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Abstract
Cervical cancer, a malignant neoplasm arising from cervix cells, remains one of the leading global cause of women cancer-

related deaths. The present study was aimed to conduct a comprehensive systematic review to show the anticancer activity

of biological mediated gold nanoparticles (AuNPs) against cervical cancer cells. To identify the articles, a systematic

search was performed through the electronic databases including Web of Science, PubMed, Scopus, Science Direct,

ProQuest, Embase, and Cochrane for the articles published up to 31 August 2019. Thirty-three articles met our eligibility

criteria and were entered into the present systematic review. Our finding showed that twenty-eight articles stated the

biogenic AuNPs-induced cytotoxicity against cervical cancer cells, whereas five reports said no cytotoxicity. In this study,

the proposed molecular mechanisms of biogenic AuNPs-induced cytotoxicity were discussed. In total, the studies sug-

gested the induction of apoptosis and overgeneration of intracellular reactive oxygen species (ROS) through the AuNPs-

treated cervical cells. The information of this study may help the researchers for translation laboratory setting studies to

clinical researches. Future investigations are required to represent the efficacy of biogenic AuNPs through in vivo models

alone or combination with other anticancer drugs.
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Introduction

Nanotechnology encompasses the science, engineering,

and technology of materials at the scale of 1 to 100 nm [1].

Nanotechnology is a multidisciplinary field of study that

influences a broad area of sciences such as physics,

chemistry, biology, etc. [2, 3]. Cancer nanotechnology

deals with the role nanotechnology to overcome the can-

cers as an innovative strategy for their diagnosis and

therapeutics [2, 4]. Cancer nanotechnology is an emerging

and promising field of study that design smart anticancer

nanomedicines to increase the efficacy, specificity, and

absorption rate of anticancer drugs resulting in a significant

fall in drugs systemic toxicity. The synthesis of nanocar-

riers to entrap the chemotherapeutic drugs for targeted drug

delivery systems as well as sustained and controlled drug

release systems using micelles, liposomes, dendrimers and

nanoparticles (NPs) [5]. The Food and Drug Administra-

tion of United States defined nanomaterials as ‘‘materials

that have at least one dimension in the range of
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approximately 1 to 100 nm and exhibit dimension-depen-

dent phenomena’’ [1]. Among different kind of nanoma-

terials, noble NPs seem to be much more attractive for

pharmaceutical and biomedical applications such as drug

delivery, photothermal therapy, radiotherapy, and imaging

due to their unique chemical, mechanical, optical and

biological properties compared to their bulk counterparts

[1, 5]. Noble NPs are prepared through biological, chemi-

cal and physical methods. It is believed that the biological

approaches are much safer than chemical methods owing to

the lack of toxic chemicals and also much more cost-ef-

fective than physical methods [6, 7]. The biological tech-

niques include the use of different biological resources as

reducing and stabilizing agents to change the noble metal

cations to their nano-forms [8–11]. AuNPs are classified as

a group of noble metal NPs with a wide range of phar-

maceutical and biomedical potentials. The high bioavail-

ability and low immunogenicity of AuNPs made them

attractive for evaluation of their anticancer efficacy against

different cancers alone or in combination with other anti-

cancer drugs [5]. Recent years, the anticancer potency of

biomimetic synthesized AuNPs against cervical cancer

cells through in vitro investigations has been reported

[12–14]. However, some of the laboratory studies have

shown less or no cytotoxicity of biogenic AuNPs against

cervical cancer cells [15–18]. Hence, the efficacy of bio-

genic AuNPs against cervical cancer cells is still unclear.

Cervical cancer is known as a malignant neoplasm

originating from cervix cells. The National Cervical Can-

cer Coalitions estimated that developing countries are

suffering from eighty percent of cervical cancer cases.

World Health Organization (WHO) estimated that over

474,000 women per year would die by 2030 and an esti-

mated over 95% will occur in low- and middle-income

countries [19]. Hence, cervical cancer is considered as one

of the leading cause of cancer related deaths all around the

world. Human papillomavirus (HPV) infection, smoking,

age, oral contraception usage, etc. are some of the con-

siderable risk factors that are associated with cervical

cancer [20]. Up to know, 216 identified subtypes of HPV

have been reported among which subtypes of 16 and 18 are

classified as high-risk subtypes that can infect the epithelial

cells of the cervix and change the normal cellular functions

by host genome alteration resulting in progression of cer-

vical intraepithelial neoplasia [20, 21]. The current cervical

cancer therapy includes surgery, radiotherapy and

chemotherapy that sometimes are not successful. Pacli-

taxel, ifosfamide, topotecan carboplatin, and cisplatin are

some of the current chemotherapeutic agents for metastatic

cervical cancer, among which cisplatin seems to be more

effective for advanced cervical cancer. However, neuro-

toxicity, neutropenia, nephrotoxicity, thrombocytopenia,

etc. are some adverse effects that may occur in

chemotherapy [5]. Next-generation drugs should not only

decrease the cost of cancer therapy and adverse drug

effects, but also increase the quality of life in the patients

who have cervical cancer. To date, no comprehensive study

showed the efficacy of green AuNPs against cervical can-

cer. It is a significant urgent to provide robust evidence

from the laboratory studies whether or not green AuNPs

have the anticancer activity against cervical cancer cells.

This information is required for translation of laboratory

setting studies to clinical researches. In this study, we

aimed to conduct a systematic review of published articles

to show the efficacy of biomimetic synthesized AuNPs

against cervical cancer cells. The next aim of this study

was to discuss the proposed molecular mechanisms of

anticancer activity of biologically synthesized AuNPs

against cervical cancer cells through in vitro investigations.

Materials and Methods

The current study is a systematic review to show the effi-

cacy of biomimetic synthesized AuNPs against cervical

cancer cell lines.

Search Strategy

To evaluate the anticancer activity of biomimetic synthe-

sized AuNPs against cervical cancer cells, a global sys-

tematic review was performed to identify the articles

published up to 31 August 2019 among the English data-

bases including Web of Science, PubMed, Scopus, Science

Direct, ProQuest, Embase, and Cochrane using a combi-

nation of keywords including ‘‘Au’’, ‘‘gold’’, and

‘‘biosynthesis’’, ‘‘synthesis’’, ‘‘fabrication’’, ‘‘biofabrica-

tion’’, ‘‘microbial’’, ‘‘biological’’, ‘‘biomimetic’’, ‘‘plant*’’,

‘‘herbal’’, ‘‘fungal’’, ‘‘bacterial’’, ‘‘alga*’’, ‘‘phyto*’’,

‘‘bioreduction’’, ‘‘myco*’’, ‘‘biogenic’’, ‘‘green’’, and

‘‘nanoparticle*’’, ‘‘nano-gold’’, ‘‘nanomaterial*’’, ‘‘col-

loidal’’, ‘‘nanostructure*’’, and ‘‘tumor*’’, ‘‘antitumor*’’,

‘‘cancer*’’, ‘‘cytotoxic’’, ‘‘antineoplastic’’, ‘‘cytotoxicity’’,

‘‘cell line*’’, ‘‘anticancer*’’, ‘‘cervical’’. To identify addi-

tional articles, the reference list of selected articles were

reviewed. A protocol was devised according to PRISMA

guidelines representing our literature review involving the

first and second screening of articles to assess the eligibility

of selected articles to enter into our systematic review [22].

Inclusion Criteria

To assess the eligibility of articles for inclusion, the first

screening was performed to include the English language

original laboratory articles that their titles and abstracts

represented the evaluation of biomimetic synthesized
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AuNPs-induced cytotoxicity against cervical cancer cell

lines through in vitro model. For the case of doubt, the

entire articles were thoroughly reviewed.

Exclusion Criteria

The exclusion criteria encompassed for the studies with the

characteristics including review articles, letters, congress

abstracts, editorials, articles with insufficient information,

articles that reported the anticancer activity of chemically

and/or physically fabricated AuNPs against cervical cancer

cells, articles that evaluated the biogenic AuNPs-induced

cytotoxicity against any cell lines except cervical cancer

cells.

Data Extraction and Tabulation

We designed a data extraction form to collect the following

data from selected articles including first author, year of

publication, a biological source with scientific name,

characterization techniques, size (nm), morphology, cer-

vical cancer cell line, dose, exposure time, cytotoxicity

method, and major outcome.

Results

Search Results

The initial systematic search retrieved 1373 records that

642 records were found a duplicate and excluded. 731

articles were retained for first screening. During the first

screening of these articles, another 642 articles were

excluded according to the above-mentioned exclusion cri-

teria. Then, 89 articles’ full text was reviewed during the

second screening, and finally, 33 articles met our eligibility

criteria and were retained to enter into the current sys-

tematic review (Fig. 1).

Characteristics of Included Studies

Of thirty-three studies [12–18, 23–48], twenty-four studies

[12–18, 23–25, 30–37, 39, 40, 43, 44, 47, 48] reported

herbal-mediated fabrication of AuNPs. Besides, algae

[29, 38, 46], bacteria [26, 41, 42], cyanobacteria [45] and

even animals [27, 28] were other biological sources that

were used for fabrication of AuNPs. Significantly, all of the

studies stated the size of AuNPs less than 100 nm.

Although different morphologies were reported through the

studies, most of the studies reported spherical shaped

morphology for their biosynthesized AuNPs. Moreover, all

of the studies used HeLa cervical cancer cell line to eval-

uate the anticancer activity of biogenic AuNPs, and a study

[39] evaluated the biogenic AuNPs-induced cytotoxicity

against both HeLa and SiHa cell lines. In total, three

cytotoxic assays were used for anticancer evaluation of

AuNPs including MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide), WST (2-(4-iodophenyl)-3-

(4-nitrophenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium), and

MTS (3-(4,5-dimethylthiazol-2-yl)-5(3-carboxymetho-

nyphenol)-2-(4-sulfophenyl)-2H-tetrazolium) assays. In

details, thirty studies [12, 13, 15–18, 23–26, 29–48] applied

MTT assay, two studies [14, 28] applied WST, and one

study [27] applied MTS assay for cytotoxicity assessment.

Remarkably, twenty-eight studies [12–14, 23–32, 34–48]

reported significant anticancer activity of biologically

fabricated AuNPs against cervical cancer cells. In contrast,

five studies [15–18, 33] reported no cytotoxic influence of

AuNPs against cervical cancer cells at the maximum

AuNPs concentrations in their investigations.

Discussion

Green Chemistry: A Biosynthetic Approach
for Preparation of AuNPs

Green chemistry is one of the active areas of research in

nanotechnology for the synthesis of nanomaterials because

of the growing need to produce environmentally safe

nanomaterials [49]. The green chemistry will provide a

healthy space and life to prepare nanomaterials for differ-

ent applications. Green chemistry aims to overcome the

drawbacks of traditional physicochemical methods by

elimination of substances hazardous to the environment

and human health compared to chemical processes as well

as reducing the cost and energy consumption through the

physical techniques [50, 51]. AuNPs have been synthesized

using a wide range of natural resources with different size

distributions and morphologies [52]. The present system-

atic review showed that the biological resources do not

limit to plant extracts, algae, and microorganisms.

Interestingly, animal-mediated synthesis of AuNPs was

reported in two studies indicating the unlimited potency of

nature for AuNPs synthesis [27, 28]. In a study, the

aqueous extract of Nemopilema nomurai (jellyfish) was

successfully used as a green, reducing agent for the

biosynthesis of AuNPs resulting in spherical shaped

AuNPs with an average size of 35.2 ± 8.7 nm and trian-

gular nanoplates with an average height of 70.5 ± 30.3 nm

[27]. In another study, skate (Dipturus chilensis) cartilage

extract was applied for the biosynthesis of AuNPs with

spherical shapes and an average size of 16.7 ± 0.2 nm

[28]. However, the present study stated that the phy-

tosynthesis of AuNPs had received increasing attention

among all biological approaches for fabrication of AuNPs.
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More interestingly, our systematic review revealed that all

of AuNPs were bio fabricated below 100 nm through all

studies. The biosynthetic approach for preparation of

AuNPs is simple, energy-efficient, cost-effective, and

environmentally friendly [53, 54]. It has been shown that

the biomolecules and metabolites in the biological systems

are responsible for converting of gold ions to AuNPs form

[52, 53]. In this biosynthetic process, several parameters

need to be optimized to reach monodispersed NPs such as

pH, temperature, and concentration of metallic salt [7].

Although the biosynthetic approach is still at a laboratory

setting, this potential exists for a biological method for

large scale production with optimizing the procedures

using the statistical modelling [55]. Figure 2 represented

the interface of nature, nanotechnology and cervical

cancer.

Cytotoxicity of Biogenic AuNPs Against Cervical
Cancer Cells

In total, the current systematic review revealed the con-

siderable anticancer activity of biogenic AuNPs against

cervical cancer cells (Table 1). However, few studies

reported no AuNPs-induced cytotoxicity [15–18, 33]. The

different results in biogenic AuNPs cytotoxicity responses

are associated to the various parameters such as different

AuNPs sizes, morphologies and surface charges as well as

different biological resources that act as reducing and

capping agents [56]. In a study, cellular uptake kinetics of

different sizes of citrate-capped AuNPs were studied in

HeLa cells. The NPs with the size of 50 nm showed opti-

mal uptake compared to other NPs with other sizes

(50[ 30[ 14[ 74[ 100 nm core diameter) [57]. From

the pharmaceutical aspect, AuNPs may act as a nanocarrier

for drug delivery systems. It was shown that the anticancer

activity of AuNPs loaded with doxorubicin was much

Fig. 1 Flowchart describing the

study design process
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stronger than free doxorubicin against cervical cancer cells

[58].

Moreover, it was shown that AuNPs below 100 nm

diameter size could be surface functionalized with as many

as 1.5 9 107 molecules per square micron. This provide an

opportunity to engineer the surface of AuNPs. For exam-

ple, it was reported that PEGylated AuNPs would have

more blood circulation time [59]. One of the potential

therapeutic targets to combat cancer cells is their surface

receptors. It was shown that human cervical cancer cells

overexpress folate receptors. The studies revealed that the

conjugation of chemotherapeutic nano-formulations with

folic acid increased the specificity to cervical cancer cells

[19]. Thereby, surface functionalization of biogenic AuNPs

may provide a chance to design smart nanomedicines for

theranostic purposes. Although we cannot expect that

biogenic AuNPs only have cytotoxic influence toward

cervical cancer cells without any cytotoxicity against nor-

mal cells, but we expect that biogenic AuNPs would have

much cytotoxic impact against cervical cancer cells with

less cytotoxicity against other normal cells. Future studies

should focus on the range of biocompatibility of biogenic

AuNPs toward different normal cells and provide com-

prehensive information about their pharmacokinetics and

pharmacodynamics through in vivo investigations.

Proposed Molecular Mechanisms of Biogenic
AuNPs-induced Cytotoxicity Against Cervical
Cancer Cells

It is of high importance to investigate the molecular

mechanisms of anticancer activity of biogenic AuNPs

against cervical cancer cells. To date, the total under-

standing of molecular mechanisms of biogenic AuNPs-in-

duced cytotoxicity is limited to AuNPs-induced apoptotic

pathways activation as well as overgeneration of intracel-

lular ROS (Fig. 3). Qian et al. phytosynthesized AuNPs

from aqueous leaf extract of Alternanthera sessilis and

evaluated its anticancer activity against HeLa cells. Wes-

tern blot analysis revealed that treated HeLa cells with

biogenic AuNPs led to a considerable dose-dependent

increase in expression of Bax and a fall in expression of

Bid and Bcl-2, whereas non-treated HeLa cells showed a

fall in the expression of Bax and a rise in expression of Bid

and Bcl-2. Besides, caspase kit colorimetric method

revealed a significant dose-dependent activity of caspases

3, 8 and 9 in AuNPs-treated HeLa cells, whereas in non-

treated HeLa cells a decrease in the activity of caspases 3, 8

and 9 was observed [12]. Notably, AKT and ERK signaling

pathways have a significant function through cell surviv-

ing. Ahn et al. stated that in the biogenic AuNPs-treated

HeLa cells, the activation of AKT and ERK signaling

pathways was blocked [27]. Kajani et al. synthesized

AuNPs using Taxus baccata extract and stated concentra-

tion and time dependent AuNPs-induced cytotoxicity

Fig. 2 The interface of nature, nanotechnology and cervical cancer
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against HeLa cells. The results of real-time PCR stated

down-regulation of anti-apoptotic Bcl-2 [34]. Baharara

et al. reported the induction of apoptosis by phytosynthe-

sized AuNPs through activation of caspases 3 and 9 in

HeLa cells. They also performed flow cytometry analysis

and demonstrated a time dependent apoptotic cell death in

AuNPs-treated HeLa cells [37]. Ajdari et al. synthesized

AuNPs using an extract of the brown seaweed Sargassum

glaucescens and reported the induction of the intrinsic

apoptotic pathway by algal-mediated AuNPs through

activation of caspases 3 and 9 [38]. In a study, the western

blot analysis showed the activation of caspases 3, 8 and 9

in the biogenic AuNPs-treated HeLa cells [44]. In a study,

nuclear morphology analysis was performed for the

AuNPs-treated HeLa cells, and the results showed frag-

mented DNA, apoptotic body formation as well as chro-

matin condensation in HeLa cells indicating apoptotic

changes. The authors stated that overgeneration of ROS

and activation of apoptotic pathways were responsible for

these changes [41]. In another study, the ROS levels in

AuNPs-treated HeLa cells were measured using 20,70-
dichlorodihydrofluorescein (DCFHDA) method. The

results showed that the intracellular ROS in the HeLa cells

treated with 20 lg/mL of AuNPs were significantly higher

than cisplatin-treated HeLa cells at 30 lg/mL. They also

performed DNA fragmentation assay and showed AuNPs-

induced fragmented DNA at the concentration of 20 lg/
mL. Moreover, the results of cell cycle analysis showed

cell cycle arrest in the G2/M phase [44]. Although we

discussed the current proposed molecular mechanisms of

anticancer activity of biogenic AuNPs, future studies may

reveal other molecular mechanisms.

Conclusion

Nanotechnology is a novel strategy to design next-gener-

ation anticancer drugs. The current trends represented a

promising future for biogenic AuNPs due to their unique

physicochemical properties. In the current systematic

review, we had an attempt to provide comprehensive

information from laboratory researches to show the effi-

cacy of biomimetic synthesized AuNPs against cervical

cancer cells. We showed a wide range of natural resources

as an eco-friendly method for fabrication of AuNPs with

different shapes and sizes. Besides, we introduced different

molecular mechanisms of anticancer activity of biogenic

AuNPs against cervical cancer cells. Although the findings

of this systematic review showed the considerable anti-

cancer potential of biogenic AuNPs against cervical cancer

cells, many challenges and ambiguities should be addres-

sed in the future studies such as the fate of these NPs in the

body, their acute and chronic toxicity toward other normal

tissues, genotoxicity, immunogenicity, etc.

Fig. 3 Schematic anti-cancer mechanisms of biogenic AuNPs

H. Barabadi et al.

123



Acknowledgments This work was financially supported by Shahid

Beheshti University of Medical Sciences, Tehran, Iran (Grant Number

20417).

Compliance with Ethical Standards

Conflict of interest The authors declare that they have no conflict of

interest.

References

1. J. Jeevanandam, A. Barhoum, Y. S. Chan, A. Dufresne, and M.

K. Danquah (2018). Beilstein J. Nanotechnol. 9, 1050.
2. M. Ferrari (2005). Nat. Rev. Cancer. 5, 161.
3. P. Boomi, G. P. Poorani, S. Palanisamy, S. Selvam, G. Rama-

nathan, S. Ravikumar, H. Barabadi, H. G. Prabu, J. Jeyakanthan,

and M. Saravanan (2019). J. Clust. Sci. 30, 715.
4. J. Xu, X. Zhou, Y. Li, and Y. Tian (2017). Curr. Drug Metab. 18,

266.

5. F. Ordikhani, M. Erdem Arslan, R. Marcelo, I. Sahin, P. Grigsby,

J. K. Schwarz, and A. K. Azab (2016). Pharmaceutics. 8, 23.
6. H. Barabadi, F. Kobarfard, and H. Vahidi (2018). Iran J. Pharm

Res. 17, 87.
7. H. Barabadi, S. Honary, P. Ebrahimi, A. Alizadeh, F. Naghibi,

and M. Saravanan (2019). Inorg Nano-Met Chem. 49, 33.
8. Q. Abbas, M. Saleem, A. R. Phull, M. Rafiq, M. Hassan, K.-H.

Lee, and S.-Y. Seo (2017). Iran J. Pharm Res. 16, 760.
9. N. Karimi, A. Chardoli, and A. Fattahi (2017). Iran J. Pharm Res.

16, 1167.
10. Z. Rezvani Amin, Z. Khashyarmanesh, B. S. Fazly Bazzaz, and

Noghabi Z. Sabeti (2019). Iran J. Pharm. Res. 18, 210.
11. S. Salari, S. Esmaeilzadeh Bahabadi, A. Samzadeh-Kermani, and

F. Yousefzaei (2019). Iran J. Pharm Res. 18, 430.
12. L. Qian, W. Su, Y. Wang, M. Dang, W. Zhang, and C. Wang

(2019). Artif. Cells Nanomed. Biotechnol. 47, 1173.
13. B. Patra, R. Gautam, E. Priyadarsini, P. Rajamani, S. N. Pradhan,

M. Saravanan, and R. Meena (2019). J. Clust. Sci.. https://doi.

org/10.1007/s10876-019-01625-5.

14. M. P. Patil, E. Bayaraa, P. Subedi, L. L. A. Piad, N. H. Tarte, and

G. D. Kim (2019). J. Drug Deliv. Sci. Technol. 51, 83.
15. R. Dharmatti, C. Phadke, A. Mewada, M. Thakur, S. Pandey, and

M. Sharon (2014). Mater. Sci. Eng. C 44, 92.
16. P. Sharma, P. J. Babu, and U. Bora (2012). Micro Nano Lett. 7,

1296.

17. R. K. Das, P. Sharma, P. Nahar, and U. Bora (2011). Mater. Lett.

65, 610.
18. P. J. Babu, P. Sharma, M. C. Kalita, and U. Bora (2011). Front

Mater. Sci. 5, 379.
19. S. Gupta and M. K. Gupta (2017). Nano Rev. Exp. 8, 1335567.
20. P. Olusola, H. N. Banerjee, J. V. Philley, and S. Dasgupta (2019).

Cells. 8, 622.
21. T. Sarenac and M. Mikov (2019). Front Pharmacol. 10, 484.
22. D. Moher, A. Liberati, J. Tetzlaff, and D. G. Altman (2009).

PLoS Med. 6, e1000097.
23. H. A. Ghramh, K. A. Khan, E. H. Ibrahim, and W. N. Setzer

(2019). Nanomaterials. 9, 765.
24. E. E. Elemike, D. C. Onwudiwe, N. Nundkumar, M. Singh, and

O. Iyekowa (2019). Mater. Lett. 243, 148.
25. H. Singh, J. Du, P. Singh, and T. H. Yi (2018). Artif. Cells

Nanomed. Biotechnol. 46, 1163.
26. M. Camas, A. Sazak Camas, and K. Kyeremeh (2018). Indian J.

Microbiol. 58, 214.

27. E.-Y. Ahn, S. J. Hwang, M.-J. Choi, S. Cho, H.-J. Lee, and Y.

Park (2018). Artif. Cells Nanomed. Biotechnol. 46, 1127.
28. E. Y. Ahn, Y. J. Lee, S. Y. Choi, A. R. Im, Y. S. Kim, and Y.

Park (2018). Artif. Cells Nanomed. Biotechnol. 46, 1108.
29. S. Vijayakumar, B. Vaseeharan, B. Malaikozhundan, N. Gobi, S.

Ravichandran, S. Karthi, B. Ashokkumar, and N. Sivakumar

(2017). Microb. Pathog. 110, 140.
30. P. Seetharaman, R. Chandrasekaran, S. Gnanasekar, I. Mani, and

S. Sivaperumal (2017). Biocatal. Agric. Biotechnol. 11, 75.
31. A. Rajan, A. R. Rajan, and D. Philip (2017). OpenNano. 2, 1.
32. P. P. Dutta, M. Bordoloi, K. Gogoi, S. Roy, B. Narzary, D.

R. Bhattacharyya, P. K. Mohapatra, and B. Mazumder (2017).

Biomed. Pharmacother. 91, 567.
33. B. Kumar, K. Smita, L. Cumbal, J. Camacho, E. Hernández-
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