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Abstract

:

In this current study, we demonstrated the green synthesis and characterization of silver nanoparticles using Myrtus communis L. plant extract (Ag-MC) and its evaluation of anticancer and antimicrobial activities. The green synthesis of (Ag-MC), was assessed by numerous characterization techniques such as ultraviolet-visible spectroscopy (UV-VIS), Fourier-transform infrared spectroscopy (FT-IR), X-ray powder diffraction (XRD) transmission electron microscopy (TEM) and energy dispersive x-ray spectroscopy (EDX). The anti-cancer activity of the green synthesized silver nanoparticles was evaluated by the median inhibitory dose (IC50) on human liver carcinoma cell lines (HepG2). These results suggested that SN-NPs can be used as effective anticancer cell lines, as well as antibacterial and antiseptic agents in the medical field. This study showed that overexpression of aldose reductase (AR) in the human liver carcinoma cell line, HepG2, was down regulated by administration of SN-MC. The down regulation of AR was associated with abrogation of Pl3k/Akt, ERK and NF-kB pathways and the inhibition of cancer hallmarks, however, the target molecule for Ag-MC was not practically established. Thus it is still unknown if the consequences were due to AR inhibition or direct Ag-MC interaction with AR.
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1. Introduction


The size and morphology of synthesized metallic nanoparticles can be controlled with chemical reducing agents [1,2,3]. However, the reducing agents and solvents used in the synthesis of nanoparticles are hazardous or toxic to the environment [2]. Consequently, the green synthesis of nanoparticles is anticipated, even though there are a several categories of green reductants (based on isolation/extraction sources) existing in nature. Under these circumstances, green chemistry approaches can significantly assist with the preparations of metal nanoparticles [2]. In recent times, the tendency to use natural materials such as microorganisms [4], marine organisms [5], proteins [6,7], and plant extracts (PE) used in the green synthesis of metallic NPs has attained significant consideration in the scientific community [2,8]. Especially metal nanoparticles synthesis using plant extracts has been given more attention due to plants being easily available, inexpensive, environmentally friendly and also the ability to highly reduce the usage of toxic solvents or reducing agents [9,10,11].



Medical plants and their extracts were used as traditional treatments for several diseases in various parts of the world for many thousands of years [12], particularly in rural areas of these countries, they were used as a primary source of medicine [13]. In developing countries, 80% of the population use natural products in routine health care practice [14].



Myrtus communis L. (family: Myrtaceae) plant is most widely used as medicinal drug in unani medicine since earliest historical times in Greece [15,16]. It is a herb with rich contents of flavonoids, alkaloids, tannins, terpenoids and saponins—the biologically active ingredients used in traditional and alternative medicine [15]—which makes it attractive for the green synthesis of silver nanoparticles. It is known as Aas and its berries are recognized [17]. Several investigations revealed that Myrtus communis L. possesses therapeutic and pharmacological effects showing anti-cancer, anti-microbial, anti-diabetic properties, as well as neuro and hepato proactive activity [15,16,17,18]. Myrtus communis L. leaves, berries and essential oils are commonly used for several disorders like ulcers, gastritis, rheumatism, diarrhoea, haemorrhages, dysentery, vomiting, deep sinuses, leucorrhoea and in hair loss control [15]. The leaves, berries and twigs are used in flavoring food and wines [19]. In earlier times, ripe fruits were utilized as food integrators due to their rich constituents of vitamins [20]. The present study summarizes green synthesis of silver nanoparticles using Myrtus communis L. plant extract (Ag-MC) and its anticancer effect on human liver carcinoma cell lines (HepG2), and determines the molecular mechanism underlying the modulatory effects of SN-MC on key molecules involved in survival signaling.




2. Materials and Methods


2.1. Materials


The Myrtus communis L. plant extracts which widely exist in the southern zone of Saudi Arabia, were procured from a local herbal market at Batha, Riyadh, Saudi Arabia. The identity of the plant was confirmed by an expert plant biologist and the details were recorded in our research laboratory. AgNO3 (99.8%) and other solvents utilized in this study were procured from Sigma Aldrich, St. Louis, MO, USA. Oligonucleotides primers were purchased from Sigma Genosys, USA. Primary and secondary antibodies were purchased from cell signaling technology and Santa Cruz, USA.




2.2. Preparation of Plant Extract


Initially, the fresh aerial parts of Myrtus communis L. were cut into tiny parts. The resulting tiny parts (500 gms) were soaked in 2.5 L deionized water and refluxed at boiling temperature for 6 h. The resultant aqueous solution after reflux was separated and dried up at 50–60 °C underneath reduced pressure in a rotary evaporator to give a dark brownish colored extract (40 gms). Furthermore, the separated extract was kept refrigerated at 0–4 °C for further use.




2.3. Synthesis and Characterization of Silver Nanoparticles using Myrtus communis L. Plant Extract (AgMC)


The synthesis of silver nanoparticles was carried out by combining 1 mL of Myrtus communis L. extract with 0.5 mM silver nitrate (85 mg) in 49 mL deionized water in a 100 mL round bottomed flask. The reaction mixture was stirred with a magnetic bar for ~2 h at 90 °C under refluxed conditions with a cooling condenser. During the reaction process, the reaction mixture color changed slowly from light yellow to dark brown. Afterwards, no color transformation was noticed till the completion of the reaction after two hours. Then, the reaction mixture was subjected to a cool down period, and later, the reaction mixture was centrifuged at 8000 rpm at room temperature. Subsequently, the product attained from the centrifugation was washed several times (three to four times) with deionized water. After that, the product was dried overnight at 80 °C in an oven and finally a black powder was obtained.



The as-synthesized silver nanoparticles were characterized by ultraviolet–visible spectrophotometry (UV-Vis spectroscopy, Perkin Elmer lambda 35 (Waltham, MA, USA)), high resolution transmission electron microscopy (HRTEM) and energy dispersive X-ray spectroscopy (EDX) (JEM 2100F (JEOL, Tokyo, Japan)), and FT-IR spectroscopy (Perkin Elmer 1000 FT-IR spectrometer). The powder XRD data were carried out on a Rigaku Mini-flex X-ray diffractometer (Japan) with Cu Ka radiation (k = 1.5418 A°) at 30 kV and 15 mA with a scanning rate of 0.05/s in 20 in the range from 10 to 90 °C.




2.4. Cell Lines and Cell Cultures


Human liver carcinoma cell line (HepG2) were cultured in Dulbecco’s modified eagle medium (DMEM) containing 7% fetal bovine serum (FBS) and 1% antibiotics (penicillin and streptomycin), maintained under a humidified chamber at 37 °C with 5% CO2 supply. Monolayer cells were subcultured frequently and dispensed into a new flask. For each experiment exponentially grown cells were used.




2.5. MTT (3-4,5 dimethylthiazol-2,5 diphenyl tetrazolium bromide) Assay: Anticancer Activity of Ag-MC


The anti-cancer activity of the green synthesized M. communis and the median inhibitory dose (IC50) was evaluated by cytotoxicity test on two different cell lines. To estimate the cytotoxicity of each of the cell suspensions, 5 × 104 cells were seeded in 96-well flat bottom plate containing DMEM with 5% FBS and different concentrations of the green nanoparticles (3.1, 6.2, 12.5, 25, 50, 100 μg/mL) were added to the plate and incubated at 37 °C for 24 h in 5% CO2 incubator. After incubation cells were washed with serum free medium and 100 mL of 5 mg/mL MTT was added and incubated for 4–5 h. The incubated cells were washed with phosphate saline buffer, 100 μL of DMSO was added to solubilize unbound formazan, and later the plates were read at 570 nm absorbance in a plate reader (Biotech, USA). The whole experiment was performed in triplicates and the concentration of 50% inhibition was determined by the color intensity formazan dye which will be proportional to the viable cells.




2.6. Cell Cycle Analysis


Cells were grown in 6-well plates at a density of 5 × 106 cells/well and treated with SNMC at different concentrations. Cells were harvested after 24 h by trypsinization, washed twice with phosphate buffer saline, and gently fixed with 95% ice cold ethanol overnight. Before further experiment, it was resuspended in PBS containing RNase (0.5 µg/mL) and stained with 1 ml of propidium iodide (50 µg/mL) for 15 min. DNA content was analyzed in a flow cytometer (FACS_ARIA II, Biosciences) using FACS Diva software.




2.7. Western Blotting for aldose reductase (AR) Expression and Related Signaling Pathways


For protein expression, cells were extracted using a protein extraction reagent (T-Per, Thermo fisher.) and normalized using the BCA (bicinchoninic acid) assay kit (Epitomics, Inc., Burlingame, CA, USA). The equal amount of proteins were separated on SDS-PAGE and transferred to the PVDF membrane (semidry blot film, BioRad, semi dry blot). Membranes were blocked using 10% skimmed milk at 37 °C for 1–2 h, the specific primary antibodies (1:2000) were exposed to the membranes at 4 °C overnight. The specific HRP-conjugated (anti-rabbit IgG) secondary antibodies (1:5000) were added for 1–2 h incubation at room temperature. β-actin was used as the reference marker for normalization. The protein expression was quantified using Quantity-One software to rate the expression of target proteins.





3. Quantitative RT-PCR


Culture cells were harvested by trypsinization, and RNA was isolated by TRIzol using the method developed by Chomczynski and Sacchi (1987). RNA was washed in 1 ml ethanol and dissolved in 50 µL of 0.1% Diethyl pyrocarbonate (DEPC) treated water and stored at −80 °C until next use. The amount of RNA was quantified from its absorbance at 260 nm using a nanodrop. A sample of 5µg RNA was used to amplify the cDNA via reverse transcription using cDNA synthesis kits (Thermo fisher) and real time RT-PCR was done in StepOne Plus thermocycler (applied Biosystem), using SYBER Green PCR Master Mix. The primers used in this study are presented in Table 1, as described in literature. Quantitative fold change was calculated relative to control using comparative Ct method. The endogenous control used was GAPDH, the Ct values from each sample were calculated by subtracting the Ct value for GAPDH from that target gene.




4. Results


The as-synthesized silver nanoparticles using Myrtus communis L. extract (Ag-MC) was carried under reflux circumstances. The confirmation of silver ions reduction was noticed by the evident color transformation of the reaction mixture from light yellow to dark brown. Primarily, the confirmation of AgNPs formation was carried out by UV-Vis analysis, which is an important approach to notice the development and stability of Ag-MC. In this case, the absorption spectra of pure Myrtus communis L. extract (MC) and green synthesized AgNPs (Ag-MC) prepared by using a volume of 1 mL plant extract was measured as shown in Figure 1. The UV-Vis analysis of the green synthesized Ag-MC clearly reflected the sharp intensities of the absorption band at ~420 nm. The absorption band intensities at 275 and 320 nm in Ag-MC, demonstrate that the Myrtus communis L. extract not only acts as a reducing and capping agent, but also that the phytoconstituents of MC functionalized the surface of Ag-MC.



The plant extract dual role as a green reductant and stabilizing or capping agent was proved by associating the FT-IR spectra of pure Myrtus communis L. extract and green synthesized silver nanoparticles (Ag-MC) as presented in Figure 2. In order to eliminate any probability of the occurrence of residual unbounded phytomolecules on the surface of the Ag-MC, the filtered Ag-MC were redispersed in deionized water via sonication for 30 min. After that, the Ag-MC was isolated through centrifugation for 30 min at a speed of 8000 rpm. A similar procedure was continued three times to isolate pure as-synthesized AgNPs (Ag-MC). As displayed in Figure 3, the Ag-MC is similar to the FT-IR spectrum of plant extract (MC), apart from insignificant shifts in some peaks. This similarity among the two FT-IR spectrums indicate that some of the phytoconstituents of plant extracts exist on the surface of the as-synthesized Ag-MCs. This clearly indicates that the plant extract acts as both a reducing and stabilizing agent. The Myrtus communis L. extract displayed numerous absorption peaks at dissimilar positions like the peak at ~3420 cm−1 corresponding to hydroxy group ~2920 and ~2850cm−1 corresponds to –CH symmetrical and asymmetrical stretch, 2150 cm−1 corresponds to C≡C stretch, 1710 cm−1 corresponds to carbonyl stretch C=O, 1380 and 1030 cm−1 corresponds to C-O stretch which is associated to several oxygen comprising functional groups. Most of these peaks exist with a marginal shift in the FT-IR spectrum of AgNPs (Ag-MC). This proves the existence of these peaks in both MC and Ag-MC, evidently signifying the tiny role of Myrtus communis L. extract as a bioreducing and stabilizing agent.



The as-synthesized Ag-MC was confirmed by XRD analysis. The diffractogram of Ag-MC showed numerous intense diffractions (Figure 3), which not only proved the crystallinity of the silver nanoparticles, but also indicated the identities of the AgNPs. Especially the five separate reflections at 37.5° (111), 44.1° (200), 64.3° (220), 76.8° (311) and 81.2° (222), evidently endorsed the structure of Ag-MC face-centered cubic (fcc) structure. However, in the XRD spectrum of Ag-MC extra reflections were also noticed distant from the reflections associated to Ag-MC (Figure 4). These XRD spectrum showed extra peak reflections in nanoparticles and endorsed the existence of residual phytoconstituents from the Myrtus communis L. extract on the surface of Ag-MC. The shape and size of the as-synthesized Ag-MCs using 1 ml of Myrtus communis L. extract were assessed by TEM analysis. Figure 4a exhibits the size within the range of 20–30 nm and the spherical morphology of the Ag-MC. Some of the Ag-MC were uniformly distributed, while a few of them were observed to be agglomerated. The Ag-MC elemental composition analysis was investigated by EDX analysis. The sharp signal at 3 keV firmly recommended that silver was the major element and the signal at 0.0–0.5 keV was associated to the absorption of carbon and oxygen. This signal clearly specified the occurrence of the phytomolecules from the Myrtus communis L. extract existing on the surface of the as-synthesized Ag-MC as a stabilizing agent.



4.1. Effect of Ag-MC on Cell Viability


The in-vitro cell proliferation (MTT assay) was evaluated to detect the anti-proliferative activity of green synthesized nanoparticles Ag-MC on two different cancer cell lines. As illustrated in Figure 5, Silver nanoparticles showed significant proliferation inhibition within HepG2 cells with IC50 of (7.75 µM/mL), and Hela cells showed moderate proliferation inhibition at IC50 of 30.6 µM/mL. The effect of MC and Ag nanoparticles were comparatively less effective than Ag- MC combined. As evident in Figure 5, the Ag-MC combined nanoparticle had a more profound inhibitory effect on both of the cell lines. We further experimented using only Ag-MC as the tests were costly and we did not intend to further compare the results. The cytotoxicity test was a good indication that Ag-MC had better inhibition. The results of the two tested cancer cell lines showed anti-proliferative activity, and HepG2 cells gave a better response. The response improved considerably when checked at 24 h of treatment. Concentration above 128 µM/mL of Ag-MC was able to inhibit 80% of growth for HepG2 cells.




4.2. Influence of Ag-MC on AR Expression and Abrogation of PI3K/Akt/mTOR Signalling


The effect of Ag-MC on aldose reductase (AR) expression was determined on HepG2 cell line. Treatment of Ag-MC significantly reduced the AR expression compared to control (Figure 6), and at concentration of 7.5 µM/mL the AR expression was below 50% of control. The protein expression of MAPK pathway related components PI3K and AKT was also evaluated. Treatment with Ag-MC significantly reduced the mRNA expression of PI3K and Akt as well as the protein expression of PI-3 kinase, Akt and mTOR (Figure 7) compared to untreated cells.




4.3. Ag-MC Impedes ERK Signaling


The ERK expression was analyzed by qRT-PCR and immunoblotting. Results indicated that Ag-MC treatment down regulated the expression of p-ERK1/2 compared to untreated cells. C-Myc and p-CREB expression were also decreased significantly (Figure 8a). The expression of p-ERK1 was not that significant and comparatively less than c-Myc, p-CREB and CREB. Western blot showed a similar outcome in support of the above experiment thus confirming that Ag-MC hampered ERK signaling in a dose dependent manner (Figure 8b).




4.4. Ag-MC Inhibits the NF-kB Signaling


Ag-MC treatment significantly decreased the expression of IKKβ, p-Ikβα, NF-kβp50 and NF-kβ p65 and at the same time increased the expression of Ikβα. This study also found that Ag-MC treatment effectively inhibited the phosphorylation of NF-kβ p65, preventing NF-kB p65 translocation (Figure 9a,b). Cell cycle analysis by flow cytometry showed an increase in the accumulation of cells in the SubG0/G1 phase and depletion of cells in the S and G2/M phases indicating a cell arrest at G1/S phase (Figure 10). Cell cycle dependent key molecules were examined under the influence of Ag-MC treatment and the study found an increase in the expression of p-cyclin D1, p21 with a simultaneous decrease in the expression of PCNA (data not shown).





5. Discussion


Since ancient times to the present day, plants and their derivatives are valuable resources for all kinds of medicine and food and it is simply impossible to manufacture any kind of drug without using any phytochemicals [21]. In the treatment of cancer and various other diseases, bioactive compounds—especially from plant sources—play a pivotal role in treatments and finding new drugs. From our findings, M. cummunis showed consistent anticancer activity as tested in vitro in cell lines. A previous study from Yemen confirmed that methanolic extract of MC has significant anticancer activity, tested against MCF7 cell lines [22]. Not only the crude and alcoholic extracts from M. cummunis, but also the essential oil showed good activity, tested in breast cancer cell lines during the screening study conducted at the cancer research institute at Brigham Young University [23]. It is well documented that more than 60% of synthetic drugs that we use in our routine life are from natural origin, like a plant source [24], and 50% products used in the treatment process are acquired from natural habitats., and for these reasons, medicinal plants were considered as an important resource for natural bioactive compounds [25].



Green nanotechnology is the utilization of various plant resources for the biosynthesis of metallic nanoparticles. “Green synthesis” of nanoparticles makes use of environmentally friendly and non-toxic reagents. This amplifies the growing need to develop environment friendly processes through green synthesis and other biological approaches. Our current approach targeted the biological application of silver nanoparticles from M. cummunis using green synthesis. The results were favorable for the use of these plants as source for adjuvant or alternative medicine. More research has to be focused on developing ecofriendly and low cost drugs using natural products. Treatment of cancer cell line with Ag-MC inhibited the cell growth in dose dependent manner. There is no earlier study demonstrating the anticancer effect of Ag-MC. Reactive oxygen species plays a major role in the activation of oncogenic signaling pathways which include AR, ERK and NF-kβ. Extensive generation of ROS has a pronounced effect on cell survival and anti-apoptotic process. Inhibition of ROS in cancer cell lines via natural or synthetic products are being evaluated. In cancer cells AR is overexpressed, and inhibition of AR is an effective way to control proliferation of cancer cell lines. Down regulation of PI3K/Akt, ERK, NF-kβ and proteins involved in cell cycle progression was abrogated in the presence of Ag-MC and the cell cycle was arrested by targeting AR. Inhibition of AR induced the apoptosis via upregulation of cell death receptor expression [26,27,28,29]. AR inhibition down regulated growth factor induced cancer growth by upregulating expression of programmed cell death 4 (PDCD4) [27,28,29]. Down regulation of CREB, anti-apoptotic proteins and upregulation of pro-apoptotic proteins were observed when cancer cells were treated with SNMC, which induced the apoptosis process via inhibition of AR and associated networks.




6. Conclusions


Myrtus communis L. is widely used in unani medicine, known for its rich contents of flavonoids, alkaloids, tannins, terpenoids and saponins, which seem to have antioxidants and are likely to have anticancer properties. There are no previous reports on the inhibitory effect of Myrtus communis L. extract in in vitro and in vivo models. Therefore the effect on the oncogenic signaling pathways and cancer hallmarks has not been analyzed before. This present study demonstrated the therapeutic potential of silver nanaoparticles of Myrtus communis L. extract and presume that AR inhibition could be a key factor for its anticancer effect. The inhibition of AR could set off a cascade of events, inactivation of oncogenic kinases and transcription factors.
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Figure 1. UV-Vis spectra of pure Myrtus communis L. plant extract (MC) and green synthesized silver nanoparticles using Myrtus communis L. extract (Ag-MC). 
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Figure 2. FT-IR spectra of pure Myrtus communis L. plant extract (MC) and green synthesized silver nanoparticles using Myrtus communis L. extract (Ag-MC). 
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Figure 3. XRD diffractogram of green synthesized silver nanoparticles using Myrtus communis L. extract (Ag-MC). 
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Figure 4. (a) high resolution transmission electron microscopy (HRTEM) image of the green synthesized silver nanoparticles (Ag-MC), and (b) energy dispersive X-ray spectroscopy of Ag-MC. 
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Figure 5. Effect of Ag-MC on HepG2 and Hela cells viability (%). 
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Figure 6. Effect of Ag-MC (0.5 µM to 256 µM) on AR protein expression. 






Figure 6. Effect of Ag-MC (0.5 µM to 256 µM) on AR protein expression.



[image: Processes 07 00860 g006]







[image: Processes 07 00860 g007 550] 





Figure 7. Effect of Ag-MC on mRNA and protein expression of MAPK signaling molecules. 
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Figure 8. (a,b) Effect of of ERK signaling molecules. 
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Figure 9. (a,b) Effect of Ag-MC on protein expression of NF-kβ family proteins. 
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Figure 10. Cell cycle analysis in flow cytometer. 
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Table 1. Primer details used in this study.
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	S.No
	Target Gene
	
	Sequences





	1
	Akt
	Forward (5′–3′)
	CCATGAAGATTCAAGA



	
	
	Reverse (5′–3′)
	AGCGTAATCTAACATC



	2
	AR
	Forward (5′–3′)
	CCTTTCATCGTGCAAGCT



	
	
	Reverse (5′–3′)
	TTTCACCAGCCTCATCC



	3
	c-Myc
	Forward (5′–3′)
	TCTTCCCCTACTCTCAAC



	
	
	Reverse (5′–3′)
	CCTCATCTTCGTTCCTCCTC



	4
	CREB
	Forward (5′–3′)
	ACAGTATTGATTACCCAGG



	
	
	Reverse (5′–3′)
	CTGTGCGAATCTTATGTTTG



	5
	ERK
	Forward (5′–3′)
	GATTGCTGACTGAGCAC



	
	
	Reverse (5′–3′)
	GGGGGCCTCTTGCC



	6
	IkB-α
	Forward (5′–3′)
	GGACCCCACCAAAATCG



	
	
	Reverse (5′–3′)
	TCAGGCGCGGAATTTCC



	7
	NF-kB p65
	Forward (5′–3′)
	GAAGAAGCGAGATGGAGCAA



	
	
	Reverse (5′–3′)
	GTTGATGGTGCAGGGATGCT



	8
	PI3K
	Forward (5′–3′)
	TTAAACGCGGGCAACGA



	
	
	Reverse (5′–3′)
	CAGTCTCCTTGCTGTCGAT



	9
	IkkB
	Forward (5′–3′)
	GAGTTTGGCCACATCG



	
	
	Reverse (5′–3′)
	GCCACACCATCTTCTA



	10
	GAPDH
	Forward (5′–3′)
	ACCACAGTATGCCATCAC



	
	
	Reverse (5′–3′)
	TCCACCACTGTTGCTGTA
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