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Abstract: In the field of oncology, a lot of improvements in nanotechnology creates support for
better diagnosis and therapeutic opportunities, and due to their physical and chemical properties,
gold nanoparticles are highly applicable. We performed a literature review on the studies engaging
the usage of gold nanoparticles on murine models with a focus on the type of the carrier, the
chemotherapy drug, the target tumoral tissue and outcomes. We identified fifteen studies that
fulfilled our search criteria, in which we analyzed the synthesis methods, the most used chemotherapy
conjugates of gold nanoparticles in experimental cancer treatment, as well as the improved impact
on tumor size and system toxicity. Due to their intrinsic traits, we conclude that chemotherapy
conjugates of gold nanoparticles are promising in experimental cancer treatment and may prove to
be a safer and improved therapy option than current alternatives.

Keywords: nanoparticles; chemotherapy; animal model; targeted delivery

1. Introduction

Due to the advancements made in nanotechnology, especially in the last ten years,
nanoparticles (NPs) have been increasingly proposed as a targeted diagnostic and ther-
apeutic agent. The hype created around NPs originates from their stable, high carrier
capacity. NPs are defined as nano-sized particles, ranging from 1 to 100 nm at least in one
dimension. Depending on their structure and chemical composition, NPs can be classified
as organic polymers (carbon-based, lipid-based), with an important advantage of being
biodegradable, and as inorganic (such as gold, silver, iron oxide) [1]. In addition to their
small size, they have a large surface area, thus, they can act as carriers for a wide range
of peptides, antibodies, pharmaceuticals or contrast agents [1–3]. Due to their properties,
NPs have a high accumulation rate especially in dysfunctional tissues, such as tumors,
where the wide gaps in endothelium and disrupted lymphatic vessels leave room for NPs
to migrate and congregate. Large NPs (~100 nm) can also accumulate via the macrophage
pathway in lymph nodes, spleen or liver [4]. Based on these characteristics NPs are also
studied in the field of nano-imaging. Apart from their diagnostic role, NPs have recently
emerged as therapeutic carriers leading their way into theranostics research. In the field of
nano-oncology, NPs are used for the targeted accumulation of chemotherapeutic agents
into the tumor site. Gold NPs (AuNPs) are one of the main choices in such scenarios, due
to their high biocompatibility, non-immunogenicity and stable carrier capacity [1,2]. More-
over, AuNPs have unique optical characteristics due to the interaction of light with the free
electrons on their metal surface. When facing an optical beam, the free electrons oscillate
in a coherent fashion creating a resonance in the visible spectrum. This unique property
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is termed surface plasmon resonance (SPR) and through this AuNPs can be successfully
used as contrast agents. Even under the dark field monochromatic light illumination, the
high-scattering surface resonance of AuNPs can be easily visualized, thus enabling their use
as optical biomarkers in cancer theranostics [5], with another great examples in this field
represented by the iron oxide NPs, which have proven to be a valuable asset in the field
of targeted MRI imaging [6,7]. In addition, due to their high atomic number, AuNPs are
able to absorb X-rays and they may be used as focusing points for radiotherapy waves [8].
A plethora of studies have reported various ways to link AuNPs to chemotherapeutics,
but due to high heterogeneity, it seems there is no clear-cut plan for which protocol to use
and how to translate in vivo experiments into clinical studies. Animal models are at the
core of NPs research through their ability to create a physiological environment where the
tissue accumulation, receptor binding and, more importantly, the toxicity of NPs (which
can determine unique changes within the living organism) [9] can be observed. For these
reasons, in this structured review we aimed to analyze the advances in current models
of in vivo AuNP-chemotherapeutic conjugates (AuNPCC) and address technical traits
used to increase the applicability of AuNPCC. Further, we critically reviewed the results of
AuNPCC in targeting malignant cells and how nanotechnology can be streamlined towards
clinical translation.

The use of animal as in vivo models is based, among other reasons, on the fact that
human diseases affect other animal species and cancer is one of the very common conditions
encountered, with pathology mechanism being almost similar. Laboratory inbred mice
strains (with homogenous genetic composition) is the most frequently used animal cancer
model in cancer research mostly due to its adaptability to different environments, genetic
variability and physiological similarities to humans [9]. The clinical translation process
requires a mandatory and adequate understanding of the interaction of nanoparticles
with different cells and tissues in an in vivo setting. There is a wide variety of events
that we can observe in an in vivo experiment such as NPs interactions with neutrophils,
monocytes/macrophages (with the Tumor-associated macrophages type) and Kupfer cells
with cancer cells [10–14]. An interesting approach to in vivo studies of NPs is with its
interaction with tumor endothelial cells, which could be an important niche in targeted
antineoplastic therapy [15].

2. Materials and Methods
2.1. Literature Search and Study Selection

A systematic search of PubMed and EMBASE databases was performed for all pub-
lished studies relating to animal models of chemotherapy delivery via AuNPs using the
following search algorithm: gold AND nanoparticles AND chemotherapy AND cancer
AND animal AND/OR model. The systematic search was done by adhering to the Pre-
ferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines
which were adapted to experimental studies. The PRISMA checklist was followed to
conduct the methodology (Figure 1). Inclusion criteria were used according to the Prob-
lem/Population, Intervention, Comparison and Outcome (PICO) formula. All studies
published in English from the earliest time point to 30 July 2021 describing chemotherapy
delivery via AuNPs conjugates in animal models were selected for full-text review. The
experimental lot (population) consisted of experimental murine models (BALB/c mice).

Embryos, cell cultures, in vitro or human studies were excluded. The intervention
was defined as the administration of AuNPCC in tumor bearing mice. Comparison criteria
were further selected from subgroups of the included studies. Control tumor-bearing
mice were studied in comparison to tumor bearing mice who received AuNPCC. Primary
outcomes were tumor regression, AuNPCC synthesis and biodistribution studies.
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow-chart.

2.2. Data Analysis

The following data information regarding each included study was extracted: the
author’s name, the year of publication, the type of AuNPCC, the chemotherapy used,
the animal model used, the tumor cell line used, the protocol of tumor implantation,
the protocol of AuNPCC synthesis, the method of delivery, the follow-up of outcomes
including the immunohistochemistry studies, the haematological studies and the histology
analysis.

2.3. Quality Assessment

Two authors (S.M. and S.I.) independently examined the title and abstract of citations,
and the full texts of potentially eligible studies were obtained; disagreements were resolved
by discussion. The ARRIVE guidelines were used to quantify the quality of included
studies (Figure 2) [16]. Each study was marked for each ARRIVE item with 0 if data was
lacking, 1 if data was incomplete and 2 if data was complete. The reference lists of retrieved
papers were further screened for additional eligible publications. Only studies that had
an ARRIVE score above 20 were included, thus ensuring streamlined quality of research
among included papers.
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Figure 2. ARRIVE (Animal Research Reporting of In Vivo Experiments) scores.

3. Results
3.1. Literature Review and Design of Eligible Studies

Fifteen studies were selected based on the inclusion criteria [17–31]. After removing
duplicates, the initial search found 421 studies. Thirty-four full-text manuscripts were
assessed for eligibility. All manuscripts were published between 2014 to 2020. Each study
brought its own contribution to the better understanding of the field nanotechnology. The
novelty information offered by each included study is presented in Table 1.

Table 1. Novelty information offered by the included studies.

First Author Novelty

Bao [17] Using hybrid liposome with AuNPs to investigate the therapeutic outcome
Davidi [18] AuNPs acting as drug carrier, radiosensitizer and contrast agent

Hale [19] Using 2nm AuNPs conjugated with maytansine analogue for the treatment of hepatocellular
carcinoma

Hung [20] Significant inhibition of mutated KRAS gene in colorectal cancer cells using AuNPs with
Doxurubicin (DXR)

Khademi [21] Efficient usage of Chitosan coated-AuNPs with aptamers and DXR on cancer cell lines

Li [22] Reducing toxicity and improving tumoral tissue destruction with heated-hallow AuNPs with
thermosensitive liposomal DXR carriers

Liu [23] Using chemo-photothermal synergic cancer therapy through AuNPs-Paclitaxel (PTX) and a
hydrogel with gold nanorods with phototermal properties

Mirrahimi [24] Using a novel nanocomplex comprising alginate nanogel co-loaded with Cisplatin (CIS) and
AuNPs for chemo-phothermal therapy

Nair [25] Enhanced anti-tumor effect and diminished system toxicity through chemo-photothermal
therapy with hallow AuNPs and docetaxel

Peng [26] The use of renal-clearable AuNPs with DXR

Ruttala [27] Usage of a nanoplatform created from AuNPs-Lonidamine-Albumin-Aptamer for targeted
tumoral destruction

Xing [28] Using AuNPs-DXRcomplex co-encapsulated withing a liposome for targeted
chemo-photothermal therapy

Xiong [29] Prevention of tumoral CIS-induced chemoresistence throught AuNPs pretreatment

Zabielska-Koczywas [30] The biodistribution and the effect of Glutathione-stabilized AuNPs with DXR in Feline
Injection Site Sarcoma

Zhou [31] The diagnostics and therapeutic effect of fluorescent gold nanoclusters conjugated with CIS
and folic acid
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3.2. Synthesis and Delivery of AuNPs-Chemotherapy Conjugates (AuNPCC)

Chemical methods are the preferred option for AuNPs synthesis (Table 2) mostly
due to cost-effectiveness and due to the good production rate. All included papers used
variations from Brust–Schiffrin, Turkevich or citrate reduction of HAuCl4. To facilitate the
coupling of nanoparticles with chemotherapeutics and to improve tumor targeting, it is
imperative to use a surface ligand, usually a biopolymer which can bind drugs and has
an affinity towards malignant cells. Polyethylene Glycol (PEG) or Folic Acid (FA) were
commonly used to create nanoparticle conjugates (Table 3), the interaction with the specific
receptor (e.g., the folate receptor) facilitating cellular internalization of the AuNPCC and
intracellular delivery of the chemotherapeutic. Tumor penetrability has been improved
in some studies by using carrier systems, namely liposomes [17,22,28]. Liposomes are
probably the golden standard in targeted nanodrug transport as they can safely store,
transport and release drugs at a specific location, increasing retention at the tumor site and
reducing systemic toxicity [32,33].

Table 2. Overview of included studies.

First Author Year of
Publication Type of AuNPCC Chemotherapeutic Type of Tumor Route of

Administration

Bao [17] 2014 loaded in liposomes PTX Hepatic carcinoma intravascular

Davidi [18] 2017 simple conjugates CIS A431 (squamous
carcinoma) intravascular

Hale [19] 2018

maytansine
conjugated AuNPs

(Brust–Schiffrin
synthesis)

Maytansine HCC intravascular

Hung [20] 2019 biopolymer composite DXR DLD-1 (colorectal
adenocarcinoma) intraperitoneal

Khademi [21] 2020 biopolymer composite DXR 4T1 (breast
carcinoma) intravascular

Li [22] 2018 loaded in liposomes DXR MCF-7 (breast
carcinoma) intravascular

Liu [23] 2019 biopolymer composite PTX 4T1 (breast
carcinoma) subcutaneous

Mirrahimi [24] 2019 nanogel construct CIS CT26 (colon
adenocarcinoma) intraperitoneal

Nair [25] 2020 folate-calix construct DXR
HeLa (cervical

cancer); A549 (lung
adenocarcinoma)

intraperitoneal

Peng [26] 2019 simple conjugates DXR 4T1 (breast
carcinoma) intravascular

Ruttala [27] 2020 simple conjugates Ionidamine DU-145 (prostate
cancer) intravascular

Xing [28] 2018 loaded in liposomes DXR U14 (cervical
carcinoma) intravascular

Xiong [29] 2014 simple conjugates CIS SK-OV-3 (ovarian
carcinoma) intraperitoneal

Zabielska-
Koczywas

[30]
2018 glutathione conjugates DXR FFS1 (feline

fibrosarcoma) intravascular

Zhou [31] 2016 folate-calix construct CIS 4T1 (breast
carcinoma) intravascular

In our analysis, all the studies performed chemical synthesis of NPs, but only three
of them [17,22,28] used liposomes as carriers for AuNPCC (Table 3). Synthesis of Lipo-
some AuNPCC was done by using the thin hydration film method. Briefly, soy lecithin,
cholesterol and AuNPCC are dissolved and centrifuged. Once the solvent is removed,
the thin layer consists of liposomes that incorporate the NPCC. Bao et al. [17] showed
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important benefits in using liposomes for drug delivery. In their in vivo experiment, lipo-
some loaded AuNPCC (AuNPs-PEG-PTX) showed improved biodistribution compared
to simple AuNPCC. The delivery capacity of liposome-loaded AuNPCC showed two key
differences [17,22,28]. The release of AuNPCC within the bloodstream was slower, reduc-
ing systemic loss of the drug and subsequent toxicity, while the penetrability of AuNPCC
within the liver increased significantly quicker than the other groups. The improved biodis-
tribution of liposomes would seem an ideal option for targeted chemotherapy delivery, but
the delivery timing and rate cannot be controlled; this is where AuNPs play an important
role. Loaded into liposomes, AuNPCCs are better distributed at the tumor site, and upon
reaching the tumor, release of AuNPCCs can be remotely triggered through near-infrared
laser illumination. Moreover, by adding AuNPs, the tumoral release and distribution of
these complexes can be visualized via fluorescent imaging [18,28,31].

Table 3. Chemical synthesis of NPs.

First Author Type of Surface Ligand Type of Carrier

Bao [17] PEG liposomes
Davidi [18] PEG7 not used
Hale [19] direct surface bond not used
Hung [20] PEG; PEI not used

Khademi [21] chitosan not used
Li [22] direct surface bond liposomes

Liu [23] direct surface bond nanogel
Mirrahimi [24] direct surface bond nanogel

Nair [25] Folic Acid not used
Peng [26] PEG; MBA not used

Ruttala [27] aptamer AS1411 not used
Xing [28] direct surface bond liposomes

Xiong [29] direct surface bond not used
Zabielska-Koczywas [30] glutathione not used

Zhou [31] Folic Acid not used
Abbreviations: PEG (polyethylene glycol); PEG7 (heptaethylene glycol); PEI (polyethylenimine); MBA (4-
mercaptobenzoic acid).

3.3. Selection of Chemotherapeutics

DXR, CIS and PTX were the chemotherapeutics used to load into AuNPs (Table 2).
DXR is a highly efficient chemotherapy agent, used in many malignancies including
leukaemia, breast carcinoma, ovarian carcinoma or gastric carcinoma [34,35]. However, it
has a safety issue with its dose-dependent cardiotoxicity [36–38] and, for this reason, it is
commonly used in experimental studies in an attempt to reduce its systemic side effects.
Another clear reason why DXR is usually used in experimental research is that it has an
intrinsic fluorescence making it easy to visualize its internalization into tumor cells, thus
offering precise mapping of its biodistribution [39,40]. In seven studies DXR was loaded on
AuNPs [20–22,25–28,30]. Hung et al. [20] linked DXR to a biopolymeric AuNP composite
through π-stacking. The interaction proved to be stable in the blood flow, and the drug
was released only after the linkage broke down in the acidic environment of the tumor.
More recently, Nair et al. [19] used a tumor-homing compound bound to DXR to target
malignant cells reducing cardiotoxicity and DXR resistance. This complex was incubated
with hollow AuNPs forming AuNPCC. The DXR complex was targeted against cervical
cancer cell lines (HeLa) and lung adenocarcinoma cell lines (A549) and released from the
AuNPCC upon laser irradiation, thus obtaining a significant reduction in the tumor mass
with marked survival benefits.

PTX is a truly potent chemotherapeutic but with the price of high toxicity. In its Taxol®

formulation (dissolved in Kolliphor EL and ethanol) it presents the fastest elimination (the
plasma concentration at 36 h after injection being 18.8 times lower compared with AuNP-
PTX-liposome complexes) along with the shortest half-life (6.85 h, compared with its hybrid
liposomes-bound form of 14.69 h) [17]. Bound to a copolymer, the AuNPs-PTX complex



Crystals 2021, 11, 1169 7 of 12

proved to be efficient in delivering synergic chemo-photothermal by releasing the PTX
when the containing hydrogel was heated in vitro to about 50 ◦C through irradiation [23].

CIS is well known for its ability to crosslink DNA and alter the structure in addi-
tion to activating apoptosis through various signal transduction pathways, but it fails to
have acceptable toxicity properties. However, when bound to AuNPs conjugated with
glucose, increased uptake by tumor tissue was identified [18]. Moreover, when bound to
fluorodeoxyglucose (18F), it also offered real-time imaging of the treated tumor [24].

3.4. In Vivo Antitumoral Activity of AuNPCC

The antitumor activity of NPCC has been tested for a wide range of cell lines. In
all studies, tumor cell lines were injected into the animal’s flank, while the AuNPCC,
in most cases, were injected intravascular into the animal’s tail vein (Table 2). The 4T1
breast carcinoma cell line is the most frequently used, being a highly carcinogenic line.
The 4T1 cells are capable of distant spread and independent metastasis growth, similar to
humans. In four papers AuNPCC were against 4T1 tumors [21,23,26,31]. In the form of
biopolymers or simple chemotherapy-AuNPs conjugates, they were effective in reducing
tumor diameter and weight. Studies showed a 40 to 60% tumor reduction in the AuNPCC
group alongside a more focused biodistribution at the tumor site, with less systemic spillage
of chemotherapy drugs. Similarly in colonic adenocarcinoma models, AuNPCC showed
improved tumor targeting and prolonged local chemotherapy release resulting in 30% more
tumor regression than control groups [20]. AuNPCC also proved efficacious in ovarian [29],
cervical [28], hepatic [19] and sarcoma cell lines [30] (Table 2).

3.5. Systemic Biodistribution of AuNPCC

The in vivo distribution of clear nanoparticles is variable depending on their size,
diameter, weight and, more importantly, adsorption of various blood proteins on their
surface which changes their physical properties (usually increasing their weight and
diameter) and subsequently changing the cellular internalization of nanoparticles [41,42].
To overcome this, in the studies analyzed in the current review, authors have prefabricated
AuNPs with vitamins (e.g., Folic Acid) to improve the specificity towards malignant cells.
Route of administration also influences nanoparticle distribution and should take into
account the size of the AuNPs (for the transdermal administration), the shielding of the
NPs to prevent enzymatic degradation (oral delivery), the aerodynamic diameter of the
NPs (through the inhalation route) and the eluding of the reticuloendothelial system (for
the intravascular system) [43]. In most studies (n = 10), authors used an intravascular
approach via the animal’s dorsal vein. Others (n = 5) used the intraperitoneal route,
while Liu et al. [23] injected the AuNPCC subcutaneously, adjacent to the tumor site. Six
studies analyzed the systemic distribution of AuNPCC, most commonly via an ex vivo
analysis of the major organs using near-infrared fluorescence imaging, chromatography
or atomic absorption spectroscopy. In vivo distribution of AuNPCC was mapped in two
studies using fluorescent imaging techniques (e.g., NIR—near infrared spectroscopy [22],
FOBI—fluorescence in vivo imaging system [27]) (Table 4).

Table 4. Biodistribution of AuNPCC.

First Author Route of Administration Ex Vivo/In Vivo Analysis Imaging Evaluation

Bao [17] intravascular ex vivo chromatography

Davidi [18] intravascular ex vivo atomic absorption
spectroscopy

Khademi [21] intravascular ex vivo NIR fluorescence
Li [22] intravascular in vivo NIR fluorescence

Nair [25] intraperitoneal ex vivo ICP-MS
Ruttala [27] intravascular in vivo FOBI fluorescence imaging

Abbreviation: ICP-MS (inductively coupled plasma mass spectrometry).
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4. Discussion
4.1. Literature Overview

Metallic nanoparticles are in high demand in nanomedicine, and gold is one of the
common choices due to its chemical, electrical and physical stability [44–47]. AuNPs have
a fluctuation of positive and negative electrons at their surface creating a variable charge
which resonates differently depending on the size, shape and medium in which the NPs
are introduced [44]. Developing stable AuNPs is usually done through either a top-down
approach by subtracting nanoscale objects from large materials or a bottom-up approach
in which molecules are condensed to create clusters of molecules linked together using
energy. The bottom-up chemical synthesis of nanoparticles is the norm among researchers
in this field and this review emphasized this [48]. A technique described by Turkevich
et al. [49] and commonly used in the selected studies involves the chemical reduction of
hydrogen tetrachloroaurate (H[AuCl4]) by sodium citrate (Na3C6H5O7) in boiling water. A
highly appreciated technique for AuNPs synthesis is the Brust–Schiffrin method [50,51],
which uses tetraoctylammonium bromide ([CH3(CH2)7]4NBr) to transfer gold salt to the
toluene phase and then uses sodium borohydride (NaBH4) in the second phase to reduce
the solution. The resulting thiol protected AuNPs are highly stable and can be redispersed
in other solutions to create complexes without fears of aggregation. The preferred synthesis
method depends on the size of the future nanoparticle, the Turkevich technique being
suitable for the synthesis on AuNPs 10–50 nm in size, while the Brust–Schiffrin method is
best used for the synthesis of AuNPs of under 10 nm in size [52]. Some studies reported
using microorganisms to create AuNPs [53–55] in which positively charged gold molecules
interact with the negatively charged bacterial wall and through endocytosis the gold
molecules are transported inside the cell where bacterial enzymes can induce the synthesis
of AuNPs [56].

AuNPs have made their way into cancer treatment research as efficient carriers that can
change the pharmacokinetics of drugs, improving their cancer-targeting capabilities [27]
and reducing systemic side effects [22,25]. Focusing drug delivery only to malignant cells
by the use of nanoparticles and in a safe manner may be a real paradigm shift in cancer
treatment. Drug-loaded NPs can penetrate more easily through the distorted tumor tissue.
This effect, known as “the enhanced penetration and retention effect”, is at the core of NPs
beneficial characteristics in cancer research.

In our analysis, liposomes were commonly identified as AuNPCC carriers. The
ability of amphiphilic lipid molecules to arrange into various 3D structures incorporating
AuNPCC was commonly used by researchers to deliver AuNPs at the tumor site [57].
Chitchrani et al. [58] showed a 1000-fold increase in cellular endocytosis when AuNPs
were incorporated into liposomes. In other studies, researchers created pH, thermic or even
oxygen-sensitive liposomes which can release the cargo in the hypoxic environment of
tumors. Li et al. [22] used thermo-sensitive liposomes loaded with Doxorubicin and AuNPs
which were released when exposed to near-infrared heat causing ablation of tumors via
thermal stress and release of DXR. A similar approach was used by Xing et al. [28] who
compared the in vivo antitumor activity between AuNPCC loaded liposomes irradiated
with near-infrared laser, AuNPCC loaded liposomes and free DXR. The first group showed
a 30% increase in tumor suppression compared to the second group and 50% compared
to free chemotherapy. The authors also evaluated the tissue toxicity of AuNPCC loaded
liposomes by harvesting treated and normal tissue samples of the heart, the liver, the
spleen, the lung and of the kidney. No histological marks of toxicity could be found in
either sample, emphasizing the safety of delivering such compounds.

The BALB/c mice act as optimal animal models for NPs studies in experimental
cancer treatment on account of their acquisition, their maintenance and experimental
costs, their easy tumor xenograft inoculation (commonly in the flank), the chemotherapy
administration by body weight and biodistribution monitoring through the lateral veins
of the tail. In some studies these models undergo simple radiotherapy and combined it
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with either free chemotherapy or AuNPCC [18] which allows a better understanding of
this potential novel cancer treatment.

In contrast with the abundance of animal model studies of NPs, some obstacles
prevent the presence of clinical treatments based on this promising medical technology.
Firstly, the current challenges can be related to the costs, techniques and infrastructure
required for NPs synthesis, in addition to the lack of quality control methods. Secondly,
there is a wide gap in the understanding of the NPs interactions with cells and tissues and
the toxic effect it might present, which would imply that there is an imperious need to
develop more specialized toxicology studies. Lastly, nanomedicine requires clear regulatory
guidelines regarding its use and a simplified method of patent approval and intellectual
property [10,59]. Solving these issues will allow to further move into clinical trials.

4.2. Limitations of the Study

The inclusion criteria used in this review were restricted to studies that used only
AuNPCCs to deliver targeted therapy at animal models of experimental tumors. This
resulted in a limited number of eligible manuscripts limiting the addressability of this
review. However, by using a specific search algorithm, this scoping review included only
studies with matching methodologies thus increasing comparability between experiments
and reducing confounding biases between inter-study results. By narrowing the inclusion
criteria and subsequent number of analyzed manuscripts, researchers can have a clear
overview of outcomes in this specific research question, aiding them to find gaps in
research and, more importantly, by grouping outcomes of similar experiments, the research
power increases and translation of results will be easier. Moreover, only studies that
had an ARRIVE score of at least 20 were included, thus ensuring only quality research
was analyzed.

5. Conclusions

In the in vivo studies analyzed in this manuscript, AuNPs were efficacious not only as
drug carriers, but also as imaging, through the surface-enhanced Raman scattering (SERS
effect) and thermal therapy agents. Through surface ligands, usually PEG, authors have
attached chemotherapy drugs to the surface of NPs generation thus AuNPCC. Tumoral
tissue concentration of AuNPCC was improved when compared with control groups in
all experiments. Results from the studies identified and discussed in this paper clearly
show the beneficial effect of AuNPCC in theranostics of cancer and pave the way for the
development of new therapeutic strategies.
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