and avoid aggregation, making them appropriate for in vivo applications 

[35, 36]. Bio macromolecules exhibit excellent biodegradable and biocompatible characteristics. 

Using them for the reduction and stabilization of formed gold nanoparticles will not introduce 

any environmental toxicity or biological hazards. Several biomolecules such as chitosan [37-39], 

alginate [40], guar gum [41], fucoidan [42], starch [43], chitin [44], etc. have been used as 

reducing and stabilizing agent for the synthesis of GNPs. The most reliable and direct methods 



available for the characterization of the GNP size, shape, and structure are UV-Vis spectroscopy, 

DLS, TEM and SEM electron microscopy. 

While passive targeting of AuNPs by EPR effect is the most preferred approach, active targeting 

by surface modification can be achieved via conjugating specific ligands that binds to over-

expressed membrane receptors on tumor cells. Ligands such as antibodies, peptides or 

oligosaccharides can improve tumor tissue targeting [45, 46]. Gold incorporated 

biomacromolecules can be used for theranostic applications as well as biosensors for cancer 

diagnosis. The AuNP-macromolecular composites have complementary functionalities for 

potential applications in the fields of photothermal therapy, wound dressing; SERS based 

biosensing and X-ray/Computer Tomography (CT) imaging (Fig.1). This review will focus on a 

range of biomacromolecules including Alginate, Agarose, Starch, Carragenan, Cellulose, Chitin, 

Chitosan, Collagen, Cyclodextrins, Chondrotin Sulfate, Dextran Sulfate, Fucoidan, Gelatin, Guar 

Gum and Hyaluronic Acid, which are used in combination with AuNPs for various biomedical 

applications.  

2. Gold-Biomacromolecule nanocomposites for biomedical applications 

2.1 Chitosan-Gold Nanoparticles 

Chitosan is a biopolymer derived from shrimp and crab shells. It is nontoxic, biodegradable, 

biocompatible and easy to process [47]. Chitosan acts as a protecting agent and can reduce gold 

salt to zero valent gold nanoparticles enabling green synthesis of AuNPs [37-39, 48-49]. Size of 

gold nanoparticles could also be tuned by using different molecular weight chitosan as 

reducing/stabilizing agent [50]. In addition, chitosan has also been used for NP coating and 

functionalization, to help anionic AuNPs acquire better stability in aqueous solution in 

comparison to uncoated AuNPs and display a positive surface charge to enhance NP cell uptake 

[51, 52]. The incorporation of chitosan during the synthesis of these metal nanoparticles offers 

better penetration and uptake of therapeutic agents. Devika et al. tested the enhanced penetration 

property, where CS coated on GNPs helps in the uptake of insulin by transient opening of the 

tight epithelial junctions. Different concentrations of chitosan were used for the synthesis of gold 

nanoparticles. At higher chitosan concentrations (>0.1% w/v) the gold NPs were stable (no 



aggregation observed for 6 months). Loading efficiency of insulin was 53%. The blood glucose 

level was found to drop to 30.41 and 20.27% for oral (50 IU/kg) and nasal (10 IU/kg), 

respectively after two hours of administration. The serum gold levels for oral and nasal 

administration of chitosan reduced gold nanoparticles were found to be very low (0.053–0.072 

ppm) as investigated by ICP measurements. These results established chitosan reduced gold 

nanoparticles as a promising delivery system for transmucosal application of drugs or peptides 

[53].  In another work, AuNPs encapsulated inside hollow hybrid structure of CS and polyacrylic 

acid (CS–PAA–Au hybrid) were prepared by a one pot aqueous synthesis route, for anti-cancer 

drug delivery. The CS–PAA–Au hybrid doped with cisplatin acted as a means of sustained drug 

delivery into the cells, as well as enters the nucleus and nucleolus. Due to large scattering cross 

section of gold NPs, these hybrid nanocomposites could be used as a contrast agent for dark field 

cell imaging [54]. 

A handful of reports have shown chitosan in conjunction with gold nanostructures in exploiting 

their exceptional photothermal efficiency for anti-cancer therapy.  CS-gold nanorods hybrid 

nanocomposite particles have been reported to selectively target at the tumor site, to produce 

localized hyperthermia (temp. of 49 °C) after being exposed to NIR laser (808 nm). It was also 

found that the elevated temperature enhanced the efficacy of cisplatin, leading to multiple tumor 

suppression and complete tumor destruction [55]. Anisotropic heterogeneous gold nanostructures 

with controllable NIR absorption coated with CS, carboxy methyl chitosan and a mixture of both 

were synthesized and tested for their photothermal efficacy against HepG2 (Hepatocellular 

carcinoma) and HDF (Human dermal fibroblast) cells. The CS coated nanocomposite revealed 

the maximum photothermal efficiency on HepG2 cells [56]. Topete et al., reported the synthesis 

of polymeric gold nanohybrids by a seeded-growth method where chitosan acts as an 

electrostatic “glue” to attach Au seeds to DOXO/SPION-PLGA NP surface. Chitosan helps in 

the attachment of negatively charged gold seeds to the polymeric particle core and contributes as 

a weak reducing agent in the redox reaction of gold salt. Also, chitosan chains can act as a 

structure-directing agent supporting the growth of anisotropic gold shells. Gold seeds (4 nm) 

were deposited and further grown onto the surface of chitosan-modified DOXO-loaded PLGA 

NPs, further functionalized with a human serum albumin/indocyanine green/folic acid complex 

(HSA-ICG-FA) to configure a multifunctional nanotheranostic platform. The gold nanolayer was 

functionalized with an HSA-ICG-FA complex to provide, on one hand, stealth property to the 



nanoplatform and, on the other, photodynamic therapy, fluorescence-based imaging, and active 

targeting properties [57, 58]. 

Besides being used as a photothermal agent or in photodynamic therapy, GNPs have been used 

as radiofrequency responsive nanomaterials for targeting various types of cancer [59]. Recently, 

Rejinold et al., synthesized curcumin loaded chitosan-graft-poly (N-vinyl caprolactam) 

nanoparticles containing gold nanoparticles (Au-CRC-TRC-NPs) by ionic cross-linking method. 

These NPs were used as an effective thermo-, pH- and RF-responsive curcumin delivery agent 

against tumor cells in vitro.  In the presence of radiofrequency field the nano-curcumin showed 

controlled drug release, enhanced circulation and biodistribution than its bulk form of curcumin. 

The Au-CRC-TRC-NPs were retained in tumor for a week and 3.6μg/g curcumin was localized 

at the tumor. These NPs act as multi-responsive nanomedicine for RF-assisted cancer treatment 

modalities [60].  In another work, Au-CRC-TRC-NPs were used to selectively target breast 

cancer (4T1) cells. The haemocompatible Au-CRC-TRC-NPs were easily internalized by the 

breast cancer cells and essentially accumulated in the cytoplasm. The tumor localization studies 

demonstrate that Au-CRC-TRC-NPs could not only selectively accumulate at primary and 

secondary tumors but also show controlled drug release [61]. 

Chitosan-gold nanocomposites (colloids and films) were synthesized using three different 

chitosan grades varying in the molecular weight to obtain a material that is antimicrobial but 

non-cytotoxic. The nanocomposites were tested against Staphylococcus aureus and Pseudomona 

aueroginosa. The film based on chitosan with medium molecular weight (smallest average 

diameter ~ 15nm) showed the maximum antibacterial activity. AuNPs can interact with sulfur-

containing proteins in the cell membrane changing its permeability, leading to leakage of 

intracellular components and finally cell death or/and bind to DNA and inhibit transcription [62]. 

However, when tested against mammalian cells (A549 and HaCaT) the same material did not 

show any cytotoxic behavior which makes them an ideal system for biomedical applications like 

wound dressing, adhesive bandages, coatings, etc [63]. Apart from possessing anti-bacterial and 

hemocompatible properties [64, 65], chitosan and its derivatives are also explored as hemostatic 

agents. Hemostatic chitosan nanocomposites were prepared from chitosan and gold nanoparticles 

(AuNPs) or silver nanoparticles (AgNPs) of ~5 nm size which showed greater elastic modulus, 

higher glass transition temperature and better cell proliferation than the pristine chitosan. Atomic 

force microscopy (AFM) demonstrated that the nanocrystalline domains on chitosan surface 



were more evident upon addition of AuNPs or AgNPs (Fig. 4B). The potential of chitosan-Au 

nanocomposites as hemostatic wound dressings was evaluated in animal (rat) studies. Chitosan-

Au was found to promote the repair of skin wound and hemostasis of severed hepatic portal vein. 

The effect of chitosan-Au on skin wound healing is shown in Fig. 4 C. Chitosan-Au promoted 

the rate of wound healing closure more than control (Tegaderm) and the original chitosan after 

surgery at 7 and 11 days, but not at 14 days (Fig. 4D). The histology at 7 days (Fig. 4E) showed 

the debris of chitosan (indicated by circles). In the hemostatic experiment, none of the original 

chitosan could stop the bleeding from hepatic portal vein when held on the wound. On the other 

hand, the dressings made from chitosan- Au stopped the bleeding effectively (n = 3) [66].  

Chitosan modified AuNPs have been extensively used for sensing applications. An 

amperometric biosensor that measured plasma acetyl choline in healthy individuals and 

patients suffering from Alzheimer’s disease has been developed. Acetyl choline (ACh) is a 

neurotransmitter found in PNS and CNS in all mammals including humans. During the course of 

the normal aging process, concentrations of ACh tend to decrease, resulting in the sporadic 

lapses of short-term memory in elderly individuals. A mixture of acetylcholinesterase and 

cholineoxidase (ChO) was immobilized onto a nanocomposite of Chitosan (CS)/gold-coated 

ferric oxide nanoparticles further electrodeposited on an Au electrode (acting as a working 

electrode). The sensor was used for the measurement of hydrogen peroxide formed by the 

oxidation of choline by immobilized ChO, produced from hydrolysis of acetyl choline. The 

sensor showed rapid response time (3s), low detection limit (0.005-400µM), good 

reproducibility and stability for 3 months (when stored at 4°C) [67]. Recently Mycobacterium 

tuberculosis (MTB) was taken as the model target for designing a nucleic acid detection 

platform using chitosan coated gold nanoparticles. The cationic AuNPs were used for the 

detection of specific MTB target amplified from total DNA extracted from sputum. It is a 

colorimetric sensor where the color of the solution changes from red to blue in case of positive 

samples, indicating a red shift in the plasmon resonance peak of gold. In contrast to this, the 

negative samples showed a blue shift. This assay was tested against 16 positive samples (15 

were true positive) and 3 true negative samples. This is a cheap, simple and sensitive 1 tube-1 

test colorimetric assay, which can be modified for the non invasive detection of other 

pathogens as well [68].  



Chitosan based graphene-gold nanocomposite has been used for electrochemical detection of 

antigen associated with lung cancer. Here chitosan served as both reducing and stabilizing agent. 

These nanocomposites were used as electrochemical immunosensor to detect neuron-specific 

enolase (NSE). The results showed positive linear relationship for quantification of NSE with the 

concentration ranging from 0.1 to 2000 ng/mL. The lower limit of the detection was reported 

0.05 ng/mL [69]. Chitosan oligosaccharide (COS) were used for AuNPs synthesis. COS was 

used as a reducing and stabilizing agent. These nanocomposites loaded with paclitaxel (PTX) 

were used in drug delivery and photoacoustic imaging (PAI). PTX loaded COS AuNPs showed 

pH-dependent drug release profiles. These nanocomposites showed significant cytotoxicity 

through enhanced reactive oxygen species (ROS) and induction of apoptosis. [70]. In another 

interesting work, a glucose sensor was developed by Zhang et al., (Fig. 2A) where the working 

electrode has a layer-by-layer (LBL) assembly of single-walled carbon nanotubes (SWNTs), 

multilayer films of chitosan (CS), gold nanoparticles (GNp), and glucose oxidase (GOx) for 

accurate detection of glucose levels in saliva. A working (sensor) electrode, a counter electrode, 

and a reference electrode were integrated on a single chip through micro-fabrication. This device 

is a simple, highly sensitive, accurate, convenient, low-cost, and disposable glucose biosensor on 

a single chip. The sensor features direct electron transfer between GOx and the electrode surface 

on-a-chip with LOD of 0.1 mg/dL i.e. 5.6 µM (Fig. 2B- 2D) [71].  

Chitosan-modified popcorn-like Au–Ag nanoparticles (CSPNPs) based assay for high sensitive 

detection of melamine was developed by Li et al. in which CSPNPs not only possessed a higher 

intrinsic peroxidase activity but also acted as SERS substrates (Fig. 3A, 3B). CSPNPs can catalyze 

the oxidation of 3,3′,5,5′-tetramethylbenzidine (TMB) by H2O2 to the charge transfer complex 

(CTC), which contributes to a tremendous surface-enhanced resonant Raman scattering (SERRS) 

signals with 632.8nm laser excitation. Melamine can generate an additional compound with 

H2O2, which means the available amount of H2O2 for the oxidation of TMB reduced. Hence, the 

SERRS intensity of CTC is decreased. The decreased Raman intensity is proportional to the 

concentration of melamine over a wide range (10nM-50μM) as shown in figure 3 (D), with a 

limit of detection (LOD) of 8.51nM. This highly selective method can be used for rapid, 

separation-free detection of melamine in milk powder [72]. 



2.2 Carrageenan-Gold Nanoparticles 

Carrageenan is a high-molecular-weight, water-soluble sulfated polysaccharide extracted from 

red seaweeds. It has been extensively used as gelling agent in food and pharmaceutical industries 

due to their biocompatibility and ability to form thermoreversible hydrogels [73]. Carrageenan 

(CG) induced acute inflammation model compared with the effect of antioxidant N-

acetylcysteine (NAC) alone and synergistic effect of AuNP along with NAC. The CG 

administered inflammation in pleural cavity causes increase the levels of myeloperoxidase, 

interleukin-1β, tumor necrosis factor-α and subsequently reduced the level of interleukin-10. 

Synergistic effects were observed after treatment of NAC and AuNPs resulting reduction of lipid 

peroxidation as well as oxidation of thiol groups [74]. In addition, thermo sensitive κ-

carrageenan hydrogels in combination with spherical and rod-shaped AuNPs reported. The 

controlled drug release was observed from κ-carrageenan hydrogels. The release profile of drug 

was adjusted depending on morphology of AuNPs in κ-carrageenan hydrogels could be due to 

polymer relaxation mechanism or by diffusion. This kind of nanoformulation could be useful for 

enhancing AuNPs efficacy for cancer theranostics [75]. The conductive property of the Kappa 

Carrageenan-PolyPyrrole (KC-PPy) nano-composite has attributed to the successful fabrication 

of DNA biosensor. Esmaeili et al., reported a DNA biosensor based on KC-PPy-gold nano-

biocomposite for gender classification of Arowana fish. Thiol modified ssDNA probe sequence 

was immobilized on the surface of the composite via covalent attachment to the gold NP surface. 

The biosensor was selective (i.e. able to differentiate between complementary, non-

complementary and mismatched bases), rapid (in terms of short assay time for DNA 

hybridization) and exhibited wider response range, lower limit of detection (LOD) and longer 

stability [76]. 

2.3 Alginate-Gold Nanoparticles 

Alginates are naturally derived polysaccharides, composed of (1,4)-linked β-D-mannuronic acid 

(M-units) and R-L-guluronic acid (G-units) sugar residues [77]. Alginate is commonly 

considered to be a non-immunogenic polymer [78]. Coating GNPs with alginate-derived 

polymers provides them both colloidal stability and avoid recognition and sequestration by the 

body's defense system [79]. Alginate being a biopolymer, it was used as a reducing and 



stabilizing agent for the green synthesis of AuNPs. The alginate stabilized AuNPs were loaded 

with two anticancer drug methotrexate and curcumin. This drug delivery system exhibited 

enhanced cytotoxic potential against C6 glioma and MCF-7 breast cancer cells apart from being 

hemocompatible. The structure of alginate being oxygen rich, it can effectively cap the AuNPs 

and protect them from aggregation [40]. Further, gold nanoparticles incorporated in alginate 

microcapsules (MCs) has been tested for the development of a micro-CT based tracking method. 

The gold labeled MCs exhibit bright contrast in rodent models, where due to high signal 

intensity, even reduced radiation dose is sufficient enough for tracking these particles. The post-

mortem study data reveals that these particles can be used for longitudinal studies. Studies 

showed that high Hounsfield Units (HU) permitted appropriate visualization even when the 

image noise was high. HU signal range had the ability to distinguish between bone and soft 

tissue owing to contrast provide by AuNPs labeled MCs. It was confirmed that AuMCs could be 

observed even at lower concentrations of administered AuNPs as shown in Fig. 5 [80]. The 

developed imaging contrast agents have various advantages like ease of preparation, reduced 

cost of imaging technique and faster acquisition time. Instead of encapsulation, when the anionic 

alginate MCs are coated with cationic RAFT homopolymer modified AuNPs (PAuNPs) it 

resulted in hybrids which possessed low cytotoxicity and high mechanical stability in vitro. The 

localized gold concentration on the MCs exhibited a distinctive bright circular ring even with 

low X-ray dose and rapid scanning in post-mortem imaging experiments facilitating their 

positive identification and making them suitable candidate for in vivo tracking experiments in 

future [81]. An amperometric biosensor was developed by immobilizing gold nanoparticles-

peroxidase nanosystem on alginate-coated gold electrode for the detection of hydrogen peroxide. 

Horseradish peroxidase was cross-linked with cysteamine-capped gold nanoparticles and 

immobilized on sodium alginate-coated Au electrode through polyelectrostatic interactions. The 

modified electrode showed fast electroanalytical response, good linear response and sensitivity, 

even at low concentrations of H2O2 [82]. 

2.4 Starch-Gold Nanoparticles 

Starch, a glucose polymer, is one of the most abundant natural polysaccharides synthesized by 

plants. In its native state, starch is produced in granular form in plant cells mostly located in 

fruits, grains and roots/tubers [83, 84]. The use of natural starches as both the reducing and 



stabilizing agents has become important in a green synthesis method of nanomaterials and 

nanocomposites [43]. The additional advantage of using starch is that there exists a specific 

enzyme to digest the polymer, which is useful for targeted delivery and appropriate use of the 

NPs at a desired site [85]. Gold Nps were synthesized by employing starch as both the reducing 

agent and the stabilizer. Starch modified AuNPs have been widely used for the sensing 

application. Pienpinijtham et al., produced starch-reduced gold nanoparticles and used it to 

determine the concentration of Iodide and Thiocyanate. Starch was degraded by alkali in order to 

enhance its reducing power. As a result, starch-reduced gold nanoparticles were obtained. These 

AuNPs were used to determine iodide and thiocyanate using SERS for the first time. Starch-

reduced gold nanoparticles show an intrinsic raman peak at 2125 cm-1 due to the C=C stretching 

mode of a synthesized byproduct. Because of the high adsorptivity of iodide on a gold surface, 

the intensity of the SERS peak at 2125 cm-1 decrease with an increase in the iodide 

concentration. Thiocyanate also strongly adsorbs on a gold surface, and a new peak appears at 

around 2100 cm-1, attributed to the C=N stretching vibration in a SERS spectrum of starch-

reduced gold nanoparticles. These two peaks were successfully used to determine the iodide and 

thiocyanate concentrations simultaneously in a mixed sample. The detection limit of this 

technique for iodideis 0.01 μM with a measurement range of 0.01-2.0 μM, while the detection 

limit of this technique for thiocyanate is 0.05 μM with a measurement range of 0.05-50 μM. This 

technique is highly selective for iodide and thiocyanate ions without interference from other 

coexisting anions such as other halides, carbonate, and sulfate [86]. 

Engelbrekt et al., reported that the concentration of starch, temperature and chemical nature of 

the buffers play an important role in the AuNP formation. The synthesis has been tried with 

various starch rich vegetables (such as potato, carrot and onion). Boiling the fresh vegetables 

gives large amounts of starch and glucose, by hydrolysis. The most stable and reproducible 

procedure is achieved with potato extracts. The AuNPs efficiently enhance interfacial 

electrochemical electron transfer of the metalloprotein yeast cytochrome c in homogeneous 

solution, which is entirely absent on bulk Au (111) - or BPG electrode surfaces. Studies of the 

reaction of hybrids of AuNP with cyt C and AuNP with blue copper protein azurin, demonstrate 

the highly efficient, electronically rooted electrocatalytic properties of the AuNPs and size-

dependent bioelectrocatalytic function of the AuNPs [87]. In another report, 20 nm starch-



stabilized gold nanoparticles were used for the development of an easy to use colorimetric assay 

for the detection of protein content in milk. The assay relies on the stabilization ability of 

proteins that inhibits the aggregation of AuNPs induced by hydrochloric acid. The degree of 

aggregation could be reduced in the presence of milk protein, depending on the total protein 

concentrations.  As the total protein concentration decreases, the assay shows red to blue color 

shift. The assay is sensitive and can determine the protein content from 2.93 ×10−1 to 2.93 × 10−3 

mg/mL via naked eye observation. The developed assay is very simple and requires 6 min for the 

whole analysis. This technique provides a great potential for on-site milk analysis, milk 

adulteration detection as well as in-house use [88]. T.K. Sarma et al reported starch mediated 

AuNPs synthesis having shape selectivity and tunable longitudinal plasmon band. The overall 

synthesis was carried out in presence of ultrasonic waves [89]. Z. Shervani et al reported 

formation of spherical NPs and nanowires of gold by using soluble starch and β-D-glucose. 

These monosaccharides (β-D-glucose) and polysaccharide (soluble starch) were used as 

stabilizing agents as well as structure directed synthesis of NPs [90]. 

2.5 Chitin-Gold Nanoparticles 

Chitin is a sea food waste derived biopolymer that contains abundant hydroxyl and amino groups 

which makes chitin multifunctional such as [91, 92], reducing agent for AuNPs synthesis [44] 

and adsorbant for metal ions via chelation or ion exchange mechanisms [93-96]. In a recent 

work, deacetylated chitin nanofibrils acted as a reducing agent as well as stabilizer to immobilize 

the AuNPs due to the reducibility and chelation capacity of the amino groups on chitin. The 

positively charged AuNPs immobilized along the chitin nanofibrils possessed peroxidase-like 

activity and used for glucose detection via colorimetric method with a LOD of 94.5 nM. They 

catalyzed the oxidation reaction of 3, 3’, 5, 5’-tetramethylbenzidine (TMB) by H2O2 to produce a 

blue solution [97]. In another report, gold based chitin–MnO2 ternary composite nanogels 

(ACM-TNGs) were synthesized by the regeneration of chitin along with MnO2 nanorods (5–20 

nm) and the incorporation of Au-NPs. The ACM-TNGs showed cytocompatibility against 

various cell lines such as L929, HDF, MG63, T47D and A375 without affecting the cellular 

morphology. ACM-TNGs were successful in killing breast cancer cells under RF radiation at 100 

W for 2 min. The ACM-TNGs exhibited applied power dependent RF heating, which could be 

useful for magnetic hyperthermia for cancer therapy [98]. 



2.6 Cellulose-Gold Nanoparticles 

Cellulose is a fibrous, tough, water-insoluble substance, which is found in the protective cell 

walls of plants, particularly in stalks, stems, trunks and all woody portions of plant tissues. An 

unbranched homopolysaccharide, cellulose is composed of β-D-glucopyranose units linked by 

(1-4) glycosidic bonds [99, 100]. Bacterial Cellulose (BC) has gained more interest in 

commercial applications in the past few years in various industries (paper, headphone 

membranes, food and textiles) and biomaterials including temporary skin substitute, artificial 

blood vessels, and nerves [101-103]. Biocompatible cellulose nanocrystal (CNC) was used as 

substrate for loading spherical gold nanoparticles (AuNPs) or gold nanorods (Au NRs). AuNPs 

or AuNRs conjugated with CNC through gold-thiolate bonds, formed hetero-layered 

nanohybrids and was used for effective cancer therapy. As showed in Fig. 6A, CNC-Au 

nanohybrids were conjugated to CD-PGEA (comprising β-cyclodextrin cores and ethanolamine-

functionalized poly (glycidyl methacrylate) arms) via gold-thiolate bonds and host-guest 

interaction. TEM images of CNC-Au NR revealed the successful fabrication of AuNPs/AuNRs 

on the surface of CNCs. CNC-Au-PGEA nanoparticles have efficient transfection abilities. The 

enhanced fluorescence of green fluorescent protein (EGFP) in C6 cells due to gene expression of 

plasmid pEGFP-N1 has been shown (Fig. 6B, 6C). The AuNRs and CNC-Au NR-PGEA2 

showed peak at ~800 nm due to strong longitudinal surface plasmon resonance. The temperature 

increment for CNC-Au NR-PGEA2 by 808 nm laser irradiation under aqueous condition was 

observed by thermal imaging camera. Histology analysis of the tumor cells showed clear 

necrosis, nuclear fragmentation and massive karyopyknosis after treatment confirming the 

promising photothermal enactment of CNC-Au NR-PGEA2. Beside this, CNC-Au NR-PGEA2 

has also been projected as ideal contrast agent for photoacoustic imaging as shown in Fig. 6D (a-

j). These nanohybrids were used for combined photothermal/gene therapy as well as 

photoacoustic imaging [104].  Gold-cellulose nanocomposite has been used to immobilize heme 

proteins such as horseradish peroxidase (HRP), hemoglobin (Hb) and myoglobin (Mb) on the 

surface of modified glassy carbon electrode (GCE). Results showed that the gold–cellulose 

nanocomposite promotes the electron transfer, accelerates the mass transport and enhances the 

mechanical stability of the immobilization. HRP immobilized in the gold-cellulose film showed 

the highest biocatalytic activity with good sensitivity, low detection limit and fast response 



toward hydrogen peroxide detection. The HRP based sensor exhibited a fast amperometric 

response (within 1 s) to H2O2, a good linear response over a wide range of concentration from 

0.3mM to 1.00mM, and a low detection limit of 0.1 µM [105]. 

2.7 Collagen-Gold Nanoparticles 

Collagen is the most abundant protein in the animal body and is the predominant protein for bone 

biomineralization and promotes the enhancement of the mechanical property of the extracellular 

matrix [106, 107]. A combination of collagen and mineralized inorganic nanoparticles (such as 

AuNPs) are particularly advantageous for application in tissue engineering, regenerative 

medicine, and drug delivery owing to their excellent biocompatibility, moderate 

immunogenicity, and enhanced mechanical properties [108, 109]. Collagen such as type I 

collagen contains a number of hydroxyproline residues capable of donating electrons [110, 111] 

and could thus be suitable for reduction of gold salts. Collagen scaffolds incorporating gold 

nanoparticles (AuNPs) were prepared and used for wound healing applications. The 

collagen/gold nanoparticles nanocomposite acted as a potential skin wound healing biomaterial 

and was investigated for in vitro biocompatibility and in vivo effects such as induction or 

inhibition of inflammatory responses influence on the wound closure and possible contribution to 

the enhancement of re-epithelialization, neovascularization and granulation tissue formation 

[112, 113]. The AuNPs with size (>20 nm) and dose (<20ppm) were not cytotoxic on HaCat 

keratinocytes and 3T3 fibroblasts, hence they were incorporated into collagen scaffolds. These 

nanocomposites showed improvement on properties of collagen scaffolds as higher resistance 

against hydrolytic and enzymatic degradation, and higher tensile strengths. In vivo studies 

revealed promising healing effects of crosslinked collagen/gold nanoparticle nanocomposites, 

improved TS and elastic modulus, high-wound closure percentage, reduced inflammatory 

response, increased neovascularization, and granulation tissue formation than any other treatment 

group (CS-X and/or Matriderm) or untreated control group. The overall effect of AuNPs can be 

enhanced by increasing the concentration of AuNPs [114]. 

 

 



2.8 Agarose-Gold Nanoparticles 

Agarose is a straight-chain polysaccharide extracted from seaweed or other vegetables. Agarose 

powder is soluble in water when heated above 90°C. When cooled down to room temperature 

(25–35 °C) it forms a semi-solid gel. The gel gelation characteristics created by the presence of 

hydrogen bonds can be destroyed by any factor lead to the destruction of hydrogen bonds. The 

pore size of agarose could be changed by the concentration of agarose powder. The gelling 

properties, stability, shrink and swell features; absorption behavior has made agarose gel more 

accessible in the food, pharmaceutical, chemical and textile industries [115-117]. 

Agarose-stabilized gold nanoparticles yield higher SERS activity for DNA nucleosides which 

gives the freedom of using this AuNP for on-chip biosensing applications.  The SERS activity of 

nucleosides with Agarose-AuNP was compared to that of commercially obtained citrate-

stabilized gold nanoparticles and the results reveal that the SERS signals obtained with Agarose-

AuNP was found to be more as compared to the other one. The higher SERS activity is explained 

in terms of the agarose matrix, which provides pathways for the gold nanoparticles to have 

distinct arrangements that result in stronger internal plasmon resonances. The work reported that 

the agarose stabilized AuNPs can detect DNA nucleosides in micromolar range by using SERS. 

The SERS activity of nucleosides with agarose AuNPs was more pronounced as compared to 

that of commercially obtained citrate-stabilized AuNPs. Agarose stabilized AuNPs guarantees 

nondegradation of probe molecules. On the other hand, the gelation property of agarose can 

enable easy film formation that could be useful for on-chip biosensing applications [118]. AuNPs 

improve the SERS activity which can be helpful for on-chip biosensing applications towards 

detection of single molecules as well as identifying their chemical structure. SERS now offers 

label-free detection of biomolecules. Binding of oligonucleosides to AuNPs surface can enable 

to detect multiplexed DNA. The real-time DNA detection methodology can be done via rapid 

sequencing of single DNA bases due to SERS properties of AuNPs [119]. Agarose gel was used 

as a template for the preparation of gold nanoparticles–agarose gel composite by adsorption of 

prepared colloidal GNPs. The shrink–swell properties of agarose gel combined with the optical 

absorption properties of GNPs, make the composite film an eligible SERS substrate for the 

detection of Raman signal for various molecules (such as Niel blue A sulfate (NBA), 4-

mercaptobenzoic acid (MBA), 1-naphthalenethiol (1NAT)). When the composite film was 



exposed to the air, the agarose gel started to dehydrate and eventually shrinked. The GNPs got 

close to each other and the hot-spot effect generated. Results revealed that this composite film 

could be used as an effective SERS substrate for the detection of Raman signal molecules (NBA, 

MBA, 1NAT). The SERS signal showed a gradual increase upon the dehydration process due to 

the dynamic hot-spot effect. Raman molecules can be washed by a cleaning solution and reused 

[120]. 

2.9 Chondroitin sulfate-gold nanoparticles 

Chondroitin sulfate (CS) is a sulfated glycosaminoglycan (GAG) that is composed of two 

monosaccharides arranged alternatively with D-glucuronic acid (GlcA) and N-acetyl-D-

galactosamine (GalNAc). These two monosaccharides of chondroitin made up of 100 individual 

sugars that can be sulfated at distinct positions. These sulfated chondroitin attach with protein in 

the form of a proteoglycan. CS is one of the most important structural constituents of cartilage 
[121]. Chondroitin is also used as a therapeutic moiety to treat osteoarthritis and approved as a 

symptomatic slow-acting drug [122, 123]. Liu et al., reported a new switch-off fluorescent probe 

using CS for uric acid determination based on the inner filter effect (IFE). As the IFE 

absorber/fluorophore had poly (vinylpyrrolidone)-protected gold nanoparticles (PVP-AuNPs) 

and chondroitin sulfate-stabilized gold nanoclusters (CS-AuNCs). The detection limit was 

around 0.3μM [124].  Gurav D et al, reported chondroitin sulfate (CS) coated gold nanoparticles 

as a novel approach to resolve multidrug resistance and thrombo inflammation triggered by the 

chemotherapeutic drug [125]. According to Ma et al, quantitative analysis of CS is possible with 

interaction among CS and AuNPs and silver nanoparticles (SNPs) by observed spectral changes 

in absorbance. Surface Plasmon Resonance (SPR) was used to examine the characteristics of 

their spectrum after interaction. The method was useful for the determination of the CS contents 

from different biological origins. The results showed that there are no such effects by small 

quantity of blood plasma on the determination of CS even when the CS to heparin concentration 

ratio was more than 10:1 [126]. In another work, AuNPs were used as drug delivery vehicle for 

enhancing the delivery of CS and exhibited the potential of AuNPs-CS for the treatment of 

osteoarthritis. AuNPs-CS was known to stimulate cell proliferation and cause the two-fold 

increase in glycosaminoglycan and collagen production when compared to native CS [127]. 

According to report of Cho HJ et al synthesized CS capped AuNPs and were used them for 
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delivery of oral insulin (INS) under in vivo condition was investigated. CS-capped AuNPs when 

loaded with INS with about 123 nm mean diameter and they were found to stabile for upto 7 

weeks. It was observed that AuNPs/INS showed 6.61 fold higher INS concentration in blood 

plasma level after 120 min of oral administration in streptozotocin induced diabetic rat model as 

compared control group [128]. Noh HJ et al reported that CS-reduced AuNPs can be a promising 

method for rapid on-site melamine screening in milk products. Here AuNPs were green-

synthesized by interaction of Au3+ and CS raising temperature. The yield ratio of Au3+ to Au0 

after CS induced reduction of gold was 80.1%. CS reduced AuNPs were used as nanosensor to 

detect melamine. It showed linear relationship with absorbance ratio (A620nm/A530nm) with 

melamine concentration range between the 0.1-10 µM. The lowest detection limit of melamine 

quantified was lower as 12.6 ppb [129]. Kalita M et al reported a ultrasensitive technique of 

sensing oversulfated chondroitin sulfate (OSCS) in heparin by means of a nanometal surface 

energy transfer (NSET) that was based on gold heparin dye nanosensor. This was able to detect 

OSCS with concentration as low as 1 × 10-9 % (w/w) that can be useful for validation of 

pharmaceutical heparin [130]. 

2.10 Gelatin-gold nanoparticles 

Gelatin is usually derived from animal tissues including bones and skin of animals such as 

domesticated cattle, pigs, chicken and fish. Gelatin is a kind of mixture made up of protein 

and peptides after partial hydrolysis of collagen derived from animal body tissue. It is virtually 

tasteless and colorless [131]. Suarasan et al reported FLT3 inhibitors via gelatin-coated gold 

nanoparticles for the treatment of acute myeloid leukemia with better efficiency. FLT3 

inhibitors, namely midostaurin, sorafenib, lestaurtinib, and quizartinib were individually loaded 

onto gelatin-coated gold nanoparticles. Among them quizartinib-loaded AuNPs were 

investigated against OCI-AML3 acute myeloid leukemia cells and were shown to improve drug’s 

efficacy [132].  

2.11 Fucoidan-gold nanoparticles 

Fucoidan is a sulfated polysaccharide (molecular weight: average 20,000) found in various 

species of brown seaweed/algae. Fucoidan (Fu) is one of the important ingredient in dietary 
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supplement products. It is a group of fucose containing sulfated polysaccharides with backbone 

made up of (1→3)-linked α-l-fucopyranosyl or of alternating (1→3)- and (1→4)-linked α-l-

fucopyranosyl residues. These sulfated polysaccharides have potentially useful bioactive 

functions for humans [133]. It is a naturally occurring polysaccharide component that is also 

having anti-cancer activity. It can target key apoptotic molecules involved in cancer progression. 

It can selectively harm cancer celland overcome the systemic toxicity to healthy cells during 

chemotherapy and radiation therapy. Thus Fucoidan can be used to show significant synergistic 

effect with other anti-cancer agents [134]. Fucoidan displays anti-cancer property by various 

mechanisms such as induction of apoptosis, cell cycle arrest and immune system activation. In 

addition to this, fucoidan can also induce inflammation through immune system, stem cell 

mobilization and oxidative stress as reported by Kwak et al [135]. Manivasagan P et al 

demonstrated that biocompatible AuNPs were synthesized by means of a naturally occurring 

fucoidan and was used as both capping as well as reducing agent. Fu-AuNPs loaded with 

doxorubicin (DOX) can be used for drug delivery and photoacoustic imaging (PAI). The release 

kinetics shows that the release of DOX from DOX-Fu AuNPs was greater in acidic pH (4.5) as 

compared to physiological pH (7.4). Cytotoxic efficacy of DOX-Fu AuNPs (inhibitory 

concentration of 5μg/ml) at 24h can inhibit the proliferation of human breast cancer cells. The 

DOX-Fu AuNPs could also be used for photoacoustic imaging (PAI) of breast cancer cells [42]. 

In another report, AuNPs coated with fucoidan-mimetic glycopolymers exhibited promising anti-

cancer properties. They showed selective cytotoxicity to human colon cancer cell lines 

(HCT116), with significant biocompatibility to mouse fibroblast cells (NIH3T3) [136]. 

2.12 Guar gum-gold nanoparticles 

Guar gum (guaran) synthesized from guar beans which has stabilizing as well as thickening 

properties [137]. Pandey et al, reported a cost effective and eco-friendly method for the synthesis 

of AuNPs using guar gum (GG) as a reducing agent. GG/AuNPs nanocomposite was used for 

detection of aqueous ammonia based on SPR and detection limit of ammonia was around 1ppb 

(parts-per-billion) [41].  
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2.13 Hyaluronic acid-gold nanoparticles 

Hyaluronicacid (HA), a naturally occurring polysaccharide composed of N-acetyl-d-glucosamine 

and d-glucuronic acid arrange alternatively. HA have strong affinity with CD44cell-specific 

surface marker, which is overexpressed in many cancer cell types. It plays an important role in 

cell migration under compact tissue environment by offering an open hydrated matrix that 

enables cell migration. [138]. It is known to have specific interaction between HA and cell 

surface HA receptors, RHAMM (receptor for hyaluronan-mediated motility), HARE (HA 

receptor for endocytosis) facilitate cell migration [139-142]. Short oligomers of HA are known to 

possess (3–9 disaccharide units), shows anti carcinogenic effect [143, 144]. 

Hosseinzadeh H. et al reported, SN38conjugated to negatively charged HA, further deposited 

over positively charged AuNPs through electrostatic interaction. Under in vitro condition drug 

release was increased up to 30 % in acidic conditions (pH 5.2) after red LED illumination (6min) 

as compared to control. The combination therapy was found to have reduced the migratory 

potential and increased the toxicity against HT29, SW480 and CHO cells [145]. For tumor 

diagnosis and therapy multifunctional nanoprobes are drawing more attention. Li B et al reported 

two types of nanoprobes viz gold nanorods and gold nanospheres. These AuNPs were coated 

with thiolated-hyaluronic acid labeled with nile blue, which enhanced cellular uptakes in human 

breast carcinoma cells (MCF-7) through overexpressedCD44 receptor. Studies suggested that 

rod-shaped bioprobe were outstanding candidates for imaging and photothermal therapy to 

MCF-7 cells [146]. According to Kumar et al, HA served as a capping as well as targeting agent 

for metformin delivery with AuNPs. Evaluation of synthesized HA-AuNPs loaded with 

metformin showed significant reduction in G2/M phase of HepG2 cells and reduced their growth 

as compared to free metformin [147]. Zhao L et al reported SERS active gold nanochains 

(AuNCs) were used for detection and photodynamic therapy (PDT) of cancer. AuNCs were 

prepared by using HA as a template. AuNCs have an effective SERS property and exhibited 

maximal absorption at near-infrared (NIR) region. These nanoformulations showed better 

cellular uptake with excellent phototoxicity [148]. Lin CM et al, reported that Benzo[a]pyrene 

(BaP) (present in cooking oil fumes) can stimulate lung cancer cell proliferation due to the 

induction of inhibitor of apoptosis protein-2 (IAP-2). They synthesized a biocompatible HA 

coated AuNPs loaded with IAP-2-specific small-interfering RNA (siRNAs). AuNP-HA were 
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taken up effectively byA549 cells through CD44-mediated endocytosis. Cell migration and 

matrix metalloproteinase-2 were suppressed after treatment with AuNP-HA-IAP-2 siRNAs 

[149]. Li J et al reported use of HA-modified Fe3O4@Au core/shell nanostars (Fe3O4@Au-HA 

NSs) for computed tomography (CT), magnetic resonance (MR) and photothermal therapy of 

cancer were explored. Synthesized Fe3O4@Au-HA NSs NIR having absorption properties that 

allows nanoprobe for imaging and photothermal ablation of cancer cells under both in vitro and 

in vivo conditions [150]. Song Y et al reported, AuNPs were functionalized with HA, cresyl 

violet and porphyrin to be used as nanoprobe. They were used for phototherapy and fluorescence 

imaging via enhanced cellular uptake.Here the nanoprobe became highly fluorescent under 

ultraviolet irradiation and in the presence of hyaluronidase enzyme [151]. Li N et al reported a 

biocompatible nanoformulation of cyclodextrin-grafted hyaluronic acid constructed from AuNPs 

(HACD-AuNPs) for the delivery of drugs such as doxorubicin hydrochloride (DOX), 

camptothecin, irinotecan hydrochloride, paclitaxel and topotecan hydrochloride. Toxicity of Dox 

was minimized with aid of nanoformulation (HACD-AuNPs) [152]. 

2.14 Cyclodextrin-gold nanoparticles 

Cyclodextrins are made up of sugar molecule produced after enzymatic conversion of starch. It is 

used for drug delivery and pharmaceutical applications [153, 154]. Cyclodextrin is made up of 5 

or more α-D-glucopyranoside units. They have varying number of glucose monomer and are 

categorize depending on glucose monomer ranging from six to eight units present in a ring. 

Types of cyclodextrin include, α (alpha) cyclodextrin (6-membered sugar ring molecule), β 

(beta) cyclodextrin (7-membered sugar ring molecule) and γ (gamma) cyclodextrin (8-membered 

sugar ring molecule) [155]. Hu Yet al, reported a biocompatible cellulose nanocrystal (CNC)-

AuNPs hybrid with rod-like morphology. This hybrid contains β-cyclodextrin cores and 

ethanolamine functionalized poly (glycidyl methacrylate) arms through gold thiolate bonds with 

host-guest interaction. This nanohybrid was used for photoacoustic imaging and combined 

photothermal/gene therapy of cancer [156]. Lee D et al, reported AuNPs conjugated with 

thiolated beta cyclodextrin (AuNP-S-β-CD) loaded with Baicalin, an anti-cancer drug can induce 

apoptosis in MCF-7 cells. Western blot analysis revealed that the cell death happening via 

induction of apoptosis in MCF-7 cells [157]. Chen W H et al, reported a multifunctional 

nanocomposite based on AuNP@CD with pH sensitive anticancer prodrug AD-Hyd-DOX and 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20N%5BAuthor%5D&cauthor=true&cauthor_uid=24566666
https://en.wikipedia.org/wiki/Enzyme
https://en.wikipedia.org/wiki/Starch
https://en.wikipedia.org/wiki/Alpha-Cyclodextrin


cancer-targeted peptide AD-PEG8-GRGDS. Nanoparticles were constructed by host-guest 

interaction for active targeting of cancer. AuNP@CD-AD-DOX/RGD nanocomposite showed 

selective uptake in cancer cells due to receptor-mediated endocytosis. They showed triggered 

release in acidic environment and induced apoptotic cell death in cancer cells [158]. Bakar et al 

reported, three lignan conjugated AuNPs were synthesized. Surface modification of AuNPs 

performed by using thiolated β-cyclodextrin (β-CD) for imaging as well as for drug delivery 

applications. They investigated the antiproliferative properties of three lignans-AuNP conjugates, 

lariciresinol, pinoresinol and secoisolariciresinol on the MCF-7 cell lines [159]. Mieszawska AJ 

et al reported, poly(lactic-co-glycolic) acid (PLGA) polymer-lipid NP loaded with doxorubicin in 

polymeric core and sorafenib (anti-angiogenic drug) loaded in lipid corona. The nanoformulation 

made of cyclodextrin which contained doxorubicin encapsulation in the core of nanoparticles and 

gold nanocrystals for imaging. Release kinetics of nanoparticles showed rapid release of the 

sorafenib (corona drug) and late release of doxorubicin (core drug) [160]. According to another 

report by Heo DN et al, AuNPs with rhodamine B linked beta-cyclodextrin (β-CD) was used for 

therapy as well as diagnosis of the cancer cells. AuNPs surface-functionalized with PEG, 

paclitaxel (PTX) and biotin can be beneficial for cancer therapy as a theranostic agent without 

any systemic toxicity to normal cells. PTX (anti-cancer agent) was effectively released from 

nanoformulation using the intracellular glutathione (GSH, 10 mm) [161]. 

2.15 Dextran sulfate-gold nanoparticle 

Dextran is made up of glucose molecules arranged in complex 

branched glucan (polysaccharide) having varying chain length ranging from 3 to 2000 kilo 

Daltons. Glucose molecules are linked together via α-1, 6 glycosidic linkages, while α-1,3 

linkages formed between branches. On the other hand, dextran sulfate comprises approximately 

16–19% sulfur that is corresponding to almost 1.6–2.4 sulfate groups per glucosyl unit 

[162]. Dextran sulfate is biocompatible as well as biodegradable anionic biopolymer [163]. 

Saksono B et al, reported new technique with the aid of identifying trace amounts of dengue 

virus (DENVs) from serum sample. In this method sulfated sugar chain-immobilized over the 

AuNPs interacts with DENV’s surface glycoprotein resulting in precipitation of the complex. 

Reverse-transcription quantitative polymerase chain reaction used to detect the viral RNA 

content. These nano formulations have greatest sensitivity; detect low concentrations of DENVs 
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by using only 6 μL of serum sample [164]. In another report, AuNPs was shown to detect DNA 

mismatches and damages by using oligonucleotide-modified AuNPs as a probe. The 

hybridization of AuNP probes and target DNA results in nanoparticle aggregation. Further 

addition of dextran sulfate can separate out non-aggregated AuNPs from aggregated ones 

causing change in the absorption band [165]. 

3. Conclusion & Future Perspectives 

Table-1 summarizes various AuNP-Biomacromolecule nancomposites for therapy and diagnostic 

applications. AuNPs have promising approach for drug delivery, imaging and cancer treatment. 

Wide varieties of biological macromolecules are used in combination (surface modification [146, 

166, 167], direct covalent conjugation [149, 151, 158, 168], ionic interaction [71, 80, 136] etc) 

with AuNPs.  These modifications are helpful for combinatorial therapy by incorporating 

chemotherapeutic drugs. Reports have shown that biopolymers in combination with gold 

nanostructures are excellent candidates for active targeting, bio sensing and sustained drug 

delivery applications. Several kinds of nanoformulation based on AuNPs are being prepared by 

synthetic methods and deployed in pre-clinical studies. Biomacromolecule - AuNPs mediated 

photothermal effect can be augmented with increased tumor accumulation of nanoformulations. 

The extinction coefficients of AuNPs are higher as compared to dyes, leading to promising 

platform for imaging as well as sensing of trace elements. Green-synthetic methods are applied 

to make biocompatible AuNPs in combination with biological macromolecules that can improve 

therapeutic effects by enhancing cellular uptake at tumor site. Synergistic effects are observed 

when PTT and chemotherapeutic drugs are combined with biological macromolecules. These 

multifunctional nanosystems shall impart effective and specific cancer cell killing by avoiding 

the systemic toxicity to normal cells thereby playing an important role in translational cancer 

research. 

While more research work is required for few biomacromolecules such as carrageenan, gelatin 

and guar gum in combination with AuNPs, the existing pool of knowledge provides fair insight 

into the potential of all the composites discussed for various biomedical applications, especially 

biosensors. As most of the macromolecules discussed in this review are water soluble and 

biocompatible, wearable and washable sensors from some of these nanocomposites for 



measuring analytes in sweat have huge potential for translation. Such wearable devices could 

also be extended as dressings, where AuNPs can detect presence of any infection over the course 

of wound healing. Post surgical implants of these nanocomposites for photothermal treatment of 

residual tumours can also be explored. Even though gold-biopolymer composites are so far tested 

only up to preclinical stage, the clinical trials of gold based nanomaterials [169] and few of the 

biopolymers such as Dextran [170] and β-cyclodextrin [171] provides a positive outlook on the 

translational potential of their composite structures. 
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Figure 1: Gold nanostructures combined with functional biomacromolecules for 

therapeutic and diagnostic applications 
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Fig. 2: (A) Cross-section of the functional layers on the sensor electrode and SEM images of one 
layer of SWNT (top left corner); one layer of SWNT/GNp (top right corner); 
PAA/SWNT/CS/GNp/GOx film (bottom left corner); PAA/SWNT/(CS/GNp/GOx)3 (bottom 
right corner);) film on the sensor electrode surface. (B) A general scheme depicting the three 
enzymatic glucose detection mechanisms, presented as the first (G1), second (G2), and third 
(G3) generation glucose sensors. (C) Glucose sensing using the on-chip electrochemical sensing 
system S2D2 by cyclic voltammetry of Pt electrode modified with PAA/SWNT/ (CS/GNp/GOx)3 
layers obtained in 0–40 mg/dL glucose solutions with the voltage between WE and RE ranges 
from -0.4 V to 0.4 V at a scan rate of 50 mV/s; steady-state calibration curve of the 
PAA/SWNT/(CS/GNp/GOx)3 functionalized Pt electrode at applied potential 0.2 V with linear 
detection range shown in the inset. Error bars = ± standard deviation and n = 3. (D) Correlation 
between blood glucose and saliva glucose of a healthy subject at fasting state; summarized saliva 
glucose levels indicating individuals’ health conditions from literature [56]. 
 



 

Fig. 3: (A) Design of the SERRS detection of melamine using CSPNPs. (B) SEM image of 
CSPNPs showing “nanodots” with the size of about 10nm, just like the petals of popcorns with a 
particle size of 80 nm. (C) Raman spectra of different reaction solutions (a) H2O2, TMB, 
CSPNPs; (b) TMB, CSPNPs; (c) H2O2, CSPNPs; (d) H2O2, TMB; (e) CSPNPs. (D) The 
selectivity of the proposed method towards melamine detection. Inset graph illustrates the linear 
calibration plot for melamine detection [57]. 

 

 



 

Fig. 4: (A) TEM image and (B) AFM image of chitosan-Au composite (Au content-120 ppm). 
(C) A comparison between Chitosan and Chitosan-Au for wound repair for the rat dorsal skin 
(for n = 5) evaluated as the wound healing ratio from different dressings (*p < 0.05). (D) The 
histology of the wound obtained at 7 days post surgery for: (i) control group (Tegaderm) (100×), 
(ii) chitosan group (100X), (iii) chitosan-Au group (100X) and (iv) chitosan-Au group at higher 
magnification (200X). (E) Hemostatic evaluation for chitosan: (i) bleeding (marked by the white 
arrow) from the rat hepatic portal vein and (ii) the appearance of dressing after removal; and that 
for chitosan-Au nanocomposites: (iii) hemostasis in the rat portal vein (blot clot marked by the 
black arrow) and (iv) the appearance of dressing after removal [70]. 

 

 



 

Fig. 5: Left top panel showing gold nanoparticles incorporated in alginate microcapsules 
(AuMCs) preparation. Left bottom panel showing MCs in vitro micro-CT data acquired at a low 
entrance dose at different AuNP concentration (i-v) and their segmentations (yellow in vi-x) 
Right panel showing low dose CT reconstructed single slices (54 μm thick) of the mice injected 
with AuMCs-0 (A), AuMCs-1 (B), and AuMCs-2 (C) at the peritoneal cavity height in gray scale 
and the corresponding slices with fat tissue, AuMCs, and bone segmented in blue, yellow, and 
white, respectively. 3D rendering of the entire mice injected with AuMCs-0 (D) and AuMCs-1 
(E) acquired with the preclinical micro-CT scanner at 116 μm isotropic voxel size. The AuMCs 
are segmented in yellow and outlined with red dashed circles [80]. 
 

 

 



 

Fig. 6: (A) Synthesis of CNC-Au NP-PGEA and CNC-Au NR-PGEA (B) TEM images of CNC-
Au NR. (C) In vitro gene transfection efficiencies of plasmid pEGFP-N1 encoding enhanced 
green fluorescent protein (EGFP). Administration of CNC-Au-PGEA/pDNA complexes at 
various W/W ratios compared with those of PEI (at its optimal N/P ratio of 10, black bar) and 
CD-PGEA (CD-PGEA1 (red bar) and CD-PGEA2 (blue bar) at their optimal N/P ratios of 20 in 
C6 cell lines. (D)(a) Vis-NIR absorption spectra of Au NR and CNC-Au NR-PGEA2. (b) 
Temperature elevation of water and CNC-Au NR-PGEA2 solutions with different concentrations 
(30 to 90 μg/mL) as a function of irradiation time. (c) Fluorescence images of C6 cells with and 
without CNC-Au NR-PGEA2 after irradiation at 808 nm (2 W/cm2),The cells stained with 
propidium iodide (dead cells) while cells stained via fluorescein diacetate (live cells) (d) 

Temperature variation by IR thermal camera shows the temperature variation at the tumor site (e) 

Infrared thermal images recorded at the irradiation time of 0, 2 and 5 min (f) Images of C6 
tumor-bearing mice after injection with PBS or CNC-Au NR-PGEA2 and further exposed with 
808 nm laser (2 W/cm2). (g) H & E stained images of dissected tumors after different treatments 
(scale bars: 100 μm). (h) PA intensity and images (inset) of CNC-Au NR-PGEA2 solutions at 
different concentrations. PA images of CNC-Au NR-PGEA administered mice (i) before and (j) 
after intratumoral injection with tumor site (being highlighted by black dotted circles) showing 
enhanced PA signal (green) by CNC-Au NR-PGEA2 [104]. 
 

 

 



Table-1: Summary of various gold nanoparticle (AuNP) – Biomacromolecule composites 

for therapy and diagnostic applications. 

 

S. No. 

 

Composite 

 

Active Ingredient 

 

Application 

 

Reference 

1.  Chitosan AuNPs Insulin Drug delivery [53] 

2.  Chitosan 

oligosaccharides AuNPs 

Paclitaxel Drug delivery 

and PAI 

[55] 

3.  Chitosan AuNPs Poly acrylic acid/cisplatin Drug delivery [58] 

4.  Chitosan gold 

nanohybrids 

 

DOXO/SPION-PLGA 

PDT and 

fluorescence-

based imaging 

[61], [62] 

5.  Chitosan AuNPs Fe3O4/acetylcholinesterase

/cholineoxidase 

Amperometric 

sensor 

[71] 

6.  Kappacarrageenan- 

AuNPs 

Polypyrrole Biosensor [76] 

7.  AuNPs incorporated in 

alginate microcapsules  
- 

Micro-CT 

tracking 

[80] 

8.  Alginate- AuNPs 
Peroxidase 

Amperometric 

sensor 

[82] 

9.  Starch- AuNPs - Biosensor [88] 

10.  Gold based chitin–

MnO2 ternary 

composite nanogels 

 

- 

magnetic 

hyperthermia 

[98] 

11.  Bacterial cellulose-

AuNPs/AuNRs 
- 

Gene therapy 

and PAI 

[104] 



12.  AuNP-cellulose 

nanocomposite 

Heme proteins 
Amperometric 

sensor 

[105] 

13.  Collagen/AuNPs - Wound healing [114] 

14.  Agarose-stabilized 

AuNPs 

- SERS [118], [119] 

15.  AuNPs–agarose gel - SERS [120] 

16.  Chondroitin sulfate 

(CS) coated AuNPs 

Insulin Drug delivery [128] 

17.  Fucoidan capped 

AuNPs 

Doxorubicin Drug delivery 

and PAI 

[42] 

18.  Fucoidan-mimetic 

glycopolymers coated 

AuNPs 

- Anti-cancer [136] 

19.  Guar Gum/AuNPs 

nanocomposite 

- SPR based 

biosensor 

[41] 

20.  Thiolated-hyaluronic 

acid coated gold 

nanorods and 

nanospheres 

 

Nile Blue 

Imaging and 

Photothermal 

therapy 

[146] 

21.  HA coated AuNPs IAP-2-specific small-

interfering RNA 

Anti-cancer [149] 

22.  HA functionalized 

AuNPs 

Cresyl violet and 

porphyrin 

Phototherapy 

and 

fluorescence 

imaging 

[151] 

23.  AuNP-Cyclodextrin Peptide AD-PEG8- Anti-cancer [158] 



GRGDS Therapy 

24.  β-cyclodextrin modified 

AuNPs 

Lignans (lariciresinol, 

pinoresinol and 

secoisolariciresinol) 

Imaging and 

drug delivery 

[159] 

25.  β-cyclodextrin 

functionalized AuNPs 

Rhodamine B Cancer 

theranostics 

[161] 

26.  Dextran sulfate-AuNPs Sulfated sugar chain Diagnosis of 

Dengue virus 

[164] 

 

 

 

 


