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Abstract

In this work, AgCl nanoparticles were synthesized from Microsorum scolo-
pendria (MS) aqueous extract and AgNO, solution. Preliminary confirmation
was a color change from a light brown to a dark-colored solution and a
UV-Vis spectra surface plasmon resonance peak at 427 nm. Measured vibra-
tional frequencies at 1713 cm™ and 1030 cm™ for C-O stretching of carbox-
ylic acid or aliphatic ketone, and 1547 cm™ for possibly N-O stretching of ni-
tro compounds by Infrared (FTIR) analysis explain the possible biomaterial
electronegative species or functional groups responsible for the reduction of
Ag (+1) to Ag (0) for the formation of MS-AgCl nanoparticles. XRD analysis
studies revealed that these particles contained face-centered cubic crystallites
of metallic AgCl of 100 % with an average calculated crystallite size range of
30.34 nm (SD = 5.10 nm) by Scherrer’s equation and a calculated crystallite
size of 66.04 nm with a lattice strain of 0.00175 nm by Williamson Hall equa-
tion. The measured albumin denaturing activity of MS-AgCl nanoparticles
gave an IC,,value of 26.70 pg/mL and 1.35 ug/mL for the positive control
diclofenac. Additionally, the measured ability of phosphomolybdate complex
formation, the antioxidant ICs, value of MS-AgCl nanoparticles was 35.29
ug/mL, and positive control ascorbic acid was 13.91 pug/mL. In all, using MS
fern frond aqueous extracts, this preliminary work confirms MS-AgCl nano-
particles as potential therapeutic agents for oxidative stress, inflammatory
problems, and related diseases.

DOI: 10.4236/jbnb.2024.152002  Apr. 30, 2024 25

Journal of Biomaterials and Nanobiotechnology


https://www.scirp.org/journal/jbnb
https://doi.org/10.4236/jbnb.2024.152002
https://www.scirp.org/
https://orcid.org/0009-0004-6716-7718
https://doi.org/10.4236/jbnb.2024.152002
http://creativecommons.org/licenses/by/4.0/

C. N. Chick et al.

Keywords

Microsorum scolopendria, SNPs, IR, UV-Vis, Antioxidant

1. Introduction

The characterizations of nanometric particles are vital for their accurate and re-
liable definition as they are synthesized from various biological, mechanical, or
chemical routes. The properties of nanoparticles, such as their large surface
area-to-volume ratio and their size-dependent applicability of functions, make
characterization a necessity for the understanding of their uses at different mo-
lecular levels. Thus, without proper characterization of nanomaterials, their huge
potential technological applications and academic research interests across sev-
eral fields would encounter enormous difficulty. [1]

A few characterization tools are used to study a specific property of a material,
while others are combined. Transmission electron microscopy, scanning elec-
tron microscopy, and atomic force microscopy provide information on the size,
morphology, and crystal structure of nanomaterials, whereas superconducting
quantum interference device, vibrating sample magnetometer, and ferromag-
netic resonance are used for specialized magnetic nanomaterials. [2] [3] [4] For
the structures, elemental composition, optical properties, and other physical
properties of the nanomaterials, X-ray spectroscopy and scattering techniques
are important. [5]

X-ray diffraction (XRD) analysis is one of the forefront characterization me-
thods in the pharmaceutical industry, nanotechnology research, and manufac-
turing for a wide range of applications, generating critical data for users in many
areas of drug discovery, development, and production. XRD quantitative me-
thods determine the phase composition, lattice parameter, crystalline size, and
degree of crystallinity of nanomaterials important for the plasmonic or catalytic
properties of nanomaterials. [6] Some of the methods used for quantitative
analysis are Scherrer’s equation, Williamson Hall method, Warren-Averbach
analysis, Rietveld refinement, and pseudo-Voigt function. [7] [8]

The fern Microsorum scolopendria (MS), commonly called the monarch fern
belongs to the family of polypodiaceae. Very few reports exist for the fern MS
and a recent phytochemical study demonstrated their rich phenolics and flavo-
noid contents such as protocatechic acid, 4-O-glucoside, cirsimaritin, and isox-
anthohumol. [9] Phenolics or polyphenolics as well as flavonoids are widely used
in food industries, cosmetics pharmaceutics due to their antioxidant, antimi-
crobial, and anti-inflammatory activities. [10] [11] Importantly, metal ions
coordination interaction with phenolic hydroxyl group-containing bio-organic
molecules in natural plants is exploited for the preparation of important nano-
particles for drug delivery, bio-imaging, surface modification, and disease treat-
ment. [12]
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This work focuses on the use of Microsorum scolopendria aqueous extract as
a source of biomolecules such as polyphenols and flavonoids, and AgNO, as a
source of metal ions. For the first time, AgCl nanoparticle synthesis using a
green method was achieved with these components. The crystallite size and lat-
tice strain of the nanoparticles were calculated using data from X-ray diffraction
analysis. Furthermore, the ability of the nanoparticles to promote the formation
of phosphomolybdate complex and inhibit egg albumin denaturation is ex-
plained, suggesting their potential pharmacological applications as an antioxi-

dant and anti-inflammatory agent, respectively.

2. Ethical Considerations

All experiments were according to the approved protocol by the Institutional
Ethical Committee of the University of Douala (Protocol approval number
CEI-UDo0/1399/04/2018/T).

3. Materials and Experimentation

Silver nitrate (AgNO,) was purchased from Sigma Aldrich Co Ltd Germany,
diclofenac from R. P. Normapur Prolabo® (Paris, France), centrifuge (Hettich
D-7200 Tuttlingen, Germany), UV-Visible measurement with SPECORD S600
spectrometer operating at 1nm resolution, FT-IR with a Thermos Scientific Ni-
colet IS5 Model with the resolution of 0.4 cm™, powder X-ray diffraction (XRD)
measurement using a Bruker D2 Phaser (CuKa wavelength of 1.540598 A at 30
kV) by preparing a film of the SNPs powder on a flat low background silicon
sample holder, and Origin Software version 9.6 (Northampton, MA, USA) for
the calculation of full-width half maximum (FWHM) using XRD data.

The collection of the plant Microsorum scolopendria (Burm.f.) Copel
(Figure 1(A)) was at Bonaberi (4°06'19.3" N 9°37'32.7" E), Littoral region, Ca-
meroon. The verification and taxonomical coverage of the ferns were at the Na-
tional Herbarium of Cameroon, Yaounde, and the pteridophytes were per the
voucher specimen’s herbarium number 18496 SRFCam. The ferns fresh frond
was washed with running tap water and then distilled water. 10 grams of the
fern was macerated with 100 mL of preheated distilled water (80°C) and stirred
for five minutes. The extracts were filtered and stored at 4°C for further use.

The fern aqueous extracts mixed with 1 mM of AgNO; solution (volume ratio
1:5) were incubated in the dark at room temperature to minimize photoactiva-
tion of AgNO,. [13] The incubated solution was visually monitored for color
changes and UV-Vis spectroscopy measurement was also taken at the initial
process of mixing and after 24 hrs. The solution color changed from a light to a
dark brown color solution (c) after the addition of AgNO, solution (a) and the
aqueous extract solution (b), as in Figure 1(B).

Same as in other studies, this color change indicates the reduction of Ag (+) to
Ag (0) with the plant biomaterials acting possibly as reducing agents, capping,
and/or stabilizing agents as shown in Figure 2. [14] [15] [16]
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Figure 1. (A) Microsorum scolopendria (Burm.f.) Copel; (B) AgNO, solution (a), M.
scolopendria (MS) aqueous extract (b), and MS-AgCl nanoparticles solution (c).
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Figure 2. The reduction mechanism of Ag+ to Ag0 by plant biomaterials.

The UV-Vis measurement for the synthesized MS-AgCl nanoparticles de-
monstrates the formation of a surface plasmon resonance (SPR) peak, at about
427 nm for Microsorum scolopendria silver nanoparticles following 24 hrs of
incubation (Figure 3).

The FTIR (infrared) measurement at wavenumber between 4000 to 500 cm™
illustrated in Figure 4 is taken for MS-AgCl nanoparticles. Absorption bands at
1713 cm™' were for probably C-O stretching of carboxylic acid or aliphatic ke-
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tone, at 1547 cm™' was possibly for N-O stretching of nitro compounds, and
several aromatic out-of-plane C-H and in-plane bending at the bands 1030 cm™
could be for C-O stretching, 956 cm™ and 805 cm™ for probably C-H, C=C
bending of alkene. [17] Thus, illustrating the functional groups of the biomate-
rials involved in either the reduction, capping, and/or stabilization of the formed
AgCI-NPs.

The powder X-ray diffraction (XRD) pattern of MS-AgCI-NP was measured.
The Rietveld refinement pattern graphics and the principal characteristic data
are demonstrated in Figures 5 and Table 1, respectively. The diffractogram data
was compared with the standard powder diffraction cards of the Joint Commit-
tee of Powder Diffraction Standards (JCPDS) files number <31-1238> for AgCL
The cubic phase of AgCl of M. scolopendria at diffraction points 20 values of
27.82°,32.24°, 46.22°, 54.81°, 57.45°, 67.39°, 74.35°, 76.72°, and 85.66° were in-
dexed to (111), (200), (220), (311), (222), (400), (331), (420), and (422) planes,
respectively. The nanoparticle parameters such as the crystallite sizes (D) and/or
lattice strain of the MS-AgCINPs were calculated using Scherrer’s and William-
son Hall equations. [7] [8]
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Figure 3. SPR peak for MS-AgCl nanoparticles after 24 hrs of incubation.
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Figure 4. UV-Vis spectra of Ms.-Ag/AgCI NPs after incubation.
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Figure 5. Rietveld X-ray diffractogram of MS-AgCINPs.

Table 1. MS-SNPs XRD principal characteristic data.

No. Position [°2Theta] = Peak height [cps] d [nm] Miller indices
1 27.82 485.6 0.32 111
2 32.24 1000.0 0.28 200
3 46.22 507.9 0.20 220
4 54.81 140.8 0.17 311
5 57.45 119.7 0.16 222
6 67.39 44.5 0.14 400
7 74.35 30.6 0.13 331
8 76.72 90.1 0.12 420
9 85.66 42.02 0.11 422

For the XRD broadening, using the intense peaks, the full width at half maxi-
mum (FWHM) obtained by Origin Software can be used to calculate the crystal-
lite size and lattice strain of MS-AgCINPs. The observed X-ray peak has a broa-
dening of S, and the broadening due to instrument effect is f,, so the broa-
dening of the peak due to crystallite size and lattice strain f,,, is expressed as
per Gaussian profile as: (3., = f; —3°). [18] The Scherrer method considers

0.94
Bcosd’
where D is the crystallite size (nm), A is the wavelength of the X-ray used for dif-
fraction (0.1541 nm), and B, = B, . 18 FWHM with peak broadening due to
the crystallite independent of the lattice strain. [7] [8] [19] The calculation for the
average crystallite size for MS-AgCI-NPs is illustrated in Table 2.

only the crystallite size for the peak broadening as per the formula: D =
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The Williamson Hall (W.H.) models rely on crystallite size and lattice strain-
. 0.94
dependent broadening. [8] [19] From the formula: fcosf=4¢ SIn9+T

where & is the lattice strain. The linear equation y =0.007x+0.0021 ob-
tained from the plot of f,,, cos@ against siné (Figure 6), the values of the
crystallite size and lattice strain are calculated as shown in Table 3.

The heat-induced egg albumin denaturation test for the anti-inflammatory
study was applied. [14] [16] The percentage inhibition of albumin denaturation
was proportional to the concentration of the MS-AgCI-NPs and the positive con-
trol (diclofenac). The latter was twenty times more potent as confirmed by their
respective IC,; of 26.70 mg/mL and 1.35 pug/mL. The results were dose-dependent

as shown in Table 4, and the values with P < 0.05 were considered significant.

Table 2. Scherrer crystallite size calculation data for MS-AgCI-NPs.

20 27.82 32.24 46.22 54.81 57.45
B (rad.) 0.0041 0.0039  0.0054 0.0061 0.0060  Average SD

D (nm) 3492  37.30 27.68 25.44 26.36 30.34 5.40

*SD = Standard deviation.

Williamson H. Plot for Ms-AgCI-NPs
0.006 7 y =0.007x +0.0021
0.0055 - Rz =0.9089 (311) o
0.005 1 (220) ®
0.0045 H
0.004 -
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°
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Figure 6. Williamson Hall (W.H.) plot for MS-AgCI-NPs.

Table 3. Crystallite size and lattice strain for MS-AgCl-NPs by Williamson H. equation.

20 (degree) 27.82 32.24 46.22 54.81 57.45
0 (rad.) 0.2430 0.2816 0.4037 0.4787 0.5018
p(rad.) 0.0041 0.0039 0.0054 0.0061 0.0060

Seosd 34.92 37.30 27.68 25.44 26.36
sinf 0.0040 0.0037 0.0050 0.0055 0.0053
£=0.00175 D=66.04 nm

DOI: 10.4236/jbnb.2024.152002 31 Journal of Biomaterials and Nanobiotechnology


https://doi.org/10.4236/jbnb.2024.152002

C. N. Chick et al.

Table 4. Albumin denaturation assay for MS-AgCl-NPs.

Sample Concentration (ug/mL) % Inhibition (Mean +SD)  IC;, (ug/mL)
Control - - -
100 68 +0.8
50 55+1.2
MS-AgCl-NPs 25 48 +0.5 26.70
12.5 43+19
6.25 32+29
100 81+1.5
50 79+1.0
Diclofenac 25 77 £ 1.0 1.35
12.5 67 +£1.04
6.25 60 +2.5

*SD = Standard deviation; IC50 values are calculated as previously reported using Micro-
soft Excel. [14]

Table 5. Phosphomolybdenum assay for MS-AgCl-NPs.

Sample Concentration (pg/mL) % Inhibition IC;, (ug/mL)
Control - - -
100 92+3.4
50 76 £ 2.6
MS-AgCl-NPs 25 12+0.5 35.29
12.5 06+1.9
6.25 02+1.3
100 85+1.0
50 80+1.5
Ascorbic acid 25 60+1.3 1391
12.5 40+ 1.0
6.25 40+2.6

*SD = Standard deviation; IC50 values are calculated as previously reported using Micro-
soft Excel. [14]

The phosphomolybdenum reduction test measures the antioxidant abilities of
compounds such as MS-AgCl-NPs and ascorbic acid (positive control) at concen-
trations of 100 mg/mL to 6.25 mg/mL to reduce Mo (VI) to Mo (V) resulting in
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the formation of phosphomolybdenum complex. [16] For this assay, the prepared
samples are heated at 95°C, allowed to cool, and then measured with the UV-Vis
spectrophotometer at 694 nm. The calculated IC50 values were 13.91 mg/mL for
the positive control ascorbic acid and 35.29 mg/mL for MS-AgCl-NPs. These re-
sults were dose dependent as shown in Table 5, and the differences were signifi-
cant (p < 0.05).

4. Discussion

The color change of the incubated MS-AgCl-NPs solution from a light to a dark
brown colored solution confirms the formation of AgNPs with SPR peak at 427
nm after 24 hrs of incubation. As a merit to the multiple characterization me-
thods of a nanomaterial, their morphology, surface chemistry, surface area, and
disparity of nature are met. Thus, to exploit the surface chemistry of MS-AgNPs,
infrared measurement showed vibrational frequencies at bands 1713 cm™ and
1030 cm™ for C-O stretching of carboxylic acid or aliphatic ketone, and 1547
cm™ for possibly N-O stretching of nitro compounds. These electronegative
species or functional groups are from the biomaterials responsible for the possi-
ble reduction, capping, or stabilization of the AgNPs.

XRD analysis helped to penetrate the crystalline core or phase of the
MS-AgNPs for which 100 % AgCl peaks are observed. According to Scherrer’s
equation, the MS-AgCIl-NPs average crystallite size of 30.34 nm is solely respon-
sible for the peak broadening. From the Williamson-Hall equation, the crystallite
size is 66.04 nm, and the lattice strain is 0.00175. The crystallite size using
Scherrer’s equation was smaller since the lattice strain is a non-dependent factor
for the equation or for influencing the peak broadening. [20] The lattice strain is
the measure of the distribution of the lattice constants arising from crystal im-
perfection (lattice dislocation), including vacancies, dislocations, and stacking
faults. [21] The crystal structure, including defects and (surface) strain, is just as
essential since it will directly affect the plasmonic or catalytic properties of a
material. [22]

Metallic nanoparticles are among the numerous drug delivery systems used as
a novel platform for various therapeutic purposes due to their unique properties
and characteristics. Over the years nanoparticles have been widely used in many
medical applications, such as biosensing, drug delivery, imaging, antimicrobial
treatment, and reviewed strategies against viruses to fight future pandemics. Due
to the particulate nature, morphology, and sizes, nanoparticle (NP)-based strat-
egies present a powerful approach for their medical applications. AgNPs for in-
stance can sustainably release Ag+ in and out of biological systems and can inte-
ract with proteins and enzymes. [23] [24]

Non-steroidal Anti-inflammatory Drugs (NSAIDs) such as diclofenac reduce
and help prevent blood clots. They do so by blocking cyclooxygenases (COX)
which are involved in the synthesis of prostaglandins which in turn are mediators.

[25] AgNPs suppress the production of pro-inflammatory cytokines like interleu-
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kin-12, and tumor necrosis factor-a and bring about the reduction in COX-2 gene
expression which assists in achieving its anti-inflammatory potential. [26] Using
MS leaves and root extracts indicated a selective inhibition of the COX-2 and
COX-1 enzymes, with the root extracts having a slightly higher selectivity index
than the leaves extract. [9] For the first time in this study, albumin denaturation
assay for the AgNPs of MS is investigated giving an IC,,of 35.29 mg/mL which is
about one-third as potent as the standard compound ascorbic acid. At a maximum
tested concentration of 100 mg/mL, the highest inhibition of MS-AgNPs was ob-
served confirming their possible anti-inflammatory potential at higher concentra-
tions comparable to the standard compound.

Investigation of AgNPs’ scavenging strength of reactive oxygen species and
their possible reduction of cellular molecules was confirmed with the phospho-
molybdate reduction test. In this test, the IC50 of MS-AgCl-NPs shows a po-
tency three times comparable to the positive control compound, ascorbic acid.
Recent studies using the reversed-phase high-performance liquid chromatogra-
phy (RP-HPLC) mass spectrometer have shown that MS roots and leaves ethyl
acetate extract are composed of high flavonoids and polyphenols with good
DPPH (1,1-diphenyl-2-picrylhydrazyl) and ORAC (oxygen radical absorbance
capacity) activities. The root extracts have higher activity compared to the leaves
extracts. [9] At the nanoscale size, nanoparticles exhibit significantly different
characteristics and improved bioactivity compared to their bulk counterpart.

[27] Thus MS-AgCI-NPs are better potential antioxidant molecules.

5. Conclusion

Overall, AgNPs were synthesized from the aqueous extract of M. scolopendria.
They consist of biomaterials that plausibly act as reducing, capping, or stabiliz-
ing agents. The formed nanoparticles are spherical in shape, which was con-
firmed by UV-Vis spectroscopy and XRD analytical methods. Their antioxidant
and anti-inflammatory activities were also confirmed, showing their effective-
ness against free radicals or oxidizing agents, as well as their potential as anti-
inflammatory agents. Therefore, this work justifies the use of M. scolopendria
AgCI-NPs as a novel, effective, and safe approach for designing future antioxi-
dant and anti-inflammatory medications for potential pharmaceutical use.
However, further investigation is required for alternative in vitro, in vivo, toxic-

ity, and pharmacological studies.
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