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This study consists of biogenic synthesis of Ag-MnO nanocomposite whose aqueous 

extract from Cyttaranthus congolensis was used as a reducer and stabilizer. The 

characterization of these particles by visible UV spectroscopy made it possible to 

identify the band linked to the surface plasmon resonance located around 380 nm. X-

ray Diffraction and Fluorescence made it possible to determine the presence of particles 

of formula Ag 0.21 Mn 0.28 O having crystallized in a Monoclinic system (a= 5.8517 

Å, b = 3.4674 Å, c = 5.4838 Å  and β = 107.663°). A spherical morphology was 

determined by Scanning Electron Microscopy (SEM). The haemolytic activity carried 

out on human blood made it possible to conclude that Ag-MnO nanocomposites are not 

toxic to human blood. Moreover, these particles showed good antibacterial activity 

against gram-positive and gram-negative strains of bacteria. Promising results on 

anthelminthic activity of Ag-MnO nanocomposites against several pathogenic helmints 

were reported in this study. Besides antibacterial and antihelmintic activities, Ag-MnO 

nanocomposites also exhibited good anti-inflammatory and antioxidant activity. 
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1. Introduction  

Nanotechnologies and nanosciences 

represent a new "world" where matter has very 

different properties from what it has on a larger 

or macroscopic scale. Due to their varied and 

often novel properties, bimetallic nanomaterials 

have diverse potentialities and their uses open 

up multiple perspectives in many sectors of 

activity such as environment, health, 

automotive, construction, agri-food and 

electronics. Their properties are generally a 

synergistic combination of two metals which 

constitute them. Two approaches (bottom-up 
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and top-down) are generally used in the 

preparation of nanoparticles [1-4]. 

In top-down approach, we start from a large 

structure that is undersized, until reaching 

nanometric dimensions while the bottom-up 

approach, the production of nanoparticles is 

done by assembling atom by atom or molecule 

by molecule [5]. These two approaches use 

physical and chemical methods whose 

development for nanoparticles production on 

large scale generally comes up against certain 

constraints such as energy consumption, low 

yield, use of harmful organic solvents as 

stabilizers, production of intermediates and 

toxic waste at the base of environmental 
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pollution. In addition, Nanoparticles (NPs) 

produced by chemical methods keep the 

molecules used for stabilization on their 

surfaces, thus limiting their uses in the medical 

and pharmaceutical fields because stabilizers 

define nanoparticles solubility and give them 

certain surface properties [6-8]. 

In this context, many studies are currently 

focused on the use of biological methods to 

produce nanoparticles. Biological synthesis 

involves the use of extracts of living beings 

(plants, microorganisms) as reducing and 

stabilizing agents, the first study carried out in 

this direction was the preparation of silver 

nanoparticles using microorganisms [9]. Recent 

studies have reported the use of plant extracts in 

the preparation of metallic nanoparticles. 

Indeed, polyphenols (flavonoids, 

saponins…), alkaloids, proteins, phenolic acids, 

sugars, tepenoids contained in various parts of 

plants play a key role in the reduction and 

stabilization of metal ions to produce 

nanoparticles. Thus, in addition to protecting the 

environment and human health by reducing the 

use of toxic chemicals. The use of plant extracts 

reduces number of steps, energy, preparation 

time and NPs retain active chemical molecules 

on their surfaces improving their efficacy and 

properties in medical and pharmaceutical field 

[10-12]. 

Among different types of metallic 

nanoparticles, silver and manganese attracted 

attention of many researchers because of their 

multiple applications in various scientific fields. 

These nanoparticles have been widely used as 

antibacterial, antiheminthic, antioxidant, 

optical, photovoltaic and photocatalytic agent 

[13-18]. 

However, there is no data on the association 

of these two metals in the form of 

nanocomposites using Cyttaranthus congolensis 

extract. Indeed, this combination generally leads 

to the improvement of the properties of the 

material following a synergistic effect of their 

properties. Thus, this study is part of the search 

for a new material synthesized by green 

methods and having interesting biological 

properties.  

In the present study, Ag-MnO 

nanocomposites were synthesized using the 

aqueous extract of Cyttaranthus congolensis 

leaves. This plant is edible and belongs to the 

family of Euphorbiaceae. It’s used as tea in 

traditional medicine to relieve sickle cell disease 

and is rich in polyphenolic and triterpenic 

compounds that can play the role of reducer and 

stabilizer in Ag-MnO nanocomposites 

preparation. Several characterization techniques 

were used to confirm the synthesis of these 

particles including UV-visible spectroscopy for 

Surface Plasmon Resonance band, XRD 

analysis is used to study the crystal system and 

lattice parameters, while the X-ray fluorescence 

analysis is used to study the chemical 

composition. Scanning Electron Microscopy 

(SEM) was performed to determine particle 

morphology. Antibacterial activity of these 

nanocomposites was evaluated using diverse 

bacterial strains such as Eschierichia coli, 

Staphylococcus aureus and Pseudomonas 

aeruginosa. 

2. Materials and methods 

2.1.Materials 

In this study, Cyttaranthus congolensis 

leaves were collected in Kwilu province, 

Democratic Republic of the Congo. The plant 

was identified in the herbarium of the National 

Institute for Agronomic Studies and Research 

(INERA) of the University of Kinshasa 

(UNIKIN). Five bacterial strains were used, 

including two gram-positive strains 

(Staphylococcus aureus ATCC 25923, 

Staphylococcus aureus ATCC 29213) and three 

gram-negative strains (Eschierichia coli ATCC 

25922, Escherichia coli ATCC 35 218 and 

Pseudomonas aeruginosa ATCC 25783). 

These strains were provided by the 

microbiology laboratory of the Faculty of 

Pharmaceutical Sciences of the University of 

Kinshasa. The earthworm specimens were 

collected on the Keni River in Kinshasa. 

Manganese sulfate (MnSO4), silver nitrate 

(AgNO3), and resazurin were from Sigma-

Aldrich. Cyanomethemoglobin (CMH) reagents 

and hemoglobin standards were purchased from 

StanBio. Two culture media, Muller Hinton agar 

(for the subculture of bacterial strains) and 

Muller Hinton broth (for the sensitivity test), 

were provided by the microbiology laboratory 
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of the Faculty of Pharmaceutical Sciences of the 

University of Kinshasa. Bi-distilled water was 

used in the preparation of the solutions. 

2.2.Chemical screening in solution and TLC 

Fresh Cyttaranthus congolensis leaves have 

been washed several times with water to remove 

impurities and dust, dried, and then reduced to 

powder using a Sinbo-type grinder. 

Phytochemical screening in solution was carried 

out following the procedure described by Ngoyi 

et al. [19]. A standard protocol based on spot 

color observation to identify different secondary 

metabolites was used for thin layer 

chromatography [20]. 

2.3. Assay of secondary metabolites 

The total polyphenol content of 

Cyttaranthus congolensis extract was 

determined using the Folin-Ciocalteu method 

[21]. The determination of total flavonoids and 

anthocyanins was carried out following the 

method described by Kasiama et al. [20]. 

2.4. Preparation of extracts 

10g of Cyttaranthus congolensis powder 

were macerated in 100 ml of bidistilled water for 

24 hours with stirring at room temperature. The 

aqueous extract was obtained after filtration 

with filter paper (Whatman No. 42) and stored 

in an airtight bottle at 6°C. 

2.5. Biosynthesis of Ag-MnO nanocomposites 

The experimental procedure described by 

Kabengele was used for the biogenic synthesis 

of Ag-MnO nanocomposites [22]. 

The aqueous extract of Cyttaranthus 

congolensis reacted with two equal 

concentrations of 0.1N Magnesium sulfate 

(MnSO4) and 0.1N silver nitrate (AgNO3) 

solutions under thermal stirring at 60°C and 

1000 rpm. After 30 minutes of experiment, the 

color change of the solution from yellow to dark 

brown shows the beginning of metal 

precipitation in the form of composite 

nanoparticles. A few quantities of Ag- MnO 

nanoparticles synthesized were kept for Uv-

visible spectroscopy measurement. After 2 

hours of reaction, Ag-MnO obtained were 

collected by centrifugation at 4000 rpm for 15 

minutes, then washed with distilled water and 

dried at 100° C and stored for characterizations. 

2.6. Characterization of Ag-MnO 

nanocomposites 

The synthesized Ag-MnO nanocomposites were 

characterized using various spectroscopic 

methods. UV-visible spectra were recorded 

using JENWAY 7315 UV-visible 

spectrophotometer. The particle morphology 

was determined by TESCAN Lyra 3 Scanning 

Electron Microscope. To determine crystal 

structure and chemical composition of 

nanocomposites, X-ray diffraction patterns were 

obtained from X-ray diffractometer (PHYWE 

4.0) equipped with CuKα radiation source (λ = 
1.5406 Å) and X-ray fluorescence. 

2.7. Antibacterial activity 

The antibacterial activity was carried out 

using microdilution method on liquid medium 

(Muller-Hinton medium) using 96-well 

microplates [23]. 

2.8. Antioxidant activity 

The antioxidant activity of Ag-MnO 

nanocomposites was evaluated using DPPH test 

according to the method used by Kasiama [20]. 

2.9. Anthelmintic activity 

The anthelmintic activity of Ag-MnO 

nanocomposites was evaluated according to the 

method described by Kabengele [24]. 

2.10. Anti-inflammatory activity 

In vitro Anti-inflammatory activity was 

evaluated according protein denaturation 

method (Albumin) described by Kumari [25]. 

2.11. Antihemolytic activity 

The test presented here is an adaptation of 

existing standard F-7560026, which is based on 

colorimetric detection of red-colored 

cyanomethemoglobin in solution [26]. 
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3. Results and discussion 

3.1. Phytochemical screening and TLC 

Various chemical groups were identified in 

Cyttaranthus congolensis leaves (polyphenols, 

alkaloids, triterpenoids, and steroids), while 

saponins were absent. TLC images confirmed 

the presence of triterpenes, anthracene 

derivatives, flavonoids, alkaloids, and 

coumarins, as presented in the figures below. 

 

Figure 1. CCM images of triterpenoids (a), Flavonoids (b), Alcaloids (c) Coumarins (d) 

Figure 1a above gives the spots 

corresponding to triterpenoids in Cyttaranthus 

congolensis, revealed by brown colored spots 

after development with sulfuric anysaldehyde 

and heating for 10 minutes. The chromatogram 

in Figure 1b confirmed the presence of 

flavonoids by blue spots after development 

under a UV lamp. The presence of alkaloids was 

revealed by yellow-colored spots after 

revelation with 5% sodium nitrite solution, as 

shown in figure 1c above. Coumarins on 

chromatoplate of Figure 1d showed blue- and 

purple-colored spots after spraying 10% 

ethanolic KOH and observing at 366 nm. 

3.2.Secondary metabolites content 

3.2.1. Polyphenols content 

Table 1 below presents the contents of total 

polyphenols, flavonoids, anthocyanins, 

condensed and hydrolyzable tannins in C. 

congolensis leaves. 

Table 1: Content of total polyphenols, flavonoids, anthocyanins, condensed tannins and hydrolyzable tannins of C. 

congolensis 

 

Plants 

Secondary metabolites 

Total 

polyphenols (μg 

EAG /g) 

Flavonoids 

(%) 

Anthocyanins 

(%) 

Condensed 

tannins (%) 

Hydrolyzable 

tannins (%) 

C. congolensis 458.220 ± 7.50 4.136±0.002 2.253 ± 0.004 3.431 ± 0.009 5.529 ± 0.005 

The determination of total polyphenols, 

flavonoids, tannins and anthocyanins was 

carried out by UV-visible spectrophotometry. 

the results obtained show high levels of total 

polyphenols (flavonoids and tannins).  
 

 

3.3.Synthesis 

The reaction medium changed from pale-

yellow color to brown after 30 minutes as shown 

in figure 2 below. This color change is due to the 

excitation of surface plasmon vibrations in Ag-

MnO nanocomposites [27]. 
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Figure 2. Formation of nanoparticles in solution

3.4.Characterization of nanocomposites 

3.4.1. UV-visible spectroscopy of 

nanocomposites  

The presence of Ag-MnO nanocomposites 

in solution was confirmed by UV-vis spectral 

analysis after 2 hours of contact, as presented in 

figure 3 below. A broad peak located between 

350 and 400 nm, attributed to Ag-MnO 

nanoparticles was observed. This peak is related 

to Surface Plasmon Resonance, which has 

already been well documented for various 

metallic nanoparticles with sizes ranging from 2 

nm to 100 nm [28]. 

 

Figure 3. UV-visible spectrum of Ag -MnO nanocomposites 

3.4.2. Chemical composition of nanocomposite 

X-ray diffraction (XRD) studies of 

synthesized nanocomposites were performed at 

room temperature with a 4.0 PHYWE 

diffractometer using Cu Kα radiation. Figure 4 

and Table 2 below show the XRD spectrum and 

its summary. 
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Figure 4. XRD diagram of synthesized Ag-MnO nanocomposites 

Table 2: X-ray diffraction peak values of Ag-MnO nanocomposites 

No. 2 theta[°] [𝑨] 𝑰
𝑰𝟎

⁄  Accounts (peak area) FWHM 

6 30.48 2.9300 904.12 3.83 1.3292 

8 33.19 2.6971 972.91 1.12 0.3625 

27 63.67 1.4604 455.74 2.05 1.4121 

28 65.53 1.4234 556.67 2.39 1.3453 

 

Table 2 represents four characteristic 2 theta 

peaks of (Ag-MnO) nanocomposites. It appears 

from these results that the composition of these 

particles is Ag 0.21 Mn 0.28 O which 

crystallized in a monoclinic system having as 

lattice parameters: a = 5.8517 A, b = 3.4674 A, 

c = 5.4838, and β = 107.663°, then the calculated 

density ϕ = 7.760 g/cm3. The average size 

determined via the Debye–Scherrer equation d 

= (kλ/βcosθ), where k is the Debye–Scherrer 

constant (0.89), λ is the wavelength of the X-ray 

(0.154 nm), β is the width of the maximum 

intensity peak at mid-height, d is the crystal 

thickness, and θ is the diffraction angle [29-31]. 

After calculation, the average size of the 

crystallites of the particles is of the order of 9.75 

nm. The X-ray fluorescence spectrum in Figure 

5 below allowed us to identify the presence of 

the metals silver (Ag-Kα and Ag-Kβ) and 

manganese (Mn-Kα and Mn-Kβ). 

The X-ray fluorescence spectrum was 

recorded and is shown in Figure 5 below. 
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Figure 5. X-ray fluorescence spectrum of Ag-MnO nanoparticles 

3.4.3. Morphology of nanocomposites 

The morphology of the synthesized Ag-

MnO nanocomposites was determined using 

scanning electron microscopy (SEM). SEM 

images of Ag-MnO nanocomposites are shown 

in Figure 6 below. 

Predominant spherical shape well-dispersed 

have been observed. A similar morphology has 

been reported in previous works [32]. 

 

Figure 6. Morphology of Ag-MnO nanoparticles 

3.5.Antibacterial activity 

It emerges from these results that the 

antibacterial effect is proportional to the 

concentration of Ag-MnO nanocomposites 

used. Indeed, the growth inhibition of 

Escherichia coli strains by different 

concentrations of Ag-MnONPs is greater 

compared to the other bacteria tested, minimum 

inhibitory concentrations (MIC) are obtained at 

31.25 μg/mL for Escherichia strain coli ATCC 

25922 and 62.5 µg/mL for Escherichia coli 

ATCC 35 218. Whereas Staphylococcus aureus 

strains (Staphylococcus aureus ATCC 25923 
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and Staphylococcus aureus ATCC 29213), the 

MIC is equal to 125 µg/mL for the two strains 

tested. For Pseudomonas aeruginosa ATCC 

25783, Ag-MnO nanoparticles inhibited their 

development at MIC of 125 µg/mL. And with 

ciprofloxacin, which was considered the 

reference antibiotic, a total inhibition of bacteria 

growth is observed for MIC equal 0.25 μg/mL. 

Indeed, the Ag-MnO nanoparticles are very 

active against and exert a bactericidal effect on 

the all strains used in this study.  

The mechanism of action of Ag-MnO 

nanoparticles comes from electrons pairs 

created on the surface of Ag-MnO NPs, that 

influence the oxidation-reduction reaction 

capable to generate reactive oxidizing species 

(ROS). In the presence of these free radicals, 

microorganisms’ cells will be immediately 

destroyed via peptidoglycan and cell 

membranes, DNA, mRNA, ribosomes, and 

proteins. On the other hand, another mechanism 

has been proposed in which the bactericidal 

effect of nanoparticles is mainly explained by 

the rupture of the lipid double layer of bacteria, 

resulting in the leakage of cytoplasmic content 

[33,34]. 

Table 3: Different concentrations of Ag-MnO nanoparticles tested on Gram+ and Gram- bacteria 

Bacteria Concentrations (µg/mL) of Ag-MnONPs nanoparticles 

T+ T- 3.90625 7.8125 15,625 31.25 62.5 125 250 500 1000 2000 

Staphylococcus aureus 

ATCC 29213 
- + + + + + + - - - - - 

Escherichia coli ATCC 

35 218 
- + + + + + - - - - - - 

Pseudomonas 

aeruginosa ATCC 

25783 

- + + + + + + - - - - - 

Staphylococcus aureus 

ATCC 29213 
- + + + + + + - - - - - 

Escherichia coli ATCC 

25922 
- + + + + - - - - - - - 

Legend: +: growth of bacteria 

-: no growth of bacteria 

 

3.6.Anthelmintic activity 

Figure 7 gives the paralysis time of worms 

as a function of nanocomposites concentration. 

 

 

Figure 7. Paralysis time of worms as a function of drug concentration. 
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Worm paralysis time decreases when the 

concentration of Ag-MnO nanocomposites 

increases (from 0.625 to 10 mg/mL). At a high 

dose (10 mg/mL), this time decreases 

approximately 4 to 5 times, depending on the 

case. 

Figure 8 gives the earthworm mortality rate 

as a function of the concentration of Ag-MnO 

nanocomposites. 

 

Figure 8. Worm mortality rate as a function of Ag-MnO nanocomposite concentration

Mortality rate of worms is dose-dependent; 

in fact, it increases with the concentration. It was 

observed, Ag-MnO nanocomposites are more 

active than Mebendazole used as a positive 

control. The antihelmintic activity of Ag-MnO 

nanocomposites would be due to their capacity 

to create ROS in medium [33]. 

3.7.Antioxidant activity 

Figure 9 below gives the evolution of 

inhibition rate of DPPH radical. 

 

Figure 9. Inhibition rate of the DPPH radical by Ag-MnO nanocomposites. 
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Inhibition rate of DPPH radicals is dose-

dependent. DPPH, a purple-colored free radical, 

is reduced to yellow-colored compound in the 

presence of scavenging compounds. However, 

the antioxidant activity of Ag-MnO 

nanocomposites would be due to the presence of 

secondary plant metabolites, which served for 

stabilization during the formation of these 

nanocomposites [35]. 

3.8.Anti-inflammatory activity 

The anti-inflammatory effect of 

nanocomposites was assessed in vitro against 

protein denaturation. Figure 10 below gives the 

rate of inhibition of the thermal denaturation of 

ovalbumin in vitro (%I) of Ag-MnO 

nanocomposites. 

 

Figure 10. Percentage inhibition of protein denaturation (albumin) 

The results showed concentration-

dependent inhibition of protein denaturation by 

Ag-MnO nanocomposites. As it can be seen 

from the results in Figure 10, Ag-MnO 

nanocomposites exhibit anti-inflammatory 

activity. Ovalbumin thermal denaturation 

inhibition rates were 65.01%, 71.25%, 84.4%, 

87.02%, 89.15%, and 91.35% for Ag-MnO 

nanocomposites at doses of 62.5 mg/mL, 31.25 

mg/mL, 125 mg/mL, 250 mg/mL, 500 mg/mL, 

and 1000 mg/mL, respectively. Diclofenac 

sodium at the same doses as Ag-MnO NPs was 

used as a reference molecule, and the 

percentages of inhibition were respectively 

47.54%, 51.32%, 56.21%, 64.08%, 71.41 %, 

and 76.02%. These results show that Ag-MnO 

nanocomposites anti-inflammatory effect is 

superior to that of diclofenac. Thus, the work of 

Jain and Priyanka based on silver nanopartcles 

reported an appreciable but lower anti-

inflammatory effect compared to those proven 

by Ag-MnO nanocomposites. This may be due 

to the combination of manganese, which implies 

an additive effect [36,37]. 

3.9.Cytotoxicity 

Cytotoxicity was assessed using 

erythrocytes as a biological model. The extract 

is considered cytotoxic when, at 10 µg/mL, the 

hemolysis rate is ≥ 50%. It emerges from this 

study that the Ag-MnO nanocomposites are less 

hemolytic (% hemolysis = 6.49 1.089). It 

should, however, be noted that at 100 μg/mL, 

the hemolysis rate is less than 50%, which 

shows that Ag-MnO nanocomposites have no 

effect on hemolysis and can be used 

therapeutically. 

4. Conclusions  

The aim of the present study was to 

synthesize Ag-MnO nanocomposites from 

silver nitrate and manganese sulfate salts using 

the aqueous extract of Cyttaranthus congolensis 
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leaves and to evaluate their biological activities 

(antibacterial, antihelmintic, antioxidant, anti-

inflammatory, and hemolytic). Cyttaranthus 

congolensis presented a good phytochemical 

profile, thin layer chromatography, and assay of 

secondary metabolites capable of reducing and 

stabilizing metals in nanoparticles were done. 

These biosynthesized nanocomposites were 

characterized using several spectroscopic 

methods and exhibited good antibacterial, anti-

inflammatory, antihelmintic and antioxidant 

properties and are non-hemotoxic. This 

confirms their potential to be used in therapy. 

Considering the negative impact of 

conventional nanoparticle synthesis methods, 

green synthesis is the best alternative for the 

synthesis of less toxic nanoparticles. This 

research leads to the development of a new cost-

effective synthetic strategy and the reduction of 

chemical use in further studies. In perspective, 

so some points remain to be further investigated, 

so certain biological tests may be carried out 

with a view to exploiting other biological 

potentials of these new Ag-MnO materials. 
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