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Abstract
Copper based nanoparticles have an immense potential in the future of anticancer therapy. Various copper inorganic nanoparticles and
organic framework complexes have been extensively studied since the last decade for their effect on cancer cell growth inhibition and tumor
regression. In this review we have summarised the anticancer activity of few such nanoparticles of copper and organo-copper complexes and
their mode of action.
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Abbreviations: APTS: 3-Aminopropyltrimethoxysilane; CUAA: Copper Acetylacetonate; NPs: Nanoparticles; ROS: Reactive Oxygen Species; NM:
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Introduction

The vast limitations of traditional cancer drugs have pushed
researches to advance in the area of cancer nanomedicine. The
major drawbacks of the conventional drugs are immense side
effects, non-specific tissue absorption, low bioavailability and
high cost of production, to name a few. With the advancement
in nanomedicine, scientists are aiming to come up with drugs
which will have targeted action to cancer cells thus minimizing
the side effect on healthy tissue and organs within the body.
Various metal and organo metallic compounds are currently in
trial to achieve this goal. The major advantage of these metal
based nanoparticles is that they can lower the cost of production
contrary to the complex structured conventional anticancer
drugs like paclitaxel, doxorubicin etc. which are very costly.

Various metal nanoparticles (NPs) have been reported for
their anticancer properties like gold [1], Silver [2], Cobalt [3],
Cerium [4], but copper nanoparticles have become a favoured
choice amongst researchers [5-10]. The reasons being that they
are very cost effective compared to Au and Ag NPs and have a
longer stability period. Being a transition element, innately they
have a high cytotoxic effect on cancer cells even at low doses,
mainly due to the oxidative stress it causes inside the cytoplasm
of the cells. This review article tries to focus on few of such

copper based nanoparticles which have been extensively studied
for its anti-cancer activity and mode of action.

Inorganic copper nanoparticles having anticancer
activity

There are various inorganic nanoparticles of copper which
have been studied for their anticancer activity. Some of them
are CuQ, Cul, Cu(PO,),, CuCO,, CuS, Cu,0 [5-10]. As reported by
Laha etal. [6] Cul and Cu(PO,), NPs measured around 35nm and
67nm respectively. Cul NPs were more effective at a lower dose
compared to Cu(PO,), as the LD, value for Cul and Cu(PO,),
NPs was 2.5 and 10pg/ml respectively. Both these NPs induce
ROS-mediated DNA damage causing apoptotic mediated cell
death. Guo et al. [10] synthesized amorphous and crystalline
NPs of CuS. Both the crystalline and amorphous forms were
similar in size around 50-60nm and had effective cytotoxicity
on cancer cells. The LD, for amorphous CuS NPs was 18.5ug/
ml whereas the nanocrystals had 29pg/ml on HL-60 cell lines.
Both the NPs mediated apoptosis of the cancer cells but not in
normal cells. Cu,0 NPs were synthesized by Wang et al. [9] and
was found that at low concentration these NPs were selective for
cancer cell apoptosis whereas not affecting the normal cells. We
synthesized CuCO, NPs which measured 20 nm [7].
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It induced ROS-mediated mitochondria and DNA damage
leading to apoptosis in cancer cells. CuCO, NPs were targeted
to cancer cells using folic acid. Folic acid is a precursor for DNA
synthesis and this machinery is highly active in cancer cells due
to its need for fast replication. Most cancer cells over-express
this folate receptor which is utilized to internalize the folic acid.
Upon treating mice bearing tumor, it was observed that the
toxicity level was minimum and the survivability of the mice
increased significantly compared to the control group. The tumor
volume also reduced [7]. Spherical shaped CuO NPs have been
synthesized through green synthesis using plants by Nagajyothia
etal. [8,11] as well by chemical reduction process by our group.
The size from green synthesis varied from 5-100nm depending
on plant species and from chemical reduction, the size was found
to be around 30nm. This CuO NPs were very effective on cervical
as well as breast cancer cells (HeLa, MCF-7). The mode of action
was found to be due to ROS mediated DNA damage which causes
stress inside the cells leading to autophagy (a survival strategy of
cell to fight against cellular stress) and finally causing apoptosis
upon inhibiting autophagy. CuO NPs were further targeted to
cancer cells by conjugating folic acid in order to address the
selectivity of these NPs. The CuO NPs were conjugated with Folic
acid using APTS and then it was observed through in-vivo study,
that the group of tumor-bearing mice receiving the targeted
delivery of this CuO NPs gave a promising result as found in our
work of CuCO, [7-11].

Organic framework copper

activities

having anticancer

The anticancer activity of copper is not only limited
to its inorganic form but also in its organic complexes.
Sanghamitra et al. [12] have studied the anticancer activity of
(Cu,(dppe),(CH,CN),][CIO,), on lung cancer cells and found
its activity to be similar to that of Adriamycin which induced
DNA damage and induced the p53 pathway inhibiting the cell
growth by cell cycle arrest. Teyssot et al. [13] demonstrated the
activity of (CuCl(SIMes)) and compared it with cisplatin. This
complex induced cell cycle arrest in G1 phase which inhibited
the cancer cells growth. Cu(II) thioxotriazole complex indicated
G2/M phase arrest of tumor cells leading to loss of mitochondria
function and paraptosis [14]. Kamah et al. [15] reported that
(Cu(PDTA-H,)(H,0),). H,0 had potential anti-tumor activity on
ovarian tumor and solid sarcoma. Their in-vivo trails exhibited
a complete reduction of tumor size at low doses. Various copper
(), (I1) and (IIT) complexes have been studied likewise by various
researchers for their anticancer activity. We have studied one
such complex of copper (II) acetylacetonate [16]. This complex
exhibited a dose-dependent cytotoxicity on HeLa and MCF-7
cells. More surprisingly when we compared its activity to other
transition metal acetylacetonate complexes, it was observed
that other metal complexes were having very less activity, thus
indicating the role of copper. CuAA induced ROS mediated DNA
and mitochondria damage leading to GO cell cycle arrest causing
apoptosis.

Transition of copper complexes to nano-forms for
targeted delivery

With the advancement in lipid and polymer nanoparticles it
has become very easy to deliver various compounds to diseased
cells. These copper-organo complexes can be a field of real
interest as they can be very easily synthesized and encapsulated
into these biodegradable, non-toxic nano vehicles. We have
developed one such polymer nanoparticle of chitosan which
has been hydrophobically modified with stearic acid for loading
of hydrophobic complexes of copper [16,17]. We targeted this
CuAA loaded polymer nanoparticle to folate receptors and HER
2 receptors of cancer cells, which very successfully resulted in
regression of tumor in mice model [17].

Conclusion

We summarized various copper inorganic nanoparticles
studied by various research groups worldwide which have
potential anticancer activity and can inhibit tumor cells of
various tissues including cervical, breast, lung etc. Few of these
nanoparticles have been successfully targeted to cancer cells
using various cancer-specific surface markers to minimize any
toxicity to normal tissues. Apart from them, copper complexes
have also been studied extensively by many researchers and
have been delivered to cancer cells with the help of polymer or
liposome nanoparticles. In the current era, this area has a vast
opening in the field of developing very cost effective cancer
therapeutics which can have minimum toxicity in comparison to
the much expensive conventional drugs.

References

1. Geetha R, Ashokkumar T, Tamilselvan S, Govindaraju K, Sadiq M, et
al. (2013) Green synthesis of gold nanoparticles and their anticancer
activity. Cancer Nanotechnol 4(4-5): 91-98.

2. Sreekanth TVM, Pandurangan M, Kim DH, Lee YR (2016) Green
Synthesis: In-vitro Anticancer Activity of Silver Nanoparticles on
Human Cervical Cancer Cells. Journal of Cluster Science 27(2): 671-
681.

3. Khan S, Ansari AA, Khan AA, Ahmad R, Al-Obaid O, Kattan A-W (2015)
In vitro evaluation of anticancer and antibacterial activities of cobalt
oxide nanoparticles. ] Biol Inorg Chem 20(8): 1319-1326.

4. Pesi¢ M, Podolski R-A, Stojkovi¢ S, Matovi¢ B, Zmejkoski D, et al. (2015)
Anti-cancer effects of cerium oxide nanoparticles and its intracellular
redox activity. Chem Biol Interact 5(232): 85-93.

5. Laha D, Pramanik A, Maity ], Mukherjee A, Pramanik P, et al. (2014)
Interplay between autophagy and apoptosis mediated by copper oxide
nanoparticles in human breast cancer cells MCF7. Biochim Biophys
Acta 1840(1): 1-9.

6. Dipranjan L, Debalina B, Arindam P, Chitta Ranjan S, Panchanan P
et al. (2012) Evaluation of copper iodide and copper phosphate
nanoparticles for their potential cytotoxic effect. Toxicol Res 1: 131-
136.

7. Pramanik A, Laha D, Chattopadhyay S, Dash SK, Roy S, et al. (2015)
Targeted delivery of “copper carbonate” nanoparticles to cancer cells
in-vivo. Toxicol Res 4: 1604-1612.

8. Nagajyothia PC, Muthuramanb P, Sreekanthc TVM, Kim DH, Shima ]
(2017) Green synthesis: In-vitro anticancer activity of copper oxide

m How to cite this article: Pramanik A, Pramanik S, Pramanik P. Copper Based Nanoparticle: A Way towards Future Cancer Therapy. Glob J Nano. 2017;

1(5): 555573. DOI: 10.19080/GJN.2017.01.555573.


http://dx.doi.org/10.19080/GJN.2017.01.555573

https://www.ncbi.nlm.nih.gov/pubmed/26069504/
https://www.ncbi.nlm.nih.gov/pubmed/26069504/
https://www.ncbi.nlm.nih.gov/pubmed/26069504/
https://link.springer.com/article/10.1007/s10876-015-0964-9
https://link.springer.com/article/10.1007/s10876-015-0964-9
https://link.springer.com/article/10.1007/s10876-015-0964-9
https://link.springer.com/article/10.1007/s10876-015-0964-9
https://www.ncbi.nlm.nih.gov/pubmed/26563952
https://www.ncbi.nlm.nih.gov/pubmed/26563952
https://www.ncbi.nlm.nih.gov/pubmed/26563952
https://www.ncbi.nlm.nih.gov/pubmed/25813935
https://www.ncbi.nlm.nih.gov/pubmed/25813935
https://www.ncbi.nlm.nih.gov/pubmed/25813935
https://www.ncbi.nlm.nih.gov/pubmed/23962629
https://www.ncbi.nlm.nih.gov/pubmed/23962629
https://www.ncbi.nlm.nih.gov/pubmed/23962629
https://www.ncbi.nlm.nih.gov/pubmed/23962629

Global Journal of Nanomedicine

nanoparticles against human cervical carcinoma cells. Arabian Journal
of Chemistry 10(2): 215-225.

9. Wang Y, Zi XY, Su J, Zhang HX, Zhang XR, et al (2012) Cuprous oxide
nanoparticles selectively induce apoptosis of tumor cells. Int ]
Nanomedicine 7: 2641-2652.

10.Guo Y, Zhang ], Yang L, Wang H, Wang F, et al. (2010) Syntheses of
amorphous and crystalline cupric sulfide nanoparticles and study
on the specific activities on different cells. Chem Commun (Camb)
46(20): 3493-3495.

11. Dipranjan L, Arindam P, Sourav C, Sandip KD, Somenath R, etal. (2015)
Folic acid modified copper oxide nanoparticles for targeted delivery in
in-vitro and in-vivo systems. RSC Adv 5: 68169-68178.

12.Sanghamitra NJ, Phatak P, Das S, Samuelson AG, Somasundaram
K (2005) Mechanism of cytotoxicity of copper(l) complexes of
1,2-Bis(diphenylphosphino)ethane. ] Med Chem 48(4): 977-985.

13. Teyssot ML, Jarrousse AS, Chevry A, De Haze A, Beaudoin C, et al.
(2009) Toxicity of Copper(I)-NHC Complexes Against Human Tumor

@ This work is licensed under Creative
Commons Attribution 4.0 License
DOI: 10.19080/GJN.2017.01.555573

14.

15.

16.

17.

Cells: Induction of Cell Cycle Arrest, Apoptosis, and DNA Cleavage.
Chemistry 15(2): 314-318.

Dallavalle F, Gaccioli F, Franchi-GR, Lanfranchi M, Marchio L
(2002) Synthesis, molecular structure, solution equilibrium, and
antiproliferative activity of thioxotriazoline and thioxotriazole
complexes of copper(Il) and palladium(II). ] Inorg Biochem 92(2):
95-104.

Kamah S, Vilaplana R, Moreno ], Akdi K, Garcia-Herdugo G, et al.
(2004) Isolation, characterization and antitumor properties of the
1,2-propylenediaminetetraacetate-trans-diaquacopper (II). Met Based
Drugs 7(4): 219-224.

Hadinoto K, Sundaresan A, Cheow WS (2013) Lipid-polymer hybrid
nanoparticles as a new generation therapeutic delivery platform: A
review. Eur ] Pharm Biopharm 85(3): 427-443.

Pramanik A, Laha D, Pramanik P, Karmakar P (2014) A novel drug
“copper acetylacetonate” loaded in folic acid-tagged chitosan
nanoparticle for efficient cancer cell targeting. ] Drug Target. 22(1):
23-33.

Your next submission with JuniperPublishers
will reach you the below assets

¢ Quality Editorial service
o Swift Peer Review
¢ Reprints availability
¢ E-prints Service
¢ Manuscript Podcast for convenient understanding
¢ Global attainment for your research
e Manuscript accessibility in different formats
( Pdf, E-pub, Full Text, Audio)

¢ Unceasing customer service

Track the below URL for one-step submission

https://juniperpublishers.com/submit-manuscript.php

m How to cite this article: Pramanik A, Pramanik S, Pramanik P. Copper Based Nanoparticle: A Way towards Future Cancer Therapy. Glob J Nano. 2017;

1(5): 555573. DOI: 10.19080/GJN.2017.01.555573.


http://dx.doi.org/10.19080/GJN.2017.01.555573

https://www.ncbi.nlm.nih.gov/pubmed/22679374
https://www.ncbi.nlm.nih.gov/pubmed/22679374
https://www.ncbi.nlm.nih.gov/pubmed/22679374
https://www.ncbi.nlm.nih.gov/pubmed/20376385
https://www.ncbi.nlm.nih.gov/pubmed/20376385
https://www.ncbi.nlm.nih.gov/pubmed/20376385
https://www.ncbi.nlm.nih.gov/pubmed/20376385
https://www.ncbi.nlm.nih.gov/pubmed/15715467
https://www.ncbi.nlm.nih.gov/pubmed/15715467
https://www.ncbi.nlm.nih.gov/pubmed/15715467
https://www.ncbi.nlm.nih.gov/pubmed/19025730
https://www.ncbi.nlm.nih.gov/pubmed/19025730
https://www.ncbi.nlm.nih.gov/pubmed/19025730
https://www.ncbi.nlm.nih.gov/pubmed/19025730
https://www.ncbi.nlm.nih.gov/pubmed/12459154
https://www.ncbi.nlm.nih.gov/pubmed/12459154
https://www.ncbi.nlm.nih.gov/pubmed/12459154
https://www.ncbi.nlm.nih.gov/pubmed/12459154
https://www.ncbi.nlm.nih.gov/pubmed/12459154
https://www.ncbi.nlm.nih.gov/pubmed/23872180
https://www.ncbi.nlm.nih.gov/pubmed/23872180
https://www.ncbi.nlm.nih.gov/pubmed/23872180
https://www.ncbi.nlm.nih.gov/pubmed/23987131
https://www.ncbi.nlm.nih.gov/pubmed/23987131
https://www.ncbi.nlm.nih.gov/pubmed/23987131
https://www.ncbi.nlm.nih.gov/pubmed/23987131
https://juniperpublishers.com/submit-manuscript.php
http://dx.doi.org/10.19080/GJN.2017.01.555573


	Title
	Abstract
	Keywords
	Abbreviations
	Introduction
	Inorganic copper nanoparticles having anticancer activity
	Organic framework copper having anticancer activities
	Transition of copper complexes to nano-forms for targeted delivery

	Conclusion 
	References

