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Abstract

The rapid progress in the field of nanotechnology provides a variety of opportunities to improve the therapeutic strategies to fight

against life-threatening diseases like cancer, HIV, COVID-19, etc. In general, higher atomic number metal nanoparticles are used for

this purpose. Among a number of heavy metal nanoparticles, the gold nanoparticles of different particle sizes are more attractive due

to their suitable physical and chemical properties along with excellent electromagnetic radiation absorption ability. Several disciplin-

ary works are in progress for the last few decades to improve the applications of gold nanoparticles as biomedicine by reducing their

toxicity and enhancing their efficacy.
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Introduction

The nanometric form of gold, known as gold nanoparticle
(GNP) is a vital entity in biomedical application [1-6]. GNP serves
vital remedial role in various diagnostic field such as several heart
related problems, arthritis, venereal issues, hysteria, tumors, and
also in the field of syphilis diagnoses. Several clinical processes
such as, radiotherapy [7], photo thermal therapy [8], CT imaging
[9], drug delivery [10], nano-enzyme delivery [11], targeting etc.
are recently used for the treatment of these diseases. GNP is very
good chemical which is used for different purpose of these clinical
methods. In the present review, a brief description of these tech-
niques will be delivered along with the importance and the use of

GNP for these clinical processes.

Descriptions of clinical methods

Radiotherapy: In the process of radiotherapy, a high inten-
sity radiation beam (the radiation may provide externally or
the source of radiation may also can implanted in the body)
is freed to tumors until the ruin of intracellular components
or the death of stem cells which induces the tumor. This type
of treatment is very effective. More than half of the cancer pa-
tients could be cured by this method [12-17].

Photo thermal therapy: The photo thermal therapy (PTT) is
a clinical process in which the treatment was done by the help
of light. In this process the light was absorbed by the plasmon-
ic nanoparticles which generate heat to destroy the affected
cells by the help of thermal ablation [18,19].

CT imaging: The computed tomography (CT) imaging is the
process in which the 3D imaging of tissue is done with high
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accuracy. It is generally noticed that the elements which have
a high atomic number and also have a high density, is a good
absorbent of x-rays. If consecutively the x-ray energy is equal
to the targeted atom K-shell electron binding energy then a
sudden increase of absorption noticed, which is identified as
K-edge. For that reason, to access a good contrast images we
have to tune x-ray source energy in between the range of tar-

geted atoms K-edge contrast [20,21].

e Drug delivery: In the process of drug delivery, the required
drugs send to the targeted area by the help of special carrier.
When GNP is used as a drug carrier, there are several scope
of modification of its surface area by appropriately changing
the functional group over its surface. Presently, cationic poly-
mer such as thiol, amine or carboxyl group are employed to
enhance the surface area of GNP to attach more drug on its
surface [22,23]. The surface engineered GNP provides a stable
and efficient immobilization of the drug. It is superior to pro-
tect the drug from the effect of enzyme degradation by the help
of encapsulation of the drug with GNP complexes and in that
case the serum proteins present in the blood stream couldn’t
harm it. In the case of targeted drug delivery, we have to attach
the target specific molecules with the drug-GNP complexes to

deliver at cell specific zone [24].

Advantages of the use of GNP

The several uses of GNP in cancer treatments as well as radio-
therapy, photo thermal therapy, CT imaging and drug delivery are
explored in recent time. This is because, its physical, chemical, elec-
tronic and optical properties are far better in the direction of its
application in the field of clinical and therapeutic use than other
metals. It holds a good biocompatibility, strong absorption power
and a high accumulation rates with a simplified surface chemistry
property which help it to exhibit a better molecular attachment ca-
pacity. If we want to functionalize the GNP with small molecules,
DNA as well as proteins then we have to use the surface coating
technique of GNP with the help of the group of phosphate-contain-
ing agent like thiol or amine. By the help of surface modification,
we can improve the efficiency, stability, toxicity and reduces the ag-

gregation probability of GNP.

Rapid expansion of the use of gold nanoparticles (GNP) in the
field of clinical and biomedical areas at present research avenue

has inspired us to explore more usefulness of GNP in the similar
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and allied fields. Present review will help to catch up a glimpse of
the present status in the research filed and clinical uses along with

predicted future aspects.

Use of GNP in different avenues of clinical and therapeutic area

Radio therapy for cancer treatments

Cancers is a big threat for our human society as well as health
and standard of life. In this situation radiotherapy show a signifi-
cant prosperity on cancer treatment. Mainly two types of radio-
therapy are commonly used. These are named as externally placed
beam radiotherapy and internally placed radioisotope therapy.
These two methods are frequently implemented in present time
cancer treatment. It is observed that there are positive effects on
regional lymph node, early and terminal case of solid tumors and
metastatic stage tumors also. A cellular damage takes place in
this process when the biological tissues exposed in front of ion-
ized radiation. However, till now, this clinical process has major
limitations. There are toxic side effects and local discomforts of its
use. Unwanted dose heterogeneity and a long-range exposure of
healthy tissues are also the major concern. There has a strong evi-
dence which suggests that if the radio resistance of a tumor cell is
developed then it requires higher doses radiation treatment, which

may cause of damage or death of normal cells and tissues.

There are several therapeutic methods presently have devel-
oped in radiotherapy field, such as inverse treatment planning with
the help of improved computer assistance, radiation therapy with
the help of intensity-modulation, image guidance, particle therapy
and stereo-tactic radiation therapy to provide more accurate and
efficient amount of drug dose delivery to the targeted zones [25].
Now a days, different proposal of strategies are coming out in a
response to balance the tolerance level of the patient and reduce
other harmful side effects. It may be highlighted such as an attempt
to enhance the radiation tolerance quality of the normal tissues,
reversing the resistance of radiations of tumour tissues, maintain
the limit of the radiation deposition dose in tumour volume. Re-
search activities are also going on to increase the radio sensitiza-
tion percentage of tumour tissues [26]. The radio sensitizers are
the chemical or biological compounds which can enhance the ef-
fective dose of radiation therapy in the case of cancer cells. For this
reason, it gained a lot of attention in cancer treatment. The heavy
metal nanoparticles, such as bismuth (Z = 83) [27], gold (Z = 79),
tungsten (Z = 74) [28], tantalum (Z = 73) [29], hafnium (Z = 72)
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[30] and silver (Z = 47) [31] are normally used for dose enhancers
in the case of radiotherapy for their strong ability of attenuation of
photons, and a strong ability to maintain the deposition rate of ra-
diation. These elements are also identified as “nanoenhancers” and
have much more mass energy absorption coefficients than other
normal soft tissues [32]. The absorption advantage may even in-
crease ~100 times. After a several investigations on various kinds
of nanoparticle for the use of radio therapy applications, it is identi-
fied that the gold nanoparticle has better efficiency for the clinical

applications and treatment of various kind of cancers.

The factors that helps gold nanoparticle as a better radiothera-

py sensitizer are as follows:

1. The GNP has a high Z number which helps it to hold a high

coefficient of photoelectric absorption.
2. GNP has large surface area to volume ratio.

3. GNP is inert material which has excellent biocompatibility
and low level of biological toxicity compared to other tradi-
tional agents such as cyclooxygenase-2 inhibitor, cisplatin,
iodinated DNA-targeting agents, dazone.

4. GNP is high contrast agent for cell imaging and thus, very

useful for clinical diagnosis.

5. GNP has enhanced permeability and retention (EPR) effect
and a very low systemic clearance at the affected site. It can
preferentially deposit at tumour cells. On the other hand, It
has very low permeability in the blood vessels and normal
capillaries in different tissues such as lungs tissues, skin

and heart.

6. The GNP has a good controlled size distribution as well as
unique electro-chemical and optical properties in between
the range of 1 to 150 nm.

The review of Yao Chen,, et al. [33] summarize the various ap-
plications and role of gold nanoparticle in several types of localized
radiations includings X-rays, gamma rays and proton therapy. This
paper also tries to discuss on the strong mechanism of radio-sensi-
tization to give a basic theoretical knowledge for future generation

to develop the nanoparticle assisted radiotherapy.
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Gold nanoparticle as a multi-functional agents

Due to the difficulties of in vivo drug delivery by the first
generation nanoparticle, the second and third generations of
nanoparticle are appropriately designed in taking the focus on the
modifications of surface. The modifications may help it to make
more efficient in enabling and targeting. Taking all concerns into
our account we can say that the fictionalized gold nanoparticle can

exhibit a large range of application advantages:

1. It enhances the blood circulation period and the uptake
capacity of cells in tumour, and also with developed clear-
ance, targeted at the inhibiting tumour metastasis and in-

vasions.

2. Its coupling sites may offer to help biomarkers in the case

of efficacy predictions and disease diagnosis.

3. Specified targeting sites in the case of targeting drug de-
livery, we can reduce the toxicity, take back the clearance
and surveillance by the help of immune system and try to
inhibit multidrug resistance (MDR).

4. Itcan deliver the drugs at the targeted zones in control for-

mats and also helps to reduce the side effects.

Active targeting and passive targeting are the two types of tar-
geted drug delivery methods that are normally used to ensure the
adequate concentrations of the gold nanoparticle into the tumour
cells. In a case of passive targeting, it is observed that a high amount
of endocytic uptake by the cancer cells and the tumour vascular
leakage around it was used to organize large levels of accumulation
of the nanoparticle into the tumour cells. On the other hand, in the
case of the active targeting the gold nanoparticle was quoted as per
requirement with the specific molecules to target the receptors of

the cancer cell. Its function is similar to the function of antibodies.

Use of enveloped GNP

In very recent age, the use of enveloped GNP is increasing due
to several advantages of its modeling. It is very easy to decorate
the envelope of GNP having the desired property according to the
choice of its use. So far a variant of organic and inorganic com-
pounds are used for the coating of GNP. A few of them are described

here.
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PEG coated GNP

Polyethylene glycol (PEG) is a well-known surface modifier. We
can hide the gold nanoparticle by the help of polyethylene glycol
surface coating. This kind of characteristics helps us to reduce the
gold nanoparticle identification capacity by the help of RES and
the gold nanoparticle surveillance, to enlarge the efficacy of blood
circulation time. The polyethylene glycol can culture by the cova-
lent linking, where the covalent bond helps to absorb or encap-
sulate the polyethylene glycol chain above the surface of the gold

nanoparticle.

The core shape and size of gold nanoparticle can be modified
by the help of biocompatible and non-immunogenic bifunctional
polyethylene glycol and it also helps to regulate the surface charge
of the gold nanoparticle which can positively affect the bio distri-
bution of it. Kumar, et al. [34] provided a good demonstration on
the biocompatibility and the low cytotoxicity of the polyethylene
gylated gold nanoparticles (pGNPS) in the Hela cells. When we try
to couple it in case of in vitro x-ray irradiation, it provides 1.3 - 2.8
times higher cell death after completing the treatment with the
several concentrations of polyethylene gylated gold nanoparticle
compared with the control group cells which is present without
the polyethylene gylated gold nanoparticle. From another study
of Yasui, et al. [35] it is found that poly ethylene gylated nanogel
and gold nanoparticle combination can radiosensitized by the help
of X-Ray irradiation with 220 kVp of Chinese hamster lung fibro-
blasts V79 and murine squamous cell carcinoma SCCVII. This kind
of radiosensitization helps to slain DNA repair capacity and raises
apoptosis by the help of stress related proteins over expressing en-
doplasmic reticulum. We also found from another study that for the
case of B16F10 murine melanoma cells a cellular uptake enhance-
ment was done by the help of polyethylene gylated gold nanopar-
ticle which arrange the radio sensitization effects at the presents of
irradiation with 6MeV.

From the above discussion, it can be conclude that the gold
nanoparticle is applicable in the field of radiotherapy as a therag-
nostic agents. In the case of in vivo application, it is observed that
around the blood vessels a large amount of polyethylene gylated
gold nanoparticle aggregates but in the case of cellular uptake it
shown a limited efficacy. So, it can be stated that we need further
development of the surface of gold nanoparticles to sensitize the

tumor cells by the help of irradiation effect.
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Chitosan coated GNP

It is found that Chitosan is a pseudo natural cationic polymer
with some special properties. For these unique properties re-
searchers have tried to use it in several fields such as depollution
and flocculants for protein recovery. It also has some other charac-
teristics such as biodegradability, biocompatibility, sensitivity with
the help of chemical modification, and a governed drug release.
Depending on these pharmaceutical characteristics it is used fre-

quently in the field of medical use.

BSA coated GNP

The bovine serum albumin (BSA) is an effective efficient surface
modifier having the characteristics of excellent biodegradability,
biocompatibility, flexibility in surface modification and bio-safety.
When BSA-coated nanoparticle is delivered, at the time of its deliv-
ery it is apparently invisible in the blood circulation cycle. These
characteristics stretch its existence in the blood circulation and
help the nanoparticle to exhibit better therapeutic efficacy. In ad-
dition to this, the BSA-coated gold nanoparticle are used in several
fields of application such as bioimaging, gene carriers, biosensing,

drug carriers and cancer therapy.

Conclusion

In this review, the use of gold nanoparticle in clinical and medi-
cal area is discussed. The advantages and disadvantages of its use
is also highlighted. From this study it can be concluded that GNP
has excellent contrast properties, efficient drug delivery properties
and superior therapeutic efficiency. Still, this field of research is
emerging and there are huge vacant areas of its application which
is not explored yet. We are hopeful that more and more researches
will be carried out in this regard which will help to develop our

clinical and medical aids.

Acknowledgments

Research facilities of MAKAUT WB are acknowledged.

Conflict of Interest

Authors declare that there is no conflict of interest.

Bibliography

1. Mesbahi Asghar. “A review on gold nanoparticles radiosensiti-
zation effect in radiation therapy of cancer”. Reports of Practi-
cal Oncology and Radiotherapy 15.6 (2010): 176-180.

Citation: Arijit Bag, et al. “Recent Advancements in the Clinical Applications of Gold Nano-Particles". Acta Scientific Clinical Case Reports 2.9 (2021): 31-36.


https://pubmed.ncbi.nlm.nih.gov/24376946/
https://pubmed.ncbi.nlm.nih.gov/24376946/
https://pubmed.ncbi.nlm.nih.gov/24376946/

Recent Advancements in the Clinical Applications of Gold Nano-Particles

10.

11.

12.

13.

14.

Butterworth Karl T,, et al. “Physical basis and biological mech-
anisms of gold nanoparticle radiosensitization”. Nanoscale
4.16 (2012): 4830-4838.

Xie WZ, et al. “Simulation on the molecular radiosensitization
effect of gold nanoparticles in cells irradiated by x-rays”. Phys-
ics in Medicine and Biology 60.16 (2015): 6195.

Rippel Radoslaw A and Alexander M Seifalian. “Gold revolu-
tion—Gold nanoparticles for modern medicine and surgery”.
Journal of Nanoscience and Nanotechnology 11.5 (2011):
3740-3748.

Nicol James R,, et al. “Gold nanoparticle surface functionaliza-
tion: a necessary requirement in the development of novel
nanotherapeutics”. Nanomedicine 10.8 (2015): 1315-1326.

Schuemann Jan, et al. “Roadmap to clinical use of gold
nanoparticles for radiation sensitization”. International Jour-
nal of Radiation Oncology* Biology* Physics 94.1 (2016): 189-
205.

Hainfeld James E., et al. “Radiotherapy enhancement with gold
nanoparticles”. Journal of Pharmacy and Pharmacology 60.8
(2008): 977-985.

Huang Xiaohua, et al “Plasmonic photothermal therapy
(PPTT) using gold nanoparticles”. Lasers in Medical Science
23.3(2008): 217-228.

Kapoor Vibhu,, et al. “An introduction to PET-CT imaging”. Ra-
diographics 24.2 (2004): 523-543.

Langer Robert. “Drug delivery and targeting”. Nature 392.6679
Suppl (1998): 5-10.

Li Jinfeng, et al. “Photo-induced tumor therapy using Mn02/
Ir02-PVP nano-enzyme with TME-responsive behaviors”. Col-
loids and Surfaces B: Biointerfaces 205 (2021): 111852.

Chen Helen HW and Macus Tien Kuo. “Improving radiothera-
py in cancer treatment: Promises and challenges”. Oncotarget
8.37 (2017): 62742.

Wang Yifan, et al. “Combining immunotherapy and radiother-
apy for cancer treatment: current challenges and future direc-
tions”. Frontiers in Pharmacology 9 (2018): 185.

Qi Fanghua,, et al. “Chinese herbal medicines as adjuvant treat-
ment during chemo or radio-therapy for cancer”. Bioscience
Trends 4.6 (2010).

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

35
Yaromina Ala,, et al. “Individualization of cancer treatment
from radiotherapy perspective”. Molecular Oncology 6.2
(2012): 211-221.

Vicini Frank A., et al. “Optimizing breast cancer treatment ef-
ficacy with intensity-modulated radiotherapy”. International
Journal of Radiation Oncology* Biology* Physics 54.5 (2002):
1336-1344.

Barton Michael B,, et al. “Role of radiotherapy in cancer con-
trol in low-income and middle-income countries”. The Lancet
Oncology 7.7 (2006): 584-595.

Stauffer PR and S Nahum Goldberg. “Introduction: thermal
ablation therapy”. International Journal of Hyperthermia 20.7
(2004): 671-677.

Chu Katrina F and Damian E Dupuy. “Thermal ablation of tu-
mours: biological mechanisms and advances in therapy”. Na-
ture Reviews Cancer 14.3 (2014): 199-208.

Roessl E and R Proksa. “K-edge imaging in x-ray computed to-
mography using multi-bin photon counting detectors”. Physics
in Medicine and Biology 52.15 (2007): 4679.

Ghadiri H,, et al. “K-edge ratio method for identification of mul-
tiple nanoparticulate contrast agents by spectral CT imaging”.
The British Journal of Radiology 86.1029 (2013): 20130308.

Roa Wilson,, et al. “Pharmacokinetic and toxicological evalua-
tion of multi-functional thiol-6-fluoro-6-deoxy-D-glucose gold
nanoparticles in vivo”. Nanotechnology 23.37 (2012): 375101.

Kaushik Nagendra Kumar.,, et al. “Low doses of PEG-coated
gold nanoparticles sensitize solid tumors to cold plasma by
blocking the PI3K/AKT-driven signaling axis to suppress cel-
lular transformation by inhibiting growth and EMT". Biomate-
rials 87 (2016): 118-130.

Apaolaza PS,, et al. “Hyaluronic acid coating of gold nanopar-
ticles for intraocular drug delivery: Evaluation of the surface
properties and effect on their distribution”. Experimental Eye
Research 198 (2020): 108151.

Fogh Shannon E, et al. “Hypofractionated stereotactic radia-
tion therapy: an effective therapy for recurrent high-grade
gliomas”. Journal of Clinical Oncology 28.18 (2010): 3048.

Xie Jiani, et al. “Emerging strategies of nanomaterial-mediat-
ed tumor radiosensitization”. Advanced Materials 31.3 (2019):
1802244.

Citation: Arijit Bag, et al. “Recent Advancements in the Clinical Applications of Gold Nano-Particles". Acta Scientific Clinical Case Reports 2.9 (2021): 31-36.


https://www.researchgate.net/publication/228331208_Physical_basis_and_biological_mechanisms_of_gold_nanoparticle_radiosensitization
https://www.researchgate.net/publication/228331208_Physical_basis_and_biological_mechanisms_of_gold_nanoparticle_radiosensitization
https://www.researchgate.net/publication/228331208_Physical_basis_and_biological_mechanisms_of_gold_nanoparticle_radiosensitization
https://pubmed.ncbi.nlm.nih.gov/26226203/
https://pubmed.ncbi.nlm.nih.gov/26226203/
https://pubmed.ncbi.nlm.nih.gov/26226203/
https://pubmed.ncbi.nlm.nih.gov/21780364/
https://pubmed.ncbi.nlm.nih.gov/21780364/
https://pubmed.ncbi.nlm.nih.gov/21780364/
https://pubmed.ncbi.nlm.nih.gov/21780364/
https://pubmed.ncbi.nlm.nih.gov/25955125/
https://pubmed.ncbi.nlm.nih.gov/25955125/
https://pubmed.ncbi.nlm.nih.gov/25955125/
https://pubmed.ncbi.nlm.nih.gov/26700713/
https://pubmed.ncbi.nlm.nih.gov/26700713/
https://pubmed.ncbi.nlm.nih.gov/26700713/
https://pubmed.ncbi.nlm.nih.gov/26700713/
https://pubmed.ncbi.nlm.nih.gov/18644191/
https://pubmed.ncbi.nlm.nih.gov/18644191/
https://pubmed.ncbi.nlm.nih.gov/18644191/
https://pubmed.ncbi.nlm.nih.gov/17674122/
https://pubmed.ncbi.nlm.nih.gov/17674122/
https://pubmed.ncbi.nlm.nih.gov/17674122/
https://pubmed.ncbi.nlm.nih.gov/15026598/
https://pubmed.ncbi.nlm.nih.gov/15026598/
https://pubmed.ncbi.nlm.nih.gov/9579855/
https://pubmed.ncbi.nlm.nih.gov/9579855/
https://www.semanticscholar.org/paper/Photo-induced-tumor-therapy-using-MnO2%2FIrO2-PVP-Li-Zhou/19065ae2b9289fdd650347ef64c6e3ba85573d64
https://www.semanticscholar.org/paper/Photo-induced-tumor-therapy-using-MnO2%2FIrO2-PVP-Li-Zhou/19065ae2b9289fdd650347ef64c6e3ba85573d64
https://www.semanticscholar.org/paper/Photo-induced-tumor-therapy-using-MnO2%2FIrO2-PVP-Li-Zhou/19065ae2b9289fdd650347ef64c6e3ba85573d64
https://pubmed.ncbi.nlm.nih.gov/28977985/
https://pubmed.ncbi.nlm.nih.gov/28977985/
https://pubmed.ncbi.nlm.nih.gov/28977985/
https://pubmed.ncbi.nlm.nih.gov/29556198/
https://pubmed.ncbi.nlm.nih.gov/29556198/
https://pubmed.ncbi.nlm.nih.gov/29556198/
https://pubmed.ncbi.nlm.nih.gov/21248427/
https://pubmed.ncbi.nlm.nih.gov/21248427/
https://pubmed.ncbi.nlm.nih.gov/21248427/
https://pubmed.ncbi.nlm.nih.gov/22381063/
https://pubmed.ncbi.nlm.nih.gov/22381063/
https://pubmed.ncbi.nlm.nih.gov/22381063/
https://pubmed.ncbi.nlm.nih.gov/12459355/
https://pubmed.ncbi.nlm.nih.gov/12459355/
https://pubmed.ncbi.nlm.nih.gov/12459355/
https://pubmed.ncbi.nlm.nih.gov/12459355/
https://pubmed.ncbi.nlm.nih.gov/16814210/
https://pubmed.ncbi.nlm.nih.gov/16814210/
https://pubmed.ncbi.nlm.nih.gov/16814210/
https://www.tandfonline.com/doi/abs/10.1080/02656730400007220
https://www.tandfonline.com/doi/abs/10.1080/02656730400007220
https://www.tandfonline.com/doi/abs/10.1080/02656730400007220
https://www.nature.com/articles/nrc3672
https://www.nature.com/articles/nrc3672
https://www.nature.com/articles/nrc3672
https://pubmed.ncbi.nlm.nih.gov/17634657/
https://pubmed.ncbi.nlm.nih.gov/17634657/
https://pubmed.ncbi.nlm.nih.gov/17634657/
https://www.researchgate.net/publication/255736299_K-edge_ratio_method_for_identification_of_multiple_nanoparticulate_contrast_agents_by_spectral_CT_imaging
https://www.researchgate.net/publication/255736299_K-edge_ratio_method_for_identification_of_multiple_nanoparticulate_contrast_agents_by_spectral_CT_imaging
https://www.researchgate.net/publication/255736299_K-edge_ratio_method_for_identification_of_multiple_nanoparticulate_contrast_agents_by_spectral_CT_imaging
https://pubmed.ncbi.nlm.nih.gov/22922305/
https://pubmed.ncbi.nlm.nih.gov/22922305/
https://pubmed.ncbi.nlm.nih.gov/22922305/
https://pubmed.ncbi.nlm.nih.gov/26921841/
https://pubmed.ncbi.nlm.nih.gov/26921841/
https://pubmed.ncbi.nlm.nih.gov/26921841/
https://pubmed.ncbi.nlm.nih.gov/26921841/
https://pubmed.ncbi.nlm.nih.gov/26921841/
https://www.researchgate.net/publication/343216981_Hyaluronic_acid_coating_of_gold_nanoparticles_for_intraocular_drug_delivery_Evaluation_of_the_surface_properties_and_effect_on_their_distribution
https://www.researchgate.net/publication/343216981_Hyaluronic_acid_coating_of_gold_nanoparticles_for_intraocular_drug_delivery_Evaluation_of_the_surface_properties_and_effect_on_their_distribution
https://www.researchgate.net/publication/343216981_Hyaluronic_acid_coating_of_gold_nanoparticles_for_intraocular_drug_delivery_Evaluation_of_the_surface_properties_and_effect_on_their_distribution
https://www.researchgate.net/publication/343216981_Hyaluronic_acid_coating_of_gold_nanoparticles_for_intraocular_drug_delivery_Evaluation_of_the_surface_properties_and_effect_on_their_distribution
https://pubmed.ncbi.nlm.nih.gov/20479391/
https://pubmed.ncbi.nlm.nih.gov/20479391/
https://pubmed.ncbi.nlm.nih.gov/20479391/
https://onlinelibrary.wiley.com/doi/abs/10.1002/adma.201802244
https://onlinelibrary.wiley.com/doi/abs/10.1002/adma.201802244
https://onlinelibrary.wiley.com/doi/abs/10.1002/adma.201802244

Recent Advancements in the Clinical Applications of Gold Nano-Particles

36
27. Claudio Cabral-Romero and Shankararaman Chellam. “Bis-

muth nanoparticles: antimicrobials of broad-spectrum, low

cost and safety”. Nanomedicine (2014): 430-437.

28. Guan Zeyi, et al. “Novel zinc/tungsten carbide nanocompos-
ite as bioabsorbable implant”. Materials Letters 263 (2020):
127282.

29. Koshevaya Ekaterina D., et al. “Tantalum oxide nanoparticles
as an advanced platform for cancer diagnostics: a review and
perspective”. Journal of Materials Chemistry B (2021).

30. Bonvalot Sylvie,, et al. “NBTXR3, a first-in-class radioenhancer
hafnium oxide nanoparticle, plus radiotherapy versus radio-
therapy alone in patients with locally advanced soft-tissue
sarcoma (Act. In. Sarc): a multicentre, phase 2-3, randomised,
controlled trial”. The Lancet Oncology 20.8 (2019): 1148-1159.

31. Foulkes Rachel, et al. “Silver-nanoparticle-mediated therapies
in the treatment of pancreatic cancer”. ACS Applied Nano Mate-
rials 2.4 (2019): 1758-1772.

32. KujawaJoanna, et al. “Crystalline porous frameworks as nano-
enhancers for membrane liquid separation-Recent develop-
ments”. Coordination Chemistry Reviews 440 (2021): 213969.

33. Chen Yao, et al. “Gold Nanoparticles as Radiosensitizers in
Cancer Radiotherapy”. International Journal of Nanomedicine
15 (2020): 9407.

34. Kumar Vineet, et al. “Gold nanoparticle exposure induces
growth and yield enhancement in Arabidopsis thaliana”. Sci-
ence of the Total Environment 461 (2013): 462-468.

35. Yasui Hironobu., et al. “Radiosensitization of tumor cells
through endoplasmic reticulum stress induced by PEGylated
nanogel containing gold nanoparticles”. Cancer Letters 347.1
(2014): 151-158.

Volume 2 Issue 9 September 2021
© All rights are reserved by Arijit Bag, et al.

Citation: Arijit Bag, et al. “Recent Advancements in the Clinical Applications of Gold Nano-Particles". Acta Scientific Clinical Case Reports 2.9 (2021): 31-36.


https://www.onecentralpress.com/bismuth-nanoparticles-antimicrobials-of-broad-spectrum-low-cost-and-safety/
https://www.onecentralpress.com/bismuth-nanoparticles-antimicrobials-of-broad-spectrum-low-cost-and-safety/
https://www.onecentralpress.com/bismuth-nanoparticles-antimicrobials-of-broad-spectrum-low-cost-and-safety/
https://pubmed.ncbi.nlm.nih.gov/32647402/
https://pubmed.ncbi.nlm.nih.gov/32647402/
https://pubmed.ncbi.nlm.nih.gov/32647402/
https://pubs.rsc.org/en/content/articlelanding/2021/tb/d1tb00570g
https://pubs.rsc.org/en/content/articlelanding/2021/tb/d1tb00570g
https://pubs.rsc.org/en/content/articlelanding/2021/tb/d1tb00570g
https://pubmed.ncbi.nlm.nih.gov/31296491/
https://pubmed.ncbi.nlm.nih.gov/31296491/
https://pubmed.ncbi.nlm.nih.gov/31296491/
https://pubmed.ncbi.nlm.nih.gov/31296491/
https://pubmed.ncbi.nlm.nih.gov/31296491/
https://www.researchgate.net/publication/331691075_Silver_Nanoparticle-Mediated_Therapies_in_the_Treatment_of_Pancreatic_Cancer
https://www.researchgate.net/publication/331691075_Silver_Nanoparticle-Mediated_Therapies_in_the_Treatment_of_Pancreatic_Cancer
https://www.researchgate.net/publication/331691075_Silver_Nanoparticle-Mediated_Therapies_in_the_Treatment_of_Pancreatic_Cancer
https://www.sciencedirect.com/science/article/abs/pii/S0010854521002435
https://www.sciencedirect.com/science/article/abs/pii/S0010854521002435
https://www.sciencedirect.com/science/article/abs/pii/S0010854521002435
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7699443/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7699443/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7699443/
https://www.sciencedirect.com/science/article/abs/pii/S0048969713005615
https://www.sciencedirect.com/science/article/abs/pii/S0048969713005615
https://www.sciencedirect.com/science/article/abs/pii/S0048969713005615
https://pubmed.ncbi.nlm.nih.gov/24530512/
https://pubmed.ncbi.nlm.nih.gov/24530512/
https://pubmed.ncbi.nlm.nih.gov/24530512/
https://pubmed.ncbi.nlm.nih.gov/24530512/

	_GoBack

