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Cornelian silver-based architectures were achieved from liposomes, silver nanoparticles (AgNPs) 

and single-walled carbon nanotubes (SWCNTs) by a „green“bottom-up strategy. Liposomes were 

prepared by thin film hydration method and labelled with a natural porphyrin extracted from 

spinach leaves – cholorophyll a (Chla). Due to its strong visible absorption and fluorescence 

emission, this phytopigment was used as a spectral sensor to monitor any possible changes 

occurring in lipid membranes caused by the action of various agents. An aqueous extract from 

Cornus mas L. fruits was used for AgNPs phytosynthesis. Addition of appropriate amounts of 

phytonanosilver particles and SWCNTs to biomimetic membranes resulted in biohybrid material 

with good physical stability (ZP = -34 mV), high antioxidant activity (AA = 97.8 %) and has been 

shown to be strong biocide offering diameters of inhibition zones of 18.3 mm, 23.8 mm and 21.6 

mm against Escherichia coli ATCC 8738, Staphylococcus aureus ATCC 25923 and Enterococcus 

faecalis ATCC 29212, respectively. Chla rapidly sensed the modifications occurred in artificial 

lipid bilayers as a result of interactions with silver nanoparticles and carbon nanotube surface 

indicating the biohybrid formation, results supported by AFM analysis. The bioconstructed hybrid 

material consisting of biomimetic membranes, phyto-nanosilver and SWCNTs could be applied as 

antimicrobial and antioxidant coating.  
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INTRODUCTION 

Nanotechnology, one of the youngest and most exciting 

multidisciplinary research fields has known great progress in recent 

years.  

Since their discovery by Sumio Iijima in 19911, carbon nanotubes 

(CNTs) gained more and more interest in nanotechnological research 

area. Carbon nanotubes are carbon allotropes constructed of 

cylindrical graphene sheets that are planar honeycomb lattice 

structures of sp2 hybridized carbon atoms. These sp2 in-plane bonds 

are the strongest bonds in nature and confer unusual properties to 

CNTs that exceed those of any existing materials2,3.  

Carbon nanotubes are used as building blocks to design novel 

nanomaterials with improved properties4. Recently, carbon 

nanotube-based drug delivery systems have attracted significant 

attention in nanomedicine to fight against cancer5-7. 
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In the last decade, the nanotechnological research focused on 

nanostructures allowed the development of novel strategies to design 

exciting materials with very interesting features. Last years, nano-

scaled particles have been more and more attracted the attention of 

the scientists. Nanoparticles offer unique properties that are not 

available in the bulk materials.8,9 

Silver nanoparticles (AgNPs) are the most widely used nano-sized 

particles in various fields of nanotechnology, especially in 

biomedical applications as drug delivery systems10-12 or in cancer 

therapy13. Nanocomposites based on nano-silver exhibit enhanced 

antibacterial properties14,15. Recently, the superior microbiostatic 

effects of AgNPs were exploited to construct novel silver-based 

nanocomposites16 and silver nanoparticle-filled nylon 6 nanofibers17 

with improved antibacterial properties. 

The principles of „green” chemistry in AgNPs synthesis gained a 

great interest in order to reduce the substances harmful to humans 

and environment. Natural raw materials are needed to replace the 

synthetic ones to avoid toxicity or side effects. Plants have a huge 

bioreducing potential and have been exploited to phytosynthesize 

nano-scaled silver particles18-22.  

Other building blocks for nanotechnology are phospholipids – the 

main components of biomembranes that have become in the last 

period very attractive soft materials that can be used in various 

applications18, 23-25. Aryal et al. obtained lipid–polymer hybrid 

nanoparticles with enhanced cytotoxicity against human ovarian 

cancer cells26. A new and efficient sensor for Fe(III) detection, 

having an active lipid monolayer have been developed by Duc and 

co-workers27. Recent scientific papers reported the use of lipids and 

liposomes for noncovalent functionalization of carbon nanotubes 

leading to interesting materials23, 28-30.  

Liposomes are lipid vesicles made of one or more lipid bilayers 

(lamellae) separated by aqueous compartments. Since the structure 

of their artificial lipid bilayers mimic that of natural membranes, 

liposomes, named for this reason „biomimetic membranes”, are 

widely used in medical and pharmacological applications as drug 

delivery systems or as model membranes23,31. 

In this study, silver nanoparticles, biomimetic membranes 

(liposomes) and carbon nanotubes were used to originally build up 

3-D architectures with improved properties, via a green bottom-up 

approach.  

Silver nanoparticles (AgNPs) phyto-synthesized from a natural 

source (fruits of Cornus mas L.) are used as „green“ building blocks 

to design new materials with interesting properties. Cornelian 

cherries are known to possess antioxidant32-34 and antibacterial35,36 

properties due to their content of bioactive molecules. 

Chlorophyll a (Chla) was incorporated in liposomal membranes 

from three main reasons: 1) Chla molecules exhibit strong 

absorption and fluorescence emission in the visible (VIS) region of 

light spectrum and then it was embedded in liposomes as a spectral 

marker or molecular sensor to monitor the interactions occurring in 

the biomimetic membranes. Our previously studies reported that 

Chla is a suitable sensor to detect any modification happened in the 

artificial lipid bilayers, at molecular level37-42. 2) Chla is a natural 

pigment occurred in plants, so many natural resources are 

abundantly found in nature; in this work spinach leaves were used to 

isolate this phytocompound. 

3) Chla is recognized to possess antioxidant43-45 and antimicrobial46-

48 properties. 

The method presented in this paper is simple and low cost, small 

quantities are needed to achieve improved antioxidant and 

antimicrobial activities. Some components of the obtained 

bioconstructs (the phytocompounds coming from cornelian extract 

and the phospholipids) offer biocompatibility if used in biomedical 

applications. Natural resources such as plant extracts are safe, widely 

available and cost-effective. 

Different biophysical methods were used to characterize the obtained 

biohybrids: absorption and fluorescence emission spectroscopy, 

Dynamic Light Scattering measurements, Atomic Force Microscopy 

analysis, chemiluminescence technique, antimicrobial assay.  

The properties of resulting biohybrid materials (good stability, 

antioxidant and antimicrobial activities) could be exploited in 

biotechnological or biomedical applications. 

MATERIALS AND METHODS 

Materials 

Silver nitrate, KH2PO4, Na2HPO4, luminol (5-amino-2,3-dihydro-

phthalazine-1,4-dione), Tris (hydroxymethylaminomethane base), 

HCl, H2O2 were purchased from Merck (Germany). Dipalmitoyl 

phosphatidylcholine (DMPC), chloroform and single-walled carbon 

nanotubes (SWCNTs) were supplied from Sigma Aldrich 

(Germany). 

The antibacterial activity was tested against three microbial strains 

such as Escherichia coli ATCC 8738, Staphylococcus aureus ATTC 

25923 and Enterococcus faecalis ATCC 29212. The bacterial strains 

were grown in Luria Bertani Agar (LBA) plates at 37 °C with 

following composition: peptone (Merck), 10 g/L; yeast extract 

(Biolife) 5 g/L, NaCl (Sigma-Aldrich) 5 g/L and agar (Fluka) 20 g/L. 

The stock culture was maintained at 4 °C. 

Phytosynthesis of silver nanoparticles 

An aqueous Cornus mas L. extract of light red colour was obtained 

from dried fruits using a procedure previously described18 and 

further used to prepare silver nanoparticles. This extract played dual 

role of reducing silver ions (coming from the 1mM AgNO3 solution) 

and of stabilizing the silver nanoparticles. Visually, the 

phytofabrication of AgNPs was evidenced by the colour changing of 

cornelian cherry extract after addition of AgNO3, from light red to 

dark reddish brown caused by the excitation of surface plasmon 

vibrations in the silver nanoparticles. A mirror like illumination on 

the flask walls appeared. These two observations confirmed the 

synthesis of nanosilver. The green approach followed to obtain these 

AgNPs was previously reported18. 

 

Preparation of liposomes 

Thin film hydration method49 was used to prepare DMPC 

multilamellar lipid vesicles (MLVs, 0.5 mM) labelled with 

chlorophyll a (Chla/lipid molar ratio = 1/100). DMPC lipid 

membranes were obtained in a liquid crystalline state and under 

physiological conditions by using already published procedure37,38; 

the multilamellar vesicles were suspended in a phosphate buffer 
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solution (PB, KH2PO4 - Na2HPO4 pH 7.4). Chla was extracted from 

fresh spinach (Spinacia oleracea L.) leaves according to Strain & 

Svec procedure50. 

Preparation of biohybrids 

Specific aliquot of resuspended SWCNTs in PB pH 7.4 was mixed 

with an appropriate volume of MLVs suspension into a final ratio of 

0.05 mg/mL and with Cornus mas-AgNPs (AgNPs:MLVs= 1:30, 

v/v). This mixture was subjected to an ultrasound treatment (Hielser 

titanium probe sonicator, UP 100 H) resulting in 

liposomes/cornelian-AgNPs/SWCNTs hybrids. The silver presence 

in AgNPs and biohybrid was confirmed by X-ray fluorescence 

technique, as previously reported18. 

All experiments were conducted in dark to avoid photodamaging of 

the samples. Figure 1 imaged a schematic representation of „green“ 

synthesis of silver nanoparticles and of biohybrids (based on 

liposomes, Cornus mas-nanosilver and carbon nanotubes) using an 

aqueous cornelian cherry extract. The sample codes are presented in 

Table 1. 

Table 1 The sample codes  

Sample Code 

Cornus mas L. fruits extract A 

Cornus mas-AgNPs B 

Chla-DMPC-MLVs C 

Cornus mas-AgNPs/Chla-DMPC-MLVs/CNTs hybrids D 

 

 

Fig. 1 Schematic representation of silver nanoparticles and 

biohybrid (based on liposomes, Cornus mas-nanosilver and 

carbon nanotubes) preparation using an aqueous cornelian 

cherry extract 

General analysis 

The absorption spectra were acquired in the 300-800 nm range on a 

double beam UV-VIS spectrophotometer Lambda 2S Perkin Elmer 

operated at a resolution of 1 nm. 

The fluorescence emission spectra of Chla in liposomes and 

biohybrids were recorded on a Perkin Elmer LS 55 fluorescence 

spectrometer by sample illuminating with a 430 nm excitation light. 

The fluorescence emission data were collected in the wavelength 

range of 600–800 nm. 

The Atomic Force Microscopy (AFM) images of silver-based 

materials were recorded on Integrated Platform SPM-NTegra model 

Prima in tapping mode using a NSG01 cantilever with a typical 

curvature radius of 10 nm. 

The size of particles given by the hydrodynamic diameters, Zaverage 

(the particle diameter plus the double layer thickness) was 

determined using Dynamic Light Scattering technique (Zetasizer 

Nano ZS, Malvern Instruments Ltd., U.K.), in the range between 0.6 

nm and 6.0 µm, at 25 °C temperature and at a scattering angle of 

90°. The mean diameters (calculated based on Stokes-Einstein 

equation) and the polydispersity indexes (PdI, the width of the size 

distribution) were measured using intensity distribution from 3 
individual experiments. 

The measurement of electrokinetic potential is used to assess 

the charge stability of a disperse system. Zeta potential (ZP) 

measurements were performed in triplicate, by using the 

appropriate dispositive of Zetasizer Nano ZS (Malvern 

Instruments Ltd., U.K.) by applying an electric field across the 

analyzed aqueous dispersion. 
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Chemiluminescence (CL) assay 

The in vitro antioxidant behavior of the samples has been evaluated by 

chemiluminescence (CL) assay using a Chemiluminometer Turner 

Design TD 20/20, USA. The oxidative degradation of luminol (a cyclic 

hydrazide used as light amplifying substance) occurred in the 

presence of hydrogen peroxide (H2O2) in TRIS-HCl buffer solution 

(pH = 8.6) resulted in a wide range of free radicals of oxygen. The 

analysis CL system contains: 700 µL TRIS-HCl buffer solution (pH 

8.6), 200 µL luminol (10−5 M), 50 µL sample and 50 µL of hydrogen 

peroxide (10−5 M). The standard represents the reaction mixture 

without the sample and is composed of: 750 µL TRIS-Cl buffer 

solution (pH 8.6), 200 µL luminol (10−5 M) and 50 µL hydrogen 

peroxide (10−5 M). Each time, the hydrogen peroxide has been 

introduced the last. The percentage of free radical scavenging was 

quantified by calculating the antioxidant activity (AA %) of each sample 

using the relation: 

AA = [(I0-I)/ I0] ·100%                                                                     (1) 

where I0 is the maximum CL intensity for standard (i.e. the 

reaction mixture without the sample) at t = 5 s and I is the 

maximum CL intensity for sample at t = 5 s.24 

Antibacterial assay 

The agar-well diffusion method was used to evaluate the 

antibacterial activity of all the samples against some human 

pathogenic microbial strains: Staphylococcus aureus ATCC 25923, 

Enterococcus faecalis ATCC 29212 and Escherichia coli ATCC 

8738. Sterile Luria Bertani Agar plates were prepared by pouring the 

sterilized media in sterile Petri dishes under aseptic conditions. The 

test microorganism 1 mL was spread on agar plates. Wells of 6 mm 

in diameter were punched into the inoculated agar media with sterile 

Durham tube. A volume of 50 µL of each sample was dropped into 

each well. All the plates containing bacteria were incubated at 37 °C 

for 24 h. Distilled water served as a negative control. The 

antibacterial activity was interpreted from the size of inhibition zone 

diameter which was measured in mm from observation of clear zones 

surrounding the wells. Each sample was assayed in triplicate in order 

to calculate the mean value (presented as mean ± standard deviation, 

SD). Standard deviation was calculated as the square root of variance 

using STDEV function in Excel 2010. 

RESULTS AND DISCUSSION 

 
Characterization of the samples by UV-VIS absorption 

spectroscopy 

The phytosynthesis of silver nanoparticles using the aqueous extract 

of Cornus mas L. fruits (see section Phytosynthesis of silver 

nanoparticles) was evaluated by UV-VIS absorption spectroscopy. 

Figure 2A presents comparatively the absorption spectra of cornelian 

aqueous extract (sample A) and Cornus mas-AgNPs (sample B). In 

the spectral window between 400–500 nm, the Cornus mas extract 

alone showed no maximum, but when exposing to 1 mM AgNO3 

solution, a single peak at 450 nm appeared characteristic for silver 

nanoparticle formation.51-54 This absorption maximum corresponds 

to the surface plasmon resonance (SPR) of conducting electrons 

from the surface of AgNPs, the presence of SPR band being a 

signature of the biosynthesis of spherical-shaped silver 

phytonanoparticles.22,55 The Cornus mas extract proved to have 

strong reducing power for phytosynthesis of silver nanoparticles. 

 

 

Fig. 2 The absorption spectra of A) cornelian aqueous extract 

(sample A) and Cornus mas-AgNPs (sample B) and of B) Chla-

containing samples: Chla-DMPC-MLVs (sample C) and biohybrids 

(sample D). 

Chla embedded in biomimetic membranes was used as a spectral 

marker to monitor the changes occurred in the artificial lipid bilayers 

at molecular level. The Chla red absorption maximum in Chla-

labeled liposomes is slightly blue-shifted from 672 nm to 669 nm 

(Figure 2B) after exposure to ultrasounds in presence of AgNPs and 

SWCNTs, so the location of this phytopigment in the artificial lipid 

A 

B 
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membranes was modified. These spectral changes in the absorption 

spectrum of Chla embedded in liposomes indicate a new 

arrangement of the pigment molecules in the artificial lipid bilayers 

probably caused by the closeness of the surface of carbon nanotubes, 

the nanosilver facilitating this modification of Chla position. 

The spectral features of Chla can provide a rapid estimation of the 

size of lipid vesicles.37,38 The spectrum of biohybrids (sample D) 

presented a lower baseline position as compared to that of MLVs 

(sample C) spectrum, so we could predict that MLVs have bigger 

size than hybrid material. 

 

Characterization of silver-based biohybrids by fluorescence 

emission spectroscopy 

Figure 3 displays the fluorescence emission spectra of the liposomes 

and hybrids. Chla incorporated in biomimetic membranes was used 

as a fluorescent probe.  

The fluorophore is represented by the porphyrin macrocycle of 

Chla. The chlorophyll molecule is placed in the artificial lipid 

bilayer with the macrocycle at the interface with the aqueous 

phase in the proximity of polar heads of lipids, and with the 

phytyl tail in the hydrophobic fatty acyl chains region,56 

providing a better understanding of what it is happening both in 

the hydrophobic and in the hydrophilic regions of liposomal 

membranes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3 Fluorescence emission spectra of Chla in liposomes (sample 

C) and Cornus mas-AgNPs–DMPC-CNTs hybrids (see inset, sample 

D); the excitation wavelength was 430 nm. 

Inset: enlarged image of emission spectrum of sample D.  

The fluorescence signature of Chla, a natural dye, was significantly 

quenched by SWCNT presence; this quenching agrees with our 

previously studies.28 Recent scientific papers reported the use of 

SWCNTs as an effective quencher for various dyes5,6 decreasing 

their fluorescence intensities through electronic mechanisms.  

The dramatically decrease of Chla fluorescence signal after addition 

of SWCNTs and Cornus mas-AgNPs to the suspensions of lipid 

vesicles could be the result of a more efficient energy transfer 

between the chlorophyll molecules (embedded in liposomes) 

interacting with the carbon nanotubes. 

As a result of interaction with SWCNTs and AgNPs, a slightly blue 

shift from 681 nm to 679 nm of the peak emission of Chla it was 

observed which could be explained by a less polar environment 

sensed by the fluorophore due to the closeness of the CNT surface.  

Both the quenching of Chla fluorescence signal and the blue shift of 

the peak emission of Chla confirmed the formation of biohybrids 

based on biomimetic membranes, AgNPs and SWCNTs (Figure 3, 
sample D). 

Evaluation of physical stability of the nanomaterials 

The physical stability of the samples was evaluated in terms of zeta 

potential (ZP) which reflects the electric charge on the particle 

surface by measuring the electrophoretic mobility of the samples in 

an electric field. Figure 4 presents comparatively the zeta potential 

distribution of liposomes and of silver-based nanomaterials. 

All the samples displayed negative surface charge providing 

repulsive forces necessary for the dispersion stability. So, higher 

negative ZP values lead to more tendency of repellence between 

particles and thus preventing particle aggregation.57 The suspension 
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of multilamellar lipid vesicles are low stable (ZP = –18.4 mV) as 

compared with the green silver nanoparticles which presented a 

moderate stability possessing a mean zeta potential value of –25.9 

mV. 

The biohybrids exhibited highest physical stability (ZP = -34 mV), 

their suspensions being stable through interparticle electrostatic 

repulsions. The addition of carbon nanotubes in these hybrid systems 

enhanced the stability of the biohybrids, results which are consistent 

with our previous research work.28 
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Fig. 4 Comparison of zeta potential distribution of A) Cornus mas-

AgNPs, B) Chla-DMPC vesicles and C) Cornus mas-AgNPs-

DMPC-SWCNTs biohybrid 

 

Size determination and morphological characterization of 

cornelian silver-based architectures 

 

Dynamic Light Scattering (DLS) technique was used to evaluate the 

dimension of the samples. The hydrodynamic diameters (based on 

Stokes-Einstein equation) and the polydispersity index (PdI) were 

achieved from 3 individual measurements using intensity 

distribution. The results are reported as mean value ± standard 

deviation. 

DLS measurements revealed a bimodal particle size distribution 

profile of the samples (Figure 5). Multilamellar liposomes exhibited 

an average diameter of 842.5 nm with a high value of polydispersity 

index (PdI = 0.607) indicating a large distribution of particle size 

with multiple population of lipid vesicles, being in accordance with 

the protocol of preparation (see section Preparation of liposomes), 

confirming the formation of MLVs.  

The silver phytonanoparticles presented a hydrodynamic average 

diameter of 118.7 nm and a good value of polydispersity index (PdI 

= 0.220) illustrating the presence of quite homogenous population of 

particles.  

The mean diameter of biohybrids based on „green“ nano-silver, 

carbon nanotubes and biomimetic membranes was found to be 264.8 

nm and PdI = 0.332. These biohybrids are smaller in size than 

MLVs, results that were predicted by absorption spectroscopy (see 

paragraph Characterization of the samples by UV-VIS absorption 

spectroscopy). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The morphological aspects of the samples were provided by Atomic 

Force Microscopy (AFM). Phytosynthesis of nano-scaled silver 

particles was clearly observed by AFM analysis (Figure 6). Three 

dimensional (3-D) investigations revealed spherical and 

quasispherical shaped silver nanoparticles with size ranging between 

30 and 210 nm and a slight tendency to aggregate. These findings 

are in agreement with the DLS and zeta potential measurements. The 

morphology of the „green“ silver nanoparticles is good correlated to 

their absorption spectra which exhibited only one SPR band. 

The surface topography of the silver phytonanohybrids was imaged 

in Figure 7. AFM investigation of Cornus mas-AgNPs–DMPC-

CNTs hybrids revealed the formation of tubular structures consisting 

in de-agglomerated carbon nanotubes coated with nanosilver-

embedded lipid layers. The chlorophyll-containing DMPC lipid 

membranes are in a liquid crystalline state facilitating the penetration 

of AgNPs into them during the sonication process. The ultrasound 

irradiation resulted in de-agglomeration of carbon nanotubes which 

were decorated with biomimetic membranes and phytonanosilver. 

The DMPC phospholipids facilitate the de-bundling of CNTs via 

hydrophobic and van der Waals interactions between the fatty acyl 

chains of DMPC and SWCNT sidewall. 
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Fig. 5 Particle size distribution of A) Cornus mas-AgNPs, B) Chla-

DMPC-MLVs and C) Cornus mas-AgNPs/Chla-DMPC-

MLVs/CNTs biohybrid (sample D). 

 

The soft biological material (DMPC membranes) together with the 

„green“ silver nanoparticles were supramolecular self-assembled 

along the carbon nanotubes by ultrasound treatment. The porphyrin 

ring of chlorophyll located in the liposomes at the lipid-water 

interface in the vicinity of polar lipid heads allows the binding of 

Chla molecules via π-π stacking on CNT polyaromatic graphene 

surface, being able to intermediate the functionalization of carbon 

nanotubes, findings revealed by a strong quenching of Chla 

fluorescence signal (see Characterization of silver-based biohybrids 

by fluorescence emission spectroscopy).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6 AFM micrographs of 

Cornus mas-AgNPs in height (A) 

and 3-D representation (B). 
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Fig. 7 AFM micrograph of Cornus mas-AgNPs–DMPC-CNTs 

biohybrids in A) 3-D representation and B) height profile. 

Antioxidant properties of biohybrids 

Chemiluminescence assay was used to evaluate the antioxidant 

potential of the samples. Quenching of the chemiluminescence 

signal is direct related with the capacity of the samples to scavenge 

the free radicals. In order to assess their antioxidant activities, the 

samples were exposed to a free radical generator system consisting 

of H2O2 in alkaline TRIS-HCl (pH = 8.6) buffer solution that gives 

rise to a large variety of free radicals with high energy that mimic an 

oxidative stress in vitro. The oxidative degradation of luminol (LH2) 

in presence of hydrogen peroxide in alkaline aqueous solutions 

resulted in a wide range of free radicals such as: hydroxyl radicals 

(HO•), superoxide radicals (O2
•–), diazasemiquinone radicals (L•–).58-

60  

The chemiluminescence kinetic profiles of the samples (Fig. 8) 

revealed a strong decay of CL signals in the case of Cornus mas L. 

fruits extract, Cornus mas-AgNPs and the Cornus mas-AgNPs/Chla-

DMPC-MLVs/CNTs hybrids due to their powerful free radical 

scavenging capacity, the most potent being the biohybrids. The 

figure inset presents CL signals in the presence and absence of 

hybrid materials. 

 

 

 

 

 

 

Fig. 8. The chemiluminescence kinetic profiles of CL signals of the 

samples: A ‒ Cornus mas L. fruits extract, B ‒ Cornus mas-

AgNPs, C ‒ Chla-DMPC-MLVs, D ‒ Cornus mas-AgNPs/Chla-

DMPC-MLVs/CNTs hybrids as compared to standard system (the 

reaction mixture without samples). 

The antioxidant profiles displayed in Figure 9 revealed that all the 

samples possess antioxidant properties. 

The beneficial effect of cornelian cherry fruits on human health it is 

widely recognized for a long time due to their phyto-chemical 

composition rich in antioxidants, thus, the aqueous Cornus mas 

extract exhibited a notable free radical scavenging capacity (AA = 

85.7 %). Our previous studies showed that the addition of 1 mM 

AgNO3 aqueous solution to the plant extracts resulted in formation 

of AgNPs with better antioxidant properties.18,20 So, the 

phytosynthesized nano-scaled silver particles (Cornus mas-AgNPs) 

exhibited strong antioxidant properties (AA = 91.4 %). 

Chlorophyll a, a natural antioxidant, embedded into artificial lipid 

bilayers (Chla/lipid molar ratio = 1/100) confers antioxidant 

behavior (AA = 20.9 %) to liposomes. 

Small amounts of cornelian silver nanoparticles (AgNPs/MLVs = 

1/30, v/v) and carbon nanotubes (0.05 mg/mL) added to Chla-

DMPC-MLVs strongly amplified the antioxidant properties of the 

liposomes. This increase in antioxidant activity is caused by a 

complex of factors including the plant extract and also the nanometer 

nature of AgNPs and CNTs. On the other hand, carbon nanotubes 

possess antioxidant activity due to their continuum π-π conjugated 

structure derived from sp2-hybridized carbon hexagonal 

nanostructure of CNTs.61 The percentage of free radical scavenging of 

the resulted biohybrids (Cornus mas-AgNPs/Chla-DMPC-

MLVs/CNTs) reached the value of 97.8 %.  
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Fig. 9 Antioxidant activity values of the samples. 

Antimicrobial activities of samples 

The antimicrobial investigations carried out on both Gram-positive 

(Staphylococcus aureus ATCC 25923 and Enterococcus faecalis 

ATCC 29212) and Gram-negative (Escherichia coli ATCC 8738) 

bacteria revealed the biocidal activity of all the samples.  

The cornelian aqueous extract exhibited antimicrobial activity 

against all three tested microorganisms offering diameters of 

inhibition zones ranging between 8.3 and 9.1 mm.  

Chlorophyll a incorporated into artificial lipid bilayers (in a molar 

ratio of 1%) conferred to biomimetic membranes a slight 

antimicrobial activity against all three tested bacterial strains 

offering diameters of inhibition zones in the range 5.2 – 6.9 mm. The 

antimicrobial properties of this phytopigment are well recognized.46-

48 On the other hand, liposomes have the ability to fuse with the cell 

membrane inserting their content into the bacteria.  

 

 

 

 

 

 

 

 

 

 

Fig. 10 Inhibition zone diameter for the microbial strains tested. 

The cornelian silver nanoparticles (Cornus-AgNPs) synthesized 

using Cornus mas extract displayed strong biocidal properties 

offering inhibition zone of 15.1 mm, 23.1 mm and 20.4 mm against 

Escherichia coli, Staphylococcus aureus and Enterococcus faecalis 

respectively. Representative results of antibacterial activity of 

Cornus-AgNPs nanoparticles against Staphylococcus aureus are 

presented in Figure 10.  

The maximum in vitro inhibition of tested microorganisms 

Escherichia coli ATCC 8738, Staphylococcus aureus ATCC 25923 

and Enterococcus faecalis ATCC 29212 was recorded in silver – 

based biohybrids (sample D) which offered inhibition zone of 18.3 

mm, 23.8 mm and 21.6 mm respectively (Figure 10). It is well 

known that silver nanoparticles and carbon nanotubes possess 

antimicrobial properties.62 Small quantities of silver nanoparticles 

(AgNPs/MLVs = 1/30, v/v) and carbon nanotubes (0.05 mg/mL) 

were enough to achieve high antibacterial activity against all three 

microorganism strains. The high potency as biocides of these 

biohybrids could be explained also, by an efficient contact with the 

surface of bacteria provided by a combination of hydrophobic and 

electrostatic interactions resulting in perturbation of bacterial cell 

integrity and then cell membrane damage, the lipid component of 

these carbon-based hybrids playing a significant role in this process.  

Based on the results of the agar well diffusion method, the silver-

based samples (B and D) exhibited highest values of antimicrobial 

activity, findings which could be explained not only by silver 

presence, but also by the nanometer nature of these samples 

(revealed by DLS measurements and AFM analysis) allowing 

stronger interactions with bacteria cell components. On the other 

hand, the small size and good dispersion state (non-aggregation) of a 

sample are favorable factors for bacteriostatic activity.16,63 Thus, 

according to DLS and zeta potential measurements, the silver-

containing structures (see samples B and D) exhibited lower 

dimension and higher stability than liposomes alone. 

The high antibacterial potential of the C.mas-AgNPs/Chla-DMPC-

MLVs/CNTs hybrids allows their use as antimicrobial coating 

materials. 

 Conclusions 

A novel simple and cost-effective bottom-up approach was 

developed to achieve antioxidant and antimicrobial cornelian 

biohybrids based on biomimetic membranes, phyto-nanosilver and 

single-walled carbon nanotubes. The originality of this scientific 

research work consists in the way of design, preparation and 

characterization of these new silver-based architectures starting from 

a natural raw material: Cornus mas L fruits. 

„Green“ synthesis of AgNPs using the aqueous extract from Cornus 

mas L. cherries combines the benefits of these fruits with exciting 

properties of silver. The bioreducing power of cornelian extract was 

confirmed firstly by visual inspection (color changing) and 

supported by absorption spectra, DLS measurements and AFM 

images. 

Chlorophyll a embedded in artificial lipid bilayers offered useful 

insights regarding the changes occurred in the biomimetic 

membranes at molecular level.  

The absorption spectra showed that the addition of SWCNTs and 

phyto-nanosilver to a suspension of MLVs in physiological 

conditions (PB pH 7.4) resulted in spectral changes of Chla, rapidly 

sensing the formation of biohybrids. 

The interfacing nanomaterials (such as carbon nanotubes, silver 

nanoparticles) with biomimetic systems (like liposomes) lead to 

improved hybrid materials. Small quantities of silver nanoparticles 

(AgNPs/MLVs = 1/30, v/v) and carbon nanotubes (0.05 mg/mL) 

were enough to assess high antimicrobial and antioxidant activities 

and also a good physical stability.  

A good correlation between the visible absorption and fluorescence 

emission spectra, DLS measurements and AFM analysis was found.  

Building cornelian silver-based architectures designed by a simple, 

low-cost bottom-up strategy opens the opportunity to use these 
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bioconstructs as coating materials to prevent oxidation and 

microorganism growth proliferation. 
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