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Abstract

Cancer nanotechnology has emerged as the promising cutting edge of researches to combat cancer. Cancer nanotechnology
can be described as the science of synthesizing and utilizing nanoscale materials for cancer theranostics. Colorectal cancer
is a common type of cancers worldwide and a leading cause of cancer-related death. Up to know, a number of laboratory
studies represented the anticancer potential of biogenic silver nanoparticles (AgNPs) against colorectal cancers. This study
was aimed to systematically review the published articles to assess the cytotoxicity of biogenic AgNPs against colorectal
cancer cells through the laboratory in vitro investigations. The international electronic databases involving Cochrane,
PubMed, Scopus, Web of Science, ProQuest, Science Direct, and Embase were searched to identify the records. The results
revealed different biological resources for the synthesis of AgNPs such as plants, bacteria, fungi, and algae. Most of the
AgNPs were synthesized with spherical morphology and particle size of less than 100 nm. Most of the studies showed
considerable anticancer effects of AgNPs with the half maximal inhibitory concentration (ICsg) against colorectal cancer
cells. The findings of this study promise the bright future of biogenic AgNPs for colorectal cancer therapy.
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Introduction

Colorectal cancer remains the third most common cancer-
related leading cause of death with a total estimated 51,020
deaths in 2019 in the United States (US) comprising 27,640
deaths in men and 23,380 deaths in women. According to
the American Cancer Society, an estimated 78,500 and
67,100 cases of colorectal cancer will be diagnosed in 2019
in the US among males and females, respectively [1]. From
the histopathological aspect, adenocarcinomas include
above 90% of colorectal cancers and the rare types include
adenosquamous, squamous cell, spindle cell, neuroen-
docrine, and undifferentiated carcinomas [2]. Surgery is the
standard treatment for colorectal cancer to remove the
tumour. However, chemotherapy and radiation therapy
may also be required in some cases. The -current
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approaches for colorectal cancer therapy are not satisfac-
tory due to their adverse effects. Surgery can cause pain,
fatigue, and bowel consistency alteration. Chemotherapy
may also cause fatigue, neuropathy, hair loss, and gas-
trointestinal problems. Besides, radiation therapy may
cause rectal irritation, nausea, diarrhea as well as sexual
problems. Significantly, these approaches not only cause
side effects, but also impose a large cost to the patients
[3, 4]. Hence, to explore novel strategies for colorectal
therapy, it would be highly valuable to choose the optimal
theranostic regimens to prevent from unnecessary side
effects and costs.

Nanotechnology is an emerging field that deals with
design, characterization, production, and application of
materials at nanoscale with considerable potentials in
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different fields including pharmaceutics, medicine, biol-
ogy, physics, electronics, etc. [5-7]. The unique physico-
chemical properties of nanomaterials have made them
attractive for various applications in different fields of
science. The metallic nanoparticles (MNPs) have gained
highlighted interest for cancer theranostics [6, 8]. These
MNPs can be prepared through physical, chemical and
biological approaches. Among the mentioned approaches,
the biological approach appears to have much more supe-
riorities over physical and/or chemical approaches owing
to their eco-friendliness, simplicity, and cost-effectiveness
[9]. In biological approaches for MNPs preparation, dif-
ferent biological resources such as plants, microorganisms
and even algae have been reported in the literature that can
bio-fabricate the MNPs with different sizes and shapes
[10-18]. Among MNPs, silver nanoparticles (AgNPs) have
emerged significant attention for cancer theranostics during
recent years [6, 8]. Recently, a 2019 study, systematically
reviewed the published papers to evaluate the anticancer
potential of biologically synthesized AgNPs against breast
cancer cells through in vitro investigations and represented
significant breast anticancer activity of eco-friendly syn-
thesized AgNPs [6]. Likewise, another 2019 study, sys-
tematically reviewed the recent developments in the
prostate anticancer activity of biogenic AgNPs and gold
nanoparticles (AuNPs) among laboratory studies and
showed a high potential of biogenic AgNPs and AuNPs to
combat prostate cancer cells through in vitro model [8]. Up
to now, a number of studies evaluated the cytotoxicity of
biogenic AgNPs against colorectal cancer cells. A study
reported the nontoxicity of plant-mediated synthesized
AgNPs in the size distribution of 25—40 nm with spherical
morphology against HCT-116 human colon cancer cells at
the concentration of 350 pg/mL using the MTT assay [19].
In contrast, a study reported the dose-dependent and time-
dependent cytotoxicity of plant-mediated synthesized
spherical shaped AgNPs with the average size of 30 nm
against HCT-116 cells with the ICsy of 175 and 45.6 pg/
mL after 48 and 72 h of treatment, respectively [20].
Moreover, a study reported that phytosynthesized AgNPs
were more cytotoxic against SW620 colorectal cancer cells
compared to HCT-8 colorectal cancer cells [21]. Surpris-
ingly, a study reported that algal-mediated synthesized
AgNPs with an average of 31 nm and spherical morphol-
ogy were significantly cytotoxic against HT-29 colorectal
cancer cells, while the synthesized AgNPs were found
nontoxic against Caco-2 colorectal cells [22]. Here, a
question arises that the biogenic AgNPs are effective
against colorectal cancer or not? The literature suffers from
the lack of comprehensive review to represent the efficacy
of biogenic AgNPs against colorectal cancer cells. To the
best of our knowledge, the current systematic review is the
first comprehensive investigation representing the

anticancer potential of bio-mediated synthesized AgNPs
against colorectal cancer cells through laboratory studies.

Materials and Methods

This study is a systematic review of published articles to
assess the cytotoxicity of biogenic AgNPs against col-
orectal cancer cells through in vitro studies.

Search Strategy

The search strategy was conducted according to the
guidelines of the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) [23]. The inter-
national online databases including Cochrane, PubMed,
Scopus, Web of Science, Science Direct, Embase, and
ProQuest were searched for the articles published up to 19
June 2019 with no restriction on publication date using the
keywords of “silver”, Ag”, and “synthesis”, “fabrica-
tion”, “biosynthesis”, “biofabrication”, “green”, “biore-
duction”, “myco*”, “biogenic”, “biomimetic”, “plant*”,
“phyto*”, “herbal”, “fungal”, “bacterial”, “algal”, “mi-
crobial”, “biological”, and “nanoparticle*”, “colloidal”,
“nanomaterial*”, “nanostructure*”, ‘“nano-silver”, and
“antitumor*”, “anticancer*”, “antineoplastic”, “cell
line*”, “cancer*”, “tumor*”, “cytotoxicity”, “cytotoxic”,
“colon”, “colorectal”. Moreover, to avoid missing
matching articles, the references list of selected articles
were reviewed.

Study Selection

To assess the eligibility of the identified records, the first
screening was performed based on the reviewing of the
titles and abstracts of the articles and consequently, the
secondary screening was conducted based on the reviewing
of their full texts by two independent researchers.

Inclusion Criteria

The articles with the following characteristics were inclu-
ded: (i) articles obtained from the aforementioned key
search; (ii) articles contain sufficient information; (iii)
original articles; (iv) English language articles; (v) pub-
lished and/or in press articles; (vi) the articles that evalu-
ated the cytotoxicity of biogenic AgNPs through in vitro
models against colorectal cancer cells.

Exclusion Criteria

The articles with the following characteristics were
excluded: (i) duplicated articles; (ii) congress posters; (iii)
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non-related articles; (iv) editorials; (v) review articles; (vi)
letters to the editor; (vii) case reports; (viii) articles are
written in any language except English; (ix) articles with-
out full text; (x) articles that studied the cytotoxicity of
biogenic AgNPs against any cancer cells except colorectal
cancer cells; (xi) articles that studied the cytotoxicity of
chemical and/or physical-mediated fabricated AgNPs
against colorectal cancer cells; (xii) articles that studied the
cytotoxicity of other metallic NPs except AgNPs against
colorectal cancer cells.

Data Collection

Data extraction was done from the selected articles using
an extraction form (Table 1) comprising first author, year
of publication, a biological source with scientific name,
characterization techniques, size (nm), morphology, col-
orectal cancer cell line, dose, exposure time, cytotoxicity
method, and major outcome. It is highlighted that two
researchers not only assessed the eligibility of the above-
mentioned inclusion and exclusion criteria to select the
relevant articles, but also checked the data extraction from
the selected articles to limit the bias.

Results
Search Results

The flow diagram of the current literature search was
shown in Fig. 1. Of 1650 identified records, 1117 dupli-
cated records, and 464 irrelevant articles (during the first
screening of titles or abstracts) were excluded. Conse-
quently, the secondary screening was performed on 69
articles’ full text for eligibility assessment. Eventually, 39
articles were identified eligible to enter into the present
systematic review which reported the in vitro anticancer
activity of biogenic AgNPs against colorectal cancer cells.

Characteristics of Included Studies

Table 1 represented the extracted data from the selected
articles. According to Table 1, phytosynthesis was the most
prevailing approach for fabrication of AgNPs (n = 30).
Besides, the bacterium (n = 5), fungus (n = 3), and alga
(n = 2) were other biological sources that were used for
fabrication of AgNPs. Significantly, most of the studies
reported spherical shaped AgNPs (n = 38), while only one
study (n = 1) reported the cubic morphology for prepared
AgNPs. Besides, the AgNPs were synthesized below
100 nm in most of the studies (n = 35), while few studies
(n = 4) reported the size of AgNPs above 100 nm. More-
over, among all studies, eleven colorectal cancer cell lines
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were evaluated for anticancer activity of biogenic AgNPs.
Among these cell lines, HT-29 and HCT-116 colorectal
cell lines were the first (34.09% of studies) and second
(22.72% of studies) most dominated cancer cells through
all studies, respectively. Additionally, the cytotoxicity of
biogenic AgNPs was investigated using MTT (n = 34),
WST-1 (n =2), Alamar Blue (n = 2), and MTS (n=1)
assays. Impressively, most of the studies demonstrated
significant anticancer activity of biogenic AgNPs with the
half maximal inhibitory concentration (ICsq) against col-
orectal cancer cells.

Discussion

Nanomedicine can be described as the application of nan-
otechnology for diagnosis, prevention and treatment of
diseases. Nanomedicines not only can solve the difficulties
related to pharmacokinetics, bioavailability and solubility
of the drugs, but also can overcome the off-target side
effects as well as dose-dependent toxicities of drugs [59].
Nanomedicines have attracted significant interest as novel
strategies to combat colorectal cancer. Up to now, several
nanoparticulate drug delivery systems have been success-
fully applied for drug [60, 61], gene [62], and vaccine [63]
delivery to colorectal cancer cells. MNPs and particularly
AgNPs have attracted significant attention in different field
of studies including pharmaceutics due to their unique
optical, electrical and mechanical properties which are
attributed to their high surface area to volume ratio. The
studies confirmed the beneficial of AgNPs for drug delivery
formulations, tissue scaffold, wound dressing, antimicro-
bial agents, and diagnosis platforms [64]. Recently, a
number of studies investigated the cytotoxicity of biogenic
AgNPs against many cancer and normal cell lines. Inter-
estingly, it was shown that the odds of cytotoxicity of
microbial-mediated synthesized AgNPs in cancer cells
were found 15,973 times more than normal cells through
in vitro investigations (OR = 15.973, P < 0.001), which
represents much more AgNPs-induced cytotoxicity chance
in cancer cells [6]. On the other hand, the promising anti-
cancer activity of biogenic AgNPs against breast and
prostate cancer provides preliminary evidence for the next
generation of anticancer drugs [6, 8]. Due to the lack of
comprehensive information to show the efficacy of bio-
genic AgNPs against colorectal cancers, we decided to
conduct a global systematic review to evaluate the anti-
cancer potential of bio-mediated synthesized AgNPs
against colorectal cancer cells from the original published
articles up to 19 June 2019. Among all studies, the cyto-
toxicity of biogenic AgNPs was evaluated against different
colorectal cancer cells including HCT-116 (human colon
carcinoma), HT-29 (human colorectal adenocarcinoma),
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Fig. 1 Flowchart describing the
study design process

Records identified through database searching
[Cochrane Library, Web of Science, PubMed,
Science Direct, ProQuest, Scopus, and Embase]

(n = 1650)

Identification

[

A4

)

Records after
duplicates removed
(n=533)

Eligibility Screening

Included

endocytosis, PI3/Akt-mediated endocytosis, and
macropinocytosis, as well as pinocytosis, caveolae- and
clathrin-dependent mediated endocytosis, and phagocytosis
[65]. The AgNPs can cause a variety of cellular changes
such as conformational alteration, mutations, signaling
pathways alteration, enzyme failure, and membrane per-
meability disorders [66]. Oxidative stress and overpro-
duction of Reactive Oxygen Species (ROS) are the most
probable mechanism for AgNPs-induced cytotoxicity that
can cause cellular damage to proteins, lipids and DNA
[65]. It was reported that the AgNPs-induced apoptosis is
mitochondria-dependent because AgNPs cause apoptosis
through the cytochrome c release into the cytosol and Bax
translocation to the mitochondria [67]. In addition to the
role of ROS in AgNPs-induced apoptosis, it was reported
that AgNPs can induce the inflammatory cytokines (TNF-
o, IL-1B, IL-1, IL-6) release in cells which can cause DNA
damage [65]. Huang et al. [25] reported the significant
anticancer activity of plant-mediated synthesized spherical
shaped AgNPs with average diameter size of 50 nm against
HT-29 colorectal cells with ICsy of 254 pg/mL after 24 h
of treatment using MTT assay. The authors believed that

A\ 4

Records excluded based
on title and abstract
(n=464)

Records screened
(n=533)

A4

A 4

Full-text articles assessed
for eligibility >
(n=69)

Full-text articles excluded
(n=30)

A4

Studies included in
qualitative synthesis
(n=39)

the anticancer activity of phytosynthesized AgNPs is sig-
nificantly attributed to the plant extract chemical compo-
sitions in addition to physicochemical characteristics of
AgNPs. Wang et al. 2018 evaluated the anticancer activity
of Fungus-mediated synthesized AgNPs using Aspergillus
niger against HT-29 colorectal cancer cells through MTT
assay. The spherical shaped AgNPs in the range of
20-25 nm exhibited major cytotoxic effects against HT-29
cells with the ICsy of around 120 pg/mL. The ROS gen-
eration assay and Caspase-3 activity assay revealed an
elevated level of ROS and caspase-3 expression in the HT-
29 cells group that were treated with mycogenic AgNPs.
The authors reported that this activation of caspase-3
indicated the AgNPs-induced programmed cell death
through apoptosis. Because the caspase-3 enzyme is a
protease that acts as a mediator and has a major role in
apoptosis [26]. Likewise, the overexpression of caspase-3,
caspase-8, and caspase-9 was reported in a study that
evaluated the anticancer activity of phytosynthesized
AgNPs against HCT-116 colorectal cancer cells. The
activation of the caspase enzymes is a hallmark feature of
apoptosis [20]. Additionally, Kim et al. [32] evaluated the
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cytotoxicity of plant-mediated synthesized AgNPs against
HT-29 colorectal cancer cells and reported the considerable
cytotoxic influence of AgNPs on HT-29 cells with ICs, of
less than 20 pg/mL. This study also confirmed the activa-
tion of the caspase-3 enzyme in the AgNPs treated group.
The authors showed that the AgNPs-induced apoptosis in
HT-29 cells was attributed to excessive production of ROS
by activation of the Caspase-3/p38 MAPK pathway. In this
global systematic review, we provided valuable informa-
tion indicating the significant anticancer potential of bio-
genic AgNPs against colorectal cancer cells through
in vitro studies. We also discussed the proposed anticancer
mechanisms of AgNPs. Further studies are required to
show the anticancer efficacy ofbiogenic AgNPs through
in vivo studies. Moreover, although many studies have
shown the significant potential of biologically synthesized
MNPs [68-74], it does not mean that the biosynthesis of
MNPs prevents from the MNPs-induced adverse effects
[75]. Hence, to translate these laboratory investigations to
clinical trials, many challenges should be addressed in the
future studies such as genotoxicity, immunogenicity,
AgNPs adverse effects on noncancerous cells, etc. Besides,
the information about protein corona and their role on the
cellular uptake and biogenic AgNPs cytotoxicity is not still
understood well and should be considered in the future
studies. Moreover, as a new strategy to combat cancer, it is
suggested to evaluate the synergistic effects of FDA
approved anticancer drugs in conjugation to biogenic
AgNPs against different cancers in further studies.

Conclusion

The current study systematically reviewed the anticancer
potential of biologically synthesized AgNPs against col-
orectal cancer cells through in vitro models. This study not
only provided valuable information indicating the strong
in vitro cytotoxicity of biogenic AgNPs, but also discussed
the proposed mechanisms of AgNPs-induced cytotoxicity.
Most of the studies showed dose and/or time-dependent
cytotoxicity against colorectal cancer cells. Besides, these
AgNPs have the potential to be conjugated to other col-
orectal drugs. Moreover, as the size, morphology, surface
chemistry and surface charge of AgNPs are the significant
factors that can influence the cytotoxicity, hence, the bio-
logical procedure of AgNPs preparation can be designed to
achieve the AgNPs with optimal characteristics. Further
studies should address many challenges and concerns about
the safety of these AgNPs for the environment and human.
Future anticancer studies should focus on the animal
models and provide enough information about the biogenic
AgNPs pharmacokinetics, and pharmacodynamics.
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