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In this study, Strychnos phaeotricha liana bark extract was used as a metabolite container both on the surface of metallic nanosilver
and encapsulated by a chitosan polymer. The plant extract was able to reduce Ag" into Ag’ efficiently, and the encapsulation rate
was determined. The synthesized nanoderivatives were characterized using ultraviolet-visible spectrophotometry (UV-Vis),
Fourier transform infrared (FTIR) spectroscopy, powder X-ray diffraction (PXRD), scanning electron microscopy (SEM), and
energy dispersive X-ray (EDX) spectroscopy. These methods allowed for the determination of grain size, elemental mapping,
form, and the presence of secondary metabolites at the interface of the silver. Antimicrobial properties and the oral acute
toxicity profile of the generated nanoderivatives were assessed. Overall, the results show plasmon resonance bands 380-550 nm
in range and metabolites at the interface of a spherical nanosilver grain of 13.5nm diameter in size. The hybrid nanosilver and
encapsulated chitosan exhibited significant antimicrobial activity against Salmonella spp, Echerichia coli, and Candida spp. Both
nanosilver grains and nanocapsules were found to be nontoxic at the tested doses and are potential models to prevent
microbial resistance.
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1. Introduction

Disease management in resource-limited countries relies on
the exploitation of plant resources that are mainly used as
extracts or essential oils. The rich flora, which is indispens-
able to the biological balance of ecosystems, undergoes grad-
ual damage due to overexploitation. One way of preserving
plant biodiversity is to advance the understanding and the
value of plants’ therapeutic effects. Metallic nanoparticles
(NPs) and organic polymeric nanocapsules (NCs) are prom-
inent routes to enhance the biomedical applications of plants
by transporting secondary metabolites to target cells.

The use of silver at nanometric sizes is a longstanding
practice that has attracted the attention of many
researchers because of silver’s many attractive properties
[1]. Nanoparticles are aggregates of small molecules of
nanometric size (dimensions between 1 and 100 nm) con-
sisting of a few hundred to a few thousand atoms. The
nanometric size increases the surface area of materials,
giving them greater reactivity [2]. Biological methods of
synthesizing silver nanoparticles in solution are ecorespon-
sible and inexpensive, making them appropriate for
resource-limited countries’ development.

Chitosan (Cs) is derived from chitin, which is a long
polymeric chain of N-acetyl-5-D-glucosamine and D-
glucosamine residues that has been randomly deacetylated.
Indeed, chitin is the main component of the shell of crusta-
ceans, but it can also be found in cuttlefish bones, squid
feathers, insect cuticles, and mushrooms. Chitin is made
up of more than 40% of acetyl groups [3]. Different methods
such as emulsion cross-linking, coacervation/precipitation,
and ionic gelation are used to prepare particulate chitosan
systems. The choice of methods depends on factors such as
the particle size, the thermal and chemical stability of the
active agent, the reproducibility of released kinetic profiles,
the stability of the final product, and residual toxicity associ-
ated with the final product [4-8].

Strychnos phaeotricha belongs to the Loganiaceae family,
which includes 450 to 500 species classified into 30 genera.
The genus Strychnos is widely distributed in the tropics,
with nearly 75 species in Africa and Madagascar [9]. Strych-
nos phaeotricha is commonly known as “mpidi” in the Cen-
tral African Republic, “fuankia” in Cameroon, “mbundu” in
the Democratic Republic of Congo, “salie” in Gabon, and
“malagueto” in Ghana [10]. The plant is a liana of about
35-50m in length and 4-40m in height; the stem is 2-
7 cm or more in diameter; pale grey bark, lenticellate; twigs,
lenticellate or not; small shaggy brown twigs, not lenticellate;
and tendrils in pairs [10]. Studies have revealed the antimi-
crobial activity of indole alkaloids belonging to 40 species
of the Loganiaceae family, including the genus Strychnos
[11]. Chemical studies of root and stem barks have revealed
the presence of various alkaloids including akagerine and its
derivatives (akagerine lactone, O-ethylakagerine, and tetra-
hydroakagerine), ajmalicine, tetrahydroalstonine, dihydro-
cycloakagerine, and dihydrocorynantheol to have low
muscle-relaxant, convulsant, and antimicrobial properties
[12]. To the best of our knowledge, no studies have been car-
ried out on the synthesis of silver nanoparticles and nano-
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FIGURE 1: Strychnos phaeotricha liana.

capsules from Strychnos phaeotricha extract. Therefore, in
this study, we present the antibacterial and antifungal activ-
ity followed by the oral acute toxicity profile of secondary
metabolites from Strychnos phaeotricha liana bark fixed on
silver nanoparticles and encapsulated in chitosan.

2. Materials and Methods

2.1. Collection and Authentication of the Plant Material.
Liana bark of Strychnos phaeotricha (Figure 1) was harvested
in December 2019 at Mount Kala in Yaoundé and authenti-
cated at the Cameroon National Herbarium under reference
number 49110NHC. The plant material was dried in a
shadow environment at room temperature for 3 weeks and
then pulverized by crushing.

2.2. Extract Preparation. Extraction was carried out using
water and methanol as the solvents. The aqueous extract
was prepared by introducing 10g of powdered liana bark
into a conical flask containing 100 mL of preheated distilled
water (80°C) and stirring for 5 minutes using a magnetic
stirrer. After cooling to room temperature, the mixture was
filtered using Whatman filter paper No. 1. To determine
the extraction yield, part of the prepared extract was left
overnight in an oven (60°C) until it had completely evapo-
rated [13].

The methanolic extract was obtained by double macera-
tion of 1000 g of powdered liana bark in 5000 mL of metha-
nol for 72 hours at room temperature with regular shaking.
The mixture was then filtered using Whatman filter paper
No. 1 and concentrated using a rotary evaporator (REV
2000 series, Bioevopeak, Jinan City, China) at 90°C and
120rpm. Residual solvent was eliminated by keeping the
extract in an oven at 60°C [14]. The calculation of the extrac-
tion yield was carried out according to Equation (1).

m
= —+100, 1
= (1)
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TaBLE 1: Phytochemical composition of extracts.

Observation
Test Methanolic extract Aqueous extract
(ME) (AE)
Polyphenols + +
Flavonoids + +
Alkaloids + +
Coumarins + +
Saponins + +
Terpenoids + -
Steroids + -
Reducing sugars + +
Link . i
Anthraquinone drinone
Free ) )
quinone

Note. +: present; -: absent.

where 7 is the extraction rate, M is the initial mass, and m is
the mass of concentrated extract.

2.3. Synthesis of Silver Nanoparticles (AgNPs). To support the
synthesis of silver nanoparticles, various volumes (5mL,
10mL, and 15 mL) of Strychnos phaeotricha liana bark aque-
ous extract were added to 50 mL of 10" M silver nitrate. To
avoid the photoactivation of cationic silver, the mixtures
were incubated in the dark at room temperature until a
change in color appeared. Subsequently, 1 mL aliquots from
each tube were taken at different lengths of incubation time
(5 minutes, 1 hour, 3 hours, 24 hours, 1 week, and 2 weeks)
for UV-visible spectrophotometric analysis (UViLine 9100,
Secoman, Brussels, Belgium). In the optimization experi-
ments, the silver nitrate concentrations (10" M, 1072M,
and 107 M) and pH (2, 4, 6, 8, 10, and 12) using 0.1 N sulfu-
ric acid or 0.1 N sodium hydroxide were varied [15].

2.4. Synthesis of Chitosan Nanocapsules (NCs). Chitosan
nanocapsules were synthesized using both methanolic and
aqueous extracts. A 10 mg/mL chitosan solution was freshly
prepared by adding 50 g of chitosan powder to 5000 mL ace-
tic acid solution (1% v/v), and the pH was adjusted to 5
using sulfuric acid [16]. Sodium tripolyphosphate (STPP)
solution was prepared concomitantly by adding 2400 mg of
STPP powder to 600 mL of distilled water. The synthesis of
the nanocapsules was done by mixing 150 mg of each extract
with 100mL of prepared chitosan solution followed by
50mL STPP solution added dropwise (25 drops/minute)
under magnetic stirring (HPS 340, Bioevopeak, Jinan City,
China). Thereafter, the suspension was sonicated for 30
minutes at 20% amplitude and centrifuged at 4000 rpm for
10 minutes to isolate the nanocapsules from the methanolic
extract (NC-ME) or the aqueous extract (NC-AE), respec-
tively. The metabolite encapsulation rate was determined
by dosing polyphenol contents from the reaction mixture
and supernatant. Empty chitosan nanocapsules (NC-E) were
synthesized similarly without adding any extract.

FIGURE 2: (A) Aqueous silver nitrate solution, (B) aqueous extract
of Strychnos phaeotricha liana bark, and (C) silver nanoparticles
formed by combining silver nitrate and the extract solution.

2.5. Total Phenolic Content and Encapsulation Efficiency
Determination. The dosage of total phenols was carried out
following the Folin-Ciocalteu method described by Pratiwi
et al. [17]. One milliliter of each sample was added to 5mL
of a 10% Folin-Ciocalteu solution and incubated for 30
minutes. Four milliliters of sodium bicarbonate solution
(0.7 M) was subsequently added to the mixture and vigor-
ously stirred and then incubated for 2 hours at room tem-
perature. The absorbance of the final solution was recorded
at 765nm. A range of standard using gallic acid (0.3, 0.6,
0.9, and 1.2 ug/mL) was prepared similarly for the calibra-
tion curve. The total phenolic content was determined from
the regression equation of the calibration curve and
expressed in milligrams, equivalent to gallic acid per gram
of the weight of the extract (mg EQ/g E) [17].

The encapsulation efficiency was calculated according to
Equation (2) [16]:

TPC of the extract — TPC of the NC supernatant)

(
EPP =
TPC of the extract

+100,
(2)

where TPC is the total phenolic content.

2.6. Phytochemical Screening. Phytochemical screening was
carried out to demonstrate the presence or absence of poly-
phenols, flavonoids, alkaloids, reducing sugars, coumarins,
triterpenes, saponins, steroids, and anthraquinones follow-
ing Harbone et al. of 1999 and Evans of 2001 [18, 19].

2.7. Instrumentation. UV-Vis spectrophotometry was car-
ried out on an UVline 9100 UV-Vis spectrophotometer
(UViLine 9100, single-beam halogen light source, 1 nm res-
olution with a wavelength ranging from 320 to 1100 nm).
Fourier transform infrared (FTIR) spectra were obtained
on a Bruker FT-IR Tensor 37 spectrometer with a resolution
of 2cm™ in the 4000-550cm™" region (Infrared Bruker
Tensor 37, Profactor Gmbh, Vienna, Austria). All samples
were measured as KBr disks. Powder X-ray diffraction
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FiGure 3: UV-Vis absorption spectra of biosynthesized AgNPs with respect to (a) time, (b) pH, (c) extract quantity, and (d) silver nitrate

concentration.

(PXRD) patterns were recorded on a Bruker D2 Phaser pow-
der diffractometer (Bruker AXS Gmbh, Bonn, Germany)
equipped with a flat silicon low-background sample holder
using Cu-Ka radiation (A=1.5418 A, 30kV, 10mA, and
ambient temperature). Scanning electron microscopy
(SEM) images were obtained using a Jeol JSM-6510LV
QSEM advanced electron microscope equipped with a
LaB6 cathode at 5-20kV (JSM-6510-SEM, Gute Aenger,
Freising, Germany). The microscope was equipped with a
Bruker Xflash 410 silicon drift detector for energy-

dispersive X-ray (EDX) spectroscopy. Before the scanning
took place, the samples were dried at 60°C under vacuum
for at least 12 hours.

2.8. Microbial Strains, Experimental Animals, and Ethics.
The acute toxicity assessment of the silver nanoparticles
and chitosan nanocapsules was performed on 8- to 12-
week-old Wistar albino rats. The Mueller-Hinton and Dul-
becco’s Modified Eagle Medium obtained from Merck and
HyClone, respectively, were used for the evaluation of
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TaBLE 2: Encapsulation efficiency of chitosan nanocapsules (NCs).

Extract Total polyphenol content (mg eq of gallic acid/g of extract) Encapsulation efficiency (%)
AE 23.280
NC-AE Chitosan+AE 0.035 73.500
Supernatant 0.009
ME 43.490
NC-ME Chitosan+ME 0.065 69.340
Supernatant 0.020

Note. ME: methanolic extract; EA: aqueous extract; eq: equivalent.
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FIGURE 4: Powder X-ray diffractogram of the synthesized AgNPs.

antibacterial and antifungal in vitro activity on Candida spp

TaBLE 3: PXRD characteristics of the synthesized AgNPs.

19060502 strains (clinical isolate resistant to fluconazole), Peaks Miller indices (hkl) Position (20) FWHM Size (nm)
Escherichia coli ATCC 25922 and Escherichia coli 20072302

o . . o .. 1 111 38.180 0.657 13.37
(multiresistant clinical isolates), and the sensitive clinical
isolate of Salmonella spp 20031204 obtained in the bacteriol- 2 200 44.330 0.657 13.64
ogy laboratory of Yaoundé Hospital and University Centre 3 220 64.690 n.d. -
(CHUY). All experimental procedures were in strict compli- 4 311 77.340 nd. -
ance with the protocol issued by the Institutional Ethical Mean 13.5

Committee of the University of Douala (protocol approval
number 2185 CEI-UDo/07/2020/T).

2.9. Assessment of Oral Acute Toxicity on Wistar Rats. The
oral acute toxicity test of synthesized nanoderivatives
(AgNPs, NC-AE, and NC-ME) was performed according
to Organization for Economic Cooperation and Develop-
ment (OECD) guideline No. 425. Twelve female Wistar rats
were randomly assigned to four groups of three rats each.
Each of the four experimental groups was subjected to non-
water fasting for 12 hours prior to AgNP, NC-AE, or NC-
ME administration at a single dose of 2000mg/kg [20].
The control group received distilled water (1mL/100g
b.w). All substances were orally administered using an epi-
gastric canula, and food was provided 2 hours after dosing.
Animals were closely observed for first 30 min, then inter-
mittently at 4 hours, and once at 12 hours for the next 14
days for any change in their behavioral, neurological, or

Note. n.d.: not determined as these peaks were barely above noise level.

autonomic profile. At the same time, their weight was
recorded using a PCE-BSH® 6000 electronic scale, and the
data were used to determine the growth rate according to
Equation (3).

mass of rat on day x — mass of rat on day 0 100

(3)

Growth rate =

mass of rat on day 0

At the end of the study, all rats were anesthetized using
ketamine (50 mg/kg b.w) and diazepam (10 mg/kg b.w) and
their blood was collected for analysis of biochemical param-
eters. Some vital organs including the liver, kidneys, lungs,
heart, and spleen were excised, weighed, and fixed in form-
aldehyde buffer for histological analysis. The photographs
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FIGURE 6: AgNPs’ (a) SEM image, (b) EDX element mapping, and (c) EDX spectrum.
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FIGURE 7: NCs’ (a) SEM image and (b) EDX spectrum.
TaBLE 4: EDX spectral element percentage of the synthesized AgNPs and NCs.
Element C Ag 0] cl S Al Si Total
. AgNPs 62.0 22.7 11.0 1.8 1.2 0.8 0.3 100.0
Atomic %
NCs 86.5 - 9.8 - 3.7 - - 100.0

were recorded using a Scientico STM-50® optic microscope
and a Celestron® 44421 digital camera.

2.10. Evaluation of Antimicrobial Activity. To assess antimi-
crobial activity, bacterial strains and fungal strains were
incubated with suspensions of AgNPs, NC-ME, NC-AE,
and NCs at different concentrations. The method used to
assess the sensitivity of bacteria and yeasts to different sam-
ples was micro dilution, as described in International Orga-
nization for Standardization (ISO) standard 20776-1 (2006)
and adopted by the Antibiotic Committee of the French
Society of Microbiology (CA-SFM/EUCAST 2019) [21, 22].

The method consisted of diluting the suspensions of
AgNPs, NCs-AE, NCs, and NCs-ME in a liquid culture
medium and inoculating the medium with the microbial
strains to be tested. The minimum bactericidal concentra-
tion (MBC) was determined by subculturing 50 4L of sus-
pension from each well in which no growth was observed
in 50 uL of the corresponding culture medium. This was
indeed the smallest concentration for which no growth was
observed after subculturing. The MBC/MIC (MIC: minimal
inhibitory concentration) ratio revealed the bacteriostatic or
bactericidal nature of the active samples.

2.11. Statistical Analyses. The triplicate data reading values
of inhibition zones in diameter and concentration values
(MIC and MBC) were analyzed using the PRISMA software
(version 8.0.1; Graphpad Software, Inc., San Diego, CA,
USA). Each experimental value was expressed as mean +
ESM. The values for the treated groups and control were

compared using a Student t-test, and results with p values
less than 0.05 were considered significant.

3. Results and Discussion

3.1. Phytochemical Composition of Extracts. As shown in
Table 1, both aqueous and methanolic extracts are rich
sources of several compounds including polyphenols, flavo-
noids, coumarins, alkaloids, saponins, coumarins, and
reducing sugars. However, terpenoids, steroids, and anthra-
quinones were found only in the methanolic extract. This
difference might be due to the extraction method, which
entailed a shorter contact time when using water than it
did when using methanol. Furthermore, the greater affinity
of methanol for plants’ secondary metabolites could explain
the high content of bioactive compound in the methanolic
extracts (Table 1). The presence of flavonoids, alkaloids,
and terpenes is compatible with antimicrobial activity [23].
The presence of polyphenols and terpenes is compatible
with the reduction of Ag" to AgNPs and their stabilization
[24]. Studies conducted by Bouquet and Fouret on Strychnos
phaeotricha roots revealed only the presence of alkaloids
[12]. Alkaloids are reported to possess antimicrobial activity
and are able to reduce Ag" into Ag particles [24]. In view of
these results, the extracts appear to be rather rich in meta-
bolic diversity, making them similar to other species of the
genus Strychnos.

3.2. Visual Observation and UV-Vis Spectra of Synthesized
Silver Nanoparticles. AgNPs were obtained by mixing



Journal of Nanomaterials 9
TasLE 5: MIC and MBC of different samples tested against E. coli and Salmonella spp (sensitive) compared to those of ciprofloxacin.
Microbial strain Escherichia coli Salmonella typhi
MIC (mg/mL) MBC (mg/mL) MBC/MIC MIC (mg/mL) MBC (mg/mL) MBC/MIC
ME 1.000 >1.000 / 0.125 £ 0.000 1.000 £ 0.000 4.000°
AE 1.000 >1.000 / 0.063 = 0.000 0.250 £ 0.000 4.000*
NC-ME 0.125 +0.000 0.500 £ 0.000 4.000* 0.250 £ 0.000 1.000 £ 0.000 4.000°
NC-AE 0.500 £ 0.000 1.000 £ 0.000 2.0007 1.000 £ 0.000 >1.000 /
NC >1.000 >1.000 / >1.000 >1.000 /
AgNPs 0.500 + 0.000 0.500 £ 0.000 1.000% 0.004 £ 0.000 0.008 £ 0.000 2.000"
CIPRO 0.004 £ 0.000 0.004 £ 0.000 1.000% 0.004 = 0.000 0.008 = 0.000 2.000"
Positive control - -
Negative control + +
Sterility control of the culture media - -
Note. -: no growth observed; +: presence of growth; “bactericidal; *bacteriostatic. p > 0.99.
TaBLE 6: MIC and MBC of promoter samples on multiresistant E. coli.
Microbial strain Escherichia coli
MIC (mg/mL) MBC (mg/mL) MBC/MIC
NC-ME 0.5+0.0 >1.0° /
NC-AE >1.0 / /
AgNPs 0.5+0.0 0.5+0.0 1.0°
Positive control -
Negative control +

Sterility control of the culture media

Note. -: no growth observed; +: presence of growth; *bactericidal; *bacteriostatic. p > 0.99.

Strychnos phaeotricha liana bark aqueous extract with silver
nitrate solution as depicted in Figure 2. The color of the
reaction mixture changed from yellowish to deep brown
after 5 minutes of incubation, indicating the formation of
AgNPs. Similarly, rapid reduction rate have been observed
with plant leaves like carob and Megaphrynium macrosta-
chyum [13, 25]. This color change is due to the reduction
of Ag" ions into Ag’ by secondary metabolites such as alka-
loids or polyphenols. The bioreduction process can be
explained by a mechanism involving the formation of qui-
none intermediates [24]. Such a change in coloration occurs
during the collective vibration of free electrons at the surface
of colloids [26].

The formation of AgNPs was confirmed by recording a
surface plasmon resonance band between 380 and 550 nm
on the UV-Vis spectrum. This band width indicates a rela-
tively large size distribution of synthesized nanoparticles
[27]. The AgNP formation spectrum after 24 hours of incu-
bation showed no further increase in nanoparticle produc-
tion and remained stable without any sign of coalescence
(Figure 3). This stability is due to the capping of AgNPs by
secondary metabolites, which prevents agglomeration [28].
The formation of AgNPs was followed by various condition
changes: pH, volume of extract, and silver nitrate concentra-
tion. The formation of nanoparticles increased proportion-
ally to the increases in pH, AgNO, concentration, and

volume of extract (Figure 3). Similar observations have been
made in the literature [28].

3.3. Chitosan Nanocapsule Synthesis. The formation of chito-
san nanocapsules using aqueous and methanolic extracts
was achieved by ionic gelation, and the encapsulation rate
of secondary metabolites was estimated by dosing total phe-
nols [17, 29]. The encapsulation rates were found to be
73.5% and 69.3% for the aqueous and methanolic extracts,
respectively (Table 2). During ionic gelation, positively
charged chitosan macromolecule interact electrostatically
with negatively charged tripolyphosphate. Spontaneous
aggregation takes place in the form of a nanosized sphere.
During this aggregation process, secondary metabolites are
internalized in a homogeneous manner. The obtained
encapsulation percentage shows that the process does not
depend on the type of extract but on other factors such as
the concentration of chitosan, tripolyphosphate, extract
quantity, and/or the speed of dispersion and the degree of
deacetylation of chitosan as previously reported [17, 29].

3.4. Powder X-Ray Diffraction (PXRD) Analysis. PXRD anal-
ysis was performed on the synthesized silver nanoparticles to
determine their crystallinity and size (Figure 4 and Table 3).
The peaks obtained at the 2 theta angles of 38.18, 44.33,
64.69, and 77.34 were attributed to silver based on a
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TasLE 7: MIC and MBC of different samples tested against Candida spp compared to those of ketoconazole and fluconazol.

Microbial strain MIC (mg/mL) Canx\‘j[lgé S(}gg/mL) MEC/MIC
ME >1.000 >1.000 /
AE >1.000 >1.000 /
NC-ME >1.000 >1.000 /
NC-AE >1.000 >1.000 /
NC >1.000 >1.000 /
AgNPs 0.004 +0.000 0.008 +£0.000 2.000"
Fluconazole >1 / /
Ketoconazole 0.002 % 107 + 0.000 / /
Positive control -

Negative control +

Sterility control of the culture media

Note. -: no growth observed; +: presence of growth; *bactericidal; *bacteriostatic. p>0.99.

Weighted growth rate (%)

8 10 12 14 16

Time (days)

—e— NC-EA (2000 mg/kg)
—eo— NPAg (2000 mg/kg)

NC-EM (2000mg/kg)
Control batch

FiGure 8: Evolution of rat body weight with respect to time. p > 0.05.

comparison with data from the COD-Inorg REV184238
database. The indexation of the peaks by the Miller indices
(hkl) corresponding to the respective crystal planes of 111,
200, 220, and 311 demonstrated that the nanoparticles
formed are of face-centered cubic crystal structure [13].
The theoretical average size of the synthesized nanoparticles
was calculated by applying Scherrer’s Equation (4). The sig-
nals at 64.69 and 77.34 were not considered in the calcula-
tion as they were barely above noise level:

0.91
~ Bcos 6 )

where D is the diameter of the particles, A is the wave-
length used (0.154 nm), f=FWHM/180 (FXHM: full width
at half height), and 0 is the diffraction angle.

An average diameter of 13.5nm was obtained. This
diameter is of the same order of magnitude as that of the
nanoparticles obtained from Persea americana bark extract
(16 £ 4nm) [30].

3.5. Silver Nanoparticles and Nanocapsules’ Surface Analysis.
The functional groups present at the surface of AgNPs and
NCs were determined by analyzing the FTIR spectrum,
which reveals chemical bonds’ elongation, vibrations, and/
or deformations (Figure 5). Phenolic vibrations O-H and
C-H of the alkane chains and C=0 and C=C of the amide
and ester functions were observed on AgNPs. Similar obser-
vations were made by Zou et al. in 2012 who hypothesized
that phenolic compounds are involved in metal ion reduc-
tion and metal nanoparticle stabilization [24]. The O-H
vibrations of alcohol, N-H of amines, C-H of alkane chains,
C=C of alkynes, C=C of alkenes, and C-O of ethers were
observed on NCs. These functional groups characterize the
chitosan nanocapsule structure as described by Servat-
Medina in 2015 [16]. Indeed, the metabolites internalized
in the nanocapsules are covered by chitosan whose groups
are practically the only ones to appear in the spectrum.

3.6. Scanning Electron Microscopy Analysis. Scanning elec-
tron microscopy (SEM) images of both AgNPs and NCs
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FIGURE 10: Creatinemia level of rats subjected to the acute toxicity
test for different samples and the control. *p < 0.05; **p < 0.01.

showed spherical and aggregate nanograins (Figures 6 and
7). Aggregates have been obtained by several researchers
for green-synthesized metallic nanoparticles [27, 30]. The
SEM images of NCs depicted ovoid capsule clusters. Other
forms such as spherical nanocapsules were obtained by
Servat-Medina et al. [16]. The formation of ovoid clusters
is probably related to the unique chitosan/tripolyphosphate
ratio that was used. In 2019, Pratiwi et al. demonstrated
that the chitosan/tripolyphosphate ratio influences the size
and shape of particles [17]. Energy dispersive X-ray (EDX)
spectroscopy provides elemental mapping of AgNPs and
NCs. Carbon, oxygen, and sulfur were present in the NC
spectrum. They are the main elements that constitute
organic matter and are therefore found in most classes
of metabolites identified in the plant extracts and the chi-
tosan used in this study. In addition to these elements, sil-
ver, chlorine, and aluminum were found in AgNPs,
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FIGURE 11: Uremia level of rats subjected to the acute toxicity test
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FIGURE 12: ALAT and ASAT levels in rats subjected to the acute
toxicity test for different samples and the control.

indicating that synthesized silver nanomaterial transports
organics at its interface (Table 4). Similar results were
reported by Slepicka et al. in 2020 on silver nanoparticles
mediated by Selaginella myosurus [27] and Choudhary
et al. in 2019 on chitosan nanocapsules [31].

3.7. Antimicrobial Activities. The antimicrobial activities of
synthesized nanoderivatives (AgNPs, NC-AE, and NC-
ME), extracts (AE, ME, and NC-E), and reference drugs
(ketoconazole and ciprofloxacin) were determined
(Tables 5-7). Although empty capsules produced no effect,
NCs exhibited superior MIC compared to the corresponding
extracts. AgNPs showed significant bactericidal activity
against Candida spp with an MBC/MIC ratio of 2.000. Cip-
rofloxacin showed significant activity against Escherichia coli
and Salmonella typhi with MBC/MIC ratios of 1.000 and
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F1GURE 13: (a) Liver and (b) kidney microphotographs (x100 and x200, respectively) of treated rats during the acute toxicity test. A: control;
B: NC-AE; C: AgNPs; D: NC-ME; Vp: portal vein; He: hepatocyte; Cb: bile canaliculus; G: glomerulus; Eu: urinary space.

2.000, respectively. Ketoconazole induced an MIC of 2.10°
®mg/mL against Candida spp. Considering that chitosan
acts as a transport vehicle for secondary metabolites, Ilk
et al. in 2017 demonstrated that chitosan nanocapsules,
due to their nanometric size, can easily penetrate bacterial
walls and release their contents directly at the active site.
This increases the concentration of active substances at the
site of action, thereby leading to increased antimicrobial
activity [32].

AgNPs have been shown to have efficacy comparable to
that of ciprofloxacin against Salmonella spp but less efficacy
against Escherichia coli. These activities are linked on one
hand to the possibility of silver nanoparticles penetrating
the microbial cell and acting on various sites. On the other
hand, the synthesized AgNPs are coated with molecules
from the aqueous extract that could also have intrinsic anti-
microbial properties [33]. Thus, AgNPs could play a benefi-
cial role as a vehicle allowing for the delivery of Ag" ions
and/or molecules from the extract to their site of action in
a synergetic situation.

The high activity of AgNPs compared to nanocapsules
can be explained by the sizes of the different structures.
The nanocapsules synthesized by the ionic gelation method
are generally a few hundred nanometers in size, while
AgNPs are much smaller (13.5nm) [16, 17]. This difference
in the size of AgNPs compared to nanocapsules favors the
delivery of AgNPs. In addition to size and surface chemistry
or functionalization, factors including size distribution, mor-
phology, surface charge, capping agents, hydrophobicity,
and porosity may influence the biological activity of inor-
ganic nanoparticles [34, 35].

3.8. Oral Acute Toxicity Profile. In this study, the oral
administration of synthesized nanoderivatives in Wistar
rats suggests the probable absence of toxicity of NC-ME.
No change in behavior or body weight was observed in

any of the tested rats as compared to the control group
during the experimental period (Figure 8). Nonetheless, a
significant increase (p <0.05) in lung mass and a signifi-
cant decrease (p<0.01) in creatinemia were observed in
NC-EA-treated rats as compared to the control
(Figures 9 and 10). AgNPs significantly (p <0.05)
increased uremia (Figure 11) and significantly (p < 0.05)
decreased creatinemia as compared to the control. How-
ever, the differences remained within the range of normal
values [36]. These observed effects can be attributed to
strychnine and related compounds, as found in other spe-
cies of the genus Strychnos by Disengomokaa in 1983
[11]. In fact, strychnine, probably present within the
Strychnos phaeotricha liana bark aqueous extract, has been
reported to induce pulmonary edema [37]. The differences
observed in creatinine and uremia remain within the range
of normal values proposed by Etienne in 2005 [38]. Con-
cerning alanine aminotransferase (ASAT) and aspartate
aminotransferase (ALAT), no statistical difference was
found between treated rats and the control (Figure 12).
In addition, histological analyses of the kidneys and liver
of the treated rats revealed no abnormalities as compared
to the control (Figure 13). The lethal dose 50 (LDs,) was
estimated to be greater than 2000 mg/kg following the rec-
ommendation of the OECD since no deaths were noted
[20]. Moreover, the studies reviewed implied disadvantages
of biologically synthesized metallic nanoparticles. For
example, nanoparticles’ genotoxicity varies case-by-case
and is highly dependent on parameters like synthesis, the
biological source, or the applied assay [39]. Other studies
have revealed that in addition to the directly reactive oxy-
gen species production and antioxidant defense inhibition
induced by AgNPs, the upregulation of prooxidant genes
is involved in the oxidative injury caused by these NPs
[40]. The authors of these studies must translate the
research results to the global market.
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4. Conclusion

The synthesis and characterization of silver nanoparticles
and chitosan nanocapsules with Strychnos phaeotricha liana
bark extracts and the evaluation of their antimicrobial activ-
ity and oral acute toxicity on Wistar rats were presented. The
characterization analyses made it possible to define the
diameter of the silver nanoparticles at 13.5 nm; meanwhile,
the encapsulation rates were found to be 73.5% and 69.3%
for aqueous and methanolic extracts, respectively. Metabo-
lites were confirmed at the interface of silver nanoparticles
and encapsulated in chitosan. Pulverized liana bark extracts
were found to be capable of generating silver nanoparticles
and chitosan nanocapsules with potent antimicrobial activ-
ity. These nanoderivatives did not show any harmful signs
in relation to the acute oral toxicity tests carried out. Silver
nanoparticles proved to be more effective than chitosan
nanocapsules in inhibiting and/or destroying the microor-
ganisms. This work suggests a new antimicrobial therapeutic
axis that entails transporting metabolites to the surface or
encapsulated in chitosan to fight microbial resistance while
preserving biodiversity and the environment.
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