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Article 
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Abstract: Present study reports the green synthesis of pectin fabricated silver-based nanocomposite (Pectin-

AgNPs) with Carpesiumnepalense leaves extract and evaluated their bactericidal kinetics, in-vivo 

hepatoprotective and cytotoxic potentials with their possible mechanisms. GC/MS and LC/MS analysis 

indicated the presence of different new phytochemicals constituents in the plant extract. The physicochemical 

characterization of Pectin-AgNPs by UV/Vis, SEM, DLS, FTIR and EDX techniques showed the spherical and 

uniform size range synthesis of nanocomposite i.e. 50-110 nm. The highly significant (P<0.005) antibacterial 

activity was found against all tested four bacterial strains with the ZIs of 24.8 to 27.2 mm. Significant damage 

in bacterial cell membrane was also observed in AFM study after treated with Pectin-AgNPs. At the doses of 

0.05 mg/kg, nanocomposite showed highly significant (P<0.005)hepatoprotective activity in biochemical and 

histopathology analysis as compared to CCL4 administered control group. The ameliorative effects of Pectin-

AgNPs were observed in PCR analysis on both GAPDH and PPARs genes expression and its potential to 

restore gene alterations caused by CCl4 intoxication.Pectin-AgNPs produced cytotoxic activity against HeLa 

cell lines at higher doses with the LC50 of 223.7 µg/mL. The current findings demonstrate positive attributes of 

pectin fabricated AgNPs as a promising antibacterial, hepatoprotective and cytotoxic agent. 

Keywords: Green Synthesis; Pectin functionalized silver nanoparticles; Antibacterial activity; 

Hepatoprotective 

 

1. Introduction 

Nanotechnology is an emerging field and occurred as a scientific revolution in the 

pharmaceutical industry due to their reduced particle size and more surface area for targeted 

response in a wide range of diseases. Today, nanoparticles (NPs) have been used as fluorescent labels, 

diagnostic agents, transfection labels, antimicrobial and different therapeutic agents [1,2]. 

Specifically, silver nanoparticles (AgNPs) have considerably unique biological and physicochemical 

characteristics with relatively high surface area. AgNPs have been attracted globally as a potent 

antimicrobial agent due to their variable size ranges i.e. 1-100 nm3 [3]. At present, it is utilized in 
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various fields of applications as biosensors, conductive nanofluids and antimicrobial agents [4]. The 

ecofriendly and cost-effective method for the synthesis of NPs is extensively focused due to the 

harmful and high-cost materials involved in other conventional methods. However, green synthesis 

is a highly cost and time-effective, sustainable and biologically safest method [5].  

Nanocomposites of inorganic metals with different polymers are gaining attraction and scientific 

importance. It has been reported that the metallic NPs incorporation in polymer matrix significantly 

improved the performance of nanocomposite at a lower cost [6]. Metallic NPs have been synthesized 

after conjugation with various polymers like graphene oxide, chitosan, carboxymethyl cellulose 

(CMC), gelatin, lactic acid, guar gum and polyethersulphoneand many others [7–9]. These 

nanocomposites are used in several applications, including aerospace, automotive, packaging, 

defense, electronics, semiconductors, energy, medical and healthcare, coatings and sports [10,11]. In 

recent times, pectin is attaining immense interest for researchers to synthesized multifunctional 

biopolymericnanocomposites due to its greater biocompatibility and toxic-free nature compared to 

other biopolymer. It is a naturally occurring polysaccharide and gelling is the typical characteristic 

of pectin that grabs an important distinct position among other natural polymers [12]. 

Carpesiumnepalense (C. nepalense) belongs to the genus Carpesium family Asteraceaedistributed in 

Azad Kashmir Pakistan. Traditionally this plant is reported primarily for hepatitis anti-inflammatory, 

hepatitis detoxifying anti-scabies and pustule sores [13]. In Pakistan, this plant is domestically used 

in the treatment of liver inflammation and skin infections. However, to date, no scientific report has 

been reported related to its antimicrobial and hepatoprotective potentials.  

The liver being the major organ in human diverse fundamental functions including regulate 

storage, metabolism andwaste excretion, detoxification of exogenous and endogenous substances 

and maintain homeostasis. Due to the hepatotoxic nature of xenobiotics, the liver is the primary target 

for the number of xenobiotics and toxicants [14]. The detoxification process of xenobiotics, induction 

of free radicals, oxidative stress and inflammation in the liver causes significant liver damages [15]. 

Despite enormous advancements in present days for hepatoprotection, liver diseases remain the 

leading morbidity among the top adverse diseases. Unfortunately, there is no completely effective 

drugwhich protects the liver or regenerates liver cells. The synthetic drugs for different liver diseases 

are quite selective, expensive with broader adverse effects [16]. Therefore, researchers greatly focus 

on a search for a safe and effective alternatives for the cure of liver diseases. Alternative green 

synthesized nanomedicines are now considered as an ideal and unique substitute for conventional 

synthetic drugs. The liver is the major organ for carbon tetrachloride (CCl4) metabolism via 

monooxygenase (P450 2E1) in mitochondria, which results in a free radical generation. This free 

radical’s further causes phospholipid cell membrane damage through fatty acids peroxidation [17]. 

Previously few studies reported the synthesis of pectin functionalized AgNPs through the 

chemical reduction method [18,19]. In addition, Zhang et al. also described the hepatoprotective 

activity of green synthesized NPs using Rhizophoraapiculata [20]. However, according to our literature 

survey, there is no study reported the antibacterial, liver protective and cytotoxic potentials of green 

synthesized pectin functionalized silver NPs using C. nepalenseethanolic leaves extract. Therefore a 

current study was designed to investigate the antibacterial, hepatoprotective and cytotoxic activities 

ofgreen synthesized Pectin-AgNPs using C. nepalenseextract with their possible mechanisms for 

activities. Further, the plant extract was also examined phytochemically for the presence of 

pharmacologically active components using LC/MS and GC/MS techniques. 

2. Materials and Methods 

2.1. Plant Material and Extraction 

Fresh leaves of Carpesium nepalense (L.) were received in the month of September-2020 from the 

region of South Waziristan, Khyber Pakhtunkhwa (KPK)-Pakistan according to therelevant national, 

institutional and international guidelines and recommended legislation. The collected plant was 

identified by the Pharmacognosist of the Faculty of Pharmacy, Federal Urdu University of Arts 

Science and Technology (FUUAST) and the voucher specimen number of a plant (RAW 101021C) 
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was submitted at the herbarium library of FUUAST. Leaves were air-dried and crushed to small 

particles. Thecrushed powder was macerated with 60% ethanol (Sigma Aldrich, USA) for a period of 

15 days and then filtered using Whatman filter paper. Furtherafter filtration, the extract was 

concentrated using a rotary evaporator (Buchi, Switzerland) at 40 °C and obtained 143 g (12%) 

brownish C. nepalenseethanolic leaves extract (CNEE). The obtained extract was stored at a 

temperature of 4 °C for further studies [21,22].  

2.2. Gas Chromatography Mass Spectrometry(GC/MS) Analysis of CNEE 

CNEE was evaluated on a gas chromatograph (USB-393752, Agilent, USA) usinga 5% 

phenylmethylsiloxaneHHP-5MS capillary column (30m × 0.25mm × 0.25µm) along withan FID 

detector. The instrumentwas set according to the specified conditions as reported in our previous 

study [23]. Briefly, helium (99.999%) was used as a mobile gas at a 1 mL/min flow rate, and a 2 µL 

injection volume was employed. However, the ion-source temperature was 200 °C, the injector was 

maintained at 250 °C temperature while the temperature of the oven was programmed from 110 °C 

and ending at 280 °C. Mass spectra were obtained at 70 eV; with 0.5 s scan interval and 45 to 450 Da 

fragments. The total running time of GC/MS analysis was 40 min. The detected compounds in the 

CNEE via GC/MS analysis were authenticated by the comparison of their retention times with the 

authorized reported spectral data in Wiley and NIST library.  

2.3. Liquid Chromatography Mass Spectrometry (LC/MS) Analysis of CNEE 

The bioactive compounds of CNEE were further evaluatedvia LC/MS analysis. The analysis was 

performed on LC/MS (Q-TOF 6530, Agilent, USA) with positive ionization and HPLC inlet modes 

with MS2 spectrum type. The reverse-phase column was used in the HPLC system with the 

specifications of RSLC, 120 OA, C18, 50 mm x 2.1 mm, 2.2 µm (Thermoscientific). Analytical grade 

methanol (Merck, Germany) was used as mobile phase and the LC/MS condition was operatedat the 

temperature of 280 °C, while the flow rate of the sample was adjusted at 8 µL/min. A volume of 2 µL 

sample was injected whereas the mass range was maintained from 50 to 1000 m/z [24]. The obtained 

spectrum from the CNEE analysis was authenticated with Wiley and NIST library for the 

identification of differentphytochemical constituents.  

2.4. Green Synthesis of Silver Nanoparticles  

Analytical grade chemicals were obtained from Sigma-Aldrich, USA for the synthesis of AgNPs. 

AgNPs were green synthesized by adding dropwiseCNEE (10 mg/mL) as reducing agents to AgNO3 

(1 mmol/L) aqueous solution in the ratio of 9:1. At ambient temperature, the mixture was 

continuously stirred and left for a day in a dark place to avoid AgNPs photodegradation. Then, the 

obtained suspension was centrifuged for 40 min at the speed of 10,000 rpm. After 40 min, the 

supernatant was drawn and washed with distilled water and analyzed on a UV spectrophotometer 

for the confirmation of AgNPs synthesis. The change in color from silver to brown also indicated the 

synthesis of AgNPs. Finally, the green synthesized AgNPs were dried at 65 °C in a hot air oven for 6 

h [25]. 

2.5. Synthesis of Pectin Functionalized Silver Nanoparticles (Pectin-AgNPs) 

Pectin-AgNPs along with CNEE were synthesized using the method described by Hileuskaya et 

al. with some modifications[26]. In this synthesis scheme, high-methoxyl (PectHM, Sigma, 81.2% 

degree of esterification, Mν = 141�103)pectin served as stabilizer and reducer along with CNEE 

during the synthesis ofPectin-AgNPs. Initially, the reaction was startedby adding dropwise solutions 

of Pectin (5 mg/mL) and SAEE (10 mg/mL) into an aqueous solution of AgNO3 (1 mmol/L). The 

obtained suspension was centrifuged for 30 minat 10,000 rpm, and the supernatant was drawn, 

washed with distilled water, and assessed spectrophotometrically for the successful synthesis 

ofPectin-AgNPs. The color changed from silver to brownish-black also confirmed the synthesis of 

pectin-based AgNPs. Finally, the synthesized nanocomposite was dried at 65 °C using a hot air oven 
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for 12 h to obtain purified Pectin-AgNPs. However, the value of the degree of substitution (DS) for 

pectin in Pectin-AgNPs was estimated from the potentiometric titration method [27]. 

2.6. Characterization of AgNPs and Pectin-AgNPs 

The pH of the solution was measured before and after the reduction process (addition of extract 

and pectin), using the digital pH meter (Benchtop). The optical properties of synthesized NPs were 

evaluated using a UV visible spectrophotometer (UV-1710, Shimadzu, Japan) at the wavelength 

range of 300–700 nm. A volume of 250 µL methanolic solution was placed on Greiner 96 flat 

polystyrene plates for the determination of maximum absorbance. The surface morphology, physical 

characteristics and the deposition of pectin on AgNPs were assessed via electron microscope (SEM) 

(4380B, Joel, Japan). The size and zeta potential of synthesized Pectin-AgNPs were analyzed using 

the dynamic light scattering (DLS) technique, along with a particle size analyzer (Brookhaven 

Cooperation, NY, USA). However, the functional group's present in nanocompositeand interaction 

of pectin with AgNPs were evaluated using Fourier transform infrared spectroscope (FTIR) (IR-100 

Shimadzu, Japan) at 0.5 cm-1 resolution with the operational range of 500–4000 cm-1while the sample 

was taken as potassium bromide (KBr) powder discs. The mixture of KBr powder and sample was 

used to prepare KBr discs using a hydraulic press. Further, the energy dispersion x-ray spectroscope 

(EDX) (JSM 6380, Joel, Japan) was used from 0 and 10 kV for the detection and measure the amount 

of carbon and silver in AgNPs and Pectin-AgNPs.The practical yield of nanocomposites was 

measured using a PerkinElmer Optima, ICP-OES analyzer (8300, Shelton, USA) [28]. 

2.7. Antibacterial Activity  

2.7.1. Zones of Inhibitions (ZIs) 

Different highly resistant pathogenic bacterial isolates of Bacillus subtilis (LT 2352), Klebsiella 

pneumonia (LT 4524), methicillin-resistance Staphylococcus aureus (MRSA)[LT 2416] and Vibrio 

cholerae[LT 3131] were obtained from Hamdard University pathological laboratory Karachi-Pakistan. 

The antibacterial potentialof C. nepalense ethanolic extract (CNEE), pectin, AgNPs, Pectin-AgNPs and 

standard commercially available antibiotics were assessed using the well-reputed Oxford cup 

diffusion method [4]. All clinical strains were diluted to 106cfu/mL as McFarland turbidity standard 

using nutrient broth while the turbidity of prepared dilutions was measured using the UV visible 

spectrophotometer (UV-1710, Shimadzu, Japan). Each tested bacterial strain was spread on a plate 

filled with nutrient agar then five Oxford diffusion cups were placed on each plate after perforation. 

Then, a volume of 0.05 mL solutions of each tested antibacterial agent with the concentrations of 

10,000 µg/mL of CNEE; 1000 µg/mL of pectin, 50 µg/mL of AgNPs, and Pectin-AgNPs while 600 

µg/mL (Eq. to standard 30 µg disc) of each tested antibiotic i.e. vancomycin and cefoxitin(Oxoid, UK) 

were poured into five different Oxford diffusion cups of each plate. Plates were incubated for 24 h at 

37 ± 2°C after 30 min of diffusion. The obtained zones of inhibitions (ZIs) were recorded in millimeters 

(mm) using a digital Vernier caliper. The ZIs of each bacterial strain were determined in triplicates. 

2.7.2. Minimum Inhibitory Concentrations (MICs) and Minimum Bactericidal Concentrations 

(MBCs) 

The MIC values of CNEE, pectin, AgNPs and Pectin-AgNPs were investigated using the broth 

dilution method [29,30]. The serial dilutions of CNEE (from 20,000 to 1000 µg/mL), pectin, AgNPs 

and Pectin-AgNPs (512 to 1 µg/mL) were prepared in nutrient broth for the determination of MICs 

values. All tested bacterial strains concentrations were adjusted to 106 CFU/mL. After incubation for 

24 h at 37 ± 2°C, optical densities (ODs) of each strain were determinedusing an ELISA reader (Infinite 

300; USA) at 600 nm. In addition, the value of MBC was determined by plating the already incubated 

bacterial strain on different plates containing nutrient agar. After incubation for 24 h at 37 °C, viable 

bacterial cell colonies were counted in each plate [31]. Both MICs and MBCs were determined three 

times and presented as their mean value with SD. 
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2.7.3. Time Killing Kinetics 

Time killing kinetics assay of Pectin-AgNPs was performed according to the method reported 

in a previous study [29]. The assay was performed at the Pectin-AgNPs concentrations equal to the 

MBC of each tested bacterial strain. Before the addition of nanocomposite, the bacterial cells were 

grown to logarithmic phase for 6 h in freshly prepared nutrient broth equal to the standard 

concentration of 1×108cfu/mL. Then, the culture was incubated at 37 °C in a Benchtop incubator 

shaker (Amerex Instruments, USA), and a sample was drawn after every 5 min interval. Viable cell 

counts were measured by spreading a drawn sample onto the nutrient agar plates. Then, plates were 

incubated for 48 h at 37 °C, and viable bacterial colonies were counted. The bacterial killing kinetic 

curve was constructed between the viability of cells in cfu/mL and time in min. 

2.7.4. Bacterial Killing Mechanism 

AFM study was performed to assess the morphological alterations in cells of tested bacterial 

strains. A volume of 1 mL gelatin (10%) was used for the preparation of mica slides. Then, tested 

clinical isolates of different bacterial strains i.e. B. subtilis, K. pneumonia, MRSA and V. cholera were 

harvested using microtiter and placed on prepared mica slides. A similar procedure was used to 

prepare negative and positive control samples. After the inoculation of tested isolates, the prepared 

slides were air-dried at room temperature. All mica slides were observed underAFM for the detection 

of any cellular changes in bacterial strains after exposure to synthesized nanocomposites [8]. 

2.8. Hepatoprotective Activity 

2.8.1. Animals 

The hepatoprotectivepotential of green synthesized AgNPs and Pectin-AgNPs was evaluated 

on one hundred and twenty healthy white Wistar albino rats which were purchased from the animal 

house of Dow University and Health Science (DUHS), Karachi-Pakistan with an average body weight 

of 195 ± 10 g. The consent form was filled by the in-charge of DUHS animal house to use these rats 

for the present study. Both control and tested animals were placed in a controlled environment i.e. 

25 °C ± 2 °C and 45–55% humidity in a 12 h light and dark cycle and provided standard food to all 

studied animals. Rats were divided into 11 groups and each group consists of 10 rats. All tested 

solutions were prepared in normal saline and were administered once daily via the oral route. 

Animals of Group I was considered as naïve group (received no treatment) while remaining groups 

animals received 1 mL/kg body weight CCl4 (Merck, Germany) intraperitoneally in olive oil (30% v/v) 

for the induction of hepatic toxicity. However, the animals of Group II were considered as a positive 

control (administered CCl4 only) while III and IV groups animals were treated with plant extract in 

two different doses i.e. 125 and 250 mg/kg. At the doses of 0.025 and 0.05 mg/kg, pectin was given to 

V and VI groups. At the same doses of 0.025 and 0.05 mg/kg, AgNPs were administered to VII and 

VIII groups while Pectin-AgNPs were given to IX and X groups. However, Group XI was taken 

Silymarin (Sigma Aldrich, USA) at a dose of 100 mg/kg as standard treatment [20]. Treatment with 

different doses was initiated after three days from the induction of hepatotoxicity and continued for 

14 days period.At the end of the treatment period, blood samples were collected after6 h fasting to 

avoid lipemia [32]. Animalswere euthanized using the cervical dislocation method while before 

euthanasia each animal was sedated with an intravenous administration of medetomidine (Sigma 

Aldrich, USA) with the dose of 0.5 mg/kg [33]. Animal handling was performed following the 

National Advisory Committee for Laboratory Animal Research (NACLAR) guidelines and in 

compliance with the ARRIVE guidelines.Moreover, approval for the study was obtained by an 

animal ethical committee of the Pakistan Council of Scientific and Industrial Research (PCSIR), 

Karachi-Pakistan (04/07/KP/PCSIR).  
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2.8.2. Clinical Examinations and Body Weight  

Initially, animals were evaluated for generalized well-being. During dosing of each 

nanocomposite, vital signs or any sign of toxicity were observed twice daily. The effects of a particular 

treatment on animal general health, skin, hairs and behavior were monitored. At initial and after 14 

days, animal body weight was also noted. 

2.8.3. Biochemical Analysis  

Ten millimeter blood samples were drawn from the femoral artery of each rat and mixed with 

20 mg/mL ofethylenediaminetetraacetic acid (EDTA) to avoid sample coagulation. Biochemical 

analysis was performed on each blood sample to evaluate the hepatoprotective effect of each 

synthesized nanocomposite. The important liver biomarkers including lactate dehydrogenase (LDH), 

aspartate transaminase (AST), alanine transaminase (ALT), alkaline phosphatase (ALP), total protein 

(TP), and direct bilirubin(DB) were quantified according to the recommended standard protocols by 

manufacturers of diagnostic kits as previously reported [34]. The biochemical analysis on each 

sample was performed on UV visible spectrophotometer (UV-1710, Shimadzu, Japan). 

2.8.4. Histopathological Examination 

The liver of each treated animal was harvested after the treatment period. Tissues of the liver 

were fixed in (10%) formalin and incubated for 24 h. Tissue dehydration and cleaning were 

performed using ethanol (90%) and xylene solution (1%) respectively. Further, the tissue was 

embedded in paraffin wax using a tissue embedding instrument while the tissues handling 

wasperformed using standard techniques recommended for histopathologicalstudies. Then, 3 to 5 

µm tissue sections were sliced using a microtome (5062, Mainz-CUT, Germany) and stained with 

hematoxylin and eosin (H&E) stain according to the standard protocol for staining. Treated tissues 

were observed under a smart microscope (Zeiss AxioLab-5, Germany).Alterations in tissueswere 

recorded as none (--), very mild (˗), mild (+), moderate (++) and severe (+++) [35]. 

2.8.5. Real Time Polymerase Chain Reaction (RT-PCR) Assay 

The regulation of peroxisome proliferator-activated receptor- delta (PPAR-δ) gene expression 

was also evaluated to investigate the mechanism of the hepatoprotective potential of Pectin-AgNPs. 

Liver tissues were harvested and pulverized into small pieces for the extraction of total RNA using 

the Trizol reagent method [36]. The extracted RNA was quantified for their purity determination in 

a ratio of 260/280 by a micro-volume Colibri spectrophotometer (Titertek Berthold). An amount of 1 

µg RNA was transcribed reversely into complementary DNA viaan optimal cDNA synthesiskit. The 

PPAR-δ primer sequences were as follows; reverse: GCAAAGATGGCCTCATGCA, forward: 

GCCAAGAACATCCCCAACTTC. However, GAPDH, reverse: GAGGGCCTCTCTCTTGCTCT, 

forward: AACTCCATTCCTCCACCTT was used as an internal control for RT-PCR. The cycle of PCR 

was performed into following sequences; 1 cycle for 5 min at 95 ºC for initial denaturation then 35 

cycles were performed for 30 sec for RNA denaturation, annealing and extension at 95, 60 and 72 ºC 

respectively. The obtained results of PCR assay were analyzed using the commonly used 2˗ΔΔCT 

method for gene expression [37]. 

2.9. Cytotoxicity Evaluation 

The cytotoxic potential of Pectin-AgNPs was evaluated using cultured HeLa cell line (ATCC, 

Virginia, USA) using MTT (3 (4,5-dimethyl thiazolyl-2) 2,5-diphenyltetrazolium bromide) assay. The 

medium containing AgNPs and Pectin-AgNPs with different concentrations (25–500 µg/mL) were 

added individually in adherent culture replacement and incubated for 24 h at 37 °C while 

doxorubicin (50 mg) was used as a standard. Then, the treated HeLacells were washed with 

phosphate-buffered saline (PBS) and incubated in an MTT reagent (1 mg/mL) for 30 min. The cellular 

proliferation and viability were determined using contrast microscopy and UV spectrophotometer at 
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the wavelength of 570 nm[4]. Cellular toxicity was performed in triplicates for each test solution while 

the percentage cell growth inhibition was calculated using the formula as given below: 

Percentage cell inhibition = (100 – [(At – Ab)/ (AcAb)])×100  (1)

Whereas,  

At= Absorbance of test solution 

Ab = Absorbance of blank  

Ac= Absorbance of control solution. 

2.10. Statistical Analysis 

All the findings obtained from this study are presented as their standard mean with their S.D 

values. However, inferential analyses were performed such as one-way ANOVA followed by Tukey 

post hoc test for evaluating the significant differences in antibacterial, hepatoprotective and cytotoxic 

potentials among different test solutions using SPSS software (version 23). P<0.05 and P<0.005 were 

designated as significant and highly significant results respectively. Furthermore, the regression 

analysis and correlation coefficient were used to analyze the correlations nature among different 

tested solutions in bactericidal killing kinetics assay. 

3. Results and Discussion 

3.1. GC/MS and LC/MS Analysis of CNEE 

The crude leaves extract of C. nepalense was evaluated phytochemically for the presence of 

important bioactive compounds and also obtain a complete metabolite profile of plant extract. The 

GC/MS analysis (Figure 1) revealed the presence of various lower and high molecular weight 

compounds such as oleic acid, palmitic acid,arachidic acid,glycine, n-[(3α,5β,7α,12α)-24-oxo-3,7,12-

tris[(trimethylsilyl)oxy]cholan-24-yl]-, methyl ester, pregnan-18-oic acid, benzofuran, 2,3-dihydro, 

tyrosol, α-tocopherol, cetrimide,2-decenal, (Z)-,2,4-decadienal, (E,E), 2H-indeno[1,2-b]furan-2-one, 

3,3a,4,5,6,7,8,8b-octahydro-8,8-dimethyl, l-(+)-ascorbic acid 2,6-dihexadecanoate,benzeneethanol, 4-

hydroxy-,DL-tyrosine, tyrosine,tyrosol, neocurdione, barrigenol R1,digitoxin,24,25-

dihydroxyvitamin D3,dipalmitin, and lupenyl acetate. C. nepalense crude leaves extract was further 

subjected to LC/MS analysis as shown in Figure 2. The library of LC/MS of C. nepalense revealed 

several meaningful bioactive compounds and peptides like Vit-C, his-his-lys and many others. In 

addition,ethanolic extract showed a high content of flavanol and flavonol compounds. Different 

types of phenolic acids were also detected. These all compounds were useful in the synthesis of 

AgNPs and also possess significant pharmacological activities [38–41].  

 

Figure 1. Gas chromatography mass spectrometry (GC/MS) chromatogram of CNEE.) chromatogram 

of CNEE. 
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Figure 2. Liquid chromatography mass spectrometry (LC/MS) chromatogram of CNEE. 

3.2. Synthesis and Characterization of Pectin-AgNPs Nanocomposite 

The synthesis of stable AgNPs and Pectin-AgNPs nanocomposites were completed after 40 min 

of centrifugation at 12000 rpm. The synthesis was confirmed using a UV-Vis spectrophotometer with 

the maximum wavelengths at 410 nm for AgNPs while the maximum absorbance for Pectin-AgNPs 

was found at 418 nm (Figure 3). The multiple surface plasmon resonance (SPR) bands of Pectin-

AgNPs were obtained at different wavelengths in the UV-Vis spectrum, indicated the mixture of 

polymer with AgNPs and C. nepalance extract. However, strong SPR was found in the region of 400–

420 nm in the spectrums of both green synthesized AgNPs and Pectin-AgNPs corresponding to the 

presence of silver ions [25]. Tummalapalliet al. and Zahranet al. also reported SPR bands at closer 

wavelengths in UV/Vis spectrums of pectin fabricated AgNPs i.e. 420 nm and 418 nm, respectively 

[42,43]. The internal structure, surface morphology and facial appearance of AgNPs and Pectin-

AgNPs were evaluated by scanning electron microscopy (SEM) technique.More agglomeration was 

clearly observed in SEM image of green synthesized Pectin-AgNPs nanocomposite as compared to 

AgNPs (Figure 4). The size distributions of AgNPs and Pectin-AgNPs using the DLS technique are 

given in Figure 5. Monodispersion was observed in both AgNPs and Pectin-AgNPs while the mean 

size range of Pectin-AgNPs was found in the range of 50-110 nm, which is slightly greater than 

AgNPs size range i.e. 10-50 nm. This increase in size after pectin functionalization might be due to 

the non-specific binding and aggregation between pectin and AgNPs. Similar size ranges were 

observed in our previous studies for the green synthesized AgNPs using S. aromaticum and S. cumini 

plants extracts [4,44]. However, Su et al. and Hileuskayaet al. observed similar monodispersionin 

pectin containing AgNPs [12,26].The mean zeta potential of AgNPs and Pectin-AgNPs was measured 

for the assessment of synthesized nanocomposite stability. It was reported that nanocomposites with 

the zeta potential range from -25 mV to +25 mV have a high degree of stability [45]. In Figure 6, 

AgNPs and Pectin-AgNPs mean zeta potentials were found to be -20.1 mV and -24.4 mV respectively 

indicating the high stability and dispersity of synthesized nanocomposite. In addition, a high ratio of 

negative charges supports good colloidal nature, high dispersity, and long-term stability of green 

synthesized pectin decorated nanocomposite[46]. In the FTIR analysis, green synthesized AgNPs 

showing a broad absorption peak at 3412/cm indicating the presence of O–H groups in C. nepalance 

leaves extract, while the absorption peaks were obtained at 476/cm in both AgNPs and Pectin-AgNPs 

corresponded to the presence of silver ions as shown in Figure 7 [3,47]. However, the appearance of 

some additional peaks and changes in the intensity of certain peaks in the Pectin-AgNPs spectrum 

compared to AgNPs, suggested the interaction of functional groups between pectin and Ag+ ions.At 

2922/cm, peak corresponded to the stretching mode of C–H bond while C–O, and C–O–H bonds from 
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hydrocarbon chains were observed at 1647/cm, and 1382/cm,, respectively [44]. In Figure 8, the 

absorption peaks observed at 3 KeV in EDX spectrum in Pectin-AgNPs confirmed the presence of 

silver ions with the atomic percentages of 24.71% [48]. The final yields of green synthesized Pectin-

AgNPs was 47.6% respectively.  

 

Figure 3. UV/visible spectra of Pectin, AgNO3, CNEE, AgNPs and Pectin-AgNPs. 

 

Figure 4. Atomic foce microscopy (AFM) images of (A) AgNPs (B) Pectin-AgNPs. 
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(a) 

 

(b) 

Figure 5. Particle size distribution of (A) AgNPs and (B) Pectin-AgNPs. All experiments were 

performed three times and reported as mean. 
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(a) 

 
(b) 

Figure 6. Mean zeta potential of (A) AgNPs and (B) Pectin-AgNPs. All experiments were performed 

three times and reported as mean. 

  
(a) (b) 

Figure 7. Fourier transforms infrared (FTIR) spectra of (A) AgNPs and (B) Pectin-AgNPs. 
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Figure 8. Energy Dispersive X-Ray (EDX) spectra of Pectin-AgNPs. 

3.3. Antibacterial Activity 

3.3.1. Zones of Inhibitions, MICs and MBCs 

The antibacterial potential of green synthesized AgNPs and Pectin-AgNPs was evaluated 

against different clinical isolates i.e. B. subtilis, K. pneumonia, MRSA and V. cholerae using the Oxford 

cup diffusion method. The ZIs produced by CNEE, Pectin, AgNPs and Pectin-AgNPs against tested 

isolates are presented in Table 1, while the obtained ZIs are also shown in Figure 9. The obtained 

findings demonstrated that the Pectin-AgNPs nanocomposite produced antibacterial activity in a 

highly significant (P<0.005) manner in comparison to reference antibiotics and control against all four 

tested bacterial strains in the range of 4.1 ± 0.15 to 27.2 ± 3.84 mm. Amongst all tested isolates, the 

synthesized nanocomposite of Pectin-AgNPs exhibited maximum antibacterial activity against B. 

subtilis and K. pneumonia with the obtained ZIs of 27.2 ± 3.84 mm and 26.1 ± 2.18 mm, respectively. 

Table 1. Zone of inhibitions (ZIs) of different antibacterial agents against different standard isolates. 

Antimicrobial agents 
Zone of Inhibition (mm ± S.D) 

B. subtilis K. pneumonia MRSA V. cholerae 

Control 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 

CNEE 6.9 ± 0.41 4.1 ± 0.15 8.3 ± 0.82 7.2 ± 0.26 

Pectin 11.9 ± 1.38 13.8 ± 1.24* 12.4 ± 1.33* 10.3 ± 0.84 

AgNPs 18.7 ± 2.18* 17.3 ± 1.04* 17.6 ± 1.83* 15.2 ± 1.51* 

Pectin-AgNPs 27.2 ± 3.84** 26.1 ± 2.18** 24.8 ± 3.71** 25.2 ± 2.46** 

Cefoxitin 13.7 ± 0.86*  14.8 ± 1.01* 13.1 ± 0.53* 12.5 ± 0.64* 

S.D = Standard deviation, CNEE = Carpesium nepalense ethanolic extract. All experiments were performed in 

triplicates  and reported as mean ± SD. *p ≤ 0.05 significant as compared to control, **p ≤ 0.005 highly significant 

as compared to control. 
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Figure 9. Antibacterial activities of different antimicrobial agents against (A) Bacillus subtilis (B) 

Klebsiella pneumonia, (C)methicillin-resistance Staphylococcus aureusand (D)Vibrio cholera. 

The MIC of Pectin-AgNPs was found at 64 µg/mL against B. subtilis while the growth of 

remaining all three bacterial strains was inhibited at 128 µg/mL as shown in Table 2. However, the 

MBC values of Pectin-AgNPs was 128 µg/mL against all bacterial strains,which indicated that 

synthesized nanocomposite exhibited higher antibacterial activity than other tested antibacterial 

agents i.e. CNEE, pectin, AgNPs and cefoxitin. These low MIC/MBC values with larger ZIs for Pectin-

AgNPs indicated its remarkable antibacterial potential. Su et al. and Pallaviciniet al. have been 

reported much identical augmented antibacterial responses of pectin decorated green synthesized 

silver NPs in previous studies [12,18]. However, the prominent antibacterial potential of pectin was 

also reported by Ciriminnaet al., in a previous study [49]. In the present study, the antibacterial 

activity of AgNPs has been enhanced after fabrication with pectin due to the synergistic antibacterial 

activity of AgNPs with pectin as similar synergistic antibacterial activity of silver NPswas observed 

with chitosan and CMC in our previous studies [4,8]. This synergistic response for antibacterial 

activity was observed might be due to the coordination of Ag-O bonds between AgNPs and COO− 

moieties of pectin, increasing the Ag+ ions release ability of AgNPs into the aqueous dispersion 

[19,26]. 

Table 2. Minimum inhibitory concentrations (MICs) and minimum bactericidal concentrations 

(MBCs) of different antibacterial agents against different standard isolates. 

Isolates 

Antimicrobial agents 

CNEE Pectin AgNPs Pectin-AgNPs 

MIC MBC MIC MBC MIC MBC MIC MBC 

B. subtilis 
5500 ± 

271.3 

6500 ± 

226.1 

256 ± 

35.2 

512 ± 

81.2 

128 ± 

27.4 

256 ± 

56.2 
64 ± 10.3 128 ± 14.9 

K 

.pneumonia 

7500 ± 

364.2 

8500 ± 

421.2 

512 ± 

73.1 

512 ± 

57.5 

256 ± 

21.3 

256 ± 

42.5 
128 ± 9.2 128 ± 16.4 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 7 June 2023                   doi:10.20944/preprints202306.0564.v1

https://doi.org/10.20944/preprints202306.0564.v1


 14 

 

MRSA 
7500 ± 

393.5 

8500 ± 

463.8 

512 ± 

84.6 

512 ± 

77.4 

256 ± 

18.2 

256 ± 

61.7 
128 ± 9.1 128 ± 10.5 

V. cholera 
8500 ± 

336.4 

9500 ± 

392.3 

512 ± 

52.4 

512 ± 

62.8 

256 ± 

31.8 

256 ± 

40.0 

128 ± 

11.5 
128 ± 13.1 

CNEE = Carpesium nepalense ethanolic extract, MIC = Minimum inhibitory concentrations, MBC = Minimum 

bactericidal concentrations. All experiments were performed in triplicates and reported as mean ± SD. 

3.3.2. Time Killing Kinetics 

After 2 h exposure to the Pectin-AgNPs at MBC, the growth profile of each bacterial strain at 

different time intervals are given in Figure 10. Interestingly, Pectin-AgNPs remarkably produced a 

significant drop in viable cells ofGram-ve strains compared to Gram+vewithin 20 min exposure time. 

However, after 2 h exposure with synthesized nanocomposite, all tested strains produced a stationary 

growth phase. Furthermore, the correlation coefficient test results showed the linear relationship (R2 

= 0.792) among viable cell counts of both Gram+ve and Gram-vebacterial strains at different time 

intervals, while regression analysis indicated that the increasing exposure time of Pectin-AgNPs 

significantly (R2 = -0.893) decreases the viable cell counts of all tested bacterial strains. 

 

Figure 10. Time killing kinetics of Pectin-AgNPs nanocomposite against different bacterial isolates. 

All experiments were performed in triplicates. Linear relationship (R2= 0.792) among viable cells 

counts of different bacterial strains at different time intervals while the viable cells counts of all 

bacterial strains significantly (R2 = −0.893) decreases with increasing exposure time of Pectin-AgNPs. 

3.3.3. Bacterial Killing Mechanism  

The obtained findings of the antibacterial study demonstrated that Pectin-AgNPs produced 

significant antibacterial activity against both Gram-positive and Gram-negative bacterial strains. 

Therefore, an AFM analysis was performed on both strains for the evaluation of the bacterial killing 

mechanism of the green synthesized Pectin-AgNPs nanocomposite. The cells of treated bacterial 

strains were magnified and captured their images in rainbow mode to observe their surface, shape 

and surface biofilm. AFM images (Figure 11), clearly indicated that Pectin-AgNPs produced 

remarkable changes in cells of all treated bacterial strains. Significant damage was observed in the 

cellular membrane of all bacterial strains while the drainage of cytoplasmic organelles was witnessed 

in MRSA and V. choleraestrains after exposure with Pectin-AgNPs. The findings of the AFM study 

suggested that the synthesized Pectin-AgNPs have significant interaction with different constituents 
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present on the bacterial cell membrane particularly lipopolysaccharides. This binding affinity of 

Pectin-AgNPs with bacterial lipopolysaccharide resulted in the alteration of the bacterial cell 

membrane. 

 

Figure 11. Atomic force microscopic (AFM) images of A) Bacillus subtilis (B) Klebsiella pneumonia, (C) 

methicillin-resistance Staphylococcus aureusand (D)Vibrio cholera after treated with CMC-AgNPs. 

3.4. Hepatoprotective Activity 

3.4.1. Biochemical Analysis 

CCl4 is a commonly used chemical in animal model studies as hepatotoxin for the assessment of 

the liver injury. The reasons behind the utilization of CCl4 induced hepatopathies are; reduction in 

the activity of antioxidant enzymes, lipid peroxidation and the free radicals generation [35,50]. The 

creations of antioxidant effect or reduction in free radicals generation are effective ways for the 

management of hepatopathies[51]. However, an increase in the levels of serum transaminases is an 

indication of the structural damage in the liver [52]. Similarly, an increase in circulating liver enzymes 

levels resulting in the leakage of serum enzymes leads to lipid peroxidation [53].Among the 

biochemical analyses for the evaluation of hepatoprotective activity, LDH is a very important and 

prominent indicator for the diagnosis of different tissue injuries [54]. Table 3 presents the effects of 

CNEE, pectin, AgNPs and Pectin-AgNPson LDH, AST, ALT, ALP, TP and DB at different doses in 

comparison to control and standard drug (silymarin). The green synthesized and fabricated Pectin-

AgNPs produced highly significant decrease (p ≤ 0.005)in LDH (0.025 mg/kg, 231.7 ± 21.76 IU/dL; 0.05 

mg/kg, 221.5 ± 18.22 IU/dL), AST (0.025 mg/kg, 108.0 ± 4.02 IU/L; 0.05 mg/kg, 76.5 ± 2.05 IU/L), ALT 

(0.025 mg/kg, 96.5 ± 6.53 IU/L; 0.05 mg/kg, 74.2 ± 2.34 IU/L), ALP (0.025 mg/kg, 95.3 ± 4.55 IU/L; 0.05 

mg/kg, 82.3 ± 2.64 IU/L), and DB (0.025 mg/kg, 0.20 ± 0.02 mg/dL; 0.05 mg/kg, 0.15 ± 0.02 mg/dL) in 
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dose-dependent manner as compared to control group. The obtained results also showed highly 

significant increase (p ≤ 0.005)in TP (0.025 mg/kg, 5.5 ± 0.46 g/dL; 0.05 mg/kg, 7.8 ± 1.03 g/dL) level at 

both doses of Pectin-AgNPs. The achieved findings are much comparable with standard silymarin. 

Similar hepatoprotective potential was reported by Zhang et al., and Kumar et al., on AgNPs 

synthesized by Rhizophoraapiculata and Punicagranatum respectively [20,55]. However, Vasilenkoet al., 

reported the significant hepatoprotective potential of pectin in a previous study while different 

phenolic acids and flavonoids constituents in CNEE may also produce alteration in enzymatic levels 

[56,57].  

Table 3. In vivo assessments of Naïve, Control, Carpesium nepalense ethanolic extract, Pectin, AgNPs, 

Pectin-AgNPs and standard on different biochemical in CCl4 induced hepatotoxic rats 

Groups 
Doses 

(mg/kg) 

 CCl4 induced hepatotoxicity 

LDH 

(IU/dL) 

AST 

(IU/L) 

ALT 

(IU/L) 

ALP 

(IU/L) 

TP 

(g/dL) 

DB 

(mg/dL) 

Naïve1 –– 210 ± 12.86 69.1 ± 1.54 62.0 ± 2.16 91.36 ± 2.49 6.5 ± 0.23 0.12 ± 0.05 

Positive 

control 
–– 

322.4 ± 

25.64 
228.2 ± 5.22 195.0 ± 4.03 233.4 ± 6.85 3.0 ± 0.28 0.79 ± 0.08 

CNEE 

125 
287.5 ± 

18.53 
184.6 ± 8.12 172.4 ± 5.75 198.2 ± 4.40 3.9 ± 0.27 0.67 ± 0.12 

250 
271.4 ± 

21.65 
175.1 ± 6.58 160.2 ± 7.52 184.0 ± 5.62 4.1 ± 0.64 0.61 ± 0.16 

Pectin 

0.025 
291.6 ± 

31.57 
193.4 ± 7.15 184.1 ± 6.36 212.6 ± 5.84 3.5 ± 0.40 0.71 ± 0.10 

0.05 
286.4 ± 

28.14 
182.5 ± 5.67 175.8 ± 6.06 201.9 ± 4.95 3.8 ± 0.51 0.68 ± 0.12 

AgNPs 

0.025 
255.3 ± 

21.90* 

156.0 ± 

7.03* 
134.0 ± 3.58* 

158.2 ± 

3.27* 

4.1 ± 

0.72* 
0.45 ± 0.09* 

0.05 
238.7 ± 

26.52* 

121.1 ± 

8.94* 
110.2 ± 4.04* 

121.5 ± 

4.18* 

4.8 ± 

0.78* 
0.32 ± 0.08* 

Pectin-

AgNPs 

0.025 
231.7 ± 

21.76** 
108.0 ± 4.0** 96.5 ± 6.53** 

96.5 ± 

4.55** 

5.5 ± 

0.46** 
0.20 ± 0.02** 

0.05 
221.5 ± 

18.22** 
76.5 ± 2.0** 74.2 ± 2.34** 

82.3 ± 

2.64** 

7.8 ± 

1.03** 
0.15 ± 0.02** 

Silymarin 100 
235.6 ± 

24.64** 
93.5 ± 4.2** 82.2 ± 2.09** 

98.2 ± 

4.02** 

6.1 ± 

0.33** 
0.32 ± 0.06* 

n=10, Average values ± SD; *p ≤ 0.05 significant as compared to control; **p ≤ 0.005 highly significant as compared 

to control LDH = Lactate dehydrogenase; AST = Aspartate transaminase; ALT = Alanine transaminase; ALP = 

Alkaline phosphatase;TP = Total protein; DB = Direct bilirubin; CNEE = Carpesium nepalense ethanolic extract. 

3.4.2. Histopathological Examination 

The biochemical findings of the present study were further confirmed via microscopic 

investigations of histopathology. The significant histological alterations were seen in different groups 

of animals with respect to treatment. Histopathological sections of liver tissue of the naïve group 

indicated normal hepatic structure with distinct sinusoidal spaces and hepatocytes (Figure 12). 

Significant hydropic degeneration, endothelium disruption, lymphocytic infiltration, lymphoid 
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aggregate in portal vein, cytolysis, congestion and glucagon depletion were observed in the CCl4 

intoxicated (control) group. Cytoplasmic vacuolization and tissue necrosis were also seen around the 

central vein in control group animals. Dilation was also observed in the sinusoidal spaces. These all 

histopathological changes in the CCl4 intoxicated group were brought back to normal hepatic 

morphology in the Pectin-AgNPs treated group, indicating significant protection of the liver. These 

all histopathological observations are also given in Table 4. Zhang et al. also reported similar 

histological findings of rat’s liver after the exposure with green synthesized silver NPs [20]. 

 
 

 

 

 

Figure 12. Histopathology of liver tissue of treated rats at 40× magnification. I = Naïve; II = Positive 

control; III = Pectin-AgNPs(0.025 mg/kg); IV = Pectin-AgNPs (0.05 mg/kg)and V = Standard 

(Silymarin). 

Table 4. Effect of different test solutions on liver of CCl4 induced hepatotoxic rats after 14 days of 

treatment. 

Histopathological findings Naïve Positive control 
Pectin-AgNPs 

(0.025 mg/kg) 

Pectin-AgNPs 

(0.05 mg/kg) 

Standard 

(Silymarin) 

Hydropic degeneration ˗ ++ ˗ ˗ ˗ ˗ 
Endothelium disruption ˗ +++ + ˗ ˗ 
Lymphocytic infiltration ˗ ++ + ˗ ˗ 
Lymphoid aggregate in portal 

vein 
˗ +++ + ˗ ˗ ˗ 
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Cytolysis ˗ + ˗ ˗ ˗ ˗ 
Congestion ˗ ++ + ˗ + 

Glucagon depletion ˗ ++ + ˗ ˗ 
(˗ ˗) none, (˗) very low, (+) mild, (++) moderate, (+++) severely damaged. 

3.4.3. RT-PCR Assay 

Several studies demonstrated that malonylation of the glycolytic enzyme particularly GAPDH, 

has a significant impact on the production of the pro-inflammatory cytokine, by modulating both its 

RNA-binding capacity and enzymatic activity [58–60]. Hence, GAPDH was used as an internal 

control for the RT-PCR assay.However, it was also reported that PPARs have anti-inflammatory 

potentials in a wide range of pathological conditions [61]. Figure 13 showed the effect of synthesized 

nanocomposites on PPARs genes expression at different concentrations. In CCl4 treated group 

(positive control), PPAR-δ gene expression was significantly decreased (p<0.05) compared to the 

control group. However, after exposure with Pectin-AgNPs,the PPARs gene was significantly up-

regulated (p<0.05) in a dose-dependent manner (Figure 13). The ameliorative effects of Pectin-AgNPs 

were observed on both GAPDH and PPARs genes expression and its potential to restore gene 

alterations caused by CCl4 intoxication. Similarly,our previous study reported down and up-

regulation of PPAR-δ gene levels following isoniazid-induced hepatotoxicity in positive control and 

Ajugaparviflora treated groups respectively [62].PPAR-δ up-regulation in Pectin-AgNPs treated 

group, suggested that the effect of liver protection may produce due to the elimination of damaged 

hepatocytes through apoptosis phenomena [63]. 

 

Figure 13. Polymerase chain reaction (PCR) analysis of genes expression in treated rats. 

3.5. Cytotoxic Activity 

Previously many research studies reported the green synthesis of silver NPs and their 

conjugation with different types of biopolymers, while according to our scientific knowledge there is 
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no single research reported on cytotoxic activity of pectin conjugated green synthesized AgNPs using 

CNEE, particularly concerning cell apoptosis. Hence, the present study reported the cytotoxic 

potential of AgNPs and Pectin-AgNPs on pre-treated HeLa cells line using MTT assay and the 

obtained findings are given in Figure 14. At the dose of 100 µg/mL, Pectin-AgNPs produced the 

highest viability (91.2%) of HeLa cells while the highly significant reduction was observed in the 

percentage of living cells at higher concentrations i.e. (300 µg/mL, 52.4%; 400 µg/mL, 35.5%;500 

µg/mL, 17.2%) as compared to control in dose-dependent manner. However, the obtained LC50 of 

Pectin-AgNPs was 223.7 µg/mL, which was several times higher than the concentrations of 

synthesized nanocomposite used in the present study for the evaluation of various therapeutic 

activities.   

 

Figure 14. Percentage viability of HeLA cells treated with different concentrations of AgNPs and 

Pectin-AgNPs compared with control and standard doxorubicin at 50 mg standard dose. Data is 

represented as average values ± SEM. *p ≤ 0.05 significant and **p ≤ 0.005 highly significant as 

compared to control. 

4. Conclusion 

On light of current study findings, it is concluded that the pectin decorated silver-based 

nanocomposite can be easily synthesized using Carpesiumnepalense extract. This is a simple, green, 

reliable and economical biological process that could promote the large-scale industrial production 

of Pectin-AgNPs without using any harmful capping, reducing and dispersing agent. The green 

synthesized nanocomposite of Pectin-AgNPs was found to be of uniform shape and size with 

optimum physicochemical characteristics. The present study also revealed highly significant 

antibacterial and hepatoprotective potentials of Pectin-AgNPs along with their appropriate 

mechanisms. In addition, synthesized nanocomposite also produced low cytotoxic potential in MTT 

assay against HeLa cell line compared to AgNPs alone. Therefore, due to the stable nature and 

potential antibacterial and hepatoprotective activities, it is suggested that C. nepalense synthesized 

Pectin decorated AgNPs may be utilized as a medicinal agent in different biomedical applications.  
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