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Introduction: There is emerging interest in medicinal plants in the biomedical field, due to their 

multitude of chemicals which show anti-inflammatory, antimicrobial, antiviral, or antitumoral 

potential. Research on medicinal plants has shown that nanotechnology could offer new solu-

tions in the quality control, delivery aspects, or in sustaining herbal biological activities. This 

work reports on the preparation and characterization of silver nanoparticle-mediated Selaginella 

myosurus plant extract. 

Methods: Ultraviolet-visible spectroscopy, Fourier transform infrared spectroscopy, powder 

X-ray diffraction, energy dispersive X-ray spectroscopy, high-resolution scanning electron 

microscopy, high-resolution transmission electron microscopy, and selected area electron dif-

fraction have been used to characterize the prepared silver nanoparticles. The synthetic stabil-

ity was studied by varying concentrations and pH of reactants. Egg albumin denaturation and 

carrageenan-induced rat paw edema model were used to ascertain the anti-inflammation.

Results: Ultraviolet-visible spectroscopy gave plasmon resonance ranging between 420 and 480 nm 

while Fourier transform infrared spectroscopy proved nano interface functionalized with organics. 

The powder X-ray diffraction pattern is in agreement with silver and silver chloride nanoparticles of 

crystallite size 33.7 nm and 44.2 nm for silver and silver chloride, respectively. Energy dispersive 

X-ray spectroscopy enables elemental characterization of the particles consisting of silver and silver 

chloride among main elements. Spherical silver grain of 58.81 nm average size has been depicted 

with high-resolution scanning electron microscopy and high-resolution transmission electron 

microscopy. Inhibitions of 99% and 60% were obtained in vitro and in vivo, respectively.

Conclusion: The albumin denaturation and carrageenan-induced rat hind paw edema model to 

assess the anti-inflammatory potential of generated nanoparticles suggests that the silver nano-

particles may act as reducing/inhibiting agents on the release of acute inflammatory mediators. 

Hence, this work clearly demonstrated that silver nanoparticles mediated-Selaginella myosurus 

could be considered as a potential source for anti-inflammatory drugs. 

Keywords: eco-friendly synthesis, silver nanoparticles, Selaginella myosurus, anti-inflammatory

Introduction
Inflammation is a physical response that protects against injury, infection, and stress 

through multiple mechanisms. It is well-known that the oxidative stress that occurs in the 

inflammatory response can facilitate tumor progression, increase the risk of atheroscle-

rosis, cause coronary heart disease, cause lesions of Alzheimer’s disease, and promote 

insulin resistance and diabetes.1–3 In such diseases, inflammation is a primary cause, and 
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therefore, treatment of the inflammatory condition may be 

an effective therapeutic approach. Most clinically, important 

medicines belong to steroidal or nonsteroidal anti-inflammatory 

chemical. Although these have potent activity, the long-term 

administration is required for the treatment of chronic diseas-

es.4 Furthermore, these drugs have various and severe adverse 

effects that have compelled the need for identification of 

alternative substances that can resolve inflammation in a way 

that is homeostatic, modulatory, efficient, and well tolerated by 

the body.5 One such alternative is the use of medicinal plants 

because their therapeutic value has been well established for 

various human diseases. It is well documented that therapeutic 

effects of herbal medicine are due to active components present 

in their extract.6 However, most of these active components 

possess insoluble character leading to lower bioavailability, 

increased systemic clearance,7 and required unnecessarily high 

systemic administration.8 Applying nanotechnology to herbal 

drugs may lead to the development of nano herbal products, 

which will open a new era of herbal discovery because nano-

sized drug delivery systems have many advantages to offer 

including solubility, bioavailability, pharmacological activity 

enhancement, protection from toxicity, sustained delivery, and 

protection from physical and chemical degradation.9

Nanotechnology deals with the synthesis and fabrication 

of materials at the nanoscale level (1–100 nm). It is the critical 

length scale at which certain novel size-related properties 

develop and the material starts behaving differently than 

the molecules or bulk material.10 At this scale, materials 

exhibit some unexpected and unusual new properties that 

cannot be defined by the classical laws of physics.11 It is these 

unusual properties that have attracted the immense attention 

of researchers from almost every science field including 

biology and medicine.10 Among all available nanoparticles, 

silver nanoparticles are the most important because in low 

concentrations they are not toxic to human health12 and 

exhibited anti-inflammatory,5 antiviral,13 and antibacterial14 

activities, thereby being an excellent choice for multiple 

roles in the medical field. The literature describes various 

methods to synthesize silver nanoparticles including physical 

and chemical engineering, but the use of biological systems 

(plants and microbes) as potential nanofactories is gaining 

more importance as they are not expensive, not cumbersome, 

and respectful for the environment.10

Selaginella myosurus is a terrestrial, perennial, and her-

baceous plant that grows in shallow soils on rocky outcrops 

of slopes of small hills in direct sunlight in humid tropical 

regions.15 Leaves of 0.5–1 cm long resembling scales are 

spirally arranged on a creeping stem.16 Known as tunda, the 

plant is used by Douala community for the traditional feast, 

burial ceremonies, and to invoke ancestral spirits (personal 

communication). In pharmacopeia, it is utilized to cure postpar-

tum hemorrhage, menstrual disorder, respiratory and urinary 

tract infections, skin disease, cardiovascular problems, cancer, 

headache, fever, rheumatism, bone fracture, diabetes, hepatitis, 

wounds, and to improve fitness and endurance of the body.17–19 

Extracts and isolated compounds of some species have shown 

great pharmacological activities such as antinociceptive,20 anti-

inflammatory,21 antimutagenic,22 antispasmodic,23 cytotoxic, 

immunostimulant, and RNA reverse transcriptase inhibitory 

agents.24 In our previous study, we demonstrated the anti-

inflammatory potential of S. myosurus aqueous extract.25 The 

present work was undertaken to synthesize, characterize, and 

evaluate the anti-inflammatory activity in both in vitro and 

in vivo systems of silver nanoparticle-mediated S. myosurus 

aqueous extract. Thereby, the potential advantages of phyto-

medicine and nanomedicine can be combined to result in a 

more enhanced and synergistic anti-inflammatory effect.

Materials and methods
Plant collection and preparation of the 
extract
The whole plant of S. myosurus (Figure 1) was collected at 

Dibombari (N04° 11.585′; E009° 39.958′), Littoral region, 

Cameroon, in April 2014 and authenticated by Dr Tchiengue 

Barthelemy at the National Herbarium, Yaounde, in compari-

son with a voucher specimen previously deposited (no 18192/

SFR/Cam). The entire freshly collected plant was thoroughly 

washed with running tap water followed by distilled water to 

remove all surface contaminants and finely cut. Ten grams 

of the plant was introduced into a conical flask containing 

100 mL preheated distilled water (80°C) and stirred for 

5 minutes using a hot plate equipped with a magnetic stirrer. 

After cooling at room temperature, the solution was filtered 

using Whatman paper no 1 and used as S. myosurus aqueous 

Figure 1 Selaginella myosurus plant.
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extract throughout, being used for 1 week due to gradual loss 

of plant extract viability for prolonged storage. Ten milliliters 

of the freshly prepared aqueous extract was introduced into 

a Petri dish and left overnight in the oven at 45°C. After 

complete drying, the extract was weighted and the amount 

of plant extract present in the solution was calculated.

Biological synthesis of silver nanoparticles
Silver nanoparticles were synthesized according to a well-

known procedure with slight modifications.26 Ten milliliters 

of freshly prepared aqueous extract was added to 50 mL silver 

nitrate aqueous solution (1 mM) for the bioreduction process. 

The mixture was incubated at room temperature in the dark 

to minimize the photoactivation of silver nitrate under static 

conditions until changing color appearance. The color change 

involved the formation of silver nanoparticles. The mixture 

was then centrifuged (D-7200; Hettich, Tuttlingen, Germany) 

at 6,000 rpm for 20 minutes and washed twice with distilled 

water and once with ethanol 95%. Purified pellets were kept 

into a Petri dish, dried in the oven at 60°C for 24 hours, and 

used for characterization and anti-inflammatory studies.

stability studies of S. myosurus silver 
nanoparticles
The optimum synthesis and stability of silver nanoparticles 

were investigated by varying pH gradients 2, 4, 6, 8, 10, and 12, 

extract quantities 2, 4, 6, 8, and 10 mL corresponding to 1.2, 

2.4, 3.6, 4.8, and 6 mg and silver nitrate concentrations (1, 2, 3, 

4, and 5 mM) of the previous reaction mixture.27 Two milliliter 

aliquots of different samples were taken, and absorbance was 

measured at 5 minutes, 1 hour, 3 hours, 24 hours, 48 hours, 72 

hours, and 192 hours after the beginning of the reaction. The pH 

was adjusted using 0.1 N H
2
SO

4
 and 0.1 N NaOH solutions.

characterization of silver nanoparticles
Ultraviolet (UV)-visible spectroscopic measurement
The reduction of silver ions was monitored by measuring 

UV-visible spectrum of the reaction mixture at 5 minutes, 

1 hour, 3 hours, 24 hours, 48 hours, 72 hours, and 192 hours 

using the UV-visible spectrophotometer (UV-line 9,100 

single beam, halogen light source, 1 nm resolution). Distilled 

water was used as a blank.

Fourier transform infrared (FTIr) spectroscopy
FTIR spectrum was recorded at room temperature through 

potassium bromide pellet method. Samples were grinded with 

KBr pellets and kept in infrared path, and the spectrum was 

measured using a Nicolet IS5 model of Thermo Scientific 

operating at a resolution of 0.4 cm−1.

Powder X-ray spectroscopy (PXrD)
The PXRD spectroscopy measurements of purified silver 

nanoparticles were carried out using a Panalytical Empyrean 

Serie 2 X-ray diffractometer (Cu K-Alpha1 [Å] 1.54060, 

KAlpha2 [Å] 1.54443, K-Beta [Å] 1.39225) by preparing a 

thin film on silicon substrate.

high-resolution scanning electron microscopy 
(hr-seM) and energy dispersive X-ray 
spectroscopy (eDs)
The biosynthesized silver nanoparticles were subjected to 

HR-SEM for morphology determination. A small amount 

of sample powder was deposited on a carbon-coated carbon 

grid and coated with carbon using a coating sputter coater 

(Quorum Q 150 TES) to increase the conductivity of the 

sample. SEM images were taken using Carl Zeiss Auriga 

Field Emission Scanning Electron microscope image at 

5 keV. EDS spectrum for elemental analyses was collected 

with an Oxford Instruments X-Max solid-state silicon drift 

detector operating at 20 keV coupled to a TECNAI G2 

HR-SEM.

high resolution-transmission electron microscopy 
(hr-TeM) and selected area electron diffraction 
(saeD)
For the HR-TEM, the sample was prepared by placing a drop 

of the nanoparticle suspension on the carbon-coated copper 

grid and allowing water evaporation inside the vacuum dryer. 

HR-TEM observations as well as SAED were carried out 

using an FEI Tecnai G2 Field Emission Gun – HR-TEM 

operating at 200 kV.

Evaluation of anti-inflammatory activities
animals and ethics
Wistar albinos rats of 8 weeks old, weighing 130–150 g, 

housed in standard polypropylene cage at room temperature 

(24°C±2°C) and relative humidity under light and dark cycle 

(from 6 am to 6 pm) were used for this study. They were 

obtained from the Laboratory of Animal Biology, Faculty of 

Science, University of Douala. They were fed with standard 

pellet food and tap water ad libitum during 1 week of accli-

matization. All experiments were carried out according to 

the approved protocol by the Institutional Ethical Committee 

of the University of Douala (Protocol approval number CEI-

UDo/809/02/2017/T).

Inhibition of albumin denaturation assay
A reaction mixture (5 mL) consisting of 0.2 mL of egg 

albumin (from fresh hen’s egg), 2.8 mL of PBS (pH 6.4), 

and 2 mL of varying concentrations of silver nanoparticles 
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(25, 50, 100, 200, and 400 µg/mL) was incubated at 37°C 

in a biochemical oxygen demand incubator for 15 minutes 

and then heated at 70°C for 5 minutes. A similar volume 

of distilled water served as control. After cooling, their 

absorbance was measured at 660 nm by using the vehicle as 

blank. Acetylsalicylic acid at concentrations of 5, 10, 15, 25, 

50, and 100 mg/mL was used as reference drug and treated 

similarly for determination of absorbance.28,29 The percent-

age of inhibition of protein denaturation was calculated by 

using Equation 1:

 
% inhibition 100

Vt

Vc 1
= ×

−  
(1)

where Vt is the absorbance of the test sample and Vc is 

the absorbance of control. The drug concentration for 50% 

inhibition was determined from the dose–response curve by 

plotting percentage inhibition with respect to control against 

treatment concentration.

carrageenan-induced rat paw edema method
The anti-inflammatory activity of silver nanoparticles was 

evaluated on a carrageenan-induced rat paw edema model as 

described by Winter et al.30 The experimental animals were 

randomly divided into five groups (n=6). Group I served as a 

control receiving inflammatory inducing agent only. Group II 

served as standard, and groups III, IV, and V served as test. 

Acute inflammation was induced by a single subplantar injec-

tion of 0.1 mL of carrageenan (1% carrageenan suspended in 

0.9% NaCl) in the right hind paw of the rats 1 hour following 

administration (per os) of silver nanoparticles at doses of 100, 

200, and 400 µg/kg for test groups, indomethacin (10 mg/

kg) for standard group, or distilled water (10 mL/kg) for 

control group. Paw size was measured by means of volume 

displacement technique using water plethysmometer (No 
37140; Ugo Basile, Cologne, Italy) immediately before and 

30 minutes, 1 hour, 2 hours, 3 hours, 4 hours, and 5 hours 

after the carrageenan injection. The edema was expressed as 

the increase in paw volume, and the percentage of inhibition 

of edema was expressed as the reduction in volume with 

respect to the control group using Equation 2:

 

I %
V V V V

V V
1000 control 0 treated

0 control

=
− − −

−
×

( ) ( )

( )
t t

t  

(2)

where V
t
 is the average volume for each group and V

0
 is 

the average volume obtained for each group before any 

treatment.31

statistical analysis
Results are expressed as mean ± SEM. The difference 

between treated groups and control group was compared 

using one-way ANOVA followed by Dunnett’s post hoc test. 

The analyses were carried out using software PRISMA (ver-

sion 5.01; GraphPad Software, Inc., San Diego, CA, USA). 

P-values ,0.05 were considered significant.

Results
Visual observations of biosynthesized 
nanoparticles
Silver nanoparticles were biosynthesized using S. myosurus 

aqueous extract. The formation of silver nanoparticles was 

preliminarily observed by the change in the silver nitrate 

solution color to brownish yellow while adding the aqueous 

extract as depicted in Figure 2. The brownish yellow color 

is due to the excitation of free electrons in the nanoparticles 

and occurs in 3 hours at room temperature. After 24 hours, 

no further color change was observed due to stabilization of 

the synthesized nanoparticles.

effects of condition reaction on the 
biosynthesis of nanoparticles 
effect of ph
The UV-visible spectra absorption bands of synthesized 

silver nanoparticles using S. myosurus at different pH are 

Figure 2 silver nitrate (A), plant extract (B), and silver nanoparticles (C) solutions.
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shown in Figure 3. It can be seen that nanoparticles are 

well synthesized at basic pH with an optimal pH 12. The 

plasmon absorbance bands increase with increasing pH 

from 8 to 12 and decrease with decreasing pH from 6 to 2. 

Furthermore, the yellowish nanoparticles color (pH 6) tends 

change to brown (pH 12) with increasing pH, whereas no 

change in color or absorbance has been recorded in the 

acid middle.

Influence of extract quantity
Figure 4A and B shows the color appearance and evolution 

of surface plasmon, respectively, in the synthesis of silver 

nanoparticles using 2, 4, 6, 8, and 10 mL aqueous extract. 

Results were recorded 24 hours following incubation time, 

and it is notable that the production of nanoparticles increases 

with increasing extract quantity.

silver nitrate concentration impact
Different silver nitrate solutions of different concentrations 

were utilized for the synthesis of nanoparticles. The color 

change and the surface plasmon absorbance band evolution 

using 1, 2, 3, 4, and 5 mM silver nitrate solutions are shown 

in Figure 5A and B, respectively. As is clearly seen, the 

synthesis of nanoparticles increased with increasing silver 

nitrate concentration. Visible spectra were recorded 24 hours 

following incubation time.

characterization of biosynthesized 
nanoparticles
UV-visible spectral studies
UV-visible spectroscopy was used to detect and confirm the 

presence of nanoparticles in the sample based on their optical 

absorbance peaks. The absorption spectra of the synthesized 

silver nanoparticles were recorded against water in order to 

monitor their formation and their stability. Figure 6 depicts 

the UV-visible spectra of synthesized silver nanoparticles 

using 50 mL of AgNO
3
 10−3 mol/L with 10 mL of plant 

extract as a function of time. The characteristic peak of silver 

nanoparticle known as the surface plasmon resonance timely 

increased and is in the range 420–480 nm.

FTIr spectroscopy results
The FTIR spectrum to determine the various functional 

groups which acted as capping agents is depicted in Figure 7. 

The vibrational band in the 3,030 cm−1 region is associated 

with the stretching modes of C−H, N−H, and O−H bonds. 

Absorption bands at 2,920 and 2,839 cm−1 are due to stretch-

ing vibrations of C−H group. The absorptions occurring at 

2,300–2,400 cm−1 can be attributed to O=C=O molecules. 

The band at 1,606 is attributed to the bending vibration 

modes of the aromatic ring C=C and N−H bond of amines. 

The absorption band at 1,323 cm−1 is due to the presence of 

the C−N-like amine groups. The band at 1,483 represents 

aliphatic C−H vibrations. The weak band at 1,169 is C−O− 

stretch. The peak centered at 1,015 cm−1 is the indication of 

C−H in-plane/C−H out-of-plane deformation. The bonds in 

the area 670–1,000 cm−1 correspond to stretching vibrational Figure 3 Ultraviolet-visible spectra of the variation of ph.

Figure 4 (A) color of silver nanoparticle solution at different extract quantities. 
(B) Ultraviolet-visible spectra of the variation of extract quantities.
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band of =C−H. The two bands at 759 cm−1 and 685 cm−1 are 

due to the out-of-plane bending vibrations of C−H groups.

PXrD results
X-ray diffraction was used for the characterization of the 

crystal structure of the silver nanoparticles. PXRD pattern 

of the synthesized silver nanoparticles shown in Figure 8 

illustrates crystalline peaks at 2θ values of 38°, 44.2°, 

64.4°, and 77.4° that can be indexed to the (111, 200, 

220), and (311) planes of the face-centered cubic (fcc) 

structure, respectively (JCPDS file: 65-2871). The PXRD 

pattern also showed the presence of the cubic phase of 

silver chloride at 2θ values of 27.8°, 32.2°, 46.2°, 54.8°, 

57.4°, 67.4°, 74.4°, and 76.7° corresponding to the (111, 

200, 220, 311, 222, 400, 331) and (420) planes, respectively 

(JCPDS file: 31-1238). The calculated average crystalline 

particle size was found to be 33.7 and 44.2 nm for silver 

and silver chloride, respectively, using the Debye–Scherrer; 

Equation 3:

 
Dv

K
=

λ
β θ  cos  

(3)

Figure 5 (A) color of silver nanoparticle solution at different silver nitrate 
concentrations. (B) Ultraviolet-visible spectra of the variation of silver nitrate 
concentration.
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Figure 6 Ultraviolet-visible spectra analysis of synthesized nanoparticles.
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Figure 7 Fourier transform infrared spectrum for synthesized silver nanoparticles 
using Selaginella myosurus.

Figure 8 X-ray diffraction pattern of the nanoparticles from Selaginella myosurus; 
 represents silver nanocrystallites and  represents silver chloride nanocrystallites.
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where Dv is the average crystalline size; K is a dimension-

less shape factor, with a value close to unity (0.99); λ is the 

wavelength of Cu Kα; β is the full width at half-maximum 

of the diffraction peaks, and θ is Bragg’s angle.

hr-seM and eDs results
Figure 9 shows the HR-SEM image of the synthesized silver 

nanoparticles. One can distinguish that almost all the nano-

particles are highly crystalline aggregates of spherical shape 

with varied size. The elemental analysis of the sample was per-

formed using EDS, and the EDS spectrum is shown in Figure 9. 

The peaks observed at 0.18, 3.0 and 0.12, 2.71 keV corre-

spond to the binding energies of silver and Cl, respectively. 

A peak situated at the binding energy of 1.75 keV belonging 

to Si has been observed. No peaks of other impurities have 

been detected, indicating that the silver nanoparticles sample 

contain pure silver, with no oxide. Furthermore, the sample 

contained a high concentration of silver nanoparticles, and the 

atomic percentage was 65.89%, which is shown in Table 1.

hr-TeM and saeD results
HR-TEM image of silver colloidal solution providing informa-

tion on the morphology and size of the nanoparticles is shown 

in Figure 10. It exhibits that the particles were predominantly 

spherical in shape. Following the digitization phase of various 

images, the nanoparticle size (largest diagonal) distribution 

using ImageJ software was estimated. Such a diagonal was 

found to be within the 15–95 nm range. By fitting the his-

togram data with a Gaussian distribution, the average size 

was found to peak at 58.81 nm. Onset on Figure 10 shows 

Figure 9 High-resolution scanning electron microscopy image of silver nanoparticles with energy dispersive X-ray spectroscopy profile.
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the SAED pattern of the synthesized silver nanoparticles 

obtained by directing the electron beam perpendicular to one 

of the nanoparticles in the aggregate. The patterns of SAED 

spots were indexed according to reflections of fcc structure 

of elemental silver and cubic silver chloride, indicating that 

synthesized silver nanoparticles from S. myosurus aqueous 

extract are crystalline spherical particles.32

Inhibition effect of agNPs on egg albumin 
denaturation
The in vitro bioassay results of antiarthritic effect of silver 

nanoparticles assessed against denaturation of egg albumin 

are summarized in Table 2. All tested concentrations signifi-

cantly (P,0.001) inhibited the denaturation of egg albumin. 

The maximum inhibition percentage obtained was 99% at a 

concentration of 0.2 mg/mL. The acetylsalicylic acid used 

as a standard drug exhibited an inhibition of 65% at a con-

centration of 5 mg/mL.

effect of agNPs on carrageenan-induced 
paw edema in rats
The effect of silver nanoparticles on carrageenan-induced rat 

paw edema is shown in Table 3. The injection of carrageenan 

produced in control animals, a local edema in the following 

30 minutes that increased progressively and reaches its peak 

3 hours after carrageenan injection. The oral administration 

of silver nanoparticles resulted in a significant inhibition of 

paw edema when compared with control group. The maxi-

mum inhibition percentages obtained were 44.30% (1 hour), 

57.60% (5 hours), and 60.50% (5 hours) for the doses of 0.1, 

0.2, and 0.4 mg/kg (body weight), respectively. Indomethacin 

used as standard drug showed a significant (P,0.001) pro-

tective effect against carrageenan-induced paw edema, by 

71.50% at 5 hours.

Discussion
The synthesis of silver nanoparticles by green novel and 

environmental friendly pathway using the natural extract of 

S. myosurus extract as an effective anti-inflammatory agent 

was demonstrated. The UV-visible spectra as a function 

of time illustrated increasing absorbance bands indicating 

gradual reduction as well as nucleation and growing size 

of nanoparticles. The absorption spectra of the synthesized 

silver nanoparticles were recorded against water in order to 

monitor the formation and stability of silver nanoparticles. 

The color change of the mixture solution (plant extract and 

silver nitrate) was first recorded through visual observa-

tion. The color change following incubation is due to the 

formation of plasmon at the colloid surface, indicating the 

synthesis of silver nanoparticles.33 The impact of extract 

quantity and silver nitrate concentration on the synthesis have 

been studied. Results show that surface plasmon resonance 

absorbance band increased with increasing quantities of both 

reactants. This has been observed for olive leaf extract34 or 

Megaphrynium macrostachyum leaf extract35 and optimizes 

the reaction in producing more nanoparticles. S. myosurus 

aqueous extract acts as a reductant as well as capping agent, 

therefore, mediates the synthesis as well as stabilization of 

Table 1 energy dispersive X-ray spectroscopy elemental compo-
sition of synthesized nanoparticles

Elements Atomic %

si 3.41

cl 30.6

ag 65.99

Total 100

Figure 10 high-resolution transmission electron microscopy image of silver nanoparticles and selected area electron diffraction pattern.
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the silver nanoparticles with characteristic plasmon reso-

nance band in the range 420–480 nm.33 The color intensity 

of the solution changes from light yellow to deep-brown 

at the end of the reaction because of increasing amount of 

silver nanoparticles. It has also been observed that plasmon 

absorbance bands decreased at lower pH and increased 

at higher pH. To our knowledge, such an evolution is not 

described in the literature. Generally, plasmon absorbance 

bands increase with increasing pH from 2 to 12, such as 

observed for M. macrostachyum leaf extract-mediated sil-

ver nanoparticles.35 A major influence of the reaction pH is 

its ability to change the electrical charges of biomolecules, 

which might affect their capping and stabilizing abilities 

and subsequently the growth of the nanoparticles.33 Previous 

studies have shown that the size and shape of biosynthesized 

nanoparticles could be manipulated by varying the pH of the 

reaction mixtures, thereby increasing the rate of the reduction 

reaction,27,34 such as observed for olive leaf extracts and Pinus 

eldarica bark extract.34,36 pH affects the amount of nanopar-

ticle production and their stability. It is a critical factor to 

control the size and morphology of nanoparticles.36

A typical FTIR spectrum of the obtained silver nano-

particles to identify the potential biomolecules in the plant 

extract responsible for the reduction and also the capping 

reagent responsible for the stability of the bioreduced silver 

nanoparticles was associated with absorption bands, indicat-

ing various stretching modes including C−H, N−H, O−H, 

C=C, C=N, C=O, and C−O.37–39 From the FTIR analysis, 

it is evident that the silver nanoparticles are capped with 

phytochemicals with various functional groups of organic 

molecules such as flavonoids, saponins, steroids, terpenoids, 

tannins, or phenols, which give characteristic peaks in 

the spectrum.37

The typical PXRD pattern of the prepared nanoparticles 

presented in Figure 5 is compatible with the cubic phase of 

silver with various diffraction points corresponding to the 

fcc structure (JCPDS file: 65–2871). The PXRD pattern also 

showed the presence of the cubic phase of silver chloride 

(JCPDS file: 31-1238). No other characteristic peaks were 

found, indicating the high purity of the as-prepared silver and 

silver chloride nanoparticles. The most intense peaks of silver 

and silver chloride were chosen to calculate the average crys-

talline particle size.40 Thus, we selected the (111) and (200) 

lattice planes of silver and silver chloride, respectively. The 

intense and narrow diffraction peaks revealed the crystalline 

nature of the synthesized nanoparticles.41 Pattern identifica-

tion shows the formation of pure crystals of silver and silver 

chloride. Similar observations were made using leaf extracts T
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Table 3 Influence of silver nanoparticles and acetylsalicylic acid against protein denaturation

Sample Concentration (mg/mL) Optical density % inhibition IC50 (mg/mL)

control – 2.53±0.03 – –

agNPs 0.4 0.13±0.00 94.87 0.00073

agNPs 0.2 0.02±0.00*** 98.97

agNPs 0.1 0.05±0.00*** 97.77

agNPs 0.05 0.12±0.00*** 95.03

agNPs 0.025 0.21±0.00*** 91.72

acetylsalicylic acid 100 2.22±0.00 12.42 61.16

acetylsalicylic acid 50 1.97±0.27 21.97

acetylsalicylic acid 25 1.25±0.08** 50.57

acetylsalicylic acid 15 1.21±0.05*** 52.16

acetylsalicylic acid 10 1.08±0.10*** 57.20

acetylsalicylic acid 5 0.87±0.06*** 65.42

Notes: Values are expressed as means ± seM in each group (n=3); **P,0.01, ***P,0.001 compared with the control.
Abbreviations: agNPs, silver nanoparticles; Ic50, concentration for 50% inhibition.

loaded from S. myosurus aqueous extract. It is a widely used 

experimental model of acute inflammation that exhibits a high 

degree of reproducibility.47 The characteristic swelling that 

occurs in the rat paw is due to increased vascular permeability 

and edema formation.48 Edema induced by carrageenan is a 

triphasic response that involves the release of different media-

tors including histamine and serotonin in the first phase (1 

hour). The second phase is mediated through the release of 

kinins (2 hours), and the third phase is attributed to prosta-

glandins and cyclooxygenase products, which last from 3 to 

5 hours.31,49 Oral pretreatment of animals with silver nanopar-

ticles resulted in a significant inhibition (P,0.001) of edema 

rate during the three phases of inflammation when compared 

with control group. The maximum inhibition (60.50%) was 

obtained at the dose of 0.4 mg/kg, 5 hours after injection of 

the phlogistic agent. This result suggests that nanoparticles 

consisting of silver and silver chloride may interfere with 

the release of acute inflammatory mediators or antagonize 

their action. Furthermore, the persistent anti-inflammatory 

activity might be due to enhanced permeability and reten-

tion effect of silver nanoparticles in the edema region that 

has been reported by Moldovan et al.50 Indomethacin, an 

NSAID used as standard exerted a significant (P,0.001) 

inhibition of paw edema only at the third phase. Thus, the 

inhibition of edema formation and albumin denaturation 

activities of silver nanoparticles from S. myosurus aqueous 

extract clearly establish their anti-inflammatory potential and 

therefore could be considered as potential source of the anti-

inflammatory drug. However, one should try to further figure 

out other action mechanisms responsible for this activity via 

other detailed experimentations.

of Corchorus olitorius, Ipomea batatas, or flowers extract of 

Albizia julibrissin.26,41 Distribution, surface morphological, 

and nanostructural studies of synthesized silver nanoparticles 

have been investigated using HR-SEM and HR-TEM coupled 

with EDS and SAED, respectively. It has been found that the 

synthesized silver nanoparticles were crystalline aggregated, 

spherical in shape with varied size. Such variation in size is 

common when using biological systems for the synthesis.42 

The large polycrystalline nature of the particles may be due to 

the fact that on the nanometer scale, most of the metals are as 

fcc structures. They tend to nucleate and grow onto twinned 

and multiply twinned particles with their surfaces bounded 

by the lowest energy facets. Silver nanoparticles have the 

tendency to agglomerate due to their high surface tension of 

ultrafine nanoparticles.42 The fine particle size results in a large 

surface area that, in turn, enhances the nanoparticle activities. 

The EDS profile of bioreduced silver ions indicated that the 

silver nanoparticles contain pure silver without oxide, and 

SAED pattern clearly confirmed their crystalline nature.

The ability of the synthesized silver nanoparticles to inhibit 

albumin denaturation has been investigated for potential anti-

inflammatory action mechanism. It is well documented that 

protein denaturation is involved in arthritic reactions and 

development of tissue damage during inflammation.43–46 

Results reveal that synthesized silver nanoparticles were 

effective in inhibiting thermally induced albumin denatur-

ation at all tested concentrations, indicating their capability of 

controlling protein denaturation involved in the inflammatory 

process. Upon translating from in vitro to in vivo systems, 

Carrageenan-induced rat hind paw edema model was used to 

assess the anti-inflammatory potential of silver nanoparticles 
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Conclusion
The concept of nanomedicine has risen to be the future of 

medicine. Advantages of using silver nanoparticles to treat 

inflammation have many benefits such as low drug dose 

efficacy. Silver and silver chloride nanoparticle-mediated S. 

myosurus have been obtained and characterized. Synthetic 

optimization shows increases in plasmon resonance bands 

with the solute and extract concentrations as well as pH. The 

generated particles are found to be crystalline spherical in 

shape and biofunctionalized with organic molecules. The syn-

thesized silver nanoparticles exhibited significant inhibition of 

albumin denaturation, indicating a strong anti-inflammatory 

potential and of edema formation in rats, hence, could be con-

sidered as a potential source of the anti-inflammatory drug.
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